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Effects of natural factors (salinity and body weight)
on cadmium, copper, zinc and metallothionein-like
protein levels in resident populations of oysters
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ABSTRACT: The Gironde estuary has been shown to be the most Cd-contaminated area In France.
Oysters Crassostrea gigas of different size classes were sampled from 3 sites between the mouth and
25 km upstream, to study the relative importance of natural and contamination factors on metal accumulation and metallothionein-like protein (MTLP) induction. The highest metal and MTLP concentrations were observed in the digestive gland. In all organs, the 3 metals were mainly cytosolic. An inverse
relationship was generally observed between weight of soft tissues and metals or MTLP concentrations
in the whole soft tissues, whereas the influence of weight on metal distribution among cytosolic and
insoluble fractions was small. When oysters with similar weight of soft tissues were considered, no
influence of salinity at different sites was found for Cu and Zn whereas the lowest soluble and insoluble Cd concentrations were observed at the mouth of the river. Salinity did not influence Cu and Zn distribution among the cytosolic or insoluble fractions whereas cytosolic Cd in gills and digestive gland
( % ) was higher at the mouth of the estuary than upstream. MTLP and metal concentrations were generally positively correlated except at those sites where metal concentrations were lowest. However
when multiple regression analyses were performed, weight appeared also as a major or an important
factor to explain vanations of MTLP levels, the prevalence of this natural factor versus contan~ination
factors being different at ddferent sites.
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INTRODUCTION

During the last decade, knowledge concerning
chemical structure, biochemistry and ecological functions of metallothioneins has progressed. It is clear that
these molecules play an initial role in the homeostasis
of the essential metals Zn and Cu, and are involved in
detoxification of contaminants like Cd or Hg (Viarengo
& Nott 1993). It has been demonstrated that the incoming metals displace Zn from the pre-existing metallothioneins (Roesijadi & Fellingham 1987, Viarengo et al.
1988). Moreover, it has been shown that metals such as
Cd, Zn and Cu can induce metallothionein synthesis in
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aquatic animals (Roesijadi 1992). Thus, metallothioneins have been proposed as ind~catorsof trace metal
pollution (George & Olsson 1994).
Meanwhile, numerous studies supporting the idea
that aquatic organisms synthesize metallothioneins as
a defense against toxic metals are based on laboratory
assays in which exposure conditions can differ greatly
from those encountered in natural environments. In
particular, metal concentrations shown to induce metallothionein synthesis in laboratory experiments are
often several orders of magnitude higher than those
found even in the most contaminated aquatic systems
(Cosson et al. 1991, Couillard et al. 1993).
Moreover, in aquatic organisms such as molluscs, tissue metal concentrations can be highly dependent on
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environmental conditions and on the physiological status of individuals (Wright et al. 1985). Fowler et al.
(1986) and Engel (1988) have reported changes in the
binding of Cd and Cu by metallothioneins as a function
of the reproductive stage in the oyster Crassostrea virginica. Another endogenous factor that must be considered is the weight of specimens (Cossa et al. 1980,
Strong & Luoma 1981). In the l~rnpetPatella vulgata,
concentrations of total and metallothionein-bound Cd
are also correlated with size: larger individuals accumulate more total and metallothionein-bound Cd over
their lifespans (Noel-Lambot et al. 1980).In contrast, in
Macoma balthica and Mytilus edulis from Arctic estuaries, an inverse relationship has been shown between
metallothionein concentrations and weight of soft tissues (Amiard-Triquet et al. in press).
Among natural factors, it is important to determine
the influence of salinity on metal and on metallothionein concentrations in populations from estuaries
which are submitted to salinity changes and have to
acclimate to these modifications. Salinity influences
metal level accumulation. Usually, decreasing salinities are associated with increasing metal body burdens
and toxicity (Hall & Anderson 1995). Roesijadi (1994),
investigating the influence of salinity on bioaccumulation of Cd, Cu and Zn in Crassostrea virginica from the
Patuxent river (Maryland, USA), suggested this could
be due to changes in metal speciation. This physicochemical change enhances the bioavailability of metal
by decreasing the concentration of the free metal ion
(Morisson 1989).However, in euryhaline species, there
is a possibility that physiological adaptation, in particular osmoregulation processes, may influence the
uptake of dissolved metals (Rainbow et al. 1993).
The ancient oyster-farming site of La Fosse In the
Gironde estuary has been shown as the most Cd-contaminated marine area in France, so resident populations of oysters Crassostrea gigas from 3 sites in the
Gironde estuary differing in salinity levels were
selected in order to study the influence of body weight
and salinity on Cd, Cu a.nd Zn accumulation and, metallothionein induction.

