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ABSTRACT

C hanne l c a t f i s h  ( I c t a l u r u s  p u n c t a t u s ) f i n g e r l i n g s  w ere  
ex p o se d  to  a  ^^C-Kepone (1 9 .6 8  y C i/y m o le )  c o n ta m in a te d  d i e t  (1 .3 6  
]ig/gm) a t  a  r a t e  o f  two p e r c e n t  o f  t h e i r  body w e ig h t  p e r  day f o r  
a  p e r i o d  o f  90 d a y s ,  f o l lo w e d  by a Kepone f r e e  d i e t  f o r  30 d a y s .
The u p ta k e  and  c l e a r a n c e  r a t e  c o n s t a n t s  w ere  0 .2 3 7  day - ^ (w et w e ig h t  
b a s i s )  and 0 .0 8 0  d ay - ^ r e s p e c t i v e l y .  The h a l f - l i f e  o f  Kepone i n  
t h e s e  f i s h  was 8 .7  d a y s .  The d i e t a r y  a c c u m u la t io n  f a c t o r  (DAF) 
d e f i n e d  a s  t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  o f  p e s t i c i d e  i n  f i s h / d a i l y  
d i e t a r y  d o s a g e  l e v e l  was c a l c u l a t e d  t o  b e  3 . 0 .  The c l e a r a n c e  r a t e  
o f  Kepone i n  c h a n n e l  c a t f i s h  i s  in d e p e n d e n t  o f  f i s h  s i z e  o r  i n i t i a l  
t o t a l  body b u r d e n .  The c l e a r a n c e  r a t e  f o r  w h i t e  c a t f i s h  ( I c t a l u r u s  
c a t u s )  r e c e i v i n g  i n t r a m u s c u l a r  i n j e c t i o n s  was 0 .0 4 3  day - -*- (ti^ = 1 6 .1  
d a y s ) .

H ig h e s t  c o n c e n t r a t i o n s  o f  Kepone i n  c h a n n e l  c a t f i s h  w ere  
found  i n  t h e  b lo o d  fo l lo w e d  by th e  b r a i n .  G r e a t e r  th a n  80 p e r c e n t  
o f  t h e  Kepone p r e s e n t  i n  w ho le  b lo o d  i s  a s s o c i a t e d  w i th  t h e  p la sm a  
f r a c t i o n .  Low est c o n c e n t r a t i o n s  w ere  c o n s i s t e n t l y  found  i n  m e s e n t e r i c  
a d i p o s e  t i s s u e ,  f o l lo w e d  by  c a r c a s s .  W hite  c a t f i s h  exp o sed  to  t h e  
l ^ C - K e p o n e  c o n ta m in a te d  d i e t  c o n t a i n e d  h i g h e s t  c o n c e n t r a t i o n s  i n  t h e  
b r a i n  fo l lo w e d  by l i v e r  and i n t e s t i n e s .  L ow est c o n c e n t r a t i o n s  w ere  
m easu red  i n  t h e  m e s e n t e r i c  a d i p o s e  and c a r c a s s .

I n  c h a n n e l  c a t f i s h ,  Kepone may b e  e l i m i n a t e d  w i th  b i l e  v i a  
t h e  i n t e s t i n a l  c o n t e n t s .  T h e re  i s  e v id e n c e  f o r  an  e x t r a b i l i a r y  
s o u r c e  o f  f e c a l  Kepone i n  c h a n n e l  c a t f i s h .  Kepone may b e  e x c r e t e d  
a c r o s s  t h e  g i l l s  and  s lo u g h e d  o f f  w i t h  e p id e r m a l  m ucus. U r in a r y  
e x c r e t i o n  i s  n e g l i g i b l e .

C hannel c a t f i s h  a r e  c a p a b le  o f  r e d u c i n g  Kepone to  c h lo rd e c o n e  
a l c o h o l  a s  shown by  th e  p r e s e n c e  o f  t h i s  m e t a b o l i t e  i n  t h e  b i l e  o f  
f i s h  f o l l o w i n g  i n t r a m u s c u l a r  i n j e c t i o n s  o f  Kepone. C h lo rd e c o n e  i s  
n o t  c o n j u g a te d  w i th  g l u c u r o n i c  a c i d  i n  t h e  b i l e .

v i i



UPTAKE, DISTRIBUTION, METABOLISM AND CLEARANCE OF 

KEPONE BY CHANNEL CATFISH 

(ICTALURUS PUNCTATUS)



INTRODUCTION

T>
Kepone , t h e  t r a d e  name f o r  c h lo rd e c o n e  i s  one  o f  t h e  

c l a s s  o f  c h l o r i n a t e d  h y d ro c a rb o n  i n s e c t i c i d e s  i n c l u d i n g  c h l o r d a n e ,  

h e p t a c h l o r ,  d i e l d r i n ,  e n d r i n  and  m ire x  w h ich  a r e  m a n u fa c tu re d  from  

a  h e x a c h l o r o c y c l o p e n t a d i e n e  i n t e r m e d i a t e .  P u re  Kepone i s  a  c o l o r ­

l e s s ,  o d o r l e s s ,  c r y s t a l l i n e  s o l i d  w i t h  a  m e l t i n g  p o i n t  o f  3 4 9 °C and 

a  v a p o r  p r e s s u r e  o f  10” -* mm Hg (H u f f  and  G e r s t n e r ,  1 9 7 8 ) .  The 

an h y d ro u s  compound becom es h y d r a t e d  when ex p o sed  to  room t e m p e r a t u r e  

and  h u m i d i ty .  The t r i h y d r a t e  o f  Kepone C^qCI^qO• 3 H2 O i s  t h e  m ost 

s t a b l e  fo rm  (Dawson, 1 9 7 8 ) .  I n  b i o l o g i c a l  t i s s u e s ,  Kepone e x i s t s  

a s  a  m o n o h y d ra te  ( F i g u r e  1) w hich  e x h i b i t s  some c h a r a c t e r i s t i c s  o f  

a  w eak  a c i d  ( G u z e l i a n  e t  a l . ,  1 9 8 0 ) .

The w a t e r  s o l u b i l i t y  o f  Kepone i s  1 .5  to  2 .0  mg/1 i n  

th e  pH r a n g e  o f  4 to  6 ,  i n c r e a s i n g  to  5 t o  70 mg/1 i n  t h e  9 to  10 

pH r a n g e  (Dawson, 1 9 7 8 ) .  At 1 0 0 °C, t h e  w a t e r  s o l u b i l i t y  may be as 

h ig h  a s  4000 mg/1 ( M a r t in  and  W o r th in g ,  1 9 7 4 ) .  Kepone i s  r e a d i l y  

s o l u b l e  i n  a c e to n e  and lo w e r  a l i p h a t i c  a l c o h o l s  b u t  s l i g h t l y  l e s s  

s o l u b l e  i n  b e n z e n e ,  t o l u e n e  and h e x a n e  (Dawson, 1 9 7 8 ) .

Kepone was f i r s t  s y n t h e s i z e d  i n  1951 and i n t r o d u c e d  i n t o  

t h e  m a rk e t  by  A l l i e d  C hem ica l C o r p o r a t i o n  i n  1958 f o r  u s e  a s  a  

p e s t i c i d e .  I t s  u se  i n  t h e  U n i t e d  S t a t e s  was r e s t r i c t e d  t o  an  

i n g r e d i e n t  i n  a n t  and r o a c h  b a i t s  b u t  h a s  b e e n  u s e d  i n  o t h e r  c o u n t r i e s  

f o r  c o n t r o l  o f  b a n a n a  and  p o t a t o  p e s t s .  I n  a c c o rd a n c e  w i t h  r e q u i r e -

2



3

F ig u r e  1. S t r u c t u r e s  o f  c h lo rd e c o n e  (Kepone) and  c h lo rd e c o n e  

m o n o h y d ra te .
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5

m ents  f o r  r e g i s t r y  o f  Kepone as  a  p e s t i c i d e ,  A l l i e d  C hem ica l  i n  1958 

c o n d u c te d  t o x i c o l o g i c a l  s t u d i e s  on t h e  a c u t e ,  s u b c h r o n i c  and  c h r o n ic  

t o x i c i t y  o f  Kepone i n  s e v e r a l  s p e c i e s  ( J a e g e r ,  1 9 7 6 ) .  The LD5 0  

( d e f i n e d  a s  t h e  s i n g l e  do se  r e q u i r e d  to  k i l l  50 p e r  c e n t  o f  t h e  t e s t  

o rg a n is m s )  f o r  r a b b i t s ,  r a t s  and  dogs was r e p o r t e d  t o  be  6 5 ,  9 5 ,  and  

250 mg/Kg r e s p e c t i v e l y .  The r e s u l t s  i n d i c a t e d  t h a t  Kepone i s  a 

c u m u la t i v e  t o x i n  w h ic h  may r e q u i r e  lo n g  p e r i o d s  o f  t im e  to  e x e r t  i t s  

e f f e c t s  an d  t h a t  r e s i d u e s  o f  1 0  y g/gm i n  t h e  d i e t  c a u s e s  c a n c e r  i n  

m ice  and  r a t s .

A l l i e d  C hem ica l C o r p o r a t i o n  p ro d u c e d  a p p r o x im a te ly  1 .5  

m i l l i o n  pounds o f  K epone b e tw e e n  1966 and  1973. U nder c o n t r a c t  w i th  

A l l i e d  C h em ica l ,  L i f e  S c i e n c e  P r o d u c t s  m a n u fa c tu re d  a p p r o x im a te ly

1 . 7  m i l l i o n  pounds d u r in g  16 m onths  o f  o p e r a t i o n  i n  1974 and  1975 . 

P r o d u c t i o n  o f  Kepone was v o l u n t a r i l y  h a l t e d  i n  19 75 b e c a u s e  V i r g i n i a  

S t a t e  H e a l t h  o f f i c i a l s  becam e aw are o f  h e a l t h  h a z a r d s  to  w o rk e r s  from  

K epone e x p o s u r e .  More th a n  50 p e r  c e n t  o f  t h e  110 em p loyees  a t  L i f e  

S c ie n c e  P r o d u c t s  showed h ig h  b lo o d  l e v e l s  o f  K epone. A p p ro x im a te ly  

2 0  w o rk e rs  w ere  h o s p i t a l i z e d  w i t h  c l i n i c a l  e v id e n c e  o f  damage to  

t h e  c e n t r a l  n e rv o u s  s y s te m ,  l i v e r  and t e s t e s .

O th e r  s e r i o u s  h e a l t h  and  e n v i r o n m e n ta l  h a z a r d s  h av e  r e s u l t e d  

f rom  t h e  d i s c h a r g e  o f  Kepone i n t o  th e  u p p e r  t i d a l  p o r t i o n  o f  th e  

James R iv e r  e s t u a r y  v i a  e f f l u e n t  from  th e  H opew ell  sew age t r e a t m e n t  

p l a n t .  A s tu d y  c o n d u c te d  by  t h e  U n i te d  S t a t e s  E n v i ro n m e n ta l  P r o t e c t i o n  

Agency (19 75) r e v e a l e d  t h a t  Kepone was p r e s e n t  i n  a i r ,  s o i l  and  w a te r  

n e a r  H o p e w e ll .  B e n d e r  e £  a l .  (1977) r e p o r t e d  r e s i d u e s  i n  Jam es R iv e r  

b i o t a  c o l l e c t e d  d u r in g  an e x t e n s i v e  m o n i to r in g  p rog ram . A verage  

r e s i d u e  c o n c e n t r a t i o n s  e x p r e s s e d  on a  w et w e ig h t  b a s i s ,  v a r i e d  from
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0 .0 4  yg/gm  i n  c h a n n e l  c a t f i s h  ( I c t a l u r u s  p u n c t a t u s ) t o  2 .4  yg/gm i n  

la rg e m o u th  b a s s  (M ic r o p t e r u s  s a l m o i d e s ) . R e s id u e s  i n  l o n g - t e r m  

r e s i d e n t  e s t u a r i n e  f i s h  v a r i e d  from  0 .6  yg/gm i n  A m erican  e e l  

(A n g u i l l a  r o s t r a t a )  t o  2 .7  yg/gm  i n  w h i t e  p e r c h  (Morone a m e r ic a n u s ) . 

S h o r t - t e r m  r e s i d e n t  m a r in e  f i s h  ( e . g .  A m erican  s h a d ,  A lo s a  s a p i d i s s i m a ; 

A t l a n t i c  m enhaden, B r e v o o r t i a  t y r a n n u s )  h a d  r e s i d u e s  a v e r a g i n g  l e s s  

th a n  0 . 1  yg /gm . B lu e  c ra b  ( C a l l i n e c t e s  s a p i d u s ) r e s i d u e s  a v e ra g e d  

0 .1 9  yg/gm  f o r  f e m a le s  and  0 .8 1  yg/gm  f o r  m a le s .  H u g g e t t  e t  a l .

(1979) r e p o r t e d  Kepone c o n t a m i n a t i o n  i n  a l l  t r o p h i c  l e v e l s  o f  t h e  

James R iv e r  e c o s y s te m .  R e s id u e  c o n c e n t r a t i o n s  i n  p h y to p l a n k to n  

and  d e t r i t u s  e x p r e s s e d  on a  d ry  w e ig h t  b a s i s  a v e ra g e d  1 .3  yg/gm  and 

0 . 7  yg/gm  r e s p e c t i v e l y  w h i l e  r e s i d u e s  found  i n  z o o p la n k to n  a v e ra g e d

4 .8  yg/gm on a w e t w e ig h t  b a s i s .  As a  r e s u l t  o f  t h e  w id e s p r e a d  con ­

t a m i n a t i o n  o f  James R iv e r  b i o t a ,  a l l  f i s h i n g  i n  t h e  r i v e r  was b an n ed  

i n  1975 . L a t e r ,  t h e  b a n  was e a s e d  to  p e r m i t  t h e  h a r v e s t i n g  o f  c la m s ,  

o y s t e r s ,  c a t f i s h ,  h e r r i n g ,  and s h a d .  I n  a d d i t i o n ,  some a r e a s  o f  t h e  

James R iv e r  s eaw ard  o f  t h e  James R iv e r  b r i d g e  (R ou te  17) a r e  open  f o r  

t h e  h a r v e s t  o f  c r a b s .

B ased  on t h e  r e s u l t s  from  m o n i to r in g  o f  Kepone r e s i d u e s  i n  

s e d i m e n t s ,  an e s t i m a t e d  30 ,0 0 0  k i l o g r a m s  o f  Kepone may r e s i d e  i n  

James R iv e r  s e d im e n ts  ( H u g g e t t ,  p e r s o n a l  c o m m u n ic a t io n ) ,  B eca u se  w a te r  

r e s i d u e s  o f  d i s s o l v e d  Kepone h a v e  a v e ra g e d  i n  t h e  low n g /1  r a n g e  

(H u g g e t t  a l . , 1979) i t  a p p e a r s  t h a t  t h e  s e d im e n ts  a r e  t h e  m a jo r  

s i n k  f o r  Kepone i n  t h e  James R i v e r .  Kepone i s  a s s o c i a t e d  p r i m a r i l y  

w i t h  o r g a n i c  m a t e r i a l  i n  t h e  u p p e r  and  m id d le  e s t u a r y  and w i th  

f i n e - g r a i n e d  s e d im e n t  i n  t h e  lo w e r  e s t u a r y .  The m a j o r i t y  o f  t h e  

Kepone bound to  s u sp e n d e d  m a t e r i a l  a c c u m u la te s  i n  t h e  a r e a  o f  t h e  

t u r b i d i t y  maximum i n  t h e  m id d le  e s t u a r y .
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P r i o r  t o  t h e  H opew ell  i n c i d e n t ,  i n f o r m a t i o n  c o n c e r n in g  

t h e  a q u a t i c  t o x i c o l o g y  o f  Kepone was s c a r c e .  The 24 h o u r  and 96 

h o u r  LC^q’ s ( d e f i n e d  a s  t h e  c o n c e n t r a t i o n  o f  c h e m ic a l  i n  w a te r  

r e q u i r e d  to  k i l l  50 p e r  c e n t  o f  t h e  t e s t  o rg a n is m s  i n  t h e  s p e c i f i e d  

p e r i o d  o f  t im e )  f o r  r a in b o w  t r o u t  ( Salmo g a i r d n e r i ) w ere  r e p o r t e d  t o  

b e  6 6  y g /1  and  20 y g /1  (C ope, 1 9 6 5 ) .  The 24 h o u r  and 48 h o u r  L C ^g 's  

f o r  w h i t e  m u l l e t  (M ugil  curem a) w ere  500 y g /1  and  55 y g /1  and f o r  

lo n g n o s e  k i l l i f i s h  (F u n d u lu s  s i m i l i s ) , 300 y g /1  and  84 y g /1  ( B u t l e r ,  

1963) .

F o l lo w in g  th e  d i s c o v e r y  o f  Kepone c o n t a m in a t io n  o f  James 

R iv e r  b i o t a ,  a q u a t i c  t o x i c o l o g y  s t u d i e s  o f  Kepone h a v e  fo c u s e d  on 

s p e c i e s  n a t i v e  t o  t h e  James R iv e r  e s t u a r y .  Schimmel and W ilso n  (19 77) 

r e p o r t e d  t h a t  t h e  96 h o u r  LCj-g's f o r  s p o t  (L e io s to m u s  x a n t h u r u s )  , 

s h e e p s h e a d  minnow ( C yp rin o d o n  v a r i e g a t u s ) , g r a s s  s h r im p  (P a la e m o n e te s  

p u g i o ) , and b l u e  c ra b  w ere  6 . 6  y g / 1 ,  6 9 .5  y g / 1 ,  121 y g /1  and >210 

y g / 1 ,  r e s p e c t i v e l y .  Aqueous e x p o s u re  o f  Kepone p ro d u c e d  c h r o n ic  

e f f e c t s  on a l l  l i f e  s t a g e s  o f  s h e e p s h e a d  minnow (H ansen  e t  a l . ,  1977) 

and c h r o n ic  e f f e c t s  i n  l i f e  c y c l e  t e s t s  w i th  m y s id s  (M y s id o p s is  

b a h i a )  (Nimmo et^ a J . , 1 9 7 7 ) .  Schimmel et_ a l . (1979) r e p o r t e d  m o r t a l i t y  

i n  b l u e  c r a b s  d u r in g  a 28 day f e e d i n g  e x p e r im e n t  i n v o l v i n g  e x p o s u re  

t o  t h e  p e s t i c i d e  v i a  t h e  d i e t  a t  l e v e l s  o f  0 .1 5  and  1 .9  yg/gm . Couch 

et^ a d .  (1977) found t h a t  Kepone in d u c e s  l a t e r a l  c u r v a t u r e  o f  t h e  s p i n e  

( s c o l i o s i s )  i n  s h e e p s h e a d  minnow r e s u l t i n g  i n  s e v e r e  h i s t o l o g i c a l  

e f f e c t s .  Mechanisms o f  t h e  t o x i c  a c t i o n s  o f  Kepone on a q u a t i c  

o rg a n is m s  r e m a in  p o o r l y  u n d e r s to o d  a l t h o u g h  ATPase i n h i b i t i o n  h a s  

b e e n  e s t a b l i s h e d  (D e s a ia h  and  Koch, 1 9 7 5 ) .



8

T h e re  i s  no e v i d e n c e  r e p o r t e d  i n  th e  l i t e r a t u r e  f o r  m e t a b o l i c  

t r a n s f o r m a t i o n  o f  Kepone by an a q u a t i c  o rg a n is m .  B o r s e t t i  and  Roach 

(1978) i d e n t i f i e d  9 - c h l o r o  and  8 - c h l o r o  hom ologs o f  K epone i n  m u l l e t  

(M u g il  s p . )  c o l l e c t e d  f rom  t h e  James R iv e r .  I t  i s  l i k e l y ,  h o w ev e r ,  

t h a t  t h e s e  hom ologs w ere  p ro d u c e d  e i t h e r  by p h o t o d e g r a d a t i o n  o r  d u r in g  

i n d u s t r i a l  p r o d u c t i o n  o f  K epone.

E v id e n c e  f o r  a  r e d u c e d  form  o f  Kepone h a s  b e e n  r e p o r t e d  by  

B la n k e  e t  a l .  ( 1 9 7 8 ) .  The m e t a b o l i t e  d e s i g n a t e d  as  c h lo rd e c o n e  

a l c o h o l  i s  b e l i e v e d  t o  b e  p ro d u c e d  i n  t h e  l i v e r  ( G u z e l i a n  et^ a l . , 1980) . 

