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S U~I/1 ~ I A  R Y 

The  a n # h a l  c a r c i n o g e n i c i t y  s t a t u s  q f  97 c h e m i c a l s  a s s o c i a t e d  wi th  the  
d y e s t t y f s  # td t t s t rv  h a s  been  rec ien 'ed .  

The  r e a d i l y  a c a i l a b l e  l i t e r a t u r e  d e s c r i b i n g  a t t i m a l  c a r c h l o g e t H c i t y  
s t u d i e s  w i th  these  s e l e c t e d  cotTtpoutlds w a s  e c a l u a t e d  a t td  the  r e s u l t s  w e r e  
c las s i f i ed  a c c o r d i n g  to w h e t h e r  the)," w e r e  pro~'en a t t i m a l  c a r c i n o g e n s  or  
not .  T h e  d e g r e e  o f  c o n f i d e n c e  tha t  c o u l d  be  a s s o c i a t e d  wi th  tha t  
c la s s i f i ca t i on  was  a s s e s s e d  wi th  r e g a r d  to the  c u r r e n t  s c i e n t i f i c  s t a n d i n g  o f  
the  e . x p e r i m e n t s .  In a d d i t i o n ,  an a t t e m p t  has  been  m a d e  to e x t r a p o l a t e  the  
r e su l t s  o f  these  a n i m a l  e x p e r i m e n t s  to the  p o t e n t i a l  h u m a n  h a z a r d  wh ich  
w o , d d  be a s s o c i a t e d  wi th  u n d u e  e x p o s u r e  to t he se  c h e m i c a l s .  

O n l y  29  o f  the 97 c h e m i c a l s  r e c i e w e d  w e r e  c o n s i d e r e d  to be adequate l . v  
t e s t e d  f o r  c a r c i n o g e n i c i t y  in a n i m a l s  at~d it is c o n c l u d e d  tha t  t he re  
r e m a i n s  a c o n s i d e r a b l e  n e e d  f o r  an  e x t e n s i o n  o f  t o x i c o l o g i c a l  k n o w l e d g e  
o f  c h e m i c a l s  in use  in the  d y e s t u f f s  industtD,. 

1. I N T R O D U C T I O N  

T h e  E c o l o g i c a l  a n d  T o x i c o l o g i c a l  A s s o c i a t i o n  o f  t h e  D y e s t u f f s  
M a n u f a c t u r i n g  I n d u s t r y  ( E T A D )  i n i t i a t e d  a n  e v a l u a t i o n  o f  t h e  
c a r c i n o g e n i c i t y  to  a n i m a l s  o f  s e l e c t e d  d y e s t u f f s  w i t h  a v i ew  t o  i n t e r p r e t i n g  
th i s  i n f o r m a t i o n  in t e r m s  o f  c a r c i n o g e n i c  r i sk  t o  m a n .  In  a d d i t i o n ,  it w a s  
p r o p o s e d  t h a t  t h e  s u r v e y  s h o u l d  be  u s e d  t o  p r o v i d e  a b a s i s  f o r  t h e  
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se lec t ion  o f  r e p r e s e n t a t i v e  c h e m i c a l s  o f  severa l  s t r u c t u r a l  c lasses  fo r  
w h i c h  t he r e  was  s o u n d  b io log ica l  i n f o r m a t i o n  to c o n c l u d e  t h a t  t h e y  w e r e  
e i t he r  a n i m a l  c a r c i n o g e n s  o r  no t .  T h e s e  c h e m i c a l s  c o u l d  then  be p r e p a r e d  
p u r e  a n d  used  in a v a l i d a t i o n  s t u d y  o f  s h o r t - t e r m  p red ic t ive  c a r c i n o -  
gen ic i ty  tests  f r o m  w h i c h  the  m o s t  a c c u r a t e  tests  c o u l d  be se lec ted  a n d  
used to  iden t i fy  a n d  give p r i o r i t y  to  c o m p o u n d s  fo r  f u t u r e  c o n v e n t i o n a l  
a n i m a l  s tudies .  

T h e  need  for  the  c u r r e n t  review" a n d  p r o p o s e d  p r o g r a m m e  o f  w o r k  to  
fo l low was  seen to  resu l t  f r o m  def ic ienc ies  in c u r r e n t  t ox i co log i ca l  
k n o w l e d g e  a n d  p h i l o s o p h y .  T h e  c u r r e n t  b l a n d  a s s u m p t i o n  t h a t  c h e m i c a l s  
s h o w n  to  p r o d u c e  t u m o u r s  in a n i m a l s  by a n y  d o s i n g  r e g i m e  w e r e  a lso  
necessa r i ly  h u m a n  c a r c i n o g e n s  a n d  c o n s e q u e n t l y  r e q u i r e d  m i n i m a l ,  o r  
even  ze ro ,  h u m a n  e x p o s u r e  b e f o r e  t h e r e  w a s  "accep tab le  risk" n e e d e d  to  be 
c h a l l e n g e d ,  no t  o n l y  b e c a u s e  it w a s  b e c o m i n g  i nc r ea s ing ly  i m p o s s i b l e  fo r  
c h e m i c a l  m a n u f a c t u r e r s  to o p e r a t e  ef f ic ient ly  w i th  s u c h  a s s u m p t i o n s ,  bu t  
a lso  b e c a u s e  such  a s s u m p t i o n s  a re  n o t  sc ien t i f ica l ly  jus t i f iab le .  

