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Abstract 

Trace metals in a marine bird food chain were investigated in the 

Chaiiaral area, downstream from the El Salvador copper mine, Chile. Beach 

deposits, algae and marine invertebrates showed a decreasing residue 

gradient for arsenic, copper, iron, lead, titanium and vanadium from the 

tailings discharge site on the edge of the visible tailing deposits. 

Cadmium was found in high levels in marine organisms at some reference 

sites. Observed metal levels in birds, except cadmium, were thought to be 

close to background levels and may reflect the presence of little 

contaminated prey for birds to feed upon in the tailing deposit area. 

Cadmium levels of some concern (40-90 ppm) were observed in Whimbrels 

(Numenius hudsonicus) and in sand crabs (Emerita analoga) (5-6 ppm). It is 

suggested that the cadmium pathway should be further investigated in the 

Whimbrel food chain. 



R6sum6 

Nous avons investigub la presence de mbtaux lourds dans une chaine 

alimentaire du milieu mrin dans la region de Chaiiaral, en aval de la mine 

de cuivre El Salvador au Chile. Les s4diments de la hie, les algues et 

les invertebres marins avaient des taux d'arsenic, de cruivre, de fer, de 

plomb, de titanium et de vanadium dkroissant du site de dbcharge des 

residus miniers jusqu'h la limite visible des rbsidus. Nous avons decele 

des taux elevbs de cadmium dans les organismes marins de certains sites de 

reference. Les taux de mbtaux (A l'exception du cadmium) dans les oiseaux 

btaient pres des niveaux prcjsent dans l'environment, suqqbrant que dans les 

environs de depot miniers, la plupart des proies etaient peu contamin&&s. 

Des niveaux de cadmium inquietants (40-9Oppm) furent dbtectbs dans le 

Courlis Corlieu (Numenius hudsonicus) et dans le crabe sable (Emerita 

analoqa) (5-6ppm). La chaine alimentaire menant au Courlis Corlieu devrait 

Btre examinee afin de determiner le chemin du cadmium. 



Introduction 

U n t r e a t e d  m i n i n g  w a s t e s ,  a t  t h e  r a t e  of 39 ,000  t o n s  p e r  day ,  a r e  

d ischarged  through a semi -a r t i f  i c i a l  cana l  d i r e c t l y  t o  t h e  mar ine  s h o r e  from 

t h e  E l  S a l v a d o r  c o p p e r  mine  i n  n o r t h e r n  C h i l e  ( C a s t i l l a  and  N e a l l e r  1978) .  

The t a i l i n g s  were d e p o s i t e d  o n  a sandy  b e a c h  n e a r  C h a g a r a l  b e t w e e n  1938  a n d  

1974 and s i n c e  1975 a t  Ca le t a  Pa l i t o .  8 km nor th  of Ch’aKaral (Fig. 1). Total  

b i o l o g i c a l  l o s s  a t  t h e  sandy beach macrofauna occur red  a t  t h e  l a t t e r  s i t e  a s  a 

result of smother ing  by t a i l i n g  sed imen t s  ( C a s t i l l a  1983). Massive f i s h  and 

mol lusc  m o r t a l i t y  was observed by l o c a l  i n h a b i t a n t s  a t  t h e  new d i scha rge  s i t e  

a f e w  days a f t e r  i t s  e s t a b l i s h m e n t  i n  1975 ( C a s t i l l a  and Nea l l e r  1978). 

S ince  no chemical a n a l y s e s  of mar ine  organisms have been conducted a long  

t h e  20 km beach a r e a  contaminated w i t h  t a i l i n g s ,  a p i l o t  s tudy  was i n i t i a t e d  

i n  t h e  l a s t  w e e k s  of  November 1981 a n d  March 1982 t o  d e t e r m i n e  t r a c e  m e t a l  

r e s i d u e s  i n  beach depos i t s ,  a lgae ,  marine i n v e r t e b r a t e s ,  marine b i r d s  and prey 

from t h e i r  stomachs. The r e s u l t s  of t h e  a n a l y s e s  a r e  p re sen ted  he re .  

1 
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Figure 1. Shoreline between Puerto Pan de Azucar and Caleta Zenteno showing 

the sampling s t a t i o n s  (numbers 1 t o  6 and sandy beach near  

ChaZaral). 
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Methods 

Beach d e p o s i t  samples  were c o l l e c t e d  a t  beach s i tes  n o r t h  of Chanaral, 

a n d  were l o c a t e d  a t  1) t h e  t a i l i n g s  d i s c h a r g e  s i t e ,  2) t h e  n o r t h e r n  e d g e  of 

t h e  v i s i b l e  c o n t a m i n a t e d  area,  3 )  a bay,  4 km n o r t h  of s t a t i o n  2, 4 )  P u e r t o  

