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PREFACE 

.,Z'The pu rpose  o f  t h i s  s t u d y  was t o  a s s e s s  t h e  c h r o n i c  t o x i c i ' t y  of  i n h a l e d  1,2- 
d ib romoe thane  i n  r a t s  exposed  t o  a  l e v e l  o f  20 ppm under  s i m u l a t e d  o c c u p a t i o n a l  
e x p o s u r e  c o n d i t i o n s .  The s t u d y  a l s o  i n c l u d e d  a n  e v a l u a t i o n  of  t h e  e f f e c r s  o f  
t h e  a d d i ~ i o n  o f  d i s u l f i r a r n  t o  t h e  d i e t  upon t h e  c h r o n i c  t o x i c i t y  o f  i n h a l e d  1 , 2 -  
d i b r o m o e t h a n e  '), 
The B i o l o g i c a l ~ S c i e n c e s  D i v i s i o n  o f  i i i d w e s t  R e s e a r c h  I n s t i t u t e  (MRI), Kansas  
C i t y ,  Missour{, pe r fo rmed  t h e  s t u d y  unde r  C o n t r a c t  N O .  210-76-0131 w i t h  t h e  
N a t i o n a l  I n s t i t u t e  f o r  O c c u p a t i o n a l  S a f e t y  and H e a l t h  (NIOSH). Dr. P a u l  P e t e r s  
was t n e  p r i n c i p a l  >El1 i n v e s t i g a t o r  f r o n  J a n u a r y  1977 t o  August  1 9 7 7 .  D r .  
Lau rence  C :  K. Wong assumed t h o s e  d u t i e s  i n  August  1977.  

Tiie  d1c)Sh p r o j e c t  o f f i c e r  f o r  t h i s  s t u d y  was D r .  t i a r ry  B .  P l o t n i c k ,  C h i e f  o f  t h e  
T c x i c o i o g i c  !.lechanisrns S e c t l o n  , E s p e r l m e n c a l  Tox ico logy  Rranch ,  D i v i s i o n  o f  
b ;on~ed ica l  and  B e h a v i o r a l  S c i e n c e .  

T!le c o n t r a c t o r ' s  f i n a l  r e p o r t  was r e v i s e d  e x t e n s i v e l y  by t h e  N I O S H  p r o j e c t  
o f f i c e r ,  and  t h i s  r epor :  i n c o r p o r a t e s  t h o s e  r e v i s i o n s .  f ' i d d i t i o n a l  s t u d i e s  o f  
the p u r i t y  and s t a b i l i t y  o f  t h e  1 ,2 -d ib romoe thane  used  i n  t h e  i n h a l a t i o n  ex-  
p o s u r e s  were  c o n d u c t e d  i n  t h e  NIOSH l a b o r a t o r i e s  b y  Harry  B .  P l o t n i c k ,  Ph.D., 
Lloyd E .  S t e t c l e r ,  P h . 3 .  and Donald E .  R i c h a r d s ,  X.S. D u p l i c a t e  s e t s  o f  h i s t o -  
? a t n o l o g y  s l i d e s  p r e p a r e d  by b1RI were  r ev iewed  by David H.  G r o t h ,  M.D., and 
Choudar i  Kommineni, U . V . P I .  , P h . U . ,  of  XIOSH. Some minor  c h a 2 g e s  i n  t h e  h i s t o -  
p a t h o l o g y  d a t a  s u p p l i e d  by -YRI w e r e  made f o l l o w i n g  t h i s  r e v i e w .  

,:In a d d i t i o n ,  t h e  f o r m a l i n  p r e s e r v e d  h e a d s  of 315 of t h e  r a t s  f rom t h i s  s t u d y  
were s e n c  t o  E x p e r m e n t a l  P a t h o l o g y  L a b o r a t o r i e s ,  I n c o r p o r a t e d  (EPL),  Herndon ,  
V i r g i n l a ,  f o r  t h e  p r e p a r a t i o n  o f  h i s t o l o g i c  s e c t i o n s  and m i c r o s c o p i c  e v a l u a t i o n  
of  tne  n a s a l  c a v i t i e s . - - ' r i i s t o p a t h o l o g i c  e v a l u a t i o n s  of t h e s e  s e c t i o n s  were  
pe r fo rmed  a t  EPL by 2 le iSin  H .  k laml in ,  11, D . V . M . ,  and was s u p p o r t e d  by t h e  
N a t i o n a l  Cance r  I n s t i t a t e ' h n d e r  C o n t r a c t  No. ICP95618 .  



ABSTRACT 

A study of the effects of inhalation of 1,2-dibromoethane at the current U.S. 
occupational standard of 20 ?pix, with and without disulfiram in the diet, was 
conducted in Sprague-Dawley rats. Each of the four groups of animals utilized 
in the study contained 48 male and 48 female rats. The group designations were: 

A. Control/Control--exposed to filtered air, fed standard rat'diet 

B. C o n t r o l / i 3 i s u l f i r a m - - e x p o s e d  to filtered air, fed diet containing 0.05% 
disulf iram by weight 

C. EDB/Control--exposed to 20 2pm 1,2-dibromoethane, fed standard rat diet 

L). El I l3 /D i~u l f i r a1n - - exposed  to 20 ppm 1,2-dibronioethane, fed diet containing 
0.052 disuifiram by weight. 

Innalation exposures took place 7 hours/day, 5 days/week, for 18 months, to 
simulate occupational exposure to 1,2-dibromoetnane. The EDB/Control group 
exhibited a high mortality rate and a significant increase in the incidence of 
tulxors of tlle spleen, nlamary gland and nasal cavity. The SDB/I!isulfiram group 
exhibited a higher nortality rate than those exposed only to the 1,2- 
dLbromoethane. The conbined regimen also resulted in decreased body-weight gain 
and food consmption as well as an earlier development and a significantly 
increased incidence of tumors of the liver and mesentery compared with those 
aninals exposed to 1,2-dibronoethane alone. Ln addition, 88% of the male rats 
receiving the combined treatment had testicular atrophy. 

Tne data den~onstrate that 1,2-dibronoethane is a carcinogen in the rat at the 
current pernissible exposure limit of 20 pprn under simdated occupational 
exposure conditions. The data also show tnat the additson of disulfiram to the 
diet enhances the carcinogenic and toxic effects of 1,2-dibromoethane, which 
indicat?~ that a toxic interaction exists between the industrial chemical and 
tne piiarrtacologic agent. 



INTRODUCTION 

Used p r i m a r i l y  a s  a g a s o l i n e  a d d i t i v e ,  1 , 2 - d i b r o m o e t h a n e  ( e t h y l e n e  d i b r o m i d e ,  
e t h y i e n e  bromide ,  EDB) s e r v e s  a s  a  l e a d  s c a v e n g e r  i n  l e a d e d  g a s o l i n e .  I n  1 9 7 6 ,  
t h e  a n n u a l  U.S. p r o d u c t i o n  o f  t h i s  s y n t h e t i c  o r g a n i c  c h e m i c a l  was e s t i m a t e d  t o  
b e  2 0 1 . 1  m i l l i o n  pounds.  A l t h o u g h  i t s  u s e  as a  f u e l  a d d i t i v e  a c c o u n t s  f o r  
a p p r o x m a t e l y  90% of EDB's a n n u a l  c o n s u m p t i o n ,  some 7 s i l l i o n  poilnds a y e a r  a r e  
a l s o  used  f o r  s o i l  f u m i g a t i o n  and o t h e r  p e s t i c i d a l  a p p l i c a t i o n s  ( S t a n f o r d  
Xesearcn  I n s t i t u t e  1 9 7 8 ) .  

The l i t e r a t u r e  d e s c r i b e s  t h e  a d v e r s e  e f f e c t s  of EDB on humans a s  b e i n g  o f  a n  
a c u t e  n a t u r e  and r e s u l t i n g  f rom i n h a l a t i o n ,  s k i n  c o n t a c t ,  o r  i n g e s t i o n .  T h e  
1110s t co1111noi1l.y o b s c r v e d  e f f e c t s  were ch ;~nges  i n  the  l i v e r  2 n d  k i d n e y s .  I n  a n  
e p i d e n ~ i o l o g i c  s t u d y  o f  1 6 1  w o r k e r s  exposed  t o  EDB i n  c h e m i c a l  p l a n t s ,  O t t  e t  a l .  
( 1 9 8 0 ) ,  r e p o r t e d  e q u i v o c a l  f i n d i n g s ,  a t t r i b u t e d  t o  s m a l l  p o p u l a t i o n  s i z e  and  
m u l t i p l e  c h e m i c a l  e x p o s u r e s  o f  some w o r k e r s .  

Acu te  t o x i c  s i g n s  o b s e r v e d  i n  c e r t a i n  l a b o r a t o r y  a n i m a l s  a f t e r  s i n g l e  o r  
r e p e a t e d  e x p o s u r e s  t o  EDB a t  v a r i o u s  c o n c e n t r a t i o n s  a p p e a r  t o  b e  s imilar  t o  
t n o s e  r e p o r t e d  i n  humans. Kats exposed  t o  a c o n c e n t r a t i o n  of  EDB i n  e x c e s s  of 
200 ppm u s u a l l y  d i e d  w i t h i n  24 h o u r s  f rom r e s p i r a t o r y  a n d / o r  c a r d i o v a s c u l a r  
c o l l a p s e  (Kowe -- e t  a l .  1 9 5 2 ) .  These  i n v e s t i g a t o r s  a l s o  r e p o r t e d  t h a t  a n i m a l s  
exposed  t o  EDB a t  l e v e l s  of  50 ppm and h i g h e r  f o r  70 t o  90 d a y s  e x h i b i t e d  ~ i s s u e  
l e s i o n s .  The l u n g s  were c o n g e s t e d  and i n f l a r r m a t o r y ;  t h e  l i v e r  showed s w e l l i n g ,  
f a t t y  d e g e n e r a t i o n ,  and n e c r o s i s ;  and  t h e  k i d n e y s  showed i n t e r s ~ i t i a l  s w e l l i n g  
and d e g e n e r a t i o n  of  t h e  t u b u l a r  e p i t h e l i u m .  No e v i d e n c e  o f  a n  a d v e r s e  e f f e c t  
was n o t e d  i n  . r a t s ,  r a b b i t s , .  g u i n e a  p i g s ,  o r  monkeys exposed  t o  25 ppm of EDU f o r  
6 rnont i~s .  

