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One or  more i s o m e r s  f rom the  two r e l a t e d  c l a s s e s  o f  c h e m i c a l  com- 
pounds ,  p o l y c h l o r i n a t e d  d i b e n z o - ~ - - d i o x i n s  (PCDDs) and p o l y c h l o r i -  
h a t e d  d i b e n z o f u r a n s  (PCDFs),  a r e  o f t e n  p r e s e n t  as c o n t a m i n a n t s  i n  
i n d u s t r i a l  c h e m i c a l s  such as p o l y c h l o r i n a t e d  b i p h e n y l s  (PCBs) (Bowes 
e t  a l .  1975) and c h l o r i n a t e d  p h e n o l s  (Buser  and B o s s h a r d t  1976) and 
i n  e m i s s i o n s  f rom i n c i n e r a t o r s  ( L u s t e n h o u w e r  e t  a l .  1 9 8 0 ) .  S e v e r a l  
o f  the  PCDD/PCDF i s o m e r s  e x h i b i t  p o t e n t  t o x i c  p r o p e r t i e s ,  in  p a r t i c -  
u l a r  2 , 3 , 7 , 8 - t e t r a c h l o r o d i b e n z o - p - d i o x i n  (2 ,3 ,7 ,8 -TCDD)  and 
2 , 3 , 7 , 8 - t e t r a c h l o r o d i b e n z o f u r a n  ( 2 , 3 , 7 , 8 - T C D F )  (Moore e t  a l .  1 9 7 9 ) .  
In  t he  a q u a t i c  e n v i r o n m e n t  2 , 3 , 7 , 8 - T C D D  a n d / o r  2,3 ,7 ,8-TCDF have  
b e e n  found  i n  f i s h  f rom the  G r e a t  Lakes  ( O ' K e e f e  e t  a l .  1983;  Ryan 
e t  a l .  1983) and i n  b i o t a  c o l l e c t e d  i n  the  v i c i n i t y  o f  c h e m i c a l  
p l a n t s  ( H a t l e s s  e t  a l .  1982;  Mitchum e t  a l .  1 9 8 0 ) .  

I n v e s t i g a t i o n s  i n  t he  l a b o r a t o r y  have  shown t h a t  f i s h  i n  a q u a r i a  o r  
ponds  can  b i o a c c u m u l a t e  2 , 3 , 7 , 8 - T C D D  w i t h  b i o a c c u m u l a t i o n  f a c t o r s  
f rom w a t e r  e x c e e d i n g  10 s .  However ,  in  t h e s e  e x p e r i m e n t s  
2,3,7,8-TC'DD was added i n  a w a t e r - m i s c i b l e  s o l v e n t  e i t h e r  d i r e c t l y  
t o  t he  w a t e r  column (Tush imo to  e t  a l .  1982) o r  to  s o i l s  b e f o r e  
a d d i t i o n  o f  w a t e r  (Yockim e t  a l .  1 9 7 8 ) .  When 2 , 3 , 7 , 8 - T C D D  i s  
p r e s e n t  i n  a m a t r i x  as  a r e s u l t  o f  e n v i r o n m e n t a l  c o n t a m i n a t i o n  i t  i s  
c o n c e i v a b l e  t h a t  b i o a c c u m u l a t i o n  f a c t o r s  migh t  d i f f e r  f rom t h o s e  
found  w i t h  a r t i f i c i a l l y  c o n t a m i n a t e d  m a t r i c e s .  The work r e p o r t e d  
h e r e  was u n d e r t a k e n  to  s t u d y  t h e  b i o a v a i l a b i l i t y  t o  g o l d f i s h  o f  
TCDD/TCDF i s o m e r s  p r e s e n t  i n  m u n i c i p a l  i n c i n e r a t o r  f l y  ash and i n  
s e d i m e n t  c o l l e c t e d  i n  t he  v i c i n i t y  o f  a c h e m i c a l  w a s t e  d i s p o s a l  
s i t e .  

