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Abstract The spatial distribution of cadmium, lead and
zinc concentrations in water, sediment and oysters from
San Andres Lagoon was evaluated. Significantly higher
cadmium (0.33 mg L™") and lead (0.70 mg L™") concen-
trations in water were observed in front of the mouth of
Tigre river, whereas, zinc concentration (5.0 mg L_l) was
significantly higher in the south part of the lagoon. Simi-

larly, lead and zinc values in sediment (1.01 and 9.29 png g™ ',

respectively) and oyster tissue (0.86 and 3.19 pg g ',
respectively) were significantly higher in the south part of
the lagoon. Levels of cadmium and lead in oyster tissue
were positively related to those found in sediment. How-
ever, concerning zinc no evident relationship was found.
Such differences in regression analyses may be explained
by differential bioaccumulation of xenobiotic (cadmium,

lead) and essential (zinc) metals.

Keywords Contamination - Crassostrea virginica -
Heavy metals - Oyster

Heavy metals take part in different metabolic processes and
are required by living organisms in trace amounts. How-
ever, high levels of heavy metals can become contaminant
and induce adverse biological effects (Long et al. 1995).
On the other hand, non-essential metals, i.e. not required
for metabolism, are toxic even at very low levels (Wright
and Welbourn 2001). Cadmium (Cd), lead (Pb) and zinc
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(Zn) are used in oil refineries, in steel production, fertilizers
(Forstner and Wittmann 1979) and pesticides (Samyappan
et al. 2007). Zinc can also be found in important quantities
in detergents (Angino et al. 1970). Most heavy metals in
coastal waters are leached to rivers by industrial, urban and
agricultural discharges (Simpson 1994).

Previous studies indicate the presence of contaminants
in coastal ecosystems in the Gulf of Mexico, among them
heavy metals, which can affect not only aquatic organisms
but also their habitats (Frias-Espericueta et al. 2009). San
Andres Lagoon, located to the west of the Gulf of Mexico
is exposed to heavy metal contamination because it is
located in a cattle farming zone, where pesticides are used,
which can leach to the water, and because there are urban
discharges near the lagoon. This compounds the fact that
coastal lagoons generally have a low water exchange
(Kjerfve 1994), favouring the accumulation of heavy
metals in the ecosystem, especially in bivalves.

Crassostrea virginica is an oyster species found in San
Andres Lagoon, which forms oyster banks which can be as
big as 2 km?, supporting an important local fishery in the
lagoon for the past several decades. Because of this, and
considering the socioeconomic importance of the oyster
fishery in this region, the present study evaluated the spa-
tial variation of heavy metal levels (Cd, Pb and Zn) in
water, sediment and oyster tissue from San Andres Lagoon.

Materials and Methods

Five sampling sites were selected comprising the main
oyster banks in San Andres Lagoon, located on the Gulf of
Mexico (Fig. 1). Weekly samplings were performed from
April to September 2000 in each site in order to determine
the heavy metal content (Cd, Pb and Zn) in water, sediment
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Fig. 1 Location of sampling sites in San Andres Lagoon, Tamaulipas

and oyster (C. virginica) tissue. Each site sample consisted
of 500 g oyster tissue, 500 g sediment, and 500 mL water.
Opyster tissue samples were obtained by free diving. Sedi-
ment was obtained with a 10 Ib manual dredger, while
water samples were obtained by immersing polyethylene
flasks (500 mL) at a mean depth of 0.5 m. All the samples
were place in polyethylene flasks, labeled and transported
in iceboxes for their analysis in the laboratory.

Heavy metal (Cd, Pb and Zn) levels in water, sediment
and oyster tissue samples were analyzed by atomic
absorption, using a Perkin Elmer 5100 spectrophotometer.
NIST standard reference materials were employed to verify
the accuracy of the analytical technique: estuarine sediment
(SRM-1646a), oyster tissue (SRM-1566b). The recoveries
obtained with the reference materials for estuarine sedi-
ment were 93.3% Cd, 79.3% Pb and 88.5% Zn; while for

oyster tissue were 89.11% Cd, 80.64% Pb and 99.4% Zn.
The limits of detection were as follows: Cd (0.32 ug L™,
Pb (2.5 pg L™"), and Zn (0.20 pg L™") in water; Cd (0.009
pg g1, Pb (0.008 pg ¢ '), and Zn (1.0 pg g~ ") in sedi-
ment; Cd (0.006 pg g~ "), Pb (0.005 pg g~ "), and Zn (0.1
pg g~ ) in oyster tissue.