I n  human b i l e  98 p e r c e n t  o f  t h e  c h lo rd e c o n e  a l c o h o l  i s  c o n j u g a te d  

w i t h  g l u c u r o n i c  a c i d  (B o y la n  et^ a l . , 1 9 7 9 ) .  The s t r u c t u r e s  o f  

c h l o r d e c o n e ,  c h lo rd e c o n e  a l c o h o l  and  t h e  g l u c u r o n i d e  o f  c h lo r d e c o n e  

a l c o h o l  a r e  shown i n  F ig u r e  2. C o n ju g a t io n  o f  a  l i p o p h i l i c  compound 

w i t h  g l u c u r o n i c  a c i d  o f t e n  r e s u l t s  i n  en h an c ed  e x c r e t i o n  by  d e c r e a s i n g  

th e  l i p i d  s o l u b i l i t y  o f  t h e  compound.

A q u atic  organ ism s are g e n e r a l ly  b e l ie v e d  to  a c q u ir e  th e  

b u lk  o f  p e s t i c i d e  r e s id u e s  from  aqueous a n d /o r  d ie ta r y  s o u r c e s .

B a h n e r  ^ t  a l . (1977) s t u d i e d  t h e  a c c u m u la t io n  o f  Kepone from  w a t e r  and 

fo o d  by e s t u a r i n e  o rg a n is m s  i n  l a b o r a t o r y  b i o a s s a y s  d e s ig n e d  to  

r e p r e s e n t  s im p le  e s t u a r i n e  fo o d  c h a i n s .  I n  f lo w - th r o u g h  b i o a s s a y s ,  

t h e  b i o - c o n c e n t r a t i o n  f a c t o r s  ( d e f i n e d  as  t h e  r a t i o  o f  t h e  c o n c e n t r a t i o n  

o f  K epone i n  t h e  t e s t  o rg a n is m s  to  t h a t  fo u n d  i n  th e  w a te r )  f o r  

m y s id s ,  g r a s s  s h r im p ,  s h e e p s h e a d  minnows and s p o t  a v e ra g e d  as  h ig h  

a s  1 3 ,0 0 0 ,  1 1 ,0 0 0 ,  7 ,0 0 0  and  3 ,0 0 0 ,  r e s p e c t i v e l y .  I n  s t u d i e s  i n v o l v i n g  

e x p o s u re  t o  Kepone v i a  d i e t a r y  s o u r c e s ,  t h e  b io a c c u m u l a t i o n  f a c t o r  

( d e f i n e d  a s  t h e  r a t i o  o f  th e  c o n c e n t r a t i o n  o f  Kepone i n  th e  p r e d a t o r  

to  t h a t  fo u n d  i n  t h e  p re y )  f o r  m y s id s  f e d  Kepone c o n ta m in a te d  b r i n e  

sh r im p  was 0 .5 3  and  f o r  s p o t  w h ich  consumed th e s e  m y s id s  0 . 8 5 .  The
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F ig u r e  2 S t r u c t u r e s  o f  c h lo rd e c o n e  (K e p o n e ) , c h lo rd e c o n e  

a l c o h o l  and  t h e  g lu c u r o n i d e  o f  c h lo rd e c o n e  

a l c o h o l .
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i n i t i a l  b i o c o n c e n t r a t i o n  o f  Kepone f rom  w a t e r  by  fo o d  o rg a n is m s  was 

t h e  d o m in an t  s o u r c e  o f  Kepone i n  t h e s e  fo o d  c h a in s *  From t h i s  d a t a ,  

Macek eit a l .  (19 79) c o n c lu d e d  t h a t  t h e  c o n t r i b u t i o n  o f  d i e t a r y  

s o u r c e s  to  th e  t o t a l  body  b u rd e n  Kepone i n  a q u a t i c  o rg a n is m s  i s  

n e g l i g i b l e  when com pared to  t h e  p o t e n t i a l  f o r  b i o c o n c e n t r a t i o n  from  

w a t e r  a l o n e .  H ow ever, i n  th e  James R iv e r  w h e re  r e s i d u e s  m e asu re d  

i n  w a t e r  a r e  i n  t h e  low n g / 1  r a n g e ,  t h e  im p o r ta n c e  o f  aqueous e x p o s u re  

may b e  c o n s i d e r a b l y  l e s s  th a n  th e s e  l a b o r a t o r y  s t u d i e s  i n d i c a t e .

D e p u r a t i o n  o f  Kepone h a s  b e e n  o b s e r v e d  i n  a  number o f  

e s t u a r i n e  o r g a n is m s .  F o l lo w in g  aqueous  e x p o s u re  t o  K epone, o y s t e r s  

h e l d  i n  Kepone f r e e  w a t e r  l o s t  35 p e r  c e n t  o f  t h e i r  t o t a l  body  b u rd e n  

i n  24 h o u r s  and  f o l l o w i n g  d i e t a r y  e x p o s u r e ,  o y s t e r s  f e d  a  Kepone f r e e  

d i e t  l o s t  more th a n  90 p e r  c e n t  o f  t h e i r  t o t a l  body b u rd e n  w i t h i n  10 

days (B a h n e r  e t  a l .  , 1 9 7 7 ) .  H u g g e t t  e t  a l .  (19 79) e s t i m a t e d  t h e  

h a l f - l i f e  o f  Kepone i n  o y s t e r s  to  b e  a p p r o x im a te ly  o n e  week i n  t h e  

summer and  40 days  d u r in g  th e  w i n t e r  s u g g e s t i n g  t h a t  t h e r e  i s  a  

t e m p e r a t u r e  e f f e c t  upon  d e p u r a t i o n .  B a h n e r  ejt a l . (1977) fo u n d  t h a t  

d e p u r a t i o n  o f  Kepone by g r a s s  sh r im p  and  s p o t  was s lo w e r  th a n  t h a t  

r e p o r t e d  f o r  o y s t e r s .  Kepone r e s i d u e s  w ere  r e d u c e d  30 t o  50 p e r  c e n t  

i n  24 to  28 days i n  t h e s e  s p e c i e s .  H ed g ep e th  e t  a l .  (1979) found  

t h a t  d e p u r a t i o n  by s p o t  from  t h e  James R iv e r  h e l d  i n  K e p o n e - f r e e  

w a t e r  was much s lo w e r  (72 p e r  c e n t  l o s s  i n  200 d a y s ) .

I n f o r m a t i o n  r e g a r d i n g  t h e  p a r t i t i o n i n g  o f  Kepone i n  th e  

t i s s u e s  o f  a q u a t i c  o rg a n ism s  i s  s c a r c e  and  i n c o m p l e t e .  B ah n e r  a t  a l .  

(1977) r e p o r t e d  t h a t  Kepone r e s i d u e s  i n  l a b o r a t o r y  e x p o s e d  s p o t  w ere  

h i g h e s t  i n  b r a i n  f o l l o w e d  by  l i v e r ,  g i l l s  an d  m u sc le  a f t e r  30 days o f  

d e p u r a t i o n .  V a lu e s  f o r  o t h e r  t i s s u e s  w ere  n o t  g iv e n .  H ed g ep e th  and



S t e h l i k  (1979) a n a l y z e d  c o m p o s i te  sa m p le s  o f  s e l e c t e d  t i s s u e s  o f  

A m erican  e e l s  from  t h e  James R i v e r .  H i g h e s t  r e s i d u e s  w ere  fo u n d  i n  

a  c o m p o s i te  sa m p le  o f  g a l l  b l a d d e r s  f o l lo w e d  by  l i v e r ,  m u s c le ,  gonads 

and  f a t .  R o b e r t s  (1980) fo u n d  t h a t  b l u e  c r a b s  c o l l e c t e d  from  th e  

James R iv e r  c o n t a i n e d  h i g h e r  r e s i d u e  c o n c e n t r a t i o n s  i n  t h e  r e p r o ­

d u c t i v e  t i s s u e s  (o v a ry  and  t e s t e s )  th a n  th e  h e p a t o p a n c r e a s .

Of p a r t i c u l a r  r e l e v a n c e  to  p a t t e r n s  o f  Kepone a c c u m u la t io n  

i n  a q u a t i c  o rg a n is m s  i s  th e  r a n g e  o f  r e s i d u e  l e v e l s  e x h i b i t e d  by  

r e s i d e n t  f r e s h w a t e r  f i s h .  B e n d e r  ejt a l . (1977) o b s e r v e d  t h a t  t h e  

t o t a l  body b u rd e n  o f  Kepone was r e l a t e d  to  t h e  r e s i d e n c e  t im e  o f  f i s h  

i n  th e  r i v e r  and  th e  d i s t a n c e  from  th e  s o u r c e  o f  c o n t a m i n a t i o n .  

H ow ever,  t h e  ra n g e  o f  a v e ra g e  r e s i d u e  c o n c e n t r a t i o n s  i n  d i f f e r e n t  

s p e c i e s  o f  r e s i d e n t  f r e s h w a t e r  f i s h  s p a n s  a lm o s t  t h r e e  o r d e r s  o f  

m a g n i tu d e  b e tw e e n  0 .0 4  yg/gm  i n  c h a n n e l  c a t f i s h  and  2 . 4  yg/gm  i n  

l a rg e m o u th  b a s s .  R e s id u e  c o n c e n t r a t i o n s  i n  w h i t e  c a t f i s h  ( I c t a l u r u s  

c a t u s )  a v e r a g e d  0 .2 5  y g /g m , a lm o s t  one  o r d e r  o f  m a g n i tu d e  h i g h e r  th a n  

c o n c e n t r a t i o n s  o b s e r v e d  i n  c h a n n e l  c a t f i s h .  D i f f e r e n c e s  i n  r e s i d u e  

c o n c e n t r a t i o n s  a t t a i n e d  by  f i s h  may l a r g e l y  b e  i n f l u e n c e d  by d i f f e r e n t  

f e e d i n g  h a b i t s  and  s p a t i a l  d i s t r i b u t i o n .  H ow ever, a  r a n g e  i n  con­

c e n t r a t i o n s  c o v e r i n g  t h r e e  o r d e r s  o f  m a g n i tu d e  s u g g e s t s  t h a t  t h e r e  

may b e  s p e c i e s  d i f f e r e n c e s  i n  u p ta k e ,  t i s s u e  d i s t r i b u t i o n ,  m e ta b o l i s m  

and  e l i m i n a t i o n  o f  K epone.

The p r e s e n t  s tu d y  was u n d e r t a k e n  to  p r o v i d e  i n f o r m a t i o n  

on th e  im p o r ta n c e  o f  t h e s e  p r o c e s s e s  i n  d e t e r m in i n g  t h e  d e g re e  to  

w h ich  K epone w i l l  a c c u m u la te  i n  c h a n n e l  c a t f i s h .

The m a jo r  o b j e c t i v e s  o f  t h i s  s t u d y  w ere  t o  d e te rm in e s

1) r a t e s  o f  u p ta k e  and  c l e a r a n c e  o f  d i e t a r y  Kepone by  

c h a n n e l  c a t f i s h
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2) th e  d i e t a r y  a c c u m u la t io n  f a c t o r  DAF ( d e f i n e d  a s  t h e  

r e s i d u e  c o n c e n t r a t i o n  o f  p e s t i c i d e  i n  f i s h  a f t e r  

e q u i l i b r i u m  h a s  b e e n  r e a c h e d  w i t h  d i e t a r y  p e s t i c i d e  

d iv i d e d  by  th e  d a i l y  d i e t a r y  d o sag e  l e v e l )  f o r  Kepone 

i n  c h a n n e l  c a t f i s h ,

3) t h e  pa thw ays  o f  e l i m i n a t i o n  o f  Kepone i n  c h a n n e l  

c a t f i s h  an d  t h e  r e l a t i v e  im p o r ta n c e  o f  e ac h  .

4) t h e  t i s s u e  d i s t r i b u t i o n  o f  Kepone i n  c h a n n e l  

c a t f i s h .

5) t h e  t i s s u e  d i s t r i b u t i o n  o f  Kepone i n  w h i t e  c a t f i s h .

6 ) w h e th e r  b i o t r a n s f o r m a t i o n  b y p r o d u c t s  o f  Kepone a r e  

p r e s e n t  i n  c h a n n e l  c a t f i s h .
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MATERIALS AND METHODS

C h o ic e  o f  P r im a ry  M ethodo logy

R a d i o t r a c e r  m e th o d o lo g y  was c h o se n  f o r  t h i s  s t u d y  b e c a u s e  

t h e  s e n s i t i v i t y  o f  d e t e c t i o n  o f f e r e d  e x c e e d s  t h a t  o f  o t h e r  a v a i l a b l e  

m e th o d s .  The ^ C -K e p o n e  ( P a t h f i n d e r  L a b o r a t o r i e s ,  S t .  L o u i s ,  Mo.) 

was a  g i f t  from  A l l i e d  C hem ica l C o r p o r a t i o n .  The s p e c i f i c  a c t i v i t y  

o f  t h e  l a b e l e d  compound ( 1 9 .6 8  y C i/y m o le )  a l lo w e d  f o r  d e t e c t i o n  o f  

Kepone r e s i d u e s  i n  t i s s u e s  a t  l e v e l s  a s  low a s  0 .0 1  ng/mg f o r  s a m p le s  

a s  s m a l l  a s  tw e n ty  m i l l i g r a m s  o r  l e v e l s  a s  low a s  0 . 2  ng/mg f o r  

s a m p le s  as  s m a l l  a s  o n e  m i l l i g r a m .  O th e r  m e thods  o f  a n a l y s i s  i n v o l v i n g  

e l e c t r o n  c a p t u r e  g as  c h ro m a to g ra p h y  (Moseman e t  a l . ,  1977) recommend 

r e l a t i v e l y  l a r g e  sam p le  w e ig h t s  ( 1 0 - 2 0  gms) f o r  a  minimum p r a c t i c a l  

d e t e c t i o n  l e v e l  o f  0 . 0 1 - 0 . 0 2  ng /m g. I n  t h e  p r e s e n t  s t u d y ,  i t  was 

assum ed t h a t  t h e  r a d i o - l a b e l e d  Kepone b eh av e d  i n  a c h e m ic a l  and 

p h y s i c a l  m anner i d e n t i c a l  to  th e  u n l a b e l e d  compound.

D i e t a r y  E x p o s u re  S t u d i e s

F o r  s t u d i e s  i n v o l v i n g  t h e  e x p o s u re  o f  f i s h  to  Kepone from  

a  d i e t a r y  s o u r c e ,  t h e  e x p e r i m e n t a l  d i e t  was p r e p a r e d  by f i r s t  d i s s o l v i n g  

t h e  l a b e l e d  p e s t i c i d e  i n  a  1 : 1  s o l u t i o n  o f  cod l i v e r  o i l  and  c o rn  o i l .  

N e x t ,  tw e n ty  m i l l i l i t e r s  o f  t h e  o i l  was s p ra y e d  o n to  f o u r  k i l o g r a m s  

o f  co m m erc ia l  g ra d e  t r o u t  chow. The m i x tu r e  was b le n d e d  i n  a  s t a i n ­

l e s s  s t e e l  b u c k e t  u s i n g  a  s t a i n l e s s  s t e e l  sp o o n .  F iv e  one gram 

s a m p le s  o f  t h e  c o n ta m in a te d  chow w ere  a n a ly z e d  f o r  r a d i o a c t i v i t y .  The

14
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d i e t  c o n t a i n e d  1 2 4 .2  d i s i n t e g r a t i o n s  p e r  m in u te  (DPM) p e r  m i l l i g r a m  

o f  chow ( S .E .  = + 4 .7 )  w h ich  i s  e q u i v a l e n t  t o  a  K epone r e s i d u e  l e v e l  

o f  1 .3 6  yg /gm .

B ased  on r e s i d u e  l e v e l s  m e asu re d  i n  Jam es R iv e r  b i o t a  

(B en d e r  e t  a l . ,  1977) t h e  c o n c e n t r a t i o n  o f  K epone i n c o r p o r a t e d  i n t o  

t h e  d i e t  was b e l i e v e d  to  a p p ro x im a te  t h a t  w h ich  w i l d  James R iv e r  

c h a n n e l  c a t f i s h  w o u ld  be  e x p o s e d  t o  i n  a  n a t u r a l  d i e t .  The l e v e l  

o f  r a d i o a c t i v i t y  i n  t h e  d i e t  was s u f f i c i e n t l y  h ig h  t h a t  s i g n i f i c a n t  

d i l u t i o n  o f  th e  l a b e l e d  p e s t i c i d e  c o u ld  o c c u r  w i t h i n  t h e  body  t i s s u e s  

an d  s t i l l  a l lo w  a c c u r a t e  d e t e c t i o n  o f  r a d i o a c t i v i t y .  P r e l i m i n a r y  

w ork i n d i c a t e d  t h a t  t h e  o i l  s o l u t i o n  rem a in e d  bound  to  t h e  fo o d  f o r  

e x te n d e d  p e r i o d s  o f  t im e  f o l l o w i n g  im m ers io n  i n  w a t e r .  T e s t s  i n v o l v i n g  

f o r c e  f e e d i n g  o f  g e l a t i n  c a p s u l e s  f u l l  o f  Kepone c o n ta m in a te d  o i l  to  

c h a n n e l  c a t f i s h  i n d i c a t e d  t h a t  f i s h  c o u ld  r e a d i l y  a s s i m i l a t e  a  h ig h  

p e r c e n t a g e  (65%) o f  t h e  o i l - b o u n d  Kepone i n t o  t h e i r  t i s s u e s .  T h e re ­

f o r e ,  i t  was assum ed t h a t  t h e  u p ta k e  o f  Kepone from  t h e  e x p e r i m e n t a l  

d i e t ,  i n  w h ich  r e l a t i v e l y  s m a l l  am ounts o f  o i l  w e re  u s e d ,  was n o t  

r e s t r i c t e d  by  t h e  o i l  d i g e s t i o n  c a p a b i l i t i e s  o f  t h e  f i s h ,

C hanne l c a t f i s h  ( a v e r a g e  w e ig h t  = 6 .5  gms; S .E .  = + 0 .2 5 )  

w ere  c o l l e c t e d  f rom  t h e  M a t ta p o n i  R iv e r .  K epone r e s i d u e s  w ere  n o n -  

d e t e c t a b l e  i n  t h e s e  f i s h  a c c o r d in g  to  t h e  r e s u l t s  o f  a n a l y s i s  by  

e l e c t r o n  c a p t u r e  g a s  c h ro m a to g ra p h y .  F i f t y  f i s h  w e re  p l a c e d  i n  a 

500 l i t e r  f i b e r g l a s s  t a n k  h a v in g  a w e l l  w a t e r  f lo w  o f  two 1 /m in .

The w a te r  i n  t h e  t a n k  had  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  d i s s o l v e d

oxygen 8 .0  m g/1 ; pH 6 . 9 ;  h a r d n e s s  a s  CaC0 3  146 m g/1 . The e n t i r e  

e x p e r im e n t  was c o n d u c te d  a t  19 +  1°C. F i s h  w e re  a c c l i m a t e d  t o  t h e s e  

c o n d i t i o n s  f o r  two w eeks and  f e d  u n c o n ta m in a te d  t r o u t  chow a t  a
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r a t e  o f  two p e r  c e n t  body  w e ig h t  p e r  d a y .  F o l lo w in g  t h e  two week 

a c c l i m a t i o n  p e r i o d  f i s h  w ere  e x p o s e d  to  t h e  -^C -K epone c o n ta m in a te d  

d i e t  a t  a  r a t e  o f  two p e r  c e n t  body  w e ig h t  p e r  d a y .  The f e e d  was 

r e a d i l y  consumed by  t h e  f i s h  e a c h  day  th r o u g h o u t  t h e  e n t i r e  e x p e r i m e n t .

The d a i l y  d i e t a r y  d o sag e  l e v e l  a v e r a g e d  0 .0 2 7  m ic ro g ram s  K epone p e r  

gram o f  w e t  w e ig h t  f i s h .  F iv e  f i s h  w ere  s a c r i f i c e d  on d ay s  5 ,  15 ,

30, 50 , 70 and  9 0 .  The am ount o f  fo o d  p r o v id e d  was a d j u s t e d  a t  e a c h  

s a c r i f i c e  p e r i o d  so  t h a t  two p e r c e n t  body  w e ig h t  p e r  day  was p r o v id e d  

th r o u g h o u t  th e  s t u d y .  A t t h e  end  o f  90 d a y s ,  t h e  p e s t i c i d e  c o n ta m in a te d  

d i e t  was r e p l a c e d  w i t h  u n c o n ta m in a te d  t r o u t  chow so  t h a t  c l e a r a n c e  

c o u ld  be  o b s e r v e d .  F iv e  f i s h  w ere  s a c r i f i c e d  on days 5 ,  15 and  30 

o f  th e  c l e a r a n c e  p h a s e .  T h e re  w ere  no m o r t a l i t i e s  o b s e r v e d  i n  c h a n n e l  

c a t f i s h  d u r i n g  t h e  e n t i r e  e x p e r i m e n t .