I n  a number of  t e s t  s y s t e m s ,  EDB h a s  been  r e p o r t e d  t o  be m u t a g e n i c  (Vogel and 
C h a n d l e r  1 9 7 4 ;  Sparrow e t  a l .  1 9 7 4 ) .  The c h e m i c a l  h a s  a l s o  b e e n  r e p o r t e d  t o  
a f f e c t  s p e r m a t o g e n e s i s  i n  b u l l s  ( h i r  and V o l c a n i  1967)  and t o  r e s u l t  i n  
d e c r e a s e d  egg w e i g h t s  i n  l a y i n g  h e n s  (Bondi  et  a l .  1955) .  A s t u d y  of t h e  -- 
c a r c i n o g e n i c i t y  of  EDB i n  r a t s  and m i c e ,  n h l c h  i n v o l v e d  o r a l  a d m i n i s t r a t i o n  o f  
t h e  coriipound o v e r  a  59- t o  90-cjeek p e r i o d ,  r e s u l t e d  i n  a  h i g h  i n c i d e n c e  o f  
squamous c e l l  ca rc inoma  of  z h e  f o r e s t o m a c h  i n  b o t h  s p e c i e s  (Olson e t  a l .  1 9 7 3 ) .  -- 
T h i s  e f f e c t  was n o t e d  i n  b o t h  r a t s  and m i c e  a s  e a r l y  a s  : O  weeks a f t e r  
i n i t i a t i o n  of EDB t r e a t m e n t .  

T h e  a n i m a l  s t u d i e s  a p p e a r i n g  i n  t h e  l i t e r a t u r e  s t r o n g l y  s u g g e s t  t h a t  e x p o s u r e  t o  
-- - 
cu3 may p o s e  c a r c i n o g e n i c ,  m u t a g e n i c ,  and r e p r o d u c t i v e  h a z a r d s  t o  man. , The 
p r e s e n t  s t u d y  was pe r fo rmed  unde r  s i m u l a t e d  o c c u p a t i o n a l  e x p o s u r e  c o n d i t i o n s  t o  
e v a l u a z e  th2 c n r o n i c  t o x i c i t ; +  o f  EDB a t  20 ppm, t h e  e x p o s u r e  l i m i t  c u r r e n t l y  
p e r n i t c e d  by  t h e  O c c u p a t i o n a l  S a f e t y  and H e a l t h  A d m i n i s t r a t i o n  (OSHA). A t  r h e  
t ime  t h i s  s t u d y  x a s  d e s i g n e d ,  i t  ;gas b e l i e v e d  t h a t  a p o r t i o n  of  t h e  i n h a l e d  d o s e  
o f  EDB was c o n v e r t e d  t o  b romoaceca ldehyde .  (That  b e l i e f  h a s  s i n c e  been  
s u b s t a n t i a t e d  by i n v e s t i g a t o r s  a t  t h e  S o u t h e r n  R e s e a r c h  I n s t i t u t e  ( H i i l  et &. 
1978) . )  A c c o r d i n g l y ,  some of  t h e  a n i m a l s  w e r e  p l a c e d  on a d i e t  c o n t a i n i n g  0 .05% 
d i s u l f i r a r n  (an i n h i b i t o r  of  a l d e h y d e  d e n y d r o g e n a s e  t h a t  i s  used  i n  t h e  manage- 
ment of  a l c o h o l i s n  i n  man) on  t h e  p r e s u m p t i o n  t h a t  t h e  enzyile  i n h i b i t o r  would 



block t n e  f u r t h e r  oxidation of the Dromoacetaldehyde formed and  thus increase 
the toxicity of inhaled EDB. 



AN IPLqLS AND HOUS i N G  

Keanlink Sprague-Dawley CD rats were purchased f r o m  Charies-River Breeding 
Laboratories, Wilnington, Xassachusetts. Rats were allowed to become acclimated 
to the laboratory environment for 10 to 14 days before the inhalation exposure 
began. Each of the four groups in the study contained 48 male and 48 female 
rats. The group designations were: 

A. ~ontrol/Control--exposed to filtered air, fed standard rat diet 

3 .  ControliDisulfiram--exposed to filtered air, fed diet containing 0.05% 
disulf iram by weight 

C. EDB/Control--exposed to 20 pprn 1,2-dibromoethane, fed standard rat diet 

D. EDB/Disuifiram--exposed to 20 ppm 1,2-dibromoetnane, fed diet containing 
0.35% disulfiram by weLght. 

Table 1 shows the initial body weights in grams (mean + S . E . )  for males ar.d - 
females in each group. 

l'able I--Lnitial body weights of rats by group (mean + S.C.) 
(grams 

Group Males Females 

All animals vere housed individaally in stainless steel cages. Except during 
the period of inhalation esposure (7 hours/day, 5 dayslweek), animals vere 
permitted free access to i ka ter  and diet. Tne light cycle i~ the animal holding 
area of the inha1a:ion builiing was 12 hours o n  and 1' hours off. The 
remperature in tne holding a rea  ranged from ?aC to 6 " F ,  and relarive humidity 
ranked from 35 to 50:i. 

A number of early anical cea:hs due to pnemonla necessitated replacement of 
some animals. To provide balance in replacement, five =ale and five female rats 
of comparable age and xeight with thosa already ir, the s k d y  were randody 
replaced in all four groups at the end of the first month of the study. These 
replacement annals were obtained  fro^ the an.e supplier in a secsnd shi?ment. 



D i s u i f i r a m  ( t e t r a e t h y l t h i u r a m  d i s u l f i d e )  w i t h  a  s t a t e d  p u r i t y  o f  96% was 
p u r c h a s e d  f rom A l d r i c h  Chemica l  Company, Mi lwaukee ,  W i s c o n s i n ,  and  was n i x e d  
w i t h  Wayne Lab-Blox mash t o  y i e l d  a n  0 . 0 5 %  d i s u l f i r a m  c o n c e n t r a t i o n .  M i x i n g  was  
e f f e c t e d  b y  r o t a t i n g  t h e  powdered f e e d  w i t h  t h e  d i s u l f i r a m  i n  a drum f o r  30 t o  
40 m i n u t e s .  A t  t h e  b e g i n n i n g  of  t h e  s t u d y ,  m o i s t u r e  was added  t o  b o t h  t h e  
c o n t r o l  and d i s u l f i r a m - c o n t a i n i n g  d i e t s  s o  t h e  f eed  c o u l d  b e  p e l l e t i z e d ;  
howeve r ,  t h i s  w a s  d i s c o n t i n u e d  b e c a u s e  t h e  p o o r  q u a l i t y  of  t h e  p e l l e t s  r e s u l t e d  
i n  f e e d  w a s t a g e  and  made i t  i n p o s s i b l e  t o  e s t i m a t e  food  c o n s u m p t i o n  and  t h e  
d o s a g e  o f  d i s u l f i r a m .  I n  t h e  e i g h t h  week of t h e  s t u d y ,  a  d e c i s i o n  was made t c  
s w i t c n  t o  powdered f e e d .  The  d i s u l f i r a m - c o n t a i n i n g  d i e t  was p r e p a r e d  w e e k l y  and  
was a n a l y z e d  f o r  d i s u l f i r a m  c o n t e n t  t w i c e  d u r i n g  t h e  s t u d y .  The  s t a b i l i t y  o f  
d i s u i f i r a m  i n  t h e  f e e d  mix  was a l s o  s t u d i e d .  The methods  employed  i n  t h e s e  
a n a l y s e s  and  t h e  r e s u l t s  o b t a i n e d  a p p e a r  i n  Appendix A .  

TEST IGTHOllS 

Vapor G e n e r a t i o n  and E x p o s u r e  P r o c e d u r e s  

The i n i ~ a i a t i o n  e x p o s u r e s  were c o n d u c t e d  i n  4.5-m3, s t a i n l e s s  s tee1 , R o c h e s t e r -  
t y p e  i n h a l a t i o n  chamber s  ( o n e  EDB chamber and one  f i l t e r e d - a i r  c h a m b e r ) .  The  
EDB, w i t h  a  s t a t e d  p u r i t y  o f  992, w a s  p u r c h a s e d  f rom h l d r i c h  Chemica l  Company, 
X l l w a u k e e ,  W i s c o n s i n .  Some c o n t a i n e d  s m a l l  q u a n t i t i e s  of  d a r k  p a r t i c l e s ,  wh ich  
were  r e n o v e d  by  f i l t r a t i o n  b e f o r e  t h e  EDB was u sed .  One l o t  w a s  a n a l y z e d  f o r  
p u r i t y  by g a s - l i q u i d  ch roma tog raphy  a f t e r  c o m p l e t i o n  o f  t h e  s t u d y .  T h i s  
a n a l y s i s  i n c l u d e d  a determination of  t h e  s t a b i l i t y  o f  t h e  EDB a t  t h e  v a p o r -  
g e n e r a t i o n  t e m p e r a t u r e .  The d a r k  p a r t i c l e s  t h a t  we re  f i l t e r e d  o u t  w e r e  a l s o  
a n a l y z e d  a t  t h e  c o n c l u s i o n  o f  t h e  s t u d y .  The r e s u l t s  of  t h e s e  p u r i t y  a n a l y s e s  
a p p e a r  i n  Appendix B .  