2. D A T A  S E L E C T I O N  A N D  R E V I E W  

As a first s tep,  a list o f  c h e m i c a l s  f o r  c o n s i d e r a t i o n  o f  a n i m a l  
c a r c i n o g e n i c i t y  was  e s t a b l i s h e d  a n d  s u b d i v i d e d  in to  c a t e g o r i e s  o f  
c h e m i c a l  s t r u c t u r a l  class.  A p p r o p r i a t e  l i t e r a t u r e  was  o b t a i n e d  a n d  
e x a m i n e d  (a to ta l  l i t e r a t u r e  s e a r c h  was  n o t  u n d e r t a k e n )  a n d  the  a n i m a l  
d a t a  assessed  in e a c h  case  f o r  c o m p l i a n c e  w i t h  the  p r inc ip le s  o u t l i n e d  
be low.  T h e  c h e m i c a l  was  t h e n  c lass i f ied  n e g a t i v e  o r  pos i t ive  w i t h  r e spec t  
to  a n i m a l  c a r c i n o g e n i c i t y  a n d  the  c l a s s i f i ca t ion  g r a d e d  in t e r m s  o f  
c o n f i d e n c e  in the  resu l t s  on  a scale  r a n g i n g  f r o m  A to E. A n  a t t e m p t  was  
m a d e  to give s o m e  i n d i c a t i o n  o f  the  poss ib le  h u m a n  risk o f  c a n c e r  
i n d u c t i o n  r e su l t i ng  f r o m  c h r o n i c  e x p o s u r e  to  the  c h e m i c a l  in q u e s t i o n .  
Th i s  e x t r a p o l a t i o n  o f  t he  a n i m a l  d a t a  to  m a n  m u s t  be v iewed  wi th  a 
c e r t a i n  d e g r e e  o f  s cep t i c i sm  s ince  a t  this  t i m e  t h e r e  a r e  no  k n o w n  c r i t e r i a  
e s t ab l i shed  by w h i c h  s u c h  e x t r a p o l a t i o n s  c a n  be m a d e  scient i f ical ly .  F o r  
the  p u r p o s e s  o f  this s t u d y ,  e x t r a p o l a t i o n  has  been  m a d e  on  a sub jec t ive  
basis  wi th  a view to  g e n e r a t i n g  f u r t h e r  d i s cus s ion  a n d  a r g u m e n t .  In 
a d d i t i o n ,  it has  been  a s s u m e d  t h a t  i f  a c h e m i c a l  has  been  e s t a b l i s h e d  as an  
a n i m a l  c a r c i n o g e n ,  i.e. a s u b s t a n c e  i n d u c i n g  m a l i g n a n t  t u m o u r s ,  it 
r e p r e s e n t s  a p o t e n t i a l  h u m a n  h a z a r d ,  w h e r e a s  t h o s e  c h e m i c a l s  i n d u c i n g  
o n l y  ben ign  t u m o u r s  (i.e. a t u m o u r i g e n )  r e p r e s e n t s  n o  h u m a n  h a z a r d .  
T h e  d e g r e e  o f  h a z a r d  has  in t u r n  b e e n  assessed  o n  a n  in tu i t ive  basis .  
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3. P R I N C I  P L E S  F O R  A S S E S S I N G  A N I M A L  
C A R C I N O G E N I C I T Y  

3 . 1 .  C h e m i c a l s  t e s ted  

T h e  c h e m i c a l  p u r i t y  o r  c o m p o s i t i o n  o f  the  m a t e r i a l  s h o u l d  be  d e c l a r e d .  
Idea l ly  o n l y  p u r e  m a t e r i a l s  s h o u l d  be u s e d  w h e n  as sess ing  a c h e m i c a l  fo r  
c a r c i n o g e n i c i t y  b u t  it is a c c e p t e d  t h a t  m o s t  f r e q u e n t l y ,  c o m m e r c i a l l y  
a v a i l a b l e  m a t e r i a l s  h a v e  b e e n  t e s t ed  a n d  in the  a b s e n c e  o f  d a t a  to  the  
c o n t r a r y  it is a s s u m e d  t h a t  a n y  c a r c i n o g e n i c  ac t iv i ty  o b s e r v e d  is d u e  to  t he  
ac t iv i ty  o f  the  m a j o r  c h e m i c a l  c o m p o n e n t  o f  the  m a t e r i a l  t e s t ed  a n d  n o t  to  
an  i m p u r i t y  p r e s e n t  in the  m i x t u r e  a l t h o u g h  this  m a y  well  be  a g ross  a n d  
even  e r r o n e o u s  o v e r s i m p l i f i c a t i o n  o f  the  facts .  

3 . 2 .  N u m b e r s  o f  a n i m a l s  t e s ted  and  survival  ra tes  

D e m o n s t r a t i n g  the  a n i m a l  c a r c i n o g e n i c i t y  o f  a p o t e n t  c a r c i n o g e n i c  
m a t e r i a l  c a n  be a c h i e v e d  w i t h  re la t ive ly  few test  a n i m a l s ,  a n d  if  t h e y  
surv ive  the  t r e a t m e n t  wi th  t h e  c a r c i n o g e n  un t i l  t h e y  d e v e l o p  d e t e c t a b l e  
m a l i g n a n t  t u m o u r s  t h e n  the i r  s u b s e q u e n t  su rv iva l  is i r r e l e v a n t  as fa r  as  
the  i d e n t i f i c a t i o n  o f  the  effect  is c o n c e r n e d .  F o r  a n o n - a n i m a l  c a r c i n o g e n ,  
a n e g a t i v e  effect  is a l m o s t  i m p o s s i b l e  to  de f ine  s ince  it c a n  a l w a y s  be  
a r g u e d  t h a t  the  dose ,  d u r a t i o n  o f  s t u d y ,  n u m b e r  o f  a n i m a l s ,  n u m b e r  o f  
species ,  n u m b e r  o f  s t r a ins ,  e tc . ,  w e r e  insuf f ic ien t  to  d e t e c t  a pos i t ive  effect .  
H o w e v e r ,  it is a s s u m e d  in this  rev iew t h a t  if  a b o u t  25 r o d e n t s  o f  e a c h  sex 
pe r  d o s e  level a re  t r e a t e d  a n d  surv ive  a p p r o x i m a t e l y  t w o - t h i r d s  o f  t he i r  
e x p e c t e d  l i fe- t ime,  t h e n  the  r e s u l t i n g  i n f o r m a t i o n  p r o b a b l y  ref lec ts  t h e  
t r u e  e x p e r i m e n t a l  c a r c i n o g e n i c i t y  s i t u a t i o n .  E x p e r i m e n t s  w i t h  n o n -  
r o d e n t  species  h a v e  h a d  to  be a s se s sed  as  a n d  w h e n  t h e y  a r e  u sed  w i t h o u t  
a n y  p r e c o n c e i v e d  ideas  o f  a d e q u a c y  o f  n o n - r o d e n t  s tud ies .  T h e r e  a r e  
severa l  cases  w h e r e ,  f o r  e x a m p l e ,  f ewer  t h a n  ten  d o g s  h a v e  b e e n  k e p t  f o r  
severa l  yea r s  w i t h o u t  t u m o u r  i n d u c t i o n  by  the  test  c h e m i c a l  a n d  it is 
c o n c l u d e d  in the  l i t e r a t u r e  t h a t  these  s tud ie s  i n d i c a t e  n o n -  
c a r c i n o g e n i c i t y .  It is the  c u r r e n t  a u t h o r ' s  o p i n i o n  t h a t  these  d a t a  a l o n e  d o  
n o t  p r o v i d e  a s a t i s f a c t o r y  basis  fo r  c o n c l u d i n g  t h a t  t h e r e  is n o  
c a r c i n o g e n i c  r isk to  m a n .  O n  the  o t h e r  h a n d ,  h o w e v e r ,  a smal l  n u m b e r  o f  
d o g s  d e v e l o p i n g ,  say ,  b l a d d e r  t u m o u r s  in r e s p o n s e  to  an  o ra l  d o s e  o f  
c o m p o u n d  s t r o n g l y  sugges t s ,  even  on  its o w n ,  t h a t  a p o t e n t i a l l y  s e r i o u s  
r isk  o f  c a n c e r  to  m a n  c o u l d  exist  i f  g ros s  e x p o s u r e  s h o u l d  o c c u r .  



