
Bull. Environ. Contam. Toxicol. (1986) 36:159-167 
�9 1986 Springer-Verlag New York Inc. 

~ E n v i r o n m e n t a l  
�8 C o n t a m i n a t i o n  
~and Tox ico logy 

Possible Sediment Scavenging of Chlordane and 
Contamination of the Aquatic Biota in Belmont Lake, 
New York 

Lindsay W. Wood, ~ Peter A. Jones, 2 and Arthur Richards ~ 

1Wadsworth Center for Laboratories and Research, New York State Department 
of Health, Albany, NY 12201 and 2New York State Department of Environmental 
Conservation, 50 Wolf Road, Albany, NY 12233 

The p e r s i s t e n t  o r g a n o c h l o r i n e  compound c h l o r d a n e  bas  b e e n  used  
e x t e n s i v e l y  s i n c e  i t s  a p p e a r a n c e  on tbe  marke t  a round  1947. On 
Long I s l a n d ,  New York,  i t  i s  s t i 1 1  used  to  c o n t r o l  i n s e c t s ,  
p a r t i c u l a r l y  t e r m i t e s .  C h l o r d a n e  i s  p o o r l y  s o l u b l e  in  w a t e r .  
E s t i m a t e s  of  the  s o l u b i l i t y  r ange  from 0 .056  ~g/L ( S a n b o r n  
e t  a l .  1976) to  9 ~g/L (NRC 1982) .  The o c t a n o l / w a t e r  p a r t i t i o n  
c o e f f i c i e n t  (K ) f o r  c h l o r d a n e  of  6 .04  as d e t e r m i ~ e d  by 
Sanborn  e t  a 1 . ~  was i d e n t i c a l  to  the  v a l u e  f o r  i t s  PCB 
ana log  ( 2 , 2 ' ,  3 , 3 ' ,  6 - p e n t a c h l o r o b i p h e n y l )  as r e p o r t e d  by  R a p a p o r t  
and E i s e n r e i c h  (1984 ) .  From the  e q u a t i o n s  of  K a r i c k h o f f  e t  a l .  
( 1979 ) ,  we e s t i m a t e d  the  l o g a r i t b m  of  t he  o r g a n i c  c a r b o n  p a r t i t i o n  
c o e f f i c i e n t  (K ) t o  be  b e t w e e n  5 .60  and 5 .83 u s i n g  a K 
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of  6 .04  and a s o l u b i l i t y  of  9 ~g/L.  These  p r o p e r t i e s  s u g g e s t  
t ~ a t  c h l o r d a n e  r e a d i l y  a d s o r b s  to  c l a y s  and o r g a n i c  m a t t e r  as do 
the  PCBs (Di Toro and Horzempa 1982, Di Toro e t  a l .  1983) .  I t s  
a f f i n i t y  f o r  o r g a n i c  m a t t e r  i~ l a k e  s e d i ~ e n t s  can a l s o  be e x p e c t e d  
to  be h i g h .  

I n  Belmont  Lake,  Long Xs l and ,  New York,  a s h a l l o w  r e c r e a t i o n a l  
l a k e ,  c ~ l o r d a n e  was r e p o r t e d  to  r e a c h  5 .2  ~g/g  i n  ca rp  f i l l e t s  
and 0 .38  pg/g  i n  b a s s  f i l l e t s  (NYSDEC 1982) e x c e e d i n g  the  a p p l i -  
c a b l e  FDA g u i d e l i n e  of  0 .3  p g / g .  As the  use  o f  t ~ i s  l a k e  i s  
p r e s e n t l y  i m p a i r e d  by e x c e s s i v e  growt~s  of  a q u a t i c  weeds ,  r e s t o -  
r a t i o n  by  d r e d g i n g  r e q u i r e s  knowledge  of  tbe  d i s t r i b u t i o n ,  s o u r c e s  
and f a t e  of  the  c h l o r d a n e .  