F i s h  w ere  a n e s t h e t i z e d  w i t h  t r i c a i n e  m e t h a n e s u l f o n a t e  (TMS) 

p r i o r  t o  d i s s e c t i o n .  Whole b lo o d  was c o l l e c t e d  by d r a i n a g e  from  a 

s e v e r e d  c a u d a l  p e d u n c le  i n t o  s t a i n l e s s  s t e e l  p a n s .  F i s h  w e re  d i s s e c t e d  

i n t o  s tom ach, i n t e s t i n e s ,  i n t e s t i n a l  c o n t e n t s ,  l i v e r ,  g a l l  b l a d d e r  

( i n c l u d i n g  b i l e ) ,  k i d n e y s ,  g i l l s  ( f i l a m e n t s  p l u s  a r c h e s ) ,  b r a i n  and 

m e s e n t e r i c  a d i p o s e .  The r e m a in d e r  o f  t h e  f i s h ,  p r e d o m i n a t e ly  m u s c le ,  

s k i n  an d  b o n e s  was hom ogen ized  and w i l l  b e  r e f e r r e d  t o  a s  c a r c a s s  

Gonads w e re  n o t  d e v e lo p e d  i n  t h e s e  f i s h .

W h ite  c a t f i s h  f i n g e r l i n g s  ( a v e r a g e  w e ig h t  6 .5  gms; S .E .  =

+ 0 .2 1 2 )  w e re  c o l l e c t e d  f rom  th e  M a t t a p o n i  R iv e r  a t  t h e  same t im e  and 

l o c a t i o n  a s  c h a n n e l  c a t f i s h .  U nder l a b o r a t o r y  c o n d i t i o n s  i d e n t i c a l  

to  t h o s e  d e s c r i b e d  above f o r  c h a n n e l  c a t i f s h ,  w h i t e  c a t f i s h  w ere  

e x p o s e d  to  t h e  - ^ C - K e p o n e  c o n ta m in a te d  d i e t .  T hese  f i s h  d id  n o t  

r e m a in  h e a l t h y  and  a f t e r  f i f t e e n  days o f  e x p o s u r e  t o  t h e  e x p e r i m e n t a l
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d i e t ,  fo o d  c o n s u m p t io n  b e g a n  to  d ro p  r a p i d l y .  T h e r e f o r e ,  t h e s e  f i s h  

w ere  rem oved from  t h e  t a n k s  a f t e r  day 30 . On day s  5 ,  15 and  30, f i v e  

f i s h  w e re  s a c r i f i c e d  and  d i s s e c t e d  a c c o r d i n g  t o  t h e  same p r o c e d u r e  

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

IM I n j e c t i o n s

I n t r a m u s c u l a r  (IM) i n j e c t i o n s  o f  Kepone w ere  a d m i n i s t e r e d  

to  g ro u p s  o f  f i s h  i n  o r d e r  t o  s u p p le m e n t  and  s u p p o r t  d a t a  c o l l e c t e d  

from  t h e  d i e t a r y  e x p o s u re  s t u d y .  -^C -K epone was d i s s o l v e d  i n  one 

p a r t  e t h a n o l  f o l l o w e d  by  d ro p w ise  a d d i t i o n  o f  one  p a r t  em u lpho r  (GAF 

C o r p o r a t i o n )  f o l lo w e d  by d ro p w is e  a d d i t i o n  o f  e i g h t  p a r t s  w a t e r .  IM 

i n j e c t i o n s  o f  t h i s  medium o f f e r e d  an e f f e c t i v e  and  c o n v e n ie n t  m ethod 

o f  a d m i n i s t e r i n g  a  known amount o f  Kepone to  f i s h .

I n t r a m u s c u l a r  i n j e c t i o n s  o f  Kepone w ere  p e r fo rm e d  on one

g roup  o f  f i s h  i n  o r d e r  t o  p r o v id e  sa m p le s  o f  g i l l  r i n s e s ,  s k i n  mucus

and u r i n e  f o r  r a d i o m e t r i c  a n a l y s i s .  A n a ly s i s  o f  t h e s e  com ponents  

was n e c e s s a r y  f o r  th e  d e t e r m i n a t i o n  o f  t h e i r  im p o r ta n c e  i n  Kepone 

e l i m i n a t i o n .  F o r  t h i s  s t u d y ,  f i v e  c h a n n e l  c a t f i s h  ( a v e r a g e  w e ig h t  

80 gms) w ere  a d m i n i s t e r e d  a  do se  e q u i v a l e n t  t o  0 . 2 0  yg/gm (w et w e ig h t )  

a n d  p l a c e d  i n  a  f lo w in g  w e l l  w a t e r  t a n k  h e l d  a t  19 +  1°C. I n  a d d i t i o n ,  

two f i s h  w h ich  h a d  n o t  r e c e i v e d  i n j e c t i o n s  w e re  p l a c e d  i n  t h e  ta n k  

t o  a c c o u n t  f o r  a d s o r p t i o n  o f  e x c r e t e d  p e s t i c i d e  o n to  m ucus. The 

f i s h  w ere  h e l d  f o r  48 h o u r s  a f t e r  w h ich  th e y  w e re  removed from  th e

ta n k  and  a n e s t h e t i z e d  w i t h  TMS. U r in e  was c o l l e c t e d  by d r y i n g  t h e

s k i n  w i th  a  p a p e r  to w e l  and  th e n  g e n t l y  s q u e e z i n g  th e  a r e a  s u r r o u n d in g  

t h e  u r o g e n i t a l  p a p i l l a  (Lee et^ a l . , 1 9 7 2 ) .  As u r i n e  was e x p e l l e d  i t  

was c o l l e c t e d  i n t o  a  50 y l  p i p e t .  Mucus s a m p le s  w e re  g e n t l y  s c r a p e d  

o f f  t h e  s k i n  s u r f a c e  w i t h  a  s t a i n l e s s  s t e e l  s p a t u l a .  An a t t e m p t  was



18

made to  c o l l e c t  mucus f ro m  t h e  e n t i r e  s u r f a c e  o f  t h e  f i s h .  E x c i s e d  

g i l l s  w e re  g e n t l y  s w i r l e d  i n  s c i n t i l l a t i o n  v i a l s  c o n t a i n i n g  w e l l  

w a t e r .  The p e r c e n t  o f  t h e  t o t a l  g i l l  mucus removed from  t h e  g i l l s  

u n d e r  t h e s e  c o n d i t i o n s  i s  unknown.

A s e c o n d  g ro u p  o f  f i s h  r e c e i v e d  IM i n j e c t i o n s  o f  Kepone t o  

d e t e r m in e  i f  th e  h a l f - l i f e  o f  K epone i n  c h a n n e l  c a t f i s h  i s  r e l a t e d  t o  

t h e  s i z e  o f  th e  f i s h  o r  t h e  t o t a l  body  b u rd e n  Kepone i n  t h e  f i s h .

W h i te  c a t f i s h  w ere  a l s o  u s e d  i n  t h i s  s tu d y  so  t h a t  an e s t i m a t e  o f  

t h e  h a l f - l i f e  o f  Kepone i n  t h i s  s p e c i e s  c o u ld  b e  m ade. I n  a d d i t i o n ,  

t h e  c h a n n e l  c a t f i s h  i n  t h i s  s t u d y  w e re  d i s s e c t e d  as  i n  t h e  d i e t a r y  

e x p o s u r e  s tu d y  to  d e t e r m in e  i f  t h e  t i s s u e  d i s t r i b u t i o n  o f  Kepone was 

a f f e c t e d  by  t h e  m ethod o f  d o s in g  a n d / o r  th e  r e l a t i v e  s i z e  o f  t h e  d o s e .  

T h ree  f i s h  o f  ea c h  s p e c i e s  ( a v e r a g e  w e ig h t  90 gms) w e re  a d m i n i s t e r e d  

a  d o se  e q u i v a l e n t  to  0 . 2 0  ]ig/gm and p l a c e d  i n  f lo w - th r o u g h  a q u a r i a  

h e l d  a t  19 + 1°C. One f i s h  o f  e a c h  s p e c i e s  was s a c r i f i c e d  on days 

2 ,  5 and  15 f o l l o w i n g  i n j e c t i o n .

A t h i r d  g roup  o f  f i s h  w ere  i n j e c t e d  (IM) w i t h  K epone i n  

o r d e r  to  p r o v i d e  sa m p le s  o f  b i l e  and  b lo o d  f o r  a n a l y s i s  o f  c h lo rd e c o n e  

a l c o h o l  and  g l u c u r o n i c  a c i d  c o n j u g a t e s  o f  c h lo r d e c o n e  a l c o h o l .

B lo o d  sam p le s  a l s o  y i e l d e d  d a t a  on  t h e  r e l a t i v e  amount o f  Kepone 

p r e s e n t  i n  th e  p la sm a  v e r s u s  t h e  b l o o d  c e l l s .  F o u r  c h a n n e l  c a t f i s h  

( a v e r a g e  w e ig h t  150 gms) r e c e i v e d  a  dose  o f  Kepone e q u i v a l e n t  t o  l .Q  

yg/gm  and w e re  p l a c e d  i n  a  f lo w in g  w e l l  w a t e r  t a n k  h e l d  a t  19 ±  1°C. 

A f t e r  one  w eek ,  t h e  f i s h  r e c e i v e d  an  a d d i t i o n a l  do se  o f  Kepone 

e q u i v a l e n t  to  0 .5 0  yg/gm . F o u r t e e n  days  f o l l o w i n g  th.e i n i t i a l  

i n j e c t i o n ,  th e  f i s h  w e re  s a c r i f i c e d  and  b i l e  was d r a i n e d  f rom  t h e  

g a l l  b l a d d e r s  i n t o  s t a i n l e s s  s t e e l  p a n s .  B lo o d  sa m p le s  w ere  c o l l e c t e d
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i n  h e p a r i n i z e d  tu b e s  and  t h e  p la sm a  and  c e l l s  s e p a r a t e d  by c e n t r i ­

f u g a t i o n  a t  2 0 0 0  rpm f o r  f i v e  m i n u te s .

L i q u id  S c i n t i l l a t i o n  C o u n t in g

A l l  s a m p le s ,  e x l c u d i n g  u r i n e ,  w e re  l y o p h i l i z e d  to  a  c o n s t a n t  

d ry  w e ig h t  a n d  ho m o g en ized  w hen n e c e s s a r y  w i t h  a  m o r t a r  and p e s t l e .  

S u b sam p les  (1 0 -2 0  mg i f  p o s s i b l e )  w e re  w e ig h e d  and p l a c e d  i n  

s c i n t i l l a t i o n  v i a l s .  The s a m p le s  w e re  w e t t e d  and  th e n  d i g e s t e d  w i th  

1 ml NCS^ t i s s u e  s o l u b i l i z e r  a t  50°C u n t i l  a l l  t i s s u e  was d i s s o l v e d .  

C ru sh ed  b o n e  was n e v e r  c o m p le te ly  d i g e s t e d  w i t h  NCS. F i f t e e n  m i l l i ­

l i t e r s  o f  s c i n t i l l a t i o n  c o c k t a i l  (5 gms PPO p e r  l i t e r  t o l u e n e )  w ere

th e n  added  to  e a c h  s a m p le .  Sam ples w e re  d a r k  a d a p t e d  f o r  48 h o u r s  to

e l i m i n a t e  b a c k g ro u n d  i n t e r f e r e n c e  from  c h e m o lu m in e s c e n c e . The sa m p le s  

w e re  c o u n te d  i n  a  Beckman LS-150 l i q u i d  s c i n t i l l a t i o n  c o u n t e r  a t  a  

2 .0  p e r c e n t  c o u n t in g  e r r o r .  The e x t e r n a l  s t a n d a r d  c h a n n e ls  r a t i o  

m ethod  was u s e d  f o r  qu en ch  c a l i b r a t i o n  so  t h a t  t h e  c o u n t in g  e f f i c i e n c i e s  

f o r  e a c h  s a m p le  c o u ld  be  d e t e r m in e d .  Count r a t e s  w e re  c o n v e r t e d  to  

Kepone r e s i d u e  l e v e l s  (ng  Kepone/mg d ry  w e ig h t  t i s s u e )  by  u se  o f  t h e  

f o l l o w i n g  c a l c u l a t i o n :

CPM(sample) -  CPM(background) = DPM/ mg 
CE x  sam ple w e ig h t

DPM/mg x  0 .0 1 1  ng Kepone/DPM = ng Kepone/mg t i s s u e

o r  DPM/mg x 11 pg Kepone/DPM = pg  Kepone/mg t i s s u e

w h ere  CPM = c o u n ts  p e r  m in u te

CE = c o u n t in g  e f f i c i e n c y  o f  s a m p le

DPM = d i s i n t e g r a t i o n s  p e r  m in u te

U r in e  s a m p le s  (50  y l )  w ere  p l a c e d  i n  s c i n t i l l a t i o n  v i a l s  

f o l l o w e d  by  a d d i t i o n  o f  10 m i l l i l i t e r s  o f  A q u a f lu o rR c o c k t a i l .
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I n t e r n a l  s t a n d a r d i z a t i o n  was u s e d  to  d e t e r m in e  t h e  c o u n t in g  e f f i c i e n c y  

f o r  u r i n e  s a m p le s .  Count r a t e s  w e re  c o n v e r t e d  to  Kepone c o n c e n t r a t i o n s  

(p g  K e p o n e /y l  u r i n e )  by  u s e  o f  t h e  f o l l o w i n g  c a l c u l a t i o n s :

CPM(sample) -  CPM(background) _ dpm/ 50 y l
C.E. x  s a m p le  volum e (50  y l )

DPM/50 y l  x  11 pg/DPM x  1 /5 0  = p g / y l

The t o t a l  body b u rd e n  o f  Kepone i n  f i s h  was c a l c u l a t e d  by 

summing t h e  p r o d u c t s  o f  t h e  r e s i d u e  l e v e l  i n  e ac h  t i s s u e  t im e s  th e  

t o t a l  w e i g h t  o f  e a c h  t i s s u e .  The p e r c e n t a g e  o f  t h e  t o t a l  body  b u rd e n  

Kepone fo u n d  i n  e a c h  t i s s u e  was d e t e r m in e d  f o r  a l l  t i s s u e s  w i t h  t h e  

e x c e p t i o n  o f  m e s e n t e r i c  a d i p o s e .  M e s e n t e r i c  a d ip o s e  was e x c lu d e d  

from  t h e s e  c a l c u l a t i o n s  b e c a u s e  o f  t h e  d i f f i c u l t y  i n v o l v e d  i n  rem ov ing  

a l l  o f  t h i s  t i s s u e  from  t h e  m e s e n te r y .  S i m i l a r l y ,  t h e  p e r c e n t  o f  

t h e  t o t a l  body b u rd e n  K epone p r e s e n t  i n  t h e  b lo o d  was n o t  d e te rm in e d  

b e c a u s e  t h e  t o t a l  w e i g h t  o f  b lo o d  i n  t h e  f i s h e s  was unknown. I n  

p e r c e n t  o f  t o t a l  c a l c u l a t i o n s ,  t h e  c o n t r i b u t i o n s  from  t h a t  a d ip o s e  

t i s s u e  and  b lo o d  rem oved from  f i s h  w ere  added  to  c a r c a s s  v a l u e s .

C a l c u l a t i o n  o f  U p take  R a te ,  C le a r a n c e  R a t e s ,  H a l f - l i f e ,  E q u i l i b r i u m  

Body B urden  and  D i e t a r y  A c c u m u la t io n  I n d e x  (DAI)

A ssuming t h a t  (1 )  th e  s o l e  s o u r c e  o f  K epone a v a i l a b l e  to  

f i s h  i n  t h e  d i e t a r y  e x p o s u r e  s tu d y  was t h a t  w h ich  was a v a i l a b l e  i n  

t h e  fo o d  and  ( 2 ) th e  d o sa g e  r a t e  was h e l d  c o n s t a n t  d u r in g  t h e  

e n t i r e  u p t a k e  p h a s e  o f  t h e  s t u d y ,  t h e n  t h e  change  i n  th e  r e s i d u e  

l e v e l  o f  Kepone i n  c h a n n e l  c a t f i s h  o v e r  t im e  can  b e  d e s c r i b e d  by  a  

f i r s t  o r d e r  k i n e t i c  m ode l w r i t t e n  as
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dCa/ d t  = K]. Q -  K2 Ca ( 1)

w h ere

K-  ̂ = u p ta k e  r a t e  c o n s t a n t  (d a y ” l )

K£ = c l e a r a n c e  r a t e  c o n s t a n t  (d a y ” -*-)

Ca  = r e s i d u e  l e v e l  i n  f i s h  a t  t im e  t  (yg/gm ) 

Q = d a i l y  d i e t a r y  d o sa g e  l e v e l  (yg/gm )

( i . e .  amount o f  Kepone a v a i l a b l e  t o  f i s h  e a c h  day) 

T h is  m ode l f o r  d i e t a r y  a c c u m u la t io n  i s  e q u i v a l e n t  to  th e

m odel f o r  b i o c o n c e n t r a t i o n  o f  p e s t i c i d e s  f rom  fo o d  p r e s e n t e d  by 

M e t c a l f  (1977) and i s  s i m i l a r  to  t h e  w id e ly  a c c e p t e d  (H a m e l in k ,  1977; 

B ra n s o n  e t  a l . , 1975 ; B la n c h a r d  e t  a l . , 1977) m ode l f o r  b i o c o n c e n t r a t i o n  

o f  a  c o n ta m in a n t  f ro m  w a t e r .

I n t e g r a t i o n  o f  e q u a t i o n  (1) y i e l d s

u p ta k e  p h a s e  w h e re  Q i s  h e l d  c o n s t a n t  a t  0 .0 2 7  yg /gm  and a  c l e a r a n c e  

p h a s e  w h e re  Q = 0 .  D u r in g  t h e  c l e a r a n c e  p h a s e  e q u a t i o n  (1) r e d u c e s  

to

( 2)

The d i e t a r y  e x p o s u re  s t u d y  c o n s i s t s  o f  two p h a s e s ,  an

dCa / d t  = -K 2  Ca (3)

I n t e g r a t i o n  o f  e q u a t i o n  (3 )  y i e l d s

I n  Ca = ~ ^ 2 t  +  a (4)

w h ere

a  = In  Ca a t  t im e  0 o f  th e  c l e a r a n c e  p h a s e
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The c l e a r a n c e  r a t e  c o n s t a n t  o f  Kepone was d e t e r m in e d  by  f i t t i n g  d a t a  

from  t h e  c l e a r a n c e  p h a s e  t o  e q u a t i o n  (4 )  by  t h e  m ethod  o f  l e a s t - s q u a r e s  

r e g r e s s i o n .  C le a r a n c e  r a t e  c o n s t a n t s  w i l l  b e  t h e  same w h e th e r  c a l ­

c u l a t e d  from  w e t  w e ig h t  body  b u r d e n  v a l u e s  o r  d ry  w e i g h t  v a l u e s .

The h a l f - l i f e  ( t a ) o f  Kepone was d e te r m in e d  by  u s i n g  th e  

c a l c u l a t e d  v a l u e  o f  K£ and  e q u a t i o n  (4 )  i n  w hich

I n  0 . 5  Co = -K 0ti  +  I n  C
a o 2 - 4  o

K0  t p  = I n  C -  I n  0 . 5  C 
2  *  a o a o

I n  2

%  = K2  (5)

w here

C_ = r e s i d u e  l e v e l  i n  f i s h  a t  b e g i n n in g  o f  c l e a r a n c e  p h a s e  
a o

D u r in g  some e a r l y  p o r t i o n  o f  t h e  u p ta k e  p h a s e ,  t h e  c l e a r a n c e  

te rm  (KoC ) i s  n e g l i g i b l e  b e c a u s e  C i s  s m a l l .  T h e r e f o r e ,  e q u a t i o n^ d  3.

( 1 ) r e d u c e s  to

dCa
  = K.Q (6)
d t

I n t e g r a t i o n  o f  e q u a t i o n  ( 6 ) y i e l d s

C = K-.Q t  + c (7)a

w h ere

c = C a t  t im e  0 a

The d e t e r m i n a t i o n  o f  t h e  u p t a k e  r a t e  c o n s t a n t  (K-^) o f  Kepone by  

c h a n n e l  c a t f i s h  was d e t e r m in e d  a s  f o l l o w s :

1) A p l o t  was made o f  t h e  t o t a l  body  b u r d e n  Kepone 

v e r s u s  t im e  d u r i n g  th e  d i e t a r y  e x p o s u re  s t u d y .



