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O r g a n o c h l o r i n e  pes t i c ides  are  a c lass  of  toxic  compounds  c h a r a c t e r -  
ized b y  t he i r  r e la t ive  chemical  and  biological  s t ab i l i ty ,  hence  p e r -  
s i s t ence  in the  e n v i r o n m e n t .  F u r t h e r m o r e ,  t he se  c o m p o u n d s  have  
a h igh  l i p i d / w a t e r  pa r t i t i on  coef f ic ien t  r e s u l t i n g  in b iomagni f ica t ion  
( R i s e b r o u g h  e ta] .  1967). C o n s e q u e n t l y  o r g a n o c h l o r i n e  pes t i c ides  
have  been  p laced  on " the  top of  the  l i s t "  of  po ten t i a l  e n v i r o n m e n t -  
al h a z a r d s .  The w i d e - s p r e a d  o c c u r r e n c e  of  t he se  c o m p o u n d s  as 
env i ronmemta l  po l l u t an t s  have  been  well d o c u m e n t e d  for  all major 
t e r r e s t i a l ,  f r e s h  wate r  and  marine e n v i r o n m e n t s .  At p r e s e n t  al-  
most n o t h i n g  is known abou t  the  e x i s t e n c e  of  t he se  pe s t i c ide s  and  
the i r  r e l a t ed  compounds  in the  Shat t  a l -Arab  River  which dra ins  
an i n t e n s i v e l y  fa rmed a reas  of  the  T ig r i s  and  the  E u p h r a t e s  R ive r  
Bas ins .  However ,  r e l a t i ve ly  low leve l s  of  DDE r e s i d u e s  were de -  
t e c t e d  in the  o y s t e r ,  Pinctada margaratifera, col lec ted  from the  
coas t  of  Kuwait ,  an a rea  i n f l u e n c e d  b y  the  d i s c h a r g e  of  the  Shat t  
a l - Arab  Rive r  (Ander l in i  et al. 1981). The work  d e s c r i b e d  in 
th is  p a p e r  was c o n d u c t e d  in o r d e r  to e s t ab l i sh  the  b a c k g r o u n d  r e -  
s idue  levels  of  o r g a n o c h l o r i n e  pes t i c ides  in two commercia l ly  im- 
p o r t a n t  f i sh  spec ies  from the  Shat t  a l - A r a b  R ive r .  The  c y p r i n i d  
(Barbus xan thopterus) ( lean  f i sh ,  r e s i d e n t a l  spec ies )  and  the 
ind ian  shad  (Tenualosa iHsha)(medium f a t t y ,  m i g r a t o r y  s p e c i e s ) .  

M A T E R I A L S  AND METHODS 

Analy t ica l  s t a n d a r d s  for  o r g a n o c h l o r i n e  pes t i c ides  were ob t a ined  
from Supelco Inc .  (Supe lco  S . A . ) .  All so lven t s  were red i s t i l l ed  
in an a l l - g l a s s - s t i l l  p r i o r  to use  and  t e s t e d  b y  EC-GLC.  Florisil  
was supp l i ed  b y  Merck (Merck ,  D a r m s t a d t ,  W-Germany)  a c t i v a t e d  
and  s t o r e d  a c c o r d i n g  to the  p r o c e d u r e  d e s c r i b e d  in the  "Ana lys i s  
of  Pes t ic ide  Res idues  in Human and  Env i ronmen ta l  Samples"  ( U . S .  
Env i ronmen ta l  P ro t ec t i on  A g e n c y  1980). 