Vapor was g e n e r a t e d  by  b u b b l i n g  n i t r o g e n  i n t o  a h e a t e d  g l a s s  v e s s e l  c o n t a i n i n g  
t i l e  EDB. The  t e m p e r a t u r e  o f  t h e  v e s s e l  was m a i n t a i n e d  a t  a n o m i n a l  60°C ( r a n g e  
was 5 j 0  t o  6 5 O ~ )  d u r i n g  t h e  v a p o r  g e n e r a t i o n .  The EDB v a p o r  w a s  mixed w i r h  a  
s t r e a m  o f  f i l t e r e d  a i r  i n  t h e  plenum a t  the t o p  o f  t h e  chamber .  The a i r  f rom 
t h i s  chamber e x i t e d  a t  t h e  b o t t o m  a n d  p a s s e d  t h r o u g h  a  b u r n e r  a t  16000C b e f o r e  
b e i c g  r e l e a s e d  i n t o  t h e  environment. A i r  f l o w  t h r o u g h  t h e  chamber  was 
m a i n t a i n e d  a t  26 c u b l c  f e e t / m i n u t e  ( 7 3 6 . 3  l i t e r s i m i n u t e ) ,  which  i s  e q u i v a l e n t  t o  
10 a i r  c i langes  p e r  h o u r .  The air f l o w  was mon i to red  by a  c r i t i c a l  o r i f i c e  i n  
t h e  e x h a u s t  d u c t ,  wh icn  was c o n n e c t e d  t o  a  b l agnahe l ix  g a u g e .  The  o r i f i c e  p l a t e  
was c a l i b r a t e d  w i t h  a  H o d e l  100-S,YS a i r  f l o w  t r a n s d u c e r  ( A u t o t r o n i c  C o n t r o l s  
C o r p o r a t i o n ,  E l  P a s o ,  T e x a s ) .  Uni form e x p o s u r e  t o  E D B  v a p o r s  was e n s u r e d  by  
r o t a t i n g  t h e  c a g e s  d a i l y  a c c o r d i n g  t o  a n  e s t a b l i s h e d  s c h e d u l e .  

. . C o n t r o l  zriilnals were  expcsed t c  f i l t e r e d  air 13 2 s i m i i a r  i n h a l a c i c n  chamher  i n  
w h i c h  a i r  f l o w  was n a i n t a i 2 e d  i n  t h e  same manner  a s  d e s c r i b e d  f o r  t h e  EDB 
e x p o s u r e  chamber .  

6 0 t h  chambers  were o p e r a t e d  with a s l i g h t  n e g a t i v e  p r e s s u r e  o f  0 . 1  t o  0 . 2  i n c h e s  
o f  w a t e r ,  which  was m o n i t o r e d  b y  i , Iagnahel ix  g a u g e s .  The t e m p e r a t u r e  i n  t h e  
i n h a l a t i o n  chamber s  r a n g e d  f rom 70' t o  80°y and  t h e  r e l a ~ i v e  humid:ty, f rom 35 
t o  5 0 % .  A f t e r  t h e  7-hour e x p o s i l r e s ,  t h e  chamber s  were  f l u s h e d  w i t h  a i r  f o r  1  t o  
2 r ~ o u r s  t o  remove r e s i d u a l  EDB, and t h e  i n t e r i o r  of e a c h  v a s  t h o r o u g h l y  c l e a n e d  



d a i l y  w i t h  a disinfect an^ s o a p  s o l u t i o n  f o l l o w e d  by a c o p i o u s  w a t e r  r i n s e .  The 
e n r i r e  i n h a l a t i o n  room was a l s o  w e t - c l e a n e d  d a i l y .  

Xhen removed f rom t h e  c h a n b e r s ,  t h e  a n i m a l s  we re  p l a c e d  i n  c o m p a r t m e n t a l i z e d  
h o l d i n g  r a c k s .  X e a s u r e m e n t s  of  t h e  a n i m a l  h o l d i c g  a r e a  and  t h e  i n h a l a t i o n  room 
i n d i c a t e d  c h a t  t h e r e  was no  d e t e c t a b l e  EDB i n  e i t h e r  a r e a .  A l l  p e r s o n n e l  
i n v o l v e d  i n  t h e  i n h a l a t i o n  o p e r a t i o n  wore  ~ a s k s ,  g l o v e s ,  and l a b o r a t c r y  c o a t s  
and  unde rwen t  a n n u a l  p h y s i c a l  e x a m i n a t i o n s .  

D e t e r m i n a t i o n  o f  Chamber C o n c e n t r a t i o n s  of EDB 

The c o n c e n t r a t i o n  of  EDB i n  t h e  i n h a l a t i o n  chamber was n o n i t o r e d  w i t h  a  V a r i a n  
Xode l  2700 g a s  c h r o m a t o g r a p h  equ ipped  w i t h  a  f l a m e  i o n i z a t i o n  d e t e c t o r .  The 10 
f t  x 118 i n .  s ~ a i n i e s s  s t e e l  column was packed  w i t h  5% d i d e c y l  p h t h a l a t e  on  
80/100 n e s n  Chromosorb C: a n d  m a i n t a i n e d  a t  a t e m p e r a t u r e  of  120°C. The i n j e c t o r  
ce; . iperature was m a i n t a i n e d  a t  1j5OC and t h e  d e t e c t o r  t e m p e r a t u r e ,  a t  1 8 3 ~ ~ .  The 
c a r r i e r  g a s  was n i t r o g e n ,  and  t h e  f l o w  r a t e  was 46  i n l l m i n u t e .  Under  t h e s e  
c h r o m a t o g r a p h i c  c o n d i t i o n s ,  ED6 e x h i b i t e d  a r e t e n t i o n  t i m e  o f  2 . 6 5  m i n u t e s .  At  
least t h r e e  t i n e s  2 day  a i r  s a m p l e s  we re  c o l l e c t e d  f rom t h e  chamber  t h r o u g h  a  
I / '&-inch T e f l o n  l i n e  c o n n e c t e d  t o  a n  a u t o m a t i c  s a m p l e r .  The T e f l o n  l i n e  was 
c o n L i n u o u s l y  ? u r g e d  w i t h  c a r r i e r  g a s ,  and  a  s a m p l e  was  w i t h d r a w n  f rom the 
c h a ~ 5 e r  p e r i o d i c a l l y  and d i r e c t e d  i n t o  t h e  g a s  c h r o m a t o g r a ? h  v i a  a  s a m p l i n g  
v a l v e  witr:? twin 1-ml s a m p l i n g  l o o p s .  .41so, a d i s t r i b u t i o n  s t u d y  was p e r f o r x e d  
w i t h  :ne chamber l o a d e d  t o  d e t e n i n e  t h e  c o n c e n t r a t i o n s  of EDB i n  t h e  e i g h t  
c o r n e r s  of t h e  chamber r e l a t i v e  t o  n c e n t r a l  r e f e r e n c e  p o i n t .  S t a n d a r d s  of 1,2- 
d i b r o r i o e t h a n e  were  p r e p a r e d  v o l u n e t r i c a l l y  i n  c a r b o n  d i s u l f i d e .  A. 20-ppm 
s t a n d a r d  was a n a l y z e d  p e r i o d i c a l l y  d u r i n g  t h e  day  t o  v e r i f y  t h e  a n a l y s i s  and  t o  
u p d a t e  t h e  c a l c u l a t i o n  ? r o g r a m ,  i f  n e c e s s a r y .  The g a s  c h r o m a t o g r a p h i c  s i g n a l  
was p r o c e s s e d  b y  a  V a r i a n  $!ode1 CDS-111 e l e c t r o n i c  i n t e g r a t o r ,  wh ich  was 
P r o g r a m e d  t o  m e a s u r e  peak  a r e a  and t o  c a l c u l a t e  p a r t s  p e r  m i l l i o n  o f  ED5 by an 
e x t e r n a l  s t a n d a r d  p r o g r a n .  A s t r i p  c h a r t  r e c o r d e r  w a s  u s e d  o c c a s i o n a l l y  t o  
v i s u a l i z e  t h e  c h r o i n a t o g r a p h i c  s i g n a l .  To v e r i f y  t h e  chember c o n c e n t r a t i o n s ,  t h e  
amount o f  EDB u s e d  d u r i n g  e a c h  d a i l y  e x p o s u r e  was d e t e r m i n e d  b y  w e i g h t .  The 
c o n c e n t r a t i o n  of  ZDB i n  t h e  chamber was b a s e d . o n  t h e  r a t e  of a i r  f l o w ,  t h e  
d u r a t i o n  o f  v a p o r  generation, and t h e  amount  o f  EDB u s e d .  

C l i n i c a l  O b s e r v a t i o c s  

Durir.g t h e  c o u r s e  of  t h e  s t gd -y ,  i n d i v i d u a l  body w e i g h t s  o f  a l l  a n i m a l s  were 
r e c o r d e d  weekly  f o r  t h e  f i r s t  1L  weeks a n d  mon th ly  t h e r e a f ~ e r .  ?cod c c n s u m p t i o n  
and d i s u l f i r a m  i n t a k e  L:sre n o t  d e t e r m i n e d  u n t i l  t h e  b e g i n n i n g  o f  t h e  f o u r t h  
r;:onth of  t n e  s t u d y  l~eca .~ ise  prob?c:n:s 2 s s o c i a t e d  r.;ith ? e l l e ~ L z i n g  t h e  f e e d  
r e s c i t e c i  i n  v2s:age. A n i n a l s  ~ ~ e 1 - e  cbjerved t r i c e  d a i l y ,  o n c e  i n  t h e  m o r n i n g  and 
c n c e  i n  :be a f ~ e r n o o n ,  f o r  c l i n i c a l  s i g n s  o f  t ~ x i ~ l t y .  A. w e e k l y  p a l p a t i o n  was  
performeci  on a i l  z n i m a l s  s.-hen a c i s s u - l  mass was f i r s t  d e t e c t e d ,  and a d a t a  
record  {<as e s t z b l i s h e d  f o r  e a c h  a n i i m l  b e a r i n g  a d e t e c t a b l e  m a s s .  

