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- - ~ -  CONCRIRUIOHS: This reprt presents the results of the bio,iss,ly 
of Aroclot" 1 2 5 4  f o r  posstblc carcinogenicity, conducted for the 
Carcinogenests Testing Pzog:am, Division of Cancer Cause ar.d 
Prevention, National Cacer Xnstttute (NCI), Betliesda, bryland. 
The bioassay was conducted by Stanford Research Institute, Flerilo 
Park, Ca!.iforqSa, initially under direct contract t o  NCI and  
currently under a subcontract to Tracor Jitco, I n c . ,  prime 
contractor for the N C I  Carcinogenesis Testing Program. 

The experimental design and dc.scs were determined by Drs. R. R. 
B.ites1*2, 3. C. L. Jcnes3 ,  D. P. Sasm,re3, C. W. Neuel13, and R. 
H. Eld~!ioff~, and Mr. W. E. Davis'. The principal investigator 
was Dr. D. C. L. Jones- the technical supervisor of Uniriial 
treatment, observation, and data handling vas Mr. W. E. IJavis; 
necropsy and tissue fixation were supervised by Dr. D. P. 
Sasrno f e .  

Histopathologic exminat i o n s  w e r e  performed by Llr. H .  tlster5 and 
the diagnoses included in this report represent his 
in t e rpr e t ci t i mi. Ueopiasms and coopound-related 'iyperp1at;t LC 
lesions were Lcviewed by P r s .  U .  ?I. Ausey6 and 3. F .  Hardisty6, 
who also prei arcd the inrerprct. ivc pathology summary included j n  
this report.  

Animal pathology taDl:?s an! survival tables were conpiled a t  FCSG 
).lason Research Instltutr'. The statistical arialyscs wc*rc 
p c r f o r m d  by br. J. R. JoinerY, using methods selected f o r  tiic 
bioassay progran! by D r .  J. J. CLirt9. i;hemlcals used in this 

Precesing page blank 
J 

1 i if 



bloassay vere analyzed a t  Stanford Research I n s t i t c t e ,  and the 
a n a l y t i c a l  r e s u l t s  were reviewed by Dr. C .  W. Jameson8. 

T h i s  report was prepared a t  Tracor J i t c o E  under the d i r e c t i o n  of 
NCX. Those responsible for the report Tracor J i t c o  were Dr. 
Marshall  Steinberg,  Director  of the Bioassay Frogram; Drs. J. F. 
Robeos and R .  W. Fogleman, t o x i c o l o g i s t s ;  Dr. R .  L .  Schueler,  
p a t h o l o g i s t ;  Ms. L. A. Waltz and Mr. U. D. Reichardt, bioscience 
w r i t e r s ;  and Dr. E .  W. Gunberg. technic,: e d i t o r ,  a s s i s t e d  by 
Hs. Y. E. Presley.  

The s t a t i s t i c a l  a n a l y s i s  was revieved by members of t h e .  
&atheamtical  S t r i t i s t i c s  and Applied Mathematics Section of t x I 9 :  
Dr. John J. Cart,  Hr. Jun-mo Nam, Dr. Hugh M .  Pettigrew, anci 
Dr. RJbert E. i'arone. 

The fol lowing other s c i e n t i s t s  a t  the Natiorial Csncer I n s t i t u t e  
were responsible f o r  e v a l u a t i n g  the bioassay experirwiit , 
i n t e r p r e t t n g  the r e s u l t s ,  and reporting the f i c d i n g s :  

Dr . 
P r .  
Dr. 
Dr. 
Dr. 
?lr. 
Dr. 
Dr. 
Dr. 

Kenneth C .  Ll-.ui 
Cipriano Cuet 0 ,  Jr . 
J. Ftelding - : x ~ g l ' a s  
Drivn G .  Goodran 
Richard A .  Criesemer 
Harry A. Milnun 
Thomas W. Orme 
Robert A. Squire''  
Jerrold El. Waid 

lcarcinogenesis  Testing Program,, Division of Cancer Cause and 
Prevention, National Cancer I n s t i t u t e ,  National. I n s t i t u t e s  of 
Health,  Be thesda, Pbryland. 

2!~ow with the O f f i c e  of the Comnlssioner, Food '2nd Drug 
Adninis t t a  t ion, Rockv i 1 l e ,  Pary land. 

%tantord Research I n s t i t u t e .  Ncnlc Park,  C a l i f o r n i a .  

, 
i v  



4Department of Bicmalhematics, Center for  the llealth Sciences,  
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles, C a l i f o r n i a .  

51Jepartment of  Pathology,  David M .  Brotman Memorial H o s p i t a l ,  
3828 Ilughcs Awenue, Culver C i t y ,  C x l i f o r n i a .  

6Experimental Pathology Laboratories,  Inc.,  P.O. Box 4 7 4 ,  
Herndon, V i  r g i  n i  a. 

7EG&G Mason Research I n s t i t u t e ,  1 5 3 0  East J e f i e r s o n  S t r e e t ,  
Roc kv i 1 1 e,  Ma r y lan d. 

%racer J i t c o ,  Inc.,  1 7 7 6  East J e f f e r s o n  S t r e e t ,  R o c k v i l l e ,  
Ma r y lan d. 

YMathernatical S t a t i s t i c s  and Applied ?lathematics Section,  
Biometry Branch, F i e l d  Studies  and S t a t i s t i c s ,  D i v i s i o n  o f  
Cancer Cause and Pre.Jention, National  Cancer I n s t i t u t e ,  National  
I n s t i t u t e s  o f  Heilth,  Bethesdit, Maryland. 

l%ow w i t h  the D i v i s i o n  of  Comparative Medicine, Johns Hopkins 
U n i v e r s i t y ,  School of Medicine, Traylor Building, Baltimore, 
Maryland. 

V 



. _  

/---- 

..I * 
I 

/ 

.. . 

, 1: . 
i-' 

i 
1 

SUMMARY 

A b i o a s s a y  of 4 r o c l o r @  1 2 5 4  f o r  p o s s i b l e  c a r c i n o g e . i i c i t y  was 
conduc ted  by a d m t n i s t e r i n g  t h e  tes t  c h e m i c a l  i n  f e e d  t o  F i s c h e r  
344 r a t s .  

Groups of 24 r a t s  of e a c h  s e x  were a d m i n i s t e r e d  Aroc lo r@ 125L a t  
one  of t h r e e  d o s e s ,  e i t h e r  2 5 ,  50, or 100 ppm, f o r  104-105  weeks. 
Matched c o n t r o l s  c o n s i s t e d  of g roups  of 24  u n t r e a t e d  r a t s  of each 
szx. A l l  s u r v i v i n g  r a t s  were k i l l e d  a t  104-105  weeks. 

