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O r g a n o c h l o r i n e  compounds ( i n s e c t i c i d e s  and p o l y c h l o r i n a t e d  
b i p h e n y l s )  a r e  known t o  man ta in  t h e i r  s t a b i l i t y  in  the  a q u a t i c  
env i ronment  f o r  long p e r i o d s .  DDT and c y c l o d i e n e  i n s e c t i c i d e s  were 
used  w i d e l y  in  Spa in  u n t i l  t h e i r  use  was banned in 1976; DDT and i t s  
d e g r a d a t i o n  p r o d u c t s  a r e  s t i l l  found in e n v i r o n m e n t a l  samples  
(Hern&ndez e t  a l .  1988). S ince  DDT has been l e g a l l y  r e s t r i c t e d  f o r  
u s e ,  l i n d a n e  has become i m p o r t a n t  as  a s u b s t i t u t e  f o r  DDT. 

Th i s  s t u d y  has  been c a r r i e d  ou t  a l o n g  G u a d a l q u i v i r  R i v e r ,  Spa in .  
Th i s  r i v e r  runs  a c r o s s  an a g r i c u l t u r a l  a r e a  where p e s t i c i d e s  a r e  
used  e x t e n s i v e l y .  The G u a d a l q u i v i r  b a s i n  i s  the  most e c o n o m i c a l l y  
i m p o r t a n t  a r e a  of  t he  South o f  t he  I b e r i a n  P e n i n s u l a ;  i t s  economic 
impor t ance  s tems from i t s  p r o x i m i t y  to  a major  m e t r o p o l i t a n  a r e a s  
{Cordova, S e v i l l e } ,  which i n d i c a t e s  the  p r e s e n c e  o f  numerous u rban ,  
c o m m e r c i a l ,  and i n d u s t r i a l  l o c a t i o n s  in  the  v i c i n i t y  o f  the  s a m p l i n g  
s t a t i o n s .  

The p u r p o s e s  o f  t h i s  i n v e s t i g a t i o n  a r e :  1) to  d e t e r m i n e  the  l e v e l s  
o f  o r g a n o c h l o r i n e  compounds in  w a t e r ,  s o i l s ,  and ear thworms sampled 
in  t e n  s t a t i o n s  o f  t he  G u a d a l q u i v i r  R i v e r ;  2) t o  e v a l u a t e  
b i o l o g i c a l  a c c u m u l a t i o n  o f  p o l l u t a n t s  s t u d i e d  w i t h i n  the  food webs; 
3) t o  e v a l u a t e  r e g i o n a l  p a t t e r n s  and t ime t r e n d s  o f  r e s i d u e s .  

MATERIALS AND METHODS 

L o c a t i o n  o f  s a m p l i n g  s t a t i o n s  i s  shown in  F i g u r e  1. A l l  s t a t i o n s  
were l o c a t e d  in  t he  s h o r e  o f  G u a d a l q u i v i r  R i v e r .  Ten s t a t i o n s  were 
s e l e c t e d ;  c o l l e c t i o n  s i t e s  were s e l e c t e d  n e a r  s u s p e c t e d  s o u r c e s  o f  
a g r i c u l t u r a l  o r  i n d u s t r i a l  p o l l u t i o n .  A l l  samples  were c o l l e c t e d  29, 
30, and 31 May 1990. S t a t i o n  1 was s i t u a t e d  n e a r  o f  s o u r c e  o f  t he  
G u a d a l q u i v i r  R i v e r ;  s t a t i o n  10 was s i t u a t e d  in  the  d e l t a  o f  the  
G u a d a l q u i v i r  R i v e r  (36 ~ 47 '  Noth l a t i t u d e  and 6* 21 '  West 
l o n g i t u d e ) .  