246 E. Longsta.IS 

3 . 3 .  S t u d y  contro l s  

It is c o n s i d e r e d  essent ia l  t h a t  all c a r c i n o g e n i c i t y  a s says  s h o u l d  be 
c o n t r o l l e d  by  i n c l u d i n g  in the  s t u d y  a n u m b e r  o f  u n t r e a t e d  a n i m a l s  a t  
least  equa l  to t h a t  in e a c h  d o s e  level. I f  this  is no t  d o n e ,  a t rue  a s s e s s m e n t  
o f  the  s ign i f i cance  o f  an  a p p a r e n t  i nc r ea se  in n o r m a l l y  o c c u r r i n g  t u m o u r s  
fo r  t ha t  s t r a in  is no t  poss ib le .  Even  wi th  h i s to r i ca l  va lues  a v a i l a b l e  f o r  
s tud ies  in a n y  given l a b o r a t o r y ,  e x p e r i e n c e  has  s h o w n  tha t  c o n s i d e r a b l e  
v a r i a t i o n  in the  f r e q u e n c y  o f c o m m o n  t u m o u r s  c a n  o c c u r  b e t w e e n  c o n t r o l  
g r o u p s  i~L d i f f e r en t  r o o m s  a n d  o v e r  a p e r i o d  o f  severa l  y e a r s  the  t u m o u r  
p a t t e r n  w i t h i n  the  u n t r e a t e d  p o p u l a t i o n  can  c h a n g e  c o n s i d e r a b l y .  
Posi t ive  c o n t r o l s  u s ing  c h e m i c a l s  o f  a s imi l a r  c h e m i c a l  g r o u p  to t ha t  
be ing  s t u d i e d  a re  a l so  usefu l  in c o n t r o l l i n g  a n i m a l  s tud ies ,  a l t h o u g h  fo r  
the  p u r p o s e s  o f  this a s s e s s m e n t  it is a c c e p t e d  tha t  these  n e e d  n o t  be 
a p p l i e d  in eve ry  case.  

3 .4.  Dose  

I n e v i t a b l y ,  in t hose  s tud ie s  w h e r e  no  c a r c i n o g e n i c  effect  is o b s e r v e d ,  it 
c o u l d  be a r g u e d  tha t  an  insuff ic ient  d o s e  o f  the  test c o m p o u n d  was  g iven  
to the  test  a n i m a l s .  In o r d e r  to c i r c u m v e n t  this c r i t i c i sm a suf f ic ien t ly  h igh  
d o s e  is s o u g h t  in wh ich  a b io log ica l  e f fec t  has  been  o b s e r v e d ,  e.g.  
r e d u c t i o n  in b o d y w e i g h t  ga in .  I f  it c a n  be e s t a b l i s h e d  t h a t  s u c h  a 
b io log ica l  effect  t o o k  p lace  in the  s t u d y  w i t h o u t  the  c o n c o m i t a n t  
a p p e a r a n c e  o f  m a l i g n a n t  t u r n o u t s ,  it is a s s u m e d  t h a t  the  test  m a t e r i a l  was  
n o n - c a r c i n o g e n i c  to  t ha t  spec ies  u n d e r  the  c i r c u m s t a n c e s  o f  the  s t u d y .  

A n  a d e q u a t e  s t u d y  s h o u l d  c o n t a i n  a t  least  t h r e e  d o s e  levels o f  test  
c o m p o u n d .  Idea l ly  a c a r c i n o g e n i c  effect  s h o u l d  exh ib i t  a d o s e - r e l a t e d  
r e s p o n s e  bu t  fa i lu re  to d e m o n s t r a t e  this  d o s e  r e l a t i o n s h i p  m a y  n o t  c l ea r  a 
m a t e r i a l  o f  c a r c i n o g e n i c  ac t iv i ty  s ince  it m a y  i n d i c a t e  a p l a t e a u i n g  o f  the  
r e s p o n s e  o r  a c h a n g i n g  t a r g e t  o r g a n .  If, h o w e v e r ,  the  m a t e r i a l  is m e r e l y  
toxic  a n d  n o n - c a r c i n o g e n i c ,  a t o x i c i t y - d o s e  r e s p o n s e  w o u l d  s t r e n g t h e n  
the  nega t ive ,  n o n - c a r c i n o g e n i c i t y  c o n c l u s i o n .  