Mean br4y v e f g h t s  of arales and females r e c e i v i n g  mid and h i g h  
d o s e s  and f e m a l e s  r e c e i v i n g  low d o s e s  of t h e  chemica l  were 
c o n s i s t e n t l y  below t h o s e  of t h e  c o r r e s p o n d i n g  c o n t r o l s ,  b e g i n n i n g  
a t  abou t  week 10 of t h e  c tudy .  The d e c r e a s e  i n  s u r v i v a l  among 
males, b u t  n o t  among f e m a l e s ,  showed a s i g n i f i c a n t  d o s e - r e l a t e d  
t r e n d .  Adequate numbers of a n i m a l s  of b o t h  s e x e s  s u r v i v e d  f o r  
mean ingfu l  s t a t i s t i c a l  a n a l y s e s  of t h e  i n c f d e n c e s  of tumors. 

The combined i r r c idences  of lymphomas and leukemias showed a 
s i g n i f i c a n t  d o s c - r e l a t e d  t r e n d  i n  males ( c o n t r o l s  3 / 2 4 ,  low- 
d o s e  2 / 2 4 ,  mid-dose 5/24, high-dose 9 / 2 4 ,  P = 0 .009) .  However, 
t h e  d i r e c t  compar i sons  of each  dosed group with t h o s e  of t h e  
matched c o n t r o l s  were n o 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 ,  and t h e  
cumors canno t  c l e a r l y  b e  r e l a t e d  t o  admin i s : r a t ioc  -3- w i t h  
Aroc lo r@ 1 2 5 4 .  

H e p a t o c e l l u l a r  adenomas and carcinomas were found i n  t h e  dosed 
g r o u p s ,  b u t  n o t  i n  t h e  c o n t r o l s  (males:  mid-dose 1 / 2 4 ,  high-dose 
3 / 2 4 ;  f ema les :  mid-ciose 1 / 2 4 ,  high-dose 2 / 2 4 ) .  A J d i t i o n a l l y ,  a 
h i g h  i n c i d e n c e  of n o n n e o p l a s t i c  h y p e r p l a s t i c  n o d u l e s  was no ted  i n  
t h e  dosed a n i m a l s  (males: c o n t r c l s  0 1 2 4 ,  low-dose 5 / 2 4 ,  mid-dose 
8 / 2 4 ,  h igh-dose  1 2 / 2 4 ;  f ema les :  c o n t r o l s  0 1 2 3 ,  low-dose 6 / 2 4 ,  
mld-dase 9 / 2 2 ,  n igh-dcse  1 7 / 2 4 ) .  Although t h e  i n c i d e n c e s  D f  

t u l m r s  were n o t  s f g n i f  i c a n t ,  t h e  o c c u r r e n c e  of t h e  h y p e r p l a s t i c  
n o d u l e s  appea red  t o  b e  r e l a t e d  t o  a d m i n i s t r a t i o n  of t h e  chemica l .  
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In the stomach, jejunum, or cecum, adenocarcinomas were observed 
i n  two dosed males and i n  two dosed females a s  w e l l  a s  a 
carcinoma i n  one dosed male. None of these l e s i o n s  was found i n  
c o n t r o l  animals i n  t h i s  study.  H i s t o r i c a l  incidences  of these 
tumors a t  t h i s  laboratory (6/500 males [ l X l ,  2 / f .O0  females [0.3%1 
s u g g e s t  t h a t  the l e s i o n s  -- although not s t a t i s t i c a l l y  s i g n i f i -  
c a n t  -- may be r e l a t e d  t o  the administration of Aroclor@ 1 2 5 4 .  

It is concluded t h a t  under the conditions of t h i s  bioassay,  
AroclorB 12.54 was not carcinogenic  i n  Fischer 3 4 4  r a t s ;  however, 
a high incidence of h e p a t o c e l l u l a r  p r o l i f e r a t i v e  l e s i o n s  i n  both 
male and female r a t s  was r e l a t e d  t o  administration of the 
chemical.  I n  a d d i t i o n ,  the carcinomas of the g a s t r o i n t e s t i n a l  
t r a c t  may be a s s o c i a t e d  w i t h  administration of Arocl.or@ 1254  i n  
both males and females. 

i 
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I. INTRODUCTION 

Aroclor@ (CAS 27323-18-8; NCI C02664) i s  the registered trademark 

of the Honsanto Chemical Conpany for  t h e i r  polychlorinated 

biphenyls ( P C R j : ) .  PCBs were developed i n  1929 primarily for use 

as heat transfer  f l u i d s  and d i e l e c t r i c s  ( i n s u l a t o r s ) .  Aroclor@ 

1 2 5 4 ,  a biphenyl coataining appr3ximately 5 4 %  chlorine,  is  a 

nonflammable heat transfer  agent which functions in the range of 

250-36OoC (Hubbard, 1964; Poffenberger and Pubbard, 1965). 

PCBs !iavr been w e d  in transformers and capacitors;  a s  i n d u s t r i a l  

f l u i d s  in hydraulic,  gas ttirbine, and vacuum pumps; a s  lubricants  

and p l a s t i c i z e r s  (for f l a n e  retardauion);  and a s  a d d i t i v e s  i n  

surface coatings,  i n k s ,  papers, adhesives,  s e a l a n t s ,  p e s t i c i d e s ,  

and dyas for  carbonless d u p l i c a t i n g  paper (Hubbard, 1964; 

Broadhurst, 1972). These compounds tend t o  accummulate i n  the 

biosphere (Finklea e t  a l . ,  1972).  Because of d i r e c t  and i n d i r e c t  

human and animal exposure, food contamination, and environmcntal 

p o l l u t i o n  from many of  these uses, the markettng of PCBs has been 

markedly c u r t a i l e d  i n  recent years  ( E P A ,  1977).  

T h i s  bioassay of Aroclore 1254 was conducted a s  a part. of a 

I a r g e r ' s t d y  designed t o  a s s e s s  the combined e f f c c t s  of a group 

of known or suspected carcinogens. O q l y  the r e s u l t s  of :he study 

of the administration of A r o c l o r g  1254 a r e  reported herein.  

1 



11. MATERIALS AND METHODS 

A. Chemical  

Aroclora 1254 was o b t a i n e d  I n  a s i n g l e  b a t c h  (Lot  No. KBOI-604) 

f rom t h e  Monsanto Chemical  Company, S t .  L o u i s ,  Missour i .  The 

i d e n t i t y  and r e l a t i v e  p u r i t y  of t h e  test c h e m i c a l  were conf i rmed 

a t  S t a n f o r d  Research  I n s t i t u t e .  E lementa l  a n a l y s e s  (C, H ,  C l !  0 

i n d i c a t e d  54 .67% c h l c r i n e .  Gas- l iqu id  chromatography and mass 

s p e c t r o s c o p y  showed t h a t  t h e  A r o c l o r s  1254 c o n t a i n e d  a t  l e a s t  18 

Isomers of p o l y c h l o r i n a t e d  b i p h e n y l s  r a n g i n g  from 4 t o  7 c h l o r i n e  

atoms p e r  molecule .  I d e n t i t y  was conf i rmed by n u c l e a r  magnet ic  

r e s o n a n c e ,  i n f r a r e d ,  and u l t r a v i o l e t  s p e c t r a ,  which were i n  a g r e e -  

ment w i t h  t h e  s t r u c t u r e .  No a t t e n p t  was made t o  i d e n t i f y  o r  

q u a n t i t a t e  i m p u r i t i e s .  