2) U s in g  th e  d a t a  f o r  t h e  i n i t i a l ,  e s s e n t i a l l y  

s t r a i g h t  l i n e  p o r t i o n  o f  t h e  u p ta k e  c u rv e  ( i . e .  

an  i n t e r v a l  o v e r  w h ich  K0C seems to  h a v e  a^ Q.

n e g l i g i b l e  e f f e c t )  a  t r i a l  v a l u e  o f  t h e  u p ta k e  

r a t e  K-̂  was c a l c u l a t e d  u s i n g  l e a s t - s q u a r e s  

r e g r e s s i o n  f o r  e q u a t i o n  (7) r e a r r a n g e d  as

ca
—  = K , t  +  c ’
Q 1

w here  c 1 = ■—

3) W ith  t h e  ^ c a l c u l a t e d  by  f i t t i n g  d a t a  t o  e q u a t i o n

(4) and t h e  K-̂  d e r i v e d  from  e q u a t i o n  ( 8 ) ,  p r e d i c t e d  

v a l u e s  f o r  e a c h  m e asu re d  C_ w ere  c a l c u l a t e d  o v e r
a

t h e  e n t i r e  u p t a k e  p h a s e  o f  t h e  s tu d y  u s i n g  e q u a t i o n

( 2 ) .  The sum o f  s q u a r e d  d e v i a t i o n s  o f  p r e d i c t e d

v a l u e s  from  m e asu re d  v a l u e s  o f  C was c a l c u l a t e d .a

4) S te p  3 was r e p e a t e d  u s in g  s e v e r a l  a l t e r n a t i v e

v a l u e s  o f  s u b j e c t i v e l y  s e l e c t e d  to  r e d u c e  t h e

sum o f  s q u a r e d  d e v i a t i o n s  b e tw e e n  p r e d i c t e d  and

o b s e r v e d  v a l u e s .  The v a l u e  o f  t h a t  y i e l d e d  

t h e  l e a s t  r e s i d u a l  sum o f  s q u a r e d  d e v i a t i o n s  was 

a c c e p te d  a s  t h e  b e s t  e s t i m a t e  o f  u p ta k e  r a t e  (K^) 

o f  d i e t a r y  Kepone by  c h a n n e l  c a t f i s h .

The c a l c u l a t e d  u s i n g  w e t w e ig h t  v a l u e s  w i l l  d i f f e r  

from  t h e  c a l c u l a t e d  u s in g  d r y  w e ig h t  Ca v a l u e s  by  a  f a c t o r  o f  

0 .2 5  ( 0 .2 5  = d ry  w e ig h t  c h a n n e l  c a t f i s h / w e t  w e ig h t  c h a n n e l  c a t f i s h ) .

At some p o i n t  i n  t i m e ,  t h e  te rm s  f o r  u p ta k e  (K^Q) and 

c l e a r a n c e  (-K-2 Ca ) i n  e q u a t i o n  ( 1 ) may become e q u a l  and  e q u i l i b r i u m  

i s  r e a c h e d  ( i . e .  dCa / d t  = 0 ) .  I f  u p t a k e  r a t e ,  c l e a r a n c e  r a t e  and



24

d o sag e  l e v e l  a r e  known, t h e n  t h e  e q u i l i b r i u m  body  b u r d e n  (Ce ) can  be 

c a l c u l a t e d  e v e n  i f  e q u i l i b r i u m  h a s  n o t  b e e n  r e a c h e d .

I f  e q u i l i b r i u m  h a s  b e e n  r e a c h e d  ( a s  o b s e r v e d  by  a  p l a t e a u  

i n  t h e  u p ta k e  c u rv e )  t h e n  e q u a t i o n  (9 )  can  b e  r e a r r a n g e d  t o  y i e l d  

an  e s t i m a t e  o f  as

( r e g r e s s i o n  c o e f f i c i e n t s )  w e re  t e s t e d  by a n a l y s i s  o f  c o v a r i a n c e  

(S n e d e c o r  and  C o ch ran ,  1 9 6 7 ) .

M easurem en t o f  C h lo rd e c o n e  A lc o h o l

B i l e  and b lo o d  c o l l e c t e d  from  f i s h  r e c e i v i n g  IM i n j e c t i o n s  

o f  K epone w e re  a n a ly z e d  f o r  c h lo r d e c o n e  a l c o h o l  and  g l u c u r o n i d e  

c o n j u g a t e s  o f  c h lo rd e c o n e  a l c o h o l  a c c o r d i n g  t o  t h e  m ethods o u t l i n e d  

by  B o y lan  e_t a l .  (1979) . The b i l e  and  b lo o d  from  e a c h  o f  f o u r  

e x p e r i m e n t a l  f i s h  w e re  p o o le d  w i t h  t h a t  o f  a n o t h e r  e x p e r i m e n t a l  f i s h  

y i e l d i n g  two p o o le d  sa m p le s  o f  b i l e  and  two o f  b lo o d .  T hese  sam p le s  

w e re  t h e n  s p l i t  r e s u l t i n g  i n  a  t o t a l  o f  f o u r  b i l e  and  f o u r  b lo o d  

s a m p le s .  The b i l e  and  b lo o d  o f  t h e  two c o n t r o l  f i s h  w ere  p o o le d  and 

s p l i t  y i e l d i n g  two sa m p le s  o f  b i l e  and  two o f  b lo o d .  Each sam p le  

was w e ig h e d  and  p l a c e d  i n  c u l t u r e  tu b e s  f o l l o w e d  by  a d d i t i o n  o f

( 10)

F o r  d e t e r m i n a t i o n  o f  t h e  d i e t a r y  a c c u m u la t io n  in d e x

C K-, 
DAF = = _JL ( 11)

Q k2

S i g n i f i c a n c e  o f  d i f f e r e n c e  b e tw ee n  c l e a r a n c e  r a t e  c o n s t a n t s
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a p p r o x im a te ly  f o u r  m i l l i l i t e r s  o f  w a t e r .  I n  a d d i t i o n ,  two m i l l i l i t e r s  

o f  so d iu m  a c e t a t e  b u f f e r  (pH = 4 .5 )  w e re  added  to  e a c h  t u b e ,  a n d ,

5000 u n i t s  o f  p a r t i a l l y  p u r i f i e d  3 - g l u c u r o n i d a s e  w e re  added  t o  h a l f  

o f  t h e  s p l i t  s a m p le s .  A l l  s a m p le s  w e re  i n c u b a t e d  o v e r n i g h t  a t  37°C , 

t h e  optim um  t e m p e r a t u r e  f o r  e n z y m a t ic  d i g e s t i o n .  F o l lo w in g  th e  

a d d i t i o n  o f  two m i l l i l i t e r s  o f  60 p e r c e n t  s u l f u r i c  a c i d ,  t h e  sa m p le s  

w e re  a u t o c l a v e d  f o r  o n e  h o u r .  Sam ples  w ere  e x t r a c t e d  tw ic e  w i t h  

h e x a n e / a c e t o n e  (8 5 /1 5 )  an d  c l e a n e d  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d .

The s o l v e n t  was e v a p o r a t e d  and  t h e  e x t r a c t e d  m a t e r i a l  r e d i s s o l v e d  i n  

f i v e  p e r c e n t  m e th a n o l  i n  b e n z e n e .  Kepone and  c h lo r d e c o n e  a l c o h o l  

c o n c e n t r a t i o n s  i n  t h e  s o l v e n t  m i x tu r e  w e re  m e asu re d  w i t h  a  m ode l 

5730A H e w l e t t  P a c k a r d  gas c h ro m a to g ra p h  e q u ip p e d  w i t h  a  6 % i  e l e c t r o n  

c a p t u r e  d e t e c t o r .  The c a r r i e r  gas  (95% a rg o n  and  5% m e thane)  was 

m a i n t a i n e d  a t  50 m l /m in .  O p e r a t i n g  t e m p e r a t u r e s  w e re  2 2 0 °C f o r  t h e  

column o v e n ,  2 5 0 °C f o r  th e  i n j e c t i o n  p o r t  and  360°C f o r  t h e  d e t e c t o r .  

Column p a c k i n g  was 1 1 0 /1 2 0  mesh Chromosorb W HP c o a t e d  w i t h  1.5%

OV-17 and  1.95% QF-1.



RESULTS

The f e e d i n g  r a t e  o f  two p e r c e n t  body w e ig h t  p e r  day  r e s u l t e d  

i n  an  a v e r a g e  w e ig h t  g a i n  o f  63 p e r c e n t  by  t h e  end o f  t h e  120 day 

e x p e r i m e n t .

U p tak e  R a t e ,  C le a r a n c e  R a t e s ,  H a l f - l i f e , E q u i l i b r i u m  Body B urden  

and  D i e t a r y  A c c u m u la t io n  In d e x  (DAI)

O b s e r v a t i o n  o f  Kepone r e s i d u e  l e v e l s  i n  c h a n n e l  c a t f i s h  

d u r i n g  t h e  d i e t a r y  e x p o s u r e  s tu d y  ( F i g u r e  3) s u g g e s t s  t h a t  t h e s e  

f i s h  a c h i e v e d  a  s t a t e  o f  e q u i l i b r i u m  w i t h  d i e t a r y  K epone . A lth o u g h  

a  f l a t  e q u i l i b r i u m  p l a t e a u  i s  n o t  o b v io u s ,  t h e  e q u i l i b r i u m  r e s i d u e  

l e v e l  i s  e s t i m a t e d  to  l i e  b e tw e e n  0 .2 4  and  0 .3 3  ng/mg on a  d ry  w e ig h t  

b a s i s  o r  b e tw e e n  0 .0 6  and  0 .0 8  ng/mg on a  w et w e ig h t  b a s i s .  The 

u p ta k e  r a t e  c o n s t a n t  K-̂  f o r  d i e t a r y  Kepone i n  c h a n n e l  c a t f i s h  was 

c a l c u l a t e d  to  b e  0 .2 3 7  day”’-*- (w e t  w e ig h t )  o r  0 .9 4 8  d ay ”"^ ( d r y  w e i g h t ) .  

The c l e a r a n c e  r a t e  c o n s t a n t  f o r  d i e t a r y  Kepone i n  c h a n n e l  c a t f i s h  

was 0 .0 8 0  day - ^-. A p p l i c a t i o n  o f  t h e s e  v a l u e s  to  e q u a t i o n  (.9) y i e l d s  

a  p r e d i c t e d  e q u i l i b r i u m  r e s i d u e  l e v e l  (Ce ) o f  0 .3 2  ng/mg ( d r y  w e ig h t  

b a s i s )  o r  0 .0 8  ng/mg (w et w e ig h t  b a s i s ) .  Thus t h e  p r e d i c t e d  v a l u e  

f o r  t h e  e q u i l i b r i u m  r e s i d u e  l e v e l  l i e s  w i t h i n  t h e  r a n g e  e s t i m a t e d  

by e x a m in a t io n  o f  t h e  u p ta k e  c u r v e .  On day 1 5 ,  t h e  Ca (o b s e rv e d )  

was a p p r o x im a te ly  90 p e r c e n t  o f  Ce ( p r e d i c t e d )  s u g g e s t i n g  t h a t  t h e  

f i s h  w e re  v e r y  c l o s e  to  e q u i l i b r i u m  a t  t h a t  t i m e .

26



27

F i g u r e  3 .  T o t a l  body  b u r d e n  Kepone c o n c e n t r a t i o n  i n  c h a n n e l  

c a t f i s h  r e c e i v i n g  a  ^ C - K e p o n e  c o n ta m in a te d  d i e t  

( 1 .3 6  Ug/gm) a t  a  r a t e  o f  two p e r c e n t  o f  t h e i r  body 

w e ig h t  p e r  day  f o r  a  p e r i o d  o f  90 d ay s  f o l lo w e d  by 

a  K epone f r e e  d i e t  f o r  a  p e r i o d  o f  30 d a y s .
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B ased  on  t h e  p r e d i c t e d  v a l u e  f o r  Ce , t h e  d i e t a r y  accumu­

l a t i o n  in d e x  f o r  Kepone i n  c h a n n e l  c a t f i s h  i s  1 1 .9  ( d r y  w e ig h t  b a s i s )  

o r  3 .0  (w e t  w e ig h t  b a s i s ) .

S e m i - lo g  p l o t s  o f  Kepone r e s i d u e  l e v e l s  i n  f i s h  d u r i n g  th e  

c l e a r a n c e  p h a s e  a r e  l i n e a r  ( F i g u r e  4) i n d i c a t i n g  t h a t  c l e a r a n c e  i s  

a d e q u a t e l y  d e s c r i b e d  by  f i r s t  o r d e r  k i n e t i c s .  The c l e a r a n c e  r a t e  

f o r  c h a n n e l  c a t f i s h  r e c e i v i n g  IM i n j e c t i o n s  o f  K epone a t  a  d o s e  

e q u i v a l e n t  to  0 .2 0  yg /gm  (w e t w e ig h t )  was 0 .0 8 7  d ay ” -*-. The d i f f e r e n c e  

b e tw e e n  t h i s  v a l u e  and  t h a t  o b t a i n e d  from  t h e  d i e t a r y  e x p o s u re  s tu d y  

(K2  = 0 .0 8 0  day” -*-) i s  n o t  s i g n i f i c a n t  a t  t h e  5% l e v e l  CF = 2 .7 9 ,  

d f  = 1 , 3 ) .  The h a l f - l i f e  o f  Kepone i n  c h a n n e l  c a t f i s h  b a s e d  on th e  

v a l u e s  o f  K2  was 8 . 7  d ay s  f o r  f i s h  i n  t h e  d i e t a r y  e x p o s u r e  s tu d y  and 

8 .0  d ay s  f o r  f i s h  r e c e i v i n g  IM i n j e c t i o n s .  T h ese  r e s u l t s  i n d i c a t e  

t h a t  t h e  r e s i d e n c e  t im e  o f  Kepone i n  c h a n n e l  c a t f i s h  i s  n o t  g r e a t l y  

a f f e c t e d  by  t h e  s i z e  o f  t h e  f i s h  o r  t h e  r e s i d u e  l e v e l  i n  t h e  f i s h  a t  

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

The c l e a r a n c e  r a t e  f o r  Kepone i n  w h i t e  c a t f i s h  r e c e i v i n g  

IM i n j e c t i o n s  was c a l c u l a t e d  t o  b e  0 .0 4 3  day“ ^ .  The d i f f e r e n c e  

b e tw e e n  t h i s  v a l u e  an d  t h a t  o b t a i n e d  from  c h a n n e l  c a t f i s h ,  i n j e c t e d  

w i t h  Kepone i s  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l  CF = 3 6 .5 ,  

d f  = 1 , 4 ) .  The h a l f - l i f e  o f  Kepone i n  w h i t e  c a t f i s h  was c a l c u l a t e d  

t o  b e  1 6 .1  d a y s .

T i s s u e  D i s t r i b u t i o n

D u r in g  t h e  f i r s t  f i v e  d a y s  o f  t h e  d i e t a r y  e x p o s u r e  s t u d y ,  

t h e r e  was a  r e l a t i v e l y  r a p i d  i n c r e a s e  o f  Kepone r e s i d u e s  i n  a l l  

t i s s u e s  o f  c h a n n e l  c a t f i s h  (T a b le  1 ) .  Betw een d ay s  f i v e  and f i f t e e n  

t h e  a v e r a g e  r e s i d u e  l e v e l s  i n  a l l  t i s s u e s  i n c r e a s e d  b u t  a t  a  s lo w e r
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F i g u r e  4 .  S e m i- lo g  p l o t s  o f  t o t a l  body b u r d e n  K epone co n ce n ­

t r a t i o n s  ( d r y  w e ig h t )  i n  c h a n n e l  c a t f i s h  d u r i n g  t h e  

c l e a r a n c e  p h a s e  o f  t h e  d i e t a r y  e x p o s u re  s tu d y  and  i n  

c h a n n e l  c a t f i s h  an d  w h i t e  c a t f i s h  w h ich  r e c e i v e d  

i n t r a m u s c u l a r  i n j e c t i o n s  o f  K epone.
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r a t e .  A f t e r  day  f i f t e e n  t h e r e  was l i t t l e  change  i n  t h e  r e l a t i v e  

d i s t r i b u t i o n  o f  Kepone i n  v a r i o u s  t i s s u e s  i n d i c a t i n g  t h a t  e i t h e r  

t h e  t i s s u e s  w ere  a p p r o a c h in g  e q u i l i b r i u m  a t  t h e  same r a t e  o r  t h a t  

t h e  t i s s u e s  w e re  a t  e q u i l i b r i u m  w i t h  d i e t a r y  K epone a t  t h i s  t i m e .

The e x c e p t i o n  was fo u n d  i n  t h e  i n t e s t i n e s  w h e re  t h e  a v e r a g e  r e s i d u e  

l e v e l  d o u b le d  b e tw e e n  d a y s  f i f t e e n  and t h i r t y .  A f t e r  day  t h i r t y ,  

r e s i d u e s  i n  t h e  i n t e s t i n e s  re m a in e d  a t  e s s e n t i a l l y  t h e  same l e v e l .

No t i s s u e s  h a d  r e s i d u e s  a p p r o a c h in g  t h e  l e v e l s  fo u n d  i n  

t h e  d i e t  ( 1 .3 6  p g /g m ) .  H i g h e s t  r e s i d u e s  w ere  fo u n d  i n  b lo o d  

f o l l o w e d  by  b r a i n .  A n a l y s i s  o f  p la sm a  and  b lo o d  c e l l  f r a c t i o n s  o f  

w h o le  b lo o d  f rom  c h a n n e l  c a t f i s h  r e c e i v i n g  IM i n j e c t i o n s  o f  Kepone 

i n d i c a t e  t h a t  more t h a n  80 p e r c e n t  o f  t h e  K epone p r e s e n t  i n  b lo o d  

i s  a s s o c i a t e d  w i t h  t h e  p la s m a .  R e s id u e  l e v e l s  i n  a d i p o s e  t i s s u e  w e re  

c o n s i s t e n t l y  lo w e r  th a n  i n  any  o t h e r  t i s s u e .  C a rc a s s  v a l u e s  w ere  

s l i g h t l y  h i g h e r  th a n  th o s e  fo u n d  i n  t h e  a d i p o s e  b u t  lo w e r  th a n  t h o s e  

fo u n d  i n  any  o f  t h e  o r g a n s .  A lth o u g h  c a r c a s s  r e s i d u e  l e v e l s  w ere  

r e l a t i v e l y  low , due to  i t s  b u l k ,  t h e  c a r c a s s  r e p r e s e n t s  t h e  m a jo r  

r e s e r v o i r  f o r  K epone s t o r a g e  ( T a b le  2 ) .  The p e r c e n t a g e  o f  t h e  t o t a l  

b od y  b u r d e n  o f  K epone fo u n d  i n  e a c h  t i s s u e  was c a l c u l a t e d  from  

r e s i d u e s  m e a su re d  i n  f i s h  s a c r i f i c e d  on day  70 b u t  a r e  r e p r e s e n t a t i v e  

o f  a l l  c h a n n e l  c a t f i s h  b e tw e e n  day t h i r t y  and  day  n i n e t y  o f  t h e  

u p ta k e  p h a s e .

B etw een  day  z e ro  and  day  f i f t e e n  o f  t h e  c l e a r a n c e  p h a s e ,  

t h e  r e l a t i v e  d i s t r i b u t i o n  o f  Kepone was e s s e n t i a l l y  th e  same a s  t h a t  

o b s e r v e d  d u r i n g  t h e  u p t a k e  p h a se  i n d i c a t i n g  t h a t  t h e  c l e a r a n c e  r a t e s  

f o r  a l l  t i s s u e s  w ere  a p p r o x im a te ly  th e  same. H ow ever,  on day t h i r t y  

o f  t h e  c l e a r a n c e  p h a s e ,  t h e  r e l a t i v e  am ount o f  K epone i n  b lo o d  ( b lo o d /
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TABLE 2

MEAN VALUES WITH THEIR STANDARD ERRORS FOR THE PERCENTAGE 
OF THE TOTAL BODY BURDEN KEPONE FOUND IN THE TISSUES OF 

CHANNEL CATFISH SACRIFICED ON DAY 70 OF THE DIETARY 
EXPOSURE STUDY. NUMBER OF SAMPLES IS  GIVEN IN

PARENTHESES.

% o f  T o t a l  ± S .E .

c a r c a s s 8 1 .7 ± 1 .2 5 (5 )

i n t e s  t i n e s 3 .6 ± 0 .4 5 (5 )

s  tomach 2 .7 ± 0 .2 2 (5 )

l i v e r 5 . 3 ± 0 .3 1 (5 )

g a l l  b l a d d e r 0 . 3 ± 0 .0 4 (5 )

k id n e y s 2 . 1 ± 0 .1 8 (5 )

g i l l s 3 .1 ± 0 .4 0 (5 )

b r a i n 2 . 0 ± 0 .1 8 (5 )

100.5%
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c a r c a s s  -  8 . 8 ) i s  h i g h e r  t h a n  t h e  a v e r a g e  r e l a t i v e  amount o b s e r v e d  

a t  o t h e r  t im e s  ( b l o o d / c a r c a s s  = 4 . 3 ) .