3 . 5 .  R oute  o f  admin i s t ra t ion  

Severa l  r o u t e s  o r  m e t h o d s  o f  a d m i n i s t r a t i o n  o f  c h e m i c a l s  h a v e  been  
s t u d i e d  by  r e s e a r c h  w o r k e r s  o v e r  the  y e a r s  r a n g i n g  f r o m  m i x i n g  wi th  d ie t ,  
t h r o u g h  s u b c u t a n e o u s  in j ec t ion ,  to u r i n a r y  b l a d d e r  i m p l a n t a t i o n .  In  
a d d i t i o n ,  the  d i s c o v e r y  o f  p r o m o t i n g  a g e n t s  s u c h  as c r o t o n  oil ha s  
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p r o v i d e d  sc i en t i s t s  w i t h  u s e f u l  m o d e l s  f o r  s t u d i e s  o f  t u m o u r  i n i t i a t i o n  a n d  
p r o g r e s s i o n .  F r o m  the  p o i n t  o f  v iew o f  a s s e s s i n g  t h e  d e g r e e  o f  
c a r c i n o g e n i c i t y  o f  a c h e m i c a l  to  a n i m a l s  a n d  in t u r n  i n t e r p r e t i n g  t h a t  r i sk  
to  m a n ,  o n l y  t h o s e  s t u d i e s  i n v o l v i n g  r o u t e s  o f  a p p l i c a t i o n  o t h e r  t h a n  
u r i n a r y  b l a d d e r  i m p l a n t a t i o n ,  o r  r e p e a t e d  s u b c u t a n e o u s  i n j e c t i o n  
r e s u l t i n g  in i n j e c t i o n  s i te  s a r c o m a s ,  a n d  t h o s e  n o t  i n v o l v i n g  p r o m o t i n g  
a g e n t s  o r  c o - c a r c i n o g e n s  h a v e  b e e n  c o n s i d e r e d  as  a p p r o p r i a t e  to  th i s  
r e p o r t .  

3.6 .  Duration o f  animal experiments  

T h e  a n i m a l s  u n d e r  i n v e s t i g a t i o n  s h o u l d  be  a v a i l a b l e  f o r  o b s e r v a t i o n  f o r  
a t  leas t  t w o - t h i r d s  o f  t he i r  e x p e c t e d  l i f e t imes ,  i.e. 16 m o n t h s  fo r  m i c e  a n d  
two  y e a r s  f o r  ra t s ,  a n d  a g o o d  p r o p o r t i o n  o f  t h e  a n i m a l s  i n i t i a l l y  in t h e  
s t u d y  s h o u l d  h a v e  r e m a i n e d  a l ive  f o r  th is  p e r i o d .  A s t u d y  in w h i c h  m o s t  o f  
t h e  a n i m a l s  d i e d  d u e  to  t o x i c i t y  o f  t h e  tes t  c o m p o u n d  o r  f o r  o t h e r  r e a s o n s  
in less t h a n  t w o - t h i r d s  o f  t he  e x p e c t e d  l i f e - t ime  is u n l i k e l y  to  y ie ld  
t u m o u r s  a t  a u t o p s y  a n d  c o n s e q u e n t l y  c a n n o t  be  a c c e p t e d  as  b e i n g  
m e a n i n g f u l  u n l e s s  a s i g n i f i c a n t  i n c r e a s e  o f  t u m o u r s  is o b s e r v e d .  
i n d i c a t i n g  a p o s i t i v e  c a r c i n o g e n i c  p o t e n t i a l .  

3.7.  Pathological  considerations 

In  s t r i c t  e t y m o l o g i c a l  t e r m s ,  a n  e x p e r i m e n t a l  a n i m a l  c h e m i c a l  c a r c i n o g e n  
is a m a t e r i a l  w h i c h  will  i n d u c e  c a r c i n o m a s ,  i .e. m a l i g n a n t  n e o p l a s m s ,  in a 
s i g n i f i c a n t  p r o p o r t i o n  o f  a n i m a l s  w h e n  t h e y  a r e  a p p r o p r i a t e l y  e x p o s e d  to  
t h a t  c h e m i c a l .  H o w e v e r ,  b y  c a r e l e s s  u s a g e  a m o n g s . t  t o x i c o l o g i s t s ,  t he  
w o r d  "ca rc inogen"  ha s  b e c o m e  t h e  t e r m  u s e d  to  d e s c r i b e  a c h e m i c a l  
i n d u c i n g  o r  e n h a n c i n g  t h e  f r e q u e n c y  o f  e i t h e r  b e n i g n  o r  m a l i g n a n t  
n e o p l a s m s .  F o r  t he  p u r p o s e s  o f  th is  r e p o r t ,  w h i c h  is d i r e c t e d  t o w a r d s  
a s s e s s i n g  h u m a n  r i sk ,  it is t h e  a u t h o r ' s  o p i n i o n  t h a t  a d i s t i n c t i o n  m u s t  be  
m a d e  b e t w e e n  t h e  r e l e v a n c e  o f  i n d u c e d  m a l i g n a n t  a n d  b e n i g n  t u r n o u t s ,  
t h e  f o r m e r  b e i n g  c o n s i d e r e d  o f  m u c h  g r e a t e r  s i g n i f i c a n c e  w h e n  a s s e s s i n g  
r isk .  A l s o ,  n o  e v i d e n c e  exis ts  to  s u g g e s t  t h a t  t h e  m e c h a n i s m  o f  i n d u c t i o n  
o f c a r c i n o m a s  a n d  s a r c o m a s  d i f fe rs ,  o r  t h a t  t h e r e  is a s i g n i f i c a n t  d i f f e r e n c e  
in t he  c o n s e q u e n c e s  o f  t h e  s u b s e q u e n t  t u m o u r  i n v a s i o n  a n d  m e t a s t a s e s .  
F o r  c o n v e n i e n c e ,  t h e r e f o r e ,  t h e  t e r m  " c h e m i c a l  c a r c i n o g e n "  will  be  t a k e n  
to  i n c l u d e  c h e m i c a l s  i n d u c i n g  e i t h e r  c a r c i n o m a s  o r  s a r c o m a s  a n d  t h e  
t e r m  ' t u m o u r i g e n "  will  be  u s e d  f o r  c h e m i c a l s  i n d u c i n g  b e n i g n  t u m o u r s  
o n l y .  
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T h e  e x a c t  p a r a m e t e r s  o f  t h e  i dea l  c h r o n i c  t o x i c i t y  s t u d y  c o n t i n u e  to  be  
d e b a t e d  o n  b o t h  s ides  o f  t he  A t l a n t i c  b u t  it  is t h e  a u t h o r ' s  o p i n i o n  t h a t  in  a 
m e a n i n g f u l  c a r c i n o g e n i c i t y  s t u d y  t h e  t a r g e t  o r g a n s  s h o u l d  be  i d e n t i f i e d .  
A n  i n c r e a s e  in the  f r e q u e n c y  o f  n o H i m l l y  o c c u r r i n g  t u m o u r s ,  p a r t i c u l a r l y  
i f  t h o s e  t u m o u r s  a r e  h i s t o l o g i c a l l y  b e n i g n ,  is n o t  c o n s i d e r e d  su f f i c ien t  
g r o u n d s  fo r  c l a s s i f y i n g  a c o m p o u n d  as  a n  a n i m a l  c a r c i n o g e n .  I t  is self- 
e v i d e n t  t h e r e f o r e  t h a t  c o n s i d e r a b l e  g r o s s  p a t h o l o g y  a n d  h i s t o p a t h o l o g y  
n e e d  to  be  c a r r i e d  o u t  a n d  r e p o r t e d  in  d e t a i l  b e f o r e  a n y  va l i d  c o n c l u s i o n  
c a n  be  d r a w n .  T h e  a u t h o r  a c c e p t s ,  h o w e v e r ,  t h a t  it  h a s  b e e n  t h e  p r a c t i c e  
to  r e p o r t  o n l y  t he  g r o s s  p a t h o l o g y  t o g e t h e r  w i t h  h i s t o p a t h o l o g y  o f  
s u s p e c t e d  t a r g e t  o r g a n s  w h e n  p u b l i s h i n g  t h e  r e s u l t s  o f  c h r o n i c  a n i m a l  
s t u d i e s ,  a n d  in s u c h  ca se s  t h e  r e p o r t s  h a v e  t o  be  a s s e s s e d  a t  f ace  v a l u e  
t a k i n g  i n t o  a c c o u n t  t h e  w r i t t e n  o p i n i o n  o f  t h e  i n v e s t i g a t o r s .  

