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The s e p a r a t i o n  and a n a l y s i s  of the  c o n s t i t u e n t s  of  i n d u s t r i a l l y  
p roduced  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) has  b e e n  a lmos t  
e x c l u s i v e l y  p e r f o r m e d  u s i n g  t e c h n i q u e s  i n v o l v i n g  packed  gas chroma-  
t o g r a p h i c  coh tmns .  However,  the  packed  column chromatograms 
p roved  to  be i n a d e q u a t e  w i t h  r e g a r d  to  the  s e p a r a t i o n  of  the  many 
c o n g e n e r s  which  compose the  complex PCB m i x t u r e s  ( D u i n k e r  and 
H i l l e b r a n d  1983) .  U n l i k e  the  packed  column methods ,  a s e p a r a t i o n  
t e c h n i q u e  b a s e d  upon gas c a p i l l a r y  t e c h n o l o g y  such as t h a t  
d e v e l o p e d  by Bush e t  a l .  1983 p r o d u c e s  chromatograms w i t h  sharp  
p e a k s ,  and hence  a c c u r a t e  a n a l y s i s  i s  p o s s i b l e  a c c o r d i n g  to  
i n d i v i d u a l  c o n g e n e r  c o n c e n t r a t i o n s .  By u s i n g  t h i s  t e c h n i q u e  74 
PCB c o n g e n e r s ,  p,p'-DDE, h e x a c h l o r o b e n z e n e ,  o c t a c h l o r o s t y r e n e  and 
mi rex  may be d e t e r m i n e d  i n  samples  as s m a l l  as 5 mg of  t i s s u e  
(Bush and B a r n a r d  1982) .  T h i s  c a p a b i l i t y  p e r m i t t e d  more p r e c i s e  
a n a l y s i s  of  m a c r o i n v e r t e b r a t e s  - -  s p e c i f i c a l l y  a q u a t i c  i n s e c t s  i n  
the  p o l l u t e d  w a t e r  of the  uppe r  Hudson R i v e r  (Simpson e t  a l .  
1977) .  

M a c r o i n v e r t e b r a t e s  a re  r e l a t i v e l y  i r J n o b i l e ,  most  have l i f e  c y c l e s  
of  1 y e a r  or  l e s s ,  and c o n s e q u e n t l y  r e f l e c t  r e c e n t  l e v e l s  o f  
c o n t a m i n a t i o n  a t  a s p e c i f i c  s i t e .  L a b o r a t o r y  s t u d i e s  have shown 
v a r i o u s  s p e c i e  s to  r a p i d l y  b i o c o n c e n t r a t e  PCBs to  l e v e l s  s e v e r a l  
t h o u s a n d  t i m e s  h i g h e r  t h a n  i n  the  s u r r o u n d i n g  w a t e r  ( ~ a y e r  1977; 
Sande r s  and C h a n d l e r  1972) .  These o r g a n i s m s  a r e  a l s o  i m p o r t a n t  
b e c a u s e  t h e y  occupy an i n t e r m e d i a t e  p o s i t i o n  b e t w e e n  m i c r o -  
o r g a n i s m s  and v e r t e b r a t e s ,  b e i n g  one l i n k  i n  the  t r a n s p o r t  of  
t o x i c  s u b s t a n c e s  t h r o u g h  the  food web. 

T h i s  s t u d y  examines  the  p r e s e n c e  and r e l a t i v e  c o n c e n t r a t i o n  of  74 
c o n g e n e r s  i n  w a t e r  and c a d d i s f l y  l a r v a e  c o l l e c t e d  from 3 s i t e s  i n  
the  Hudson R i v e r  ( F i g .  1 ) .  C a d d i s f l y  l a r v a e  ( I n s e c t a : T r i c h o p t e r a )  
u s u a l l y  domina t e  the  m a e r o i n v e r t e b r a t e  c o m m u n i t i e s  i n  r i f f l e  
h a b i t a t s  of the  s t u d y  a r e a .  T h e i r  r e l a t i v e l y  l a r g e  s i z e  and a b u n -  
dance f a c i l i t a t e d  the  a c q u i s i t i o n  of  s u f f i c i e n t  b i o m a s s  f o r  a n a l y -  
s i s  (200 mg wet w e i g h t ) .  The s a m p l i n g  was c a r r i e d  out  on J u l y  6, 
1983 and Augus t  15, 1983. 
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Table i. Mean water concentration (ng/l) of PCB congeners at Roger's Island (RI), 
Thompson's Island (TI) and Stillwater (ST). 