I~ATERIALS AND I~IETHODS 

Belmont  Lake i s  l o c a t e d  i n  S u f f o l k  County ,  Long I s l a n d ,  New York 
( L a t .  40 ~ 43'  $ 8 ' ' ,  Long.  73 ~ 20' 3 2 ' ' )  and i s  p a r t  o f  the  
s o u t h - d r a i n i n g  C a r 1 1 ' s  R i v e r  w a t e r s ~ � 9 9  The l a k e  i s  s h a l l o w  (max. 
d e p t h  1 .3  m). I t s  s u r f a c e  a r e a  i s  11 .33  ha ,  i t s  volume 7 7 , 0 0 0  m s , 
i t s  mean h y d r a u l i c  r e t e n t i o n  t ime  2 . 0  to  2 . 9  days  (FANS 1980) .  
The r e t e n t i o n  t ime  i s  h i g h l y  v s r i a b ! e  w i t ~  p r e e i p i t a t i o n  e v e n t s ,  
howeve t .  S u r r o u n d i n g  s o i l s  a r e  v e r y  p e r m e a b l e .  The Upper  G l a c i a l  
A q u i f e r  i s  l o c a t e d  a p p r o x i m a t e l y  0 .9  m be low t he  l a k e  s u r f a c e  a t  
t he  o u t l e t  and i s  a p p r o x i m a t e l y  0 .3  m above the  s u r f a c e  n e a r  the  
i n l e t  ( D o n a l d s o n  and K o s a l k a  1983) .  
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The s o i l s  bave  a v e r t i c a l  p e r m e a b i l i t y  o f  8 ,2  m/day ,  w i t h  a h o r i -  
z o n t a l  c o n d u c t i v i t y  o f  83 .2  m/day  ( T e t r a t e c h  1977) .  As a r e s u l t  
t~e  l a k e  i s  i n f l u e n c e d  h e a v i l y  by g r o u n d w a t e r  w~ich  c a p t u r e s  a l o t  
o f  t he  117 cm o f  annua l  p r e e i p i t a t i o n .  G r o u n d w a t e r  may c o n t r i b u t e  
as much as 70% o f  t h e  t o t a l  f l o w  t o  t h e  l a k e ,  and t h e  d r a i n a g e  
b a s i n  i s  r e d u c e d  from i t s  t h e o r e t i c a l  73 km 2 t o  an e f f e c t i v e  s i z e  
o f  5 km 2. From 3 u l y  t o  S e p t e m b e r ,  t h e  f l o w  o f  t h e  C a r 1 1 ' s  R i v e r  
t o  Be lmon t  Lake i s  augmented  by pumped g r o u n d w a t e r  w~ich  e n t e r s  
v i a  a p i p e  i n  t h e  r i v e r  i m m e d i a t e l y  above t h e  l a k e .  Pumping 
o c c u r s  a t  f u l l  f o r c e  d u r i n g  t h e  n i g h t  and s lows  t o  a t r i c k l e  
d u r i n g  t h e  day .  

S i n c e  t h e  1 9 3 0 ' s  when c o m p l e t e  r e s t r v c t v r i n g  and c l e a n i n g  o f  t h e  
l a k e  o c c u r r e d  as a P u b l i c  Works P r o j e c t ,  s e d i m e n t s  have  aceumu- 
l a t e d  o v e r  t h e  h a r d  s a n d y - g r a v e l  l a k e  b o t t o m  to  a d e p t h  o f  
60-100  cm in  t h e  n o r t h  and 5-40  cm in  t he  s o u t h .  T o t a l  s e d i m e n t  
volume i s  a p p r o x i m a t e l y  23 ,000  m 3 w i t h  a v o l a t i l e  s o l i d s  c o n t e n t  
o f  f rom 11 t o  30% d e p e n d i n g  upon l o c a t i o n .  H i g h e r  c o n t e n t s  o f  
v o l a t i l e  m a t t e r  a r e  found toward  t h e  n o r t h .  Sed imen t  t e x t u r e  in  
a l l  a r e a s  i s  a sandy s i l t ,  w i t h  a s l i g h t l y  g r e a t e r  s i l t  
p e r c e n t a g e  in  t h e  s o n t h .  R a d i o a c t i v i t v  d a t i n g  o f  t h e  s e d i m e n t s  
w i t h  x3~Cs and z l ~  showed a d i s c o n t i n u i t y  in  t he  s e d i m e n t s  
d e p o s i t e d  b e f o r e  1954, p o s s i b l y  as a r e s n l t  o f  two h u r r i c a n e s  
d u r i n g  1954.  The s e d i m e n t a t i o n  p a t t e r n  was normal  a f t e r  t ~ a t  
d a t e ,  w i t h  s e d i m e n t a t i c n  r a t e s  o f  0 .19  g / c m 2 / y r  ($ones  ~nd Wood 
1983) .  The 60-cm deep s e d i m e n t  in  s e v e r a l  l o c a t i o n s  in  t h e  n o r t h  
was 5~ c o o l e r  a t  t h e  b o t t o m  t h a n  a t  t~e  t o p .  The top  had t~e  
same t e m p e r a t u r e s  as t he  homothermons  w e t e r  column.  The l o w e r  
t e m p e r a t u r e s  o c c u r r e ~  in  t h e  l o w e r  10 cm o f  t h e  s e d i m e n t a r y  
co lumn.  No such  d l f f e r e n c e s  were  round in  t he  s o u t h e r n  a r e a s  
(Augus t  1981) .  T h i s  s u g g e s t s  g r o u n d w a t e r  i n f i l t r a t i o n  in  t he  
n o r t b e r n  a r e a s  and p o s s i b l e  e x f i l t r a t i o n  in  s o u t h e r n  a r e a s .  

