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B i v a l v e  mol luscs  accumulate meta ls  i n  t h e i r  t i s s u e s  i n  
p r o p o r t i o n  t o  the degree o f  env i r onmen ta l  c o n t a m i n a t i o n  
and can be used as i n d i c a t o r s  o f  mar ine m e t a l l i c  
p o l l u t i o n  (Goldberg e t  a l ,  1983; E l de r  e t  a l~ 1984). 
They are  ve ry  a p p r o p r i a t e  as m o n i t o r s  i n  s i t u  because 
they  are  sedentary~ abundant,  o f  r e l a t i v e  l o n g e v i t y ,  
l a r g e ,  e a s i l y  c o l l e c t e d  and weighed ( H a r t l e y  and 
Johnston,  1983). However, the c o n c e n t r a t i o n  o f  meta l  i n  
the  mol luscs  depends ho t  o n l y  on the  l e v e l  o f  the  
e lement  i n  the  env i ronment  but  a l so  on o the r  f a c t o r s :  
s i z e ,  age~ speed o f  g rowth ,  sex and r e p r o d u c t i v e  
c o n d i t i o n s  o f  the b i v a l v e ,  season, s a l i n i t y ,  chemical  
spec ies  and i n t e r a c t i o n  w i t h  o t h e r  po l lu ta~~ts  ( P h i l i p s ,  
1980). 

On the Spanish south A t l a n t i c  shore t h e r e  i s  a s t r i p  o f  
c o a s t ,  s i t u a t e d  between the Huelva e s t u a r y  and the 
p o i n t  a t  Rota,  which s u f f e r s  heavy c o n t a m i n a t i o n  by 
s e v e r a l  me ta l s ;  t h i s  i s  e s p e c i a l l y  so i n  the  Huelva 
e s t u a r y  i t s e l f ,  p r o b a b l y  due to  the  f a c t  t h a t  t h e r e  a re  
g r e a t  number o f  i n d u s t r i e s  on the  l e f t  bank and t h a t  
the  T i n t o  R i ve r  t an  b r i n g  those meta ls  as i t  f l o w s  
through a min ing area (Stenner e t  a l ,  1975). For years  
the accumu la t ion  o f  copper and z i nc  has been e v i d e n t  i n  
b i v a l v e  mol luscs  i n  the e s t u a r y ,  the  most s e n s i t i v e  
spec ies  be ing the o y s t e r  (Crassos t rea  aDgula ta)  which 
t u r n s  a s t rong  green c o l o u r .  Th is  c o n t a m i n a t i o n  makes a 
p u r i f i c a t i o n  process o b l i g a t o r y  ( E s t a b l i e r ~  19691; 
E s t a b l i e r  e t  a l ,  1974); i n  o t h e r  s t u d i e s  i r o n ,  
manganese and z inc  were observed ( E s t a b l i e r ,  1972). 

As a r e s u l t  o f  g r e a t  m o r t a l i t y  o f  f i s h  i n  the e s t u a r y ,  
c o i n c i d i n g  w i t h  a s t r o n g  ac i d  pH i n  the wa te r ,  perhaps 
as a consequence o f  i n d u s t r i a l  dumping, and i n  v iew o f  
the  concern o f  the h e a l t h  a u t h o r i t i e s  we i n i t i a t e d  a 
s tudy  o f  m e t a l l i c  c o n t a m i n a t i o n  i n  the  a rea ,  us ing  
mo l luscs  as samplers.  

send r e p r i n t  r eques t s  to  Miguel  L6pez A r t l g u e z  a t  the  
above address 
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MATERIALS AND METHODS 

Three spec ies  o f  b i v a l v e  mo l luscs  were used: clams 
(!a_~e~ decussa tus) ,  o y s t e r s  (Crassos t rea  a n g u l a t a )  and 
cock les  (Cardlum e d u l e ) .  

A i l  these spec ies  were taken i n  the  Huelva e s t u a r y  
(mouth o f  the r i v e r s  T i n t o  and O d i e l )  ( F i g .  I )  d u r i n g  
the ~onth o f  January,  1987. 

The number o f  l o t s  o f  each spec ies  was 4, 16 and 6 
~ e s p e c t i v e l y .  

The samples were prepared by c u t t i n g  the adduc tor  
muscles and l e t t i n g  the i n t e r v a l v e  water  d r a i n  f o r  ten 
minutes ,  then the  oedible p a r t  was sepa �9  f rom the  
v a l v e s  and the t i s s u e s  m i l l e d  i n  a Mou l inex  b l ende r  to  
a f i n e  pas te .  