Fig. 1. Sampling sites (*) along the Gironde estuary, France

MATERIALS AND METHODS

Specimens. Three groups of Japanese oysters Crassostrea gigas were collected on 23 November 1995
from indigenous populations of bivalves at 3 locations
on the Gironde estuary: (1) Le Verdon, (2) Le Cheyzin
and (3) Phare de Richard (Fig. 1). These sites are
located in the polyhaline area, the salinity of which is
considered to vary between 18 and 30% (Caste1 et al.
1976). However, in the main channel, salinities varied
at Le
from 7 to 17%0at Phare de Richard, 13 to
Cheyzin and 18 to 30% at Le Verdon (Allen 1972). We
classified oysters into 2 class sizes according to the
length of their shell and their total mass (shell and soft
tissues): large oysters from Le Verdon and Le Cheyzin
and small oysters from Le Verdon and Phare de
Richard (Table l ) . However, when oysters were dissected it appeared that the weight of soft tissues in
'small' oysters of Phare de Richard and 'large' oysters
of Le Verdon were practically equal (Table 1).

Table 1. Crassostrea gigas. Wet w e ~ g h (g)
t of soft t~ssuesof oysters sampled in the Gironde estuary.
vals at 95 '%)
Large oysters
Le Verdon
Le Cheyzin
(n = 8)
(n = 16)
Total mass (shell and soft tissues)
Gills
Digestive gland
Remainder
Whole soft tissues

18.34 i 4.38
0.34 0.10
0.18 0.04
0.62 0.17
1.14 + 0.28

*
*
*

23.52 + 5.73
0.45 i 0.09
0.21 i 0 03
1.29 t 0.15
1.55 r 0.22

means and confidence inter-

Small oysters
Le Verdon
Phare de Richard
(n = 8)
(n = 8)
10.22

+ 2.73

0.42

* 0.07

11.06

* 3.61

0.96 t. 0.37
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Under natural conditions, gonads are not developed
at this time of the year, a fact which was verified in the
present samples. Bivalves were frozen (-20°C if analysis was performed within 8 d, otherwise -80°C) until
analysis.
Metal compartmentation and determination. Dissection: The largest oysters (Le Verdon and Le
Cheyzin) were thawed and dissected to isolate gills,
digestive gland and remainder (i.e. mantle and muscle). The whole organ was recovered and weighed
(Table 1). On the other hand, total soft tissues were
used for the smallest specimens (Le Cheyzin and Phare
de Richard).
Cornpartmentation (Fig. 2): Soft tissues from each
individual organ or specimen were homogenized in
20 mM TRIS, 150 mM NaCl solution adjusted to pH =
8.6 (4 m1 g-l soft tissue). The soluble and insoluble
fractions were separated by centrifugation (21250 X g
for 55 min).
The soluble heat-stable thiolic compounds (metallothionein-like protein; MTLP) were isolated by centrifugation of the soluble fraction (12000 X g for 10 min)
after heat-treatment (75°C for 15 min).
MTLPanalysis: In the heat-denaturated cytosol (SZ),
the amount of MTLP was determined by differential
pulse polarographic analysis (DPP);a technique based
on thiolic (-SH) compound determination according to
the Brdicka reaction (Brdicka 1933) as described by
Thompson & Cosson (1984). A PAR Model 174
analyser, a PAR/EG&G Model 303 static mercury drop
electrode (SMDE) and an X-Y recorder (RE 0089) were
used. The temperature of the cell was maintained at
5°C. The standard addition method was used for calibration with rabbit liver metallothionein (MT) (Sigma
Chemical Co., St Louis, MO, USA) in the absence of
oyster MT standard.
Metal analysis: Nalgene bottles were used to store
all reagents. All labware was soaked in 10% hydrochloric acid, rinsed 3 times with deionized water and
dried in a desiccator sheltered from atn~osphericdusts.
The insoluble ( C l ) and soluble ( S l ) fractions were
heated (80°C; 1 h) with suprapur nitric acid (Carlo
Erba) (1 ml per 1 m1 S1; 1 m1 per 0.5 g C l ) . After digestion, metal levels in these acid solutions were determined, after dilution with deionized water, by flame
atomic absorption spectrophotometry using the Zeeman effect (Hitachi Z 8200 spectrophotometer). The
analytical method has been described previously by
Amiard et al. (1987a).