Dense g rowths  o f  Cabomba o a r o l i n i a n a  and P o t a m o g e t o n  
b e r � 9 9  c o v e r  a l m o s t  t h e  e n t i r e  s u r f a c e  o f  t he  l a k e  f rom May 
t h r o u g h  O c t o b e r .  T h i s  g r o w t h  r e d u e e s  v e r t i c a l  m i x i n g  and 
s t a b i l i z e s  s e d i m e n t s  d u r i n g  t h e  g rowing  s e a s o n .  P o t a m o g e t o n  i s  
p r e d o m i n a n t  o n l y  in  a r e s t r i c t e d  n o r t ~ e r n  p o r t i o n  o f  t h e  l a k e  
u n d e r  t h e  i n f l u e n c e  o f  t h e  c o o l e r  g r o u n d w a t e r s  f rom f l o w  
a u g m e n t a t i o n .  

The s a m p l i n g  g r i d  f o r  Be lmon t  Lake i s  shown in  F i g u r e  1. The a r e a  
o f  e a c h  g r i d  u n i t  i s  929 m 2. P e r m a n e n t  s t a t i o n s  were  a t  
l o c a t i o n s  H-6 and S-8 .  A l l  o t h e r  s amp le s  were  i d e n t i f i e d  by t h e  
g r i d  c o o r d i n a t e s .  The v a r i a n c e  i n h e r e n t  i n  t h e  c h l o r d a n e  a n a l y s e s  
v a s  d e t e r m i n e d  by a c o m p o s i t e  o f  8 c o t e  s amples  f rom s t a t i o n  H-6 .  
The s e d i m e n t  was t h o r o u g h l y  mixed  w i t h  a g l a s s  r o d ,  a11owed t o  
s e t t l e ,  and t h e  e x c e s s  w a t e r  d e c a n t e d .  T r i p l i c a t e  subsam p le s  were  
a n a l y z e d  and c o n t a i n e d  0 . 4 9  • 0 .07  ( a e t u a l  v a l u e s  0 . 4 2 ,  0 .51  and 
0 . 5 5 )  rg  c h l o r d a n e / g .  The h o r i z o n t a l  d i s t r i b u t i o n  o f  c h l o r d a n e  
was d e t e r m i n e d  f rom c o m p o s i t e s  o f  4 c o t e  samples  a t  e a c h  o f  6 
s t a t i o n s ,  D/E-5�87 H / I - 8 ,  I / J - 8 ,  Q-10,  T / U - 9 .  The c o t e  c o n t e n t s  
were  mixed�87 s e t t l e d ,  and e x c e s s  w a t e r  d e c a n t e d  p r i o r  t o  p l a c i n g  s 
subsample  i n t o  a h e x a n e - w a s h e d  j a r  w i t h  a T e f l o n  1 i d .  V e r t i c a l  
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F i g u r e  1.  Yap o f  B e l = o n t  Lake ,  Long I s l a n d ,  N.Y. showing  t h e  g r i d  
p a t t e r n  r e f e r e n c e d  by  an a l p h a  n u m e r i c  c o d e  f o r  sample  
l o c a t i o n s .  Eac~ g r i d  s q u a r e  i s  3 0 . 5  m on a s i d e .  

d i s t r i b u t i o n  v a s  s t u d i e d  on one c o t e  e a c h  from s t a t i o n s  H-6 and 
S-8  by s e c t i o n i ~ g  i n t o  t ~ i r d s .  The s e c t i o n s  from s t a t i o n  H-6 
were  a p p r o x i m a t e l y  10 cm l o n g  and t ~ o s e  from S - 8  a p p r o x i m a t e l y  
3 cm. Water s a m p l e s  v e r e  o b t a i n e d  from s t a t i o n s  H-6 ,  $ - 8 ,  and 
from t ~ e  C a r l l ' s  R i v e r  u p s t r e a m  and dow~s tream o f  the  l a k e ,  An 
a d d i t i o n a l  sample  v a s  o b t a i n e d  f r o =  t h e  f l u s ~  p i p e  v h i c h  had 
a c c u m u l a t e d  d u r i n g  the  f a 1 1  o f  1981 and v i n t e r  o f  1982 
v a s  a l s o  c o l l e c t e d  and s p l i t  i n t o  a top  and b o t t o m  h a l l .  

