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Abstract Levels of barium, cadmium, chromium, copper,

mercury and vanadium were determined by plasma emis-

sion spectroscopy in sediments and oysters (Crassostrea

virginica) in the Palizada, Chumpán and Candelaria rivers,

which flow into the Términos Lagoon, state of Campeche,

Mexico. The relation between the condition index of the

oyster and the detected elements were determined as well.

Significant relations were observed between copper (r =

-0.825, p \ 0.05) and chromium (r = -0.787, p \ 0.05),

which indicates the oysters’ affectation by ingesting both

elements; concurrently, the results confirm that oysters

present high tolerance to heavy metals. The average con-

centration of cadmium (2.05 lg/g), chromium (1.82 lg/g)

and copper (115.55 lg/g) in rainy-season climate exceeded

the limits for marine mollusks regarding different health

standards. It was found that the rainy season, the sediment

characteristics and organic matter content have a great

influence on the transport and availability of heavy metals.

Keywords Contamination � Heavy metals � Marine

sediments � Oyster condition index

Introduction

Coastal ecosystems are exposed to large amounts of

untreated waste products dumped into the waterbodies

from industrial and urban activities, thus contributing to the

increase of certain contaminants; mainly pesticides, fertil-

izers and heavy metals (Huang 2003; Cuong et al. 2005;

Vane et al. 2009). Particularly, heavy metals are of special

interest as they are highly persistent, toxic and have a

potential for bioaccumulation in the organisms exposed to

them (Shi and Wang 2004). Therefore, they can be present

throughout the food chain and may even pass on to

humans. Organisms exposed to contamination have dif-

ferent responses which range from modifications in their

behavior, physiology or simple tolerance or intolerance to

the contaminants.

Given the diverse responses from individuals as well

as from populations, a number of mollusks (marine

animals) are employed as contamination indicators due

to their ability to accumulate contaminants (Baqueiro

et al. 2007).

Correspondingly, it is well known that bivalve mollusks

are able to survive in the intertidal zone, where they are

subject to frequent periods of dryness, salinity and tem-

perature changes, and huge amounts of sediments (Almeida

et al. 2003). The tolerance and adaptability of the bivalve

mollusks have made them the preferred organisms for

monitoring contaminants, and constitute reliable indicators

of the quality of given ecosystems (Conti and Cecchetti

2003). However, some physiological factors such as

spawning and growth can directly affect their capacity as

indicator organisms of contamination, while certain con-

taminants can affect said factors as well, which underscores

the importance of better understanding the dynamics of

these physiological processes.
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Hence, the condition index (CI), is often routinely

analyzed to provide estimates of factors such as meat

quality in yield. In addition, studies (Scott and Lawrence

1982) have shown that this oyster is affected by a variety of

waterborne pollutants (heavy metals, pesticides, organic

compounds). Rebelo et al. (2005) has suggested that the

condition of these oysters might be used to monitor this

pollution.

To measure this physiological parameter, the method

suggested by Galtsoff (1964) and Hopkin’s standardised

formula were used: CI ¼ DMWðgÞ

ICVðcm3Þ
� 100 where DMW(g) is

dry meat weight (in g) and ICVðcm3Þ is internal cavity

volume in cm3, cavity volumes previously measured

chiefly as capacity by water displacement method, may be

determined by subtracting the weight in air of the oyster’s

valves from the weight in air the intact oyster (both in g).

On the other hand, the study of sediments enables an

integral estimation of an aquatic ecosystem’s contamina-

tion, since those are the main receptors of most contami-

nants deposited in the water column by precipitation.

Metals associated with the organic fraction can form

solutions and become available to the aquatic life forms of

a given environment, so it is possible to establish a relation

between heavy metals in sediments and living organisms.

Santos et al. (2003) and Lima et al. (2005) showed the

importance of sediments as contamination indicators in

aquatic environments. Some characteristics such as sedi-

ment’s grain size and the amount of organic matter are of

great importance as they determine the presence and

availability of certain contaminants (Suavé et al. 2000).

There are different means through which heavy metals are

fixed to the sediments in marine ecosystems (Bruder et al.

2002): absorption, co-precipitation with hydroxides and

iron oxides, precipitation with organic matter and other

natural mechanisms related to the physicochemical char-

acteristics of sediments. Currently the production of oysters

has declined significantly and is attributed to the presence

of contaminants and diseases.

