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Organochlorine Pesticide and PCB Residues in 
Wild Bird Eggs from the South-West of Spain 
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The m a j o r  l o w - l e v e l  p o l l u t a n t  hhreat8 to wi ld  b i r d s  
r e s o u r c e s  tha t  bave  been  c l e a r l y  d e m o n s t r a t e d  a r e  the p e r -  
s i s t e n t  p e s t i c i d e s ,  p o l y c h l o r i n a t e d  b i p h e n y l s  ( P C B ' s )  and  
sorne  h e a v y  m e t a l s .  I t  is we l l  known tha t  c h l o r � 8  hy -  
d r o c a r b o n s  a r e  i m p l i c a t e d  in the e n v i r o n m e n t  d e t e r i o r a t i o n  
b e c a u s e  of t h e i r  i n c i d e n c e  on the e n e r g e t i c  f lux of the 
e c o s y s t e m s .  

In a p r e v i o u s  p a p e r  ( B A L U J A  and  H E R N A N D E Z ,  in 
p r e s s )  r e s u l t s  w e r e  r e p o r t e d  on l e v e l s  of  o rganoch •o r ine  
r e s i d u e s  in m u s c l e ,  l i v e r ,  k idney ,  b r a i n ,  and  gonad  in 
s p e c i e s  of  p u r p l e  h e r o n  ( A r d e a  p u r p u r e a )  and  spoon  duck  
(Anas  c l y p e a t a )  c o l l e c t e d  in the B i o l o g i c a l  R e s e r v e  of Doflana 
( S o u t h - W e s t  of Spa�8 The p u r p o s e  of th i s  p a p e r  �8 to g ive  
new da ta  on the l e v e l s  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  and  P C B  
r e s i d u e s  in e g g s  of b i r d s  f r o m  the  S o u t h - W e s t  of  Spain ,  
m a i n l y  the n a t u r a l  R e s e r v e  of  Dofiana,  wi th  the aire  of 
finding if  there exists some class of incidence of the organo- 

chlorine residues on the lire of wildbirds living in that area 

whose populations appear to be declining lately, 

M A T E R I A L S  AND METHODS 

E g g s  of f o u r t e e n  d i f f e r e n t  s p e c i e s  w e r e  c o l l e c t e d  d u r -  
ing the n e s t i n g  s e a s o n  b e t w e e n  197Z and  1976. A to ta l  of 
52 eggs  w e r e  c h o s e n  a t  r a n d o m ,  c l a s s i f i e d  a c c o r d i n g  to the 
d i s t r i b u t i o n  shown in Tab le  1, and  a n a t y z e d  i n d i v i d u a l l y  f o r  
residues of organochlorine pesticides and PCB's after each 

c o l i e c t i n g  s e a s o n .  

AI1 e g g s  w e r e  f r o z e n  a f t e r  c o l l e c t i o n  unt i l  p r e a n a l y -  
t i c a l  t r e a t m e n t  was  p e r f o r r n e d .  Th i s  t r e a t m e n t  b a s i c a l y  c o n -  
s � 8  in the h o m o g e n i z a t i o n  of e a c h  egg  con ten t ,  e x t r a c t i o n  
of h o m o g e n a t e s ,  and  c l e a n - u p  a c c o r d i n g  to the m e t h o d s  
p r o v i d e d  by  O N L E Y  and  M I L L S  (196Z) and  K E Y N O L D S  (1969). 
Ai l  e x t r a c t s  w e r e  e lu t ed  t h r o u g h  an a c t i v a t e d  f l o r i s i l  c o l u m n  
to s e p a r a t e  p e s t i c i d e s  and P C B ' s  in two f r a c t i o n s ,  and  
a n a l y s i s  w e r e  c o n d u c t e d  by g a s - l i q u i d  c h r o m a t o g r a p h y  u s i n g  
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an  e l e c t r o n  a f f i n i t y  d e t e c t o r  fo l lowing  m e t h o d s  a l r e a d y  
d e s c r i b e d  in p r e v i o u s  p a p e r s  ( B A L U J A  et  a l . ,  1970, 1972). 