The mean heavy metal values at each sampling site were
compared using a one way ANOVA. When significant
differences were detected, multiple comparisons were
achieved using Tukey’s test. Also, to evaluate the relation
between heavy metal levels in sediment and oyster tissue,
disaggregated linear regression analyses were done for
each sampling site.

Results and Discussion

Most metal concentrations in water, sediment and oyster
tissue from San Andres Lagoon showed significant differ-
ences among sampling sites. Levels of Cd and Pb in water
were significantly lower (p < 0.05) than those observed in
sediment and oyster tissue (Tables 1, 2 and 3), whereas
Zinc concentration in water was lower than in sediment,
but higher than in oyster tissue.

Significantly higher levels of Cd and Pb in water were
usually recorded at site 5, located in front of the mouth of
the Tigre river (Fig. 1), while the remaining sites were not
significantly different from each other. This suggests that
concentrations of Cd and Pb in the lagoon water could be
related to inputs from the river, which may transport
metals in fluvial sediments over long distances (Jaffé et al.
1995). The use of pesticides and fertilizers, derived from
livestock and agricultural activities around the study area,
could be an important source of these metals. In fact,
pesticides and fertilizers contain lead (Hohl and Varma
2009) and cadmium (Bjerregaard and Andersen 2007) and
have been considered as major sources of metal contam-
ination in other coastal lagoons (Frias-Espericueta et al.
2009).

The highest Zn concentration in water was recorded at
the southern part of the lagoon, particularly at site 1;
however, it was not significantly different from values
observed at sites 3 and 5 (Table 1). Zinc levels in San
Andres Lagoon could be an indication of the presence of

Table 1 Mean (£ SD) heavy

metal levels (mg L™") in water Metal Sampling site

at different sampling sites in 1 2 3 4 5

San Andres Lagoon,

Tamaulipas Cd 0.32 £ 0.06 0.29 + 0.06 0.30 + 0.04 0.29 + 0.07 0.33 £ 0.04
Pb 0.45 £+ 0.22 0.40 + 0.23 0.39 + 0.17 0.52 £ 0.12 0.70 £ 0.11
Zn 5.00 + 0.30 474 £ 042 4.84 £ 0.27 4.65 + 045 4.92 +0.23

n=24
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Table 2 Mean (£ SD) heavy

metal levels (ug gfl) " Metal Sampling site
sediment at different sampling 1 2 3 4 5
sites in San Andres Lagoon,
Tamaulipas Cd 1.08 + 0.07 1.09 + 0.12 1.07 £ 0.12 1.11 £ 0.11 1.08 £ 0.06
Pb 0.97 £ 0.11 1.01 £ 0.12 0.98 £ 0.20 0.89 £ 0.08 0.91 £ 0.07
. Zn 929 £ 1.23 8.98 + 0.97 8.83 + 1.06 8.37 £ 0.73 8.54 £ 0.85
n=>2
Table 3 Mean (i,SID.) heavy Metal Sampling site
metal levels (ug g ') in oyster
tissue at different sampling sites 1 2 3 4 5
in San Andres Lagoon,
Tamaulipas Cd 2.31 £ 0.18 2.25 + 0.15 2.25 + 0.15 221 £0.24 233 £0.20
Pb 0.85 £ 0.10 0.86 £ 0.09 0.73 £ 0.09 0.77 £ 0.08 0.80 £ 0.10
” Zn 319 £0.13 3.10 £ 0.13 3.14 £ 0.06 3.00 £ 0.19 3.07 £0.13
n=

industrial discharges in the lagoon. However, sewage dis-
posal could be another important source of Zn contami-
nation (Basaham et al. 2009).