This study evaluated the levels of various heavy metals

in oysters and sediments as well as relations between the

factors. It is important to monitor metal concentrations, to

detect the source of pollution, and to evaluate the effects on

organisms to establish culture areas and adequate criteria

for the exploitation of such an important fishery resource.

Materials and methods

The Terminos Lagoon is located in the Gulf of Mexico (in the

protected natural area) and is one of the most studied eco-

systems in Mexico due to its importance as the birthplace of

numerous species of flora and fauna. Terminos Lagoon is the

largest volume lagoon in the Gulf of Mexico, the surface of

the lagoon including fluvial systems is approximately

2000 km2 and its area covers 705,016 ha which makes it one

of Mexico’s largest Natural Protected Areas, as it was

declared in 1994 (INE/SEMARNAP 1997). The northern

end of the continental platform of the lagoon is highly pro-

ductive regarding petroleum extraction, and it has been

shown that it can be a source of hydrocarbons for the eco-

system (Noreña et al. 1999). Furthermore, tributary rivers

such as the Chumpán and the Candelaria flowing into the

south of the lagoon are a source of agrochemical products.

Likewise, there are a number of interior lagoons, such as the

Pom, Atasta, Del Corte, San Carlos, Del Este, Balchacah and

Palau. Figure 1 shows the study area.

Two sampling campaigns were conducted during the

rainy (January–June) and dry seasons (February–May).

Nine sampling stations were set up in three zones. From

Fig. 1 Study area showing the three sample zones (Palizada, Chumpán and Candelaria rivers) collection of oysters and sediments
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each station, 100 oysters were taken and their heavy-metal

content and condition index were analyzed. Before

extracting the tissues from the oysters, they were purged

during a 24-h period in a system with controlled salinity of

20 ppm. By doing so, the oysters eliminated all organic

matters from their intestines which could interfere with the

results. Finally, they were shucked manually. On the other

hand, samples of superficial sediments were collected at

each station using a 0.1 m3 Van Veen grab. All samples of

sediments collected were stored in polypropylene con-

tainers previously washed in a solution of 10 % HCl to

remove possible traces of contaminants adsorbed to the

surface.

Analysis of samples

Oysters and sediments were dried by means of lyophili-

sation for 24 h. Later, they were homogenised and treated

differently (for the determination of barium, cadmium,

chromium, copper, mercury and vanadium). For the dried

oyster tissue, a modified technique taken from the proposal

in the Manual of the Methods in Aquatic Environment

Research was used, which consisted in the acidic digestion

of the tissues by the repetitive addition of concentrated

HNO3 and H2O2. Regarding the sediments, they were

treated with 1 M of HCl to extract the bioavailable fraction

of the metal. All samples were analysed by optical emis-

sion spectroscopy inductively coupled plasma (ICP-OES);

with an instrument Perkin-Elmer model 400 and standard

solutions (J.T Baker). For the evaluation of the analytical

quality, the samples of oyster tissue were treated in

duplicate and analysed along with the standard certificates

of ‘‘standard reference materials oyster tissue’’ (SRM-

1566b), with a recovery percentage between 84 and 94 %.

Organic matter content in sediments was analysed by

oxidation with potassium dichromate and by titration with

ferrous sulphate (Gaudette et al. 1974). The analysis of the

sediment’s texture was carried out by the hydrometric

technique based on the Bouyoucos scale as proposed by

Buchanan and Kain (1971).

Oyster condition index (CI)

Samples of 30–50 oysters (5.7–17 cm) were collected from

Palizada, Chumpan and Candelaria rivers, for each of these

oysters, internal cavity volume was determined by both

water displacement and weighing in air techniques.

Capacities were measured in a 2,000-ml cylinder with

20-ml graduated increments. A reference level was chosen,

the intact oyster or its valves introduced, and the water

returned to the reference level by pipeting; cavity capaci-

ties in ml were determined by subtracting the two sets of

measures for each oyster.

Statistical analysis

The seasonal variations, sampling sites and the type of

sample were analysed through an ANOVA test. The rela-

tions between heavy-metal concentrations with the condi-

tion index, organic matter and sediment’s texture were

evaluated by means of a correlation analysis. All the sta-

tistical tests were conducted at a 95 % confidence level.

The data normality was tested by the application of the

Shapiro–Wilk test.

Results and discussion

Heavy metals in oysters and condition index (CI)

Table 1 shows the global average values of the elements

detected in Crassostrea virginica and sediments. It can be

observed that the oyster bioaccumulates most of the heavy

metals mainly during the rainy season.