JULY AUGUST 
Convener Aroclor R~ T1 ST RI TI ......... ST 

2 1221 .5$ 145%* 5.5* 38 20 2.6 
2,2' 21/42 2.8~ 147%* 73" 4~ 445 37 
2,6 21/42 3 150 * 73* 4 50 40 
2,3 21/42 0.6~ 3.6~* I . I *  ND~ 0.5~ ND 
2,4' 21/42 1.27 33?* 17" .85 9.7~ 8.9 
2,2'5' 21/42 2.0? 147" 4.9* 2.1 4.7 ND 1 
2,2'4' 1242 3.1 ii 8 2.63 6.43 5.6 
2,2 '3 '+3 ,2 '6 '  1242 .gs? 6.2? 4.3 0.63 2.13 2.2 
4,2'6' 1242 1.0 3.3 2.3 1.05 6.03 1.9 
4,4' 1242 5.1 17 15 1.63 5.55 6.7 
2,2'4'6' 21/42 ND 10 13 1.8 3.6 2.1 
3,2'5' 1242 0.6$ 1.17 * 2.6* 0.4 1.6 1.5 
2,4,2'6' 1242 0.8# 7.5$ 6.7 0.5 15 3.8 
3,2'4' 1242 2.5~ 13~ 9.7 1.8 ii ~.4 
3,2'3'+4,2'4' 1242 3.3 8.1 5.8 5.8 6.7 i0 
4,2'3' 1242 2.2 5.0 3.2 1.0~ 2.65 3.1 
2,5,2'5' 42/54 2.3% l0 t 7.0 2.95 6.35 7.4 
2,4,2'5' 42/54 2.0$ 8.1$ 6.4 1.5 2.3 2.2 
2,3,2'5' 42/54 2.1 1.6 3.3 3.5~ 9.55 Ii 
2,4,2'4' 42/54 1.27 7.4+ 4.9 0.9 4.5 1.6 
CL4C 54/60 2.2 6.8 4.9 2.2 3.9 '3.9 
CL4D 54/60 2.6 9.2 6.1 2.7 4.8 5.3 
2,3,2'3'6' 54/60 0.5 1.0 0.8 ND 3.6 0.7 
2,5,3'4' 54/60 2.0 3.7 2.6 1.2 ~.9 3.5 
2,4,3'4' 54/60 1.2 2.7" 1.7" 1.5 2.7 1.7 
2,5,2'4'5' 54/60 1.0 1.9 3.1 0.6 3.7 0.i 
2,4,2'4'5' 54/60 1.2 2.9* 5.7* 14 45 6 
2,3,2'4'5' 54/60 1.0 1.0 1.9 1.6 1.6 0.6 
2,5,2'3'4' 54/60 0.4 0.9 i.I 8.0 2.9 1.8 
2,4,2'3'4' 1254 1.6 1.5 1.6 2.6 4.4 1.3 
2,3,2'3'4' 54/60 2.4 2.5 2.6 0.75 5.55 2.0 
2,5,2'3'5'6' 54/60 0.6 0.5 1.9 0.3 0.7 0.4 
2,3,2'3'5'6' 54/60 ND ND 0.2 3.3 6.7 0.0 
2,3.4,2'3'6' 54/60 0.2 0.7 0.9 1.3 2.5 0.9 
3,4,3'4' 1254 0.8 0.7 0.7 3.5 28 2.0 
2,3,6,2'3'4'6' 54/60 0.5 0.6 0.7 1.8 2.3 2.3 
2,4,5,2'4'5' 54/60 ND ND ND 0.9 1.2 0.3 
2,3,4,2'4'5' 54/60 2.8 1.9 0.4 2.3 2.2 1.0 
3,4,2'3'4'6' 54/60 1.6 1.6 0.5 2.8 1.7 0.3 
2,3,4,2'3'4' 54/60 1.7 1.4 1.0 1.0 0.8 0.04 
2,3,6,2'3'4'5'6' 54/60 ND ND ND 120 85 50 
3,4,2'3'4'5' 54/60 9.4 9.4 II 0.2 0.2 ND 
2,3,4,5,2'3'5'6' 1260, 0.03 0.5 0.3 0.2 0.4 0.I 
Total PCB I00 532 266 331 586 243 