TA B L E  I 

S i t e s  a n d  b i r d  s p e c i e s  f r o m  w h i c h  e g g s  w e r e  c o l l e c t e d  

Si te  s 

B i o l o g i c a l  
R e s e r v e  of  
Dofiana 

Y e a r  

1972 

1973 

1974 

1975 

1976 

P r o v i n c e  of 1975 
S a l a m a n c a  

P r o v i n c e  of  1976 
C ~ c e r e s  

E g g s  and  s p e c i e s  

1 A r d e a  p u r p u r e a  ( P u r p l e  h e r o n ) ;  
1 F u l i c a  a t r a  (Coot ) ;  3 A y t h y a  
fe rina (Pochard) 

4 Aythya ferina; 5 Aquila heliaca 
( I m p e r i a l  eagle); 3 A n a s  c l y p e a t a  
(Spoon duck);  1 R e c u r v i r r o s t r a  
a v o s e t a  (Avoce t ) ;  2 P o d i c e p s  
s p . ;  7 S t e r n a  sp .  ( C o m m u n  
t e r n ) ;  5 G l a r e o l a  p r a t i n c o l a  
( P r a t i n c o l e ) ;  8 S t e r n a  a l b i f r o n s  
(L i t l e  t e rn )  

1 A q u i l a  h e l i a c a  

1 F a l c o  s u b b u t e o  ( L a n n e r )  

4 M i l v u s  m i g r a n s  ( B l a c k  k i te ) ;  
2 A q u i l a  h e l i a c a  

1 H i e r a e t u s  p e n n a t u s  ( B o o t e d  
eag l e ) ;  1 0 t i s  t a r d a  ( B u s t a r d )  

2 A q u i l a  h e l i a c a  

E x t r a c t s  w e r e  a n a l y z e d  f o r ~ - a n d  ~ - H C H ,  h e p t a c h l o r ,  
h e p t a c h l o r - e p o x i d e ,  a l d r i n ,  d i e l d r i n ,  e n d r i n ,  o p - D D T ,  p p ' -  
DDE,  p p ' - T D E ,  p p ' - D D T  a n d  P C B ' s ;  P C B ' s  w e r e  q u a n t i f i e d  
u s i n g  a s t a n d a r d  of A r o c l o r  1260 w h o s e  p e a k  p a t t e r n  m o s t  
c l o s e l y  r e s e m b l e d  the  p a t t e r n  in the a n a l y t i c a l  s a m p l e .  
A v e r a g e  p e r c e n t a g e  r e c o v e r i e s  r a n g e d  f r o m  90 to 110 but  
r e s i d u e  da t a  in the t a b l e s  w e r e  not  a d j u s t e d  on the  b a s i s  
of  t h e s e  r e c o v e r i e s .  T w o  c o l u m n s  w e r e  u s e d  w h o s e  o p e r a t -  
ing p a r a m e t e r s  a r e  g i v e n  in T a b l e  2. 

S o m e  r e s i d u e  i d e n t i f i c a t i o n s  w e r e  c o n f i r m e d  by  m e -  
thods  of  c h e m i c a l  d e r i v a t i z a t i o n .  

RESULTS AND DISCUSSION 

The  m e a n  r e s i d u e  l e v e l s  a n d  r a n g e s  of  o r g a n o c h l o r i -  
ne p e s t i c i d e s  and  P C B ' s  a r e  s u m m a r i z e d  in T a b l e s  3 and  4 
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e x p r e s s e d  in p a r t s  p e r  m i l l i o n  by  w e i g h t  of w e t  s a r n p l e .  The  
f i r s t  o b s e r v a t i o n  of v a l u e s  p e r m i t  the  a s s u m p t i o n  t h a t  b o t h  
c l a s s e s  of r e s i d u e  l e v e l s  v a r i e d  g r e a t l y  a m o n g  a n d  w i t h i n  
s p e c i e s  but  a l l  e x c e e d e d  t r a c e  v a l u e s  in m o s t  e g g s ,  e x c e p t  
t h a t  c y c l o d i e n i c  r e s i d u e s  w e r e  no t  d e t e c t e d  in e g g s  of 
p o c h a r d  c o l l e c t e d  in the  c o n s e c u t i v e  s e a s o n s  of 1 9 7 2 - 1 9 7 3 .  