Table 2. Results of external quality control (mean concentrations and standard deviations in mg kg-' dry wt) ( C o q u e r ~&
Horvat 1996: [AEA-MEDPOL)
Zn

Fish homogenate (MA-MEDPOL-1/TM)
Our value
0.0021 (0.0007) 0.66 (0.10)
Certified value
0.015 (0.012) 0.62 (0.12)
Z-scoresd
-1.1
0.3

17.3 (0.6)
16.80 (0.48)
0.2

Marine sediment (SD-MEDPOL-Z/TM)
Our value
0.70 (0.06)
23 9 (1.4)
Certified value
0.59 (0.10)
25 1 (3.8)
Z-scoresa
1.5
-0.4

189.0 (2.3)
191 ( l ? )
-0.1

"IzI

5 2: performance is acceptable (Thompson & Wood

1993)

Standard addition analysis was performed in an isomedium and concentrations of each element were
+ 125, 250, 500 ng Cu and Zn ml-' and + 62.5, 125,
250 ng Cd ml-l. The analytical methods were validated
by external ~ntercalibrations(Coquery & Horvat 1996)
(Table 2).
Total metal concentrations in each organ (large oysters) or in the whole soft tissue (small oysters) were recalculated from quantities of trace elements in soluble
and insoluble fractions determined previously. Metal
and MTLP concentrations in the whole soft tissues of
the large oysters were recalculated by adding quantities in each organ divided by the sum of weights.

I

BIVALVE TISSUES

4

I

+

Homogenization
Centrifugation

(21 250 X g, 55 min)

I

Action of heat (75"C, 15 min)

(including
mineral
compounds)

I

I

Centrifugation (12000 X g, l 0 min)

HEAT-DENATURABLE
COMPOUNDS

Fig. 2. Procedure of metal compartmentation
and MTLP (metallothionein-like protein) determination in soft tissues of oysters

Cu

Cd

(including enzymes)

HEAT-STABLE
COMPOUNDS

I I

(including MTLP)

MTLP Ouantification:
Differential Pulse
Polarography

I
'Metal Ouant~ficat~on:
Atomic
Absorption Spectrometry (MS)
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Statistical treatment. Comparisons of 2 series (Student's test) and regression analysis (linear or multiple)
were carried out using a standard statistical package
(StatView SE' Graphicsf\') Comparisons of 3 series
(Tukey's test) were performed with Statgraphics Plus
(version 2).
When MTLP (dependent variable) was expressed as
a function of metal concentrations and body weight
(independent variables), a standardization of the independent variables was needed to avoid the problem of
unit. The proposed method 1s to transform natural variables xi(Cd, Cu, Zn and body weight) into coded variables X,:
MTLP =

+ 2U.~X,

CY,~

+ l for the maximum value of a variable, and
X,,,, = -1 for the minimum value. The passage for natural variables to coded variables is given by the following equations (Montgomery & Peck 1982):
Xi,,,

=

Xi

=

Xi - (X,nmx + Xi mm )/2
(Ximax - X i min )/2

where xi,,, is the lowest value of the natural variable,
and X,,,, is the highest value of the natural variable.
The model coeff~cients(%, a,,a2,a3,a4)were estimated by the StatView program. These coefficients
were tested by using the Student's test.