IND <0.01 ng/l 
* $ 5 Probability that sites identical ~0.005 
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Figure i. Macroinvertabrate sampling sites in the upper Hudson River. 

Table 2. Transport of PCB down the Hudson 

Flow 
m3/min * 

July RI 3668 
TI 3218"* 
ST 2769 

August RI 6163 
TI 6350** 
ST 6537 

Mean Transport 

Mean Transport Kg/ 
per annum 

Transport 
Kg Total PCB (2+2,2'+ 2,6) Remainder 
(Kg/month) # K_$~/month # . K~/month~ 

16 1 15 
96 62 34 
39 18 21 

42 13 29 
104 30 74 
57 21 36 

50 • 16 # 24 • 8 # 34 • 8 # 

600 • 200 # 320 • 120 # 420 • 90 # 

* From U.S. Geological Survey 

** Mean of RI & ST 

# • error of the mean 
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MATERIALS AND )~ETHODS 

Wate r  s amples  f rom e a c h  s i t e  were  c o l l e c t e d  0 .2  m f rom t h e  s u r f a c e  
i n  t r i p l i c a t e  i n  n - h e x a n e  washed  2 l i t e r  r e a g e n t  b o t t l e s .  The 
b o t t l e s  were  f i l l e d  and e m p t i e d  t h r e e  t i m e s  t o  e q u i l i b r a t e  t h e  
i n n e r  s u r f a c e s  t o  t h e  wa te~  - -  s i n c e  PCB's  i n  s o l u t i o n  r a p i d l y  
s o r b  t o  g l a s s  s u r f a c e s .  A f t e r  b e i n g  f i l l e d  a f o u r t h  t i m e  t h e y  
were  p l a c e d  on i c e  and t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  where  t h e y  
were  p l a c e d  u n d e r  r e f r i g e r a t i o n  a t  4~ The f o l l o w i n g  m orn ing  
v e r y  l i t t l e  s e d i m e n t a t i o n  had o c c u r r e d  as t h e  s amples  were  
v i r t u a l l y  f r e e  o f  s e d i m e n t s .  A p p r o x i m a t e l y  1300-1600  ml were  
c a r e f u l l y  d e c a n t e d  i n t o  s e p a r a t o r y  f u n n e l s  f o r  e x t r a c t i o n .  Ten 
m i l l i l i t e r s  o f  n - h e x a n e  were  added t o  e a c h  s am p le .  The s am p le s  
were  shaken  f o r  1 min ,  a l l o w e d  t o  s e p a r a t e  and t h e n  t h e  e x t r a c t  
was c o l l e c t e d  and d r i e d  w i t h  h e x a n e  washed sodium s u l f a t e ;  t h e  
w a t e r  b e i n g  c o l l e c t e d  i n  a c o n i c a l  f l a s k  and i t s  volume e v e n t u a l l y  
m e a s u r e d  a c c u r a t e l y .  T h i s  p r o c e s s  was r e p e a t e d  3 t i m e s  f o r  each  
sample .  The c o l l e c t e d  e x t r a c t s  were  t h e n  c o n c e n t r a t e d  t o  1 ml 
u s i n g  K u d e r n a - D a n i s h  r e c e i v e r s  and 4 - b a l l  Snyde r  co lumns  i n  
p r e p a r a t i o n  f o r  GC a n a l y s i s .  A l l  PCB c o n g e n e r s  were  r e c o v e r e d  a t  
t he  95% l e v e l  by t h i s  p r o c e d u r e  ( u n p u b l i s h e d  r e s u l t s ) .  