TA B L E  II 

C o l u m n s  a n d  o p e r a t i n g  c o n d i t i o n s  

S u p p o r t  a n d  
m e s h  s i z e  

L i q u i d  p h a s e  

G a s  f low r a t e  

N 2 

C o l u m n  t e m p .  

D e t e c t o r  t e m p .  

S e n s i t i v i t y  

G l a s s  c o l u m n s ,  1 .Z0  m l e n g t h ,  4 m m  O . D .  

A B 

C h r o m o s o r b  W H P /  
8 0 - 1 0 0  

5% D C - 2 0 0 / 7 . 5 %  
Q F - 1  

40 m l / r e i n .  

190Q C 

210Q C 

0 .001  p p m  d i e l d r i n  

C h r o m o s o r b  W H P /  
8 0 - 1 0 0  

2% O r o n i t e  p o l y b u t e n e  
1 2 8 / 1 , 9 5 5  Q F - 1  

55 m l / r e i n ,  

170Q C 

190Q C 

0 ,001  p p m  d i e l d r i n  

A l d r i n ,  d i e l d r i n ,  o p - D D T ,  h e p 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  w e r e  d e t e c t e d  as  t r a c e  a m o u n t s  in r n o s t  e g g s  c o l l e c t -  
ed  in 1972 and  1973, bu t  h e p t a c h l o r - e p o x i d e  a n d  d i e l d r i n  
o c c u r r e d  m o r e  f r e q u e n t l y  in  e g g s  c o l l e c t e d  in 1975 a n d  1976 
a t  l e v e l s  r a n g e d  f r o m  0. 001 p p m  to 0 . 4 2 6  p p m ;  the  h i g h e s t  
l e v e l s  w e r e  found  in e a g l e  e g g s .  DDE,  T D E ,  a n d  DDT w e r e  
a l w a y s  e a s i l y  d e t e c t e d  in a l l  e g g s .  DDE r a n g e d  f r o m  0. 100 
p p m  to 9. 202 p p m  a n d  t o t a l  D D T - g r o u p  r a n g e d  f r o m  0. 157 
p p m  to 9. 917 p p m ;  the  h i g h e s t  l e v e l s  w e r e  found  in b l a c k  
k i t e  and  i m p e r i a l  e a g l e  e g g s  s a m p l e d  in  1976. H i g h e r  P C B  
r e s i d u e s  w e r e  found  in i m p e r i a l  e a g l e  e g g s  w i t h  a r a n g e  
b e t w e e n  0. 599 p p m  a n d  7. 742 p p m ,  bu t  the  h i g h e s t  P C B  
l e v e l  ( 9 .071  p p m )  w a s  found  in one egg  of l i t l e  t e r n  c o l l e c t e d  
in 1973, a n d  the  l o w e s t  l e v e l s  w e r e  found  in P o d i c e p s  e g g s ,  
w i t h  a r a n g e  of 0. 133-0 .  138 p p m .  F r o m  the c o n ~ p a r i s o n  of  
the  p p m  r a n g e s  i s  n o t e w o r t h y  in t h a t  the  r e s i d u e  l e v e l s  
a p p e a r  s u p e r i m p o s a b l e  f r o m  p h i t o p h a g o u s  to p r e d a t o r y  
s p e c i e s .  