Six composi te  samples of  the  c y p r i n i d  h a v e  been  co l lec ted  from 
the  Shat t  a l - A r a b  Rive r  (S ta t ion  I) d u r i n g  Apri l  1984. Compa- 
r i son  with t h a t  immediately  i n f l uenced  b y  pes t i c ides  s o u r c e  was 
ach i eved  b y  a n a l y z i n g  the  c y p r i n i d  of  the  same age g r o u p  ob t a in -  
ed from Hor a l -Hammar Lake (F igu re  1).  At least  f ive composi te  
samples of  the  ind ian  shad  were also c a p t u r e d  from Sta t ion  I in 
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Map of  t he  Sha t t  a l - A r a b  R i v e r  s h o w i n g  pos i t i on  of  
s t a t i o n s .  
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ga in  some k n o w l e d g e  a b o u t  t he  s ea s ona l  v a r i a t i o n s  of  o r g a n o c h l o -  
f i n e  p e s t i c i d e  r e s i d u e s  in t h e s e  f i s h e s .  G e r e n r a l l y ,  e ach  compo-  
s i te  c o s i s t e d  of  at  l e a s t  10 u n i f o r m - s i z e  adu l t  f i sh  of  t he  same 
s p e c i e s .  F i sh  s amples  ( ed ib le  p o r t i o n  on ly )  were  poo led  a n d  
t h e n  m a c e r a t e d  in a food c h o p p e r  f rom which  at  l ea s t  6 r e p l i c a t e s  
of  150g of  the  c y p r i n i d  a n d  60g of  t he  i n d i a n  s h a d  were  t a k e n .  
P e s t i c i d e  r e s i d u e s  were  e x t r a c t e d  a c c o r d i n g  to AOAC Mills p r o -  
c e d u r e  (AOAC 1975).  E x a c t l y  1~1 was i n j e c t e d  in to  a P y e -  
Unicam model  GCV gas  c h r o m a t o g r a p h  ( P y e - U n i c a m ,  C a m b r i d g e ,  
E n g l a n d )  e q u i p p e d  with  a c o n s t a n t  c u r r e n t  Ni-63 e l e c t r o n  c a p t u r e  
d e t e c t o r  a n d  a g l a s s  column (1 .5m X 4mm i . d . )  p a c k e d  with  1.5% 
OV-17 + 1.9% OV-210 ch romoso rbW HP ( S u p e l c o  S . A . ) .  O p e r a t -  
i n g  t e m p e r a t u r e s  were  200, 220 a n d  300~ fo r  co lumn,  i n j e c t o r  
and  d e t e c t o r  r e s p e c t i v e l y .  A m i x t u r e  of  90+10% a r g o n / m e t h a n e  
was u s e d  as a c a r r i e r  gas  a t  a flow r a t e  of  30ml/min.  O u a n t i -  
f i ca t ion  of  p e a k s  a n d  i d e n t i f i c a t i o n  of  p e s t i c i d e s  in c h r o m a t o g r a m s  
were  a c h i e v e d  b y  d i r e c t  c o m p a r i s o n  with  a s t a n d a r d  c a l i b r a t i o n  
g r a p h  p l o t t e d  a g a i n s t  p e a k  a r e a  g i v e n  b y  a P y e - U n i c a m - P h i l l i p s  
CDP-4  c o m p u t i n g  i n t e g r a t o r  c o u p l e d  to t h e  gas  c h r o m a t o g r a p h .  

V I J  



Results were semiconfirmed in about 10% of the samples by injec- 
tion into a second glass column packed with 10% DC-200 on Gas 
Chrom Q (80-100)(Chrompack, Holland). Data of gas chromato- 
graphic analysis were further confirmed by TLC following AOAC 
procedure. Procedural blanks, consisting of all reagents and 
glassware used during the analysis, were periodically determined. 
For fish tissues, no compound that interferred with organochlo- 
rine pesticides was detected, therefore, the sample values were 
not corrected for procedural blank. Recovery studies with 
fortified samples have indicated that recovery efficiency exceeded 
85% for all compounds measured except ~BHC(65%), lindane (45%) 
and heptachlor (70%). Results were not adjusted for percent 
recovery. 

RESULTS AND DISCUSSION 

Mean concentrations of endrin, ~DDT(DDE+DDD), dieldrin 
(+aldrin) and heptachlor(+heptachlor epoxide) residues in the 
cyprinid from the Shatt al-Arab River are given in Table-1. 