The c a d d i s f l y  l a r v a e  were  c o l l e c t e d  w i t h  a D - f r am e  a q u a t i c  d i p  n e t  
o r  by p i c k i n g  o r g a n i s m s  f rom r o c k s  removed from t h e  r i v e r  bed .  I n  
the laboratory, organisms were identified to the lowest possible 
taxon, weighed on a tared pan with an eleotrobalanoe, freeze-dried 
and reweighed. The samples were then transferred to a 10 ml 
beaker and crushed with a glass rod. Hexane (2 ml) was added and 
the samples were homogenized with a Tekmar Tissuemizer until the 
solids were reduced to a fine powder. The contents after settling 
were transferred onto a layer (1 cm) of sodium sulfate on a 
1-cm-diameter glass column containing I0 g of 2% deactivated 
Florisil. The column was eluted with hexane and the first 40 ml 
of the eluate was collected and concentrated to 1.0 ml in a 
Kuderna-Danish evaporator (Bush and Barnard 1982). 

The e x t r a c t s  i n  h e x a n e  were  a n a l y s e d  u s i n g  a H e w l e t t - P a c k a r d  5840A 
gas  c h r o m a t o g r a p h  w i t h  a 5880 s p l i t l e s s  g l a s s  c a p i l l a r y  i n l e t  and 
an ASCII interface board through which the calibrated data tables 
were transmitted to a VAX computer for analysis using the BMDP 81 
statistics package (BUSB et al. 1983). 

RESULTS AND DISCUSSION 

The mean c o n c e n t r a t i o n  i n  w a t e r  o f  t h e  m a j o r  PCB c o n g e n e r s  wh ich  
t o g e t h e r  c o m p r i s e  more t h a n  60% o f  t he  t o t a l  PCB a r e  shown in  
Table 1. Figure 2 shows the chromatogram of a water sample taken 
at Thompsonfs Island. The concentration of the lower chlorinated 
c o n g e n e r s  a r e  much enhanced  i n  t h e  w a t e r  compared w i t h  t h e  m i x t u r e  
o f  A r o c l o r s  1221.  1016,  1254 and 1260,  a l s o  shown i n  F i g .  2.  The 
variability between triplicate samples was • at Roger's 
Island, • at Thompson's Island and X10% at Stillwater. The 
high variance at Rogers Island is attributable to the turbulence 
of the riffle area at that site and possibly the heterogeneity and 
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Figure 2.  Chromatograms of (A), 200 ng/mL mixture os Aroclors 1221, 
1016,  1254 and 1260 ( 1 : 1 : 1 : 1 )  in  h e x a n e ;  (B) Hudson R i v e r  
w a t e r  f rom Thompson I s l a n d  c o n c e n t r a t e d  1 , 5 0 0  t i m e s  
( c o l l e c t e d  15 Aug 1983) (C) e x t r a c t  f rom c a d d i s f l y  l a r v a e  
( P y e n o ~ f , c h e  g u t t , i f e r )  c o l l e c t e d  f rom Hudson R i v e r  a t  
S t i l l w a t e r  (11 ~ u l y  1 9 8 3 ) .  
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i n s t a b i l i t y  of  r emnan t  d e p o s i t s  c o n t a i n i n g  PCB's  d i r e c t l y  
u p s t r e a m .  The Thompson I s l a n d  and S t i l l w a t e r  s i t e s  a r e  l o c a t e d  
be low impoundments  i n  f a s t  f l o w i n g  r i f f l e s  w i t h  rocky  b o t t o m s  
( F i g .  1 ) .  The w a t e r  i s  r e l a t i v e l y  s e d i m e n t  f r e e  as the  w a t e r  i n  
the  n a v i g a b l e  r e a c h e s  above the  impoundments  i s  s low f l o w i n g  
a l l o w i n g  s e d i m e n t a t i o n  of  even  sma l l  p a r t i c l e s  a t  t he  low f low 
p e r i o d s  of  the  y e a r .  S i n c e  the  w a t e r  was s u b s e q u e n t l y  a l l o w e d  to  
s e t t l e  o v e r n i g h t  and t h e n  c a r e f u l l y  d e c a n t e d ;  the  a n a l y s e s  
r e p r e s e n t  as n e a r l y  t r u e  e s t i m a t e s  of  d i s s o l v e d  PCB as i s  
t e c h n i c a l l y  p o s s i b l e  to  a t t a i n  i n  f i e l d  work.  The c l a r i t y  of the  
w a t e r  r e n d e r e d  c e n t r i f u g a t i o n  u n n e c e s s a r y ,  and the  a d d i t i o n a l  
sample h a n d l i n g  migh t  r e d u c e  the  r e l i a b i l i t y  of  the  u l t r a - t r a c e  
PCB a n a l y s i s .  