S i n c e  m o s t  e g g s  w e r e  c o l l e c t e d  in the  B i o l o g i c a l  R e -  
s e r v e  of Dof iana ,  w h i c h  p r o v i d e s  a h a l t i n g  p l a c e  a n d  w i n t e r  
h a b i t a t  f o r  m i g r a t o r y  b i r d s ,  a n d  s i n c e  t h e r e  a r e  no  p e s t i c i d e s  
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for pest control in the Reserve area the pollutants appear 

to be all imported through water and/or airborne and 

through migration processes. Pesticides and other pollutants 

could enter the Reserve either by aerial transport or 
drainage water since the water systhem of the area forms 

a more or less closed circuit with the Guadalquivir river. 
This river is also polluted by low levels of similar residues 

found in the eggs (HERNANIDEZ, GONZ-ALEZ, and BALUJA, 
1976). Pesticides are also applied by aerial spraying on rice 

and olive-planting areas not too far from the Reserve. 

According to data summarized in Tables 3 and 4 it 

appears that residue concentrations decrease in the order 
PCB ~ DDT (total)~ hexachlorocyclohexanes > cyclodienes. 

The mean levels of each of the residues found are consistent 
with the trophic position of the avian species from which 

eggs were sampled. Accordingly the eggs of raptorial species 
show the highest residue levels (Fig. i) followed by other 

medium predators localized in the middle of the food chain. 

The phitophagous species show the lowest residue levels as 
it corresponds to the lower links of the chain. 

[ IMPERIAL EAGLE 
BOOTED EAGLE 

BLACK KITE 
LANNER 

. . . . . . .  " . . . . . . . . . . . . . . . . . . . .  LITLE TERN 
I . . . . . . . . . . .  .,,. . . . . .  "~ PURPLE HERON 
[ . . . . . . . . . . .  PRATINCOLE 
~ PODICEPS sp. 
I'~~~-~ CO MMUN TERN 
L---~ AVOCET 

BUSTARD 
JPOCHARD 

, SPOON DUCK 
l'-mCOOT 

: : l p p m  

B HIG PREDATORS 

B LOW PREDATORS 

[]  PHITOPHAGOUS 

Figure i. Distribution of mean levels of total organochlorine 

residues detected in the eggs analyzed. 

T h a t  the  b i r d  p o p u l a t i o n  in  t he  a r e a  i s  s h o w i n g  
s y m p t o m s  of d e c l i n e  i s  p r e s u m a b l e  b e c a u s e  t he  p o l l u t a n t s  
f o u n d  a r e  t o x i c  to  the  e m b r y o  o r  h a t c h e d  y o u n g ,  b u t  t h e i r  
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e f f e c t s  on t o x i c i t y  m a y  no t  be  s t r i c t l y  a d d i t i v e  w i t h  r e g a r d  
to  the  q u a n t i t a t i v e  e f f e c t  i n d u c e d  by  a g i v e n  un i t  of a 
c h e m i c a l .  A c c o r d i n g  to F A B E R  a n d  H I C K E Y  (1973),  DDE,  
d i e l d r i n  and  P C B I s  a r e  g r e a t l y  r e l a t e d  to e g g s h e l l  t h i n n i n g  
in m a n y  s p e c i e s  but  DDT,  TD]~, a n d  HCH a r e  ho t  s i g n i f i c a n t  
f a c t o r s .  H o w e v e r  BLUS e t  a l .  (1972,  1974) c o n s i d e r  t h a t  
the  e x p e r i r n e n t a l  e v i d e n c e  r e g a r d i n g  the  a b i l i t y  of P C B ' s  to  
th in  e g g s h e l l s  i s  c o n f l i c t i n g  in w i l d  b i r d s  a l t h o u g h  t h e y  m a y  
be i n v o l v e d  in the  l o w e r e d  r e p r o d u c t i o n  s u c c e s s .  N e v e r t h e l e s s  
i t  i s  n o t e w o r t h y  t ha t  HOORN et  a l  (1973) h a s  m e a s u r e d  the  
e g g s h e l l  i n d e x  of e g g s  c o l l e c t e d  in Dofiana  in  the  s p r i n g  of 
1972 a n d  on c o m p a r i n g  w i th  s p a n i s h  e g g s  a v a i l a b l e  f r o m  
D u t c h  c o l l e c t i o n s  t h e y  s u g g e s t  t h a t  t h i n n l n g  of the  e g g s h e l l  
m a y  have  o c c u r r e d  in m o s t  s p e c i e s ,  a n d  s i n c e  a d e c l i n e  in 
t h i c k n e s s  has  b e e n  found to c o i n c i d e  w i th  a d r o p  in 
r e p r o d u c t i v e  s u c c e s s  in s o m e  of the s p e c i e s  s t u d i e d  (duck ,  
p e r e g r i n e  f a l con)  the  s a i n e  m a y  be t r u e  f o r  o t h e r  s p e c i e s  
l i v i n g  in the  a r e a  of the R e s e r v e .  