Pan de Azucar, a n o t h e r  bay 8 km n o r t h  of s t a t i o n  2,  and 5) a n  a c c e s s i b l e  beach 0 

l o c a l i t y  a b o u t  6 0  km s o u t h  of C h a z a r a l  (F ig .  1 ) .  A l g a e  ( E n t e r o m o r p h a  sp.) 

were s a m p l e d  a t  s t a t i o n s  1, 2 ,  4 a n d  a t  s t a t i o n  6 ,  a s m a l l  b e a c h  a b o u t  62  km 

s o u t h  of ChaTara l .  L i m p e t s  ( C o l l i s e l l a  spp.) g r a z i n g  o n  E n t e r o m o r p h a  and 

s n a i l s  ( L i t t o r i n a  p e r u v i a n a ) ,  s a n d  c r a b s  ( E m e r i t a  a n a l o g a )  a n d  l o c o s  

( C o n c h o l e p a s  c o n c h o l e p a s )  were a1 so sampled.  Enteromorpha and L. peruv iana  

a r e  upper and mid rocky i n t e r t i d a l  organisms, 5. concholepas i s  found i n  t h e  

- -- ---- - 

l o w e r  rocky  i n t e r t i d a l  and a d j a c e n t  s u b t i d a l  zone,  and  t h e  s a n d  c r a b  (E.  

analoga) i s  mainly a l o w e r  i n t e r t i d a l  sandy beach organism. 

M a r i n e  b i r d s  were c o l l e c t e d  w i t h  a s h o t g u n  (unde r  p e r m i t )  a t  t h e  a b o v e  

m e n t i o n e d  s t a t i o n s ,  a s  w e l l  a s  a t  C h a r a r a l  b e a c h  a n d  a t  a b e a c h  n e a r  

0 0 Concepcion, 1200 km t o  t h e  sou th  of ChaTaral. The Concepcion s i t e  was chosen 

as  a p rev ious  s tudy showed mercury r e s i d u e  lwels  t o  be p r e s e n t  i n  t h e  mar ine  

organisms (Hof fmann 1979). Concepcion samples  were f o r  de t e rmin ing  mercury / 

r e s i d u e s  i n  m a r i n e  b i r d  t i s s u e s  a s  w e l l  a s  s e r v i n g  a s  a r e f e r e n c e  s a m p l i n g  

s t a t i o n .  B i r d s  c o l l e c t e d  f o r  a n a l y s i s  were t h e  Dominion o r  K e l p  G u l l  ( L a r u s  

--- d o m i n i c a n u s ) ,  t h e  most a b u n d a n t  r e s i d e n t  g u l l  i n  t h e  a r ea ,  t h e  Grey G u l l  

( L a r u s  ~ --- m o d e s t u s ) ,  w h i c h  n e s t s  i n  t h e  C h i l e a n  d e s e r t  b u t  f e e d s  o n  t h e  c o a s t ,  

t h e  F r a n k l i n ' s  G u l l  ( L e  E i p i x c a n ) ,  a m i g r a n t  f r o m  t h e  N o r t h  Amer ican  

p r a i r i e s ,  t h e  Whimbre l  (Numenius --- h u d s o n i c u s )  - and  t h e  S a n d e r 1  I n g  (Cal i d r i s  - 

a l b a ) ,  two s h o r e b i r d  s p e c i e s  f r o m  a r c t i c  N o r t h  A m e r i c a ,  a r e s i d e n t  

o y s t e r c a t c h e r  (Haematopus -- o s t r a l e g u s ) ,  t h e  Humboldt Penguin  ( S p h e n i s c u s  --- 

humboldti) ,  which n e s t s  i n  t h e  thousands w i t h  t h e  Kelp G u l l  on  a n  i s l a n d  nea r  

P u e r t o  Pan de Azu'car, a n d  t h e  Turkey V u l t u r e  ( C a t h a r t e s  ~- - a u r a ) ,  which  i s  

3 



predominantly a beach scavenger. All b i r d s  were c o l l e c t e d  i n  November excep t  

Whimbrels and Sande r l ings  which were sampled bo th  i n  November and March f o r  

comparative purposes. 

Bi rd  l ivers  and stomachs were removed immedia te ly  a f t e r  c o l l e c t i o n ,  and 

t h e s e  t i s s u e s  were examined t o  ensu re  t h a t  no  s h o t  f r agmen t s  remained i n  the 

samples f o r  analyses.  Bi rd  l i v e r s .  stomachs. i n v e r t e b r a t e s  and f i s h e s  were 

f r o z e n  w i t h i n  two  h o u r s  a f t e r  c o l l e c t i o n .  I n  t h e  l a b o r a t o r y ,  b i r d  l i v e r s ,  

beach deposi t .  Enteromorpha. whole marine i n v e r t e b r a t e s .  and i d e n t i f i a b l e  food 

items of the b i r d s  were ana lyzed  f o r  s i l v e r .  a r s e n i c .  aluminium, be ry l l i um,  

c a l c i u m .  cadmium. c o b a l t .  chromium. c o p p e r ,  i r o n .  p o t a s s i u m ,  magnesium. 