The t i s s u e  d i s t r i b u t i o n  o f  Kepone i n  c h a n n e l  c a t f i s h  48 

h o u r s  a f t e r  IM i n j e c t i o n  o f  K epone ( 0 .2 0  ]ig/gm) i s  s i m i l a r  t o  t h a t  

i n  f i s h  f rom  t h e  d i e t a r y  e x p o s u r e  s tu d y  (T a b le  3 ) .  H ow ever, e x p o s u re  

to  a  l a r g e  do se  r e s u l t e d  i n  a  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  i n  t h e  

b i l e  a s  shown by  t h e  g a l l b l a d d e r / b l o o d  r a t i o  i n  t h e  48 h o u r  f i s h  

(=  7 .1 )  com pared  t o  t h e  a v e ra g e  r a t i o  i n  c h a n n e l  c a t f i s h  from  t h e  

d i e t a r y  e x p o s u r e  s tu d y  ( g a l l  b l a d d e r / b l o o d  = 0 . 7 ) .  R e s id u e s  o f  

Kepone i n  t h e  b r a i n  o f  f i s h  a f t e r  48 h r s  w ere  h i g h e r  th a n  r e s i d u e s  

fo u n d  i n  t h e  b lo o d .  The r e l a t i v e  d i s t r i b u t i o n  o f  K epone i n  o t h e r  

t i s s u e s  i s  s i m i l a r  to  t h a t  fo u n d  i n  c h a n n e l  c a t f i s h  i n  t h e  d i e t a r y  

e x p o s u r e  s tu d y  w i t h  l o w e s t  r e s i d u e  c o n c e n t r a t i o n s  i n  a d i p o s e  t i s s u e  

f o l l o w e d  by  c a r c a s s .

The r e s i d u e  p a t t e r n  o f  Kepone i n  t i s s u e s  o f  c h a n n e l  c a t f i s h  

1 2 0  h o u r s  a f t e r  i n j e c t i o n  i s  e s s e n t i a l l y  i d e n t i c a l  to  t h a t  fo u n d  i n  

f i s h  f ro m  t h e  d i e t a r y  e x p o s u r e  s tu d y  w i t h  h i g h e s t  r e s i d u e  l e v e l s  

fo u n d  i n  b lo o d  f o l lo w e d  by  b r a i n ,  l o w e s t  r e s i d u e  l e v e l s  fo u n d  i n  

a d i p o s e  t i s s u e  f o l lo w e d  by c a r c a s s  and  a  g a l l  b l a d d e r / b l o o d  r a t i o  

e q u a l  to  0 . 7 .

The t i s s u e  d i s t r i b u t i o n  and p e r c e n t a g e  o f  t h e  t o t a l  body 

b u r d e n  Kepone fo u n d  i n  t i s s u e s  o f  w h i t e  c a t f i s h  s a c r i f i c e d  on day 

t h i r t y  o f  t h e  d i e t a r y  e x p o s u r e  s tu d y  a r e  shown i n  T a b le  4 .  Food 

c o n s u m p t io n  by  t h i s  t im e  h a d  becom e e r r a t i c  and  f i s h  w e re  e a t i n g  

l e s s  th a n  two p e r  c e n t  o f  t h e i r  b ody  w e i g h t  p e r  d a y .  H i g h e s t  r e s i d u e  

l e v e l s  w e re  fo u n d  i n  th e  b r a i n  f o l l o w e d  by  l i v e r  and  i n t e s t i n e s .

The l e v e l s  o f  K epone i n  t h e s e  t i s s u e s  e x c e e d e d  t h o s e  fo u n d  i n  t h e
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TABLE 3

KEPONE CONCENTRATION IN TISSUES AND PERCENTAGE OF THE TOTAL 
BODY BURDEN KEPONE FOUND IN THE TISSUES OF CHANNEL CATFISH 

48 HOURS AND 120 HOURS AFTER RECEIVING IM INJECTIONS OF 
KEPONE AT A DOSE EQUIVALENT TO 0 .2 0  Ug/gm (WET WEIGHT).

48 HOURS 120 HOURS

% %

ng/mg o f  TOTAL ng/mg o f  TOT^

c a r c a s s 0 .6 1 8 4 .6 0 .3 9 8 2 .2

b lo o d 1 .8 0 - 1 .6 3 -

i n t e s t i n e s 1 .7 0 2 . 8 0 .9 7 4 .8

s  tomach 1 . 1 0 1 .4 0 .9 3 1 .7

l i v e r 1 .3 8 4 .2 1 .2 6 5 .8

g a l l  b l a d d e r 1 2 .7 5 2 .7 1 .1 7 0 . 5

k id n e y s 1 .8 0 1 .7 1 .4 8 2 .9

g i l l s 1 .3 2 1 . 0 1 . 1 1 1 .5

b r a i n 2 .0 9 0 . 6 1 .5 8 0 .7

m e s e n t e r i c
a d i p o s e 0 .3 0 0 . 2 0 _

100 . 0% 100 . 0 %
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TABLE 4

MEAN VALUES PLUS THEIR STANDARD ERRORS FOR THE CONCENTRATION 
OF KEPONE IN TISSUES AND THE PERCENTAGE OF THE TOTAL BODY 

BURDEN KEPONE FOUND IN TISSUES OF WHITE CATFISH SACRIFICED 
ON DAY 30 OF THE DIETARY EXPOSURE STUDY. NUMBER OF FISH

GIVEN IN PARTENTHESES.

ng/mg ± S . E . ( n )  % o f  T o t a l  ± S .E .

c a r c a s s 0 .4 9 ± 0 .0 3 7 ( 5 ) 7 3 .9 + 1 .2 6

b lo o  d 1 .1 3 ± 0 .0 8 7 (5 ) -

i n t e s t i n e s 1 .5 2 +■ 0 .1 3 9 (5 ) 4. 5 + 0 .4 5

s  tomach 1 . 0 2 + 0 .1 2 1 (5 ) 1 .7 + 0 .6 2

l i v e r 1 .5 4 + 0 .1 1 8 (5 ) 9 .5 + 0 .4 5

g a l l  b l a d d e r 0 .9 5 + 0 .0 7 8 (4 ) 0 . 4 + 0 .0 7

k id n e y s 1 . 2 0 + 0 .0 3 2 (5 ) 4 .6 + 0 .3 6

g i l l s 0 .8 4 + 0 .0 3 3 (5 ) 3 .6 + 0 .4 7

b r a i n 1 .6 4 + 0 .0 9 8 ( 5 ) 2 .7 + 0 .3 8

m e s e n t e r i c
a d i p o s e 0 .4 5 + 0 . 0 2 0 ( 2 )

i n t e s  t i n a l  
c o n t e n t s 0 .4 7 + 0 .0 5 1 ( 5 )

100.9%
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e x p e r i m e n t a l  d i e t .  As i n  c h a n n e l  c a t f i s h ,  l o w e s t  r e s i d u e  l e v e l s  w e re  

fo u n d  i n  t h e  a d i p o s e  t i s s u e .  H ow ever, t h e  a d i p o s e / c a r c a s s  r a t i o  o f  

K epone i n  w h i t e  c a t f i s h  (= 0 . 9 )  i s  h i g h e r  th a n  t h a t  fo u n d  i n  c h a n n e l  

c a t f i s h  (= 0 . 6 )  i n  t h e  f e e d i n g  s t u d y .  The r e l a t i v e  am ount o f  K epone 

fo u n d  i n  t h e  b lo o d  o f  w h i t e  c a t f i s h  ( b l o o d / c a r c a s s  = 2 . 3 )  i s  l e s s  

t h a n  t h a t  fo u n d  i n  t h e  b lo o d  o f  c h a n n e l  c a t f i s h  ( b l o o d / c a r c a s s  = 3 .5 )  . 

The p e r c e n t a g e  o f  t h e  t o t a l  body  b u r d e n  K epone fo u n d  i n  w h i t e  c a t f i s h  

c a r c a s s  (75%) was l e s s  th a n  t h a t  fo u n d  i n  c h a n n e l  c a t f i s h  c a r c a s s  

(82% ).

P a th w a y s  o f  E l i m i n a t i o n

D u r in g  t h e  u p t a k e  p h a s e ,  t h e  r e s i d u e  l e v e l  o f  Kepone i n  

t h e  i n t e s t i n a l  c o n t e n t s  a v e r a g e d  36 p e r c e n t  o f  t h a t  i n c o r p o r a t e d  i n  

t h e  d i e t .  The f e c a l  Kepone w o u ld  be  e x p e c t e d  to  i n c l u d e  t h a t  w h ic h  

was n e v e r  a b s o r b e d  by  t h e  g u t .  H ow ever,  t h e  p r e s e n c e  o f  f e c a l  Kepone 

i n  f i s h  d u r i n g  th e  c l e a r a n c e  p h a s e  o f  th e  f e e d i n g  e x p e r im e n t  a t  

r e s i d u e  l e v e l s  a p p r o x im a t i n g  t h o s e  fo u n d  i n  t h e  c a r c a s s  i n d i c a t e s  

t h a t  u n a b s o rb e d  K epone i s  n o t  t h e  s o l e  s o u r c e  o f  f e c a l  K epone.

The p r e s e n c e  o f  Kepone i n  t h e  g a l l  b l a d d e r  p r o v i d e s  e v id e n c e  

t h a t  K epone may b e  e x c r e t e d  i n  b i l e  w i t h  t h e  f e c e s .  The h i g h  con­

c e n t r a t i o n  o f  K epone i n  t h e  g a l l  b l a d d e r  o f  c h a n n e l  c a t f i s h  48 h o u r s  

a f t e r  r e c e i v i n g  an  IM i n j e c t i o n  o f  Kepone s u g g e s t s  t h a t  b i l i a r y  

e x c r e t i o n  may b e  e n h a n c e d  by  e x p o s u re  o f  f i s h  t o  r e l a t i v e l y  h i g h  

d o s e s  o f  K epone .

R e s id u e  l e v e l s  i n  t h e  i n t e s t i n a l  c o n t e n t s  o f  f i s h  d u r i n g  

th e  c l e a r a n c e  p h a s e  w ere  a p p r o x i m a t e l y  42 p e r c e n t  o f  t h e  l e v e l s  fo u n d  

i n  b i l e .



39

C h an n e l c a t f i s h  r e c e i v i n g  IM i n j e c t i o n s  o f  K epone (0 .2 0  

yg/gm ) and  h e l d  f o r  48 h o u r s  i n  a f lo w - th r o u g h  t a n k  y i e l d e d  an  a v e ra g e  

o f  0 . 3 3  and  0 .1 0  p e r c e n t  o f  t h e  t o t a l  a d m i n i s t e r e d  d o se  i n  g i l l  r i n s e s  

and s k i n  mucus r e s p e c t i v e l y  ( T a b l e  5 ) .  T hese  v a l u e s  a r e  s m a l l  r e l a t i v e  

t o  t h e  t o t a l  a d m i n i s t e r e d  d o s e .  H ow ever,  i t  m u s t  b e  b o rn e  i n  mind 

t h a t  f i s h  a r e  c o n t i n u o u s l y  s l o u g h i n g  o f f  mucus from  s k i n  and  g i l l  

s u r f a c e s . N e t  e l i m i n a t i o n  o f  K epone v i a  t h e s e  p a th w a y s  may t h e r e f o r e  

b e  s u b s t a n t i a l .  Kepone r e s i d u e s  d e t e c t e d  i n  t h e  g i l l  r i n s e s  and s k i n  

mucus o f  c o n t r o l  f i s h  a r e  b e l i e v e d  t o  be  t h e  r e s u l t  o f  a d s o r p t i o n  o f  

e x c r e t e d  p e s t i c i d e .

The low c o n c e n t r a t i o n  o f  K epone i n  t h e  u r i n e  o f  c h a n n e l  

c a t f i s h  i n d i c a t e s  t h a t  t h i s  p a thw ay  i s  n o t  o f  m a jo r  im p o r ta n c e  i n  

t h i s  s p e c i e s  (T a b le  5 ) .

M e ta b o l is m

A n a ly s i s  o f  b i l e  and  b lo o d  f o r  Kepone and  c h lo rd e c o n e  

a l c o h o l  i n  f i s h  r e c e i v i n g  IM i n j e c t i o n s  o f  Kepone i n d i c a t e  t h a t  

c h a n n e l  c a t f i s h  a r e  c a p a b l e  o f  r e d u c i n g  Kepone t o  c h lo rd e c o n e  a l c o h o l  

(T a b le  6 ) .  R e s id u e s  o f  c h l o r d e c o n e  a l c o h o l  i n  t h e  b i l e  a c c o u n te d  

f o r  an a v e ra g e  o f  1 .7  p e r  c e n t  o f  t h e  t o t a l  b i l i a r y  c h l o r d e c o n e .

B i l e  s a m p le s  s u b j e c t e d  t o  c o n d i t i o n s  o f  e n z y m a t ic  d i g e s t i o n  w i t h  

8 - g l u c u r o n i d a s e  h a d  e s s e n t i a l l y  t h e  same m e a s u r a b le  r e s i d u e  l e v e l s  

o f  Kepone an d  c h l o r d e c o n e  a l c o h o l  a s  t h o s e  i n  w h ich  t h e  enzyme was 

a b s e n t .  Sam ple  ch rom atogram s o f  t h e  Kepone s t a n d a r d ,  c h lo rd e c o n e  

a l c o h o l  s t a n d a r d ,  c h l o r d e c o n e  e m u lp h o r  s o l u t i o n  and c h a n n e l  c a t f i s h ,  

b i l e  u s e d  i n  t h i s  s t u d y  a r e  shown i n  F ig u r e  5 .

C h lo rd e c o n e  a l c o h o l  was n o t  d e t e c t e d  i n  t h e  b lo o d  o f  

c h a n n e l  c a t f i s h .
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F ig u r e  5 .  Sam ple c h ro m a to g ra p h s  o f  t h e  Kepone s t a n d a r d ,

c h lo rd e c o n e  a l c o h o l  s t a n d a r d ,  c h lo rd e c o n e  em u lpho r  

s o l u t i o n  and  b i l e  f rom  c h a n n e l  c a t f i s h  r e c e i v i n g  

IM i n j e c t i o n s  o f  K epone.
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S T A N D A R D :
A C H L O R D E C O N E - 9 0  pg i n j e c t e d  
B CHLORDECONE ALCOHOL -  105 pg i n j e c t e d

CHLORDECONE EMULPHOR SOLUTION-  
6 0 0 0  pg CHLORDECONE

C HLO RDE CON E - 1 ^ 0 0  pg 
CHL ORD ECO NE A L C O H O L - 31 pg
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DISCUSSION

The d i e t a r y  a c c u m u la t io n  f a c t o r  (DAF) was c r e a t e d  f o r  u s e  

i n  t h i s  s t u d y  t o  a l lo w  c o m p a r is o n  o f  t h e  p o t e n t i a l  f o r  a c c u m u la t io n  

o f  v a r i o u s  o r g a n o c h l o r i n e  p e s t i c i d e s  f ro m  fo o d  by  d i f f e r e n t  s p e c i e s  

o f  f i s h .  E q u i l i b r i u m  r e s i d u e  c o n c e n t r a t i o n s  a t t a i n e d  by  f i s h  

ex p o se d  s o l e l y  t o  p e s t i c i d e  c o n ta m in a te d  d i e t s  a r e  l a r g e l y  d e p e n d e n t  

upon t h e  am ount o f  p e s t i c i d e  a v a i l a b l e  i n  t h e  d i e t  (Macek e t  a l . ,  1970; 

W a r le n  e t  a l . , 1977 ; A r g y le  e t  a l . ,  1 9 7 5 ) .  The am ount o f  p e s t i c i d e  

a v a i l a b l e  i n  t h e  d i e t  i s  d e p e n d e n t  upon t h e  p e s t i c i d e  c o n c e n t r a t i o n  

o f  t h e  d i e t  and  t h e  f e e d i n g  r a t e .  The b i o a c c u m u l a t i o n  f a c t o r  (JBAF) 

u s e d  by B a h n e r  e t  a l .  (1977) ( d e f i n e d  a s  t h e  c o n c e n t r a t i o n  o f  Kepone 

i n  t h e  p r e d a t o r / c o n c e n t r a t i o n  i n  p r e y )  w ou ld  n o t  b e  u s e f u l  i n  com p arin g  

t h e  p o t e n t i a l  f o r  a c c u m u la t io n  o f  d i e t a r y  p e s t i c i d e s  b e c a u s e  i t  d o es  

n o t  i n c l u d e  t h e  f e e d i n g  r a t e  a s  t h e  DAF d o e s .

P re s u m a b ly ,  a  r e l a t i v e l y  low  DAF i m p l i e s  a  r e l a t i v e l y  low  

p o t e n t i a l  f o r  a c c u m u la t io n  o f  a  d i e t a r y  p e s t i c i d e .  The DAF f o r  Kepone 

and  c h a n n e l  c a t f i s h  (DAF = 3 .0 )  i s  s l i g h t l y  lo w e r  t h a n  t h e  v a l u e  c a l ­

c u l a t e d  from  t h e  d a t a  p r e s e n t e d  by A r g y le  e t  j a l .  (1975) on t h e  

a c c u m u la t i o n  o f  d i e t a r y  d i e l d r i n  by  c h a n n e l  c a t f i s h  (DAF = 3 . 8 ;  a v e r a g e  

o f  two g ro u p s  o f  f i s h )  (T a b le  7 ) .  The d a t a  o f  Macek e t  a l .  (1970) 

y i e l d e d  a  DAF f o r  d i e l d r i n  and  ra in b o w  t r o u t  o f  1 6 .0  ( a v e r a g e  o f  two 

g ro u p s  o f  f i s h )  and  f o r  DDT and r a in b o w  t r o u t  3 6 .8  ( a v e r a g e  o f  two 

g ro u p s  o f  f i s h ) .  W arlen  ejt a l .  (1977) o b s e r v e d  t h a t  A t l a n t i c  menhaden 

( B r e v o o r t i a  t y r a n n u s ) d id  n o t  r e a c h  e q u i l i b r i u m  w i t h  d i e t a r y  DDT a t
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TABLE 7

DIETARY ACCUMULATION FACTORS (DAF) OF ORGANO CHLORINE 
PESTICIDES IN FISH. VALUES ARE EXPRESSED ON A 

WET WEIGHT BASIS.

SPECIES

s p o t

c h a n n e l
c a t f i s h

w h i t e
c a t f i s h

ra in b o w
t r o u t

c h a n n e l
c a t f i s h

ra in b o w
t r o u t

m enhaden

PESTICIDE

Kepone

K epone

K epone

D i e l d r i n

D i e l d r i n

DDT

DDT

DAF

1 1 .4

3 .0

6 . 1

1 5 .5  

3 .8

3 1 .0

5 7 .5

SOURCE OF DATA 

B ah n e r  ejt a l . , 1977

p r e s e n t  s tu d y

p r e s e n t  s t u d y

Macek et^ a l . , 1970

A rg y le  e_t a l . , 1975

Macek e_t a l . ,  1970 

W ar len  e t  a l . ,  1977



46

t h e  end  o f  a  48 day e x p o s u r e  p e r i o d .  V a lu e s  f o r  w e re  n o t  d e t e r m in e d .  

H ow ever, a  d i e t a r y  a c c u m u la t i o n  f a c t o r  o f  5 7 .5  ( a v e r a g e  o f  t h r e e  

g ro u p s  o f  f i s h )  can  b e  c a l c u l a t e d  u s i n g  t h e  t o t a l  body  b u r d e n  o f  DDT 

a t  t h e  end  o f  t h e  e x p o s u r e  p e r i o d .  B ec a u se  f i s h  w e re  n o t  a t  e q u i l i b r i u m  

w i t h  d i e t a r y  DDT, t h e  c a l c u l a t e d  DAF i s  an  u n d e r e s t i m a t i o n .  S i m i l a r l y ,  

from  B a h n e r  j j t  a l . ( 1 9 7 7 ) ,  on t h e  a c c u m u la t io n  o f  d i e t a r y  K epone by  

s p o t ,  a  d i e t a r y  a c c u m u la t io n  f a c t o r  o f  1 1 .4  c a l c u l a t e d  f rom  t h e  t o t a l  

body  b u r d e n  o f  K epone i n  s p o t  a t  t h e  end  o f  a  30 day  e x p o s u r e  p e r i o d  

i s  a n  u n d e r e s t i m a t i o n  b e c a u s e  e q u i l i b r i u m  h ad  n o t  b e e n  r e a c h e d .  B ased  

on  a  d a i l y  d i e t a r y  d o s a g e  l e v e l  o f  0 .0 2 7  yg Kepone/gm f i s h  and  t h e  

a v e r a g e  r e s i d u e  l e v e l  i n  f i s h  a t  t h e  end  o f  t h e  t h i r t y  day  e x p o s u r e  

p e r i o d ,  t h e  DAF f o r  w h i t e  c a t f i s h  i s  6 . 1 .  T h i s  v a l u e  i s  e x p e c te d  to  

b e  an  u n d e r e s t i m a t i o n  b e c a u s e  f i s h  w e re  n o t  r e g u l a r l y  consum ing  th e  

d a i l y  r a t i o n .

