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Bivalve molluscs accumulate metals in their tissues in
proportion te the degree of environmental contamination
and can be used as indicators of marine metallic
pollution {Goldberg et al, 1983;: Elder et al, 1984).
They are very appropriate as monitors in situ because
they are sedentary, abundant, of relative longevity,
large, easily collected and weighed (Hartley and
Johnston, 1983). However, the concentration of metal in
the molluscs depends not only on the level of the
element in the environment but also on other factors:
size, age, speed of growth, sex and reproductive
conditions of the bivalve, season, salinity, chemical
species and interaction with cther pollutants (Philips,
19803 .

On the Spanish socuth Atlantic shore there is a strip of
cocast, situated between the Huelva estuary and the
point at Rota, which suffers heavy contamination by
several metals; this is especially so in the Huelva
estuary itself, probably due to the fact that there are
great number of industries on the left bank and that
the Tintc River can bring those metals as 1t flows
through a mining area (Stenner et al, 1975). For vyears
the accumulation of copper and zinc has been evident in
bivalve mnlluscs in the estuarvy, the most sensitive
turns a strong green colour. This contamination makes a
purification process cbligatory (Establier, 19691
Establier et al, 1974); in other studies iron,
manganese and zinc were cbserved {(Establier, 1972).

fis a result of great mortality of fish in the estuary,
coinciding with a strong acid pH in the water, perhaps
as a consequence of industrial dumping, and in view of
the concern of the health authorities we initiated a
study of metallic contamination in the area, using
molluscs as samplers.

send reprint requests toc Miguel Lépez Artiguez at the
above address
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Figure 1. Huelva estuary. Bivalve molluscs sampling
site.

MATERIALS AND METHODS

Three species of bivalve molluscs were used: clams

All these species were taken in the Huelva estuary
{mouth of the rivers Tinte and Odiel) {(Fig. 1) duwing
the month of January, 1937.

The number of lots of each species was 4, 16 and &6
respectively.

The samples were prepared by cutting the adductor
muscles and letting the intervalve water dirain for ten
minutes, then the edible part was separated from the
valves and the tissues milled in a Moulinex blender to
a fine paste.

The metals chosen for analysis were: arsenic, cadmium,
copper, chromium, tin, mercury, lead and zinc. This
latter was only determinaed in oysters:

For the assay of these metals, sucept arsenic and
mercury, poertions of about 135 g of each of the
triturated samples were digested in a mixtuwre of 15 mi.
concentrated nitvric acid and 6 ol concentrated



sulphuric acid in a 250 ml Kieldahl flask. The mixture
was Tirst shaken for about five minutes, at room
temperature fto aveid the formation of froth, then
simmered for one or twe hours and allowed toc cocl to
room temperatures. Finally 30% hydrocgen perocxide
=olution was added; and the midture heated to cbtain a
colourliess sclution. The different digestion liguids
were made up to 100 ml with deionized water.

Arsenic and mercury assay regualved the appropriate SNF
procedure for fabty tissues (Fedman, 1F74) which
consiste of wet digestion with sulphuric, nitric and
perchloric acids in a veaction Tlask fitted with an sir
condenser covered with ashesteos and teflon.

The final sclutions were analysed by atemic absorpiion
spectrophotometry with flame {(Cu, Zn}, grasphite furnace
(Cd, Cr, Sn, and Fb), hydride syster {As! and cocld
vapour (Hgl, in a model E23B0 Perkin-Elmer AA spectro-
meter eguipped with an HBA 500 graphite furnace, an AE
4C Autc Sampler and an MHS-10 mercury hydride system.

For flame AAS an aiv—acetylene mixture was used. In
electrothermic AAS the soluticns were sequentially
driged, minevralized and atomized.

Arsenic and mercury were analysed by the mercury
hydride svstem, which uses 3 solution of scdium
borchydride as a reducing agent, the arsenic hydride
farmed was carvied in a cuwrrent of nitvrogen to a ved
hot quartz cell. In the case of mercury the process was
similar but without heating the guartz tubs.

A1l the material used in the analysis was kept in a 3%
nitric acid sclution all night, then treated with

deiocnized water and dried.

A1l the reagents were of analysis veagent gquallity
{(Merck:. Ultrapure water (Milli-0} water) was used.

fecuperation values for all the metals were over F0%
except for tin which only reached 80%.

RESULTES AND DISCUSSION

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

in figures &, 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 Hueslva estuary

Table 1. Clams
Elements Range of Mean % Relative
concentration Value Standard
{ug/q} {ugsg} Deviation
As 3.43-4.82 4,00 12.84
Cd 0.48-1.30 0.85 41.77
Cu £2.12-3.99 2.89 26.28
Cr 0. 71-0.24 .87 11.15
Sn 2.07-2.07 &.09 a49.79
Hg G.78-1.18 .78 19.90
Fb 0.15-0.2835 G20 12.31
4 LHamples of clams
Table 2. UOysters
Elements Range of Mean % Relative
concentration Value Standard
{ug/g) {ug/g? Deviation
is i.i8 - 2.07 1.51 17.11
Cd .49 - 4,07 1.98 45.50
Cu 2&4.37 -535.09 180.45 80.468
Cr 0.35 ~0.44% Q.41 8.12
8n .49 —-46.15 2.84 71.94
Hg 0.018-0.90 O.54 53.06
Pl G.08 - 1.24 .25 127.15
n 296.04 —451.14 485748 35.22
14 Bamples of Oysters
Table 3. Cockles
Elements Range of Mean % Relative
concentration Yalue Standard
{ua/g? {ug/g} Deviation
As 1.31— 1.8% 1.56 15.53
Cd 0.18- 0.86 Q.41 53.27
Cu 2.32-10.90 642 51.98
Cr o.88- 1.52 1.30 19.50
Sn G.54— F.867 4.58 &H7.89
Hg o 02— 1.27 Q.70 75.80
Fh 0.14— 1.33 .59 102.49

& Samples of Cockles

Mote.— The concentrations of the elements refer to wet

weight of the sample
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.99 pg/g; similar values were cbtained by octher authors
during the period 19756-1%977 {(Establier, 1987) in the
area and in the three types of molluscs.