MATERIALS AND METHODS 

E x p o s u r e  o f  l a r g e  (70-300  g) g o l d f i s h  ( C a r a s s i u s  a u r a t u s ,  o b t a i n e d  
f rom G r a s s e  F o r k  F i s h  Co . ,  PO Box 1554,  M a r t i n s v i l l e ,  IN 46151) t o o k  
p l a c e  o v e r  a 10 week t ime  p e r i o d  i n  s t a t i c  76 L a q u a r i a .  Each 
aqua r ium h e l d  9-12 f i s h  and had an i n d i v i d u a l  a i r  pump. 

The tops  o f  t he  t a n k s  were  c o v e r e d  by g l a s s  p l a t e s  wh ich  were  s e a l e d  
t o  the  t a n k s  t o  m i n i m i z e  v o l a t i l i z a t i o n  o f  o r g a n i c s .  G o l d f i s h  were  
c o n d i t i o n e d  to  f e e d  a t  t he  w a t e r  s u r f a c e  ( T e t r a  Min s o l i d  f i s h  f o o d  
f l a k e s )  t o  m i n i m i z e  i n g e s t i o n  o f  e x p e r i m e n t a l  s u b s t r a t e s .  The 
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c o n t r o l  a q u a r i u m  had a s u b s t r a t e  o f  n a t u r a l  sand .  T h i s  sand ,  a f t e r  
r i n s i n g  w i t h  a c e t o n e  and h e x a n e ,  was a i r  d r i e d  and t h e n  h e a t e d  to  
260~ to  c o m p l e t e  the  d r y i n g  p r o c e s s .  The c o n t r o l  aqua r ium w a t e r  
was f i l t e r e d  u s i n g  a s t a n d a r d  power f i l t e r  sys tem composed o f  g l a s s  
wool  and a c t i v a t e d  c h a r c o a l .  

S u b s t r a t e s  i n  t he  two e x p o s u r e  a q u a r i a  were  r e s p e c t i v e l y  f l y  ash  
f rom a m u n i c i p a l  i n c i n e r a t o r  and s e d i m e n t s  f~om Cayuga Creek  wh ich  
r e c e i v e s  d r a i n a g e  f rom the  Love  Canal  w a s t e  d i s p o s a l  s i t e  i n  N i a g a r a  
F a l l s ,  NY. Each o f  t h e s e  a q u a r i a  had a p o r o u s  b o t t o m  n y l o n  n e t  
a p p l i e d  d i r e c t l y  on the  s u b s t r a t e  to  p r e v e n t  t he  f i s h  f rom i n g e s t i n g  
s e d i m e n t .  The n e t t i n g  had a mesh s i z e  o f  0 . I  mm ~ and c o v e r e d  the  
e n t i r e  b o t t o m  s u r f a c e  o f  each  t a n k .  Some r e s u s p e n s i o n  o f  s e d i m e n t s  
o c c u r r e d  bu t  t h i s  was m i n i m i z e d  by the  p r e s e n c e  o f  the  n e t t i n g .  A l l  
s u b s t r a t e s  were  p r e s e n t  to  h e i g h t s  o f  6 cm above the  b a s e  o f  the  
a q u a r i a .  

At each  s a m p l i n g  p o i n t  one o r  two f i s h  were  s a c r i f i c e d  to  p r o v i d e  
15-25  g o f  who le  f i l l e t  minus s k i n  and s c a l e s  f o r  a n a l y s e s .  The 
f i l l e t s  were  s t o r e d  i n d i v i d u a l l y  f r o z e n  i n  aluminum f o i l  p a c k a g e s .  
Samples  o f  s e d i m e n t ,  f l y a s h ,  sand and w a t e r  were s t o r e d  unde r  
r e f r i g e r a t i o n  i n  g l a s s  j a r s  w i t h  T e f l o n - l i n e d  c a p s .  The f i s h  and 
p a r t i c u l a t e  samples  were  e x t r a c t e d  and t h e n  c l e a n e d  up by a f l o w -  
t h r u  sys t em of  b a s i c  a l u m i n a ,  c a r b o n  and a c i d  a l u m i n a  columns 
( 0 ' K e e f e  e t  a l .  1 9 8 5 ) .  At t h e  t ime  the  p r e s e n t  s t u d y  was c a r r i e d  
ou t  t he  sys t em had no t  b e e n  a u t o m a t e d  and a l l  c h r o m a t o g r a p h y  s t e p s  
were  c a r r i e d  ou t  m a n u a l l y .  I n  the  case  o f  the  f l y  ash  samples  an 
a c i d  a lumina  column was used  i n  p l a c e  o f  t he  b a s i c  a l um ina  column.  
Water  s amples  (1 L) were  c e n t r i f u g e d  a t  2 , 0 0 0  rpm f o r  I0  min t o  
remove p a r t i c u l a t e  m a t t e r .  The samples  were  t h e n  s p i k e d  w i t h  6 
p a r t s  pe r  t r i l l i o n  (pp t )  o f  t he  l a b e l l e d  i n t e r n a l  s t a n d a r d s  
[U-saC]  2 ,3 ,7 ,8 -TCDD and [2,3,7,8-~7CI] TCDF i n  0 . 5  mL a c e t o n e  
and e x t r a c t e d  t h r e e  t i m e s  w i t h  50-mL v o l u m e s  o f  hexane  i n  a 2 -L  
s e p a r a t o r y  f u n n e l .  The combined hexane  e x t r a c t s  were  c l e a n e d  up by 
t h e  t h r e e - c o l u m n  s e q u e n c e  d e s c r i b e d  a b o v e .  