C om parison  o f  DAFTs s u g g e s t s  t h a t  d i e t a r y  Kepone and  

d i e l d r i n  h a v e  a  r e l a t i v e l y  low p o t e n t i a l  f o r  a c c u m u la t io n  i n  c h a n n e l  

c a t f i s h .  H owever, i n  c o n t r a s t  t o  K epone, f o r  w h ich  r e s i d u e s  i n  

Jam es R iv e r  f i s h  a r e  l o w e s t  i n  c h a n n e l  c a t f i s h ,  d i e l d r i n  l e v e l s  i n  

c h a n n e l  c a t f i s h  c o l l e c t e d  from  Iowa s t r e a m s  w e re  h i g h e r  t h a n  i n  any 

o t h e r  s p e c i e s  a n a ly z e d  ( M o r r i s  and  J o h n s o n ,  1 9 7 1 ) .  T h ese  a u t h o r s  

a t t r i b u t e d  t h e  h i g h  r e s i d u e s  o f  d i e l d r i n  i n  c h a n n e l  c a t f i s h  to  t h i s  

s p e c i e s  s p e n d in g  more t im e  c l o s e  to  d i e l d r i n - l a d e n  b o t to m  s e d im e n t  

t h a n  o t h e r  s p e c i e s .

A lth o u g h  t h e  d i e t a r y  a c c u m u la t i o n  in d e x  i s  d e f i n e d  a s  t h e  

e q u i l i b r i u m  r e s i d u e  l e v e l  o f  d i e t a r y  p e s t i c i d e  i n  f i s h  d i v i d e d  by  

t h e  am ount o f  p e s t i c i d e  a v a i l a b l e  i n  t h e  d i e t ,  e q u a t i o n s  ( 1 0 ) and  ( 1 1 ) 

show t h a t  t h e  DAF i s  e q u i v a l e n t  t o  K ^ / ^ .  C om parison  o f  u p t a k e  and
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c l e a r a n c e  r a t e  c o n s t a n t s  f o r  v a r i o u s  o r g a n o c h l o r i n e  p e s t i c i d e s  i n  

d i f f e r e n t  s p e c i e s  r e v e a l s  t h a t  t h e  o b s e r v e d  f o r  Kepone i n  c h a n n e l  

c a t f i s h  i s  s l i g h t l y  lo w e r  t h a n  v a l u e s  o f  f o r  d i e l d r i n  i n  c h a n n e l  

c a t f i s h  and  r a in b o w  t r o u t  b u t  h i g h e r  t h a n  K ^ 's  o b s e r v e d  f o r  DDT i n  

r a in b o w  t r o u t  ( T a b le  8 ) .  C le a r a n c e  r a t e  c o n s t a n t s  f o r  Kepone and 

d i e l d r i n  i n  c h a n n e l  c a t f i s h  e x c e e d  t h o s e  o b s e r v e d  f o r  p e s t i c i d e s  i n  

a l l  o t h e r  s p e c i e s .  T h e r e f o r e ,  t h e  low DAF's o b s e r v e d  f o r  c h a n n e l  

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

A lth o u g h  t h e  p o t e n t i a l  f o r  a c c u m u la t i o n  o f  a  p e s t i c i d e  

i n  f i s h  i s  l a r g e l y  c o n t r o l l e d  by  t h e  n a t u r e  o f  t h e  p e s t i c i d e  i t s e l f ,  

e x a m in a t io n  o f  Jam es R iv e r  f i e l d  d a t a ,  d i e t a r y  a c c u m u la t io n  f a c t o r s  

and  c l e a r a n c e  r a t e s  i n d i c a t e  t h a t  t h e r e  a r e  s p e c i e s  d i f f e r e n c e s  i n  

t h e  a b i l i t y  to  a c c u m u la te  Kepone r e s i d u e .

S p e c i e s  d i f f e r e n c e s  i n  t h e  t i s s u e  d i s t r i b u t i o n  o f  Kepone 

a r e  n o t  o u t s t a n d i n g .  F o r  e x a m p le ,  s p o t  c o n t a i n e d  h i g h e s t  r e s i d u e s  o f  

Kepone i n  t h e  b r a i n  f o l lo w e d  by  l i v e r ,  g i l l s  and  m u sc le  (B ah n e r  e t  a l . , 

1 9 7 7 ) .  T hese  a u t h o r s  d i d  n o t  r e p o r t  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  

Kepone i n  o t h e r  t i s s u e s .  However, t h e  r e l a t i v e  am ount o f  Kepone 

fo u n d  i n  t h e s e  t i s s u e s  o f  c h a n n e l  c a t f i s h  and  w h i t e  c a t f i s h ,  f o l l o w s  

th e  same p a t t e r n .  A n a l y s i s  o f  t i s s u e s  i n  Jam es R iv e r  e e l s  (H ed g ep e th  

and  S t e h l i k ,  1979) i n d i c a t e d  t h a t ,  a s  i n  c h a n n e l  c a t f i s h  and w h i t e  

c a t f i s h ,  e e l s  m a i n t a i n  h i g h e r  c o n c e n t r a t i o n s  o f  K epone i n  m u s c le  

t i s s u e  th a n  a d i p o s e  t i s s u e .  D i f f e r e n c e s  do o c c u r  i n  t h e  f a t / m u s c l e  

r a t i o :  t h e  f a t / m u s c l e  r a t i o  o f  e e l s  (= 0 . 9 )  i s  i d e n t i c a l  t o  t h a t

o f  w h i t e  c a t f i s h  (= 0 .9 )  b u t  n o t  t h a t  o f  c h a n n e l  c a t f i s h  (= 0 . 6 ) .

U n l ik e  t i s s u e  d i s t r i b u t i o n  o f  p e s t i c i d e s  r e p o r t e d  by  o t h e r  

i n v e s t i g a t o r s ,  t h e  d a t a  from  t h e  p r e s e n t  s tu d y  a r e  e x p r e s s e d  i n  te rm s
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o f  d ry  w e ig h t  an d  a r e  u n a f f e c t e d  by  w a t e r  c o n t e n t s  o f  d i f f e r e n t  t i s s u e s .  

R e s id u e s  i n  t i s s u e s  h a v i n g  a  h i g h  w a t e r  c o n t e n t  ( e . g .  b lo o d )  w i l l  a p p e a r

r e l a t i v e l y  h i g h  when e x p r e s s e d  i n  te rm s  o f  d ry  w e ig h t  a s  o p p o sed  t o  w e t

w e i g h t .

W h ile  t h e  Kepone d i s t r i b u t i o n  p a t t e r n  shows s i m i l a r i t i e s  

i n  d i f f e r e n t  s p e c i e s  o f  f i s h ,  t h i s  t r e n d  d i f f e r s  from  t h e  d i s t r i b u t i o n  

p a t t e r n  o f  o t h e r  p e s t i c i d e s  i n  f i s h .  The m ost o b v io u s  d i f f e r e n c e  i s  

t h e  low a c c u m u la t i o n  o f  Kepone i n  a d i p o s e  t i s s u e  o f  w h i t e  c a t f i s h ,  

e e l  and p a r t i c u l a r l y  c h a n n e l  c a t f i s h .  The l i t e r a t u r e  i s  r e p l e t e  w i th

e v i d e n c e  t h a t  a d i p o s e  t i s s u e  i s  a  m a jo r  s t o r a g e  d e p o t  f o r  many

l i p o p h i l i c  compounds i n c l u d i n g :  c h l o r d a n e  i n  g o l d f i s h  ( C a r a s s i u s

a u r a t u s )  i n  w h ich  a  f a t / m u s c l e  r a t i o  o f  a p p r o x im a te ly  2 2  was found  

(Moore ejt a T . , 1977) ; DDT and d i e l d r i n  i n  ra in b o w  t r o u t  i n  w h ich  

f a t / m u s c l e  r a t i o s  o f  a p p r o x im a te ly  80 and  43 w ere  fo u n d  (Macek e t  a l . ,

1970) and  DDT and d i e l d r i n  i n  g o l d f i s h  i n  w h ich  f a t / m u s c l e  r a t i o s  o f  

23 and  30 w ere  found  (G rzen d a  e t  a l . ,  1970; G rzenda  et̂  a l . ,  1 9 7 1 ) .  A 

s i m i l a r  t r e n d  i s  e v i d e n t  i n  b i r d s  and mammals ( F in d l a y  and de F r e i t a s ,

1971; I v i e  e t  a l . ,  19 74; M eh en d a le ,  e t  a l . , 1 9 7 2 ) .

I n  a d d i t i o n  t o  a d i p o s e  t i s s u e ,  l i v e r  h a s  b e e n  found  t o  b e  

a  m a jo r  s t o r a g e  s i t e  o f  p e s t i c i d e s  i n  some s p e c i e s  i n c l u d i n g  DDT i n  

d o g f i s h  (S q u a lu s  a c a r i t h i a s ) (D v o rc h ik  and  M aren , 19 72) and DDT and 

m i r e x  i n  w i n t e r  f l o u n d e r  ( P s e u d o p l e u r o n e c t e s  a m e r ic a n u s ) ( P r i t c h a r d  

e t  a l . , 1 9 7 3 ) .

The p re d o m in a n t  l i p i d s  found  i n  t h e  a d i p o s e  t i s s u e  and l i v e r  

o f  f i s h  a r e  t r i a c y l g l y c e r i d e s ,  o f t e n  r e f e r r e d  t o  a s  " n e u t r a l  l i p i d s "  

b e c a u s e  o f  t h e i r  n o n - p o l a r  n a t u r e .  A d ip o se  t i s s u e  i s  composed o f  

a p p r o x im a te ly  90 p e r c e n t  t r i a c y l g l y c e r i d e s  i n  m ost a n i m a l s .  The 

te n d a n c y  f o r  l i p o p h i l i c  compounds t o  a c c u m u la te  i n  t h e s e  t i s s u e s
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s u g g e s t s  t h a t  t r i a c y l g l y c e r i d e s  a r e  t h e  m a jo r  compounds i n v o l v e d  

i n  p e s t i c i d e  s t o r a g e .  T h i s  l i n e  o f  t h o u g h t  i s  s u p p o r t e d  by t h e  

o b s e r v a t i o n  t h a t  PCB r e s i d u e  l e v e l s  i n  p ig e o n  t i s s u e s  Cde F r e i t a s  

and  N ors tom , 1974) an d  DDT r e s i d u e s  i n  cod t i s s u e s  ( M i t c h e l l  e t  a l . ,

1977) show a  s m a l l e r  r a n g e  o f  v a l u e s  when e x p r e s s e d  on a  t r i a c y l -  

g l y c e r i d e  b a s i s  r a t h e r  t h a n  on  a  t o t a l  l i p i d  b a s i s .  However, low 

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

A m eric an  e e l  an d  p a r t i c u l a r l y  i n  c h a n n e l  c a t f i s h  i n d i c a t e  t h a t  

t r i a c y l g l y c e r i d e s  a r e  n o t  m a jo r  s t o r a g e  compounds f o r  a c c u m u la t io n  

o f  Kepone i n  t h e s e  s p e c i e s .

A l a c k  o f  a s s o c i a t i o n  b e tw e e n  Kepone an d  t r i a c y l g l y c e r i d e s  

i s  a l s o  i n d i c a t e d  by  r e s u l t s  o f  p la sm a  b i n d i n g  s t u d i e s  o f  Kepone i n  

human b lo o d  (S k a l s k y  e t  a l . ,  1 9 7 9 ) .  G el f i l t r a t i o n  c h ro m a to g ra p h y  

r e v e a l e d  an  a s s o c i a t i o n  o f  Kepone w i th  h ig h  d e n s i t y  l i p o p r o t e i n s  and 

to  a l e s s e r ,  th o u g h  s u b s t a n t i a l ,  d e g re e  w i t h  a lb u m in  i n  human se ru m .

The m a jo r  l i p i d  f r a c t i o n  o f  h ig h  d e n s i t y  l i p o p r o t e i n s  i n  mammals a r e  

c h o l e s t e r o l  e s t e r s  and  p h o s p h o l i p i d s .  I n  c o n t r a s t ,  DDT and  DDE h av e  

b e e n  shown to  a s s o c i a t e  p r i m a r i l y  w i t h  t r i a c y l g l y c e r i d e - r i c h  low 

d e n s i t y  and  v e r y  low  d e n s i t y  l i p o p r o t e i n s  (M organ e t  a l . ,  1 9 7 2 ) .

P lasm a  l i p o p r o t e i n s  s e r v e  a s  t r a n s p o r t  v e s s e l s  f o r  v a r i o u s  

w a te r  i n s o l u b l e  com pounds. D i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  p e s t i c i d e s  

may t h e r e f o r e  b e  i n f l u e n c e d  by  d i f f e r e n c e s  i n  b lo o d  t r a n s p o r t  m ech an ism s . 

F o r  ex am p le ,  t h e  v e r y  low  d e n s i t y  l i p o p r o t e i n s  an d  low d e n s i t y  l i p o ­

p r o t e i n s  t r a n s p o r t  t r i a c y l g l y c e r i d e s  an d  p re s u m a b ly  a s s o c i a t e d  p e s t i ­

c i d e s  ( e . g .  DDT) to  a d i p o s e  d e p o s i t s .  P e s t i c i d e s  n o t  a s s o c i a t e d  w i t h  

t r i a c y l g l y c e r i d e  r i c h  l i p o p r o t e i n s  ( e . g .  Kepone) w ou ld  n o t  b e  e x p e c te d  

t o  a c c u m u la te  to  a  l a r g e  d e g r e e  i n  a d i p o s e  t i s s u e .
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A lth o u g h  m a jo r  d i f f e r e n c e s  i n  l i p i d  m e ta b o l i s m  and  p la sm a  

l i p o p r o t e i n  c o m p o s i t i o n  e x i s t  b e tw e e n  mammals and  f i s h  (C o w ey  and  

S a r g e n t ,  1972; M i l l s  an d  T a y l a u r ,  1971; Kayama and  I i j i m a ,  1 9 7 6 ) ,  t h e  

t r e n d  to w a rd s  low  a c c u m u l a t i o n  o f  K epone i n  t h e  a d i p o s e  t i s s u e  o f  

mammals ( E g le  e t  a l . ,  1978) and  f i s h  s u g g e s t s  t h a t  f a c t o r s  i n f l u e n c i n g  

t h e  p a r t i t i o n i n g  o f  K epone may b e  s i m i l a r  i n  b o t h  a n im a l  c l a s s e s .

F o l lo w in g  t h e  l o g i c  o f  S k a ls k y  e_t a l .  (1979 )  t h e  p r e ­

dom inance  o f  K epone i n  t h e  p la sm a  f r a c t i o n  o f  w h o le  b lo o d  and  n e g l i g i b l e  

c o n c e n t r a t i o n s  o f  Kepone i n  t h e  u r i n e  i s  e v i d e n c e  t h a t ,  a s  i n  hum ans, 

Kepone may b e  b ound  t o  p la s m a  l i p o p r o t e i n s  i n  t h e  b lo o d  o f  c h a n n e l  

c a t f i s h .  R e l a t i v e l y  h ig h  r e s i d u e  l e v e l s  o f  K epone i n  t h e  p h o s p h o l i p i d  

and  c h o l e s t e r o l  e s t e r  r i c h  b r a i n  t i s s u e s  i n d i c a t e s  t h a t  Kepone may 

a l s o  b e  t r a n s p o r t e d  by  t h e  h ig h  d e n s i t y  l i p o p r o t e i n s  i n  f i s h .  The 

c h o l e s t e r o l  l e v e l  i n  t h e  p la sm a  o f  t e l e o s t  f i s h  i s  much h i g h e r  t h a n  

t h a t  o f  mammals ( L a r s s o n  and  F a n g e ,  1 9 7 7 ) .  I f  t h e r e  i s  a n  a s s o c i a t i o n  

o f  Kepone w i t h  c h o l e s t e r o l  i n  t h e  b lo o d  o f  f i s h ,  t h e n  t h e r e  w o u ld  be  

a  r e l a t i v e l y  l a r g e  number o f  v e s s e l s  a v a i l a b l e  f o r  t r a n s p o r t  o f  Kepone 

to  c h o l e s t e r o l  r i c h  t i s s u e s  ( e . g .  b r a i n )  r e s u l t i n g  i n  r e l a t i v e l y  l a r g e  

am oun ts  o f  Kepone i n  t h e s e  t i s s u e s .

U n d o u b te d ly ,  t h e  s t r u c t u r e  o f  Kepone i t s e l f  p l a y s  a  m a jo r  

r o l e  i n  i t s  p a r t i t i o n i n g  p a t t e r n s .  T h e re  i s  s u b s t a n t i a l  e v i d e n c e  t h a t  

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

r e l a t e d  to  t h e  r e l a t i v e  s o l u b i l i t y  o f  t h e  compounds i n  w a t e r  and  f a t s  

(H am e lin k  ^ t  a l . ,  1971 ; C hiou  et: a l . ,  1977) . Any f a c t o r  w h ic h  i n c r e a s e s  

t h e  w a t e r  s o l u b i l i t y  o r  d e c r e a s e s  t h e  f a t  s o l u b i l i t y  o f  a  compound 

w i l l  r e d u c e  t h e  d e g r e e  t o  w h ic h  i t  a c c u m u la te s  i n  t i s s u e s .  S t r u c t u r a l l y ,  

Kepone r e s e m b le s  m i r e x ,  d i f f e r i n g  o n ly  i n  t h e  s u b s t i t u t i o n  o f  two



c h l o r i n e  a tom s  i n  m ire x  f o r  a  c a r b o n y l  g ro u p  i n  K epone . The p o s s e s s i o n  

o f  t h i s  c a r b o n y l  g ro u p  r e s u l t s  i n  a  p o l a r  m o le c u le  w h ic h  i s  2 , 0 0 0  t im e s  

m ore s o l u b l e  i n  w a t e r  t h a n  m i r e x .  The w a t e r  s o l u b i l i t i e s  o f  K epone 

a n d  m i r e x  a r e  2 .0  an d  0 .0 0 1  m g/1 r e s p e c t i v e l y  ( .N a t io n a l  Academy o f  

S c i e n c e ,  1978) a s  com pared  t o  0 . 0 5 - 0 . 2 5  m g/1 f o r  d i e l d r i n  a n d  0 .0 0 1 2  

m g/1 f o r  DDT ( M e t c a l f ,  19 7 6 ) .  B ased  on  i t s  h i g h  w a t e r  s o l u b i l i t y  

a l o n e ,  K epone w o u ld  n o t  be  e x p e c t e d  t o  h a v e  a s  g r e a t  a  p o t e n t i a l  f o r  

a c c u m u l a t i o n  i n  f a t s  as  t h e  l e s s  w a t e r  s o l u b l e  com pounds.

R e s id u e  c o n c e n t r a t i o n s  o f  some l i p o p h i l i c  compounds h a v e  b e e n  

fo u n d  to  b e  r e l a t e d  t o  t h e  s i z e  o f  a  g iv e n  s p e c i e s .  F o r  e x a m p le ,

B u lk l e y  e t  a l .  (19 76) fo u n d  t h a t  l a r g e  c h a n n e l  c a t f i s h  a c c u m u la te d  

h i g h e r  r e s i d u e  c o n c e n t r a t i o n s  o f  d i e l d r i n  t h a n  s m a l l e r  f i s h  f e d  a t  

t h e  same r a t e .  R e s id u e s  o f  DDT i n  l a k e  t r o u t  C S a lv e l in u s  nam aycush) 

a n d  coho s a lm o n  (O n co rh y n ch u s  k i s u t c h ) i n c r e a s e d  a s  t h e  s i z e  o f  t h e  

f i s h  i n c r e a s e d  ( R e i n e r t  and  B ergm an, 1 9 7 4 ) .  G e n e r a l ly *  f a t  ( i . e .  

t r i a c y l g l y c e r i d e )  c o n t e n t  i n c r e a s e s  w i t h  s i z e  and  age  i n  m ost s p e c i e s  

o f  f i s h  ( S h u l 'm a n ,  1 9 6 0 ) .  T h e r e f o r e ,  r e s i d u e s  o f  p e s t i c i d e s  w h ic h  

h a v e  a  h i g h  a f f i n i t y  f o r  body  f a t  w i l l  t e n d  t o  i n c r e a s e  a s  a  f u n c t i o n  

o f  s i z e .  Low a c c u m u l a t i o n  o f  K eppne i n  t h e  t r i a c y l g l y c e r i d e s  o f  f i s h  

may h e l p  to  e x p l a i n  why B e n d e r  je t  A l .  C1977) fo u n d  no r e l a t i o n s h i p  

b e tw e e n  K epone r e s i d u e  c o n c e n t r a t i o n s  and  f i s h  s i z e  i n  any  o f  t h e  

s p e c i e s  o f  Jam es R iv e r  f i s h  t e s t e d  i n c l u d i n g  c h a n n e l  c a t f i s h  ( F i g u r e  6 ) .