In a p r e v i o u s  s t u d y  ( B A L U J A  a n d  H E R N A N D E Z ,  in 
p r e s s )  w a s  found  t ha t  b i o c o n c e n t r a t i o n  of o r g a n o c h l o r i n e  
r e s i d u e s  in  t i s s u e s  of p u r p l e  h e r o n  l i v i n g  in the  Dof iana  
R e s e r v e  have  i n c r e a s e d  2 0 - f o l d  d u r i n g  the  c o u r s e  of the  
27 m o n t h s  e l a p s e d  b e t w e e n  the  f i r s t  a n d  the  l a t e s t  c o l l e c t i o n  
c a r r i e d  out  in 1974. In the  p r e s e n t  s t u d y  t h e r e  w a s  a l s o  
found  to b e a  g e n e r a l  i n c r e a s e  in the  t o t a l  a m o u n t s  of o r g a n o -  
c h l o r i n e  r e s i d u e s  in  e g g s  d u r i n g  the  p e r i o d  197Z-1976 .  T h u s  
f o r  a t y p i c a l  p h i t o p h a g o u s  b i r d  l i k e  p o c h a r d  the  e g g s  s h o w e d  
an a n n u a l  i n c r e a s e  of 1 .30  but  the  e g g s  of a p r e d a t o r  l i k e  
the  i m p e r i a l  e a g l e  h a v e  an  i n c r e a s e  of 1. 59 f o r  the  p e r i o d  
1 9 7 3 - 1 9 7 4  a n d  1 .22  b e w e e n  1974 a n d  1976; t h i s  d e c r e a s e  i s  
a t t r i b u t e d  to  p e s t i c i d e  r e s i d u e s  b e c a u s e  P C B  l e v e l s  h a d  
i n c r e a s e d  d u r i n g  t h i s  p e r i o d .  I t  i s  a l s o  n o t e w o r t h y  t h a t  the  
e g g s  of the  i m p e r i a l  e a g l e  f r o m  the  R e s e r v e  of Dofiana  
c o n t a i n  l o w e r  c o n c e n t r a t i o n s  of r e s i d u e s  t han  t h o s e  of the  
s a i n e  s p e c i e s  c o l l e c t e d  in  the  P r o v i n c e  of C a c e r e s  w h i c h  
a p p e a r s  a t t r i b u t a b l e  to  p e s t i d e  a p p l i c a t i o n  in t h i s  a r e a .  

A C K N O W L E D G M E N T  

We g r a t e f u l l y  a c k n o w l e d g e  the  c o n t r i b u t i o n  of s o m e  
p e r s o n n e l  of the B i o l o g i c a l  S t a t i o n  of Dofiana  f o r  a s s i s t a n c e  
in s a m p l e  c o l l e c t i o n  a n d  to J . A .  L ~ z a r o  who h e l p e d  w i t h  
l a b o r a t o r y  w o r k .  
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