3.8.  Number  o f  species 

T h e  s i g n i f i c a n c e  o f  a p o s i t i v e  c a r c i n o g e n i c  ef fect  o f  a c h e m i c a l  in t e r m s  o f  
its p o s s i b l e  r i sk  to  m a n  c a n  be  c o n s i d e r a b l y  s t r e n g t h e n e d  i f  t h e  c h e m i c a l  
c an  be  s h o w n  to  be  c a r c i n o g e n i c  t o  m o r e  t h a n  o n e  spec i e s  o f  a n i m a l .  
H o w e v e r ,  b e c a u s e  o f  t h e  l o n g e v i t y  a n d  c o n s e q u e n t  e x p e n s e  i n c u r r e d  in 
k e e p i n g  n o n - r o d e n t  spec i e s  f o r  c h r o n i c  t o x i c i t y  s t u d i e s ,  t h e  n u m b e r  o f  
a n i m a l s  u s e d  in n o n - r o d e n t  s t u d i e s  t e n d s  to  be  s m a l l e r  t h a n  t h a t  n e e d e d  
s t a t i s t i ca l ly  to  c o n f i r m  a n e g a t i v e  c a r c i n o g e n i c  p o t e n t i a l .  W h e n  m a d e ,  
t h e s e  s t u d i e s  t e n d  to  c o n f o u n d  r a t h e r  t h a n  to  c l a r i fy  t h e  s i t u a t i o n  in s o m e  
cases .  

3.9.  Evidence of  human carcinogenicity 

A n y  e v a l u a t i o n  o f  t h e  r i sk  to  m a n  o f  c h e m i c a l  c a r c i n o g e n s  m u s t  i n c l u d e  a 
c o n s i d e r a t i o n  o f  r e su l t s  d e r i v e d  f r o m  h u m a n  e p i d e m i o l o g y  s t u d i e s  w h e r e  
t h e s e  a re  a v a i l a b l e .  In  th i s  r e p o r t ,  h o w e v e r ,  n o  a t t e m p t  h a s  b e e n  m a d e  to  
r e - e v a l u a t e  t he  r e su l t s  o f  s u c h  s t u d i e s ;  t h e  c o n c l u s i o n s  o f  t he  r e l e v a n t  
p a p e r s  d e s c r i b i n g  h u m a n  ef fec ts  h a v e  b e e n  t a k e n  a t  face  v a l u e .  

4. C L A S S I F I C A T I O N  O F  A N I M A L  C A R C I N O G E N I C I T Y  

Six c a t e g o r i e s  o f  a n i m a l  c a r c i n o g e n s  a n d  n o n - c a r c i n o g e n s  h a v e  b e e n  
d e f i n e d  a n d  a p p l i e d  in th i s  r e p o r t  a n d  t h e s e  h a v e  b e e n  d e r i v e d  f r o m  a 
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c o n s i d e r a t i o n  o f  t h e  f o r e g o i n g  a r g u m e n t s  c o n c e r n i n g  t h e  a d e q u a c y  o f  
c h r o n i c  a n i m a l  c a r c i n o g e n i c i t y  e x p e r i m e n t s .  W h i l s t  it is a c c e p t e d  t h a t  t h e  
s y s t e m  o u t l i n e d  b e l o w  c a n n o t  be  u n i v e r s a l l y  a p p l i e d  to  t h e  l i t e r a t u r e  c i t ed  
it  h a s  b e e n  a p p l i e d  in sp i r i t  a n d  h a s ,  in g e n e r a l  t e r m s ,  b e e n  i n t e n d e d  to  
ref lec t  a g r a d i n g  in c o n f i d e n c e  f r o m  A ( g o o d )  t o  E ( p o o r ) .  