manganese. molybdenum. sodium. n i c k e l ,  phosphorus. lead. t i t an ium.  z i n c  and 

z i r c o n i u m  by B a r r i n g e r  Magenta  Ltd.  of Rexda le ,  O n t a r i o .  Only a r s e n i c .  

cadmium. c o p p e r ,  i r o n .  l e a d .  t i t a n i u m  a n d  vanad ium r e s i d u e s  w i l l  be shown 

h e r e ,  as r e s i d u e  l e v e l s  of t h o s e  e l e m e n t s  w e r e  g e n e r a l l y  h i g h e r  ( e x c e p t  

t i t a n i u m )  i n  d e p o s i t s  a t  t h e  t a i l i n g s  d i s c h a r g e  s i t e  t h a n  anywhere  e l s e .  

Cobalt  and molybdenum res idue  l e v e l s  were a l s o  h i g h e r  in beach d e p o s i t  a t  t h e  

d i s c h a r g e  s i t e .  b u t  a re  n o t  i n c l u d e d  h e r e  as l e v e l s  of t h o s e  e l e m e n t s  were 

m o s t l y  be low 0.5 ppm l e v e l s  i n  t h e  m a r i n e  i n v e r t e b r a t e s .  m a r i n e  b i r d s  and  

t h e i r  food. Besides the  above e lements .  mercury r e s i d u e  l e v e l s  are shown i n  

b i r d s  and  t h e i r  food .  Trace metals w e r e  a n a l y z e d  by f l a m e l e s s  a t o m i c  

abso rp t ion  and are shown i n  p a r t s  per m i l l i o n  (ppm) w e t  weight. The accuracy  

of the  a n a l y t i c a l  p rocedures  were checked a g a i n s t  mul t i -e lement  a n a l y s e s  of 

NBS b o v i n e  l i v e r .  NBS o y s t e r .  NBS t u n a  a n d  NBS s p i n a c h  leaves,  a n d  Canad ian  

r o c k  s t a n d a r d .  Sy-2. The r e s u l t s  were a c c u r a t e  e x c e p t  f o r  chromium,  

molybdenum. l e a d  a n d  vanad ium a t  l e v e l s  l e s s  t h a n  1 ppm (R.J. Nors t rom.  

correspondence) . 
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Results 

Metal r e s i d u e s  i n  beach d e p o s i t s ,  a l g a e  and marine i n v e r t e b r a t e s  

Arsenic,  cadmium, copper, i r o n ,  l ead ,  t i t a n i u m  and vanadium r e s i d u e  show 

a d e c r e a s i n g  r e s i d u e  g r a d i e n t  i n  beach d e p o s i t  from t h e  d i scha rge  s i t e  (1) t o  

t h e  n e a r e s t  r e f e r e n c e  s t a t i o n  (31, b u t  t h o s e  metals became e l e v a t e d  aga in  a t  

Pue r to  Pan de Azu)car ( 4 ) .  Cadmium, i ron ,  t i t a n i u m  and vanadium r e s i d u e s  were 

s i m i l a r l y  e l e v a t e d  a t  t h e  r e f e r e n c e  s i t e  ( 5 )  5 0  km s o u t h  of C h a z a r a l .  The 

e l e v a t e d  metal levels a t  Pue r to  Pan de Azucar can perhaps be a t t r i b u t e d  t o  a n  

o r e  p r o c e s s i n g  p l a n t  w h i c h  c e a s e d  o p e r a t i o n  a b o u t  50 y e a r s  ago. E l e v a t e d  

cadmium, i ron ,  t i t a n i u m  and vanadium levels i n  beach d e p o s i t  a t  s i t e  5 a r e  n o t  

understood, unless t h e  above e l emen t s  have n a t u r a l l y  h igh  r e s i d u e  levels a t  

t h a t  beach. 

I 

0 

Entromorpha, and l i m p e t s  g raz ing  on  t h a t  a lgae ,  show a dec rease  i n  some 

m e t a l  r e s i d u e s ,  e x c e p t  cadmium, f r o m  t h e  d i s c h a r g e  t o  r e f e r e n c e  s i t e s  

(Table 1). Enteromorpha was t h e  only v i s i b l e  a q u a t i c  organism i n h a b i t i n g  t h e  

d i s c h a r g e  s i t e  s u g g e s t i n g  t o l e r a n c e  t o  h i g h  m e t a l  l e v e l s  a n d  s m o t h e r i n g .  

L i t t o r i n a  peruviana and Emerita analoga i n d i c a t e  a s i m i l a r  r e s i d u e  t r e n d  a s  

Enteromorpha and l i m p e t s ,  e x c e p t  f o r  e l e v a t e d  t i t a n i u m  r e s i d u e s  a t  c o n t r o l  

s i t e  5. Higher t i t a n i u m  and cadmium levels i n  some organisms a t  s i t e  5 are i n  

agreement w i t h  e l e v a t e d  r e s i d u e s  of t h o s e  e l emen t s  i n  beach d e p o s i t s  a t  t h a t  

l o c a t i o n .  