The c h e m i c a l  was s t o r e d  a t  room t e m p e r a t u r e  I n  1-ga l lon  amber 

g lass  jars. 

8 .  D i e t a r y  P r e p a r a t i o n  

A l l  d i e t s  were f o r m u l a t e d  e v e r y  2 weeks u s i n g  Low F a t  Lab Chow3 

( R a l s t o n  P u r i n a  Co., S t .  L o u i s ,  Mo.). n s t o c k  d i e t  was f i r s t  p re-  

p a r e d  by hand mixing a weighed amount of t h e  Aroclorg 1 2 5 4  w i t h  

c o r n  o i l  ( S t a l e y  Manufac tur ing  Co., Orange, C a l i f . )  and a d d i n g  

t h i s  m i x t u r e  t o  a s m a l l  amount of f e e d  whlch was a l so  mixed by 

Preceding page blank 
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hand. More corn o i l  and feed were then added t o  g i v e  a f i n a l  

concentration of 3,000 ppm AroclorB 1 2 5 4  and 32 corn c i l  and then 

machine mixed i n  a Hobart blender for 30 minutes. Fach stock 

d i e t  was analyzed for content of Aroclor@ 1 2 5 4  by c method 

involving e x t r a c t i o n .  Florisil@ chromatography, and q u a n t i t a t l o n  

by gas- l iquld chromatography. C o w e n t r a t i o n s  of 3,000 ppm 2 10% 

were considered acceptable  f o r  use i n  preparing the t e s t  d i e t s .  

Aroclore 1254 a t  3,000 ppm i n  the stock d i e t  was found to be 

s t a b l e  when held i n  r a t  feeders a t  room temperature f o r  a Z-week 

period. 

To obtain t e s t  d i e t s  having appropriate concentrat ions of 

Aroclor@ 1254, the stock d i e t  was d i l u t e d ,  a s  required, wfth 

c o n t r o l  d i e t  containing 3% corn o i l  and mixed i n  a Hobart 

blender. The stock and t e s t  d i e t s  were stored a t  room 

temperature i n  covered p l a s t i c  containers. 

C .  Animals 

Male and female Fischer 3 4 4  r a t s ,  obtained through contracts  of 

t h e  D i v i s i o n  of Cancer Treatment, National Cancer I n s t i t u t e ,  were 

used i n  theqe bioassays.  'The r a t s  were obtained from Simonsen 

Laboratory, G i l r c y ,  C a l i f o .  n i a .  On a r r i v a l  a t  t.he laboratory,  

a l l  animals were quarantined for  2 weeks a s  an accl imatlon 

period. Following t h i s  period, a l l  males gaining l e s s  than 25 
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grams, all females gaining l e s s  than I5 grams, and a l l  unhealthy 

animals v e r e  c u l l e d .  The remaining animals were assigned l e  

cages,  one per cage, u n t i l  each cage contbined thrcc aiiitrals.  

Cages were then numbered and assigned t o  c o n t r o l  and trcatc-d 

groups using a computer-generated randomization t a b l e .  Rats *;:re 

ear-clipped €or individual  i d e n t i f i c a t i o n .  

D. &nl Maintenance 

All animals  were hotlsed in temperaLure- arid humidity-cont roi Led 

rooms. The temperature was m i n t a i n e d  a t  ?Z0C with ii railge oi 

21-24OC.  and the r e l a t i v e  humidity was maintaincd ,it al'proxi- 

mately 45%. The room air was changed 10 times per 1 : w r  a n d  we:> 

m i n t a i n e d  under p o s i t i v e  pressure to the acccss hAlls. 

Fluorescent l i g h t i n g  provided illtimioation 1 2  11ot:rE per d a y .  

Food and v a t e r  were a v a i l a b l e  ad libitum. 3rinking wate.- WGS 

s o f t e n e d ,  f i l t e r e d ,  s t e r i  Lizcd with u l t r a v i o l e t  1 i g h t ,  a r n  

supplied by means o f  an auromatlc v a t e r i n g  system. 

The r a t s  vere housed three per cage in poLycarhrin:ttc C ~ F C S  

equipped with disposablo p o l y e s t e r  woven fi::er tops. A:;toc lsvc? 

llardvood chips  (Iso-Dri''=: Rccton, Dickinson, aiid C;r:-d.?r:b, 

Yarrensburg, N . Y .  ) wc :e riscd a s  bedding. The cages were ::Iw:>i;c?. 

washed, slid p r ~ v i d e d  with frash heddl.ng tc;:ce Der ucck. FiLtr: : -  

tops were replaced I X C C !  pc*r oonth. 

5 
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Rats f e d  A r o c l n r g  1254 were housed i n  t h e  s a m e  room as r a t %  

t r e a t e d  w i t h  a f l a t o x i n  81 {CAS 1162-65-8), l e a d  (11)  a c e t a t e  ( C A S  

301-04-2). hexach lo rophene  (CAS 7 0 - 3 0 - 4 ) .  or d i e l d r i r ,  (CAS 

6n-57-1) in t h e  f eed .  

E. Subchrdmic S t u d i e s  

S u b c h r o n i c  f e e d i n g  s t u d i e s  were conduc ted  with male  and f e i w l c  

F i s c h e r  346 r a t s  t o  est!rrate t h e  maximum t o l e r a t e d  d o s e  0: 

Aroclor@ 1254, on t h e  b a s i s  o t  which ~ J W ,  mid, and h i g h  

c o n c e n t r a t i o n s  O x r e i n a f  t e r  r e f e r r e d  t o  as  "low doses" ,  "mid 

doses", and "high doses"! were de te rmined  for a d n i n i s t r d t i o n  i n  

t he  c h r o n i c  s t u d i e s .  In t h e  s u b c h r o n i c  s t u d i e s ,  A r o c l o r "  1254  

vas added to f e e d  in c o n c e n t r a t i o n s  of 25, SO, 100. 203, ar  400 

ppm. T r e a t e d  and c o n t r o l  grc,!ps each  cc lns i s t ed  of 1 5  mal2 and 15 

f e m a l e  ra ts .  The c h e m i c a l  was provid*d in f e e d  t o  t h e  t r e & i t e d  

g r o u p s  f o r  8 weeks. 