Table-l. Average concentrations (ppb wet weight) of organo- 
chlorine pesticide residues in Barbus xanthopterus (muscle 
tissues) collected from the Shatt al-Arab River, and comparison 
with those from Hor al-Hammar Lake. 

C o m p o s i t e  % D i e l -  H e p t a -  E n d r i n  C h l o r -  )~DDT 4 
n u m b e r  F a t  d r i n l  c h l o r  2 d a n e  3 

T h e  S h a t t  a l - A r a b  R i v e r  ( S t a t i o n  I )  
1 2 . 8  2 2 35 n d  6 
2 3 .1  2 2 24 n d  17 
3 3 .3  n d  n d  1 n d  13 
4 2 . 9  n d  4 2 n d  18 
5 3 .0  n d  8 27 n d  13 
6 3 . 0  2 4 5 n d  13 

Mean* 3 . 0  2 3 16 n d  13 
R a n g e  ( 2 . 8 - 3 . 3 )  ( n d - 2 )  ( n d - 8 )  ( 1 - 3 5 )  ( 6 - 1 8 )  

H o r  a l - H a m m a r  L a k e  ( S t a t i o n  I I )  
1 2 . 8  3 5 13 
2 2 . 8  13 2 355 
3 2 . 9  12 n d  276 
4 3 .1  10 13 148 
5 3 .2  n d  5 40 
6 3 .1  10 n d  287 
7 3 . 0  7 n d  96 
8 3 .1  4 n d  20 

Mean*  3 . 0  8 6 154 
R a n g e  ( 2 . 8 - 3 . 1 ) ( n d - 1 3 )  ( n d - 1 3 )  ( 1 3 - 1 4 1 )  

15 34 
20 31 
64 18 

141 125 
93 177 
47 33 
30 11 
49 33 
58 57 

(15-355)(11-177) 

1. Sum of  a l d r i n  a n d  d i e l d r i n ;  2. Sum o f  h e p a t a c h l o r  a n d  h e p t a -  
c h l o r  e p o x i d e ;  3. Sum o f  c is -and t rans -ch lordane ;  4. Sum o f  
DDE a n d  TDE o n l y  in  S t a t i o n  I ,  o r  D D E + T D E + D D T  in  S t a t i o n  I I ;  
n d  = None  d e t e c t e d ;  * = M e a n s  o f  d e t e c t a b l e  v a l u e s  o n l y .  
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However ,  the  p r e s e n t  s t u d y  has  shown tha t  r e s i d u e s  of  ~BHC, 
l indane  and  c h l o r d a n e  were below the  de t ec t ion  limit of  i p p b  
wet weight  in these  f i shes .  

E n d r i n  is c o n s i d e r e d  to be the  most toxic  of  all commercial  o r g a n o -  
ch lor ine  i n sec t i c ides  ( J o h n s o n  and  Fin ley  1980) and  was the  most 
p r e v a l l e n t  compound  in the  c y p r i n i d  from the  Shat t  a l - A r a b  R ive r .  
T h u s  r e s i d u e  levels  r a n g e d  from 1 to 35ppb wet weight  with an 
a v e r a g e  c o n c e n t r a t i o n  of  16ppb.  

Both  p , p ' - D D T  and  o ,p ' -DDT were below the  de tec t ion  limit of  
l p p b  wet weight  which s u g g e s t  tha t  t h e r e  was no r e c e n t  i n p u t  of  
DDT (Agu i l a r  1984). A p p a r e n t l y  t r a n s p o r t e d  DDT u n d e r g o e s  
bo th  metabolic c o n v e r s i o n  ( B r i d g e s  et al. 1963) and  d e h y d r o c h l o -  
r ina t ion  (Hannon  et al. 1970) in the  warm,  r a t h e r  alkal ine wa te r s  
of  the  Shat t  a ] -Arab  River .  These  p h e n o m e n a  may be a c c o u n t  
for  the  p r o p o r t i o n  of  DDT and  i ts  metabol i tes  e n c o u n t e r e d  in the  
c y p r i n i d  ( ~ ) D T  compr i sed  the  two i someres  p, pLDDE and  p , p ' -  
DDD on ly ;  DDE:TDE ra t io  was 1 : 4 ) .  