Samples  o f  s o i l  from the  p a r k l a n d  s u r r o u n d i n g  the  l a t e  were  
c o l l e c t e d  from lawn s i e n s  t o  t h e  e a s t  and w e s t  o f  t h e  l a k e  as w e l l  
as  r i v e r b a ~ k  a r e a s  i m m e d i a t e l y  u p s t r e a m  and d c ~ ~ s t r e a m  o f  t h e  
l a k e .  These  were  c o l l e c t e d  in  h e x a n e - v a s h e d  b o t t l e s  by  s c o o p i n g  
a l o n g  t h e  s u r f a c e  o f  the  s o i l  in  a r e a s  v i t h  l i t t l e  v e g e t a t i v e  
e o v e r .  C h l o r d a n e  bas  ~ o t  b e e n  ~ s e d  in  t ~ e  p a r k  s i n c e  p r i o r  t o  
1971 (T.  L y o n s ,  NY S t a t e  D e p a r t m e n t  o f  P a r k s ,  R e c r e a t i o n  and 
H i s t o r i e  P r e s e r v a t i o n ,  A l b a n y ,  p e r s o n a l  c o = m u n i c a t i o n ) .  

161 



The w a t e r  samples  were e x t r a c t e d  w i t h  15~ m e t h y l e n e  c h l o r i d e  i n  
hexane  (EPA 1973;  EPA-MSL 1978) .  S o i l  and s e d i m e n t  samples  were 
p r e p a r e d  by  the  V e i t h  and Kiwus (1977) m o d i f i c a t i o n  of  the  
N i e l s o n - K r y g e ~  s team d i s t i l l a t i o n  t e c h n i q u e .  No f u r t h e r  c l e a n u p  
was r e q u i r e d .  Both  t e c h n i q u e s  gave r e c o v e r i e s  i n  e x c e s s  of  85%. 
A f t e r  c o n c e n t r a t i o n  w i t h  a K u d e r n a - D a n i s h  a p p a r a t u s  the  e x t r a c t s  
were examined by  gas c h r o m a t o g r a p h y - e l e c t r o n  c a p t u r e  d e t e c t i o n  
u s i n g  a H e w l e t t - P a c k a r d  mode1 5880 gas c h r o m a t o g r a p h  w i t h  a 1 . 8  m 
column packed  w i t h  3~ SE30 on (80-100  mesS) Gaschrom-Q (A11tech  
A s s o c i a t e s  I n c . ,  D e e r f i e l d ,  I L ) .  

RESULTS AND DISCUSSION 

Ch lo rdane  l e v e l s  i n  the  s u p e r f i c i a l  l a k e  s e d i m e n t s  d e c r e a s e d  from 
0 .1  t e  0 . 2  pg /g  a t  the  n o r t h  end ( H / I - 8 ,  D/E-5  and H-6) t e  0 . 0 2  
t e  0 . 0 4  ~g/g a t  t he  s o u t h  end ( I / J - 6 )  (T -6 ,  T /U-9 ,  0 - 1 0 )  w i t h  
0 .06  ~g/g in  the  c e n t r a l  p a r t  ( T a b l e  1 ) .  T~e top  and b o t t o m  
s e c t i o n s  o f  the  s e d i m e n t  which  had  a c c u m u l a t e d  u n d e r  t he  f l n s h  
p i p e  c o n t a i n e d  0 . 5 6  and 0 .52  ~g/g  r e s p e c t i v e l y .  The s e d i m e n t s  i n  
t he  n o r t h  and s o u t h  ends  of  t he  l ake  showed a d i s t i n c t l y  d i f f e r e n t  
v e r t i c a l  d i s t r i b u t i o n  of  the  c h l o r d a n e .  The top  and m i d d l e  t h i r d s  
of  the  c o t e  from the  n o r t h e r n  s t a t i o n  c o ~ t a i n e d  0 . 1 8  and 0 .11  ~g/g 
r e s p e c t i v e l y � 8 7  whereas  the  b o t t o m  p o r t i o n  c o n t a i n e d  0 . 5 8  ~ g / g .  
T h i s  p o r t i o n  o f  the  c o t e  p r e d a t e s  1955. The c o t e  in  the  s o u t h e r n  
p a r t  had 0 .05  ~g/g  i~  the  uppe r  and 0 . 0 4  and 0 .03  ~8/g r e s p e c -  
t i v e l y  i n  t he  m i d d l e  and lower  t h i r d s .  