RESULTS
Organotropism
Gross concentrations and body burdens of trace
metals. The distribution of trace metals and MTLP
among gills (G), digestive gland (DG) and remainder
(R) was studied in large oysters from Le Verdon and Le
Cheyzin.
At both sites, the highest Cd, Cu and Zn concentrations were generally shown in the digestive gland
whatever the fraction considered (Fig. 3a).
Considering body burdens, Cd and Zn were mainly
stored in remainder. On the other hand, for Cu the most
striking feature was the different main storage site in
oysters from Le Verdon and from Le Cheyzin: gills in
the first case and remainder in the second (Fig. 3b).
Trace metal compartmentation. The quantity of
each metal in each fraction (soluble S1 or insoluble C l )
is expressed as a percentage of the total quantity of
metal in the whole tissue (pg per individual). In all
organs or group of organs, the 3 metals were mainly
cytosolic (Table 3). The percentage of Cu present in
the soluble fraction was constant, whereas for Cd and
Zn, significant differences were observed (Tukey's
test, cc = 0.05) (Table 3).

Table 3. Crassostrea gigas.Percentage of cytosolic metals in
gills (G), digestive gland (DG) and remainder (R) of oysters
originating from 2 estuarine sites. Means and confidence
Intervals at 95% for n = 8 (Le Verdon) and n = 16 (Le
Cheyzin) Means with same superscripts are not significantly
different from each other (Tukey's test; p < 0.05)
Metal

Cu
Zn

Le Verdon
76*54.b 83+6h 73+7'
6 2 i 4 " 6854' 6 2 t 7 '
60i5
76+5 8 3 + 2

64*5C,d 60*2d
6 5 i 8 ' 65k8' 6 5 i 4 '
7 3 i 3 L ' 7218' 5 6 k 3
7116'

MTLP in the 2 organs (gills and digestive gland) and
remainder. MTLP concentrations (Fig. 3c) were significantly higher (at the 95% confidence level with
Tukey's test) in the digestive gland than in gills and
remainder of oysters from Le Verdon (n = 8). In oysters
from Le Cheyzin (Fig. 3c), MTLP concentrations were
significantly different in all compartments (Tukey's
test, U = 0.05):R < G c DG.

Influence of weight
Influence of weight on trace metal and MTLP concentrations in whole soft tissue. Metal and MTLP concentrations in whole soft tissues of the large oysters
were calculated from the sum of quantities of metals
and MTLP in isolated organs divided by the weight of
the whole soft tissue.
A significant inverse (a = 0.01) relationship was
observed between weight and MTLP concentrations
for oysters from all 3 sites (Fig. 4 ) .
Cd, Cu and Zn concentrations in the soluble fraction
( S l ) were negatively correlated to weight ( p c 0.01)
except for Cd at Le Verdon (Fig. 5 ) .
Concerning the insoluble fraction ( C l ) , the results
were similar, the among-site differences leading to a
non-significant correlation between Cd concentration
and weight (Fig. 5).
Influence of weight on metal distribution between
soluble and insoluble fractions. The percentage of soluble metals was determined directly in whole soft tissues for small oysters from Le Verdon and Phare de
Richard. For large oysters from Le Verdon and Le
Cheyzin, this percentage was recalculated from data
obtained with isolated organs.
No significant correlation was found between the
percentage of soluble metals in the whole soft tissues
and their weight (these percentages were constant).
However, when the influence of size was examined
independently of any other factor, as was possible for
oysters originating from Le Verdon, the percentage of
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a

Le Verdon

Le Cheyzin

Le Verdon

Le Cheyzin

T

Fig 3 Crassostrea gigas (a) Cd, Cu and Zn concentrations
(means and confidence intervals at 95 % level) and ( b ) Cd, C u
and Zn body burdens (means in pg per individual and confidence intervals at 95 % level) in the soluble ( S l )and insoluble
( C l ) fractions in whole organs or groups of organs
(c) MTLP concentrations (means and confidence intervals at
95% level) in heat-denatured cytosol in organs Oysters from
Le Verdon ( n = 8) and Le Cheyzin (n = 16) G gills, DG digestive gland R remainder

G

DG
R
LE VERDON

G
DG
R
LE CHEYZIN
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0

1
0

l

2

-

3

Weight (g)

Fig. 4 . Crassostrea gigas. Influence of weight on MTLP concentrations In the whole soft tissues of individual oysters at
different sites in the Gironde estuary

cytosolic Zn was significantly higher
3 % ) than in
in large oysters (71
small ones (59 6 %) (Table 4 ) .