- 

The a n i m a l s  r e c e i v i n g  400 ppm were i n a c t i v e ,  had occ;tsiuiiai 

d i a r r h e a  and tremors, and f a i l e d  t o  g a i n  w e i g h t .  A t  t h i s  dose 

4 / 1 5  males and 1 / 1 5  f e m a l e s  d i e d .  Enlarged l i v e r s  were obse rved  

on g r o s s  examina t ion ,  and h i s t o l o g i c a l l y  3 t y p i c a l  h y p e r p l a s i a  W ~ S  

o b s e r v e J .  A t  200 ppm, bcdy w e l g n t s  for b o t h  males and  fcm,ilts 

were a p p r o x i n a t e l y  70% o f  t h o s e  of t h e  controls, and mild t icpito- 

c e l l u l a r  pleomorphism was s e e n  h l s t u l o g i c a l  ly  In :lie 1 i v c r s .  

6 



Rats t r e a t e d  w i t h  2 5  ppm Aroclor@J 1 2 5 4  had enlarged l i v e r s ,  but 

no evidence of h i s t o l o g i c  abnormalities.  Weight gain in a l l  

animals t r e a t e d  a t  doses lower than 200 ppm was comparable t o  

t h a t  In c o n t r o l s ,  and there was no n o r t a l i t y  below 400 ppm. The 

lav,  mid, and high doses for the chronir. s t u d i e s  were s e t  a t  2 5 ,  

50, and LOO ppm. 

F .  M g i ?  of Chronic Studies  

The design of the chronic s t u d i e s  i s  shown i n  table  1. 

G .  C l i n i c a l  and Pathologic Examinations 

A l l  animals were observed d a i l y  for signa oi t o x i c i t y  and 

palpated for masses a t  each weighing. Animals were weighed 

I n d i v i d u a l l y  every other week for 1 2  weeks, and once every fourth 

week f o r  the remainder of the study.  Animals that were moribund 

a t  the time of  c l i n i c a l  examinatioc were k i l l e d  and necropsied. 

The pathologic  evaluation consisted of gross e x m i n a c i o n  of major 

organs and t i s s u e s  f r o n  k i l l e d  animals and from animals found 

dead. The fol lowing t i s s u e s  wete routinely  examined micro- 

s c o p i c a l l y  from both treated and con:r,l animals: lungs and 

bronchi,  spleen,  l i v e r ,  t e s t e s .  p i t u i t a r y ,  kidney, and brain.  In 

a d d i t i o n ,  s e c t i o n s  oi' stomach, uriaiiry bladder, thyroid,  uterus,  

and ovary were exainined i n  R majority of the c o n t r o l s ;  these 
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Table 1. Design of A r o c l o r s  1254 Chronic Feeding Sttrdiee in Rate 

- 
Sex and I n i t i a l  :.roclor3 1254 Time on S t u d y  
T rea t men t. No. of in Dietb  TreatedC Untreated 
Group himalsd ( w m y  (veeks) (ueeks l  

Hales 

Ua tched-Cont r o l  24 3 

- 

Low-Dose 24 25 105 

Hid-Dose 24 50 105 

High-Dose 24 : 100 105 

Females I 

105 

Ma t ched-Cont ro l  24 0 105 

Lou-Dose 24 25 104-105 

n i  d-D os e 24 50 104-105 

! 

24 100 195 High-Dose 
- 
a A l l  animals ve re  53 2 2 days of age when placed on s t u d y .  

b A l l  d i e t s  concained 3% corn o i l .  

“ A l l  animals vere  s t a r t e d  on s t u d y  u i t h i n  2 days of each o the r .  
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tissues were taken from treated rats only if a lesion was found 

at necropsy. Occasionally, additional tissues were examfned 

microscopically. Gross lesions from all aniuals were also 

examined microscopically. The different tissues were preserved 

in 102 ' buffered formalin, embedded in paraffin, sectioned, and 

sta:i.ned with hematoxylin and eosin. Special staining techniques 

were utilized when indicated f o r  more definitive diagnosie. 

4 few a€ the rissues selected by design from some animals were 

not examined, particsilarly from those animals that died early. 

Thus, the number of animals from which particular organs or 

tissues were microscopically examined varies ,  and does not 

nccessarily represent the number of animals that were placed on 

study in each group. 

H. Data Recordfngand ScatiP-1 Analyses 

Pertinent data on this experiment have been recorded in an auto- 

mat ic data procensir& system, the Carcinogenesis Bioassay Data 

Systecr (Lintdart et al., i 2 7 4 ) .  'The data elements include descrip- 

tive lnfocmation on :he chemicals, inimals, experimental design, 

clinical cbservat ions,  survival, body weight, and individual 

pathologic res*-.lts, ds recommended by the Internationnl Union 

Against CanLer (Berenblum, 1969). Ir.ita tables were generated far 

verification of data transcription and € o r  statistical reviev. 
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These data were analyzed using the statistlcal techniques 

described i n  this section. Those analyses oi the experimental 

results that bear on che posulhllity of carcinogenicity are 

dis.-ussed i n  the statistical narrat lve sections. 

Probabilities of survival were estimated by the product-limit 

procedure of Kaplan and k l e r  i 1958)  and are presented in t!iis 

report in the form of  graphs. Animals were statlsttcally 

cepsora:. as of thc time that tlicy divd of other than natural 

causes or were found to be mlsslng; an?mnla dying from natural 

causes were not statistically. cenmrcd. Statistical analyses for 

a possible dose-r*:lated effect on surv iva l .  used the method of Cox 

(1972) f o r  testlng two grr.)ups for equality arid Tarone’s (1975) 

extenslcms of Cox’s methods for testing for a dose-related trend. 

One-tailed P values have been reported for all tests e x c c p t  t h e  

departure from 1ineari.e~ t e s t ,  which is only reported wht,n its 

tvo-tailed P value is l e s s  th,in 0.05. 

The incidence of ncoplast ic (ir nunncoplast ic lc-sioiis i ,as been 

given as the ratio of t h e  number of animals bearii,,: .;;.I;; :c:.ions 

a t  a speclfic anatonic s i t t .  (ricimcrattir) L O  thc. niimbt.*r t j f  , i r i i T : i I s  

necropsied (denominator). 

10 
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signif1cant:y higher proportion of tumors than did the coctrol 

animsls. As a part of these analyses, the one-tailed Fisher 

exact test (Cox, 1970) was used to compare the tumor incidence of 

a control group vith that of a group of treated animals at each 

dose level. When results for a number of treated groups (k) are 

compared simultaneously with those for a control group, a 

correctton to ensure an overall significance level of 0.05 may be 

made. The Bonferroni inequality (Miller, 1966) requires that the 

P v a l w  for  any comparison be less than or equal t o  0.05Ik. In 

cases where this correction was used, it is discussed in the 

narrative section. 1: is not, however, presented in the tables, 

where the Fisher exact P values are shown. 