Metal r e s i d u e s  i n  t h e  b i r d  d i e t s  

F i s h e s  ob ta ined  from Larus  dominicanus i n d i c a t e d  r e l a t i v e l y  low cadmium, 

c o p p e r  a n d  i r o n  l e v e l s  compared  t o  t h o s e  i n  c r a b s  a n d  s n a i l s  o l t a i n e d  f r o m  

L a r u s  m o d e s t u s ,  E m a t o p u s  o s t r a l e g u s  a n d  Numenius h u d s o n i c u s  ( T a b l e  2 ) .  

Emer i t a  analoga from b i r d s  a t  Pue r to  Pan de AzGcar had t h e  h i g h e s t  cadmium and 

copper levels which are i n  agreement w i t h  r e s i d u e  levels i n  c rabs  c o l l e c t e d  

-- 
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Table 1. C o m p a r i s o n  of r e s i d u e s  o f  s e v e n  m e t a l s  i n  b e a c h  d e p o s i t ,  

Enteromorpha, l i m p e t s ,  s n a i l s ,  c r a b s  and 'flocos" a long  the  c o a s t l i n e  

downstream of E l  Salvador copper m i n e ,  Chile. Sampling s t a t i o n s  a r e  

shown in Figure  1. 

Beach d e p o s i t  and M e t a l  r e s i d u e s  i n  ppm w e t  weight  
organisms analyzed, 
and sampling s t a t i o n s  As Cd cu Fe Pb T i  v 

Beach d e p o s i t  1 
2 
3 
4 
5 

Enteromorpha 1 
2 
4 
6 

C o l l i s e l l a  spp. 2 
graz ing  on 4 
E n t e r  om0 rpha  5 

L i t t o r i n a  2 

5 
peruv iana  4 

57.6 
17.7 

1.4 
5.1 
0.8 

1.4 
2.1 
0.3 - 

0.07 
0.05 
0.03 

0.08 
0.09 
0.06 

10 5000 10300 50 5670 222 
<1 81 3 6430 20 1490 58.8 
3 8.4 4580 c0.5 1290 16.6 
3 231 25050 5 1955 5 8.3 
6 5.8 30450 c0.5 9045 103 

<1 1260 3370 47.3 35.6 8.2 
1700 5.5 20.4 2.9 <1 197 

<1 13.2 625 c0.5 23 .O 2.2 
0.6 0.8 121 <O .3 8.5 c0.02 

2.2 245 22 8 7.7 0.8 0.35 
3.7 4.9 78.6 c0.5 0.3 0.20 
8.0 0.9 26.2 c0.5 0.14 0.13 

1.1 834 73.3 2.5 0.8 0.13 
1.3 395 48 c0.5 0.4 c0.05 
4.4 86 80 1 .o 4.6 0.35 

Conchole pas 3 0.07 0.9 17 59.4 c0.5 1.6 0.5 
concholepas 4 0.02 2.2 4.6 7.1 c0.5 1.2 0.1 

E m e r i t a  ana loga  3 1.1 2.2 65.8 122 c0.3 0.6 c0.02 
4 1.1 5.4 35.5 100 <O .3 1.5 (0.02 
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d i r e c t l y  from t h e  beach (Table 2). Emerita ana loga  from b i r d s  a t  Concepcio/n 

showed e l e v a t e d  m e r c u r y  l e v e l s  ( T a b l e  2). Lead i s  n o t  shown i n  T a b l e  2 a s  

r e s i d u e  levels i n  b i r d s  and t h e i r  food were g e n e r a l l y  less t h a n  0.5 ppn. 

&tal  r e s i d u e s  i n  b i r d s  

The m o s t  o u t s t a n d i n g  r e s i d u e  d i f f e r e n c e s  i n  b i r d s  c o n c e r n  cadmium 

(Table  3). Cadmium l e v e l s  were p a r t i c u l a r l y  e l e v a t e d  i n  L a r u s  m o d e s t u s  

(22.8 ppm), Numenius h u d s o n i c u s  f rom P u e r t o  Pan de  Azucar  (49.3 ppm i n  

November, 89.7 ppm i n  March) a n d  W h i m b r e l s  c o l l e c t e d  b e t w e e n  t h e  d i s c h a r g e  

s i t e  and  P u e r t o  Pan de Azu/car (32.2 ppm) and  r e f e r e n c e  s i t e  5 ( 3 8  ppm). The 

h i g h  cadmium l e v e l s  e n c o u n t e r e d  i n  t h o s e  b i r d s  may r e l a t e  t o  t h e i r  d i e t  