S o i l  c o n c e n t r a t i o n s  of  c h l o r d a n e  r a n g e d  from 0 .003  ~g/g a long  
the  r i v e r  bank  downst ream of  t he  l a k e  t e  l e v e l s  be low the  
d e t e c t i o n  l i m i t  o f  0 .002  pg/g  u p s t r e a m  of  the  l ake  ( T a b l e  2 ) .  
C o n c e n t r a t i o n s  in  t he  lawn and b a l l f i e l d  a r e a s  of  the  p a r k l a n d  t e  
the  e a s t  and wes t  of  the  l a k e  were a l s o  low. 

Ai1 w a t e r  samples  showed c h l o r d a n e  t e  be  be low the  d e t e e t i o n  
l i m i t  of  0 .11  ~g/L ( T a b l e  2 ) .  T h i s  i n c l u d e d  the  Upper G l a c i a l  
A q u i f e r  i n  t h i s  a r e a .  

C h l o r d a n e  l e v e l s  i n  t he  s u r f a c e  s e d i m e n t s  of  t he  n o r t ~  p r o b a b l y  
r e f l e c t  the  g r e s t e r  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  t ~ i s  a r e a  as 
¢  t e  t he  s o u t e .  No e v i d e n c e  of  s c o u r i n g  was o b s e r v e d  in  
e i t h e r  the  n o r t h  or  the  s o u t h  se  t h a t  the  d e p o s i t s  a re  s t a b l e .  
T h i s  may be l a r g e l y  due t e  l u s h  g rowths  of m a c r o p h y t e s  which  
cove r  the  d e p o s i t  from s~ore  t e  s h o r e ,  p r o d u e i n g  a s t a b i l i z i n g  
e f f e c t  on the  s e d i m e n t s .  

I n  the  absence  o f  measured  c o n c e n t r a t i o n s  in  t be  r a t e r  s a m p l e s ,  a 
p r o b a b l e  r a n g e  of  c h l o r d a n e  c o n c e n t r a t i o n  i n  the  aqueous  phase  
can  be e s t i m a t e d  from the  e q u a t i o n  o f  Schwarzenbach  and Wes t fa11  
(1981 ) :  

log K = 0 . 7 2  K + l o g  f + 0 .49  
p OW c e  

w~ere f i s  t he  f r a c t i o n  of  o r g a n i e  c a r b o n  i n  the  s e d i m e n t .  
OC 
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T a b l e  � 8  R e s u l t s  o f  a n a l y s e s  f o r  c h l o r d a n e  i n  l a k e  s e d i m e n t s  f rom 
Be lmon t  Lake a l o n g  w i t h  e s t i m a t e s  o f  t h e  c o r r e s p o n d i n g  
aqneous  c o n c e n t r a t i o n s  c o r r e s p o n d i n g  t o  11% and 30% 
c a r b o n  r e s p e c t i v e l y  ( s e e  t e x t ) .  

L o c a t i o n  o r  Sed imen t  Cone.  Aqueous Conc.  
Grid Coordinates gg/g pg/L 

Sed imen t  c o m p o s i t e s  
We11 P i p e  (Top) 0 . 5 6  0 .095  - 0 . 0 8 9  
We11 P i p e  (Bot tom)  0 . 5 2  0 .088  - 0 .082  
T-6 0 .02  0 .003  - 0 .003  
T /U-9  0 . 0 4  0 .007  - 0 .007  
O-10 0.04 0,007 - 0.007 
I/1-6 0.06 0.010 - 0.009 
H / I - 8  0.13 0.022 - 0.021 
DIE-5 0.11 0.019 - 0.017 
H-6 0 . 1 0  0 .017  - 0 . 016  

Sediment cores 
S-8 (Top) 0.05 0.009 - 0.008 
S-8 (Middle) 0.04 0.007 - 0.006 
S-8 (Bottom) 0.03 0.005 - 0.005 

H-6 (Top) 0.18 0.031 - 0.028 
H-6 (Middle) 0.11 0.019 - 0.017 
H-6 (Bottom) 0.58 0.099 - 0.092 

Table 2. Results from chlordane analyses on water and soils in 
the vicinity of Belmont Lake, N.Y. The grid coordinates 

z e f e r  t o  F i g u r e  1. 

