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I t  i s  w e l l - k n o w n  t h a t  s u s p e n d e d  s o l i d s  i n  w a t e r  a d s o r b  h y d r o p h o b i c  
p o l l u t a n t s  (Hague e t  a l  1974; tIorzempa and di  Toro 1983 a , b )  
t h e r e b y  d e c r e a s i n g  the  b i o a v a i l a b i l i t y  of  the  compounds to  a q u a t i c  
o r g a n i s m s  which do n o t  use  t h e  p a r t i c l e s  as  food (Mr I ,eese and 
M e t c a l f e  1980; Ea ton  e t  a l  1983) .  I t  i s  a l s o  known t i m t  h y d r o -  
p h o b i c  p o l l u t a n t s  d e p o s i t e d  i n  s e d i m e n t s  u s u a l l y  have a low b i o -  
a v a i l a b i l i t y  (Lee and Plumb 1974; Fu lk  e t  a l  1975; H i r s c h  e t  a l  
1978) .  The r e l a t i v e  c o n t r i b u t i o n  of  w a t e r  and s e d i m e n t  r e s p e c t i v e -  
l y  to  b l o a c c u m u l a t i o n  of h y d r o p h o b i c  p o l l u t a n t s  has been  d i s c u s s e d  
i n  many p a p e r s  ba sed  on f i e l d  d a t a  ( C o u r t n e y  and I , a ngs t on  1980; 
Murray e t  a l  1981; Du inke r  e t  a l  1983; Ray e t  a l  1983) ,  b u t  the  
c o n c l u s i o n s  a r e  u n c e r t a i n .  However, v e r y  few s t u d i e s  have been  
pe r fo rmed  unde r  c o n t r o l l e d  c o n d i t i o n s  in  t h e  l a b o r a t o r y  on how the  
b i o a c c u m u l a t i o n  of  such  compounds d i s s o l v e d  i n  t he  w a t e r  i s  c h a n g -  
ed by a d s o r p t i o n  to  p a r t i c l e s  when t h e s e  p a r t i c l e s  a r e  used  as 
food  by t h e  o r g a n i s m .  T h i s  has  now been  i n v e s t i g a t e d  u s i n g  t he  de-- 
p o s i t - f e e d i n g  b i v a l v e  Abra n l t i d a  which was exposed  to  h e x a c h l o -  
r o b e n z e n e  and l i n d a n e  by means of  a new method f o r  d o s i n g  o f  hyd-- 
r o p h o b i c  compounds to  a c o n t i n u o u s  f low s y s t e m  i n  l o n g  te rm t e s t s .  

MATERIALS AND METHODS 

h c o n t i n u o u s  f low sys t em was used  ( F i g . l )  i n  which t h e  f low of  
s e a w a t e r  was k e p t  c o n s t a n t  by means of  a s i m p l e  d e l i v e r y  box de -  
s c r i b e d  by Granmo and K o l l b e r g  (1972) .  The s u s p e n d e d  p a r t i c l e s  
were i n t r o d u c e d  by a m u l t l c h a n n e l  p e r i s t a l t i c  pump ( I s m a t e c  SA) to  
t h e  f u n n e l s  i n s e r t e d  i n t o  t he  m i x i n g  c y l i n d e r s  and t h e  s t o c k  sus-- 
p e n s i o n  t a n k  was e q u i p p e d  w i t h  a m e c h a n i c a l  s t i r r e r  to  keep the  
s u s p e n s i o n  homogeneous .  The t u r b i d i t y  i n  12 of  t i le  24 t a n k s  was 
k e p t  a t  30 NTU ( n e p h e l o m e t r i c  t u r b i d i t y  u n i t s ,  c o r r e s p o n d i n g  to  
105 mg dry  w e i g h t  of  p a r t i c l e s / 1  f o r  t i l e  s e d i m e n t  u s e d ) ,  a v a l u e  
which i s  w i t h i n  t he  r ange  of  t i le  n a t u r a l  v a r i a t i o n s  a l o n g  the  
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S-450 34 F i s k e b ~ c k s k i l ,  Sweden, and 
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Figure I. Continuous flow equipment for long term studies of bio- 
accumulation of highly hydrophobJc pollutants in aquatic animals. 
A:stock suspension tank, B:st lrrer ,  C:dosage pump, D:water in le t ,  
E:water delivery system, F:level control, G:syringe pump, H:water- 
free glycerol, l:mlxing cylinder, J:glass bell ,  K:three-way valves 
for r e f i l l i ng  of tes t  solution, L:test tanks. 