The c o n c e n t r a t i o n s  shown i n  F i g .  2 a re  low when compared to  
d r i n k i n g  w a t e r  s t a n d a r d s  (0 .7  p a r t s  p e r  b i l l i o n  compared w i t h  the  
N.Y. S t a t e  recommended maximum d r i n k i n g  w a t e r  c o n c e n t r a t i o n  of  50 
p a r t s  p e r  b i l l i o n ) .  S t r u c t u r e s  of  the  o b s e r v e d  peaks  were 
c o n f i r m e d  by  gas c h r o m a t o g r a p h y / m a s s  s p e c t r o m e t r y  u s i n g  the  same 
A p i e z o n  L column and an MS-25 s p e c t r o m e t e r  ( K r a t o s  I n c . ) .  

T a b l e  2 g i v e s  the  r i v e r  f low a t  the  t i m e s  of  s a m p l i n g .  The r i v e r  
f low i s  c o n t r o l l e d  by s l u i c e s  impounding  an enormous f l o o d  p r e v e n -  
t i o n  r e s e r v o i r  ( G r e a t  Sacandaga  L a k e ) .  The low f low a t  S t i l l w a t e r  
i n  Yuly  i s  a c c o u n t e d  f o r  by a su rge  caused  by r e c e n t  s l u i c e  
o p e n i n g  10 m i l e s  u p s t r e a m  of  R o g e r ' s  I s l a n d ,  which  had n o t  y e t  
r e a c h e d  S t i l l w a t e r .  I n  s p i t e  of t h e s e  s p o r a d i c  v a r i a t i o n s  i t  was 
c o n s i d e r e d  u s e f u l  t o  e s t i m a t e  t he  m o n t h l y  t r a n s p o r t  of  d i s s o l v e d  
PCB down the  r i v e r ,  t o  g a i n  an i m p r e s s i o n  of  the  o r d e r  of  
m a g n i t u d e  of  t he  t r a n s p o r t  r e p r e s e n t e d  by the  d a t a  i n  T a b l e  1:  i t  
a p p r o a c h e s  m e t r i c  t o n e s  p e r  annum. The most  s u r p r i s i n g  f e a t u r e  i s  
t h a t  one h a l f  of  t h a t  which  i s  t r a n s p o r t e d  i s  c ompr i s e d  of  o n l y  
t h r e e  low c h l o r i n a t e d  PCB c o n g e n e r s .  Of c o u r s e  t h i s  e s t i m a t e  i s  
rough ,  and d u r i n g  h i g h  f low s e a s o n s  the  m a j o r  t r a n s p o r t  w i l l  be 
v i a  s u s p e n d e d  s e d i m e n t ,  which  w i l l  be e x p e c t e d  to  c a r r y  PCBs 
w i t h o u t  the  enhancemen t  i n  c o n c e n t r a t i o n  of  mono- and d i c h l o r o b i -  
p h e n y l s  s e e n  w i t h  aqueous  d i s s o l u t i o n  h e r e .  