G r o s s  and  : i i c r o s c o p i c  E x z m i n a t i o n s  

Comple t e  g r o s s  and  h i s t o ~ a t h o l o g i c a ~  e x a m i n a t i o n s  v e r e  p e r f o m e c  on 211 a n i m a l s  
t h a t  s u r v i v e d  t h e  18 -xon th  e x ? e r i c e n t a l  p e r i o d  and  o r  t h o s e  a n i m a l s  t h a t  e i t h e r  
d i e d  d a r i n g  t h e  c o u r s s  of  t h e  s t u d y  a r  a p p e a r e d  m o r i b x n d  ( b a s e d  on c r i t e r i a  



e s t a b l i s h e d  by t h e  principal i n v e s t i g a t o r  to r e d u c e  t h e  c h a n c e  cf  l o s s  o f  
+-: L-a-ues - -  due to a u t o l y s i s ) ,  k t  n s c r o p s y ,  ;he weights of  t h e  l i v e r ,  s p l e e n ,  

h e a r t ,  and  k i ~ n e y s  w e r e  r e c o r d e d .  H i s t o p a t h o l o g i c  e v a l u a t i o n s  w e r e  p e r f o m e d  on 
s e c t i o n s  o r  t h e  f o l l o w i n g  t i s s u e s :  l i v e r ,  h e a r t ,  s t omach ,  k i d n e y s ,  ?azcreds,  
s p l e e n ,  a d r e n a l s ,  t h y r o i d ,  ? i  t u i t a r y ,  u r i n a r y  b l a d d e r ,  b r a i n ,  s:cin, s t e r n a l .  bone  
marrow, e a c h  l o b e  of t h e  i u n g ,  n e s e n t e r i c  and t r a c h e o b r o n c ' c i a l  lymph n o d e s ,  
s a l i v a r y  g l a n d s ,  z y r L b a l  g l a n d s ,  t e s t e s ,  p r o s t a t e ,  mammary g l a n d s ,  o v a r i e s ,  
c t e r ~ i z ,  a d  <:ny a b n o r m a l l y  a p p e a r i n g  tisscres. The zynbal .  glands were p r e p a r e d  
by f i x i n g  i n  f o r m a l i n ,  d e c a l c i f i c a t i o n ,  p a r a f f i n  embedding ,  s e c t i o n i n g ,  and 
staining, A l l  o t n e r  t i s s u e s  v e r e  f i x e d  i n  C c r m a l i n ,  embedded i n  p a r a f f i r ? ,  
s e c t i n n e c ,  and s t a i n e d  u i t h  h e n a t o s y l i n  and e o s i n .  

.- - 
i ~ i , o ; , : i n g  t n t  c o n ? l e t i o n  of  t h e  s t u d y  b y  Pd.1, the Eormai in  p r e s e r v e d  heads of  

- .  315 o r  Lhe rats f - 0 2  t h i s  study were  s e n t  t o  E x p e r i n e ~ t z i l  P a t ' a o l c g y  
L a b o r a t o r i e s ,  I r i c o r p o r z t e d ,  Herndon,  V i r g i n i a ,  f o r  r h e  ? r e p a r a ; i o n  o f  h i s t o i o g i c  
s e c ~ i a n s  of  t h e  n a s a l  c a v i t y  and s u b a e q u e ~ t  h i s t o p a t h o l c g i c  e v a i u z t i . c n .  
I-lec~a:o:.;ylin and eosln s t a i n e d  t i s s u e  s e c t i o n s  cf c r o s s  s e c t i o n s  througl-!  t h e  

n 3 s a l  cavity o f  e a c h  r a t  w e r e  p r s p a r e a  a t  t h e  i c 1 l o w i . n ~  i e v e l s :  

A. l e v e i  o f  t h e  L n c i s o r  t e e t h ;  

C. m i d u l e  o f  t h e  seconc. ~: :alnr  ( o l F a c t o r y  r e g i o n ) ,  

A t  t h e  t ime  t h a t  t h e  t i s s u e  s e c t i o n s  v e r s  b e i n g  p r q a r e d ,  i t  .:;as n o t e d  t h a t  many 
of t h e  specir iens  a p p e a r e d  t o  b e  i n  a r a t h e r  poo r  s c a ~ e  o f  p r e s e r v a t i o n ,  
prec luc . i ing  c r i t i c a l  e x a m i n a t i o n  2nd c l a s s i f i c a t i o n  of  n!an:: 2.csions and ca lnors .  

T1-e n m b r r  of  a n m a 1  h e a d s  fro3 each g r o u p  krhich ,;ere a v c i l a ' o l e  for nasa7- caiTi:y 
exarnlr~at-.on appears b e l o u .  



RESULTS 

C n a i ~ ~ b e r  c o n c e n t r a t i o n s  o f  EDB, d e t e r m i n e d  by t h e  g a s  c h r o m a t o g r a p h i c  m e t h o d ,  
r a n g e d  f r o m  1 8 . 6  j 3 . 1  t o  2 0 . 9  - + 0.4  ppm ( a e a n  + S.E.) d u r i n g  t h e  18-month 
e x p o s u r e  p e r i o d .  F i g u r e  1 d e p i c t s  t h e s e  d a t a  g r a p h i c a l l y ,  a n d  T a b l e  2 
sumr , ia r izes  them on 2 monthLy b a s i s .  

Tile s t u d y  oE trie distribution ol: ED3 i n  t h e  e i g h t  c o r n e r s  o f  t h e  l o a d e d  c h a m b e r  
r e l s t i v e  t o  a c e n t r a l  r e f e r e n c e  p o l n t  y i e l d e d  t h e  f o l l o w i n g  r e s u l t s :  U-SE 
( u p p e r  s o u t n e a s t ) ,  - 7 % ;  U-Sid ,  -12, C-HE, +3%; 3-YW, + 2 % ;  L-SE ( l o w e r  s o u t h e a s t ) ,  
-10.52;  L-SW, -8%; L-NE, + 2 . 4 % ;  a n d  L - X d ,  - 4 . 5 % .  

k a t s  e x p o s e d  :o LO ppm EDR a l o n e  ( E D B / C o n t r o l )  o r  a c o m b i n a t i o n  o f  20 ppm E D 8  
a n d  0 . 0 5 %  d i s u l f i r a m  i n  t h e  d i e t  (EDB/Disulfiram) e x h i b i t e d  h i g h  m o r t a l i t y  r a t e s  
i n  c o o l p a r i s o n  w i t h  t h o s e  a n i m a l s  i n  t h e  o t h e r  two e x p e r i m e n t a l  g r o u p s .  A 
m a j o r i t y  o f  t h e  a n i m a l s  i n  t h e  E D i ; / D i s u l f i r a r n  g r o u p  d i e d  o r  w e r e  t e r n i n a t e d  
w i t h i n  t h e  f i r s t  1 2  m o n t h s  o f  e x p o s u r e  (58% o f  t h e  m a l e s  and 83% o f  t h e  
f e x a i e s ) .  A i l  a n i x a l s  i n  t n i s  g r o u p  h a d  e i t h e r  d i e d  o r  been t e r m i n a t e d  b y  t h e  
end  o f  t h e  f i f t e e n t h  montn  c i  t h e  s t u d y .  T a b l e  3 s u m a r i z e s  t h e  c u n u l a t i v e  
number o f  d e a t h s  o r  t e r m i n a t i c n s  o c c u r r i n g  i n  e a c h  g r o u p  a t  t h e  e n d  of  3 ,  6 ,  9 ,  
1 2 ,  15 ,  a n d  18 m o n t h s  o f  e x p o s u r e .  

A l c h o u g h  f e e d i n g  of  d i s u l f i r a m  a l o n e  a n d  e x p o s u r e  t o  E3B a l o n e  r e s u l r e d  i n  a  
d e p r e s s i o n  of w e i g h t  g a i n  i n  b o t h  m a l e  a n d  f e m a l e  r a t s  c o m p a r e d  w i t h  a n i m a l s  i n  
t r ie  C o n t r o l / C o n t r o l  g r o u p ,  t h e  c o m b i n a t i o n  o f  EDB and  c i s u l f i r a m  r e s u l t e d  i n  a 
more p r o n o u n c e d  d e p r e s s i o n  i n  b o d y  w e i g h t s  t h a n  t h a t  r e s u l t i n g  f r o m  e x p o s u r e  t o  
e i t i : e r  a g e n t  a l o n e .  Figure 2 shows  :he average  body  w e i g h t s  o f  m a l e  and f e m a l e  
r a r s  in each  g r o u p  t h r o u g h o u t  the 18-ac7nch e x ? e r i m e r . t a l  p e r i o d .  

As m e n t i o n e d ,  f c o d  c o n s u m p t i o n  was a o t  d e t e r m i n e d  u n t i l  t h e  f o u r t n  rconth o f  t h e  
s t u d y  because  p e l l e t i n g  probie1l1.i c a u s e d  f e e d  w a s t a g e .  A c o r r s l a t i ~ n  bec:~eo,n low 
food c o n s u n i p t i o n  2nd d e c r e : ~ s - ; e t i  I:od;; i i i l igh t  ;;in seemed e - i d s n t  i n  an i ;na l s  i n  t h e  
C o n t r o i ! b i s u l f i r a m  a n d  L D B i u i s u l i i r ~ 7  g r o u p s ;  h o w e v e r ,  t i l ls  r e l a t i o n s h i p  was n o t  
e v i d e n t  i n  t h e  E J G / C o ; ~ t r o l  g r o u ; .  A l ~ h o u g h  x a l e s  and  Esmales i n  t h i s  g r o u p  a t e  
e s s e n t i a l l y  t h e  s a x e  q u m t i t y  o f  f o o d  a s  t h o s e  i n  t n e  C o n t r o l / C o n t r o l  g r o u p ,  t h e  
b o d y  w e i g h t s  of  t n e  E D R / C o n t r o l  g r o u p  w e r e  c o n s i s t e n t l y  l o w e r .  T a b l e  4 p r e s e n t s  
f o o d  c o n s u m p t i o n  d a t h  f o r  e a c h  g r o u p  f r o m  t h e  f o u r t h  t h r o u g h  t h e  e i g h t e e n t h  
m o n t h  o f  t h e  s t u d y ,  ar,d T a b l e  5 p r e s e n t s  d a t a  on mean d a i l y  d i s u l f i r a r ? .  i n t a k e  
d u r i n b  t h e  c o r r e s ? o n d i n g  p e r i o d .  