coast. The water flow to the funnels was 150 ml/ min. and was sub- 
divided by the cylinders to give a flow to each separate tank of 
75 ml/ min. Temperature was held at +11 • ~ and sa l in i ty  ranged 
between 31 and 33 % o. The turbidity/toxicant cnmblnations used 
are shown ill Table I. Three separate tests ([, II and III)  were 

T a b l e  I .  T r e a t m e n t  c o m b i n a t i o n s  o f  h e x a c h l o r o b e n z e n e  (HCB),  f i n -  
d a n e ,  a c e t o n e  a n d  t h e  t u r b i d i t y  30 NTU = 105 ppm p a r t i c l e s  i n  t h e  
t u r b i d i t y  t e s t s  w i t h  t h e  d e p o s l t - f e e d i n g  b i v a l v e  A b r a  n i t i d a .  

T r e a t m e n t  Number  o f  t a n k s  

C o n t r o l  2 
A c e t o n e  2 
P a r t i c l e s  2 
P a r t i c l e s  + a c e t o n e  2 
HCB + a c e t o n e  4 
HCB + a c e t o n e  + p a r t i c l e s  4 
L i n d a n e  + a c e t o n e  4 
L i n d a n e  + a c e t o n e  + p a r t i c l e s  4 
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performed, each with a duration of 35 d a y s .  Precision infusion 
s y r i n g e  pumps e q u i p p e d  w i t h  50 ml s p e c i a l  a l l - - g l a s s  s y r i n g e s  
(Braun Melsungen  AG, Mel sungen ,  W.-Germany) m a i n t a i n e d  t h e  d o s a g e  
r a t 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 s  i n  a c e t o n e  a t  0 . 375  m l / h  c o r r e -  
s p o n d i n g  t o  an a c e t o n e  c o n c e n t r a t i o n  o f  33 mg/1 i n  t h e  t a n k s .  By 
t u r n i n g  t h e  pumps 90 d e g r e e s ,  so t h a t  t h e  s y r i n g e s  were  i n  an up-  
r i g h t  p o s i t i o n  ( F i g , l )  and by f i l l i n g  t h e  empty s p a c e  above  t h e  
phmger with water-free glycerol, which is immiscible with ace- 
tone, leakage between the walls of the cylinder and the plunger of 
the syringes was avoided. Polyethylene tubing was used throughout. 
The three-way valves, for renewal of stack solution (Fig.l) were 
made of Teflon. The end of the tube delivering the tes t  solution 
was surrounded by a small glass bell  to reduce evaporation of the 
acetone. 

The soft bottom sediment was sieved through a 2 mm mesh screen. 
The sediment to be added in suspension was washed with fresh water 
to avoid aggregation of the par t ic les  and was decanted to obtain a 
defined part icle size distribution. The sediment was characterized 
by a particle-counting device (Elzone 80XY, Particle Data Inc with 
software C.R. }iinze 80XY support system) with respect to number, 
size and approximate total surface area of part icles entering and 
leaving the tanks; i ts  organic content was also determined. 

In  o r d e r  t o  e s t i m a t e  t h e  d e g r e e  o f  a d s o r p t i o n  o f  t h e  p e s t i c i d e s ,  
w a t e r  s amp le s  were  t a k e n  from the  t a n k s  where  p a r t i c l e s  had been  
added .  The s a m p l e s  were  t h e n  a n a l y s e d  f o r  HCB and l i n d a n e  b e f o r e  
and a f t e r  c e n t r i f u g a t i o n  a t  24000 x g f o r  30 min.  