Aldr in  and  d ie ldr in  were bo th  off ic ia l ly  b a n n e d  in I r a q  in 1976, 
n e v e r t h e l e s s  d ie ldr in  r e s i d u e s  were e x p e c t e d  to p e r s i s t  due  to i ts  
long  use  for  a g r i c u l t u r a l  and  publ ic  hea l th  p u r p o s e s .  However ,  
o c c u r r e n c e  of  d ie ldr in  in the  c y p r i n i d  from the  Shat t  a l - A r a b  
Rive r  was a p p r o x i m a t e l y  50%, with r e s i d u e  levels  at o r  n e a r  the  
de tec t ion  t h r e s h o l d  ( a v e r a g e  c o n c e n t r a t i o n  was 2ppb wet w e i g h t ) .  
I t  is i n t e r e s t i n g  to note  t ha t  a ld r in  r e s i d u e s  were not  d e t e c t e d  in 
a n y  of  the  samples ,  which may be due to ac t ive  c o n v e r s i o n  of  
a ld r in  to d ie ldr in  (Ludke  et al. 1972). 

In a p p r o x i m a t e l y  15% of the  a n a l y z e d  c y p r i n i d  from Sta t ion I,  
h e p t a c h l o r  r e s i d u e s  were below the  de t ec t ion  limit of  l p p b  wet 
we igh t .  However ,  in the  r e m a i n d e r  85% r e s i d u e  levels  were r e -  
l a t ive ly  low r a n g e d  from 1 to 8ppb wet weight  with an a v e r a g e  
c o n c e n t r a t i o n  of  3ppb .  Hep tach lo r  has  n e v e r  been  u s e d  in I r a q ,  
h o w e v e r ,  the  de tec t ion  of h e p t a c h l o r  r e s i d u e s  in t he se  f i shes  may 
be a t t r i b u t e d  to c h l o r d a n e  fo rmula t ions  which are  known  to c o n -  
ta in  h e p t a c h l o r  to an e x t e n t  of  10-11% ( B r a u n  and  F r a n k  1980). 

In Hor a l -Hammar Lake (S ta t ion  If)  pe s t i c ide s  have  been  app l ied  
close to or  o v e r  wa te r ,  c a u s i n g  fa i r ly  d i r ec t  con tamina t ion  of  
f i shes  ( J o h n s o n  1968). Compar i son  of  o r g a n o c h l o r i n e  pes t i c ide  
r e s i d u e  levels  in the  c y p r i n i d  sampled from the  Shat t  a l - A r a b  
Rive r  with those  from Hor a l -Hammar Lake ( T a b l e - i )  have  shown 
t h a t :  
1] S ign i f i can t ly  h i g h e r  c o n c e n t r a t i o n s  were  d e t e c t e d  in the  f i shes  
from Hor a l -Hammar Lake.  T h u s  a v e r a g e  c o n c e n t r a t i o n s  of  
e n d r i n ,  ~DDT,  d ie ldr in  and  h e p t a c h l o r  were 154, 57, 8 and  6ppb 
wet weight  r e s p e c t i v e l y .  
2] In addi t ion  to DDE and  TDE; p , p ' - D D T  has  also been  d e t e c t e d  
in a p p r o x i m a t e l y  50% of the  f i shes  h e r e  r e f l e c t i n g  c o n t i n u i n g  in -  
p u t s  ( F r a n k  et al. 1974). 
3] Ch lo rdane  r e s i d u e s  were also con f i rmed  in the  c y p r i n i d  from 
Sta t ion  I I ,  r e s i d u e  levels  r a n g e d  from 15 to 141ppb wet weigh t  
with an a v e r a g e  c o n c e n t r a t i o n  of  58ppb .  
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Rela t ive ly  h i g h e r  c o n c e n t r a t i o n s  of  e n d r i n ,  EDDT, d ie ld r in  and  
h e p t a c h l o r  were d e t e c t e d  in the  ind ian  s h a d ,  moreove r ,  r e s i d u e s  
o f /3BHC,  l indane  , cis- and  trans--chlordane and p,p ' -DDT were 
also conf i rmed  in these  f i shes .  T h u s  a v e r a g e  va lues  of  e n d r i n ,  
EDDT, d ie ld r in ,  h e p t a c h l o r ,  c h l o r d a n e ,  /~BHC and  l indane  were 
90, 92, 26, 17, 31, 12 and  5ppb wet weight  r e s p e c t i v e l y  (Tab l e -  
2) .  The r a t h e r  e l eva ted  c o n c e n t r a t i o n s  may be due to the  fact  
t ha t  the  ind ian  shad  muscle t i s s u e s  con ta in  h i g h e r  fat  c o n t e n t  
t h a n  tha t  of  the  c y p r i n i d .  It  has  b e e n  well e s t a b l i s h e d  tha t  
maximum o c c u r r e n c e  of  o r g a n o c h l o r i n e  p e s t i c i d e s  coincide  with 
the  h igh  lipid c o n t e n t  ( R i c k a r d  and  Dul ley 1983). F u r t h e r m o r e ,  
m i g r a t o r y  ind ian  shad  might  have  been  e x p o s e d  to pes t i c ides  
from addi t ional  s o u r c e / s  where  t h e y  are  still u s e d  in a g r i c u l t u r e .  