concentration remained constant with increasing
weight at Le Verdon. From Fig. 5, this site, characterized by the highest salinity, is clearly different from the
otb.er 2 sites by having the lowest levels of Cd in both
soluble and insoluble fractions.
Influence of salinity on trace metal compartmentation. The influence of salinity was examined by using
Tukey's test to compare the percentages of cytosolic
metals (Sl) in oysters showing similar wet weight of
soft tissues (Table 4, columns 2 to 4). When the whole
soft tissues were considered, the influence of salinity
was generally negligible except in the case of Cd
(Table 4). These differences were partly due to higher
percentages of cytosolic Cd in digestive glands and
remainder (Student's test; p < 0.01) in oysters from Le
Verdon (respectively 83 * 6 and 73 * 7 % ) compared to
Le Cheyzin (respectively 64 5 and 60 + 2 %; Table 3).

*

INSOLUBLE METALS

SOLUBLE METALS

2

Influence of salinity

I

Influence of salinity on trace metals
and MTLP concentrations. In Figs. 4
& 5, the data corresponding to the 3
estuarine sites have been differentiated. For MTLP (Fig. 4 ) , soluble ( S l )
and insoluble ( C l ) Cu an.d Zn concentrations (Fig. 5), no differences
appeared among sites when individuals with similar weight of soft tissues
were considered. On the other hand,
the relationships between soluble and
insoluble Cd concentrations versus
weight of soft tissues were influenced
by the sampling site (Fig. 5). At Phare
de Richard, a logarithmic relationship
was shown but it was significant only
for cytosolic Cd. For both S1 and C l ,
a significant linear relationship was
depicted at Le Cheyzin, whereas Cd

Fig. 5. Crassostrea gigas. Influence of
weight on metal concentrations in the soluble and ~nsolublefract~onsof whole soft tissues of individual oysters. A linear regression is depicted for all 3 sites in the case of
Cu and Zn, whereas the relationship is
influenced by site for Cd (see comments in
the text)

3

0

Wet weight (g)

Rure Richard (PR)

+

LC y = -0.42~+ 1.68
R' = 0.257 1 p < 0.05
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Table 4. Crassostrea gigas. Percentage of cytosolic metals in
soft tissues of oysters from 3 estuarine sites (columns 1 and 4:
determined in whole soft tissues; columns 2 and 3: recalculated from data for isolated organs). Means and confidence
intervals at 95%. Means with same superscripts are not
significantly different from each other (Tukey's test; p < 0.05)
(1)

Le Verdon
Small

(2)
(3)
(4)
Le Verdon Le Cheyzin Phare de
Large
de Richard

Le Verdon, n = 16, r = 0.914:
MTLP = -0.21

+ 0.109Cd + 0.9Cu
(p=0.43)

-

0.16Zn - 0.19 W

(p=0.006) (p=0.29)

(p=0.34)

Cu concentration appeared as the only significant
factor affecting MTLP level. When a stepwise regression analysis was performed, Cu was shown to explain
88.6% of MTLP variation.

Le Cheyzin, n = 16, r = 0.929.
MTLP =
-0.414

+ 0.508Cd + 0.385Cu - 0.448Zn - 0.498W
(p=0.06)

Relationships between trace metal and MTLP
concentrations

(p=0.17)

(p=O.lO)

(p=0.03)

Weight appeared as the major significant factor
affecting MTLP level, followed by Cd concentration
and, when a stepwise regression analysis was per-

Linear regression analysis
According to the hypothesis that MTLP is a major
sink for bioaccumulated metals, it should be preferable
to examine metal versus MTLP levels taking into
account metal concentrations in the supernatant S2
obtained after heat-denaturation of the cytosol and
containing heat-stable compounds including MTLP.
However, the fate of metals during heating is a matter
of question and so we have depicted in Fig. 6 metal
levels in cytosol S, versus MTLP.
These factors were generally correlated positively
but the correlations were not significant for Cd in
oysters originating from Le Verdon and for Cu and
Zn in oysters from Le Cheyzin (Fig. 6), i.e. at those
sites where the concentrations of each metal were
lowest.
With a view to its use as a biomarker, metallothionein has to reflect the gross metallic concentration in a
particular compartment. In the present study, the relationships between metal levels in the whole soft tissues
(S1 + C l ) and MTLP (not shown) were similar to those
depicted in Fig. 6 for cytosolic metals.