The Cochran-Armitage test for linear trend ir. prrportions, with 

continuity correction (Armitage, 1971) -  was also used. Under the 

assumption of a linear trend, :his test determines if the slope 

of the dose-resprase curve is different from zero at the one- 

tailed 0.05 level of significance. Unless otherwise noted, the 

direction of the signLficant trend is a positive dose relation- 

ship. This method also provides a two-tailed test of departure 

from linear trend. 

A t he-adjusLed analysis was applied when numerous early deaths 

res;.lted from causes that were not associated with the formation 

of tumors. In this analysis, deaths that occurred before thc 

11 
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f i r s t  tumor was observed were excluded b y  basing thz s t a t i s t i c a l  

t e s t s  cn  animals that  survived a t  l e a s t  52 weeks, unless a tumor 

was founrl a t  the anatomic s i t e  of i n t e r e s t  before week 52. When 

such a n  e a r i y  t u m r  was found, comparisons were based e x c l u s i v e l y  

on animals that  survived a t  l e a s t  as long a s  the animal i n  which 

the f f r s t  tumor was found. Once t h f s  reduced s e t  of data was 

obtained,  the standard procedures For analyses of the incidence 

of tumors (Fisher exact  t e s t s ,  Cochran-Armitage t e s t s ,  e t c . )  were 

Collowed. 

When appropriate,  l i f e - t a b l e  methods were used t o  analyze the 

incidence of tumors. Curves of the proportions surviving without 

an observed tumor were computed as i n  S a f f i o t t i  e t  a l .  (1972).  

The week during which a n  animal died naturally  or vas s a c r i f i c e d  

was enter2d a s  the time point of tumor obserdacion. Cox's 

methods of comparing these curves were used for tvo groups; 

Tarone's extension to  t e s t i n g  for l inear  trend was used for three 

groups. Thc s t a t i s t i c a l  t e s t s  fur the incidence of tumors which 

: s e d  l i f e - t a b l e  methods werc one-t.iiled and, unless otherwise 

noted, i n  tte dtrectf.;n of a p o s i t i v e  dose r e l a t i o n s h i p .  

S i g n i f i c a n t  ticp,irtirres from Li--.nrity (P < 0 . 0 5 .  cwo-tailed t e s t )  

were ~ l s o  n3tc .d .  

I 

.The a p p r o x i w t c  95 percent ccbn!'idcnce i n t e r v n ! .  for the r e l a t i v e  

r i s k  o f  c i c h  treated group cumpared t o  its contra1 was c a l c u l a t e d  

1 2  
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from the e x a c t  i n t e r v a l  on the odds r a t i o  (Cart,  1 9 7 1 ) .  The 

r e l a t i v e  r i s k  i s  defined a s  pt/pc where pt  i s  the true binomiai 

p r o b a b i l i t y  of the incidence of a s p e c i f i c  type of tumor in a 

t r e a t e d  group of animals and pc i s  the true p r o b a b i l i t y  of the 

spontaneous incidence of  the same type of tumor i n  a c o n t r o l  

group. The hypothesis of e q u a l i t y  between the true proportion of 

a s p e c i f i c  tumor in a t r e a t e d  group and the proportion i n  a 

c o n t r o l  group corresponds t o  a r e l a t i v e  risk of unity.  Values i n  

e x c e s s  of u n i t y  represent the condition of a l a r g e r  proportion i n  

the t r e a t e d  group than i n  the c o n t r o l .  

The lower and upper limits of  the confidence i n t e r v a l  of the 

r e l a t i v e  r i s k  have been included in the t a b l e s  of s t a t i s t i c a l  

a n a l y s e s .  The i n t e r p r e t a t i o n  of the l i m i t s  i s  t h a t  i n  

approximately 95% of a l a r g e  number of i d e n t i c a l  experiments, the 

t r u e  r a t i o  of the r i s k  i n  a treated group of animals t o  t h a t  in a 

c o n t r o l  group would be within the i n t e r v a l  c a l c u l a t e d  from the 

experiment. When the lower limit of the confidence i n t e r v a l  i s  

g r e a t e r  than one, i t  can be inferred t h 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  r e s u l t  . ( P  < 0.025 one-tai led t e s t  when the c o n t r o l  

incidence is  not zero, P < 3.050 when the control  incidence i s  

z e r o )  has occurred. When the lower limit i s  less than u c i t y ,  b u t  

the upper limit i s  greater  than u n i t y ,  the lower limit i n d i c a t e s  

the absence of a s i g n i f i c a n t  r e s u l t  while the upper limit 
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Indicates that there Is a theoretical. possibility of the 

Induction of tumors by the test chemical, which could not be 

detected under the conditLons of this tzst. 



111. RESULTS 

A. Bodv Weights  and C l i n i c a l  S i g n v  

Beginn ing  a t  abou t  week 10 f o r  t h e  high-dose g roups  and abou t  

week 20 f o r  t h e  mid-dose g r o u p s ,  mean body we igh t s  of bo th  male 

and  f e m a l e  rats f e d  Aroc lo r ' a  1254 a t  t h e  d o s e s  used  i n  t h i s  

b i o a s s a y  were lower t h a n  t h o s e  of t h e  c o n L r o ? s  ( f  i g ~ r 2  1 ) .  Mean 

body w e i g h t s  of lov-dose males appeared  r:apsr;b!e t o  :;lose of 

c o n t v o l s  thro!lghout t h e  s t u d y ,  w h i l e  man body u e i g h t u  i.f low- 

Case f e m a l e s  were lower d u r i n g  the second y e a r  af t h e  s tudy .  A t  

week 30, a n  i n t e r c u r r e n t  r e s p i r a t o r y  i n f e c t i o n  i n  t h e  colon:: 

c a u s e d  we igh t  loss, b u t  no  d e a t h s ;  an ima l s  r ecove red  w i t h i n  30 

d a y s  w i t h o u t  t r e a t m e n t  f o r  t h e  i n f e c t i o n .  . 

C l i a i c a l  sians a s s o c i a t e d  w i t h  a d m i n i s t r a t i o n  of A K O C ~ O K @  1254 

i n c l u d e d  a l o p e c i a ,  amber-colored u r i n e ,  f a c i a l  edema. exoph- 

tha lmos ,  and c y a n o s i s .  These  s i g n s  were a p p a r J n t  -.Tong t h e  

high-dose g roups  beg inn ing  a t  week 72  and amO;ig t h e  mid-dose 

g r o u p s  a t  week 104 of t h e  s t u d y .  

.-- 
/--. _..- .- 

B. S u r v i v a l  

, The Kaplan and Meler c u r v e s  o-s t imat ing  t h e  p r o b a b i l i t i e s  of 

s u r v i v a l  f o r  male and f ema le  ra ts  f e d  Aroclor@ 1254 i n  t h e  d i e t  

15 
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a t  the doses used In t n i s  study,  together with those of the 

c o n t r o l s ,  a r e  shown In f i g u r e  2. 