T he  low p o t e n t i a l  f o r  a c c u m u la t io n  o f  Kepone i n  c h a n n e l  

c a t f i s h  may b e  p a r t i a l l y  a t t r i b u t e d  to  t h e  low  a f f i n i t y  o f  K epone f o r  

t h e  a d i p o s e  t i s s u e  o f  t h i s  s p e c i e s .  H ow ever,  a s  t h e  r e s u l t s  o f  t h i s  

an d  o t h e r  s t u d i e s  h a v e  shown, t h e  r e l a t i v e  d i s t r i b u t i o n  o f  Kepone i n  

d i f f e r e n t  s p e c i e s  o f  f i s h  i s  s i m i l a r .  The m a jo r  d i f f e r e n c e s  l i e  i n
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F i g u r e  6 Kepone c o n c e n t r a t i o n s  i n  c h a n n e l  c a t f i s h  c o l l e c t e d  

from  t h e  James R iv e r  v e r s u s  l e n g t h  o f  f i s h .

( d a t a  f ro m  B en d e r  e t  a l . ,  1977)
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t h e  a b s o l u t e  c o n c e n t r a t i o n s  o f  K epone r e s i d u e s  t h a t  t h e  t i s s u e s  o f  

d i f f e r e n t  s p e c i e s  w i l l  a c c u m u la t e .  The r a p i d  c l e a r a n c e  r a t e  o f  Kepone 

b y  c h a n n e l  c a t f i s h  i n d i c a t e s  t h a t  t h e  low p o t e n t i a l  f o r  a c c u m u la t io n  

o f  K epone i n  t h i s  s p e c i e s  i s  t h e  r e s u l t  o f  a  r e l a t i v e l y  e f f i c i e n t  

e x c r e t i o n  m e c h a n i s m ( s ) .

B i l i a r y  e x c r e t i o n  o f  a  num ber o f  c h l o r i n a t e d  h y d ro c a rb o n  

p e s t i c i d e s  h a s  b e e n  d o cu m en ted .  I n  mammals, b i l i a r y  e x c r e t i o n  v i a  

t h e  f e c a l  m a t e r i a l  i s  t h e  u l t i m a t e  pa thw ay  f o r  e l i m i n a t i o n  o f  t h e s e  

com pounds. H ow ever, e x t e n s i v e  e x c r e t i o n  v i a  t h i s  pa thw ay  o f t e n  o c c u r s  

o n l y  a f t e r  m e t a b o l i c  t r a n s f o r m a t i o n  o f  t h e s e  com pounds. F o r  ex am p le ,  

i n  r a t s  r e c e i v i n g  i n t r a v e n o u s  d o s e s  o f  DDT, m o s t  o f  t h e  b i l i a r y  

p e s t i c i d e  was i n  t h e  fo rm  o f  t h e  m ore w a t e r  s o l u b l e  m e t a b o l i t e  DDA 

(S m ith ,  1 9 7 6 ) .  S i m i l a r l y ,  a l d r i n  and  d i e l d r i n  a r e  e x c r e t e d  i n  t h e  

b i l e  o f  r a t s  a lm o s t  e n t i r e l y  i n  t h e  fo rm  o f  h y d r o p h i l i c  m e t a b o l i t e s  

( S m i th ,  1 9 7 6 ) .  The p r i n c i p a l  o r g a n  i n v o l v e d  i n  m e ta b o l i s m  o f  f o r e i g n  

compounds i s  t h e  l i v e r ,  b u t  m e ta b o l i s m  o f  t h e s e  compounds h a s  a l s o  

b e e n  shown t o  o c c u r  i n  o t h e r  t i s s u e s  s u c h  a s  t h e  g a s t r o i n t e s t i n a l  

t r a c t ,  k i d n e y s ,  b l o o d  and  i n t e s t i n a l  f l o r a  (S m ith ,  19 7 6 ) .

B i l i a r y  e x c r e t i o n  o f  c h l o r d e c o n e  (K epone) h a s  b e e n  o b s e r v e d  

i n  f o rm e r  em p lo y ees  o f  L i f e  S c i e n c e  P r o d u c t s ,  I n c .  (B o y la n  e t  a l . ,  

1 9 7 9 ) .  The am ount o f  c h l o r d e c o n e  and  c h l o r d e c o n e  a l c o h o l  e x c r e t e d  

i n t o  t h e  i n t e s t i n e s  w i t h  t h e  b i l e  was f o u r  t im e s  g r e a t e r  t h a n  t h a t  

w h ich  was e l i m i n a t e d  i n  t h e  s t o o l .  T hese  r e s u l t s  i n d i c a t e  t h a t  b i l i a r y  

c h l o r d e c o n e  may b e  r e a b s o r b e d  by  t h e  g u t  a lo n g  w i t h  th e  b i l e  s a l t s  

d u r i n g  e n t e r o h e p a t i c  r e c i r c u l a t i o n .

The s i g n i f i c a n c e  o f  t h e  b i o t r a n s f o r m a t i o n  o f  c h lo rd e c o n e  

to  c h l o r d e c o n e  a l c o h o l  an d  s u b s e q u e n t  g l u c u r o n i d e  c o n j u g a t i o n  w i t h



r e s p e c t  to  e x c r e t i o n  e f f i c i e n c y  i n  u n c l e a r .  G e n e r a l l y ,  g l u c u r o n i d e  

f o r m a t i o n  r e s u l t s  i n  t h e  m ore  r a p i d  e x c r e t i o n  o f  a  f o r e i g n  compound 

b e c a u s e  o f  i t s  d e c r e a s e d  l i p i d  s o l u b i l i t y .  I n  human b i l e ,  10—15 p e r  

c e n t  o f  t h e  c h l o r d e c o n e  a n d  98 p e r  c e n t  o f  t h e  c h l o r d e c o n e  a l c o h o l  

w e re  p r e s e n t  a s  g l u c u r o n i d e  c o n j u g a t e s .  H ow ever, t h e s e  c o n j u g a t e s  

a r e  n o t  p r e s e n t  i n  t h e  s t o o l .  S t o o l  c o n t a i n e d  c h l o r d e c o n e  (40  yg  

e x c r e t e d  i n  24 h o u r s )  an d  c h l o r d e c o n e  a l c o h o l  (161  yg  e x c r e t e d  i n  24 

h o u r s )  i n  t h e  u n c o n j u g a te d  fo rm . T hese  r e s u l t s  i n d i c a t e  t h a t  unco n ­

j u g a t e d  c h l o r d e c o n e  a l c o h o l  i s  t h e  p r e d o m in a te  fo rm  i n  w h ic h  t h e  

p e s t i c i d e  i s  e x c r e t e d  by  hum ans.

I n  f i s h ,  t h e  m echanism s in v o l v e d  i n  t h e  m e ta b o l i s m  o f  

f o r e i g n  compounds a r e  g e n e r a l l y  b e l i e v e d  to  b e  l e s s  w e l l  d e v e lo p e d  

th a n  th o s e  o p e r a t i n g  i n  mammals ( F o r s t e r  and  G o l d s t e i n ,  1 9 6 9 ) .  

N o n e t h e l e s s ,  s t u d i e s  on  t h e  enzyme s y s te m s  o f  f i s h  h a v e  r e v e a l e d  

m e t a b o l i c  an d  c o n j u g a t i o n  m echanism s w h ic h  a r e  in v o l v e d  i n  t h e  e x c r e t i o n  

o f  p e s t i c i d e s .  T r o u t ,  s a lm o n  and  cod c o n t a i n  u r i d i n e  d ip h o s p h a t e  

g l u c u r o n i c  a c i d ,  an d  g l u c u r o n i d e  f o r m a t io n  h a s  b e e n  d e m o n s t r a t e d  u s in g  

t r o u t  l i v e r  h o m o g e n a te s  i n  v i t r o  ( F o r s t e r  and  G o l d s t e i n ,  1 9 6 9 ) .  I n  

s t u d i e s  i n v o l v i n g  t h e  m e ta b o l i s m  o f  B a y e r  73 ( a  s e a  la m p rey  l a r v i c i d e )  

S ta th a m  and  Lech (1975) r e c o v e r e d  40 p e r  c e n t  o f  t h e  compound i n  t h e  

b i l e  o f  ra in b o w  t r o u t  f o l l o w i n g  aqueous  e x p o s u r e .  The m a t e r i a l  i n  

t h e  b i l e  was a  g l u c u r o n i d e  c o n j u g a t e  o f  B ayer  73. G o l d f i s h  e x p o se d  

to  a  DDT c o n ta m in a te d  d i e t  c o n t a i n e d  24 p e r  c e n t  DDT and  76 p e r c e n t  

DDE i n  t h e i r  b i l e  (G rz e n d a  je t a l . , 19701 . No m e t a b o l i t e s  o f  d i e l d r i n  

w e re  fo u n d  i n  g o l d f i s h  f e d  a  d i e l d r i n  c o n ta m in a te d  d i e t  CGrzenda e t  a l . ,

1 9 7 1 ) .  P r i t c h a r d  e t  a i . (1973)  r e p o r t e d  t h a t  b i l i a r y  e x c r e t i o n  o f  

DDT and  m ire x  by  w i n t e r  f l o u n d e r  e q u a l e d  6 .5  p e r c e n t  and  2 .2  p e r c e n t
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o f  t h e  t o t a l  body  b u r d e n  o f  t h e s e  p e s t i c i d e s  o v e r  a  one  week p e r i o d .

The a u t h o r s  d i d  n o t  r e p o r t  t h e  m e thods  u s e d  i n  d e t e r m in i n g  t h e s e  v a l u e s . 

No m e t a b o l i t e s  o f  e i t h e r  p e s t i c i d e  w e re  d e t e c t e d  d u r i n g  t h e  o n e  w eek 

p e r i o d .  H igh  r e s i d u e s  o f  u n a l t e r e d  c h l o r d a n e  i n  t h e  b i l e  o f  g o l d f i s h  

s u g g e s t  a  b i l i a r y  r o u t e  o f  e x c r e t i o n  f o r  t h i s  p e s t i c i d e  (D u c a t  and  

K han, 1 9 7 9 ) .

The r e s u l t s  o f  e n z y m a t ic  d i g e s t i o n  o f  b i l e  and  b lo o d  s a m p le s  

w i t h  3 - g l u c u r o n i d a s e  i n d i c a t e  t h a t  e i t h e r  t h e r e  w e re  no g l u c u r o n i d e  

c o n j u g a t e s  o f  Kepone and  i t s  m e t a b o l i t e s  o r  t h a t  t h e  c o n d i t i o n s  f o r  

e n z y m a t i c  d i g e s t i o n  w ere  n o t  a d e q u a t e  t o  b r e a k  t h e  c o n j u g a t e s .

The r e l a t i v e l y  low p e r c e n t a g e  o f  c h l o r d e c o n e  a l c o h o l  i n  

t h e  b i l e  o f  c h a n n e l  c a t f i s h  r e l a t i v e  t o  t h a t  fo u n d  i n  human b i l e  

s u g g e s t s  t h a t  t h e  m echanism s in v o l v e d  i n  t h e  r e d u c t i o n  o f  c h l o r d e c o n e  

a r e  n o t  a s  w e l l  d e v e lo p e d  i n  t h i s  s p e c i e s  a s  i n  hum ans. Though 

c h l o r d e c o n e  a l c o h o l  was shown to  b e  t h e  p r e d o m in a te  form  o f  c h l o r d e c o n e  

e x c r e t e d  i n  t h e  s t o o l  o f  hum ans, t h e  low l e v e l s  o f  c h lo r d e c o n e  a l c o h o l  

i n  t h e  b i l e  o f  c h a n n e l  c a t f i s h  w ou ld  n o t  b e  e x p e c t e d  to  s i g n i f i c a n t l y  

i n f l u e n c e  n e t  f e c a l  e x c r e t i o n  o f  c h l o r d e c o n e .  H owever, d i f f e r e n c e s  

o b s e r v e d  may be  t h e  r e s u l t  o f  humans b e i n g  e x p o se d  to  th e  p e s t i c i d e  

f o r  y e a r s  a s  com pared  to  days  o f  e x p o s u r e  i n  t h e  f i s h  r e c e i v i n g  IM 

i n j e c t i o n s  o f  K epone. M e t a b o l i c  m echan ism s o f  t r a n s f o r m a t i o n  may 

r e q u i r e  lo n g  p e r i o d s  o f  t im e  b e f o r e  o p e r a t i n g  a  f u l l  p o t e n t i a l .

E v id e n c e  f o r  a  non  b i l i a r y  m echan ism  f o r  t h e  e x c r e t i o n  o f  

Kepone w i t h  th e  f e c e s  o f  man and  r a t s  h a s  b e e n  p r e s e n t e d  by  B oy lan  

et^ a l . ( 1 9 7 9 ) .  As m e n t io n e d  p r e v i o u s l y ,  d i v e r s i o n  o f  t h e  b i l e  from  

t h e  human i n t e s t i n e s  t e r m i n a t e d  f e c a l  e x c r e t i o n  o f  c h lo r d e c o n e  a l c o h o l .  

H ow ever, t h e  am ount o f  f e c a l  c h l o r d e c o n e  i n c r e a s e d  f o l l o w i n g  b i l e
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d i v e r s i o n .  T hese  a u t h o r s  c o n c lu d e d  t h a t  c h l o r d e c o n e  e n t e r s  t h e  

i n t e s t i n a l  c o n t e n t s  f rom  a  n o n b i l i a r y  s o u r c e  and  t h a t  b i l e  i n h i b i t s  

e x c r e t i o n  v i a  t h i s  n o n b i l i a r y  r o u t e .  The m echanism  o f  t h e  n o n b i l i a r y  

pa thw ay  i s  unknown b u t  may i n v o l v e  d e s q u a m a t io n  o f  c h l o r d e c o n e - l a d e n  

c e l l s  l i n i n g  t h e  i n t e s t i n e  o r  t r a n s p o r t  d i r e c t l y  a c r o s s  t h e  i n t e s t i n a l  

m ucosa  (B o y la n  ejt aJL. ,  1978) .

To t h e  a u t h o r ’ s k n o w le d g e ,  t h e r e  i s  no l i t e r a t u r e  p e r t a i n i n g  

to  an  e x t r a b i l i a r y  s o u r c e  o f  f e c a l  p e s t i c i d e  i n  f i s h .  To v e r i f y  s u c h  

a  p a th w ay ,  e i t h e r  t h e  b i l e  o f  t h e  f i s h  i n  q u e s t i o n  w o u ld  h a v e  t o  be  

d i v e r t e d  o r  know ledge  o f  t h e  t o t a l  c o n t r i b u t i o n  o f  b i l i a r y  p e s t i c i d e  

to  t h e  e x c re m e n t  w o u ld  b e  n e e d e d .  H owever, c h a n n e l  c a t f i s h  i n  t h e  

d e p u r a t i o n  p h a s e  o f  t h e  f e e d i n g  s tu d y  c o n t a i n e d  r e l a t i v e l y  h i g h  l e v e l s  

o f  Kepone r e s i d u e s  i n  t h e  i n t e s t i n a l  c o n t e n t s  as  w e l l  a s  i n  t h e  

i n t e s t i n e s  t h e m s e lv e s .  R e s id u e  c o n c e n t r a t i o n s  i n  t h e  i n t e s t i n a l  

c o n t e n t s  o f  f i s h  d u r i n g  t h e  d e p u r a t i o n  p h a s e  w e re  a p p r o x im a te ly  42 

p e r c e n t  a s  h i g h  as  t h e  c o n c e n t r a t i o n s  fo u n d  i n  t h e  b i l e .  I f  t h e  t o t a l  

f e c a l  K epone was d e r i v e d  from  b i l i a r y  Kepone a l o n e ,  t h e n  t h e  c o n t r i b u t i o n  

o f  b i l e  to  t h e  t o t a l  w e ig h t  o f  t h e  i n t e s t i n a l  c o n t e n t s  w o u ld  be 42 

p e r c e n t .  Such a  l a r g e  c o n t r i b u t i o n  o f  b i l e  t o  t h e  t o t a l  w e ig h t  o f  t h e  

i n t e s t i n a l  c o n t e n t s  i s  u n l i k e l y  p a r t i c u l a r l y  s i n c e  f i s h  a r e  consum ing 

two p e r  c e n t  o f  t h e i r  body  w e ig h t  p e r  day  i n  f e e d .  The r e s u l t s  s u g g e s t  

t h a t  an  e x t r a b i l i a r y  s o u r c e  o f  f e c a l  K epone i s  p r e s e n t  i n  c h a n n e l  c a t f i s h .

E x c r e t i o n  o f  p e s t i c i d e  v i a  t h e  g i l l s  o f  f i s h  i s  p o o r l y  

u n d e r s t o o d .  R e s id u e s  o f  p e s t i c i d e s  d e t e c t e d  i n  t h e  g i l l s  o f  f i s h  h a v e  

b e e n  c i t e d  a s  e v i d e n c e  o f  g i l l  e x c r e t i o n  (Moore e t  a l . ,  1 9 7 7 ) .  How­

e v e r ,  m ere  p r e s e n c e  o f  p e s t i c i d e s  i n  g i l l  t i s s u e s  i s  n o t  s u b s t a n t i a l  

e v id e n c e  t h a t  t h i s  p r o c e s s  o c c u r s .  D e te r m in a t io n s  o f  t h e  t o t a l  amount



59

o f  p e s t i c i d e  e x c r e t e d  a c r o s s  t h e  g i l l s  a r e  c o m p l i c a t e d  b y  r e a b s o r p t i o n  

o f  e x c r e t e d  p e s t i c i d e s  t o  e p id e r m a l  s u r f a c e s  o f  f i s h  ( G a k s t a t t e r  and  

W e is s ,  1 9 6 7 ) .

Fromm and  H u n te r  (1969)  d e m o n s t r a t e d  t h a t  i s o l a t e d  p e r f u s e d  

g i l l s  o f  ra in b o w  t r o u t  c o u l d  a b s o rb  d i e l d r i n  f rom  w a t e r  i n t o  th e  

v a s c u l a r  s y s te m  a s  l o n g  a s  p la sm a  p r o t e i n s  w e re  p r e s e n t  i n  t h e  

p e r f u s i o n  f l u i d .  S in c e  t h e  d i e l d r i n  c o n c e n t r a t i o n  i n  t h e  p e r f u s i o n  

f l u i d  was a lw ays  l e s s  th a n  t h a t  fo u n d  i n  t h e  w a t e r ,  t h e  p ro p o s e d  

m echan ism  f o r  e n t r y  i n t o  t h e  v a s c u l a r  s y s te m  was o n e  o f  s im p l e  d i f f u s i o n .

F o l lo w in g  t h i s  l o g i c ,  f o r  f i s h  i n  w h ich  t h e  c o n c e n t r a t i o n  

o f  p e s t i c i d e  i n  t h e  b lo o d  i n  h i g h e r  th a n  t h a t  o f  t h e  s u r r o u n d i n g  w a t e r ,  

t h e  p e s t i c i d e  may b e  e x c r e t e d  a c r o s s  t h e  g i l l s  by  t h e  p r o c e s s  o f  

d i f f u s i o n .  H owever, D v o rc h ik  and  M aren (19 72) fo u n d  t h a t  g i l l  e x c r e t i o n  

o f  DDT by th e  d o g f i s h  was n e g l i g i b l e .  The a u t h o r s  a t t r i b u t e d  t h i s  

o b s e r v a t i o n  p r i m a r i l y  to  t h e  e x t r e m e l y  low w a t e r  s o l u b i l i t y  o f  DDT and 

t o  t h e  b i n d i n g  o f  DDT to  p la s m a  p r o t e i n s .  T hese  f a c t o r s ,  i n  a d d i t i o n  

to  t h e  r a p i d  u p t a k e  o f  DDT by  t i s s u e s  w o u ld  s e v e r e l y  l i m i t  t h e  p o s s i b i l i t y  

o f  d i f f u s i o n  a c r o s s  t h e  g i l l .  S i m i l a r l y ,  P r i t c h a r d  e t  a l . (.1 9 7 3 ) 

a t t r i b u t e d  t h e  n e g l i g i b l e  g i l l  e x c r e t i o n  o f  m i r e x  and  DDT b y  w i n t e r  

f l o u n d e r  t o  p la sm a  b i n d i n g  o f  t h e s e  p e s t i c i d e s .