Tab le -2 .  Seasonal  a v e r a g e  c o n c e n t r a t i o n s  ( p p b  wet weight )  of  
o r g a n o c h l o r i n e  pes t i c ide  r e s i d u e s  in Tenuolosa i l i sha (muscle  
t i s s u e s )  c a p t u r e d  from the  Shat t  a l -Arab  R ive r .  

Compo- % /3BHC Lin-  Diel- Hep ta -  E n d r i n  Ch lo r -  
s i te  Fat dane  d r in  I ch lo r2  dane  3 

n u m b e r  

EDDT 4 

S p r i n g  1984: 
1 6.2 nd  7 126 18 18 46 114 
2 6.2 nd 15 5 26 15 34 144 
3 6.1 nd  9 44 30 225 50 99 
4 6.2 11 3 13 nd 191 18 60 
5 6.2 16 6 10 16 11 41 69 
6 6.2 33 11 31 33 34 46 82 

Mean* 6.2 20 9 38 25 82 39 95 
Range  ( 6 . 1 - 6 . 2 )  (nd -33 )  (3-15)  (5-126) ( n d - 3 3 )  (11-225) (18-50) (60-144) 

Summer 1984: 
1 6.0 nd  2 30 3 50 13 187 
2 6.0 nd  3 6 nd  18 26 64 
3 5.9 nd 6 31 13 48 36 140 
4 5.8 2 3 21 4 31 26 113 
5 6.0 29 7 44 nd  58 39 149 

Mean* 6.0 16 4 26 7 41 28 131 
R a n g e ( 5 . 8 - 6 . 0 )  ( nd -29 )  (2-7)  (6-44) ( nd -13 )  (18-58)  (13-39) (64-187)  

Au tumn 1984: 
1 6.3 nd  nd  6 nd  83 50 23 
2 6.2 nd  nd  11 nd  213 17 11 
3 6.4 nd  3 28 13 236 29 136 
4 6.3 nd  nd  11 19 56 15 23 
5 6.3 nd  3 16 29 nd 16 60 