Core  s amples  ( 2 . 3  cm d i a m e t e r )  were  t a k e n  t o  1 cm d e p t h  in  t h e  
s e d i m e n t  a f t e r  3 weeks o f  e x p o s u r e ,  f o r  d e t e r m i n a t i o n  o f  s e d i m e n t -  
d e p o s i t e d  p e s t i c i d e s .  

Ten a d u l t  (10 • 2 mm l e n g t h )  and 25 j u v e n i l e  s p e c i m e n s  (6 ~ 1 mm) 
r e s p e c t i v e l y  o f  t he  d e t r i t u s - f e e d i n g  b i v a l v e  Abra n i t i d a  (Mf i l l e r )  
were  p l a c e d  in  e a c h  o f  t h e  two s e d i m e n t - f i l l e d  b o x e s .  B i o a c c u m u l a -  
t i o n  s t u d i e s  were  c a r r i e d  o u t  on t h e  a d u l t s  w h i l e  t h e  j u v e n i l e s  
were  used  t o  d e t e r m i n e  g rowth  d u r i n g  the  t e s t .  For t h i s  p u r p o s e  
a l l  j u v e n i l e s  were  marked a t  t h e  edges  o f  t h e  s h e l l s .  An ima l s  
which  had n o t  bu r rowed  a f t e r  24 h o u r s  in  t h e  t anks  were  c o n s i d e r e d  
l e s s  v i a b l e  and were  r e p l a c e d  b e f o r e  commencing t h e  e x p e r i m e n t .  

After three weeks of exposure, the box with adults was removed 
from each tank and the bivalves were kept in flowing sea water for 
12 11 to empty their guts of contaminated sediment. The shells were 
then removed and the soft tissues frozen. Each sample for analysis 
consisted of 40 specimens from four identical treatments; water 
and sediment samples were taken at the same time. Water samples 
were also taken regularly in a l l  tanks. These samples (I00 ml) we- 
re immediately extracted with n-hexane (5 ml), and the extracts 
were stored at 4 ~ prior to analysis. 

Finally, af ter  35 days, the juveniles were removed from the tanks 
and their  shells were measured for determination of shell growth. 
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F i g u r e  2. S i z e  d i s t r i b u t i o n  o f  p a r t i c l e s  in  w a t e r  s ampled  f rom the  
a q u a r i a  and f rom t h e  s t o c k  s u s p e n s i o n  i n  a b i o a c c u m u l a t i o n / t u r b i -  
d i t y  t e s t  i n v o l v i n g  Abra n i t i d a  and t h e  p e s t i c i d e s  h e x a c h l o r o b e n -  
z e n e  and l i n d a n e .  

A l l  c h e m i c a l s  used  i n  t h e  a n a l y s e s  were  t e s t e d  i n  b l a n k  p r o c e d u r e s  
by gas  c h r o m a t o g r a p h y .  A l d r i n e  was used  as an i n t e r n a l  s t a n d a r d  
for '  t h e  gas  c h r o m a t o g r a p h i c  q u a n t i f i c a t i o n . T h e  s o f t  p a r t s  o f  t h e  
o r g a n i s m s  were  e x t r a c t e d  a c c o r d i n g  t o  t he  method o f  J e n s e n  e t  a l  
(1979) .  However ,  t h e  e v a p o r a t i o n  s t e p  was r e p l a c e d  by a p r o c e s s  
i n v o l v i n g  d r y i n g  t h e  e x t r a c t s  w i t h  magnesium s u l p h a t e  and a d j u s t -  
i n g  t h e  vo lume t o  5 . 0  ml w i t h  a n i t r o g e n  s t r e a m  and a w a t e r  b a t h .  
P r i o r  to  t h e  gas  c h r o m a t o g r a p h i c  d e t e r m i n a t i o n  an a l i q u o t  o f  e a c h  
e x t r a c t  (2 m]) was t r e a t e d  w i t h  an equa l  vo lume o f  s u l p h u r i c  a c i d  
m o n o h y d r a t e ,  to  remove t h e  l i p i d s .  

For  t h e  l i p i d  d e t e r m i n a t i o n  i d e n t i c a l  s a m p l e s  were  e x t r a c t e d  as  
p r e v i o u s l y  d e s c r i b e d .  A f t e r  e v a p o r a t i o n  o f  s o l v e n t  t h e  l i p i d  c o n -  
t e n t  was d e t e r m i n e d  g r a v i m e t r i c a ] l y .  