Tab le  6 summarizes t h e  p r i n c i p a l  h i s t o p a t h o l o g i c  f i n d i n g s  i n  m a l e  and f e m a l e  
r a t s  i n  e a c h  g r o u p .  Exposure  t o  EDB a l o n e  r e s u l t e d  i n  a  s i g n i f i c a n t  i n c r e a s e  i n  
t n e  i n c i d e n c e  o f  hemangiosarcoma o f  t h e  s p l e e n  i n  m a l e s , '  f o c a l  p r o l i f e r a t i o n  o f  
t h e  b r o n c h i o l a r  e p i t h e l i 3 w  of t h e  l u n g  i n  b o t h  s e x e s ,  and a d e n o c a r c i n o m a  o f  t h e  
nammary g i a n d  i n  f e m a l e s  compared w i t h  t h o s e  i n  t h e  ~ o n t r o l / C o n t r o l  g r o u p .  
Cornbined e x p o s u r e  t o  EDB and d i s u l f i r a m  r e s u l t e d  i n  a  s i g n i f i c a n t  i n c r e a s e  i n  
t h e  i n c i d e n c e  o f  h e p a t o c e l l u l a r  c a r c i n o m a ,  hemangiosarcoma of t h e  s p l e e n ,  
hemangiosarcoma o f  t h e  m e s e n t e r y  o r  omentum,  and a t r o p h y  o f  t h e  t e s t e s  i n  males 
compared w i t h  t h e  C o n t r o l / C o n t r o i  and EDB/Contro l  g r o u p s .  H i s t o p a t h o l o g i c  
f i n d i n g s  i n  t h e  C o n t r o l / C o n t r o l  and C o n t r o l / D i s u l f i r a m  g r o u p s  were  u n r e m a r k a b l e .  

. . n i s t o p a t h o l o g i c  changes  o b s e r v e d  i n  t h e  e v a l u a t i o n  of  t h e  n a s a l  cavities, b o t h  
t u x o r  and nontumor ,  were e i t h e r  s o l e l y  o b s e r v e d  i n  t n e  ~ ~ B / C o n t r o l  and  
EDb/Uisul f i ra rn  g r o u p s  o r  w e r e  o f  i n c r e a s e d  s e v e r i t y  i n  t h e s e  g r o u p s .  The  
p r o l i f e r a ~ i v e  l e s i o n s  o b s e r v e d  r anged  f rom e p i t h e l i a l  h y p e r p l a s i a s  and 
d y s p l a s i a s  t o  m a l i g n a n t  t u m o r s .  The most  commonly d i a g n o s e d  m a l i g n a n t  tumor was 
c l a s s i f i e d  a s  a n  adenoca rc inoma  and l i k e  o t h e r  m a l i g n a n t  t umors  t h e y  were, on 
o c c a s i o n ,  found t o  be  l o c a l l y  i n v a s i v e .  I n  a l l  i n s t a n c e s  i n  wh ich  m a l i g n a n t  
tumors were  s e e n  i n v a d i n g  t h e  b r a i n ,  t h e y  were  c l a s s i f i e d  as a d e n o c a r c ~ n o n a s .  
: i a l i gnan t  tumors  tended t o  b e  l o c a t e d  i n  t h e  more p o s t e r i o r  p o r t i o n s  o f  t h e  
n a s a l  c a v i t y ,  w h i l e  b e n i g n  Lumors t e n d e d  tc b e  m u l t i p l e  and  l o c a c e d  i n  t h e  n o r e  

- a n t e r i o r  r e g i o n s  o f  t h e  n a s a l  c a v i t y .  

I t  1 s  d i f f i c u l t  t o  a s s e s s  w h e ~ h e r  d i e t a r y  d i s u l f i r a m  enhanced  t h e  1 , 2 -  
d i b r o m o e t h a n e  e f f e c t s  on t h e  n a s a l  c a v i t y  b e c a u s e  o f  t h e  l i m i t e d  number o f  
a n i m a l s  a v a i l a b l e  f o r  e v a l u a t i o n  from t h e  EDB/Disu l f i r am g r o u p .  However, based  
on t h e  a n i m a l s  p r o v i d e d  f o r  e x a m i n a t i o n ,  i t  d o e s  n o t  a p p e a r  t h a t  t h e  a d d i t i o n  o f  
d i s u l f i r a m  t o  t h e  d i e t  a l t e r e d  t h e  EDB-re la ted  e f f e c t s  on t h e  n a s a l  c a v i t y .  A 
s m r ~ a r y  of  t h e  n e o p l a s t i c  f i n d i n g s  a p p e a r s  i n  T a b l e  7 .  Summary i n c i d e n c e  t a b l e s  
of n e o p l a s t i c  and h y p e r p l a s t i c  changes  a p p e a r  i n  Appendix  C .  



DISCUSSION 

The r e s u i t s  o f  t h i s  s t u d y  c l e a r l y  i n d i c a t e  t h a t  i n h a l e d  1 ,2 -d ib romoe thane  e x e r t s  
a c a r c i n o g e n i c  e f f e c t  i n  b o t h  m a l e  and f e m a l e  r a t s  exposed  t o  20 ppm o f  t h e  
chemica l  under  s i m u l a t e d  o c c u p a t i o n a l  e x p o s u r e  c o n d i t i o n s  f o r  u p  t o  18 months .  
A d d i t i o n  of  d i s u l f i r a m  t o  t h e  d i e t  o f  a n i m a l s  exposed  t o  EDB e n h a n c e s  b o t h  t h e  
g e n e r a l  t o x i c i c y  and c a r c i n o g e n i c i t y  o f  t h e  h a l o g e n a t e d  hydroca rbon  and r e s u l t s  
i n  e f f e c t s  n o t  o b s e r v e d  w i t h  e i t h e r  a g e n t  a l o n e .  F o r  example ,  t h e  combined 
exposu re  r e s u l t e d  i n  a t e n f o l d  i n c r e a s e  i n  t h e  i n c i d e n c e  of h e p a t o c e l l u l a r  
ca rc inoma  o v e r  e x p o s u r e  t o  EDB a l o n e .  A d d i t i o n a l l y ,  t e s t i c u l a r  a t r o p h y  was 
no ted  i n  88% of t h e  m a l e s  i n  tile EDB/L) isu l f i ram g roup  as opposed t o  62, 2 2 ,  and 
2% i n c i d e n c e  of  t h i s  c h a n g e  i n  the C o n t r o l / C o n t r o l ,  C o n t r o i / D i s u l f i r a n ,  and 
EUBiControl  g r o u p s ,  r e s p e c t i v e l y .  D i e t a r y  d i s u l f i r a m  a l o n e ,  a l t h o u g h  a s s o c i a t e d  
w i ~ h  a  d e c r e a s e  i n  body w e i g h t  g a i n  i n  b o t h  m a l e  and f ema le  r a t s ,  p roduced  no 
s i g n i f i c a n t  h i s t o p a t h o l o g i c  c h a n g e s .  The f i n d i n g  t h a t  c h r o n i c  d i s u l f i r a m  
a d m i n i s t r a t i o n  i s  n o t  a s s o c i a t e d  w i t h  any c a r c i n o g e n i c  r e s p o n s e  i s  c o n s i s t e n t  
w i t h  t n e  f i n d i n g s  of  a N a t i o n a l  Cance r  I n s t i t u t e  b i o a s s a y  of t h e  compound i n  
naLe and f e a a l e  F344 r a t s  and  B6C3Fl mice  ( l i a t i o n a l  Cancer  I n s t i t u t e ,  1 9 7 9 ) .  