Sample t y p e  L o c a t i o n  o r  C o n c e n t r a t i o n  
(Conc. units) Grid Coordinates 

Wates (vglL) 
F l u s h  P i p e  LT 0 . 1 1  
R i v e r  u p s t r e a m  LT 0 .11  
R i v e r  downs t r eam LT 0 . 1 1  
R i v e r  w e s t  b r a n c h  LT 0 .11  
H-6 LT 0 . 1 1  
S-8  LT 0 . 1 1  

S o i l s  (lt8/gra) 
West o f  Lake (Lawn) LT 0 . 0 0 2  
E a s t  o f  Lake ( F i e l d )  0 .002  
E a s t  o f  Lake (Lawn) 0 .003  
R i v e r b a n k  (Ups t r eam )  LT 0 .002  
R i v e r b a n k  (Downstream) 0 .003  
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I f  v o l a t i l e  s o l i d s  c o n t e n t  i s  u s e d  as an e s t i m a t e  o f  o r g a n i c  
c a r b o n ,  K v a l u e s  o f  5 . 8 8  t o  6 . 3 2  a r e  o b t a i n e d  f o c  v o l a t i l e  
s o l i d  c o n ~ e n t s  b e t w e e n  11 and 30% and a K o f  6 . 0 4 .  The 
e q u a t i o n :  ow 

c = s/K 
P 

(Sr and Westfa11 1981) was thon used to  es t ima te  
maximum c o n c e n t r a t i o n s  in  t he  w a t e r  (c)  f rom t h e  c o n c e n t r a t i o n  in  
t he  s e d i m e n t  ( s ) .  Oves e s t i m a t i o n  o f  t he  o r g a n i c  c a r b o n  can 
r e s u l t  f rom t h e  a s s u m p t i o n  t h a t  i t s  c o n t e n t  e q u a l s  t h a t  o f  
v o l a t i l e  s o l i d s .  

I f  t h e  d e c r e a s o  o f  c h l o r d a n e  c o n c e n t r a t i o n s  �8  t h e  b o t t o m  t o  
t h e  t op  o f  t h e  s e d i m e n t s  in  t h e  n o r t h e r n  p a r t  o f  t he  l a k e  i s  
t a k e n  as an i n d i c a t i o n  o f  c h l o r d a n e  a d d i t l o n s  �8  g r o u n d w a t e r  as 
s u g g e s t e d  by t h e  t e m p e r a t u r e  g r a d i e n t  in t h e s e  s e d i m e n t s ,  t hon  
t h e  aqueous  c h l o r d a n e  c o n c e n t r a t i o n s  from p o i n t  o f  u p w e l l i n 8  t o  
t h e  d e p o s i t  t o  p o i n t  o f  e x f i l t r a t i o n  from t h e  d e p o s i t  in  t he  
n o r t h  would  d e c r e a s e  f rom a c a l c u l a t e d  r ange  o f  0 .092  - 0 .099  t o  
a r a n g e  o f  0 . 0 2 8  - 0 . 031  p g / L .  I n  t h e  s o u t h ,  t h e  r e m a l n i n g  
e s t i m a t e d  c o n c e n t r a t i o n  r a n g e  o f  0 . 0 0 8  - 0 .009  pg /L  c o u l d  
d e c r e a s e  t o  0 ,005  d u r i n g  d e s c e n t  t h r o u g h  t h e  d e p o s i t  t o  t h e  
g r o u n d w a t e r  t a b l e .  T h i s  J a c k  o f  a s i m i l a r  s~arp  i n c r e a s e  in  
c h l o r d a n e  l e v e l s  a t  tho  b o t t o m  o f  s o u t h e r n  d e p o s i t s  a l s o  s u g g e s t s  
t h a t  t h e  c h l o r d a n e  d i d  n o t  e n t e r  t b e  l a k e  d u r i n g  t h e  i n i t i a l  
a c c u m u l a t i o n  o f  t h e  s e d i m e n t  d e p o s i t .  I n d e e d ,  t~e  c o n c e n t r a t i o n  
in  t h i s  a r e a  a c t u a l l y  d o c r e a s e s  w i t h  s e d i m e n t  d e p t h .  