The high copper content in the oysters assaved could be
explained both by the high copper contamination in this
area and the great capacity of the oyster to accumulate
this particular element.

The concentrations of mercury cbserved in clams varied
between 0.78 and 1.18; in the cysters between 0.02 and
0.90 and in cockles between 0.02 and 1.27 ug/g. The
values in clams were sbove the concentraticns found
previously in this species while those obtained in
oysters and cockles were similar although odd specimens
exceeded the average. These data confirmed that conta-—
mination with mercury was not very marked in this area.

The amount of cadmium in the three species were high
compared with these found in the literatuwre {(Elder =t
al, 1984, Establier, R, 19753) reaching up to 30% above
average in oysters, indicating that contamination with
cadmium is high in the Huelva estuary.

The values for arsenic found in the three species were
above the range (0.1-0.25% pg/q) ocbserved by Elder
(1984}, however in English and in Poviuguese oysters
levels of up to 7.5 and S52.5 pg/g respectively have been
found (Thorme st al, 198&)

Zinc was only assayed in oysters. The values were very
zimilar to those obtained in the 1976-77 pericd on the
coast of Cadiz and the Straits of Gibraltar and were
below those found in the Huelva area in the same pericd
{Establier, 1978).

In the literature revised the values of chromium in the
between—a.;“;ng_aja_;afg {Watlerig et al, 19823: in the
bivalves on the Huelva coast we cbserved concentrations
ten times higher than this especially in clams and
cockles.

The amcunt of lead turned cut to be similar in clams
and oysters while in cockles the value was duplicated.
Our results were similar to those veported iv the
literature (Watlerig et al, 128323 Lytle et al, 1982:.

The average concentrations of tin in the three species
varied between 2.84 and 6.0% pg/g., well below

the level permitted by Spanish Legislation, which is
250 pg/g.

Acknowledgments. The authors gratefully acknowledgs I.

640



Flores for preparing the figures for publication, S.
Owens, Dr. Sanz and Dr. Grilo for their help in the
preparation of the manuscript.

REFERENCES

Elder JF, Mattraw HC (12B4) Accumulation of trace
elements., pesticides, and polychlorinated biphenyls
in sediments and the clam Corbicula manilensis of the
fipalachicola River, Florida. Arch Environ Contam
Toxicel 13: 453-44F

Establier R (124%9a) Contenido en cobre, hierro,
manganeso v cinc de les ostiones (Crassostrea
angulatal) de las costas de Cadiz. Inv Pesg 33 (1):
335-343

Establier R (126%h) Estudic del contenide en cobre del
agua de mar y osticnes (Crassestrea angulata) de las
costas de Caddiz. Inv Pesg 33 (1): 69-8&

Establier R {1972) Concentracidn de mevcuric en los
tejidos de algunos peces, moluscoz vy crusticecs del
golfo de Cadiz vy calderos del norceste africanc. Inv
Fesg 38: 371-384

Estabhlier K, Fascual E (1274%) Estudios del cobre,
hierrc, manganeso y cinc en ostiones (Crassostrea
angulatal) del golfo de CAdiz. Inv FPesg 3B: 371-384

Establier R (1975 Concentracidén de cadmic en
organismos marimes de la costa subatlantica espancla

Establier R {1973) Contenido en mercurio, cohre, cinc
en moluscos de diferentes zonas del golfo de Cadiz v
estrecho de Gibraltar durante =1 periodo 192761977,
Inv FPesg S4:1-19

Feldman C (1%74). Perchlovic acid procedure for Wet-
Ashing crganics Tor the detsrminaticn of mercury
{and cther metals). Smal Chem a6 (11): 14061607

Goldberg ED, KHoide M, Hodg V, Flegal AR, Martin J
{1283) United States muszel watch 17771978 results
ot trace metals and radicnuclides. Est Coast Shelf
Sci 16: &Y-93

Hartley DM, Johnston JB {1983) Use of the fresh water
clam Corbicula manilensis as & monitor for
crganochlorine pesticides. Bull Envivon Contam
Toxicol 2t: 33-40

tytle TF, Lytle J5 (19828) Heavy metals in oysters and
clams of St. Louls Bay, Mississippi. Bull Envivon
Centam Toxicol 2%: 50-57

Fhillips DJH (1980) Ruantitative Aguatic Eicleogical
Indicators. Applied Science, Essex, UK.

Stermer RD, HRickles G (1973) Heavy metals in ocrganisms
of the Atlantic Coast of S.W. Spain and Poriugal.
Mar Foll Bull &ié&): B89-922

Thorne MC, Jackson I, Smith AD (1786) Fharmacodynamic
models of selected toxic. Chemicals in man. 1, Ed.
MTF Press Limited

641



Hathing HR, Wathing RI {198F) Metal concentrations in
oysters from the Scuthern Afvican Coast. Bull Envirvron
Contam Toxicol 28: 4460444

Received March 1, 1988; accepted July 23, 1988.

642



