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Abstract Concentrations of seven metals (Cd, Cu, Cr,
Pb, Ni, Zn, Hg) were monitored monthly during 2 years in
two bivalves, Cerastoderma edule and Scrobicularia plana
collected from the Souss estuary (South Morocco) before
and after the commissioning of a sewage treatment plant in
November 2002. According to trace metals, changes in
concentrations were observed mainly in S. plana, charac-
terised by a decrease of Cu, Hg and Pb when Cd was
clearly increasing. Conversely, no clear changes were
observed in C. edule during the same periods. This study
suggests the use of S. plana in the monitoring of trace
metal contamination of such coastal marine environments.
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Bivalves molluscs are known from a long time to accu-
mulate numerous contaminants at high levels in their
tissues. That is one of the reasons why they are usually
employed as sentinel species in monitoring programs of
aquatic contamination (Phillips 1980; Claisse 1989; Bryan
and Langston 1992; Moukrim et al. 2000; Banaoui et al.
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2004), considering that the contaminant loads in aquatic
organisms would reflect their bioavailability and their
impact on the environment. Although most of the moni-
toring studies are carried out using mussels, it is sometimes
impossible to collect these species, particularly in non
rocky environments. In this study, we focused on metallic
contamination of two intertidal bivalves molluscs from the
Souss estuary, S. plana and C. edule, that are ubiquitous in
Moroccan Atlantic estuaries (Bergayou and Moukrim
2005). These clams, as other bivalves, possess the main
attributes that make them suitable as sentinels of chemical
contamination in Moroccan environment (Cheggour et al.
2000, 2001, 2005). Moreover, they can be found on the
European and African Atlantic coasts as well as in the
Mediterranean, allowing comparative surveys. They both
are living in fine sediments, and thus could reflect the
sediment contamination, but they may provide comple-
mentary informations, as these clams don’t have a similar
diet. Scrobicularia plana, usually living at a depth of
20 cm in fine sediment, is more a deposit feeder, especially
at low tide, but also a filter feeder at high tide. In contrast,
C. edule, usually encountered in the surface sediment, is
mainly a suspension feeder by filtration, although it may
occasionally use its siphons to collect nutritional particles
from the mud flats (Jung et al. 2006).

The objective of this work is to use these two species as
bioindicators of the trace metal changes in the Souss
estuary, which received large amounts of wastewater until
2002, when a sewage treatment plant was commissioned
and the location of the wastewater discharge was moved to
the coast (Ait Alla et al. 2006a). This study will complete
another one dealing directly with the sediment contami-
nation during the same period (Moukrim et al. 2008) and
should largely contribute to the global study in this regional
ecosystem (Gillet et al. 2003; Ait Alla et al. 2006a, b;
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Fig. 1 The Souss estuary with
the sampling site and the main
effluent of Agadir city (removed
in 2002) £
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Mouneyrac et al. 2005; Bergayou and Moukrim 2005;
Moukrim et al. 2000).

Materials and Methods

The Souss estuary (Fig. 1) has been largely described by
Ait Alla et al. 2006a, b. It is a southern basin in Morocco
covering an area of 16.100 km? and, particularly, the Souss
plain which supports farming and industrial activities
dominated by agricultural and chemical products. The city
of Agadir, located along the two banks of the low stream
zone, dumped a part of the domestic wastewaters in the
estuary until 2002 (Ait Alla et al. 2006a). At that time, the

Table 1 Performances of the quality control with the CRM 278R
from the BCR (Brussels) except for nickel where the CRM TORT-2
from the NRCC (Ottawa) was used

Detection limit ~ Obtained value  Certified value

Cd(ugg™ 002 0.34 £ 0.01 0.35 £ 0.01
Cr(pgg™") 0.6 0.71 £ 0.04 0.78 + 0.068
Cu(ugg™ 03 9.4 4 0.1 92402
Hg (ng g~ 0.007 0.20 £ 0.01 0.20 + 0.01
Ni(ugg™  0.09 25402 23403
Pb(ugg ™ 02 1.98 + 0.09 2.00 £ 0.04
Zn (ngg™") 3 82 42 83+ 2
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great quantities of wastewaters discharged in the lower part
of this river (which was dry during the most part of the
year, receiving rainfall only during winter months) were
often the single source of freshwater in the estuary. In
November 2002, a wastewater purification plant was put in
service and the resulting treated waters were discharged in
M’Zar, a coastal site located at 3-km south. As a conse-
quence, the nature of the estuarine waters have changed to
dominantly marine ecosystem.

About 50 adult individuals for each species
(34.0 £ 2.5 mm for S. plana and 25.0 &£ 2.5 mm for
C. edule) were collected monthly during 2001 and 2003,

Cr, Ni,
Pb cd, Hg, cu, zn,
20 A B r 205
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8 0.4 L 100
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Fig. 2 Respective mean concentrations of trace metals (in pg g~
d.w.) in S. plana and C. edule in 2001
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before and after the wastewater discharge location was
moved to the coast in 2002 in the lower estuary where now
the marine effect prevails (Fig. 1). The molluscs were
rinsed in situ and maintained for 48 h in water from the
sampling site to void the sediment-bound metals from the
animal’s gut. Then the clams were steel rinsed with dis-
tilled water and finally stored at —30°C before metals
analysis. Samples of molluscs were rinsed with double-
distilled water and removed from their shells. The soft
parts were dried at 60°C until a constant weight was
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obtained (at least for 12 h) before being pooled and ground
in an agate mortar. The evaluation of metal concentrations
in the whole soft parts of the mollusc was made as
described by Banaoui et al. (2004): aliquots of 200 mg of
this powder were digested in Teflon bombs with 4 mL of
HNO;. Cadmium, copper, chromium, lead and nickel were
analysed by graphite furnace (Varian, model AA 800) and
Zn by air-acetylene flame (Varian, model AA 600) atomic
absorption spectrophotometry. As Hg is volatile, its titra-
tion was performed using an automatic mercury analyser
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Fig. 4 Monthly variations of 12
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(ALTEC, model AMA 254). Quality assurance relies on
the control of blanks and the accuracy and reproducibility
of data relative to certified reference material (Table 1). In
addition, participation in international intercomparison
exercises (e.g. the EU QUASIMEME project) is done on a
regular basis.