Class  A:  T h e  c h e m i c a l  h a s  b e e n  t e s t e d  in a t  leas t  t w o  spec i e s  o f  a n i m a l s  
r e s u l t i n g  in g e n e r a t i o n  o f  n o n - c o n f l i c t i n g  d a t a .  T h e  e x p e r i m e n t s  h a v e  h a d  
su f f i c i en t  a n i m a l s  u n d e r  t es t  w i t h  a su f f i c i en t  n u m b e r  s u r v i v i n g  f o r  
a p p r o x i m a t e l y  t w o - t h i r d s  o f  t he i r  e x p e c t e d  l i f e - span .  T h e  m a t e r i a l  h a s  
b e e n  c h r o n i c a l l y  a p p l i e d  a n d  a r a n g e  o f  d o s e s  h a s  b e e n  u s e d  u p  to  a n d  
i n c l u d i n g  a level w h e r e  s o m e  b i o l o g i c a l  e f fec t  o f  t he  c o m p o u n d  w a s  seen .  
A n y  r o u t e  o f  a p p l i c a t i o n  a n d  d o s i n g  r e g i m e  h a s  b e e n  a c c e p t e d  w i t h  t h e  
e x c e p t i o n  o f  r e p e a t e d  i n j e c t i o n  ( s u b c u t a n e o u s  o r  i n t r a - m u s c u l a r )  o r  
u r i n a r y  b l a d d e r  i m p l a n t a t i o n  w h i c h  h a v e  n o t  b e e n  r e g a r d e d  as  
m e a n i n g f u l  in t h e  c o n t e x t  o f  c h e m i c a l l y  i n d u c e d  n e o p l a s i a .  In  t h e  c a s e  o f  a 
p o s i t i v e  r e s p o n s e  a t a r g e t  o r g a n  h a s  b e e n  i d e n t i f i e d  a n d  t h e  i n d u c e d  
t u m o u r s  h a v e  b e e n  d i a g n o s e d  as  m a l i g n a n t  f o r  a c h e m i c a l  to  be  c lass i f i ed  
as  a C l a s s  A c a r c i n o g e n .  

C l a s s  B: T h e  c h e m i c a l  h a s  b e e n  t e s t e d  in a s u i t a b l e  b i o a s s a y  as  d e s c r i b e d  
a b o v e  in C l a s s  A e x c e p t  t h a t  m e a n i n g f u l  d a t a  h a v e  b e e n  g e n e r a t e d  fo r  o n e  
sp ec i e s  o n l y .  

Class  C: T h e  c h e m i c a l  h a s  b e e n  t e s t e d  in a b i o a s s a y  s y s t e m  b u t  w i t h  n o t  
q u i t e  su f f i c ien t  n u m b e r s  o f  tes t  a n i m a l s  (i .e.  less t h a n  a b o u t  25 p e r  g r o u p )  
a n d / o r  t o o  m a n y  p r e m a t u r e  d e a t h s  h a v e  o c c u r r e d  f o r  r e s u l t s  t o  be  
c o n c l u s i v e .  In  t he  ca se  o f  a p o s i t i v e  r e s u l t  o r  t r e n d ,  a n  i n c r e a s e  in  t h e  t o t a l  
n u m b e r  o f  a n i m a l s  w i t h  m a l i g n a n t  t u r n o u t s  h a s  b e e n  o b s e r v e d  b u t  
w i t h o u t  a n  o b v i o u s  t a r g e t  o r g a n  b e i n g  i den t i f i ed .  

C l a s s  D:  T h e  c h e m i c a l  h a s  b e e n  t e s t e d  in  seve ra l  a n i m a l  a s s ays ,  e a c h  o f  
w h i c h  i n d i v i d u a l l y  is n o t  a d e q u a t e  f o r  c o n c l u s i o n s  t o  be  d r a w n ,  b u t  it  is 
b e l i e v e d  t h a t  t h e s e  a s s a y s  t a k e n  t o g e t h e r  r e p r e s e n t  su f f i c ien t  e v i d e n c e  f o r  
a n  o p i n i o n  to  be  d r a w n .  I n  t h e  c a s e  o f  a p o s i t i v e  t r e n d  b e i n g  i d e n t i f i e d  th is  
w o u l d  i n c l u d e  e v i d e n c e  d r a w n  f r o m  e x p e r i m e n t s  s h o w i n g  a n  i n c r e a s e  in  
t h e  f r e q u e n c y  of ,  a n d / o r  a r e d u c t i o n  in t h e  i n d u c t i o n  t i m e  of ,  t h e  
a p p e a r a n c e  o f  t u m o u r s  o t h e r w i s e  " s p o n t a n e o u s l y '  a p p e a r i n g  in  t h e  
c o n t r o l  g r o u p ,  w h e t h e r  o r  n o t  t h e  " induced"  t u m o u r s  w e r e  m a l i g n a n t .  

Class  E l :  T h e  c h e m i c a l  h a s  b e e n  t e s t e d  in a b i o a s s a y  u s i n g  a m e t h o d  
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c o n s i d e r e d  i n a p p r o p r i a t e  f o r  the  e v a l u a t i o n  o f  c h e m i c a l  c a r c i n o g e n i c i t y ,  
e.g. b y  u r i n a r y  b l a d d e r  i m p l a n t a t i o n ,  o r  w i t h  t o o  few tes t  a n i m a l s  h a v i n g  
b e e n  a s s a y e d ,  o r  the  c o n c l u s i o n  o f  the  s t u d y  has  b e e n  b a s e d  o n  o t h e r w i s e  
sc ien t i f ica l ly  d u b i o u s  i n f o r m a t i o n .  In the  e v e n t  o f  a p o s i t i v e  ef fec t  t he  
r e su l t s  a re  t e n u o u s  b u t  d o  n o t  p r e c l u d e  the  p o s s i b i l i t y  o f  s o m e  
c a r c i n o g e n i c  ac t iv i ty .  

C l a s s  E2." T h e r e  a re  n o t  suf f ic ient  d a t a  to  p e r m i t  a n y  r a t i o n a l  j u d g e m e n t  
to  be  m a d e  wi th  r e sp ec t  t o  c a r c i n o g e n i c i t y .  