+

Le Chcydn
Phare Richard

y = 0 . 3 9 ~+ 2.44

++

R' = 0.6614

Multiple regression analysis
In order to compare the relative importance of a natural source of variation (weight, W) and contamination
factors, multiple regression analyses were performed
to express MTLP as a function of metal concentrations
(pg g-') and weights (the variables were standardized):
MTLP = f (Cd, Cu, Zn, W )
The results are presented by the following models
for each estuarine site. The significance of each coefficient (probability based on t-test) is shown in parentheses.

MTLP concentration @g g-' )
Fig. 6. Crassostrea gjgas. Relationship between M T L P concentrations and soluble metal levels in whole soft tissues of
individual oysters. Samples from Le Verdon have been eliminated from the regression in the case of Cd; Le Cheyzin in the
case of Cu and Zn
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formed, weight alone was shown to explain 89.6%)of
MTLP variation.
Phare de Richard, n = 8, r = 0.978:
MTLP = 0.24 + 2.18Cd - 0.375Cu - 0 47 Zn - 0.72 W
(p=0.04)

(p=0.13]

(p=0.23)

(p=0.06)

Cd concentration appeared as the major significant
factor affecting MTLP level, followed by weight and,
when a stepwise regression analysis was performed, Cd
alone was shown to explain 87.9% of MTLP variation.

DISCUSSION
The high concentrations of Cd, Zn and Cu in oysters
of the Gironde estuary are consistent with previous
reports of elevated metal concentrations in natural
populations of this area (RN0 1995). The digestive
gland accumulates more trace metals than the gills and
remainder in both soluble and insoluble fractions in
oysters from the 3 studied estuarine sites. These results
are in accordance with those of MartinciC et al. (1984)
and Frew et al. (1989) for Cd, and MartinciS et al.
(1986, 1987) for Cu and Zn in Ostrea edulis. In contrast,
Rajendran et al. (1988) mentioned that the gills accumulate more Cu and Zn than the visceral mass in Crassostrea madrasensis. In the present study MTLP levels
were shown to be higher in the digestive gland than in
the gills and the remainder. A similar distribution has
been shown in the clam Ruditapes decussatus (Bebianno et al. 1993).
In oysters of the Gironde estuary, Cd, Cu and Zn
were mainly cytosolic in all organs. This is in accordance with previous studies on bivalves (Langston &
Zhou 1987, Pavicic et al. 1989, Evtushenko et al. 1990).
In contrast, the soluble fraction I-epresented only 23
and 28% of gill Cu and Zn concentrations in natural
populations of Crassostrea virginica of the Patuxent
River studied by Roesijadi (1994). The relative importance of cytosolic Cd was highly variable according to
site and season (29 to 66%) but values were always
lower than the values determined in the Gironde estuary. The cytosolic fraction includes both metals bound
to MTLP and/or hi.gh molecular weight (HMW) compounds. Carpene & George (1981) have proposed that
metal ions bind first to specific HMW proteins that act
as intra-cellular carrier molecules. Once bound to
these carrier molecules, the metals would follow pathways that eventually lead to the observed metal distribution which includes binding to MTLP a.nd other cellular compounds. These observations have been also
reported by Evtushenko et al. (1986) for the scallop
Mizuhopecten yessoensis, by Couillard et al. (1995) for
a freshwater bivalve Pyganodon grandis, and by
Mouneyrac et al. (1995) for C. gigas.