C l e a n e d - u p  e x t r a c t s  were  a n a l y z e d  by ion  m o n i t o r i n g  mass 
s p e c t r o m e t r y  u s i n g  a c y a n o s i l o x a n e - c o a t e d  c a p i l l a r y  gas  
c h r o m a t o g r a p h y  co lumn c o u p l e d  d i r e c t l y  to  a K r a t o s  MS-50 mass 
s p e c t r o m e t e r .  C r i t e r i a  f o r  a c c e p t a b l e  TCI)D and TCDF s i g n a l s  have  
b e e n  d e s c r i b e d  i n  an e a r l i e r  p u b l i c a t i o n  ( O ' K e e f e  e t  a l .  1 9 8 3 ) .  

RESULTS AND DISCUSSION 

C o n c e n t r a t i o n s  o f  TCDD and TCDF i s o m e r s  i n  t he  f l y  ash and s e d i m e n t  
u s e d  i n  t he  p r e s e n t  s t u d y  a re  shown in  T a b l e  I .  The f l y  ash  was 
o b t a i n e d  as  a subsample  from the  24 h o u r  c o l l e c t i o n  o f  an 
e l e c t r o s t a t i c  p r e c i p i t a t o r  i n  a m u n i c i p a l  i n c i n e r a t o r .  I n  a g r e e m e n t  
w i t h  o t h e r  i n v e s t i g a t i o n s  o f  PCDD/PCDF c o n c e n t r a t i o n s  i n  m u n i c i p a l  
i n c i n e r a t o r  f l y  ash  ( L u s t e n h o u w e r  e t  a l .  1980) we found  a number o f  
TCDD and TCI)F i s o m e r s  w i t h ,  i n  e a c h  c a s e ,  t h e  2 , 3 , 7 , 8 - s u b s t i t u t e d  
i s o m e r s  a c c o u n t i n g  f o r  a p p r o x i m a t e l y  10% o f  t he  t o t a l  t e t r a  i s o m e r s .  
In  c o n t r a s t  t he  s e d i m e n t  c o n t a i n e d  2 , 3 , 7 , 8 , T C D D  as the  o n l y  TCDD 
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i s o m e r  w i t h  a t r a c e  o f  2 , 3 , 7 , 8 - T C D F .  T h i s  s e d i m e n t  was c o l l e c t e d  
f rom Cayuga C r e e k ,  a s m a l l  s t r e a m  wh ich  r e c e i v e s  d i s c h a r g e s  f rom a 
s t o rm  sewer  sys t em s u r r o u n d i n g  t h e  Love  Canal  c h e m i c a l  dump s i t e .  
The dump s i t e ,  s i t u a t e d  i n  N i a g a r a  F a l l s ,  mY, was the  s u b j e c t  o f  
c o n s i d e r a b l e  p u b l i c  c o n c e r n  i n  1978 when h i g h  g r o u n d w a t e r  l e v e l s  
r e s u l t e d  i n  m i g r a t i o n  o f  c h e m i c a l s  i n t o  t he  b a s e m e n t s  o f  homes 
s u r r o u n d i n g  t h e  c a n a l .  We found  p a r t - p e r - b i l l i o n  c o n c e n t r a t i o n s  o f  
2 , 3 , 7 , 8 - T C D D  i n  s o i l  c o l l e c t e d  f rom the  Love Cana l  and i n  s e d i m e n t s  
t a k e n  f rom the  s torm sewer  sys t em ( S m i t h  e t a l .  1 9 8 3 ) ,  r e s u l t s  w h i c h  
a r e  c o n s i s t e n t  w i t h  the  r e p o r t e d  dumping o f  o v e r  200 t o n s  o f  
t r i c h l o r o p h e n o l  w a s t e s  i n t o  t he  s i t e  from the  e a r l y  1 9 4 0 ' s  to  1953.  