A n a l y s i s  of  v a r i a n c e  (ANOVA) was used  to  d i s c o v e r  d i s c e r n i b l e  
d i f f e r e n c e s  b e t w e e n  s i t e s ,  f o r  each  c o n g e n e r  a n a l y s e d .  
S t a t i s t i c a l l y  d i s c e r n i b l e  d i f f e r e n c e s  (p ( 0 . 0 0 5 )  a re  marked i n  
T a b l e  1. N o t i c e  t h a t  no d i s c e r n i b l e  d i f f e r e n c e s  i n  t o t a l  PCB were 
a p p a r e n t  i n  the  Augus t  s a m p l i n g ,  whe reas  i n d i v i d u a l  c o n g e n e r s  d i d  
d i f f e r ,  e m p h a s i z i n g  the  v a l u e  of  c o n g e n e r - b y - c o n g e n e r  a n a l y s i s .  
The n e x t  most  n o t i c e a b l e  f e a t u r e  of  t he  t a b l e  i s  t h a t  d i f f e r e n c e s  
a r e  a t t r i b u t a b l e  o n l y  to  c o n g e n e r s  which  a r e  components  of  
A r o c l o r s  1221 and 1242. A l l  c o n g e n e r s  of  A r o c l o r  1221 d i m i n i s h e d  
b e t w e e n  Thompson ' s  I s l a n d  and S t i l l w a t e r  i n  J u l y ,  whe reas  t he  
m a j o r i t y  of  the  c o n g e n e r s  of  A r o c l o r s  1221 and 1242 i n c r e a s e d  
b e t w e e n  R o g e r ' s  I s l a n d  and Thompson ' s  I s l a n d ,  most  n o t i c e a b l y  
2 - c h l o r o b i p h e n y l ,  2 , 2 ' - d i c h l o r o b i p h e n y l  and 2 , 6 - d i c h l o r o b i p h e n y l  
and a c c o u n t  f o r  65% of  the  mass of PCB t r a n s p o r t e d  down the  r i v e r  
i n  J u l y  a t  Thompson ' s  I s l a n d .  I n  Augus t  when the  f low was h i g h e r ,  
the  A r o c l o r  1221 d i f f e r e n c e s  d i s a p p e a r e d  b u t  the  A r o c l o r  1242 
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d i f f e r e n c e  p e r s i s t s  ( 2 - c h l o r o b i p h e n y l  i s  a l m o s t  a b s e n t  from 
A r o c l o r  1242) .  No d i f f e r e n c e s  were d i s c e r n i b l e  f o r  the  more 
c h l o r i n a t e d  c o n g e n e r s  n o r  f o r  t o t a l  PCB i n  Augus t  a t  t he  0 .005  
p r o b a b i l i t y  l e v e l .  