The mechanism of t h i s  t o x i c  i n t e r a c t i o n  be tween t h e  i n d u s t r i a l  c h e m i c a l  and  t h e  
? n a r ~ ~ i a c o l o g i c  a g e n t  i s  n o t  c l e a r .  H i l l .  e t  a l . .  ( 1975 )  h a v e  i . d e n t i f  i e c i  bronw- -- 
a c e t a l d e h y d e  a s  an i n t e r m e d i a t e  o f  EDH b i o t r a n s f o r n a t ' i o n  i n  t h e  r a t .  Based uplm 
t h i s  i n f  o r n a t i o n ,  o n e  c o u l d  s p e c u l a t e  t h a t  d i s u l f  i r a n ~ ,  by v i r t u e  of i t s  a b i l i t y  
t o  b l o c k  a l d e h y d e  d e h y d r o g e n a s e ,  p r e v e n t s  t h e  o x i d a t i o n  o f  b r o m o a c e t a l d e h y d e  t o  
b r o m o a c e t a t e  by t h i s  enzyme s y s t e m  and c a u s e s  e l e v a t e d  t i s s u e  l e v e l s  of t h e  
a l d e h y d e .  The l i t e r a t u r e  c o n t a i n s  v i r t u a l l y  no i n f o r m a t i o n  on t h e  t o x i c i t y  and 
b i o l o g i c a l  r e a c t i v i t y  of  b r o m o a c e t a l d e h y d e .  N e v e r t h e l e s s ,  c h l o r o a c e t a l d e h y d e ,  a 
c l o s e l y - r e l a t e d  a - h a l o a l d e h y d e ,  i s  known t o  be  a  p o t e n t  mutagen i n  t h e  Aines 
a s s a y  employ ing  t e s t e r  s t r a i n  TAlOO w i t h o u t  a c t i v a t i o n  (ZcCann ~t. 1 9 7 5 ) ,  and 
i t  r e a c t s  n o n e n z y l n a t i c a l l y  x i r h  t h e  n u c l e i c  a c i d  b a s e s  a d e n i n e  and c y t o s i n e  t o  
form s o - c a l l e d  " e t h e n o "  d e r i v a t i v e s  ( S e c r i s t  e t  a l .  1 9 7 2 ) .  Such a  r e a c t i o r ,  -- 
between b r o m o a c e t a l d e h y d e  and  t h e s e  b a s e s ,  i f  i t  o c c u r s  i n  v i v o ,  c o u l d ' p r o d u c e  
s i g n i f i c a n t  a l t e r a t i o n s  i n  n u c l e i c  a c i d s .  S u p p o r t  f o r  r h L s  h y p o t h e s i s  comes 
froin t h e  work of  P l o t n i c k  e t  a l .  ( i 9 7 9 ) ,  who found t h a t  t h e  a u d i t i . c n  o f  -- 
a i s u l f i r a i n  ( 0 . 0 5 X )  t o  t n e  d i e :  of  ma le  r a t s  r e s u l t e d  Fn s i g n i f i c a n t  i n c r e a s e s  i n  
t n e  14c c o n t e n t  o f  washed l i v e r  n u c l e i  a t  b o t h  2L and 48 h o u r s  a f t e r  
a d m i n i s ~ r a t i o n  o f  a  s i n g l e  o r a l  d o s e  of 1 4 ~ - 1 , 2 - d i b r o ~ . o e t n a n e  when com?ared w i t h  
t i lose  o f  an in l a i s  r e c e i v i n g  a  s t a n d a r d  d i e t  w i t h  no  a i s u l f i r a n  a d d e d .  I n  t n e  
same s t u d y ,  P l o t n i c k  and his c o w o r k e r s  f o u n l  t h a t  l e v e l s  of 14c i n  t h e  t e s t e s  o f  
r a t s  r e c e i v i n g  t h e  d i s u l f i r a m - c o n t a i n i ~ g  d i e t  d i d  r.ot d i f f e r  s i g n i f i c a r . t l y  a t  25  
cad  4 8  i c u r s ,  v h i c h  s u g g s s t s  that t h e  t e s t i c u l a r  a t r o p h y  n o t e d  i n  a n i m a l s  i n  t h e  
L i ) L / ~ j i s d f i r a r n  g r o u p  i s  a s s o c i a t e d  wicn  a  s l o w e r  c i e a r a n c e  of  ED3 a n d / o r  i t s  
~ n e t a b o l i t e s  from t h i s  o r g a n .  I t  i s  unknown a t .  t h i s  t ime  wne the r  t h e  / t o x i c  
i n t e r a c t i o n  n o t e d  be tween i n h a l e d  EDB and i n g e s z e d  d i s u l f i r a m  i s  l i m i t e d  t o  t h i s  
p a r t i c u l a r  c o x b i n a t i o n  o r  i s  c h a r a c t e r i s t i c  o f  o c h e r  1 , 2 - d i h a l o e ~ h a n e s  s u c h  a s  
i , 2 - d i c h l o r o e t h a n e .  A s t u d y  d e s i g n e d  t o  d e t e r m i n e  w h e t h e r  d i e t a r y  d i s u i f i r n m  
enhances  lie r o x i c i t y  o f  inhaied 1 , 2 - d i c h l o r o e t h a n e  i s  c u r r e n t l y  i n  t h e  p l a n n i n g  
s t a g e s ,  as is a  s t u d y  of t h e  b ioc l - . ex i ca l  i l~echanisrn of' the interaction between 
d i s u l f i r a m  and EDE. 
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T a b l e  2--?lean daily chamber concentrations of l,2-Dibromoethane 
Uuring the 18-month inhalation exposure period. 

(ppm + S . E . )  - 

Xean Daily Concentration 

19.7 + 1.5 - 

1 9 . 7  -+ 0 . 7  - 

18.6 + 3.1 - 

20.0 + 0.3 - 

19.0 + 0.3 - 

20.0 2 0.4 

20.0 + 0.8 - 

20.9 -i 0.4 - 

18.7 + 0.4 - 

19.8 + 0.2 - 

19.4 + 0.2 - 

1 9 . 4  + 0 . 2  - 

19.6 + 0.2 - 

19.2 + 0.L - 

1 9 . 3  + 3 . 2  

19.6 2 0 . 3  

1 9 . s  -+ '9.2 -- 

19.0 + 0.4 - 



T a b l e  3--Cumulative m o r t a l i t y  by g roup  and s e x  a t  
th ree -mon th  i n t e r v a l s  t h r o u g h o u t  t h e  s t u d y . *  

Group 
~ o n t r o l / C o n t r o l  C o n t r o l / D i s u l f i r a m  EDB/Control  E ~ ~ / ~ i s u l f i r a r n  

Hale  r a t s  
3 inon t h s  0 
6 rnonths 0 
9 months 0 

1 2  months 0 
15 rnonths 1 
18 i m n t h s  5 

Female r a t s  
3 months 0 
6 months 0 
9 months 0 
12 rr,sntns 2 
15 months  3 
18 months 6 

* A11 g r o u p s  c o n s i s t e d  c f  4 6  male  and 48 f e m a l e  r a t s  a t  s rudy  i n i t i a t i o n .  
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APPENDIX A. : 'malysis o f  Disulfiram in Rat Diet 
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MIDWEST RESEARCH INSTITUTE 

F e b r u a r y  3 ,  1978 

To : Dr. Mark Winston 

From: David S t ee l e  

Subject: A n a l y s i s  of D i s u l f i r a m  i n  Rat Feed 

1. P r i n c e t o n  A p p l i e d  R e s e a r c h  C o r p o r a t i o n  ( P r i n c e t o n ,  Sen J e r s e y )  Model 1 7 4  
p o l a r o g r a p h i c  a n a l y z e r  e q u i p p e d  with a  ?.A,R.C. d r o p c i m e r  and w i t h  a B e w l e t t  Packard 
Xodel 7030A x-y r e c o r d e r .  

2 .  S a t u r a t e d  c a l o m e l  e l e c t r o d e ,  d r o p p i n g  a e r c u r y  e l e c t r o d e ,  p l a t i n u n  c o i l  
- e l e c t r o d e ,  a r l n k a a n n  EA 325-20 t i t r a t i o n  v e s s e l  w i t h  c c v e r .  

Resgen t s  

1. E t h a n o l  (95%)  

2 .  W a t e r - - d e i o n i z e d ,  then d i s t i l i e d  f r o m  d i c h r o m a t e r .  

3 .  D i s u l f i r a m .  

4 .  A c e t a t e  buffer ( 0 . 5  N sodium a c e t a t e  and 0 . 5  ?; a c e t i c  a c i d ;  pH = 4 . 5 ) .  

Basic P r o c e d u r e  

The 5 a s i c  p r o c e d u r e  w a s  t h a t  o u t l i n e d  La 3 .  G .  ? r u e ,  C .  3. Warce:. and B .  T. Khc, 
"Pulse P o L a r o g r a p h i c  D e t e m i n a t i o n  o f  D i s u l f i r a m , "  J o u r n a l  o f  P h a r m a c e u t i c a l  Sciznces: 
' b 7 0 1 .  61 ,  No. ' 2 ,  249-251, F e b r u a r y  1 9 7 7 .  

Samples o f  d i s u l f i r a i n  on f e e d  ( 2 . 5  g )  were accura re i j :  weighed and e x t r a c t e d  w i t h  : S O  7.1 
e t h a n o l .  The extracts were  f i l t e r e d  a x i  15 m3. a l i q u o t s  , measured volume triszl!:;, wer? 
added t o  the p o l a r o g r a p h i c  c e l l  w i t h  15 ni a i i q u o t s  o f  a c e t a t ?  b u f f e r ,  a l s o  nzasured  
w ? u m e t r i c a l l y .  

Fcr d i f f e r e n t i a l  p u l s e  p o l a r o g r a p h y ,  a d r o p p i n g  n e r c u r y  e l e c c r o l a  :das csed as  che w o r k -  
i n g  e l e c t r o d e .  X p l a t i c u m  c o i i  e l e c r r o i e  was u s e d  z s  t h e  s o u n r s r  e l e c t r o d e .  The refer- 
encz  e l e c t r o d e ,  a s a t u r a t e d  c a l o m e l  e l e c s r o d a ,  made e l e c t r i c a l  c o n t a c :  -.*rich t h e  s c l u t i o : :  

v i a  a sal: b r i d g e  c o n t z i n i n g  s a t u r a t e d  ? o t a s s i u m  c h l o r i d e  s o l u t i o n .  



C r .  Mark Kins ton  
?2ge 2 
FeSruziry 3 ,  1978 

T i e  c e l l  was d e a e r a t e d  w i t h  p r e p u r i f i e d  n i t r o g e n  which had been  p a s s e d  t h r s u g h  a 

U-rube f i l l e d  w i t h  a c e t a t e  b u f f e r .  IJhila t h e  p u l s e  p o l a r o g r a m  was b e i n g  o b t a i n e d ,  
t h e  s o l u t i o n  i n  t h e  c e l l  was b l a n k e t e d  w i t h  p r e p u r i f i e d  n i t r o g e n .  