The d a t a  s u g g e s t  t h e  e x i s t e n c e  o f  a s o u r c e  o f  c h l o r d a n e  n o r t h  o f  
t h e  l a k e ,  and t b e  s o u r c e  i s  s t i 1 1  p r e s e n t  as t h e  s u b s t a n c e  i s  
s r i 1 1  b e i n g  i n j e c t e d  ( t o  be  t e r m i n a t e d  s h o r t l y )  i n t o  t h e  g round  
f o r  t e r m i t e  c o n t r o l  b y p a s s i n g  t h e  t o p s o i l  (L. S k i n n e r ,  ~~SDEC. 
News R e l e a s e  o f  7 S e p t e m b e r  1984,  P e r s o n a l  C o m m u n i c a t i o n ) .  The 
low c o n c e n t r a t i o n s  i~  t h e  s u r f a c e  and r i v e r b a n k  s o i l s  f u r t h e r  
p o i n t  t o  s u r f a c e  r u n o f f  as n o t  b e i n g  a s i g n i f i c a n t  s o u r c e .  One 
may t h e r e f o r e  h y p o t h e s i z e  t h a t  c h l o r d a n e  in  g round  w a t e r  p a s s i n g  
f�98 t h e  s a n d - g r a v e l  s v b s t r a t u m  i n t o  t he  r e l a t i v e l y  o r g a n i c - r i c h  
s e d i m e n t s  i s  t h e  p r o b a b l e  s o u r c e .  The o r g a n i c  m a t e r i a ]  v ~ d e r  t~e  
f l u s h  p i p e  would  s i m i l a r l y  ho c o n t a m i n a t e d  l a r g e l y  f rom g r o u n d -  
w a t e r  v i a  s eopage  f rom t h e  r i v e z  b e d ,  whioh  forms 70% o f  t he  f l o w  
o f  t he  C a r 1 1 ' s  R i v e r .  The s e d i m e u t  unde r  t he  f l u s h  p i p e  would  be  
p e r i o d i c a l l y  f l u s h e d  d u r i ~ g  t b e  summer t o  be b r o a d c a s t  upon t~e  
s u r � 8  o f  t h e  d e p o s i t .  Tl~is b r o a d e a s t  and d e p o s i t i o n  o � 8  r e c e n t  
s e d i m e n t s  a l o n g  w i t h  s c a v e n g i n g  f rom the  w a t e r  by  t h e  d e p o s i t  and 
s u s p e n d e d  p a r t i c l e s  would  e x p l a i n  t he  o b s e r v e d  h o r i z o n t a l  g r a d i e n t .  
E x f i l t r a t J o n  n e a r  t~e  l a k e  o u r l e t  would  l e a d  t o  g r e a t e r  s c a v e n g i n g  
o f  c b l o r d a n e  a t  t he  s u r f a c e  o f  t h e  s e d i m e n t s  t h e r e .  

I f  s c a v e n g i n g  o f  c h l o r d a n e  f rom d i l u t e  c o n c e n t r a t i o n s  in  g r o u n d -  
w a t e r  s e r r e s  as a f i r s t  c o n c e n t r a t i o n  s t o p ,  t h e n  t h l s  r e p r e s e n t s  
a p h y s i c o - c h e m i c a l  m a g n i f i c a t i o n  o f  t h i s  s u b s t a n c e .  I t  bas b e e n  
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shown t ~ a t  h e a t - k i l l e d  a l g a l  c e l l s  r e s e m b l e  l i v i n g  c e l l s  i n  t h e i r  
a b i l i t y  to  s c a v e n g e  c h l o r d a n e  from w a t e r  (G looschenko  e t  a l .  1 9 7 9 ) .  
B i � 9 9  cou ld  t h e n  p r o c e e d  from t h i s  i n i t i a l  s t e p  v i a  
b e n t h l c  o r 8 a n i s m s .  I n  many s e d i m e n t  c o t e s  f r e s h  bu r r ow s  made 
by a q u a t i c  o l i g o c h a e t e s  (tesludgewormsWW) were round  s t  a l l  d e p t h s  
to  the  b o t t o m  of  the  s e d i m e n t s  (35 cm or  m o r e ) .  These o b s e r -  
v a t i o n s  were made n s i n g  c l e a r  p l a s t i c  c o t e  t u b e s  so t h a t  bu r row 
f o r m a t i o n  and d i s t r i b u t i o n  c o u l d  be o b s e r v e d .  