C o n c e n t r a t i o n s  of  2 , 3 , 7 , 8 -TCDD and 2,3,7,8-TCDF were  d e t e r m i n e d  i n  
t h e  f l y  ash  and the  s e d i m e n t  a f t e r  r e s p e c t i v e l y  6 and 10 weeks 
e x p o s u r e  i n  t h e  a q u a r i a ,  I t  wou ld  a p p e a r  f rom T a b l e  1 t h a t  t h e r e  
was a 40 t o  30~ r e d u c t i o n  i n  t he  c o n c e n t r a t i o n s  o f  2,3,7,8-TCDD i n  
b o t h  t h e  f l y  ash  and t h e  s e d i m e n t  a f t e r  e x p o s u r e  i n  t h e  a q u a r i a .  
However ,  a t  t h i s  t i m e ,  i n  v i e w  of  t he  l i m i t e d  number o f  s a m p l e s ,  we 
c a n n o t  a t t a c h  any s i g n i f i c a n c e  t o  c o n c e n t r a t i o n  changes  o f  o n l y  50%. 
Sand, wh ich  was used  i n  the  c o n t r o l  a q u a r i u m ,  showed no e v i d e n c e  o f  
c o n t a m i n a t i o n  w i t h  2 ,3 ,7 ,8 -TCDD o r  2 , 3 , 7 , 8 - T C D F  a f t e r  6 weeks 

e x p o s u r e .  O t h e r  t e t r a  i s o m e r s  were  no t  d e t e r m i n e d  i n  t h e s e  s am p le s  
s i n c e  i t  was d i s c o v e r e d  t h a t  w h i l e  h i g h  r e c o v e r y  v a l u e s  c o u l d  be 
o b t a i n e d  f o r  2,3,7,8-TCDD, some o t h e r  t e t r a  CDD i s o m e r s  were  no t  
a d e q u a t e l y  r e c o v e r e d .  S u b s e q u e n t  m o d i f i c a t i o n s  o f  t he  c l e a n u p  
method  e n a b l e d  us to  o b t a i n  r e c o v e r i e s  e x c e e d i n g  70~ f o r  a l l  t e t r a  
CDD i s o m e r s  ( O ' K e e f e  e t a l .  1 9 8 5 ) .  U n f o r t u n a t e l y ,  s am p le s  f o r  
r e - a n a l y s i s  by the  m o d i f i e d  c l e a n u p  method  were  o n l y  a v a i l a b l e  f rom 
the  o r i g i n a l  f l y  ash  and s e d i m e n t .  In  t he  o v e r a l l  c o n t e x t  o f  t he  
s t u d y  the  low r e c o v e r i e s  f o r  c e r t a i n  t e t r a  C'DD i s o m e r s  were  o f  
m in ima l  i m p o r t a n c e  s i n c e  i t  has  b e e n  found  t h a t  o n l y  2 , 3 , 7 , 8  
s u b s t i t u t e d  CDDs and CDFs a r e  a c c u m u l a t e d  i n  s i g n i f i c a n t  c o n c e n -  
t r a t i o n s  by a q u a t i c  b i o t a  ( S t a l l i n g  e t a l .  1 9 8 2 ) .  