Water  samples  (3 L a t  a d e p t h  o f  25 cm) were c o l l e c t e d  in  g l a s s  
b o t t l e s .  S o i l  samples  were c o l l e c t e d  by manual c o r i n g  (0-5 cm) from 
the  mois t  s h o r e  and s t o r e d  in  g l a s s  j a r s .  Earthworms (Lumbricus  
t e r r e s t r i s  L . )  removed from t h e s e  s o i l s ,  were p l a c e d  in  p e t r i  d i s h e s  

Send r e p r i n t  r e q u e s t s  t o  L.M. Hern~ndez a t  the  above a d r e s s .  
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Figure  1. Study a r e a  and sampl ing l o c a t i o n s  

on moist  f i l t e r  paper  3 d to  vo id  t h e i r  gu t .  I t  was imposs ib le  to  
o b t a i n  earthworms in sampl ing s t a t i o n  10. So i l  samples were d r i e d  a t  
65"C f o r  5 d and ground u s i n g  a s t a i n l e s s  s t e e l  g r i n d e r .  

E x t r a c t i o n ,  p u r i f i c a t i o n ,  and a n a l y s i s  o f  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 s  and PCBs p r e s e n t  in water  samples were c a r r i e d  out  
a c c o r d i n g  t o  a method p r e v i o u s l y  d e s c r i b e d  (Rico e t  a l .  1989}. The 
r e s t  o f  the  samples were homogenized, e x t r a c t e d ,  c l eaned  and 
a n a l y z e d  f o l l o w i n g  methods a l r e a d y  d e s c r i b e d  (Hernandez e t  a l .  1988; 
Hernandez e t  a l .  1989). The e l u a t e s  were ana lyzed  wi th  a H e w l e t t -  
Packard  5890 gas chromatograph equipped wi th  Ni 63 E l e c t r o n  Capture  
D e t e c t o r .  A 30 m long c a p i l l a r y  column covered  wi th  RSL-2OO was 
used.  Chromatographic  c o n d i t i o n s  as f o l l ow:  d e t e c t o r  280~ i n j e c t o r  
300~ t empera tu re  programme, i so the rmal  phases  a t  180~ (1 min) and 
250~ (30 min),  wi th  i n t e r m e d i a t e  i n c r e a s e  r a t e  o f  2~ Peaks 
were i d e n t i f i e d  on the  i n t e g r a t o r  by r e t e n t i o n  t imes ;  t o l e r a n c e  
a l lowed was • 0.05 min. The peaks were measured b y a r e a  counts  g iven  
by the  i n t e g r a t o r  (minimum count  500).  

I d e n t i f i c a t i o n  and q u a n t i t a t i o n  o f  c h l o r i n a t e d  compounds was 
accompl i shed  us ing  r e f e r e n c e  s o l u t i o n s  o f :  a - b e n z e n e h e x a c h l o r i d e  ( a -  
BHC) 0.011 ng/~L, B-benzenehexach lo r ide  (s 0 .012 ng/~L, l indane  
0.017 ng/~L, 8 - b e n z e n e h e x a c h l o r i d e  (8-BHC) 0.013 ng/pL, h e p t a c h l o r  
0.025 ng/~L, h e p t a c h l o r  epoxide  0.017 ng/~L, a l d r i n  0.023 ng/pL,  
d i e l d r i n  0.045 ng/rLL, p ,p ' -DDE 0.050 ng/~L, p ,p ' -TDE 0.094 ng/~LL, 
p , p ' - D D T 0 . 1 4 8  ng/~L, d ich lo robenzophenone  0.114 ng/~L,  and PCBs (as 
A r o c l o r  1260) 0 .896 ng/~tL. D u p l i c a t e s  were c a r r i e d  out  f o r  a l l  
samples .  Minimum d e t e c t i o n  l i m i t  was 0.01 ~g/kg.  Recove r i e s  o f  
o r g a n o c h l o r i n e  compounds ranged from 81-94%, but the r e s idue  d a t a  in 
the  Table  I were not a d j u s t e d  on the b a s i s  o f  these  r e c o v e r i e s .  All  
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the  r e s i d u e s ,  i n c l u d i n g  w a t e r ,  a r e  e x p r e s s e d  as  ~g/kg.  