These o l i g o c h a e t e s  s e l e c t  o r g a n i c  p a r t i c l e s  and a s s o c i s t e d  b a c -  
t e r i a  f o r  food and e n e r g y  ( B r i n k b n r s t  and Chua 1969, B r i n k h u r s t  
e t  v l .  1972) .  R e c e n t  work bas  p o i n t e d  to  h i g h  c o n c e n t r a t i o n  by  
t h e s e  worms of  s u b s t a n c e s  w i t h  K v a l u e s  a round  6 ( 0 1 i v e r  

�9 o 1984) .  O the r  o r g a n � 8  have s l m l ~ a r  h i g ~  c o n c e n t r a t i n g  a b i l i t i e s  
f o r  h igh -K  compounds m o d i f i e d  somewhat by  a food web 

ow 
p o s i t i o n  f a c t o r  (Fox e t  a l .  1983) .  These  worms w~ich o c c u r  a t  
p o p u l a t i o n  d e n s i t i e s  o f  13 to  436 i n d i v i d u a l s / m  2 and o t ~ e r  forms 
( i n s e c t  l a r v a e ,  m o l l u s k s ,  e t c . )  a re  more f a v o r e d  by  b e n t h i c  
f e e d i n g  f i s h  suc~ as c a r p  t ~ a n  b a s s .  I n  5 samples  from the  
n o r t h e r n  p o r t i o n  o f  Belmont  Lake,  the  number  o f  m a c r o b e n t h o s  p l u s  
m a c r o i n v e r t e b r a t e s  a s s o c i a t e d  w i t h  m a c r o p h y t e s  r a n g e d  from 18 - 
688 i n d i v i d u a l s / m  z.  I n  the  s o u t h e r n  p o r t i o n ,  w i t h  more of  the  
i n v e r t e b r a t e s  a s s o c i a t e d  w i t h  the  p l a n t s ,  t he  r a n g e  was 56 - 482 
( J o n e s  and Wood 1983) .  The b i o m a g n i f i c a t i o n  p o t e n t i a l  f o r  
c h l o r d a n e  would be g r e a t e r  i n  n o r t ~ e r n  a r e a s  ( 0 . 1  - 0 .2  ~g /g )  
t h a n  i n  s o u t h e r n  a r e a s  (0 .02  - 0 .05  ~ g / g ) .  C o n s e q u e n t l y ,  
b e n t h o s - f e e d i n g  f i s h  ( such  as c a r p )  t h r o u g ~  r e s o u r c e  p a r -  
t � 8  would t e n d  to  h a r v e s t  h i g h e r  c h l o r d a n e  l e v e l s  t h a n  
s p e c i e s  ( s u c h  as b a s s )  which t e n d  to  f eed  more in  the  w a t e r  
co lumn.  Bot~ c o n t a c t  and i n g e s t i o n  bave  b e e n  i d e n t i f i e d  as 
mechanisms f o r  b i o a c c u m u l a t i o n  of  PCBs and 2 , 4 , - D  (Haque and 
E b l i n g  1983) .  I n t a k e  and e x c r e t i o n  a r e  a l s o  r e l a t e d  to  o b s e r v e d  
c o n t a m i n a t i o n  l e v e l s  i n  b i o t a  and a p p e a r  t o b e  s p e c i e s  s p e c i f i c .  
At a g i v e n  c o n c e n t r a t i o n ,  a l g a e ,  z o o p l a n k t o n ,  and f i s h  each  
a c c u m u l a t e d  c h l o r d a n e  to  d i f f e r e n t  l e v e l s  (Moore e t  a l .  1977) .  
For  g o l d f i s h ,  e l i m i n a t i o n  of  c h l o r d a n e  was t h r o u g h  b i l i a r y  p a t h -  
ways and t h r o u g h  the  g i l l s ,  k i d n e y  and f e c e s .  I n  Be lmont  Lake,  
t~e  c o n c e n t r a t i o n s  i n  the  f i s h  p r o b a b l y  r e s u l t  from b o t h  food and 
c o n t a c t  u p t a k e  l e a d i n g  to  a s t e a d y  s t a t e  w i t b  e x c r e t o r y  l o s s e s .  

Out ~ y p o t h e s i s  s u g g e s t s  t h a t  b o t h  p h y s i c o - c h e m i c a l  and 
b i o m a g n i f i c a t i o n  mechanisms i n  Be lmont  Lake a re  r e s p o n s i b l e  f o r  
t he  s i g n i f i c a n t  c o n t a m � 8  of  l o c a l  f i s h  (NYSDEC 1982) .  
S c a v e n g i n g  of  c h l o r d a n e  from g r o u n d w a t e r  i n f l o w s  by  s o r p t i v e  
p a r t i t i o n i n g  to  o r g a n i c  m a t t e r  i n  the  s e d i m e n t s  may be t he  f i r s t  
s t o p .  T h i s  c o n c e n t r a t e  t ~ e n  would become a v a i l a b l e  f o r  
b � 8  t h r o u g h  the  food web to  f i s h .  
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