/ 

c o n s i s t i n g  of E m e r i t a  a n a l o g a  wh ich  i n  t u r n  had  e l e v a t e d  cadmium l e v e l s  

compared  t o  o t h e r  m a r i n e  o r g a n i s m s  ( T a b l e s  1 and  2). S i n c e  t h e  h i g h e s t  

cadmium r e s i d u e s  i n  b i r d s  and  m a r i n e  o r g a n i s m s  o c c u r r e d  a t  P u e r t o  Pan d e  

Azucar and r e f e r e n c e  s i t e  5, most cadmium contaminat ion  does n o t  appear  t o  be 

r e l a t e d  t o  t h e  p r e s e n t  t a i l i n g s  d i scha rge  from t h e  E l  Salvador  copper mine, 

b u t  may r e l a t e  t o  f o r m e r  h a n d l i n g  of o r e  a t  t h o s e  l o c a t i o n s  o r  t o  n a t u r a l l y  

occur r ing  h igh  background lwels  of cadmium. High cadmium levels most ly  occur 

i n  b i r d s  f e e d i n g  o n  i n t e r t i d a l  mar ine  organisms r a t h e r  t han  o n  f i s h e s .  

0 

Arsenic ,  copper and i r o n  r e s i d u e s  i n  Numenius hudsonicus and a r s e n i c  i n  

I-- C a l i d r i s  --- a l b a  were somewhat  e l e v a t e d  i n  March compared  t o  November w h i c h  

sugges t s  f u r t h e r  con tamina t ion  of those  North American shoreb i rds  w i t h  those  

metals w h i l e  w i n t e r i n g  o n  t h e  Chilean coas t .  

/ 
H i g h e s t  m e r c u r y  r e s i d u e s  i n  Numenius hudson icus  were from Concepcion, 

which may r e l a t e  t o  e l e v a t e d  mercury levels i n  Emer i ta  analoga, on  which t h e  

b i r d s  f e e d  ( T a b l e  2) .  Mercury r e s i d u e  l e v e l s  i n  C a t h a r t e s  a u r a ,  c o l l e c t e d  

from t h e  t a i l i n g  d i scha rge  s i te ,  were a l s o  h ighe r  t h a n  i n  o t h e r  b i r d s  from t h e  

Chanaral region, and may r e l a t e  t o  t h e  Turkey Vul ture ' s  h igh  t r o p h i c  level i n  
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Table 2. Comparison of a r s e n i c ,  cadmium, copper. i r o n  and mercury r e s i d u e s  i n  

f i s h e s .  c r a b s ,  and  s n a i l s  f r o m  s t o m a c h s  of m a r i n e  b i r d s  c o l l e c t e d  

d o w n s t r e a m  f r o m  t h e  E l  S a l v a d o r  c o p p e r  mine  and  a t  Concepcion .  

Chile. Samples are from November 1981 excep t  where i n d i c a t e d  from 

March 1982. Dash i n d i c a t e s  sample unanalyzed f o r  mercury. 

/ 

Metal r e s i d u e s  i n  ppm w e t  weight  
B i rd  

Food and sampling s t a t i o n s  s p e c i e s  A s  Cd CU Fe Hg 

- Clupea b e n t i c k i  4 Larus 0.05 0.9 2.1 47 
domin i canus  

Sc ombe r sox  
II 

I t  
sau rus  s t o l a t u s  4 

4 11 
0.7 1.3 3.4 103 - 
0.7 1.3 3.4 43 - 

II 0.4 1.2 1.8 90 - 5 I t  

Isacia concep t ionens i s  4 I1 0.7 0 . 8  0.8 47 - 

CRABS 

E m e r i t a  ana loga  

It 

II  

I1 

I1 

II 

4 Larus 
modes t u s  0.3 5.3 46.7 254 < 1  

4 11 0 .8  5.7 30.0 403 < 1  
4 Haematopus 

os t rale gus 0.8 5.7 24.4 489 <1 
4 II 0.4 4.8 27.2 393 - 

Concepcio/n Numenius 

Concep cidn L a r u s  
huds onicus  0.5 1.4 15.8 law 4.3 

p ip ixcan  0.1 1.0 12.2 630 4.5 

SNAILS 

L i t t o r i n a  peruviana  Numen i u s  
(March) 3 hudsonicus 0.6 2.6 86.4 3 1  - 

Eaton ina  atacamae - (March) 3 3.9 4.8 6.1 2530 I1 

a 



Table 3. Canparison of residues of arsenic, c a d m h ,  coppr, iron and mercury in livers of marine and shore birds and T u r k  

/ 
Vultures feeding dong the caast lhe  hns t r cam of the EL Salvador copper mine and a t  Bncepcion, Chile. Residue range in 

prentheses. Samples are  f m n  Naranber 1981 except where indicated fran Mar& 1982. 