For meles, the r e s u l t  of the Parone t e s t  for p o s i t i v e  dose- 

r e l a t e d  trend In m r t a l l t y  over the period i s  s i g n i f i c a n t  (P C 

0.001); 92% of the c o n t r o l ,  83% of the lov-dose, 58% of the 

m i d d o s e ,  and 46% of the high-azse r a t s  survived to the end a €  

the srsdy.  Among females, the Tarone t e s t  showed a p r o b a b l ! i t y  

l e v e l  g r e a t e r  than P.05. In fm.iales, 672  of che c o n t r o l ,  7 9 2  o f  

the low-dose, 83% o f  the mid-dose, arid 7 1 2  of the high-dose r a t s  

survived t o  termination of the study. S u f f i c i e n t  numbers of r a t s  

of both sexes  vere avaFIjl?le for mcaningful s t a t i s t i c a l  analyres  

of the incidences of late-developing tumors. 

Histopathologic  f indings i > l t  neoplasms i n  riics are summarized i n  

Appendix A ,  t a b l e s  A 1  and A 2 ;  f i n d i n g s  on nocneoplastic l e s i o n s  

a r e  summarized Fn Appendix 8 ,  tab:.es B 1  and 8 2 .  

A v a r l e t y  of n e o p l a s t i c  processes were observed i n  both t h e  

c o n t r o l  and treated r a t s ,  and, with the exception of the l i v e r ,  

the incidr-nces of these neoFlasms were comparable i n  the c o n t r o l  

and t r e a t e d  groups. I n t e r s t i t i a l - c e l l  tuinors of the t e s t e s  were 

present i n  the majority oi control  artd treated males. The next 

most frequently  observed neoplasm was leukemia of  e i t h e r  tne 
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g r a n u l o c y t i c  or lymphocytic type, and It involved multiple  

organs. The incidence of this n e o p l a s t i c  process vas  comparable 

i n  the c o n t r o l  and treated groups. The fol lowing neoplasms were 

a l s o  present In some c o n t r o l  and treated r a t s  but v i t h o u t  

compound a s s o c i a t i o n :  squamous-cell carcinomas of the skin,  

a l v e o l a r / b r o n c h i o l a r  adenomas of the lung ,  and uterine 

endometrial stromal polyps. 

No p r o l i f e r a t i v e  lesions of the hepatocytes were found in the 

c o n t r o l  animals in the study.  The incidence of these p r o l i i e r a -  

t l v e  lesions among treated animals was as f o l l o w s :  

MALES __ 

LOU 

Dose -- 
Number of Animals 

Necrops Led ( 2 4 )  

Hyperplasia 5 

Adenoma, NOS* 0 

Nodular 

H e p a t c r e l l u i a r  
0 Carcinoma -_ 

T o t a l  
Iccidence 5 

*Not otherwise specCf ied 

-.- 

Hid 
Dose -- 

( 2 4 )  

8 

0 

1 - 

3 

High 
Dose 

( 2 4 )  

12  

1 

2 - 

15 

F E M E S  ------ 
LOW 

Dose 

( 2 4 )  

6 

0 

0 - 

6 

The areas  of nodular hypcrFlasia  appeared t o  

High. 
Dosc -- 

i 2 4 )  

1 7  

2 

0 - 

19 

be microscopicai ly  

s i m i l a r  to what i s  currently  termed " f x a l  areas of c e l l u l z r  

19 



a l t e r a t i o n * '  (Squfre and L e v i t t ,  1975). Neither thib l e s i o n  nor 

any h e p a t c c e l l u l a r  adenomas or carcinomas were diagnosed i n  t h e  

con t rob. The h e p a t o c e l l u l a r  carcinomas we re chnriic t e  r ized 

adcrnscopical ly  by large f o c i  of p r o l i f e r a t l n g  hepatocytes 

i n v c l v i n g  s e v e r a l  lobules.  These hepatocytes were b i z a r r e  i n  

app+arance, somet Laws containing two or more n u c l e i .  The 

sinusofdal  a r c h i t e c t u r e  was l o s t .  and frequently m i t o t i c  f igilres 

were present.  These neoplasms compressed the surrounding norma L 

l i v e r  t l s s L e ,  and the c e l l  p l a t e s  usually  were three t o  f i v e  

c e l l s  i n  thickness.  i'he hepatocel lular  adenomas vere character-  

i z e d  by large f o c i  i i v o l v i n g  s e v e r a l  lobules of  s v o l l e n ,  sqverely  

vacuolated hepatocytes s t i l l  maintaining the genera! s i n u s o i d a l  

a r c h i t e c t u r e  of the l i v e r .  In general,  the f o c i  o f  nodular 

hvperplasia involved tvo or morc hepatic  lobules and contained 

hepatocy'eh uiiose t i n c t o r i a l  proprrt fes were d i s t i n c t l y  d i f f e r e n t  

from those o €  the surrounding l i v e r  t i s s u e .  Occasionally,  tlirsc! 

f o c i  vould corit.?in severely  vdcuotated hepatocytes,  and i n  scme 

instances,  there were small f o c i  of basophil ic  hepatocytPs.  

The t r s u l t s  of the histopatholoyic  examination indicate  that the 

administration of  AroclorT 1 2 5 4  a t  the th ree  doses used i n  t h i s  

study had an e f f e c t  v i t h  respect  t o  p r o l i f e r a t i v e  lesions of the 

l i v e r  and g a s t r o i n t e s t i n a l  t r a c t .  There were three hepatocel lu-  

l a r  carcinomas i n  male r 2 t 5  and a dose-related Increase i n  

20 



nodular hyperplasia in bcth the male and female aniamls. There 

vas one carcinoma and four  adenocarcinomas in the gast.ru:z?es- 

tinal tract of treated rats.  These neaplastic lesions are peen 

only sporadically and at a low incidmce in the Fischer 3 4 4  rat; 

la this .study no lesions nf these types were diagnosed in either 

the male or fcturle controls. 

D. Statistical Analyscs of Results 

TaS1.e~ C1 and C2 in Appendlx C contain the statlstical analyses 

of the incldences of those primary tumors tha:. occurred in at 

'lsast two animals in one groi:p and v i t h  an incidence of at leaclt 

55 o f  one. or more created grcups. 

In male rats. the results of the Cochran-Armitage test for 

positive dose-related :rend in the incidences of leukemia and cf 

combined leukeria and lymphoma arc sitnificant (P - 0.022 and P - 
0.009. respectively). The corresponding results of tile Fisher 

exact test, however, are not significant in any treated group 

when compared with the contiola. There is no other incidence of 

tumors at any specific site i n  either sex which I s  statistically 

D i g n  if ican t . A signtficant Cochrnn-Armitage trend in the 

negative direction is observed i.n the incidence of interstitial- 

cell tumor of the testis, where the incidence in the controls 

exceeds those in the mid- and high-dose groups. 