This tendency could be due to the physiological char-

acteristics of the specie, such as the degree of maturity and

Table 1 Average global concentration of heavy metals (of all sites) in lg/g

Sediments (lg/g) Oysters (lg/g)

Dry season Rainy season Dry season Rainy season

Mean Range Mean Range Mean Range Mean Range

Ba 0.86 0.60–1.20 0.88 0.70–0.90 1.30 1.10–1.42 1.92 1.10–2.40

Cu 8.17 6.4–9.7 18.91 11.32–26.14 90.61 47.10–164.50 115.55 64.00–231.12

Cd 0.24 0.20–0.40 0.27 0.20–0.40 1.27 2.90–4.30 2.05 0.40–3.40

Cr 0.40 0.30–0.60 0.40 0.30–0.40 1.15 0.80–1.60 1.82 1.20–240

Hg 0.25 0.10–0.50 0.47 0.30–0.80 0.59 0.20–1.00 0.88 0.40–2.00

V 3.37 0.70–4.80 4.40 3.30–5.30 1.99 0.70–3.60 1.77 0.20–3.50
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feeding habits. This is to be considered, since at certain

moments, they require an increase in their metabolic rate

which results in higher filtration of surrounding water,

larger collection of suspended particulate matter, and

greater ingestion of heavy metals (Ponce and Botello

1991). Other possible influence on the collection of heavy

metals by the C. virginica is the mechanisms of atmo-

spheric circulation and transport, the coastal circulation in

the area and of the lagoon itself. Cd and Cr levels detected

in this study are similar to those were previously reported

(Villanueva and Vázquez 1992). This could be because in

the last 20 years, diverse chemical products used in agri-

culture and farming have been substituted for less toxic or

biodegradable components. However, the maximum levels

of Cu and Cd detected in C. virginica are higher than those

reported by Amat et al. (2002) and Apeti et al. (2005),

respectively.

Table 2 shows average concentration of heavy metals in

areas of study for C. virginica.

It can be observed that the levels of Cd in the three

rivers are higher than those established in the Official

Mexican Standard (SSA 1993), which sets a maximum of

0.5 lg/g for marine mollusks and maximum limits estab-

lished by FAO of 2 lg/g (Nauen 1983). Cadmium did not

exceed the limits (3.7 lg/g) set by the FDA (1993).

Similarly, the levels of Cr surpassed the specifications of

FAO limit of 1 lg/g for marine mollusks (Nauen 1983) and

below the limit (13 lg/g) that was set by FDA (1993).

Copper is an essential element, but it can be toxic and

cause several damages at concentrations beyond the toler-

ance limits. In this study, the Cu levels of the Palizada

River exceeded the level (32.5 lg/g) set by the FAO

(Nauen 1983).

Hg is one of the metallic elements those are very toxic to

living beings. Most organic and inorganic Hg is associated

with organic matter forming sulphur ligands (Villanueva

and Vázquez 1992). The rainy season was the most sig-

nificant in the accumulation of Hg by C. virginica, as these

variations are associated with the circulation phenomena,

tidal diffusion and other meteorological phenomena. Hg

does not exceed the limits established in the Official

Mexican Standard (SSA 1993) which sets a maximum of

de 1.0 lg/g for marine mollusks in the Chumpan and

Palizada rivers.

The rainy season has a greater influence on the accu-

mulation of Ba and V. Vanadium is an uncommon heavy

metal which has been detected in the sediments of the

lagoons in the State of Tabasco (Fiedler et al. 2008),

showing a tendency to increase in relation to the depth. The

presence of V and other heavy metals is attributed to the

industrial activities related to the exploration of hydrocar-

bons in the area. Different studies done in nearby areas

have also reported Ni, Ba, Cr, Pb and Cd (Marı́n et al.

1997; Vázquez et al. 2002). There are no legal limits for

the comparison of Ba and V in marine organisms.

An ANOVA test (Table 3) determined that there are

significant differences between study areas and weather

seasons for V, Hg and Cu (p \ 0.05).

Cadmium was the only metal that did not show any

significant difference for the sampling zones and the

weather seasons (p [ 0.05). The analysis of the multiple

comparisons of means indicates that the values of Cu in the

Palizada River showed a significant difference (p \ 0.05).