The meta ls  chosen f o r  a n a l y s i s  were: a r s e n i c ,  cadmium, 
copper ,  chromium~ t i n ,  mercury~ lead and z i n c .  Th i s  
l a t t e r  was o n l y  de termined i n  o y s t e r s :  

For the  assay o f  these m e t a l s ,  except  a r s e n i c  and 
mercury,  p o r t i o n s  ~ f  about  15 g o f  each o f  the  
t r i t u r a t e d  samples were d i g e s t e d  i n  a m i x t u r e  o f  15 mL 
concen t ra ted  n i t r i c  ac i d  and 6 mL concen t ra ted  



sulphuric acid in a 250 mL Kjeldahl flask. The mixture 

was first shaken for about rive minutes, at room 
temperature to avoid the formation of froth, then 
simmered for one or two hours and a!lowed to cool to 
room temperature. Finally 30% hydrogen peroxide 
solution was added; and the mixture heated to obtain a 
coiourless solution. The different digestion liquids 
were made up to 100 mL with deionized water. 

Arsenic and mercury assay required the appropriate SNP 
procedure for fatty tissues (Fedman, 1974) which 
cons~sts of wet digestion with sulphuric~ nitric and 
perchloric acids in a reaction flask fitted with an air 
condenser covered with asbestos and teflon. 

The final solutions were anaiysed by atomic absorption 
spectrophotometry with flame (Cu, 2n), graphite f~~rnace 
(Cd~ Cr, Sn, and Pb), hydride system (As> and cold 
vapour (Hg), in a mode! 2380 Perkin-Eimer AA spectro- 
meter equipped with an HGA 500 graphite furnace, an AS 
™ Auto Sampler and an MHS-10 mercury hydride system. 

For flame AAS an air-acetyIene mixture was used. in 
eiectrothermic AAS the solutions were sequentially 
dried, mineraiized and atomized. 

Arsenic and merc~~ry were analysed by the mercury 
hydride system, wh �9 uses a solution of sodium 
borohydride as a reducing agent~ the arsenic hydride 
formed was carried in a outrent of nitrogen to a red 
hot quartz ce!l. In the case of mercury the process was 
similar but without heating the quartz tube. 

Ai1 the material used in the analysis was kept in a 5% 
nitric acid solution a!l night, then treated with 

deionized water and dried. 

Ail the reagents were of analysis reagent quality 
(Merck). Ultrapure water (Miili-Q water) was used. 

Recuperation values for all the metals were over 90% 

except for tin which only reached 80%. 

RESULTS AND DISCUSSION 

The concentrations of trace metal residues in the 
samples of clams, cockles and oysters is presented in 
tables I, II and III, and the corresponding histograms 

in figures e, 3 and 4. 

The concentration of each metal varied greatly in the 

three types of bivalves. 

The range of concentration of copper in clams was 2.19- 
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Results of the analysis of trace metals in molluscs in 
the Huelva estuary 

Table 1. Clams 

E!ements Range of Mean �88 Relative 
c o n c e n t r a t i o n  Value Standard 

(ug/g)  (ug /g)  D e v i a t i o n  

As 3.63--4.82 4.00 13.86 
Cd 0.48-1.30 0.85 41.77 
Cu n 2.89 26.28 
C�9 0.71-0.94 0.87 11.15 
Sn e.07-9.07 6.09 49.79 
Hg 0.78-1.1.8 0.98 19.90 
Pb 0.15-0.25 0.20 19.31 

4 Samples of clams 

Table  2. Oysters 
Elements Range o f  Mean ~ R e l a t i v e  

c o n c e n t r a t i o n  Value Standard 
(ug/g)  (ug /g)  D e v i a t i o n  

As 1.18 - e.07 1.51 19.11 
Cd 0.69 - 4.07 1.98 45.50 
Cu 26.37 -535.09 180.45 80.68 
Cr 0.35 -0.44 0.41 8.12 
Sn 0.49 -6.15 2.84 71.94 
H™ 0.018-0.90 0.56 53.06 
Pb 0.08 - 1.24 0.25 127.15 
Zn 296.04 -651.16 465.74 35.22 