The m a j o r i t y  of  the  PCB i n  the  r i v e r  was c o n t a i n e d  by an e a r t h  dam 
n e a r  R o g e r ' s  I s l a n d  u n t i l  t h a t  dam was t a k e n  ou t  i n  1973.  Large  
q u a n t i t i e s  of  the  r e t a i n e d  s e d i m e n t  were t h e n  s h i f t e d  down i n t o  
the  r e a c h  e n d i n g  a t  the  dam j u s t  above the  r i f f l e  a r e a  a t  
Thompson ' s  I s l a n d  due to  the  I00  y e a r  f l o o d  ( l e v e l  shown in  F i g .  
1) i n  1974.  A r o c l o r s  1221 and 1242 a r e  the  m a j o r  c o n s t i t u e n t s  o f  
t h i s  s e d i m e n t  (Horn e t  a l .  1979,  S l o a n  e t  a l .  1983) .  The t o p o g r a -  
phy of  the  r i v e r  b e t w e e n  s i t e s  i s  shown i n  F i g .  1 which  i f  drawn 
s t r i c t l y  t o  s c a l e  would show an e x t r e m e l y  t h i n  l a y e r  of  w a t e r ,  
moving v e r y  s l o w l y  b e t w e e n  PCB c o n t a m i n a t e d  s e d i m e n t  and the  
a t m o s p h e r e .  I t  i s  p o s t u l a t e d  t h a t  the  lower  c h l o r i n e  homologues  
d i f f u s e  i n t o  the  w a t e r  p~ase  and a r e  d i s s o l v e d  p r e f e r e n t i a l l y  
a c c o r d i n g  to  t h e i r  w a t e r  s o l u b i l i t y  and a f f i n i t y  f o r  the  s e d i m e n t ,  
and hence  t h e y  change  most  b e t w e e n  R o g e r ' s  I s l a n d  and Thompson ' s  
I s l a n d  as t he  w a t e r  s l o w l y  f lows  ove r  the  c o n t a m i n a t e d  r i v e r  bed .  
Downstream of Thompson ' s  I s l a n d ,  where the  c o n t a m i n a t i o n  i s  l o w e r ,  
the  v o l a t i l e  c o n g e n e r s  may be l o s t  by e v a p o r a t i o n  i n t o  the  
a t m o s p h e r e ,  the  l o s s  b e i n g  d i s c e r n i b l e  a t  low f low r a t e  i n  3 u l y  
f o r  the  A r o c l o r  1221 c o n g e n e r s .  U l t r a - v i o l e t  d e g r a d a t i o n  may a l s o  
be a r o u t e  of  d e g r a d a t i o n .  

I t  a p p e a r s  t h a t  the  c o n g e n e r s  of  the  more c h l o r i n a t e d  A r o c l o r s  do 
n o t  v a r y  g r e a t l y  from s i t e  t o  s i t e  and may be a s t e a d y  c o n s t i t u e n t  
o f  the  w a t e r  even  above R o g e r ' s  I s l a n d ,  whereas  the  c o n g e n e r s  of  
A r o c l o r s  1221 and 1242 v a r y  b e t w e e n  s i t e s  and hence  a r e  more d y n a -  
mic i n  t h e i r  i n p u t  and e scape  from the  ~ i v e r  w a t e r .  

E i g h t e e n  s p e c i e s  of  m a c r o i n v e r t e b r a t e s  were c o l l e c t e d  from the  
t h r e e  s i t e s .  The c o l l e c t i n g  p r o c e s s  depended  e n t i r e l y  upon the  
p r e s e n c e  and abundance  of  e a c h  s p e c i e s  a t  each  s i t e .  T a b l e  3 
shows the  c o n c e n t r a t i o n  of  the  p r e d o m i n a n t  c o n g e n e r s  i n  s p e c i e s  
w~ich o c c u r r e d  a t  more t h a n  one s i t e  and which y i e l d e d  enough 
sample mass to  a l l o w  t h r e e  a n a l y s e s  to  be p e r f o r m e d .  Ta b l e  4 
shows the  a p p a r e n t  b i o a c c u m u l a t i o n  f a c t o r  ( x l 0  - s )  o b t a i n e d  by 
d i v i d i n g  w a t e r  c o n c e n t r a t i o n  i n t o  t i s s u e  c o n c e n t r a t i o n ,  f o r  
s e l e c t e d  PCB c o n g e n e r s  i n  s p e c i e s  which  were c o l l e c t e d  a t  s e v e r a l  
s i t e s  i n  J u l y  and A u g u s t .  F i g u r e  2 shows r e p r e s e n t a t i v e  c h r o m a t o -  
grams.  