5. A S S E S S M E N T  O F  H U M A N  R I S K  

O n e  o f  the  o b j e c t i v e s  o f  the  c u r r e n t  r e p o r t  w a s  to  ass ign  a d e g r e e  o f r i s k  to  
the  m a t e r i a l  in q u e s t i o n  b y  e x t r a p o l a t i n g  the  a n i m a l  e v i d e n c e  o f  
c a r c i n o g e n i c i t y  to  the  h u m a n  s i t u a t i o n .  W h i l s t  it is a p p r e c i a t e d  t h a t  the  
d e g r e e  o f  r isk a s s o c i a t e d  wi th  e x p o s u r e  to  a c a r c i n o g e n  is g o i n g  to  v a r y  
b e t w e e n  the  v a r i o u s  a p p l i c a t i o n s  a n d  uses  a n d  the  d i f f e ren t  e x p o s u r e s  o f  
p o p u l a t i o n s  to  t ha t  c h e m i c a l ,  a n d  tha t  i n d i v i d u a l s  v a r y  in thei r  r e s p o n s e  
to  the  e x p o s u r e ,  it is a l so  r e c o g n i s e d  t ha t  the  m a n n e r  in w h i c h  s o m e  
c h e m i c a l s  elicit  a c a r c i n o g e n i c  r e s p o n s e  f r o m  a n i m a l s ,  e i t he r  by  v i r t u e  o f  
the i r  r o u t e  o f  a d m i n i s t r a t i o n  o r  o t h e r  spec ia l  c i r c u m s t a n c e s  such  as  in the  
r e s p o n s e  to  r e s t r i c t ed  or  m o d i f i e d  d ie t ,  m a y  be  o f  little c o n s e q u e n c e  to  
m a n .  A l so .  w h e n  a t t e m p t i n g  to  e s t a b l i s h  the  h u m a n  risk a s s o c i a t e d  w i th  
e x p o s u r e  to  the  c h e m i c a l  in q u e s t i o n ,  it has  o f t e n  b e e n  a s s u m e d  tha t  a 
p o t e n t  r o d e n t  c a r c i n o g e n  will a l so  be  a p o t e n t  h u m a n  c a r c i n o g e n  a n d  this 
c o n c e p t  o f  r e l a t ing  a n i m a l  d o s e  r e s p o n s e  r e l a t i o n s h i p s  is c o m m o n l y  u sed  
in s e t t i ng  no-e f fec t  levels wi th  a s u i t a b l e  s a f e t y  m a r g i n  o f  severa l  o r d e r s  o f  
m a g n i t u d e .  In the a b s e n c e  o f  f irm scient i f ic  e v i d e n c e  to  the  c o n t r a r y  this  
g u i d e l i n e  s h o u l d  r igh t ly  be  f o l l o w e d  b u t  it is q u e s t i o n e d  here  oil t w o  
c o u n t s .  T h e s e  a re :  

(a) It is no t  e s t a b l i s h e d  t h a t  in all c a s e s  a p o t e n t  c a r c i n o g e n  to  o n e  
spec ies  is s imi la r ly  p o t e n t  (if  i n d e e d  it is a c a r c i n o g e n  a t  all) in a 
s e c o n d .  

(b)  It is no t  e s t a b l i s h e d  t ha t  the  m o d e  o f  a p p l i c a t i o n  o f  the  tes t  
s u b s t a n c e  r e s u l t i n g  in the  d e s c r i p t i o n  "po ten t  c a r c inogen"  is 
r e l evan t  to  its l ikely p o t e n c y  in the  s a m e  o r  in a s e c o n d  spec i e s  b y  
an  a l t e r n a t i v e  r o u t e  o f  e x p o s u r e .  
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In o t h e r  w o r d s  it is q u e s t i o n e d ,  f o r  e x a m p l e ,  i f  a c h e m i c a l  w h i c h  is a 
p o t e n t  c a r c i n o g e n  to  the  m o u s e  by  r e p e a t e d  i n t r a p e r i t o n e a l  i n j ec t i on  is as  
m u c h  a r isk to  m a n  w h e n  a b s o r b e d  b y  i n h a l a t i o n  o r  b y  e x p o s u r e  o f  the  
sk in .  

T h e  c o n c e p t  o f  c a r c i n o g e n i c  p o t e n c y  (i.e. a c o n s i d e r a t i o n  o f  the  
f r e q u e n c y  o f  t u m o u r  i n d u c t i o n  in a d o s e d  p o p u l a t i o n  e x p r e s s e d  as  
t u m o u r s  pe r  a n i m a l  o r  as  n u m b e r s  o f  a n i m a l s  w i th  t u m o u r s ,  the  size a n d  
f r e q u e n c y  o f  the  d o s e  a p p l i e d ,  the  i n d u c t i o n  p e r i o d ,  t he  m a l i g n a n c y  o f  the  
t u m o u r s  i n d u c e d ,  e tc . )  has  b e e n  u s e d  in this  r e p o r t  w h e n  a s s e s s i n g  a n i m a l  
c a r c i n o g e n i c i t y  p e t - s e .  H o w e v e r ,  l i t t le r e g a r d  has  b e e n  p l a c e d  o n  
e x t r a p o l a t i n g  this  to  the  h u m a n  s i t u a t i o n .  It has  been  a s s u m e d  t h a t  if  a 
c h e m i c a l  has  been  e s t a b l i s h e d  as  a c a r c i n o g e n ,  b u t  n o t  if  o n l y  a 
t u m o u r i g e n ,  t h a t  it r e p r e s e n t s  a p o t e n t i a l  h u m a n  c a r c i n o g e n i c  h a z a r d .  
T h e  d e g r e e  o f  h a z a r d  has  t hen  in t u r n  been  a s s e s s e d  on  an  in tu i t ive  
bas i s .  

T h a t  b e i n g  the  case ,  t he  f o l l o w i n g  a s s e s s m e n t  o f  d e g r e e  o f  r isk is 
d i r e c t e d  at  s e p a r a t i n g  a n i m a l  c a r c i n o g e n i c i t y  i n to  t h a t  w h i c h  is t h o u g h t  to  
be  o f s i g n i f i c a n c e  fo r  m a n  a n d  t h a t  w h i c h  is t h o u g h t  n o t  to  be  so  r e l e v a n t  
in the  l ight o f  c u r r e n t  k n o w l e d g e .  In o t h e r  w o r d s ,  p r o v e n  a n i m a l  
c a r c i n o g e n s  a re  f u r t h e r  c lass i f ied  as p o t e n t i a l  h u m a n  c a r c i n o g e n s  o r  n o n -  
c a r c i n o g e n s .  W h e n  n o  re l i ab le  d a t a  w e r e  a v a i l a b l e  fo r  a s s e s s m e n t  n o  
e v a l u a t i o n  o f  c a r e i n o g e n i c i t y  is m a d e .  N o  a t t e m p t  has  b e e n  m a d e  to  
d i s c r i m i n a t e  b e t w e e n  c a r c i n o g e n s  w h i c h  m a y  be  a r isk to  h u m a n s  b y  
v i r t u e  o f  the i r  use  o r  a p p l i c a t i o n  a n d  t h o s e  w h i c h  c o u l d  be  c l a i m e d  n o t  to  
r e p r e s e n t  a r isk d u r i n g  use .  S u c h  a c l a s s i f i ca t i on  is b e y o n d  the s c o p e  o f  
this  r e p o r t .  