The s e d i m e n t  s a m p l e s  from t h e  t a n k s  were  e x t r a c t e d  f o r  HCB and 
c o e x t r a c t i v e s  were  removed a c c o r d i n g  t o  J e n s e n  e t  a l .  ( 1977 ) .  For  
t h e  q u a n t i f i c a t i o n  o f  l i n d a n e  and HCB a V a r i a n  6000 gas  c h r o m a t o -  
g r a p h  e q u i p p e d  w i t h  a 63Ni e l e c t r o n  c a p t u r e  d e t e c t o r  was used  t o -  
g e t h e r  w i t h  a V a r i a n  V i s t a  401 s y s t e m  f o r  p r o c e s s i n g  o f  t h e  c h r o -  
m a t o g r a p h i c  d a t a .  Tile c h r o m a t o g r a p h i c  column was a 25 m f u s e d  s i -  
l i c a  BP-5 (SfiE) w i t h  an i n n e r  d i a m e t e r  o f  0 . 2 5  mm. Hel ium was used  
as  c a r r i e r  gas  (1 .20  m l / m i n )  and n i t r o g e n  as  make---up gas  (30 
m l / m i n ) .  

The sample  e x t r a c t s  ~er~  d i l u t e d  w i t h  h e x a n e  c o n t a i n i n g  an i n t e r - -  
n a l  s t a n d a r d .  They were  i n j e c t e d  t o g e t h e r  a t  80 ~ A f t e r  one 
m i n u t e ,  t he  t e m p e r a t u r e  was r a i s e d  30 ~  t o  220 ~ and t h e n  8 
~ / m i n  t o  260 ~ The i n j e c t o r  and d e t e c t o r  t e m p e r a t u r e s  were  
h e l d  a t  220 ~ and 320 ~ r e s p e c t i v e l y .  
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F i gu re  3. S h e l l  g rowth  (mm) • 95~ con f i dence  l i m i t s  o f  Abra n i t i d a  
exposed to hexachlorobenzene and lindane for 35 days at low and 
high turbidity. In the experiments from Nov.-82 and Iday-83 the va- 
lues from all treatments did not fit a normal distribution, so a 
nonparametrlc test was chosen (Wilcoxon rank test for two 
groups). The values from May -84 were all normally distributed 
and hence a parametric test was chosen (one-tailed ANOVA). 
Significance of difference between treatments is also indicated 
by columns. C= controls, P= added particles (high turbidity: 30 
NTU= 105 ppm), A= acetone, H= HCB, L= Lindane. 

RESULTS AND DISCUSSION 

The r e s u l t s  o f  t h e  p a r t i c l e  c o u n t s  a r e  shown i n  F i g . 2 .  From a com-- 
p a r i s o n  o f  the s i z e  d i s t r i b u t i o n  o f  p a r t i c l e s  in  w a t e r  e n t e r i n g  
and l e a v i n g  t h e  t u r b i d  a q u a r i a  i t  was c a l c u l a t e d  t h a t  t h e  p a r t i c -  
l e s  s e t t l i n g  In  t h e  t a n k s  c o r r e s p o n d e d  t o  a b o u t  30g o f  t h e  t o t a l  
s u r f a c e  a r e a  o f  t h e  added  p a r t i c l e s .  The o rgan ic :  c o n t e n t  o f  t h e  
p a r t i c l e s  was a b o u t  5 ~. 

Both  p e s t i c i d e s  s l o w e d  g r o w t h  a l i t t l e ,  b u t  s u s p e n d e d  p a r t i c l e s  
d i d  n o t  seem to  a f f e c t  t h i s  i n h i b i t i o n  ( F i g .  3 ) .  The a n i m a l s  
s amp led  d u r i n g  s p r i n g  had a h i g h e r  c o n t e n t  o f  l i p i d s  ( 1 . 5 ~ )  t h a n  
i n  t h e  autumn s a m p l e s  ( 0 . 9 ~ ) .  