The b i o a c c u m u l a t i o n  f a c t o r s  d e m o n s t r a t e  s e l e c t i v e  u p t a k e  of  
d i f f e r e n t  c o n g e n e r s  by the  v a r i o u s  s p e c i e s .  A l t h o u g h  a more 
d e t a i l e d  c o n s i d e r a t i o n  of  t h e s e  e f f e c t s  w i l l  be p u b l i s h e d  e l s e -  
where ,  a t  t h i s  t ime  i t  i s  c l e a r  t h a t  Hydrovsvche  l e o n a r d l  
i s  an e x c e l l e n t  r e p r e s e n t a t i v e  s p e c i e s  f o r  PCB m o n i t o r i n g  b e c a u s e  
i t s  b i o a c c u m u l a t i o n  f a c t o r  was c o n s t a n t  a t  each s i t e  a t  b o t h  
s a m p l i n g  t i m e s .  N o n - h o m o g e n i e t y  of  PCB i n  the  w a t e r  f low a t  
R o g e r f s  I s l a n d  may a c c o u n t  f o r  the  h i g h e r  v a r i a b i l i t y  t h e r e .  
U n l i k e  H. l e o n a r d i ,  ~_~eumatopsyche ( g r e e n  phase )  i s  
c o n s i s t e n t  n e i t h e r  i n  b i o a e c u m u l a t i o n  of  t o t a l  PCB n o r  of  
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i n d i v i d u a l  c o n g e n e r s  s u g g e s t i n g  t h a t  i t  i s  n o t  an a p p r o p r i a t e  
t a x o n  f o r  PCB m o n i t o r i n g .  These  r e s u l t s  s u p p o r t  t h e  n e e d  f o r  
s p e c i e s  l e v e l  i d e n i i f i c a t i o n s  in  t h i s  t y p e  o f  work ,  s i n c e  t h e  
d e s i g n a t i o n  ' ' C h e u m a t o p s y c h e  ( g r e e n  p h a s e )  ~w e m b r a c e s  s e v e r a l  
s p e c i e s  o f  c a d d l s f l i e s  w h i c h  c a n n o t  be  d i s t i n g u i s h e d  i n  t h e  l a r v a l  
s t a g e s .  P ,  g u t t i f e r  a c c u m u l a t e s  l e s s  PCB t h a n  t h e  o t h e r  
s p e c i e s  i n  t h e  same h a b i t a t .  

M o n i t o r i n g  PCB by  c o l l e c t i n g  and a n a l y s i n g  m a c r o i n v e r t e b r a t e  
s p e c i e s  i n  a s t r e a m  i s  a v i a b l e  and r e l a t i v e l y  s i m p l e  p r o c e s s .  
C l e a r l y ,  d i f f e r e n t  s p e c i e s  b i o a c c u m u l a t e  PCBs t o  d i f f e r e n t  e x t e n t s  
and h e n c e ,  i f  t h e  w a t e r  c o n c e n t r a t i o n  a t  a p a r t i c u l a r  p o i n t  
i n t e g r a t e d  o v e r  r e c e n t  t i m e  i s  t o  be  d e t e r m i n e d ,  t h e  b i o a c c u m u l a -  
t i o n  f a c t o r s  o f  e a c h  s p e c i e s  t o  be u t i l i z e d  must  be  d e t e r m i n e d .  
T h i s  s t u d y  i n d i c a t e s  t h a t  such  an a p p r o a c h  t o  s t r e a m  m o n i t o r i n g  i s  
p r a c t i c a b l e .  More d e t a i l e d  a n a l y s i s  o f  t h e s e  d a t a ,  wh ich  w i l l  
c o n s i d e r  t h e  known b i o l o g y  o f  t h e  s p e c i e s ,  may y i e l d  f u r t h e r  i n d i -  
c a t i o n s  o f  t h e  mos t  u s e f u l  s p e c i e s  t o  be  employed  f o r  such  
s t u d i e s .  F u r t h e r  s t u d i e s  o f  t h e  r a t e s  o f  u p t a k e  and d e p u t a t i o n  in  
t h e  l a b o r a t o r y  w i l l  a l l o w  o p t i m i m  i n t e g r a t i o n  t i m e s  f o r  d i f f e r e n t  
s p e c i e s  t o  be  d e t e r m i n e d  f o r  w a t e r  q u a l i t y  s u r v e i l l a n c e  in  t h e  
f i e l d .  
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