6. C H E M I C A L S  S E L E C T E D  A N D  G R O U P  S E G R E G A T I O N  

C h e m i c a l s  i n v o l v e d  in the  d y e s t u f f s  i n d u s t r y  we re  s e l ec t ed  f r o m  the  
c u r r e n t  v o l u m e s  o f  C o m p o u n d s  T e s t e d  f o r  C a r c i n o g e n i c i t y  ( N I E H S ,  
U S A )  a n d  the  I A R C  M o n o g r a p h s  on the  Et 'ah¢at ion o f  the C a r c i n o g e n i c  
R i s k  o f  C h e m i c a l s  to M a n .  T h e s e  c h e m i c a l s  have  been  d i v i d e d  in to  
m o n o a z o ,  b i s a z o  a n d  m i s c e l l a n e o u s  c o m p o u n d s .  

T a b l e  I lists the  p r o d u c t s  r e v i e w e d ,  s u m m a r i s e s  a n i m a l  tes t  d a t a  a n d  
gives  an  a s s e s s m e n t  o f  the  h u m a n  c a r c i n o g e n i c  r isk w h i c h  m a y  be  
a s s o c i a t e d  w i th  excess ive  o r  p r o t r a c t e d  e x p o s u r e  to  the  c h e m i c a l .  
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7. C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S  

O f  the  97 c h e m i c a l s  r ev i ewed  a n d  assessed  f o r  a n i m a l  c a r c i n o g e n i c  
p r o p e r t i e s ,  o n l y  29 w e r e  suf f ic ien t ly  well  t e s t ed  to  w a r r a n t  a Class  B o r  
b e t t e r  c a t e g o r i s a t i o n  o f  test  c o n f i d e n c e .  T h e s e  i n c l u d e d  seven  c a r c i n o g e n s  
a n d  seven n o n - c a r c i n o g e n s  in the  m o n o a z o  g r o u p  o f  c h e m i c a l s ,  t h r e e  
c a r c i n o g e n s  a n d  five n o n - c a r c i n o g e n s  in t h e  b i sazo  g r o u p  a n d  two  
c a r c i n o g e n s  a n d  five n o n - c a r c i n o g e n s  in the  m i s c e l l a n e o u s  g r o u p .  

T w o  a n i m a l  c a r c i n o g e n s ,  D i r e c t  Blue 53 (CI  23860)  a n d  D i r e c t  Blue  14 
(CI  23850),  w e r e  t h o u g h t  n o t  to  r e p r e s e n t  a r isk o f  c a r c i n o g e n i c i t y  to  
h u m a n s  u n d e r  n o r m a l  c i r c u m s t a n c e s  s ince  t he se  c h e m i c a l s  w e r e  s h o w n  to  
be c a r c i n o g e n s  in ra t s  o n l y  by  i n t r a p e r i t o n e a l  i n j ec t ion  a n d  w e r e  n o t  
c a r c i n o g e n s  by  o t h e r  r o u t e s  o f  d o s i n g  to  r a t s  o r  mice .  D i r e c t  Blue 6 
(CI  22610),  h o w e v e r ,  a p p e a r s  to  be e x t r e m e l y  p o t e n t  as a h e p a t o -  
c a r c i n o g e n  to  ra t s ,  p r o d u c i n g  a h igh  i n c i d e n c e  o f  t u m o u r s  in o n l y  13 
weeks .  

T h e  p a u c i t y  o f  s o u n d  a n i m a l  c a r c i n o g e n i c i t y  d a t a  in t he  d y e s t u f f s  field 
is o f  c o n c e r n  on  two  c o u n t s .  T h e s e  a re :  

(1) Legis la t ive  m e a s u r e s  c o n t r o l l i n g  t he  d i s t r i b u t i o n  a n d  use  o f  m a n y  
d y e s t u f f s  a r e  b a s e d  o n  p o o r  o r  e r r o n e o u s  i n f o r m a t i o n .  

(2) T h e r e  a re  insuff ic ient  a n i m a l  d a t a  in the  field to  assess  t he  overa l l  
h u m a n  c a n c e r  r isk a s s o c i a t e d  w i t h  the  d y e s t u f f s  i n d u s t r y .  

It is r e c o m m e n d e d  (a) t h a t  t he  29 c o m p o u n d s  iden t i f i ed  a b o v e  be o b t a i n e d  
as  p u r e  c o m p o u n d s  a n d  u s e d  to  e s t ab l i sh  a s c r e e n  w i t h  w h i c h  to  p r e d i c t  
the  a n i m a l  c a r c i n o g e n i c i t i e s  o f  t he  r e m a i n i n g  c o m p o u n d s  u s e d  in the  
i n d u s t r y ,  (b) to  e x t e n d  the  c u r r e n t  s e a r c h  f o r  c o m p o u n d s  w h i c h  h a v e  b e e n  
a d e q u a t e l y  t es ted  for  a n i m a l  c a r c i n o g e n i c i t y  in o r d e r  to  b r o a d e n  t h e  base-  
line for  (a) a b o v e ,  a n d  (c) to  u n d e r t a k e  c o n v e n t i o n a l  a n i m a l  c a r c i n o -  
gen ic i ty  s tud ies  w i th in  the  g u i d e l i n e s  a d v o c a t e d  fo r  c a t e g o r y  B expe r i -  
m e n t s  w i th  r e p r e s e n t a t i v e  d y e s t u f f s  in o r d e r  to  p r o v i d e  a f o u n d a t i o n  fo r  
t he  f u t u r e  r e - a s s e s s m e n t  o f  c a r c i n o g e n i c  r isk to  h u m a n s  o f  v a r i o u s  
dyes tu f f s .  

A C K N  O W L E D G E M E N T S  

T h e  a u t h o r  exp res ses  his t h a n k s  to  D r  J o h n  A s h b y ,  C T  L, 
c o n s t r u c t i v e  c r i t i c i sm a n d  advice .  

f o r  his 
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