Mean* 6.3 nd 3 14 20 147 25 51 
Range  ( 6 . 2 - 6 . 4 )  ( n d - 3 )  (6-28) ( nd -29 )  (nd -236)  (15-50) (11-136) 

i .  Sum of a ld r in  and  d ie ld r in ;  2. Sum of h e p t a c h l o r  and  h e p t a -  
ch lo r  epox ide ;  3. Sum of  c i s - a n d  t r a n s - c h l o r d a n e ;  4. Sum of 
DDE, TDE and  DDT in bo th  s p r i n g  and  summer ,  or  DDE and  TDE 
on ly  in a u t u m n ; n d = N o n e  d e t e c t e d  ; *=Means o f  de t ec t ab le  va lue s .  
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The  p r e s e n t  d a t a  h a v e  i n d i c a t e d  t h a t  maximum ZDDT leve l s  
( a v e r a g e  c o n c e n t r a t i o n  131ppb  wet we i g h t )  we re  d e t e c t e d  in 
s u m m e r ,  while minimum ( a v e r a g e  c o n c e n t r a t i o n  51ppb )  in a u t u m n .  
Seasona l  v a r i a t i o n s  in ZDDT r e s i d u e s  h a v e  e a r l i e r  b e e n  d e s c r i b e d  
fo r  f i s h e s  r e a c h i n g  t h e i r  h i g h e s t  l eve l s  in s u m m e r  ( E d g r e n  et  al. 
1981).  C o n t r a r i l y ,  e n d r i n  r e s i d u e  l eve l s  were  h i g h e r  in a u t u m n  
( a v e r a g e  c o n c e n t r a t i o n  was 147ppb wet we igh t )  c o r r e s p o n d i n g  to 
t h e  fa t  c o n t e n t .  H o w e v e r ,  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  t h e r e  
was a t r e n d  t o w a r d  a r e d u c t i o n  in e n d r i n  l eve l s  in f i s h e s  which  
were  e x p o s e d  to b o t h  DDT and  e n d r i n  c o n c u r r e n t l y  (Den i son  et  
al. 1985).  The  r e m a i n i n g  o r g a n o c h l o r i n e  p e s t i c i d e s  did  not  
e x h i b i t  a de f in i t  t r e n d  of  v a r i a t i o n s  with r e s p e c t  to s e a s o n s .  

C o m p a r i s o n  of  o r g a n o c h l o r i n e  p e s t i c i d e  r e s i d u e  l eve l s  d e t e c t e d  in 
f i she s  f rom the  Sha t t  a l - A r a b  R i v e r  h a v e  i n d i c a t e d  t h a t  t h e y  
were below the range of values reported for Epinephelus tauvina 
and Lethrinus nebuluosus sampled from the Arabian Gulf (Burns 
et al. 1982). 

In the light of the above reasoning we may thus conclude that 
there was no direct input of organochlorine pesticides to the 
Shatt al-Arab River. Transportation via natural processes 
appreared to be the sole source for these contaminants. 

A c k n o w l e d g m e n t .  The  e f f o r t  of  D r .  S M Shamshoom in d i s e c t i n g  
f i sh  s a m p l e s  is g r e a t l y  a c k n o w l e d g e d .  

REFERENCES 

A g u i l a r  A (1984) R e l a t i o n s h i p s  of  DDE/ZDDT in mar ine  mammals 
to t he  c h r o n o l o g y  of  DDT i n p u t  in to  t he  e c o s y s t e m .  Can 
J Fish A q u a t  Sci 21:840-844.  

A n d e r l i n i  VC, A1-Harmi L, De L a p p e  BW, R i s e b r o u g h  RW, Walker 
W I I ,  Simoneit  BR,  Newton A (1981) D i s t r i b u t i o n  of  h y d r o -  
c a r b o n s  in t he  o y s t e r ,  Pinctada raargarat i fera,  a l o n g  the  
coast of Kuwait. Mar Pol lu t  Bu l l  12:57-62. 

AOAC (1975) Official Methods of Analysis of Association of 
Official Analytical Chemists, Horwitz W (ed), AOAC 
Washington DC 20044. 

Braun HE, Frank R (1980) Organochlorine and organophosphorus 
isecticides: Their use in eleven agricultural watershades 
and their loss to stream waters in Southern Ontario, 
Canada. Sci Total Environ 15:169-192. 