&crag metal residues in ppn w e t  w e i g h t  
sanpling No. hirds 

Bird speaes locations Sanpled As cd al Fe Hg 

2.8 (2.8-2.9) 4.1 (3.8-4.3) 185 (75.2%) 0.6 (0.58-0.64) Lam dcminicanuS 2 2* 0.01 
11 4 5 0.01 4.8 (2.6-7.9) 5.4 (3.8-4.3) 189 (59-312) - 
11 5 5 0.01 9.1 (5.4-13.7) 5.1 (4.2-5.9) 202 (36-374) 0.7 (0-6-0.9) 
I t  Bnaepdan 3 0.01 4.1 (0.7-2.1) 3.6 (3.5-5.7) 283 (262-304) 0.5 (0.30.8) 

Lams modestus 4 4 co.01 22.8 (12-14) 6.2 (4-7.4) 160 (65-368) 0.2 (0.17-0.22) 

LaruSpipiXcan olanaral 2 0.02 (0.01-0.03) 1.5 (1-2) 4.8 (4.7-4.8) 990 (879-1110) 0.2 (0.16-0.27) 
b d l  

11 5 1 0.01 3.6 5.5 652 0.7 
I1 7 2 0.01 3.7 (3-4.4) 4.6 (4.34.9) 581 (563599) 0.9 

knenius - P. hudsonicus 2 1 <0.01 1 .o 7.8 360 0.7 
I 1  4 3 0.01 49.3 (24.6-65.7) 5.0 (3.9-5.7) 438 (251-665) 0.3 (0.2-0.4) 
II Conwpcion 2 0.01 1.4 (0.8-2.1) 4.1 (3.64.6) 413 (371-456) 1.9 (1-9-2.0) 

(March) 1 1 0.07 7.9 7.5 101 0 0.5 

(Mar&) 4 1 0.06 83.7 9.4 67 6 0.15 
3 2 1.9 (1.1-2.7) 32.2 (7.357.1) 10.3 (7.1-13.5) 487 (391-5@) - 

It b r c h )  5 2 6.8 38.0 (20.7-55.3) 13.2 (8.7-17.8) 720 (370-1070) - 

b r c h )  

Calidris alba 2 2 0.02 (0.01-0.03) 4.2 (1-7.4) 10.0 (7.8-12.2) 331 (282-381) 0.7 (0.5-0.9) 
II 5 1 0.04 0.8 9.2 330 0.9 

It b r & )  3 4(poaled) 0.3 7.6 11.5 52 8 0.08 
(Ma-&) 3 4(poded) 0.4 6.5 9.2 274 0.5 

(March) 3 4(poded) 0.4 7.9 11.1 362 0.09 

Haanatopus Chanaral. 
ostrdegus bea& 3 0.01 13.7 (8.4-19.9) 8.0 (6.8-8.6) 84.5 (61-85) 0.16 (0.130.22) 

Spheniscus 
hunboldti 4 1 0.01 0.08 25.1 41 0.08 

Cathartes aura 1 3 0.01 2.8 (1.64.3) 7.9 (7.6-30.1) 217 (18)-322) 2.2 (1.2-4.2) 

* Lhms analyzed individually, except where indicated that t h q  w e r e  podled. 



t h e  c o a s t a l  food  c h a i n .  Turkey V u l t u r e s  w e r e  o b s e r v e d  t o  s c a v e n g e  on dead  

b i r d s  and o t h e r  v e r t e b r a t e s  o n  t h e  beaches.  

Discussion 

NO g r o s s  ill e f f e c t s  were observed i n  b i r d s  dur ing  our  i n v e s t i g a t i o n  I n  

t h e  C h a z a r a l  r e g i o n .  O b s e r v e d  m e t a l  l e v e l s  i n  b i r d s ,  e x c e p t  cadmium, may 

r e p r e s e n t  no rma l  background  leve ls .  Observed mercury levels were g e n e r a l l y  

be low t h o s e  a s s o c i a t e d  w i t h  m e r c u r y  p o i s o n i n g  (Borg  et &. 1969)  a n d  

cons ide rab ly  lower  t h a n  those  r epor t ed  f o r  l ivers  of d u c k s  from contaminated 

a r e a s  of n o r t h w e s t e r n  O n t a r i o  (Vermeer  e t  a l .  1973).  The r e l a t i v e l y  low 

c o p p e r  l e v e l s  i n  b i r d s  i n  or n e a r  t h e  t a i l i n g  a r e a ,  compared  t o  h i g h  c o p p e r  

levels i n  beach d e p o s i t  and Enteromorpha sugges t  low d i e t a r y  uptake  of t h i s  

metal. Low c o p p e r  r e s i d u e s  i n  m a r i n e  b i r d s  f rom t h e  ChaTara l  a r e a  may be 

expla ined  by t h e  o b s e r v a t i o n  t h a t  most of t h e  i n t e r t i d a l  macrofauna d i e d  o f f  

d u r i n g  t h e  e s t a b l i s h m e n t  of t h e  new d i s c h a r g e  s i t e  i n  1975  ( C a s t i l l a  and  