RESULTS AND DISCUSSION 

R e s u l t s  g i v e n  in Tab l e  1 p r e s e n t  the  c o n c e n t r a t i o n  l e v e l s  o f  
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 s  and PCBs found in w a t e r  samples  from ten  
co l  l e c t i o n  s i t e s  in t he  G u a d a l q u i v i r  R i v e r  d u r i n g  May 1990. P r e s e n c e  
o f  f~ and 8-BHC was found in a l l  the  samples  a n a l y z e d ,  l i ndane  was 
d e t e c t e d  in  40% samples .  The moan c o n c e n t r a t i o n  o f  t o t a l  BHC 
( l i n d a n e  + B-BHC + 8-BHC) was 0 .054 Ilg/kg ( r ange  0 . 0 0 9 - 0 . 1 3 7 ) .  
P r e s e n c e  o f  d i c h l o r o b e n z o p h e n o n e  and p ,p ' -DDE was found in 90 and 
80% samples  a n a l y z e d ,  r e s p e c t i v e l y .  The mean c o n c e n t r a t i o n  o f  t o t a l  
DDT ( d i c h l o r o b e n z o p h e n o n e  + p ,p ' -DDE)  was 0 .007 ~g/kg  ( range  0 . 0 0 1 -  
0 . 0 3 3 ) .  No r e s i d u e s  o f  o t h e r  c h l o r i n a t e d  i n s e c t i c i d e s  i nc luded  in 
t he  a n a l y t i c a l  s u r v e y  were d e t e c t e d  (a-BHC, a l d r i n ,  d i e l d r i n ,  
h e p t a c h l o r ,  h e p t a c h l o r  epox i de ,  p , p ' - T D E ,  and p , p ' - D D T ) .  PCBs 
o c c u r r e d  in a l l  wa t e r  s ample s ;  the  mean c o n c e n t r a t i o n  was 0.141 
~g/kg .  

The r e s i d u e  l e v e l s  o f  the  t o t a l  DDT a re  s t i l l  low compared w i t h  the  
p e r m i s s i b l e  l e v e l s  in  the  ground w a t e r  e s t a b l i s h e d  by M i n i s t r y  o f  
Works o f  Spa in  (25 ~g /L) ,  however ,  in 40% c o l l e c t i o n  s i t e s  the  
r e s i d u e  l e v e l s  o f  the  t o t a l  BHC a r e  h i g h e r  than  t h o s e  e s t a b l i s h e d  by 
M i n i s t r y  o f  Works o f  Spain  (0 .05 ~g /L) .  W.H.O. (1976) e s t i m a t e d  t h a t  
n o n p o l l u t e d  f r e s h  w a t e r s  f o r  PCBs shou ld  c o n t a i n  not  more than  0 .5  
ng /L  up to  5 rig/L, 50 ng/L f o r  m o d e r a t e l y  p o l l u t e d  r i v e r s  and 500 
ng/L f o r  h i g h l y  p o l l u t e d  r i v e r s .  A c c o r d i n g l y ,  G u a d a l q u i v i r  R i v e r  i s  
m o d e r a t e l y  p o l l u t e d  f o r  PCBs. 

Our r e s u l t s  show t h a t  the  a v e r a g e  t o t a l  BHC (54 n g / k g ) ,  t o t a l  DDT (7 
n g / k g ) ,  and PCBs (141 ng /kg )  o f  the  w a t e r  samples  s t u d i e d  a r e  h i g h e r  
than  t h o s e  r e p o r t e d  by Murray e t  a l .  (1981) (0 .38  ng /kg  f o r  t o t a l  
DDTand 3.1 ng /kg  f o r  PCBs) in wa t e r  from G a l v e s t o n  Bay, Texas ,  than  
t h o s e  assumed by E I - D i b  and Badawy (1985) ( 0 . 1 - 1 6 . 5  ng /kg  f o r  t o t a l  
BHC, 8 . 0 - 5 4 . 1  ng /kg  f o r  t o t a l  DDT, and 6 . 8 - 4 8 . 2  ng /kg  f o r  PCBs) in 
w a t e r  f o r  N i l e  R i v e r  and t hose  shown by Rihan e t  a l .  (1978) (0 .08  
ng /kg  f o r  t o t a l  BHC and 10 ng /kg  f o r  t o t a l  DDT) in  s t r e a m s  and l akes  
o f  N o r t h e r n  M i s s i s s i p p i .  However,  our  r e s u l t s  a r e  lower than  t h o s e  
r e p o r t e d  by Cace res  e t  a l .  (1985) (440-1 ,416  ng /kg  f o r  t o t a l  BHC and 
207-760 ng /kg  f o r  t o t a l  DDT) in  Sao Pau lo ,  Sou the rn  B r a z i l .  The 
v a l u e s  r e p o r t e d  in t h i s  s t u d y  f a l l  w i t h i n  the  r~nge r e p o r t e d  by 
Achar i  e t  a l .  (1975) (1 .2  ng /kg  f o r  t o t a l  BHC and 37.7  ng /kg  f o r  
t o t a l  DDT) in Georgetown County,  South C a r o l i n a .  