Bridges WR, Kallman BJ, Andrews AK (1963) Persistence of DDT 
and its metabolites in a farm pond. Trans A mer Fish Soc 
92:421-427. 

Burns KA, Villeneuve JP, Anderlini VC, Fowler SW (1982) 
Survey of tar, hydrocarbon and metal pollution in the 
coastal waters of Oman. Mar Pollut Bull 13:240-247. 

Denison M, Chambers JE, Yarbrough JD (1985) Short-term 
interactions between DDT and endrin accumulation and 
elimination in mosquitofish (Gambosia aff/nis). Arch 
Environ Contain Toxicol 14:315-320. 

679 



E d g r e n  M, Olsson  M, R e u t e r g a r d h  L (1981) A one y e a r  s t u d y  of  
t he  s e a s o n a l  v a r i a t i o n s  of  sDDT and  PCB leve l s  in f i sh  f rom 
h e a t e d  and  u n h e a t e d  a r e a s  n e a r  n u c l e a r  p o w e r  p l a n t .  
Chemosphere 10: 477-452. 

F r a n k  R, A r m s t r o n g  AE, Boe lens  RG,  B r a u n  HE, Doug las  CW 
(1974) O r g a n o c h l o r i n e  i n s e c t i c i d e  r e s i d u e s  in s ed imen t  and  
f i sh  t i s s u e ,  O n t a r i o ,  C a n a d a .  Pes t ic ides  Monit J 7:165-180.  

Hannon  MR, G r e i c h u s  YA, A p p l e g a t e  RL, Fox AC (1970) Ecolo-  
gical  d i s t r i b u t i o n  of  p e s t i c i d e s  in Lake  P o i n s e t t ,  Sou th  
Dako t a .  Trans Amer Fish Soc 99:496-500.  

J o h n s o n  DW (1968) P e s t i c i d e s  a n d  f i s h -  a r e v i e w  of  s e l e c t e d  
l i t e r a t u r e .  /bid 97: 398-424. 

J o h n s o n  WL, F in ley  MT (1980) H a n d b o o k  of  a cu t e  t o x i c i t y  of  
chemica l s  to f i sh  a n d  aqua t i c  i n v e r t e b r a t e s .  U . S .  F ish  a n d  
Wildlife S e r v i c e ,  Wash ing ton  DC,  R e s o u r  Pub l  137, 98pp .  

L u d k e  JL,  Gibson  J R ,  Lusk i  CI (1972) Mixed f u n c t i o n  o x i d a s e  
a c t i v i t y  in f r e s h w a t e r  f i sh :  a l d r i n  e p o x i d a t i o n  and  p a r a t h i o n  
a c t i v a t i o n .  Toxicol Appl Pharmacol 21:89-97 .  

R i c k a r d  DG, Dul l ey  ER (1983) The  l eve l s  of  some h e a v y  metal  
a n d  c h l o r i n a t e d  h y d r o c a r b o n s  in f i sh  f rom Tidal  T h a m e s .  
Environ Pollut, Series B 5:101-119.  

R i s e b r o u g h  RW, Menzel  DB, Mart in  DT,  Oleot t  HS (1967) DDT 
r e s i d u e s  in Pacif ic  sea  b i r d s :  a p e r s i s t e n t  i n s e c t i c i d e  in 
mar ine  food c h a i n s .  Nature ,  London 216:589-590.  

U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  (1980) A n a l y s i s  of  p e s t i c i d e  
r e s i d u e s  in h u m a n  and  e n v i r o n m e n t a l  s a m p l e s .  Watts R ( ed )  
Hea l th  E f fec t  L a b o r a t o r y ,  E n v i r o n m e n t a l  T o x i c o l o g y  Div i son ,  
R e s e a r c h  T r i a n g l e  P a r k ,  N . C .  sec t ion  5, A ( 2 ) .  

Received March 5, 1986; accepted December 16, 1986 

680 