Table 2 Average concentration of heavy metals (rainy and dry sea-

sons) in areas of study (lg/g) for C. virginica

Study areas Ba Cu Cd Cr Hg V

Candelaria 1.6 60.5 2.4 1.4 1.1 1.3

Chumpán 1.8 90.8 3.2 1.6 0.7 2.1

Palizada 1.5 176.5 3.0 1.5 0.5 2.0

Table 3 Values obtained from ANOVA test

Source of variation p value (V) p value (Hg) p value (Cu) p value (Cd) p value (Ba) p value (Cr)

Rivers 0.0498** 0.0080** 0.0000** 0.2433 0.2653 0.6460

Weather season 0.0456** 0.0315** 0.0146** 0.0859 0.00020** 0.00120**

** Significant value with a confidence level of 95 %
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Fig. 2 Behaviour of the oyster condition index during two weather

seasons in the three sampling zones
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The possible damages caused by the heavy metals to the

C. virginica were evaluated based on the relations with the

CI. Figure 2 shows the results.

The CI (oyster condition index) showed a marked

decrease during the rainy season. A multiple-range test

confirmed the statistically significant differences

(p \ 0.05) between the CI values found in the Palizada

River. The correlation values are shown in Table 4.

Both Cu (r = -0.825, p \ 0.05) and Cr (r = -0.787,

p \ 0.05) have high negative correlations with CI, indi-

cating their contribution in the CI decrease.

Different studies have shown that the damage in

C. virginica due to heavy metals in organisms exposed (Shi

and Wang 2004; Guzmán et al. 2007), since samples

exposed to Cd clearly showed inflammatory answers:

damage to the epithelium of the digestive track, basophilia

and hyalinisation. Marı́n et al. (1997) found significant

correlations between CI and levels of Cu (r = -0.652).

Recently Gold et al. (2007) assessed pollution-related

damage in C. virginica, obtaining significant values

between cholinesterase activities with Cu and Cr. Cholin-

esterase activity is a marker of abnormal lipid metabolism.

The analysis of their activity is of important to detect cases

of poisoning by pesticides and other contaminants. The

results confirm the damage to C. virginica by the presence

of heavy metals, consistent with the results of different

studies showing the high affinity of bivalve mollusks with

Cu, Cd and Cr.

The sediment characteristics are shown in Table 5. Sand

fractions were dominated by high percentages (68–79 %),

smaller fraction of lime (14–27 %), clay (6–4 %), and high

organic matter content (17–25 %), all of which in some

way can predispose the presence of heavy metals.

Table 5 shows the average global results of the

analysis of heavy metals in sediments during both

weather seasons, which presented the following concen-

tration Cu [ V [ Ba [ Cr [ Hg [ Cd. An ANOVA test

(Table 6) determined that there are no significant dif-

ferences in terms of weather seasons and sampling site

(p [ 0.05).

In this study, the heavy metals in sediments are below

the ERL (ERL and ERM guideline values for heavy metals

that can cause biological effects in marine organisms

exposed, which is the method being used as a basis for

developing sediment quality guidelines). The incidence of

adverse effects increases with increased concentrations of

all trace metals. The incidence of adverse effects usually

was less than 25 % at concentrations below the ERL values

(Long et al. 1995).

These relations were established with the values of the

correlation analysis between organic matter, sediment

texture and heavy metals, and found significant relations

between OM-clay, V-sand, OM-Cu, and Cu-clay (Table 7)

The organic-matter content in these zones is usually high,

since they are influenced by an extensive area of man-

groves, several species of macrophytes (mangrove and sea

grasses) and human settlements, which make a substantial

contribution to its variability.

Copper showed a high relation with the finest particles

of the sediment due to the latter’s high specific surface.

This offers greater absorption and ionic attraction by the

negative charge of the clay particles and organic matter

with which Cu has a close relation. High concentrations of

Cu have been related to wastewater discharges and the way

hydrocarbons are handled (González et al. 2006). None of

the other analysed metals showed a relation with organic

matter. These results suggest that the metals in question are

not biogenic, as other studies have pointed out (Wang et al.

2010) as they have found significant values in the relation

of Pb, Cu and Cd with organic matter.