C o n c e n t r a t i o n s  o f  t o t a l  BHC, t o t a l  DDT, and PCBs d e t e c t e d  in s o i l  
samples  from ten  c o l l e c t i o n  s i t e s  in the  G u a d a l q u i v i r  R i v e r  a r e  
g i v e n  in Tab l e  1. T o t a l  BHC (a-BHC + ~-BI-IC + l i ndane  + 8-BHC) ranged  
from 0 .66  to  2 .49  ~g/kg w i t h  a mean c o n c e n t r a t i o n  o f  1.44 ~g/kg;  a -  
BHC was d e t e c t e d  in 50% sample s ,  B-BHC in  80%, l i ndane  in 70%, and 
8-BHC in 90% samples .  T o t a l  DDT (p ,p ' -DDE + p , p ' -TDE + p ,p ' -DDT + 
d i c h l o r o b e n z o p h e n o n e )  ranged  f rom 3.49 t o  46 .30  ~g /kg  w i th  a mean 
c o n c e n t r a t i o n  o f  18.18 ~g/kg ; p ,p ' -DDE and p , p ' -TDE were p r e s e n t  
in  a l l  s o i l  samples ,  d i c h l o r o b e n z o p h e n o n e  was d e t e c t e d  in 
90% sample s ,  and p ,p ' -DDT in  7 0 % s a m p l e s .  No r e s i d u e s  o f  a l d r i n ,  
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T a b l e  1. L e v e l s  o f  o r g a n o c h l o r i n e  compounds ,  e x p r e s s e d  i n  ~ g / k g ,  i n  
s a m p l e s  c o l l e c t e d  in  t h e  s h o r e  o f  G u a d a l q u i v i r  R i v e r .  

WATERS 

S i t e  t o t a l  BIIC t o t a l  DDT PCBs 

1 0 . 1 0 6  0 . 0 0 6  0 . 1 5 2  
2 0 . 0 6 6  0 .001  0 . 0 8 5  
3 0 . 0 4 5  0 . 0 3 3  0 . 1 7 8  
4 0 . 0 4 8  0 . 0 1 0  0 . 1 8 0  
5 0 . 1 3 7  0 . 0 0 5  0 . 2 2 2  
6 0 . 0 1 5  0 . 0 0 2  0 . 1 1 9  
7 0 . 0 8 7  0 . 0 0 2  0 . 1 2 4  
8 0 . 0 1 7  0 . 0 0 2  0 . 0 9 8  
9 0 . 0 1 0  0 . 0 0 2  0 . 1 0 9  

10 0 . 0 0 9  0 . 0 0 5  0 . 1 4 5  
Mean • S . D . ,  a l l  s i t e s  0 . 0 5 4 •  0 . 0 0 7 •  0 . 1 4 1 •  

SOILS* 

S i t e  t o t a l  BHC t o t a l  DDT PCBs 

1 1 .121 15 .230  7 . 4 1 8  
2 0 . 7 7 6  12 .600  19 .334  
3 2 . 4 9 5  3 5 . 1 7 0  7 . 1 6 2  
4 2 . 0 7 9  4 6 . 0 3 7  14 .872  
5 2 .181  13 .873  5 . 6 4 6  
6 0 . 6 6 6  3 . 4 9 0  3 . 3 9 8  
7 1 .489  15 .075  4 . 4 5 8  
8 0 . 7 5 9  8 . 8 3 0  15 .889  
9 1 .406  17 .241 3 8 . 0 6 6  