Nealler 19791, a n d  l e f t  t h e r e f o r e  l i t t l e  c o n t a m i n a t e d  p r e y  f o r  t h e  b i r d s  t o  

f e e d  upon 

R e l a t i v e l y  h i g h  c a d m i u m  l e v e l s  i n  b i r d s ,  f e e d i n g  on  i n t e r t i d a l  

i n v e r t e b r a t e s ,  may d e r i v e  f r o m  p r e y  s u c h  a s  E m e r i t a  ana loga .  A l t h o u g h  

e l e v a t e d ,  o b s e r v e d  cadmium l e v e l s  may n o t  be  a c u t e l y  t o x i c  t o  b i r d s .  A d u l t  

d rake  Mal la rds  (Anas pla tyrhynchos)  f e d  up t o  200 ppm cadmium i n  t h e  d i e t  f o r  

t h r e e  months surv ived  w i t h  no l o s s  of body weight ,  w h i l e  l a y i n g  hen  Mal la rds  

f e d  200  ppm cadmium a l s o  s u r v i v e d ,  b u t  e g g  l a y i n g  w a s  s u p p r e s s e d  a t  t h a t  

c o n c e n t r a t i o n  (Whi t e  and  F i n l e y  1978) .  B u l l  e t  a l .  (1977)  r e p o r t e d  290 ppm 

cadmium i n  t h e  kidney of a s i n g l e  Northern Fulmar (Fulmarus g l a c i a l i s )  t h a t  

was hea l thy  and r ep roduc t ive ly  ac t ive .  Although n o t  a c u t e l y  tox ic ,  s u b l e t h a l  

e f f e c t s  of cadmium i n  b i r d s  i n c l u d e  growth r e t a r d a t i o n ,  anemia, and t e s t i c u l a r  

damage (Hammons e t  a l .  1978) .  J a p a n e s e  Q u a i l  f e d  75  ppm cadmium d e v e l o p e d  

1 0  



bone marrow hypoplas ia .  anemia. and hypertrophy of  h e a r t  v e n t r i c l e s  a t  6 weeks 

(Richardson e t  a l .  1974). I n  Mal la rd  duck l ings  f e d  20 ppm d i e t a r y  cadmium f o r  

12 weeks. b l o o d  c h e m i s t r y  w a s  a l t e r e d .  and  m i l d  t o  s e v e r e  k i d n e y  l e s i o n s  

d e v e l o p e d  (Cain  e t  a l .  1983).  

I t  i s  w e l l  known t h a t  b i r d  l i v e r s  and  k i d n e y s  r e t a i n  t h e  h i g h e s t  

p e r c e n t a g e  o f  cadmium i n  t i s s u e s  (Anderson  a n d  Van Hook 1973. Dyer  a n d  Born 

1974. White and  F i n l e y  1978. and  J a c o b s  e t  a1 1978) .  Cadmium r e s i d u e s  i n  

o t h e r  t i s s u e s  a r e  r e l a t i v e l y  low compared t o  t h o s e  i n  k idneys  and l i v e r s  (Dyer 

and Born 1974, White  and F in ley  1978). Most cadmium inges t ed  by b i r d s  i s  n o t  

absorbed. Fo r  example. hens e x c r e t e d  70-&o p e r c e n t  of a s i n g l e  o r a l  dose of 

cadmium d u r i n g  t h e  f i r s t  24 h and 90-93 p e r c e n t  by 96 h ( S e l l  1975). Cadmium 

r e t e n t i o n  var ies  w i t h  exposure t i m e .  Hens con tamina ted  on a d i e t  of 60 ppm 

cadmium f o r  20  d a y s  r e t a i n e d  a s i g n i f i c a n t l y  h i g h e r  p e r c e n t a g e  of  t o t a l  

cadmium i n t a k e  (4%) t h a n  h e n s  f e d  a s i n g l e  o r a l  d o s e  (2%) ( S e l l  1975) .  

Cadmium, however. i s  r e t a i n e d  much l o n g e r  in t h e  kidney.  where i t  is d e p o s i t e d  

i n  t h e  r e n a l  c o r t e x  and can r e s u l t  i n  pa tchy  n e c r o s i s  (Nicholson &. 1983). 

Cadmium leve ls  i n  k idneys  of s e a b i r d s  and s h o r e b i r d s  appear  t o  be about  

3 t imes  t h a t  f o u n d  i n  t h e i r  l i v e r s  ( B u l l  e t  a l .  1977,  B l o m q v i s t  e t  a l .  1987) .  

Blomqvist  -- e t  al. (1987) found t h a t  cadmium c o n c e n t r a t i o n s  in t h e  kidney v e r s u s  

t h e  l i v e r  t i s s u e s  of  D u n l i n s  ( C a l i d r i s  a l p i n a )  a n d  Cur l ew S a n d p i p e r s  (s. 
f e r r u g i n e a )  were s t r o n g l y  l i n e a r l y  r e l a t e d .  The h i g h e s t  o b s e r v e d  cadmium 

l e v e l  of 89.7 pprn i n  t h e  l i v e r  of a Whimbrel i n  o u r  s t u d y  might  cor respond t o  

a 270 ppm level  i n  t h e  kidney of t h e  b i r d .  