Cadmium concentrations in sediment and oyster tissue
did not show significant differences between sites
(Tables 2 and 3). On the other hand, the mean Pb levels in
sediment were significantly lower in site 4, whereas the
remaining sites were not significantly different from each
other (Table 3). Oysters from sites 1 and 2 had significantly
highest tissue Pb concentration, while the lowest Pb levels
were observed in oysters from site 3 (Table 2). Pb levels in
sediments of San Andres Lagoon were lower than those
reported for other coastal lagoons from the Southern
Gulf of Mexico, where concentration of lead ranged
from 3.34 pg ¢! (Mandinga Lagoon in Veracruz) to
158.68 pg g~ (Tlusiones Lagoon in Tabasco) (Villanueva
and Botello 1992).

Zinc levels in sediment and oyster tissue were signifi-
cantly higher (p < 0.05) at site 1 and lower at site 4
(Tables 2 and 3). Zn values in sediment (8.37-9.29 pg g~ ")
were higher than those of water (4.65-5.00 mg L") and
oyster tissue (3.00-3.19 ug g~ "). This pattern is opposite to
that reported for other coastal lagoons from the Gulf of
Mexico where concentration of Zn in oyster tissue was
higher that in sediment (Marin-Mézquita et al. 1997)
indicating higher metal bioaccumulation in oysters and
probably higher contamination levels in these ecosystems.

Concentrations of Cd, Pb and Zn in C. virginica were
lower than those observed in C. corteziensis, an oyster of
the Mexican Pacific coast, where metal tissue concentra-
tions are up to 7.45 pug g~ ', 9.49 ng g ' and 2,304 pg g~
for Cd, Pb and Zn, respectively (Frias-Espericueta et al.
2009). In previous surveys in San Andres Lagoon (Vazquez
et al. 1990) conducted 15 years before our study, the levels
of Pb and Zn observed in C. virginica were 5.81 and
3,120 mg kg ™', respectively, which were much higher than
our findings (Table 3, Fig. 2). This suggests that the rate of

@ Springer

bioaccumulation of Pb and Zn in oysters has decreased
notably between 1985 and 2000. Furthermore, metal con-
centrations previously reported for water (1.38 mg kg™
Pb, 5.12 mg kg~' Zn) and sediment (11.8 mg kg™ Pb,
10.1 mg kg~' Zn) in this coastal lagoon (Vazquez et al.
1994) were also higher than those found in our study.
Differences with respect to the previous studies may be
attributable to the fact that our sampling was carried out
after dredging and reopening of the Chavarria inlet,
whereas the previous studies were performed when the
inlet was semi-closed.

Significant positive relationships were observed
between heavy metal levels (particularly Cd and Pb) in
sediment and oyster tissue (Fig. 2). This pattern was
observed in all sampling sites along the lagoon, excepting
site 2 for Cd, which might imply that sediments are a
major source of cadmium and lead to C. virginica. Similar
results have been observed for other marine bivalves
where metal concentrations in tissue are related to metal
concentrations in sediments (de Astudillo et al. 2005); this
is due to the ingestion of sediment particles by filter-
feeding mollusks, which is an important mechanism for
incorporation of metals into the oysters (Chapman 2002).
On the other hand, the Cd concentration in C. virginica
was significantly higher than in water and sediment indi-
cating that the oyster is capable of accumulating this
metal.

No relationships were observed between zinc levels in
sediment and oyster tissue. This could be because zinc is an
essential metal involved in physiological processes of
invertebrates (Nieboer and Richardson 1980), thus it can be
regulated by the oyster itself. In contrast, Cd and Pb are
xenobiotic metals that tend to accumulate in organisms
through bioaccumulation from water or food (Apeti et al.
2005).

It should be noted that metal concentrations in sediments
were below established limits (ERL: effects range-low)
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Fig. 2 Linear relation between 2.7
heavy metal (Cd and Pb) levels
in sediment (X) and oyster 25
tissue (Y) at different sampling
sites 23

d (ug-g”") in oyster

Cd (ug:-g”) in sediment

where possible adverse biological effects can be expected
(Long et al. 1995). According to these authors, ERL
guideline values for Cd, Pb, and Zn are 1.2, 46.7 and
150 ppm (dry weight), respectively, which suggests that
metal concentrations in the sediments of San Andres
Lagoon would rarely be associated with adverse biological
effects.
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