Table 4 Correlation values between heavy metals and oyster condition index (CI)

Weather season Ba Cu Cd Cr Hg V

Dry -0.454 -0.382 -0.321 -0.787** 0.0516 0.1725

Rainy 0.727 -0.825** -0.221 0.491 0.0572 0.2260

** Significant value with a confidence level of 95 %

Table 5 Average percentage of the characteristics of the sediment texture, organic matter (OM) and heavy metals in lg/g (rainy and dry season)

in areas of study

Study areas Sand Lime Clay OM Ba Cu Cd Cr Hg V

Candelaria River 77.9 18.3 4.2 22.4 0.827 12.75 0.233 0.401 0.367 4.86

Chumpán River 73.8 20.9 5.3 13.5 0.866 14.29 0.266 0.400 0.433 4.00

Palizada River 72 23.2 5.3 20.1 0.916 13.60 0.283 0.420 0.233 4.48
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Of all the metals analysed, Cu (24.56 lg/g in rainy

season) was found in concentrations higher than those

reported by Ponce and Botello (1991) and González et al.

(1994). High levels of Cd (0.40 lg/g) were determined in

this study. The presence of Cd in soils is highly correlated

with dissolved organic matter due to its easy mobility and

transport, as its metal–organic complexes are highly solu-

ble (Li and Zhou 2010). In the study area, agriculture

constitutes the main economic activity and it generates

large amounts of wastes by the use of fertilizers with high

content of Cd (González et al. 2006).

In this study, the highest concentration of V was

detected in the Candelaria River with 5.30 lg/g during the

rainy season. Accordingly, different studies have reported

significant amounts of V, Ni, Ba, Cr, Pb and Cd (Vázquez

et al. 2002; Vázquez and Sharma 2004). Fiedler et al.

(2008) attributed the presence of V to the proximity to the

oil-extraction areas in the lagoons of Tabasco.

In the Palizada River, 0.56 lg/g of Hg was detected in

the rainy season. The results of this study are comparable

to those determined in the Coatzacoalcos River (Halffter

et al. 1973); however, there are no recent studies for an

updated comparison. In the marine environment, most

organic and inorganic Hg is associated with particles,

colloids and inorganic material constituting sulphur ligands

(Wallace et al. 1982); sediments are the primary site for its

accumulation (Campbell and Loring 1980).

Conclusion

The oysters (C. virginica) of the Términos Lagoon have

been exposed to large amounts of contaminants that have

modified their biological characteristics as different

studies have shown. Some heavy metals such as Cu and

Cr have shown a direct relation with a decrease in the CI,

which denotes a possible affectation for these elements. In

the same way, the organisms’ high tolerance to heavy

metals, including their bioaccumulation was found. That

is the reason why the heavy metals concentration in the

organisms is higher than those found in the sediments.

The rainy season has a greater influence on heavy-metal

accumulation in organisms, due to the increased flow in

the rivers and mudslides from the discharge of the sur-

rounding areas, this season is characterised by heavy rains

and winds, unlike the dry season in which no significant

rainfall was recorded. Although the levels of some heavy

metals in certain places exceed both national and inter-

national specifications, there has been no report of any

alteration in the health of the population due to the

consumption of oysters. Oysters obtain the metallic ions

from the water and the suspended particulate material

available where they develop. The characteristics of the

sediment are fundamental, especially the organic matter,

which contained high concentrations in every zone stud-

ied. In a certain way, this predisposes the organisms to

the bioavailability of these metallic elements, as well as

to other contaminants. In this study, the presence of the

analysed metals is attributed to human activities, the

contribution of tidal movements which transport some of

the contaminants, and the influence of rainwater. On the

other hand, the levels of heavy metals determined in this

study are below ERL values as a reference set to produce

biological effects in organisms exposed, for what can be

considered that the sediments are suitable for the devel-

opment of oyster but the potential danger for human

consumption due to the biomagnification of contaminants

in the body.

Table 6 Values obtained from ANOVA test

Source of variation p value (V) p value (Hg) p value (Cu) p value (Cd) p value (Ba) p value (Cr)

Rivers 0.174 0.3806 0.8398 0.1959 0.8796 0.4972

Weather season 0.1838 0.9385 0.000 0.109 0.7971 0.8844

Table 7 Values obtained from the analysis of correlation (r) between sediment texture, organic matter and heavy metals

Organic matter V Hg Cu Cd Ba Cr

Sand 0.106294 0.5113** –0.3657 0.1840 0.1623 0.0429 -0.01558

Lime -0.1286 -0.5504 0.3925 -0.6181 -0.1030 0.004370 0.01497

Clay 0.5310** 0.280085 -0.14228 0.7501** -0.26542 -0.19996 0.00602

OM –0.4126 -0.20399 0.4066** -0.48253 -0.07248 0.008546

** Significant value with a confidence level of 95 %
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