21 



In each of the 95% confidence i n t e r v a l s  of r e l a t i v e  r i s k ,  shown 

i n  the t a b l e s ,  the value cf one i s  included; t h i s  indici-.tes the 

absence of s l g n i f l c a n t  p o s i t i v e  r e s u l t s .  I t  should also #;e noted 

t h a t  each of the i n t e r v a l s  has an upper l i m i t  g r e a i e r  than one, 

i n d i c a t i n g  the t h e o r e t i c a l  p o s s i b i l i t y  of the induction of tlirnors 

by Arcxlor@ 1 2 5 4 ,  vhich could not be detected under the 

c o n d i t i o n s  of t h i s  t e s t .  

22 
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f V .  DISCUSSION 

A t  the  doses u s e d  l a  t h i s  b i o a s s a y ,  Aroclor@ 1256 was t o x i c  t o  

both male atid € a l e  F i s c h e r  344 ra t s ,  as s h o r n  by t h e  

dose-related d e p r e e a i o o  of mean body w i g h t s  and t h e  c l i n i c a l  

eigne which o c c u r r e d  during t h e  second year .  Mean body veighcs 

of mid- and  high-dose -lee and of a l l  t r e a t e d  f e m a l e s  vere 

c o n s i s t e n t l y  lower t h a n  t h o s e  -of t h e  c o r r e s p o n d i n g  c o n t r o l s  a f t e r  

t h e  i n i t i a l  growth phase.  An i n t e r c u r r e n t  reepf  r a t o r y  i n f e c t i o n  

a t  week 30 r e s u l t e d  i n  t e a r p o r a h  weight  loss ,  b u t  no  d e a t h s ,  i n  

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

v i t h o u t  t r e a t m e n t .  C l i n i c a l  s i g n s  i n c l u d i n g  a l o p e c i a ,  amber- 

co l .ored  u r i n e ,  f a c i a l  edema, exophtha lmos ,  and c y a n o s i s  o c c u r r e d  

i n  the high-doso, g r o u p s  b e g i n n i n g  a t  week 7 2  and i n  t h e  rsid-.tose 

g r o u p s  a t  week 104. S u r v i v a l  emong a l e s ,  but  nc)t among fem!.es, 

showed a s i g n i f i c a n t  d o s e - r e l a t e d  t r e n d .  Adequate numbers of 

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

a n a l y s e s  of t h e  i n c i d e n c e s  of tumors. 

The combined i n c i d e n c e s  of l y v h o m a  and leukemia i n  mles were 

s i p n f f  i c a n t  ( c o n t r o l s  3 / 2 4 ,  Aaw-dase 2 / 2 4 ,  mid-dose 5 / 2 4 ,  hjgh-  

d o s e  9 / 2 4 ,  P - O . O O Y ) ,  u s i n g  t h e  Cochran-Arai tage test f o r  

p o s i t i v e  d o s e - r e l a t e d  t r e n d ,  b u t  not i n  f e m l e s  ( c o n t r o l s  4 / 2 1 . ,  

low-dose  6 / 2 4 .  mid-c ye 6 / 2 4 ,  high-dose 6 / 2 4 ) .  S i n c e  t h e  r e s u l t s  

of t h e  F l s h c r  Y X ~ C C  t e s t  f o r  I n c r e a s e d  i n c l d e n c e  were riot 
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s l g n i f f c a n t  f o r  any of these  group^, the occurrence of these 

l e s i o n s  cannot c l e a r l y  be r e l a t e d  t o  the administration Qf 

Aroclor@ 1254.  

Hepatocel lular  changes Including h y p e r p l a s t i c  nodules, edenomas, 

and carcinomas were found In treated animals, but nme of these 

l e s i o n s  were found i n  c o n t r o l  animals i n  t h i s  study. Hepato- 

c e l l u l a r  carcinomas were observed i n  one mld-dose and two high- 

dose males, and h e p a t w e l l u l a r  adenomas lrere observed In one 

h i g h d o s e  male, one mid-dose female, and cvo high-dose females. 

Nodular hyperplasia  vas  d i a g n s c d  w i t h  a dose-related frequency 

In the low-, mid-, and high-dose male ;;nd female rats. Although 

t h e  incid-aces of the tumors were not s i g n i f i c a n t .  the occurrence 

of these p r o l i f e r a t i v e  l e s i o n s  appeared to be related t o  

treatment. 

6 0 9 1  

I n  the s t o w c h ,  jejunum, o r  cecum, adenocarcinomas uere observed 

Ln tu0 treated males and i n  two t r e a t e d  fearales as w e l l  is a 

carcinoma i n  one treated mile. None of these l e s i o n s  v3s found 

In control  animals in t .his  study, suggesting that the l e s i o n s  -- 
although not s t a t i s t i c a l l y  s i g n i f i c a n t  -- m y  be related t o  ttic 

administration of Aroclor', 1 2 5 4 .  ! 

occ9,?.5 

The r o r i c i t y  of polychlorinatcd biphcnyls i P C B s )  has  been 

rev1 eued by s e v e r a l  ~ K O U ~ S .  i n c  Luding the Environmental 

2 4  
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P r o t e c t i o n  Agency (1976).  National Research C o u n c i l  (19761, P a n e l  

on Hazardous T r a c e  S u b s t a n c e s  (1972). and I n t e r n a t i o n a l  Agency 

f o r  Resea rch  on Cancer (1974). Kimbrough e t  el. (1972) 

d e m o n s t r a t e d  h e p a t i c  adenof i b r o s i s  i n  =le and f e m a l e  Sherman 

rats f e d  Aroclor@ 1254 a t  up to  SO0 ppm f o r  8 months. A similar 

PCB, Kanechlor@ 500, f e d  f o r  12 ci.naik:s t o  male Wistar rats,  

Induced  n o d u l a r  h y p e r p l a s i a  a t  d o s e s  of 100-1,000 pprn; a t  1,000 

ppm, c h o l a n g i o f i b r o s i s  a l s o  vcrs induced ( I t o  e t  al.,  1974). 

K e p l i n g e r  e t  a l .  (1971; see a l s o  EPA Critera Document PCBs, 1976) 

f e d  C t ra r l e s  R i v e r  rats UP t o  100 ppm Aroclor@ 1254 f o r  24 months 

and r e p o r t e d  o r i g i n a l l y  t h a t  t h e r e  vas no s i g n i f i c a n t  i n c r e a s e  

i n  h e p a t i c  tumors  i n  t h i s  s t u d y ;  r e - e v a l u a t i o n  of t h e  l i v e r  

s l i d e s ,  hoveve r ,  i n d i c a t e d  a s i g n i f i c a n t  i n c i d e n c e  of n o d u l a r  

h y p e r p l a s i a  i n  t r e a t e d  ra ts ,  compared v i t h  c o n t r o l s .  I t o  e t  a l .  