16 Samples of Oysters 

Table  3. Cockles 
Elements Range o f  Mean g R e l a t i v e  

c o n c e n t r a t i o n  Value Standard 
(ug/g)  (ug/g) D e v i a t i o n  

As 1.31-  1.89 1.56 15.53 
Cd 0 .18 -  0.86 0.41 53.27 
Cu 2 .32 -10 .90  6 .42 51.98 
Cr 0 .88 -  1.52 1.30 19.50 
Sn 0 . 5 4 - 9 . 6 7  4 .58  69.89 
Hg 0 .02 -  1.27 0 .70 75.80 
Pb 0 .14 -  1.53 0 .59 102.49 

6 Samples o f  Cockles 

N o t e . -  The c o n c e n t r a t i o n s  o f  the  e lements r e f e r  to  wet 
we ight  o f  the sample 
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Figure 2.- Average concentration of the metals in clams. 
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Figure 3.- Average concentration of the metals in cockles. 
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Figure 4.- Average concentration of the metals in oysters. 
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9.99 ~g/g;  s i m i l a r  va lues  were o b t a i n e d  by o t h e r  au tho rs  
d u r i n g  the p e r i o d  1976-1977 ( E s t a b l i e r ,  1987) i n  the 
area  and i n  the t h r e e  types  o f  mo l l uscs .  

The h igh  copper con ten t  i n  the  o y s t e r s  assayed cou ld  be 
e x p l a i n e d  both  by the h igh  copper c o n t a m i n a t i o n  in  t h i s  
area and the  g r e a t  c a p a c i t y  o f  the o y s t e r  to  accumulate 
t h i s  p a r t i c u l a r  e lement .  

The c o n c e n t r a t i o n s  of mercury observed i n  ciams v a r i e d  
between 0.78 and 1.18;  i n  the  o y s t e r s  between 0 .02  and 
0 .90 and i n  cock les  between 0.02 and 1.27 ~g/g .  The 
va lues  i n  clams were above the  c o n c e n t r a t i o n s  round 
p r e v i o u s l y  i n  t h i s  spec ies  w h i l e  those o b t a i n e d  in  
o y s t e r s  and cock les  were s i m i l a r  a l t h o u g h  odd specimens 
exceeded the  average.  These da ta  con f i rmed t h a t  c o n t a -  
m i n a t i o n  w i t h  mercury was hot  ve ry  marked i n  t h i s  a rea .  

The amount o f  cadmium in  the t h r e e  spec ies  were h igh  
compared w i t h  those round i n  the l i t e r a t u r e  (E lde r  e t  
a l ,  1984, E s t a b l i e r ,  R~ 1975) reach ing  up to 50~ above 
average i n  o y s t e r s ,  i n d i c a t i n g  t h a t  c o n t a m i n a t i o n  w i t h  
cadmium i s  h igh  i n  the  Huelva e s t u a r y .  

The values for arsenic round in trie three species were 
above the range (0.1-0.25 Hg/g) observed by Eider 
(1984), however in English and in Portuguese oysters 
levels of up to 7.5 and 52.5 ~g/g respectively have been 
round (Thorme et al, 1986) 

Zinc was o n l y  assayed i n  o y s t e r s .  The va lues  were very  
s i m i l a r  to  those o b t a i n e d  i n  the 1976-77 p e r i o d  on the 
t o a s t  o f  Cadiz and the S t r a i t s  o f  G i b r a l t a r  and were 
below those fou~~d i n  the Huelva area  i n  the  same p e r i o d  
( E s t a b l i e r ,  1978). 

I n  the  l i t e r a t u r e  r e v i s e d  the  va lues  o f  chromium i n  the 
o y s t e r  C. marga r i t acea  on the  S o u t h a f r i c a n  Coast f e l i  
between 0.1 and 0 .9  Hg/g ( W a t l e r i g  e t  a l ,  1982); i n  the 
b i v a l v e s  on the  Huelva t o a s t  we observed c o n c e n t r a t i o n s  
ten  r imes h i g h e r  than t h i s  e s p e c i a l l y  i n  clams and 
cock les .  

The amount o f  lead tu rned ou t  to  be s i m i l a r  i n  clams 
and o y s t e r s  w h i l e  in  cock les  the v a l u e  was d~~pl icated.  
Out r e s u l t s  were s i m i l a r  to  those r e p o r t e d  i~~ the 
l i t e r a t u r e  ( W a t l e r i g  e t  a l ,  1982; L y t l e  e t  a l ,  1982). 

The average c o n c e n t r a t i o n s  o f  t i n  i n  the  t h r e e  spec ies  
v a r i e d  between 2.84 and 6.09 ~g/g,  w e l l  below 
the  l e v e l  p e r m i t t e d  by Spanish L e g i s l a t i o n ,  ~h ich i s  
250 ~g/g. 
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