The t o t a l  c o n c e n t r a t i o n  o f  o r g a n o c h l o r i n e  i n  w a t e r  v a r i e d  b e t w e e n  
t h e  d i f f e r e n t  t e s t s ,  e s p e c i a l l y  f o r  HCB. The mean c o n c e n t r a t i o n s  
i n  t h e  t h r e e  t e s t s  were  e s t i m a t e d  and a r e  g i v e n  i n  T a b l e  2. For  a 
f a i r  j u d g e m e n t  o f  t h e  r e s u l t s  i t  i s  most  r e l e v a n t  t o  compare  t he  
a c c u m u l a t i o n  r a t i o s ,  t h a t  i s ,  t h e  q u o t i e n t  be tween  t h e  c o n c e n t r a -  
t i o n  in  a n i m a l s  o r  s e d i m e n t  and t h e  t o t a l  mean c o n c e n t r a t i o n  in  
t h e  w a t e r .  The r e s u l t s  a r e  p r e s e n t e d  i n  F i g .  4 and t h e y  show t h a t  
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F i g u r e  4 .  A c c u m u l a t i o n  r a t i o s  ( q u o t i e n t  b e t w e e n  t h e  c o n c e n t r a t i o n  
i n  a n i m a l s  or  i n  s e d i m e n t  and t h e  t o t a l  mean c o n c e n t r a t i o n  i n  wa- 
t e r )  o f  h e x a c h l o r o b e n z e n e  and l i n d a n e  in  t h e  d e t r i t u s - f e e d i n g  b i -  
v a l v e  h b r a  n i t i d a  and i n  t h e  s e d i m e n t  e x p o s e d  f o r  19 days  a t  l ow 
and h i g h  t u r b i d i t y .  

T a b l e  2. T o t a l  mean c o n c e n t r a t i o n s  ( d i s s o l v e d  + p a r t i c l e - b o u n d ) ,  
ppb,  o f  h e x a c h l o r o b e n z e n e  (HCB) and l i n d a n e  i n  w a t e r  s a m p l e s  from 
t h r e e  t u r b i d i t y  t e s t s  w i t h  Abra n i t i d a .  

T e s t  T r e a t m e n t  

No HCB H C B + p a r t i c l e s  L indane  L i n d a n e ~ p a r t t c l e s  

I 3 . 1  1 . 3  7 . 5  6 . 7  
II  3 . 8  4 . 0  8 . 5  8 . 2  
[ [ [  6 . 5  7 . 8  8 . 8  8 . 0  

t h e  s e d i m e n t  became more c o n t a m i n a t e d  i n  t h e  p r e s e n c e  o f  s u s p e n d e d  
s o l i d s .  A l s o  t h e  a c c u m u l a t i o n  r a t i o  o f  Abra was h i g h e r  in  a l l  the  
t h r e e  e x p e r i m e n t s  p e r f o r m e d ,  when s u s p e n d e d  p a r t i c l e s  were  a d d e d .  
For t h e  l e s s  h y d r o p h o b i c  l i n d a n e  t h e  c o r r e s p o n d i n g  v a l u e s  were  
much l o w e r  and t h e  b i o a c c u m u l a t i o n  i n  t h e  p r e s e n c e  or a b s e n c e  o f  
s u s p e n d e d  p a r t i c l e s  was about  t h e  same.  C e n t r i f u g a t i o n  o f  t i l e  wa-  
t e r  s a m p l e s  showed t h a t  t h e  major  p a r t  o f  HCB i n  w a t e r  (>95~)  was 
p a r t i c l e - b o u n d  a t  h i g h  t u r b i d i t y  w h e r e a s  o n l y  a b o u t  12% o f  l i n d a n e  
had been  a d s o r b e d  o n t o  p a r t i c l e s :  t h i s  a c c o r d s  w i t h  t i le  h i g h e r  
l e v e l s  o f  HCB, compared w i t h  l i n d a n e  i n  t h e  s e d i m e n t .  