(1973) o b s e r v e d  n o d u l a r  h y p e r p l a s i a  and v e l l - d i f f e r e n t i a t e d  

h e p a t o c e l i u l a r  carcinoma i n  male s t r a i n  dd mice f e d  500  ppm 

Kanechlor@ 500 f o r  8 m o n t h s ,  and Kimbrough and L i n d e r  (1974) 

o b s e r v e d  a d e n o f i b r o s i s  and hepatomas i n  BALB/cJ mice f e d  300 ppm 

Aroclor@ 1254 f o r  11 months. 

In a s t u d y  irf a c l o s e l y  r e l a t e d  PCR, Kimbrough e t  a l .  (1975) 

o b s e r v e d  h e p a t o c e l l u l a r  ca rc inomas  I n  f e m i e  Sherman r a t s  f e d  100 

ppm A r o c l o r @  1260 f o r  2 1  months. 

It is conc luded  t h a t  under  t h e  c o n d i t i o n s  of t h i s  b i o a s s a y ,  

25 
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AroclorO' 1254 vas not carcinogenic in Fiecher 344  rats; however, 

a high incidence of hepatocellular proliferative lesions in both 

m l e  and fecalt rats was related to treatment. In addition, the 

carcinomas of the gastrointestinal tract may be associated with 

treatcent in both males and females. 
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SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE 
RATS FED AROCLOR" 1254 IN THE DIET 
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SUMMARY OF THE INCIDENCE OF NLOPLASMS IN FEMALE 
RATS FED AROCLOR'" 1254 IN THE DIET 
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Review of t h e  B ioassay  o f  A r o c l o r  1254*fo r  C a r c i n o g e n i c i t y  
by t h e  Data E v a l u a t i o n / R i s k  Assessment Subgroup of t h e  

C l e a r i n g h o u s e  on Envi ronmenta l  Carc inogens  
November 28,. 1977 

The C l e a r i n g h o u s e  on Envi--onmental Carc inogens  was 
e s t a b l l s h e d  i n  May, 1976 under  t h e  a u t h o r i t y  of t h e  Flationa; 
Cancer  Act of :971 ( P . L .  92-218) .  'The pu rpose  o f  t h e  Clear- 
fnghouse  i s  t o  a d v i s e  on t h e  N a t i o n s 1  Cancer  I n s t i t u t e ' s  
b i o a s s a y  program t o  i d e n t i f y  and e v a l u a t e  chemica l  ch rc inogens  
i n  t h e  env i ronmen t  t o  which humans may b e  exposed .  The 
members of t h e  C l e a r i n g h c u s c  have  been drawn from academia ,  
i n d u s t r y ,  o r g a n i z e d  l a b o r ,  p u b l i c  i n t e r e s t  g r o u p s ,  State 
h e a l t h  o f f i c i a l s ,  and q u a s i - p u b l l c  h e a l t h  and r e s e a r c h  
o r g a n i z a t i o n s .  Members havc  been s e l e c t e d  or: the  basis 01' 
t h e i r  e x p e r i e n c e  i n  c a r c i n o g e n e s i s  or r e l a t e d  f i e l d s  and ,  
c o l l e c t i v e l y ,  p r o v i d e  e x p e r t i s e  i n  o r g a n i c  c h e m i s t r y ,  b i c -  
c h e m i s t r y ,  b i o s t a t i s t i c s ,  t o x i c o l o g x .  patholog:!, and ep idemio logy .  
R e p r e s e n t a t i v e s  o f  v a r i o u s  Govcrnmentgl agzricies p a r t i c i p 2 t e  
ad a d  hoc members. The  Pats E v a l u a t i o r d R i s k  Assessmen'l, 
Subgroup o f  t he  C lea r inghouse  i s  charged w i t h  t h e  r e s p o n s i b i l i t 2  
of p r o v i d i n g  a p e e r  r ev iew o f  X C I  b i o a s s a y  r e p o r t s  GI-I chemica l s  
s t u d i e d  f o r  c a r c i n o g e n i c i t y .  I n  this conkex t ,  below i s  t h e  
e d i t e d  e x c e r p t  froin t h e  minu tes  of  t h e  Subgroup ' s  mee t ing  a t  
which A r o c l o r  1254 was rev iewed.  

( A r o c l o r  1254 was tes ted  i n  r a t s  as p a r t  o f  a n o t h e r  
s t u d y  d e s i g n e d  t o  i n v e s t i g a t e  the  combined e l ' f e c t s  of c h e m i c a l s .  ) 
The p r imary  r e v i e w e r  b r i e f l y  o u t l i n e d  t h e  experirnen:;al 
d e s i g n  and f i n d i n g s .  Although s t a t i s t i c a l l y  s i g n i f i c a n t  
i n c r e s s e s  i n  t h e  i n c i d e n c e  of tumors  were n o t  f o u n d  i n  
t rea t sd  r a t s ,  a h i g h  i n c i d e n c e  of  l i v e r  h y p e r p l a s t i c  nodu les  
was o b s e r v e d  ir, boti l  sexes. 

The p r imary  r e v i e w e r  s z i a  t h a t  i n  p u b l i s h e d  ra t  and 
nouse  s t u d i e s ,  A r o c l o r  was r e p o r t e d  t o  induce  l i - d e r  neoplasms,  
a l t h o u g h  i n  one r a . t  s t u d y  on ly  k l y p e r p l a s t l c  nodbiles of  t h e  
l i v e r  were f o i x d .  I n  regaled t o  the r a t  p a t h o l o g y ,  he  sa ld  
t h a t  a f t e r  t h e  p r o l i f e r a t i v e  s t i m L i l u s  i s  removed, t he  h y p e r p l a s t i c  
n o d u l e s  z e g r e s s  and d i s a p p e a r .  Stimu1.i  of such  l i i d e r  nodu les  
ac t  more l i k e  tumoi, pronioters  t han  ccniplete  carc i r :oge i , s .  
Eased on r e p u r t s  i n  t h e  l i t e r a t u r e ,  he concluded  t h a t  P.roelor 
1254 cou ld  p o s e  a r i s k  t o  Lhe humm p o p u l a i i o n  :is a t.unior 
promotor .  A l e n g t h y  d i s c u s s i o n  fo l lowed  as tc, wfiecht?r t h c  
e v i d e n c e  was a d e q u a t e  t o  assess A r o c l o r ' s  tumor pro%ot.ing 
p o t e r t i a l .  

An N C I  s t a f f  p a t h o l o g i z t ,  p o i n t e d  o u t  t h a t  a number of' 
tumors  a l s o  were found i n  t h e  g a s t r o i n t e s t i f i a l  t r a c t  o f  t,;ie 
t r e a t e d  r a t s .  A l t h c u g h  t h e y  d i d  n o t  OCCGF !n s t a t i s t i c a l l y  
s i g n i f i c a n t  numbers ,  none was observed  aaong t h e  c o n t r o l  
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