I n  c h a n n e l  c a t f i s h ,  s i g n i f i c a n t  e x c r e t i o n  o f  K epone a c r o s s  

t h e  g i l l s  may b e  e x p l a i n e d  i n  p a r t  by  t h e  h i g h  w a t e r  s o l u b i l i t y  o f  

K epone com pared  to  m irex  and  DDT. A ls o ,  i n  c o n t r a s t  to  DDT u p ta k e  

b y  d o g f i s h  t i s s u e s ,  Kepone h a d  a  r e l a t i v e l y  low  a f f i n i t y  f o r  t h e  

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

o f  K epone i n  t h e  b l o o d  s t r e a m  o f  c h a n n e l  c a t f i s h  i n  c o n t r a s t  to  d o g f i s h  

i n  w h ic h  e s s e n t i a l l y  a l l  o f  t h e  a d m i n i s t e r e d  DDT was p r e s e n t  i n  t h e
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l i v e r  72 h o u r s  a f t e r  e x p o s u r e .  T h u s ,  i n  c h a n n e l  c a t f i s h  t h e r e  i s  a 

r e l a t i v e l y  l a r g e  am ount o f  K epone a v a i l a b l e  i n  t h e  b lo o d s t r e a m  f o r  

e x c r e t i o n  a c r o s s  t h e  g i l l s  by  w h a te v e r  m echan ism s a r e  i n v o l v e d .  T i s s u e  

d i s t r i b u t i o n  s t u d i e s  i n d i c a t e  t h a t  t h e  r e l a t i v e  am ount o f  Kepone 

p r e s e n t  i n  t h e  b lo o d  o f  c h a n n e l  c a t f i s h  ( b l o o d / c a r c a s s  r a t i o  = 3 .5 )  

i s  g r e a t e r  t h a n  t h a t  fo u n d  i n  t h e  b lo o d  o f  w h i t e  c a t f i s h  ( b l o o d / c a r c a s s  

r a t i o  -  2 .3 )  s u g g e s t i n g  t h a t  t h e  am ount o f  K epone a v a i l a b l e  f o r  

e x c r e t i o n  a c r o s s  t h e  g i l l s  i s  g r e a t e r  i n  c h a n n e l  c a t f i s h  th a n  w h i t e  

c a t f i s h .

V ery  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on  t h e  e l i m i n a t i o n  o f  

h y d r o c a r b o n s  a c r o s s  t h e  s k i n  s u r f a c e  o f  f i s h .  G uiney  et, a l .  (1977) 

r e p o r t e d  t h a t  r a in b o w  t r o u t  a c c u m u la te d  t e t r a c h l o r o b i p h e n y l  i n  t h e  

s k i n  an d  e l i m i n a t e d  t h i s  compound a c r o s s  t h e  s k i n  v e r y  s lo w ly .  V a r a n a s i  

e t  a l . (1978 )  d e m o n s t r a t e d  t h a t  r a in b o w  t r o u t  a r e  c a p a b le  o f  e l i m i n a t i n g  

s i g n i f i c a n t  am oun ts  o f  n a p h t h a l e n e  and  i t s  m e t a b o l i t e s  v i a  t h e  

e p i d e r m a l  m ucus. To t h e  a u t h o r ' s  k n o w le d g e ,  t h e r e  i s  no e v i d e n c e  i n  

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

i n  t h i s  w ay; n o r  i s  t h e r e  e v i d e n c e  t h a t  t h i s  p a th w ay  h a s  b e e n  i n v e s t i ­

g a t e d  f o r  t h e s e  com pounds. E p id e rm a l  mucus i s  c o n s t a n t l y  b e i n g  s lo u g h e d  

o f f  an d  renew ed  by  f i s h .  T h e r e f o r e ,  t h e  p r e s e n c e  o f  K epone i n  t h e  

mucus o f  c h a n n e l  c a t f i s h  i s  a  s t r o n g  i n d i c a t i o n  t h a t  t h i s  i s  an 

i m p o r t a n t  p a thw ay  f o r  t h e  e x c r e t i o n  o f  t h i s  compound. Albumen i s  a 

m a jo r  c o n s t i t u e n t  o f  t h e  e p i d e r m a l  mucus (Van O o s te n ,  1957) a s  w e l l  a s  

t h e  b lo o d  p la s m a  o f  f i s h  (F e e n e y  an d  Brown, 1 9 7 4 ) .  Albumen h a s  a l s o  

b e e n  fo u n d  to  e x h i b i t  a  h i g h  d e g r e e  o f  a s s o c i a t i o n  w i t h  K epone i n  

human b l o o d  ( S k a l s k y  e t  a l . ,  1 9 7 9 ) .  A l th o u g h  t h e s e  o b s e r v a t i o n s  may 

h a v e  r e l e v a n c e  to  t h e  t o p i c  o f  Kepone e x c r e t i o n  i n  e p id e r m a l  m ucus,
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any  m echan ism  p r o p o s e d  a t  t h i s  t im e  f o r  e x c r e t i o n  o f  p e s t i c i d e  b y  t h i s  

r o u t e  w o u ld  b e  b a s e d  on  c o n j e c t u r e .

G e n e r a l l y  u r i n a r y  e x c r e t i o n  o f  c h l o r i n a t e d  h y d r o c a r b o n  

p e s t i c i d e s  h a s  b e e n  fo u n d  t o  b e  s l i g h t  i n  m os t  s p e c i e s .  U r in a r y  

e x c r e t i o n  o f  c h l o r d e c o n e  by  man ( S k a l s k y  a t  a l . , 1979) and  r a t s  

( E g le  e t  a l . , 1978) h a s  b e e n  fo u n d  to  b e  n e g l i g i b l e .  T h e re  i s  no 

e v i d e n c e  f o r  s i g n i f i c a n t  e x c r e t i o n  o f  t h e s e  compounds w i t h  u r i n e  i n  

f i s h .  T h e re  i s  e v i d e n c e  t h a t  an  i m p o r t a n t  f a c t o r  g o v e r n in g  t h e  

u r i n a r y  e x c r e t i o n  o f  a  compound i s  i t s  m o l e c u l a r  w e i g h t .  Compounds 

h a v i n g  a  m o l e c u l a r  w e ig h t  o f  300 o r  g r e a t e r  a r e  g e n e r a l l y  n o t  e f f i c i e n t l y  

e x c r e t e d  w i t h  u r i n e  (S m i th ,  1976) . N e g l i g i b l e  q u a n t i t i e s  o f  Kepone 

( m o l e c u l a r  w e i g h t ,  491) w o u ld  t h e r e f o r e  b e  e x p e c t e d  i n  t h e  u r i n e  o f  

c h a n n e l  c a t f i s h  and  o t h e r  s p e c i e s .



SUMMARY AND CONCLUSIONS

C a l c u l a t i o n  an d  c o m p a r is o n  o f  d i e t a r y  a c c u m u la t io n  f a c t o r s  

p r o v i d e s  e v i d e n c e  t h a t  d i e t a r y  K epone h a s  a  r e l a t i v e l y  low  p o t e n t i a l  

f o r  a c c u m u la t io n  i n  c h a n n e l  c a t f i s h .  The low  v a l u e  f o r  t h e  DAF may 

b e  p a r t i a l l y  a t t r i b u t e d  t o  t h e  l a c k  o f  a s s o c i a t i o n  b e tw e e n  Kepone and 

t h e  t r i a c y l g l y c e r i d e - r i c h  t i s s u e s  o f t e n  a s s o c i a t e d  w i t h  s t o r a g e  o f  

c h l o r i n a t e d  h y d r o c a r b o n  p e s t i c i d e s .  K epone a p p e a r s  to  h a v e  a  g r e a t e r  

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

H ow ever,  t h i s  t r e n d  i s  e v i d e n t  i n  s p e c i e s  w h ic h  e x h i b i t e d  h i g h e r  

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

The u p t a k e  r a t e  c o n s t a n t  f o r  d i e t a r y  Kepone i n  c h a n n e l  

c a t f i s h  (Kj_ = 0 .2 3 7  d a y " l )  l i e s  w i t h i n  a  r a n g e  o f  K-^'s c a l c u l a t e d  f o r  

t h e  u p t a k e  o f  d i e l d r i n  an d  DDT by  v a r i o u s  f i s h  s p e c i e s .  H ow ever, t h e  

c l e a r a n c e  r a t e  c o n s t a n t  f o r  d i e t a r y  K epone i n  c h a n n e l  c a t f i s h  (K-2 =

0 .0 8 0  day “ l ;  t,  = 8 .7  d a y s )  i s  g r e a t e r  th a n  t h a t  d e t e r m in e d  f o r  a l l
'2

o t h e r  s p e c i e s .  T h e r e f o r e ,  t h e  low  a c c u m u la t io n  o f  d i e t a r y  K epone 

i n  c h a n n e l  c a t f i s h  may b e  t h e  r e s u l t  o f  r e l a t i v e l y  e f f i c i e n t  e x c r e t i o n  

m e c h a n is m s .

T h i s  s t u d y  p r o v i d e s  e v i d e n c e  t h a t  Kepone may b e  e x c r e t e d  

w i t h  t h e  i n t e s t i n a l  c o n t e n t s  v i a  b i l i a r y  and e x t r a b i l i a r y  p a th w a y s .

The l a t t e r  p a th w a y  may i n v o l v e  p a s s a g e  o f  K epone d i r e c t l y  a c r o s s  t h e  

i n t e s t i n a l  w a l l  i n t o  t h e  i n t e s t i n a l  c o n t e n t s .  I n  a d d i t i o n ,  Kepone 

may b e  e x c r e t e d  a c r o s s  t h e  g i l l s  and  e p i d e r m a l  s u r f a c e s  o f  c h a n n e l
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c a t f i s h .  The r e l a t i v e l y  h i g h  l e v e l s  o f  K epone i n  t h e  b lo o d  o f  c h a n n e l  

c a t f i s h  com pared  to  t h a t  fo u n d  i n  t h e  b lo o d  o f  w h i t e  c a t f i s h  s u g g e s t s  

t h a t  more K epone i s  a v a i l a b l e  i n  t h e  fo rm e r  f o r  e x c r e t i o n  a c r o s s  t h e  

g i l l s .  The r e l a t i v e  im p o r t a n c e  o f  t h e s e  p a th w ay s  h a s  n o t  b e e n  

d e t e r m in e d .  U r in a r y  e x c r e t i o n  o f  Kepone b y  c h a n n e l  c a t f i s h  i s  n e g l i ­

g i b l e  p o s s i b l y  due  t o  t h e  m o l e c u l a r  s i z e  o f  t h e  p e s t i c i d e .

The p r e s e n c e  o f  c h l o r d e c o n e  a l c o h o l  i n  t h e  b i l e  o f  c h a n n e l  

c a t f i s h  r e c e i v i n g  IM i n j e c t i o n s  o f  Kepone i n d i c a t e s  t h a t  t h i s  s p e c i e s  

i s  c a p a b l e  o f  m e t a b o l i z i n g  K epone i n t o  a  fo rm  w h ich  i s  more r e a d i l y  

e x c r e t e d  v i a  t h e  i n t e s t i n e s .  H ow ever, t h e  s i g n i f i c a n c e  o f  t h e  m e ta b o l i s m  

o f  s u c h  a  s m a l l  p e r c e n t a g e  o f  t h e  t o t a l  body b u rd e n  K epone w i t h  r e s p e c t  

to  e l i m i n a t i o n  r a t e s  i s  unknown.



SUGGESTIONS FOR FUTURE RESEARCH

The p r e s e n t  s t u d y  a d d r e s s e d  t h e  u p t a k e  and  c l e a r a n c e  o f  

Kepone by  o n e  s p e c i e s  o f  f i s h .  S i m i l a r  s t u d i e s  n e e d  t o  b e  p e r fo rm e d  

on  o t h e r  s p e c i e s  t o  a l l o w  d e t e r m i n a t i o n  o f  t h e i r  u p t a k e  r a t e s ,  

c l e a r a n c e  r a t e s ,  an d  d i e t a r y  a c c u m u la t io n  f a c t o r s .  D i e t a r y  e x p o s u r e  

r a t e s  s h o u l d  b e  v a r i e d  t o  d e t e r m in e  t h e  r e l a t i o n s h i p  b e tw e e n  e x p o s u re  

r a t e  an d  e q u i l i b r i u m  c o n c e n t r a t i o n s .

D i e t a r y  K epone r e p r e s e n t s  o n ly  one  r o u t e  o f  e x p o s u r e .

S p e c i e s  d i f f e r e n c e s  i n  t h e  p o t e n t i a l  f o r  b i o c o n c e n t r a t i o n  o f  K epone 

d i r e c t l y  f ro m  w a t e r  s h o u l d  b e  i n v e s t i g a t e d .  The r e l a t i v e  im p o r ta n c e  

o f  t h e  two modes o f  e x p o s u r e  s h o u l d  b e  d e t e r m in e d  u s i n g  c o n c e n t r a t i o n s  

i n  w a t e r  and  d i e t  w h ic h  a r e  r e p r e s e n t a t i v e  o f  t h o s e  e n c o u n t e r e d  i n  

t h e  Jam es R iv e r  e c o s y s te m .  As w i t h  d i e t a r y  e x p o s u r e ,  i t  i s  i m p o r t a n t  

t o  d e t e r m in e  t h e  r e l a t i o n s h i p  b e tw e e n  b i o c o n c e n t r a t i o n  o f  Kepone from  

w a t e r  and  e x p o s u r e  c o n c e n t r a t i o n .  I n  a d d i t i o n  to  d i e t a r y  and  aqueous  

e x p o s u r e ,  i t  w o u ld  be  d e s i r a b l e  ( th o u g h  c o m p l ic a te d )  to  d e t e r m in e  t h e  

r e l a t i v e  i m p o r t a n c e  o f  e x p o s u r e  t o  K e p o n e - la d e n  b o t to m  and s u s p e n d e d  

s e d im e n ts  t o  th e  r e s i d u e  l e v e l s  a t t a i n e d  by  f i s h .  T hese  s o u r c e s  

r e p r e s e n t  t h e  m a jo r  r e s e r v o i r s  f o r  Kepone s t o r a g e  i n  t h e  Jam es R iv e r  

e c o s y s te m .  S t u d i e s  s u c h  as t h o s e  m e n t io n e d  above  w o u ld  a i d  i n  p r e d i c t i n g  

t h e  p o s s i b l e  e f f e c t s  o f  Kepone a b a te m e n t  upon t h e  r e s i d u e  l e v e l s  

e x h i b i t e d  by  Jam es R iv e r  b i o t a .

The p r e s e n t  s t u d y  h a s  i d e n t i f i e d  s e v e r a l  p o s s i b l e  e x c r e t o r y  

p a th w a y s  f o r  K epone i n  c h a n n e l  c a t f i s h .  F u t u r e  w o rk  s h o u l d  b e  d i r e c t e d
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to w a rd s  an  u n d e r s t a n d i n g  o f  t h e  r e l a t i v e  im p o r ta n c e  o f  t h e s e  p a th w ay s  

i n  t h i s  an d  o t h e r  s p e c i e s .  S t u d i e s  i n v o l v i n g  th e  m e ta b o l i s m  o f  Kepone 

d e s e r v e  f u r t h e r  a t t e n t i o n .  C h lo rd e c o n e  a l c o h o l  s h o u ld  b e  s o u g h t  i n  

b i l e  o f  o t h e r  s p e c i e s .  Long te rm  e x p o s u r e  s t u d i e s  s h o u ld  b e  p e r fo rm e d  

i n  c a s e  t h e  i n d u c t i o n  o f  m e t a b o l i c  a c t i v i t y  t a k e s  p l a c e  o n ly  a f t e r  

e x t e n d e d  p e r i o d s  o f  e x p o s u r e .

The d i s t r i b u t i o n  o f  Kepone w i t h i n  t h e  t i s s u e s  o f  f i s h  may 

l a r g e l y  b e  i n f l u e n c e d  by b lo o d  t r a n s p o r t  m e ch an ism s .  I t  i s  g e n e r a l l y  

assum ed t h a t  c h l o r i n a t e d  h y d r o c a r b o n  p e s t i c i d e s  a r e  a s s o c i a t e d  w i t h  

p la s m a  l i p o p r o t e i n s .  To g a i n  i n s i g h t  i n t o  t h e  s p e c i f i c  c l a s s e s  o f  

compounds r e s p o n s i b l e  f o r  t h e  t r a n s p o r t  and  s t o r a g e  o f  Kepone i n  f i s h  

t h e  f o l l o w i n g  p r o c e d u r e  c o u ld  be  f o l l o w e d :

1) M e c h a n ic a l l y  s e p a r a t e  t h e  h ig h  d e n s i t y  l i p o p r o t e i n s ,  

low d e n s i t y  l i p o p r o t e i n s  and  v e r y  low d e n s i t y  l i p o ­

p r o t e i n s  o f  f i s h  p la s m a .

2) D e te rm in e  t h e  am ount o f  Kepone i n  t h e  h i g h  d e n s i t y  l i p o ­

p r o t e i n ,  low d e n s i t y  l i p o p r o t e i n  and  v e r y  low d e n s i t y  

l i p o p r o t e i n  f r a c t i o n s  o f  p la sm a .

3) I d e n t i f y  and  q u a n t i f y  t h e  m a jo r  l i p i d  g ro u p s  a s s o c i a t e d  

w i t h  e ac h  f r a c t i o n  ( i . e .  p h o s p h o l i p i d ,  t r i a c y l g l y c e r i d e ,  

c h o l e s t e r o l ,  c h o l e s t e r o l  e s t e r s ,  f r e e  f a t t y  a c i d s ) .

4) E x p re s s  K epone r e s i d u e s  i n  te rm s  o f  t h e  l i p i d  c o n t e n t  

o f  e a c h  f r a c t i o n  ( e . g .  y g  Kepone/gm p h o s p h o l i p i d ,  yg  

K epone/gm  f r e e  f a t t y  a c i d ,  e t c . ) .  I n  o t h e r  w o rd s ,  f o r  

e a c h  o f  t h e  t h r e e  m a jo r  d e n s i t y  f r a c t i o n s ,  r e s i d u e  

l e v e l s  w i l l  b e  e x p r e s s e d  i n  te rm s  o f  e a c h  o f  t h e  f i v e  

m a jo r  l i p i d  g r o u p s .
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5) Compare t h e  r a n g e  o f  r e s i d u e  l e v e l s  fo u n d  i n  t h e  t h r e e

m a jo r  d e n s i t y  f r a c t i o n s  when e x p r e s s e d  on  t h e  b a s i s  o f

t h e  d i f f e r e n t  l i p i d  g r o u p s .  I f  Kepone i s  p r i m a r i l y

a s s o c i a t e d  w i t h  o n e  p a r t i c u l a r  l i p i d ,  th e n  t h e  r a n g e  o f  

r e s i d u e  l e v e l s  w hen e x p r e s s e d  i n  te rm s  o f  t h i s  l i p i d  

w i l l  b e  s m a l l e r  t h a n  t h e  r a n g e  o f  r e s i d u e  l e v e l s  

e x p r e s s e d  i n  te rm s  o f  t h e  o t h e r  l i p i d s .

The m e thod  d e s c r i b e d  above  may seem  t o  b e  an  i n v o l v e d  m ethod  

o f  d e t e r m i n i n g  w h ich  l i p i d  g ro u p s  a r e  i n v o l v e d  i n  t h e  t r a n s p o r t  and  

s t o r a g e  o f  K epone. H ow ever, d i r e c t  m e asu re m en t o f  Kepone r e s i d u e s  i n  

d i f f e r e n t  l i p i d  g ro u p s  w o u ld  b e  d i f f i c u l t  b e c a u s e  m e thods  u s e d  f o r  t h e  

s e p a r a t i o n  o f  t h e  m a jo r  l i p i d  g ro u p s  ( e . g .  TLC) r e q u i r e  t h e  u s e  o f  

s o l v e n t s  w h ic h  r e s u l t  i n  t h e  e x t r a c t i o n  o f  Kepone d u r i n g  s e p a r a t i o n .
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