10 N.A. 14 .294  5 . 7 5 7  
Mean t S . D . ,  a l l  s i t e s  1 . 4 4 1 •  1 8 . 1 8 4 •  1 2 . 2 0 0 •  

EARTHWORMS 

S i t e  t o t a l  BHC t o t a l  DDT PCBs 

1 27 771 94 
2 164 1 ,060  355 
3 30 799 138 
4 42 3 , 5 5 2  317 
5 69 840 1 ,315 
6 69 813 1 ,355  
7 108 907 1 ,093 
8 19 384 3 , 7 5 9  
9 74 202 1 ,233  

10 N.A. N.A. N.A. 
Mean • S . D . ,  a l l  s i t e s  67+46 .15  1 , 0 3 6 •  1 , 0 7 3 + 1 , 1 3 4  

S .D.  = S t a n d a r d  D e v i a t i o n ;  * = Dry  w e i g h t ;  N.A. = Not A n a l y z e d .  
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T a b l e  2.  T r e n d s  i n  o r g a n o c h l o r i n e  r e s i d u e s  i n  w a t e r  and  s o i l  o f  t h e  
G u a d a l q u i v i r  R i v e r .  

WATER 

�9 1975 i l l )  * . 1 9 9 0  (10)  F a 

T o t a l  BHC 0 . 0 8 9 •  0 . 0 5 4 •  1.141 0 . 2 9 9  
T o t a l  D i Y r  5 . 1 3 1 •  0 . 0 0 7 •  15 .519  0 .001  
PCBs 0 . 8 0 6 •  0 . 1 4 1 •  2 3 . 1 1 0  0 . 0 0 0  

SOIL 

,1975  ( I I )  * . 1 9 9 0  ( I 0 )  F a 

T o t a l  BHC 22•  1 . 4 4 1 •  5 0 . 6 3 2  0 . 0 0 0  
T o t a l  DDT 138•  1 8 . 1 8 t 1 2 . 7 0  2 5 . 4 7 2  0 . 0 0 0  
PCBs 336•  1 2 . 2 0 •  3 5 . 6 6 6  0 . 0 0 0  

C o n c e n t r a t i o n s  i n  ~ g / k g .  * = S u r v e y  c o n d u c t e d  by  Hern~ndez  e t  a l .  
( 1 9 7 6 ) ;  ** = T h i s  s t u d y .  ( ) = Number o f  s a m p l e s .  

d i e l d r i n ,  h e p t a c h l o r ,  and  h e p t a c h l o r  e p o x i d e  were  d e t e c t e d  i n  any  o f  
t h e  s o i l  s a m p l e s .  PCBs o c c u r r e d  i n  a l l  s a m p l e s ;  PCBs c o n c e n t r a t i o n  
r a n g e d  f rom 3 . 3 9  t o  4 6 . 0 3  ~ g / k g  w i t h  a mean c o n c e n t r a t i o n  o f  12 .20  
~ g / k g .  

Our r e s u l t s  show t h a t  t h e  a v e r a g e  t o t a l  BHC ( 1 . 4 4  ~ g / k g )  t o t a l  DDT 
( 1 8 . 1 8  ~ g / k g ) ,  and  PCBs ( 1 2 . 2 0  ~ g / k g )  o f  t h e  s o i l  s a m p l e s  s t u d i e d  
a r e  h i g h e r  t h a n  t h o s e  r e p o r t e d  by  Mur ray  e t  a l .  (1981)  (0 .21  ~ g / k g  
f o r  t o t a l  DDT and 1.1 ~ g / k g  f o r  PCBs) i n  s e d i m e n t  f rom G a l v e s t o n  
Bay ,  T e x a s ;  h o w e v e r ,  o u r  r e s u l t s  a r e  lower  t h a n  t h o s e  r e p o r t e d  by  
Wan e t  a l .  (1989)  {240-870  ~ g / k g  f o r  t o t a l  DDT) in  s o i l s  u s e d  f o r  
v e g e t a b l e  and t r o p i c a l  f r u i t  p r o d u c t i o n  i n  New S o u t h  Wales  
{ A u s t r a l i a )  and  t h o s e  shown b y  S a x e n a  e t  a l .  (1987)  ( 1 , 4 3 0 - 1 , 6 7 0  
~ g / k g  f o r  t o t a l  DDT) in  s o i l s  o f  50 s i t e s  s u r r o u n d i n g  a DDT 
m a n u f a c t u r i n g  f a c t o r y  i n  D e l h i  ( I n d i a ) .  