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

Scan:  N e g a t i v e  

R a t e :  1 mv/sec  
Range: 1 . 5  v  
I n i t i a l  P o t e n t i a l :  -0 .2  v 
Modula t ion  Ampl i tude :  i O O  
C u r r e n t  Zange: i3 u a / f u l l  s c a l e  
D r c ~ t i n e :  2 s e c  
Lowpass F i l t e r :  o f f  

Sample A n a l y s i s  

1. S t a n d a r d  Curve - P u l s e d  p o l a r o g r a m s  o f  s t a n d a r d  s o l u t i o n s  o f  d i s u l f i r j i i  
(0, 4 ,  8 ,  1 2 ,  1 6 ,  and 23 ~g d i s u l f i r a m  p e r  m i l l i l i t e r  e t h a n o l )  were  o b t a i n e d .  A p l o t  
of  c o n c e n t r a t i o n  v e r s u s  peak h e i g h t  was l i n e a r  w i t h  a s l o p e  of 1 . 6  and a n  i n t e r c e p t  
of  z e r o .  

2 .  Sample A n a l y s i s  

a. Method - T h r e e  a l i q u o t s  o f  e a c h  o f  t h e  samples  of  d i s u l f i r a m  mixed 
w i t h  Feed (Top,  Midd le  2nd Bottom) were  weighed,  e x t r a c t e d  w i t h  e t h a n o l ,  and a n t l y z e d  
by  p u l s e d  p o l a r o g r a p h y .  The c o n c e n t r a t i o n  o f  each a l i q u o t  w a s  o b t a i n e d  Erorr. t h e  s t a n d a ~ d  
c u m e  u s i n g  sample  peak h e i g h t  d a t a .  

E x t r a c t i o n  e f f i c i e n c y  d a c a  -.Jas o b r a i n e d  d u r i n g  a n  e a r l i e r  a n z l y s i s  and 
found t o  b e  100 + 2 % .  (Repor t  t o  D r .  P a u l  P e t e r s  on t h e  A n a l y s i s  of  D i s u l f i r a m  i n  r a r  - 
f e e d ,  d a t e d  A p r i l  20 ,  1 9 7 7 . )  

b .  R e s u l t s  

Sample 

Top 
Midd le  
30 t tom 

C o n c e n t r a t i o n  o f  D i s c l f i r a n  
i n  Peed lChemica l  Sample 



A p r i l  2 0 ,  1377 

To:  Dr. P a u l  ? e t e r s  

From: Dav id  S t e e l e  

S u b j e c t :  A n a l y s i s  o f '  D i s u l f i r a r n  i n  R a t  Feed  

Eouipmen  t 

1. P r i n c e  t o n  A p p l i e d  R e s e a r c h  C o r p o r a  t i o n  ( P r i n c e t o n ,  N e w  J e r s e y )  

Model 174  p o l a r o g r a p h i c  a n a l y z e r  e q u i p p e d  w i t h  a P . A . R . C .  d r o p t i m e r  a n d  w i t h  

a Hewle t t  P a c k a r a  H o d e l  7030A s- y r e c o r d e r .  

2 .  S a t u r a t e d  c a l o m e l  e l e c t r o d e ,  d r o p p i n g  a e r c a r y  e l e c t r o d e ,  p l g t i n c a  

c o i l  e l e c t r o d e ,  Br inkmann EA 8 7 5 - 2 0  t i t r a  t i o n  v e s s e l  with c o v e r .  

R e a g e n t s  

1 .  E t h a n o l  ( 9 5 : L )  

2 .  W a t s r - - d e i o n i z e d ,  t h e n  d i s  t i l l e d  f r o m  d i c h r o m a t e r .  

4 .  A c e t a t e  b u f f e r  t 0 . 5  N s o d i u m  a c e t a t e  and  0 . 5  N a c e t i c  a c i d ;  

pH = L . 5 ) .  

B a s i c  P r o c e d u r e  

The b a s i c  7 r o c e d u r e  : ;ns t h a t  o c i t l i n e d  i n  D .  5 .  ? r u e ,  C .  R .  ; d a r n e r ,  



Dr. P a u l  P e t e r s  

? a g e  2 
.L.?rii  2 @ . ,  1.977 

. - 
z e a s u r e d  v o l u n e ~ r i c a i l y  , u e r c  a d d e d  t o  t h e  p o l a r c g r a p h i c  c e l l  v i t h  - 2  rr21 

a l i q u o t s  o f  a c e t a t e  b u f f e r ,  a  :so m e a s u r e d  vo L u m e t r i c a l l y .  

F o r  d i f f e r e n t i a l  p u l s e  ? o l a r o g r a p h y ,  a  d r o p p i n s  m e r c u r y  c l e c c r o d z  

;.as used  a s  t h e  w o r k i n g  e l e c t r o d e ,  A p l a t i n u m  c o i l  e l e c t r o d e  was :!sed a s  thc  

c o u n t e r  e l e c t r o d e .  The r e f e r e n c e  e l e c t r o d e ,  a s a t u r a t e d  ca Lome1 e l e c t r o d e ,  

c!ade e l e c t r i c a l  c o n t a c t  w i t h  t h e  s o l u t i o n  v i a  a s a l t  b r i d g e  c o n t a i n i n : ;  sa t i l -  

r a t e d  pocass iurn  c h l o r i d e  s o i u  t i o n .  

The c e l l  was d e a e r a t z J  w i t h  p r e p u r i f i r d  n i r r c g e n  v k i c h  had b e e n  

p a s s e d  t h r o u g h  a C - t u b e  f i l l e d  w i t h  a c e t a t e  b i l f f e r .  hu?.,ik t h e  pu  Lsc poL2r0- 

gram was b e i n g  o b t a i n e d ,  t h e  s o l ~ t i o n  i n  t h e  c e l l  was b l a n k s  t e d  w i t n  ,:?re- 

~ u r i f  i e d  n i t r o g e n .  

T!;e i n s  t ru inen t  a r a - e ~ e r ; .  were  a s  f o l l o w s  : 

S c a n :  N e g a t i v e  

R a c e :  1 rnv i sec  

3 a n g e :  l. 5 1.7 

I n i t i a l  ? n t , e n t F e ' _ :  -1.1.2 v 

> i o d u l a t i o n  .'mplFtui;e: ! 00 

C u r r e n t  Zange:  !O ; l a / f u l i  s z a i e  

P r o p r i a r :  2 s e c  

< - Lowpzss F L i t s r :  C L L  
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Sam;, le Ana iys i s  

1 .  S t a n d a r d  Curve  

P u l s e d  p o l a r o g r a m s  o f  s t a n d a r d  s o l u t i c n s  o f  d i s u l f i r a m  10, L ,  3 ,  1 2 ,  

1 6 ,  and 20 ug d i s u l f i r a m  p e r  a r l l i l i t e r  e t h a n o l )  were o b t a i n e d .  A p l o t  o f  

concentration versus  peak h e i g h t  was l i n e a r  w i t h  a s l o p e  o f  1 . 2  and a n  

i n t e r c e p t  o f  z e r o .  

2 .  S a m p l e  A n a l v s  1 s  

a .  N e t h o d .  Three  a l i a u o t s  of  t h e  s a m p l e  o f  d ~ s u l f i r s m  mr::ed 

w i t h  feed w e r e  w e i s h e d ,  e : c t rnc t cd  r ; i th  e t h a n o l ,  a n a  a n a l y z e d  b y  p u l s e d  poiar0:- 

r a p h y .  The c o n c e n t r a t i o n  of  e a c h  a l i q u o t  was o b t a i n e d  from t 6 e  s t a n d a r d  c u r v e  

u s i n g  s a m p l e  peak h e i s h t  d a t a .  

I n  o r d e r  t o  o b t a i n  e x t r a c t i o n  e f f ~ c l e n c y  d a t a ,  s t a n d a r a  nLsts 

o f  d r y  d i s u l f i r a x / f e e d  w e r e  p r e p a r e d ,  e x t r a c t e d  and  a n a l y z e d  u s i n g  t h e  same 

c e t h o d  as t h a t  employed  f o r  t h e  s a m p l e  s l i q u o t s .  

b .  I i e s u l t s :  

C o n c e n t r a t i c n  o f  d i s u l ' i r a m  i n  feeclchernica!  s a m p l e .  

C . 3 5 2  A 0 . 1 C 2  " - 

E s c r a c t i o ~  ef f i c ~ e n c y  . 

10C - 2',  - 



A p r i l  2 1 ,  1 9 7 8  

Yd : Dr. > la rk  'clinston 

FRO?I: David 5 t 2 e l e  

SUBJECT: S t a b i l i t y  of D i s u l f i r a m  o n  Rat Feed 

To d e t e r m i n e  t h e  s t s b i l l t y  o f  d i s u l f i r a m  OF. r a t  feed (1Z w/w) 
u s i n g  a c o n s t a n t  t i n e  (2  weeks) znd v a r i a b l e  t e m p e r a t u r e  ( -20 ,  5 ,  2 5 ,  
45°C) s a n p l e  compar i son  s t u d y .  

11. Sample P r e p a r a t i o n  and S t o r a g e  

I n d i v i d u a l  samples  J E  d i s u l f i r a m  on r a t  f eed  were p r e p a r e d  b y  , 

a c c u r a t e l y  we igh ing  25 rng o f  d i s u l f i r a n  i n t o  s m a l l  French squa re  b o t t l e s ,  
add i r , g  2 . 5  g r a t  f e e d ,  and snak lng  ~ h o r o u g h l y .  The samples were  t h e n  
s t o r e d  a t  t e m p e r a t u r e s  of  - 2 0 ° C ,  j ° C ,  25"C, and 4 5 ° C  f o r  2 weeks. Samples  
( 2 . 5  g) o f  blank f e e d  were a l s o  s t o r e d  a l o n g  w i t h  tile samples o f  d i s u l f i r a m  
on Feed a t  e a c h  temperature. 