For l i n d a n e  t h e  s t e a d y  s t a t e  l e v e l  was p r o b a b l y  a c h i e v e d ;  f o l l o w -  
i n g  t h i s  t h e  amount o f  compound a c c u m u l a t e d  became r e l a t e d  t o  l i -  
p i d  c o n t e n t  o f  t h e  a n i m a l s ;  t h i s  i s  r e f l e c t e d  i n  t h e  l o w e r  b l o a c -  
c u m u l a t i o n  r a t i o  o f  L i n d a n e  i n  t h e  autumn t e s t  ( F i g .  4 ) .  
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The d i f f i c u l t i e s  o f  d o s i n g  h y d r o p h o b i c  compounds in  a c o n t i n u o u s  
f l o w  s y s t e m  a r e  w e l l  known. None o f  t h e  e x i s t i n g  methods  was con-- 
s i d e r e d  to  have  enough s a f e t y  and a c c u r a c y  f o r  d o s i n g  in  l o n g  te rm 
e x p e r i m e n t s  and t h e r e f o r e  we were  f o r c e d  t o  d e v e l o p  a new t e c h n i -  
que .  In our  e x p e r i m e n t s  we used  a c e t o n e  as  a s o l v e n t ,  which  has  a 
good c a p a c i t y  t o  d i s s o l v e  h i g h l y  h y d r o p h o b i c  compounds,  i s  com p le -  
t e l y  m i s c i b l e  w i t h  w a t e r  and has  a low t o x i c i t y  t o  a q u a t i c  orga.-  
n i sms  ( J o h n s o n  and F i n l e y  1980) .  l towever ,  t h e  p r o b l e m s  c o n n e c t e d  
w i t h  t h e  v o l a t i l i t y  o f  a c e t o n e  and i t s  c o r r o s i v e  a c t i o n  Upon 
t u b e s ,  p l a s t i c s  e t c  had t o  be s o l v e d .  I t  was n e c e s s a r y  t o  u se  d o s -  
age  pumps w i t h  a v e r y  low pumping r a t e ,  to m i n i m i z e  t h e  amount o f  
a c e t o n e  i n  t h e  t a n k s .  

The r e s u l t s  f rom a l l  t h e  t e s t s  show tha i :  t h e  a c c u m u l a t i o n  r a t i o  o f  
HCB f o r  t h e  a n i m a l s  became much h i g h e r  in  t he  c o n c o m i t a n t  p r e s e n c e  
o f  added p a r t i c l e s ,  w h e r e a s  i n  t i le  c a s e  o f  t h e  l e s s  h y d r o p h o b i c  
l i n d a n e  t h e  c o r r e s p o n d i n g  r a t i o  seemed to  be u n a f f e c t e d  by s u s p e n -  
ded s o l i d s .  Even i f  i t  i s  no t  known w h e t h e r  our  r e s u l t s  r e p r e s e n t  
t h e  s t e a d y  s t a t e ,  t h e  HCB l e v e l  i n  A. n i t i d a  would p r o b a b l y  be 
h i g h e s t  a t  t h e  h i g h e r  t u r b i d i t y  a l s o  a t  s t e a d y  s t a t e .  T h i s  assump-  
t i o n  may be s u p p o r t e d  by t i l e  r e s u l t s  f rom Landrum and S c a v i a  
(1983) who, by e x t r a p o l a t i o n  i n  t i m e ,  c a l c u l a t e d  t h a t  t h e  d e t r i -  
t u s - f e e d i n g  amphipod H y a l e l l a  a z t e c a  a c c u m u l a t e d  more a n t h r a c e n e  
i n  t h e  p r e s e n c e  o f  f i n e - - g r a i n e d  s e d i m e n t  which  bound p a r t  o f  t h e  
compound. 