As shown i n  T a b l e  2,  the  d i f f e r e n c e  b e t w e e n  e s t i m a t e d  and a n a l y t i c a l  
v a l u e s  d id  no t  e x c e e d  30~ when g o l d f i s h  f l e s h  was f o r t i f i e d  w i t h  13 
pp t  o f  b o t h  2 , 3 , 7 , 8 - T C D D  and 2 , 3 , 7 , 8 - T C D F .  U n f o r t i f i e d  s am p le s  
showed no e v i d e n c e  o f  c o n t a m i n a t i o n  w i t h  2 , 3 , 7 , 8 - T C D D  o r  
2 , 3 , 7 , 8 - T C D F  a t  l i m i t s  o f  d e t e c t i o n  o f  2 . 4  and 1 .1  pp t  r e s p e c t i v e l y .  
Yookim e t  a l .  (1978) found  c o n c e n t r a t i o n s  o f  1 1 . 7  and 5 .9  p a r t s  p e r  
b i l l i o n  (ppb) 2 ,3 ,7 ,8 -TCDD i n  m o s q u i t o  f i s h  and c h a n n e l  c a t f i s h  
r e s p e c t i v e l y  when t h e y  were  p l a c e d  f o r  15 days  i n  a q u a r i a  c o n t a i n i n g  
a s i l t  loam s o i l  t r e a t e d  w i t h  100 ppb 2 , 3 , 7 , 8 - T C D D .  I n  the  same 
e x p e r i m e n t s ,  c o n c e n t r a t i o n s  o f  2 - 4  pp t  2 , 3 , 7 , 8 - T C D D  were  found  i n  
w a t e r  s amp le s  t a k e n  o v e r  a p e r i o d  o f  32 d a y s .  On t h i s  b a s i s  we 
would  e x p e c t  t o  f i n d  a p p r o x i m a t e l y  14 pp t  2 , 3 , 7 , 8 - T C D D  i n  t h e  
g o l d f i s h  e x p o s e d  t o  t he  s e d i m e n t  and f l y  a s h .  The e x t r a p o l a t e d  
v a l u e  s h o u l d  be c o n s i d e r e d  an u p p e r  l i m i t  s i n c e  we a n a l y z e d  s k i n n e d  
f i l l e t s  w h e r e a s  Yockim e t a l .  (1978) a n a l y z e d  w h o l e  f i s h .  Our 
d e t e c t i o n  l i m i t s  f o r  2 , 3 , 7 , 8 - T C D D  i n  w a t e r  (~0 .02  p p t )  would  
p r e v e n t  us f rom f i n d i n g  t h e  e x p e c t e d  v a l u e  o f  0 .007  p p t .  As shown 
i n  T a b l e  3 ,  n e i t h e r  2 , 3 , 7 , 8 - T C D D  n o r  2 , 3 , 7 , 8 - T C D F  w e r ~ d e t e c t e d  i n  
t h e  f i s h  and w a t e r  samples  t a k e n  a f t e r  10 weeks e x p o s u r e  to  the  
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c o n t a m i n a t e d  m a t r i c e s .  In  c o n t r a s t ,  f i s h  c o l l e c t e d  i n  Cayuga Creek  
n e a r  the  s e d i m e n t  s a m p l i n g  p o i n t  c o n t a i n e d  more t h a n  30 p p t  
2 , 3 , 7 , 8 - T C D D .  

A l t h o u g h  t h i s  s t u d y  i n v o l v e d  t h e  a n a l y s i s  o f  s amples  c o n t a i n i n g  pp t  
t o  ppb c o n c e n t r a t i o n s  o f  PCDD/PCDF i s o m e r s ,  o u r  l a b o r a t o r y  f r e -  
q u e n t l y  a n a l y z e s  e n v i r o n m e n t a l  s amp le s  c o n t a i n i n g  p a r t - p e r - m i l l i o n  
(ppm) c o n c e n t r a t i o n s  o f  t h e s e  compounds.  T h e r e f o r e  the  p r e s e n c e  o f  
3 . 8  ppt  2 , 3 , 7 , 8 - T C D D  i n  the  c o n t r o l  g o l d f i s h  c o u l d  be e x p l a i n e d  by 
c o n t a m i n a t i o n  f rom p r e v i o u s  a n a l y s i s  o f  an e n v i r o n m e n t a l  sample  c o n -  
t a i n i n g  2 ,3 ,7 ,8 -TCDD a t  the  ppm l e v e l .  On the  few o c c a s i o n s  we have  
e n c o u n t e r e d  t h i s  t ype  o f  c o n t a m i n a t i o n  we have  a t t r i b u t e d  i t  to  the  
GC o n - c o l u m n  i n j e c t i o n  sys tem where  t he  sample i s  i n j e c t e d  d i r e c t l y  
o n t o  the  c a p i l l a r y  column a t  ambien t  t e m p e r a t u r e s .  