111. Sample Analysis 

At t h e  end o f  t h e  2-week s t o r a g e  p e r i o d ,  each sample  b a s  e k t r a c ~ e d  
w i t h  95;; e t h a n o l  (100 ml), :he  e x t r a c t s  f i l ~ z r e d ,  and :he ' f i l t r a t e s  a n a l y z e d  
u s i n g  :he l i q u i d  c h r o m a t o g r a p h i c  syscen  C e s c r i b e d  below: 

i n s t r u m e n t :  Wacsrs ?royr3rclnaile ccmponer,t s l r s t e n  
D e t e c r o r :  S c n o e E f e l  !.!ode1 770 V a r i a b l e  X b s o r b a ~ c e  dccs ,c l ;or ,  

analytical w a v e l e n g t h  -390 nm 
Column: C18 ~ B o n d a a a c k ,  300 xn x 5 ;m ID 
S o l v e n t  s y s t e z :  4 7 "  , a c e t o n l t r i l z  

53:; x a t e r  
Flow r a t e :  L . 9  n l i a ~ n  
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X e s u l t s  and D i s c u s s i o n  

S t o r a g e  Detec tor  Response 
T e m p e r a t u r e  (Peak h e i g h t  mm/pg i n j e c t e d )  

% o f  -20°C 
S a m p l e  

D i s u l f i r o r n  o n  r a t  f e e d  at a l e v e l  o f  12 w / u  u a s  found  t o  be 
stable at 5'C for a p e r i ~ a  of  1 weeks. A t  2 5 ° C  a s l i g h t  a e c o m p o s i c i o n  
was f o u n d  a n d  a t  4 j ° C ,  t h e r e  gas a d e f i n i t e  d e c o m p o s i ~ i o n  

MIDWEST RES EXSCH 

CHEPMICU SCIENCES 3ZVZSION 



APPENDIX B. Purity Analysis of 1,2-Dibromoethane 

Several drops of suspension of particulates contained in 1,2-dibromoethane Lot 
No. iL4102567, supplied by the Aldrich Chemical Company, were placed on a carbon 
~lanchet. After evaporation of the solvent, the planchet was examined in a JEOL 
JM-5Ok electron probe microanalyzer equipped with an Ortec energy dispersive 
spectrometer and an Ortec >lode1 EEDS-I1 multichannel analyzer. One hundred of 
the particles found on the planchet were analyzed by energy dispersive X-ray 
analyses. The results of the analyses are summarized in Table E-1. In 872 of 
tne particles analyzed, the only major peaks found were those for bromine. 
Since no other major inorganic conponent was found in these particles, it can be 
concluded that they were some type of nonvolatile organic bromide. Since the 
particulates 'are nonvolatile, tneir contribution to possible effects on animals 
exposed to 1,2-dioromoethsne by inhalation should not be significant. 

GAS CHROXOTOGuPHIC ANALYSIS FOR PURITY AND STABILITY 

The nlaterisl tested was 1,2-dibromoethane, Lot No. XA102467, supplied by Aldrich 
Cllemical Company, Nilwaukee, Wisconsin.. 'The chemical was tested as received, 
after 24 hours at 600C, and after 96 hours at 60°C. The 600 stability study was 
performed by placing a small volume of the material in a glass serum bottle, 
which was subsequently sealed with a rubber septum and placed ip an incubator. 
Uuplicate 3-microliter aliquots of the respective samples were individually 
injected into a Perkin-Elmer Model 3920B gas chromatograph equipped with a flame 
ionization detector under the following conditions: 

Cclurnn; 10 ft x l / 8  in., stainless steel, packed with 20% SP-2100, 0.1% 
Carbowas ljOO on 100/120-mesh Supelcorport 

Carrier gas: Xitrogen at 15.0 ~r.l!min 

Column temperature: 600-140°c at ?O/min, 8-minute delay, 16-ininute hold ac 
upper limit 

In-j-ector temperature: 200°C 

3nder t h e s e  chromatographic conditions, 1,'-dihromoethane eshibited a retention 
tire of approximately, 26 minutes. Area normalization analysis with a Perkin- 
Elmer Signa-10 chromatography system indicsted a purity of greater than 99%; it 
also indicated that the material is stable for ur, to 96 hours when heated'to 
60CC. 



T a b l e  B-1 .  P a r t i c u l a t e  Analyses* 

P a r t i c l e  ;Jumber )la j o r  
C l a s s  Found Cosponents  ( s )  

1  

2 

3 

4 

5 

6 

7 

Note: 

3 Ca, B r  

2 Na, C 1  

i S i ,  B r  

1 K 

1 I(, F e ,  S i ,  By 

T r a c e  
Component ( s )  

Na, S ,  C1, Fe ,  S i  
Ca, Zn, K, Cu, Mn 

K ,  B r ,  F e ,  Ca,  C1 
C u 

s ,  ,c1 

C u 

Ca,  Cu, Zn 

E r  

Cu 

Not a l l  t r a c e  e l e m e n t s  a p p e a r  i n  each  p a r t i c l e  i n  a 
p a r t i c L l a r  c l a s s .  

* Performed by L l o y d  E .  S t e t t l e r ,  Ph.D., B i o l o g i c a l  Suppor t  
Branch,  U i v i s i o n  o f  Biomedical  and B e h a v i o r a l  S c i e n c e ,  
NIOSH. 



APPENDIX C .  - N e o p l a s t i c  and Hyperplastic Changes in t h c  Nasal C a v i t y  

Summary Inc idenc r Tables 

Key to Group Designations: 

Group I - ~ontrol/Control 
Group 11 - Control/Disulfiram 
Group 111 - EDB/Control  

Group IV - ~ ~ B / ~ i s u l f  iram 



NEOPLASM A N D  MYPERPLASIA 
SUMMARY INCIDENCE TABLE 

T a x i c i  t y  o f  I n h a l e d  1 , 2 - D i b r o m o e t h a n e  
W i t h  a n d  W i t h o u t  D i s u l f i r a m  i n  - t h e  D i e t  

1 A n g l a s t i c  Carc inoma 

C a r c i n o m a ,  NOS 

- -- 

I. NASAL BONES (MO. . I  E X A M I N E D '  

A d e n o c a r c i n o m a ,  I n v a s i v e -  
C a r c i n o m a ,  NOS, I n v a s i v e  

- A n a p l a s t i c  C a r c i n o m a ,  I n v a s i v e  

Squamous Cell C a r c i n o m a ,  I n v a s i v e  
-.-- 

I NASAL SEPTUH (NO. EXAMIFIED) 

A d e n o c a r c i  nona -- 
A d e n o c a r c i  noma, I n v a s  i ve 

I -- - - -- -- - - -- -- - - - 

1 Carc inoma NOS - ---?. - . ... - . -. - -. -- 

C a r c i n o m a ,  N O S ,  I n v a s i v e  

S q u a ~ o u s  - - . . . - Cell - . . C2rci noma,  icvasi  ve 
-. . . . . . - . . 

A n a p ' l ? s p i c  Ca rc ino ina ,  I n v a s ' v e  
-- --- -- 

- P a p i  1 1  a r v  Adenorla . . . _. 



A N D  H Y P E R P L A S I A  
I M C I D E R C E  TABLE , 

i c i t y  o f  Inhaled 1,2-Dibronoethane 
i t h  a n d  Without Disul f i ram in the  Diet 

Tox 
I i  
A 

Group Group 
I I I 

G r g u p  Sroup 
111 1: 

M = Male; F = Female - 

NASAL TURBINATE (NO. EXAMINED) _1(47&71j - - -- ( 4 d  ( $ 5  
----- - 

Adenocarcinorna 

Squamous Cell Carcinoma 

Adenocarcinorna. Invasive 

Pap i  i l a ry  Adenoma, Nu1 t i  n l  e 

Papilizry Adenoma 

Papi 11 ary  Adenona,  - Focal - 

M A X I  L L O T U R B I  NATE ( N O .  EXAMI . N E D )  .. 
........ --- - (47) ' ( 1 1 )  ( 4 5 )  ( 4 5  I Pani 11 a ry  Adenoma, _ .  Nu1 t i  focal  .......... ........-..-.-...-.... - ................. 

P a p i l l a r y  Adenoma - .- 

Adenocarci noma, I n v a s i  ve 
I 

E T H Y O T U R O I  NATE (NO. E X A M I N E D )  

Adenocarci noma 

Squamous Cell  Carcinoma 

S o l i d  Carcinoma 

Carcinoma, NOS --- .. -. -. ..... - ... - - ...... ....... 

Sarcolna. NOS _. i I '  .-- -- 

Papi  ...... 11 a ry  Ader,ona - 
P - -....... . . . . - . . . .  . . . . . .  



NEOPLASM AND HYPERPLASIA 
SUMMARY INCIDENCE TABLE 

Toxicity of I n h a l e d  1,2-Dibromoethane 
W i t h  and Without Disulfiram i n  the Diet 

Group 
I I I I I I  I v 

I1 = Male; F = Female M F  M F I I i Y  F 

--- -- --- _ - .-- ~ - . .. .. - . . . . 

f i W ! R A T O R Y  EP ITHE1 I L I M I N O .  

Adecocarcinon~ __ 
-- _- _ - 

Pap i  1 1 ary Adenoma 
I Seromucous G1 andd/~denoma. NOS 1 

P a p i  11 ary Adenoma, Mu1 t i  p l  e 
----. -- 7 -- 

Epithel i a l  ~yper~lasia/@ys~lasia. I I I 
f lu1 - tifocal 

- -- 

Papil larv H ~ ~ e r p l a s i a ,  N u 1 t i f p c a i  

A i t h e l  ial Hvperp l  asia]9vsplasia. 

- Focal - 
-. - - i 

YAXiLLCP,Y RECESS (NO. - 
. - 

Pa pi 1 1 ary Adenoma -- -. -- . - - . . . - - - 
- - - - . - 

B R A I N  ( N O .  EXAYINED) .- 

Aaenocarcinoma, I~vasive 

-- 

--- 

- - - - 

.__ . 

- -- . . - . .. .. 

- -. -- I 

-- - . .  

Group Group Group 
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