I n  T a b l e  2 o v e r a l l  a v e r a g e  o f  t o t a l  BHC, t o t a l  DDT, and PCBs in  
w a t e r  and  s o i l  s a m p l e s  o f  G u a d a l q u i v i r  R i v e r  were  c o m p a r e d  w i t h  
t h o s e  o b t a i n e d  in  a s i m i l a r  i n v e s t i g a t i o n  o f  t h e  same s i t e s  in  1975 
( H e r n a n d e z  e t  a l .  1976) .  I t  i s  e v i d e n t  f rom t h e  p r e s e n t  d a t a  t h a t  
w a t e r  and  s o i l  s a m p l e s  r e s i d u e s  have  shown a downward t r e n d  f rom 
1975; t h u s ,  t h e  r e s i d u e  l e v e l s  o f  t h e  s t u d i e d  compounds i n  w a t e r  
d e c l i n e d  1 . 6  f o l d  f o t  t o t a l  BHC, 733 f o l d  f o r  t o t a l  DDT, and 5 . 7  
f o l d  f o r  PCBs. In  s o i l s  t h e  r e s i d u e  l e v e l s  d e c l i n e d  15 .3  f o l d  f o r  
t o t a l  BHC, 7 . 6  f o l d  f o r  t o t a l  DDT, and 2 7 . 6  f o l d  f o r  PCBs. I n  o r d e r  
t o  v e r i f y  t h e s e  a s s e r t i o n s  an  a n a l y s i s  o f  v a r i a n c e  {ANOVA) was u s e d :  
( a )  No s i g n i f i c a n t  d i f f e r e n c e s  c o u l d  be  o b s e r v e d  in  t o t a l  BHC in  
w a t e r  Ca > 0 . 0 5 ) ;  (b )  s i g n i f i c a n t  d i f f e r e n c e s  c o u l d  be  o b s e r v e d  in  
t o t a l  DDT and  PCBs i n  w a t e r  and  in  t o t a l  BHC, t o t a l  DDT, and PCBs in  
s o i l  ( a  < 0 . 0 5 ) .  The ban  on a g r i c u l t u r e  u s e  o f  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 s  in  S p a i n  may b e  t h e  r e a s o n  f o r  d e c r e a s e  i n  t h e  
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c o n c e n t r a t i o n  o f  t o t a l  BHC and t o t a l  DDT reco rded  in the p r e s e n t  
s t udy .  

C o n c e n t r a t i o n s  o f  t o t a l  BHC, t o t a l  DDT, and PCBs d e t e c t e d  in 
earthworms from nine  c o l l e c t i o n  s i t e s  in the Guada lqu iv i r  River  a re  
g iven  in Table  1. To ta l  BHC {a-BHC + l indane  + 8-BHC} ranged from 19 
to  164 ~g/kg wi th  a mean c o n c e n t r a t i o n  o f  67 p~g/kg; a-BHC and ~-BHC 
were p r e s e n t  in a l l  samples;  l indane  was p r e s e n t  in 78% samples .  
To ta l  DDT (p,p ' -DDE + p ,p ' -TDE + d ich lo robenzophenone)  ranged from 
202-3 ,552 ~g/kg wi th  a mean c o n c e n t r a t i o n  o f  1,036 ~g/kg;  p ,p ' -DDE 
was d e t e c t e d  in a l l  samples ,  p ,p ' -TDE in 78% samples and 
d i ch lo robenzophenone  in 44% samples .  No r e s i d u e s  o f  ~-BHC, a l d r i n ,  
d i e l d r i n ,  h e p t a c h l o r ,  h e p t a c h l o r  epoxide ,  and p,p ' -DDT were 
d e t e c t e d .  PCBs o c c u r r e d  in a l l  samples:  PCBs c o n c e n t r a t i o n  ranged 
from 94 to  3,759 ~g/kg wi th  a mean c o n c e n t r a t i o n  o f  1,073 ~g/kg.  