In the present study, MTLP and metal concentrations-either in the cytosol or in the whole soft tissues-were generally positively correlated, with the
exceptions of those sites where metal concentrations
were lowest. In CI-assostrea virginica, the cytosolic
concentrations of Cd, Cu and Zn significantly affected
the levels of MT-bound Cd and Zn whereas MT-bound
Cu did not exhibit a similar relationship. A strong linear relationship between cytosolic and MT-bound Cd
has been also reported in natural populations of other
molluscs (Noel-Lambot et al. 1980, Johansson et al.
1986). Moreover, according to Johansson et al. (1986),
the concentration of metals in cytosol usually reflects
the concentration in the whole tissues, although variability has been noted when the concentrations are
low.
Due to the high percentage of metals in the cytosol
and to the strong relationship between metal and
MTLP levels, the use of MTLP as a biomarker of metal
pollution seems dependable if oysters are chosen as
the support for the determination of this biochemical
parameter.
However, weight appears also as an important factor
to explain variations of MTLP levels, the prevalence of
this natural factor versus contamination factors being
different at different sites in the Gironde estuary. The
inverse relationships generally observed between
weight and metals or MTLP concentrations in the
whole soft tissues in the present work are in accordance with previous studies in oysters (Phelps et al.
1985, Phelps & Hetzel 1987, Amiard et al. 1994). A theoretical profile describing the relationship between
metal concentrations and tissue weights has been proposed by the US NRC (1980). Immature animals
showed an inverse relationship between tissue weight
and concentration, whereas in mature individuals seasonal variability interfered with the influence of
weight. Similarly, in Crassostrea gigas Zn concentration decreased during the first year of life but then
increased until the end of the study (42 mo) (Berthet
1986). The relationship between weight and MTLP
may be indirect as a consequence of the influence of
weight on metal levels.
Salinity appears to be a natural factor influencing
metal levels (Phelps et al. 1985, Amiard-Triquet et al.
1991, Roesijadi 1994) and is thus potentially able to
interfere with MT levels. No influence of salinity at different sites in the Gironde estuary was found for Cu
and Zn whereas the lowest soluble and insoluble Cd
concentrations were observed at the mouth of the river
(i.e. the site showing the highest salinity). Salinity did
not influence Cu and Zn distribution among the
cytosolic or insoluble fractions whereas cytosolic Cd in
gills and digestive gland was higher at the mouth of
the estuary than upstream. In Crassostrea virginica,

Mouneyrac et al.: Trace metal pollution in oysters

Cd and Cu concentrations in the gills increased upstream from the mouth of the Patuxent River whereas
the tendency for Zn was not so strong (Roesijadi 1994).
These results are similar to those reported here for Cd
a n d Zn in C. gigas from the Gironde estuary but no
relationship of C u concentration with position in the
river was found. This discrepancy may be d u e to the
fact that Cd and Zn levels in oysters were of the same
order of magnitude in both estuaries whereas Cu levels in oysters were about a n order of magnitude higher
in the Gironde estuary.
Chemical speciation of metals as well as biological
processes may intervene to govern bioaccumulation
changes associated with salinity. According to Wright
& Zamuda (1987), the salinity effect is independent of
cupric ion activity. Moreover, chemical speciation of
Cu in estuaries is mainly governed by organic ligands
(Mantoura et al. 1978). In the Gironde estuary, the
level of dissolved organic carbon decreased downstream (Etcheber 1983), suggesting a higher bioavailability of Cu at the mouth of the river. On the other
hand, the bioavailability of C d and Zn decreases as
salinity increases d u e to increased chloride ion complexation but the phenomenon is much more marked
for Cd than for Zn (Zirino & Yamamoto 1972, Mantoura
et al. 1978), as shown by stability constants (TuI-neret
al. 1981). Depledge (1990) and Chan et al. (1992) suggested that euryhaline invertebrates may adapt to
brackish water through changes in water and electrolyte permeability which could interfere with trace
metal uptake. In the case of the Gironde estuary, it may
be hypothesized that, although Zn bioavailability
increases for a given salinity drop, the oysters became
increasingly impermeable to Zn to such a n extent that
overall uptake of Zn fell. Due to the contrasting biological role of Zn (essential) and Cd (toxic), it has been
shown previously that regulation of their uptake was
clearly different in various invertebrates (Amiard et al.
198713 a n d literature cited therein).
In conclusion, measuring the levels of metallothioneins in oysters appears to b e a n interesting monitoring procedure to assess biological availability of metals
in estuarine and coastal areas, provided that the influence of natural factors is taken into account. Concerning weight and salinity, the necessary steps may be
derived from those which have been extensively
described in the framework of the 'Mussel Watch'
when metal concentrations in bivalves were proposed
as bioindicators of metal pollution (NRC 1980). It will
be also necessary to improve the assessment of seasonal changes of MT levels in relation to metal concentrations a n d weight fluctuations which have been well
documented (NRC 1980). Concerning possible seasonal changes of MT, a seasonal cycling of Cd-binding
between MTLP a n d intra-cellular granules (also
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involved in detoxication; Mason & Jenkins 1995) has
been shown in some nlolluscan species (Bouquegneau
et al. 1984).
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