I t  i s  t o  be e x p e c t e d  t h a t  a d s o r p t i o n  o f  a h y d r o p h o b i c  compound t o  
p a r t i c l e s  w i l l  c a u s e  a d e c r e a s e  o f  i t s  a v a i l a b i l i t y  to  a q u a t i c  o r -  
gan i sms  which  do n o t  u t i l i z e  t h e  p a r t i c l e s  as f o o d ,  as  e q u i l i b r i u m  
p a r t i t i o n i n g  a g a i n s t  t h e  s u r r o u n d i n g  w a t e r ,  v i a  the  g i l l s  and 
s k i n ,  t h e n  has  a d e t e r m i n i n g  i m p o r t a n c e  f o r  t h e  s t e a d y  s t a t e  l e v e l  
o f  t h e  p o l l u t a n t  in  t h e  a n i m a l .  However ,  t h e  c o n s e q u e n c e  o f  p a r -  
t i c l e  a d s o r p t i o n  o f  a h y d r o p h o b i c  p o l l u t a n t  f o r  i t s  b i e a v a i l a b i l i -  
t y  t o  f i l t e r  f e e d e r s  and d e p o s i t  f e e d e r s  i n g e s t i n g  t h e  p a r t i c l e s  
i s  n o t  so e a s y  t o  p r e d i c t .  For  t h e s e  a n i m a l s  t h i s  phenomenon may 
e i t h e r  c a u s e  a d e c r e a s e d  b i o a v a i l a b i l i t y ,  i f  e q u i l i b r i u m  p a r t i t i o -  
n i n g  v i a  t h e  g i l l s  i s  s t i l l  t h e  d e c i s i v e  f a c t o r  f o r  b i o a c c u m u l a  .~ 
t i o n ,  o r  p o s s i b l y  an i n c r e a s e d  b i o a v a i l a b i l i t y ,  i f  u p t a k e  by food 
d e t e r m i n e s  t h e  s t e a d y  s t a t e  c o n c e n t r a t i o n  o f  t h e  compound- in  t h e  
o r g a n i s m .  The r e l a t i v e  i m p o r t a n c e  o f  t h e  two ways o f  u p t a k e  and 
t h e  o c c u r r e n c e  o f  a t r u e  b i o m a g n i f i c a t i o n  i s  s t i l l  a m a t t e r  o f  
c o n j e c t u r e  (Hamel ink  e t  a l  1971; Goerke  e t  a l  1979; E r n s t  1980; 
Bruggemann ]982 ;  S c h n e i d e r  1982; Borgmann and W h i t t l e  1983; Mori-- 
a r t y  1983) and may v a r y  g r e a t l y  d e p e n d i n g  on the  m o r p h o l o g y ,  phy-  
s i o l o g y  and t h e  f e e d i n g  h a b i t  o f  t h e  o r g a n i s m .  

When c o n s i d e r i n g  a n i m a l s  l i v i n g  in  t h e  s e d i m e n t  one s h o u l d  be 
aware  t h a t  t h e  c o n t a c t  o f  t i l e  o u t e r  body s u r f a c e s  w i t h  a contami . -  
n a t e d  s e d i m e n t ,  which  i s  In e q u i l i b r i u m  w i t h  t h e  p o l l u t a n t  in  t he  
w a t e r  column,  does  n o t  i n f e r  a h e a v i e r  e x p o s u r e  compared  t o  c o n -  
t a c t  w i t h  t h e  w a t e r  i t s e l f .  Tha t  i s ,  i t  i s  no t  t h e  h i g h e r  c o n c e n -  
t r a t i o n ,  as  such ,  bu t  t h e  f u g a c i t y  (which  i s  r e l a t e d  t o  t h e  c h e m i -  
c a l  p o t e n t i a l  o r  Gibbs  f r e e  e n e r g y )  o f  t h e  compound in  t he  s e d i -  
ment wh ich  d e t e r m i n e s  t h e  b i o a v a J l a b J ] i t y .  T h i s  has  t h e  same v a l u e  
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on the particles and in the water if  the two compartments are in 
equilibrium with each other. Furthermore, when the uptake of a 
hydrophobic pollutant, via the gut, is considered, one should keep 
in mind that the major part of the food of deposit feeders con- 
s i s t s  of Indigestable material, which has the potential to adsorb 
pollutants liberated from the food particles being digested. The 
increased bloaccumulation of HCB in Abra at the higher turbidity 
in spite of a greatly lowered concentration of dissolved compound, 
gives a level in the animals which is much higher than can be ex- 
plained by only passive equilibrium parti t ioning via the g i l l s  and 
skin. Instead the results indicate that, In this case, the uptake 
via food predominates strongly over the former exchange process. 
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