T a b l e  2 .  O u a l i t y  c o n t r o l  d a t a  f o r  
g o l d f i s h  m u s c l e  t i s s u e  used  i n  
TCDD/TCDF b i o a v a i l a b i l i t y  
s t u d i e s .  

C o n c e n t r a t i o n ( p p t )  I 
A n a l y t e  Added Found 

2 , 3 , 7 , 8 - T C D D  0 ND(2) 
13 14.1 
13 8.2 

2 , 3 , 7 , 8 - T C D F  o ND(1.1) 
13 17 
13 17 

XND = Not d e t e c t e d  w i t h  t he  d e t e c t i o n  
l i m i t s  shown i n  p a r e n t h e s e s  b a s e d  on 
2 . 5  t i m e s  n o i s e .  

S e v e r a l  h y p o t h e s e s  can  be advanced  t o  e x p l a i n  t he  f a i l u r e  of  the  
g o l d f i s h  to  b i o a c c u m u l a t e  2 , 3 , 7 , 8 - T C D D  or  2 , 3 , 7 , 8 - T C D F  f rom the  
s e d i m e n t  and f l y  a s h .  The f i r s t  h y p o t h e s i s  r e l a t e s  to  the  r a t e s  o f  
d e s o r p t i o n  o f  PCDD/PCDF compounds i n t o  the  w a t e r  co lumn.  I t  i s  
c o n c e i v a b l e  t h a t  the  d e s o r p t i o n  r a t e s  c o u l d  be so s low t h a t  the  
e x p o s u r e  t ime  of  t he  f i s h  i n  t he  l a b o r a t o r y  i s  i n a d e q u a t e  f o r  
b i o a c c u m u l a t i o n .  Kooke e t  a l .  (1981) found t h a t  PCDD/PCDF compounds 
were  t i g h t l y  bound t o  f l y  ash  and t h e i r  e x t r a c t i o n  c o u l d  o n l y  be 
a c h i e v e d  by r e f l u x i n g  i n  a S o x h l e t  a p p a r a t u s  w i t h  an a r o m a t i c  
s o l v e n t  such as b e n z e n e  o r  t o l u e n e .  I n  a s t u d y ,  s i m i l a r  i n  many 
a s p e c t s  to  our  own s t u d y ,  Kuehl  e t  a l .  (1984) e x p o s e d  c a r p  i n  
a q u a r i a  to  two d i f f e r e n t  f l y  ash  s a m p l e s .  One sample ,  a c o m p o s i t e  
f rom f i v e  d i f f e r e n t  i n c i n e r a t o r s ,  c o n t a i n e d  2000 pp t  2,3,7,8-TCDD i n  
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T a b l e  3 .  B i o a v a i l a b i l i t y  o f  TCDD/TCDF i s o m e r s  t o  f i s h  e x p o s e d  to  
f l y  ash  and TCDD c o n t a m i n a t e d  s e d i m e n t  i n  l a b o r a t o r y  
a q u a r i a  f o r  I 0  weeks  w i t h  a c o m p a r i s o n  to  e n v i r o n m e n t a l  
b i o a c c u m u l a t i o n .  

M a t r i x  Sample Type 
C o n c e n t r a t i o n  ( p p t )  x 

2 , 3 , 7 , 8 - T C D D  2 , 3 , 7 , 8 - T C D F  

F l y  ash  G o l d f i s h  1 . 9  0 .7  
Water  ND(0.03)  ND(0.03)  

Sed imen t  G o l d f i s h  ND(0.8)  0 .7  
Water  ND(0.024)  ND(0.009) 

C o n t r o l  ( s and )  G o l d f i s h  ND(1.7)  
Water  l~rD(0.02) ND(0.02)  

Cayuga C r e e k ,  Love C a r p / G o l d f i s h  3 9  - -  

Canal  2 Pumpkinseed  31 - -  

XND = Not d e t e c t e d  w i t h  the  d e t e c t i o n  l i m i t s  i n  p a r e n t h e s e s  b a s e d  
on 2 . 5  t i m e s  n o i s e .  