Although observed cadmium levels in t h i s  s t u d y  may n o t  be a c u t e l y  toxic  

t o  b i r d s .  our  sample  i s  small, and t h e  accumula t ion  of cadmium i n  t h e  mar ine  

b i r d  food cha in  i n  no r the rn  Chi le  needs  f u r t h e r  i n v e s t i g a t i o n .  I t  a l s o  should  

be de te rmined  i f  t h e  b i r d s  acqu i r ed  cadmium from background levels  from beach 
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d e p o s i t s .  m i n i n g  o r e ,  p h o s p h a t e  d e p o s i t s  or f rom p a r t i c l e s  d e p o s i t e d  by 

u p w e l l i n g .  a w e l l  known phenomenon o c c u r r i n g  a l o n g  t h e  c o a s t s  o f  n o r t h e r n  

C h i l e  and P e r u .  Cadmium l e v e l s  i n  m a r i n e  s e d i m e n t s  f r o m  t h e  A t l a n t i c  and  

P a c i f i c  Oceans range  from 0.1 t o  1.0 ppm w i t h  some marine phosphate d e p o s i t s  

having cadmium l e v e l s  ranging  from 50 t o  170 pmm (Caro 1964). The Ch&aral  

c o a s t a l  r e g i o n  may be i d e a l  f o r  f u r t h e r  i n v e s t i g a t i o n  of t h e  cadmium pathway 

i n  t h e  m a r i n e  b i r d  f o o d  c h a i n .  s i n c e  s h o r e  f e e d i n g  b i r d s  w i t h  h i g h  cadmium 

l e v e l s  a r e  a c c e s s i b l e  for o b s e r v a t i o n .  From o t h e r  s t u d i e s  i t  a p p e a r s  t h a t  

mos t ly  p e l a g i c  s e a b i r d s .  which are g e n e r a l l y  less  a c c e s s i b l e  than s h o r e l i n e  

f o r a g e r s .  a c c u m u l a t e  h i g h  cadmium r e s i d u e  l e v e l s  ( A n d e r l i n i  e t  a l .  1973. 

O t t a w a y  and C a m p b e l l  1976,  B u l l  -- e t  a l .  1971 ,  T o r w e r  -- e t  a l .  1 9 7 8 ) .  E m e r i t a  

analoga. a common food i t e m  of av ian  i n t e r t i d a l  f o r a g e r s  (see a l s o  Blokpoel et 

- a l .  1 9 8 9 ) ,  i s  w i d e l y  d i s t r i b u t e d  a l o n g  t h e  P a c ' i f i c  c o a s t  of N o r t h  and S o u t h  

A m e r i c a  a n d  c o u l d  be  u s e d  as an i n d i c a t o r  o f  d i e t a r y  cadmium u t i l i z e d  by 

b i r d s .  

A s t u d y  o f  cadmium i n  W h i m b r e l s  may have  some u r g e n c y  f rom t h e  p u b l i c  

h e a l t h  p o i n t  as t h e s e  b i r d s  Ere used f o r  human consumption. A few b i r d s  w i t h  

h i g h  cadmium l e v e l s  may have  n o  a d v e r s e  e f f e c t .  however .  W h i m b r e l s  a r e  

commonly h u n t e d  i n  n o r t h e r n  C h i l e  and  e x t e n s i v e  c o n s u m p t i o n  c o u l d  h a v e  

n e g a t i v e  consequences.  

S i n c e  t h e  r e l a t i v e l y  h i g h  l e v e l s  of cadmium o b s e r v e d  i n  b i r d s  i n  t h i s  

p i l o t  s t u d y  were comple te ly  unexpected. on ly  b i r d  l i v e r s  were c o l l e c t e d  f o r  

analyses .  I n  f u t u r e  r e s e a r c h  a t  t h e s e  s t u d y  sites. b i r d  k idneys  should  a l s o  

b e  a n a l y s e d  f o r  cadmium r e s i d u e s .  as t h e s e  t i s s u e s  r e t a i n  t h e  h i g h e s t  

pe rcen tage  of cadmium. Secondly, as du r ing  ou r  b r i e f  i n v e s t i g a t i o n  s e v e r a l  

s e l e c t e d  r e f e r e n c e  sampl ing  s t a t i o n s  p r o v e d  t o  be h i g h l y  c o n t a m i n a t e d  w i t h  

m e t a l  r e s i d u e s  from e i t h e r  i n d u s t r i a l  o r  n a t u r a l  sources.  w e  sugges t  t h a t  in 
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f u t u r e  s t u d i e s  more r e f e r e n c e  s t a t i o n s  be used f o r  comparison with known 

Contamination sites. 
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