Our r e s u l t s  r e v e a l e d  c o n s i d e r a b l e  v a r i a t i o n s  in r e s i d u e  l e v e l s  o f  
the  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 s  and PCBs a c c o r d i n g  to  the sampling 
s i t e s .  Thus, maximum r e s i d u e  l e v e l s  o f  t o t a l  BHC and t o t a l  DDT in 
w a t e r s ,  s o i l s ,  and earthworms were found in the sampl ing s t a t i o n s  2, 
3, and 4; t h i s  a r e a  r e p r e s e n t s  one o f  the most p r o d u c t i v e  
a g r i c u l t u r a l  l o c a t i o n  in the G u a d a l q u i v i r  R ive r :  h i g h e s t  
c o n c e n t r a t i o n s  o f  r e s i d u e  l e v e l s  in sampl ing  s t a t i o n s  2, 3, and 4 
r e f l e c t  the  e x t e n s i v e  use o f  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 s  b e f o r e  the 
ban of  t he se  compounds. By c o n t r a s t ,  h i g h e s t  c o n c e n t r a t i o n s  o f  PCBs 
were found in sampl ing s t a t i o n s  5 ( w a t e r ) ,  9 ( s o i l s ) ,  and 9 
(ear thworms) .  These s t a t i o n s  a re  l o c a t e d  in the a r e a  round Cordova 
and S e v i l l e ,  m e t r o p o l i t a n  a r e a s  wi th  p resence  o f  numerous urban,  
commercia l ,  and i n d u s t r i a l  a c t i v i t i e s ;  t h e r e f o r e ,  the e f f e c t  o f  
a n t h r o p o g e n i c  inpu t s  on t he se  sampling s t a t i o n s  i s  expec ted  t o  be 
h igh .  

The d a t a  o b t a i n e d  in t h i s  s t udy  i n d i c a t e  an accumula t i on  o f  
o r g a n o c h l o r i n e  compounds in s o i l s  and earthworms r e l a t i v e  to  water  
c o n c e n t r a t i o n s .  In e f f e c t ,  the average  c o n c e n t r a t i o n  f a c t o r ,  d e f i n e d  
as the  r a t i o  o f  the  c o n c e n t r a t i o n  in s o i l s  o r  earthworms to  
c o n c e n t r a t i o n  in water  is  30.4 and 1,267 fo r  t o t a l  BHC, 
r e s p e c t i v e l y ;  4,161 and 219,700 fo r  t o t a l  DDT, and 68.1 and 4,310 
f o r  PCBs. Likewise ,  t h e r e  i s  b i o a c c u m u l a t i o n  o f  o r g a n o c h l o r i n e  
compounds in earthworms r e l a t i v e  to  s o i l s  (41.7 f o r  t o t a l  BHC, 52.8 
f o r  t o t a l  DDT, and 63.3 fo r  PCBs). Some r e g u l a t o r y  a u t h o r i t i e s  such 
as the Japanese  M i n i s t r y  o f  I n t e r n a t i o n a l  Trade and I n d u s t r y ,  
c o n s i d e r  t h a t  chemica l s  wi th  b i o c o n c e n t r a t i o n  f a c t o r  g r e a t e r  1,000 
may r e p r e s e n t  an env i ronmenta l  haza rd  (Connell  1990). Using these  
c r i t e r i a ,  a p o t e n t i a l  env i ronmenta l  hazard  may e x i s t  wi th  t o t a l  BHC, 
t o t a l  DDT, and PCBs in ear thworms.  So then r e s i d u e  l e v e l s  o f  the  
s t u d i e d  o r g a n o c h l o r i n e s  in the r i v e r  may a f f e c t  a q u a t i c  l i f e  and 
lead to  t h e i r  accumula t ion  i n t o  the food cha in  (Menzie 1972, Moore 
and Ramamoorthy 1984). 
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