The clam’s condition index (Lucas and Beninger 1985)
was determined as follows: CI = [(dry weight of soft
masses)/(dry weight of valves)] x 1000. This index was
calculated monthly for each species.

@ Springer

Results and Discussion

Average metal concentrations in the clams for 2001 can be
found in Fig. 2. These values from the Souss estuary ran-
ged within the values reported by Cheggour et al. (2000,
2001, 2005) in the same species from Moroccan lagoons
and estuaries, and by Jung et al. (2006) in the C. edule
compiled from different regions of the world. However,
they were very low compared with those found in the S.
plana living in a highly contaminated estuary, the estuary



Bull Environ Contam Toxicol (2008) 80:283-288 287
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of Bilbao, Spain (Ruiz and Saiz-Salinas 2000), suggesting
that the degree of contamination of the Souss estuary may
be slight, compared to a highly contaminated estuary.
Generally, the concentration of trace metals (Fig. 2) is
significantly higher in S. plana than in C. edule (case of Cr,
Cu, Hg, Pb and Zn) although conversely the level of Ni is
much larger in C. edule. Only the levels of Cd are of the
same order for the two species.

The metal concentrations and condition index (CI)
measured for the two periods for each species are shown in
Figs. 3 and 4. Condition index shows a classic pattern in
2001 (Cheggour et al. 2005), characterised by a high level
in winter and a loss of weight in spring and summer which
is due to a typical biological cycle. However, the fluctua-
tions recorded in 2003, of the same type but attenuated in
S. plana, show a clear difference in C. edule, with appar-
ently no decrease in spring. This could suggest anomalies
in the biological cycle after stopping the inputs of effluents,
and also the inputs of freshwater. These anomalies are also
observed in the seasonal variations of trace metals (Figs. 3
and 4) and will be discussed below.

In order to correct the trace metal variations from a
natural effect (Mubiana et al. 2006), the relation with the
condition index was studied. In 2001, the trace metal
concentrations vary with the condition index in C. edule
(high levels in winter, lowest level in summer) except for
mercury and nickel which doesn’t seem related to the
season (Fig. 3). In contrast, the highest levels in S. plana
are noted generally in autumn (Cd, Cu, Hg, Pb) period
when the index condition is the lowest (Fig. 4). These
comparable patterns between the condition index and the
trace metal body burden suggest that before the

150 200 50 100 150 200

commissioning of the treatment plant, the system was in
equilibrium and that the seasonal trace metal variations
were mainly influenced by the biological cycle of the living
organisms. The situation is less clear in 2003, after stop-
ping the effluents inputs. In C. edule, we observe some
unexpected abrupt but short increases in trace metals (Ni,
Hg and Pb), with the Cr values remaining very high
throughout the summer. Cu and Zn, and to some extent Cd,
the seasonal pattern in 2003 is comparable to that is 2001.
In S. plana (Fig. 4), the key features described above for
C. edule are observed: the seasonal Cr cycle is highly
disturbed during summer, and sharp increases in Ni and Hg
(but later than C. edule). Furthermore, some peaks of Cu
and Zn appear at the end of the summer; only Cd could
show a coherent seasonal behaviour in phase with the
condition index, except that, in 2001, the Cd pattern was in
opposite phase with the CI.

Comparing the level of trace metal contamination before
and after the commissioning of the sewage treatment plant,
C. edule doesn’t show clear changes except for Cr, which,
as it was noted above, shows a high increase between July
and September 2003. However, we can observe in S. plana
very clear changes for trace elements which exhibit a
relationship with the condition index. Thus, Fig. 5 shows a
significant increase in Cd for the whole series of measure-
ments (p < 0.0001) when an important decrease is observed
for Cu (p = 0.002), for Hg (p = 0.0001) and for Pb
(p < 0.00001). For the other trace elements, the variations
are not significant. These observations suggest several
comments: (1) C. edule doesn’t seem to be a good indicator
for such monitoring activities, whereas S. plana could be a
good one. (2) As it was expected, the contamination of
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certain metals in this coastal organism has decreased after
the removal of the sewage effluents. Nevertheless, this
observation must be regarded carefully. It is known that the
metal body burden of living organisms is generally a
function of the bioavailable trace metals in the surrounding
environment (Langston et al. 2003). In the present case, the
environmental conditions have changed recently (pH of the
sediment, salinity, organic matter load) and the system
might not be in steady state, as it was hypothesised above
when studying the condition index pattern. In particular, an
increase of Cd was not expected in the tissues of S. plana
and could be due to the increase in salinity which is known
to make the particulate Cd soluble to a great extent
(Chiffoleau et al. 2001). As long as the Oued Souss sedi-
ment will be loaded with mobile Cd, it is likely that the
mollusc will exhibit Cd concentrations higher than before
the commissioning of the treatment plant.

This 2-year study proved most helpful for the assess-
ment of metal contamination in the Souss estuary; it also
demonstrated that the choice of a bioindicator was para-
mount, and that ancillary parameters were essential to
avoiding erroneous conclusions. Finally, it confirmed that
the positive impact of depuration facilities on environ-
mental contamination is not easily or immediately
detectable in chronically polluted areas.
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