2 F i s h  t a k e n  f rom the  s i t e  f o r  c o l l e c t i o n  o f  the  b i o a v a i l a b i l i t y  
s e d i m e n t .  

a d d i t i o n  to  o t h e r  TCDD i s o m e r s .  No 2 , 3 , 7 , 8 - T C D D  was found  i n  t he  
c a r p  a f t e r  t h e y  were  exposed  t o  t h i s  f l y  ash  f o r  t i m e s  v a r y i n g  f rom 
15 t o  90 d a y s .  When the  c a r p  w e r e  expos ed  to  t he  second  f l y  ash  
sample  wh ich  c o n t a i n e d  160 pp t  2 , 3 , 7 , 8 - T C D D  t h e y  a c c u m u l a t e d  
a p p r o x i m a t e l y  30 pp t  2 , 3 , 7 , 8 -TCDD a f t e r  30 d a y s .  D e s o r p t i o n  o f  
PCDD/PCDF compounds f rom s e d i m e n t s  w i t h  a h i g h  o r g a n i c  c a r b o n  
c o n t e n t  c o u l d  a l s o  be a slow p r o c e s s ,  The o r g a n i c  c o n t e n t  o f  t he  
s e d i m e n t  u s e d  i n  the  p r e s e n t  s t u d y  was 29% which  was a l m o s t  20 t i m e s  
g r e a t e r  t h a n  the  o r g a n i c  c o n t e n t  of  t he  s o i l  u s e d  by Yockim e t  a l .  
(19'/8). 

The second  h y p o t h e s i s  i n v o l v e s  c o n s i d e r a t i o n  o f  t he  p o t e n t i a l  r o l e  
o f  food  c h a i n  o r g a n i s m s  i n  t he  b i o a c c u m u l a t i o n  o f  PCDD/PCDF 
compounds by f i s h .  Bruggeman e t  a l .  (1981)  h a v e  s u g g e s t e d  t h a t  
' ' f o o d  c h a i n  a c c u m u l a t i o n  i n  f i s h  i s  l i k e l y  to  be an i m p o r t a n t  
p r o c e s s  o n l y  f o r  p e r s i s t a n t  c h e m i c a l s  w i t h  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 ' '  Wi th  a w a t e r  s o l u b i l i t y  o f  200 pp t  and a h a l f  l i f e  i n  
s e d i m e n t s  g r e a t e r  t h a n  1 y e a r  2 , 3 , 7 , 8 - T C D D  would  a p p e a r  to  mee t  
t h e s e  c r i t e r i a  f o r  food  c h a i n  b i o a c c u m u l a t i o n .  I n  our  s t u d y  
b a c t e r i a  were  u n d o u b t e d l y  p r e s e n t  i n  t he  s e d i m e n t  b u t  t h e r e  were  no 
o r g a n i s m s  o f  d i e t a r y  s i g n i f i c a n c e  t o  the  g o l d f i s h  i n  e i t h e r  t he  
s e d i m e n t  o r  f l y  ash  e x p o s u r e s .  

To u n d e r s t a n d  the  d i s c r e p a n c i e s  b e t w e e n  f i e l d  and l a b o r a t o r y  d a t a  
f o r  PCDD/PCDF b i o a c c u m u l a t i o n  we a r e  p r o p o s i n g  to  c a r r y  o u t  
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c o n t r o l l e d  long term e x p e r i m e n t s  on the e f f e c t s  of  d i e t  and 
e n v i r o n m e n t a l  f a c t o r s  on PCDD/PCDF b i o a c c u m u l a t i o n  in  f i s h  s p e c i e s  
i n  bo th  n a t u r a l  h a b i t a t s  and i n  the  l a b o r a t o r y .  We would hope t h a t  
i n f o r m a t i o n  o b t a i n e d  from t h i s  work might  p r o v i d e  a b a s i s  f o r  
p r e d i c t i n g  the  movements of  PCDD/PCDF compounds i n  a q u a t i c  
e n v i r o n m e n t s .  
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