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METALS IN MUSCLES OF MULLET (Mugil curema) FROM
A CONTAMINATED ESTUARY: EVIDENCES OF
POTENTIAL RISKS TO PUBLIC HEALTH

ABSTRACT

The Séo Vicente Channel and Estuary (SVCE) system is located in Baixada Santista
metropolitan region (S&o Paulo State, Brazil) that contains fairly degraded areas
where metal-contaminated waters and sediments are observed. Many of these
metals can be incorporated into the aquatic food webs by accumulation into
organisms such as filter feeders and fishes, with unpleasant consequences for
public health. The present study aimed to assess the concentrations of Fe, Cr, Ni,
Zn, Mn and Cu in the muscle tissues of mullets (Mugil curema) collected in two
tributaries of SVCE and to estimate the risks of intoxication resulting of human
consumption of this species. Sampling sites were Branco and Mariana rivers while
the ltaguaré River was used as reference area. Fishes were collected with casting
nets and Atomic Absorption Spectroscopy (AAS) methods were used for chemical
analyses. The mean concentrations of Cr and Ni exceeded the limits established by
Brazilian and International standards. The long-term risks for human health
associated with fish consumption were estimated for different exposure sceneries,
following the method proposed by the United States Environmental Protection
Agency. In both rivers, the results evidence risks for human health due to Cr
contamination, in sceneries of for frequent consumption of M. curema.

PALAVRAS-CHAVE: Mugil curema; Metals; Sdo Vicente; Risk Assessment;
Bioaccumulation.

METAIS EM MUSCULOS DE PARATI (Mugil curema) DE
UM ESTUARIO CONTAMINADO: EVIDENCIAS DE
RISCOS POTENCIAIS PARA A SAUDE PUBLICA

RESUMO

O estuario e o canal de Sao Vicente localizam-se na regido metropolitana da
Baixada Santista, Estado de Sao Paulo, Brasil e podem ser considerados exemplos
de ambientes degradados, com contaminagdo das aguas e sedimentos. A biota
aquatica é capaz de acumular contaminantes do ambiente e transferi-los pela
cadeia trofica, incluindo os seres humanos. Assim, este estudo visou avaliar as
concentragdes de alguns metais (Fe, Cr, Ni, Zn, Mn e Cu) em musculos de Paratis
coletados em dois tributarios do estuario de Sao Vicente e estimar riscos de
intoxicagao associados ao consumo deste peixe pelas populagdes locais. Os pontos
de coleta foram os Rios Branco e Mariana e o Rio Itaguaré como referéncia néo
poluida. Os peixes foram coletados com redes e as andlises quimicas feitas por
Espectroscopia de Absorgdo Atdmica. Os niveis médios de Cr e Ni foram
considerados altos e acima dos limites estabelecidos pela legislacdo brasileira e
internacional. Além disso, riscos de longo-prazo devido ao consumo desse peixe
foram estimados para diferentes cenarios, de acordo com abordagem proposta pela
Agéncia de Protegdo Ambiental Norte-Americana (USEPA). Para o Cromo, nos rios
Branco e Mariana, foram evidenciados riscos possiveis nos cenarios de consumo
frequente.

KEYWORDS: Mugil curema; Metais; Sao Vicente; Avaliagdo de Risco;
Bioacumulagéo.
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INTRODUCTION

Metals are naturally present in the environment, as chemical components of rocks, soils,
sediments, waters and atmosphere, and also participating of some biological reactions and
structures of the living organisms (CLARK, 1997). However, high concentrations of heavy metals in
the environment have been reported as a result of anthropic activities (AGUIAR et al., 2008;
ACOSTA et al., 2002; LUIZ-SILVA et al., 2006; BIDONE et al., 2001; FRAZIER, 1972; CORRILL
and HUFF, 1976), such as industries, ports, mining, solid wastes dumping and sewage disposal,
among others; in order that they are considered important contaminants in coastal areas all over
the world (AGUIAR et al., 2008; ABESSA et al., 2005; ABESSA et al., 2008; BENEDICTO et al.,
2008).

Fishes have been widely used as models to evaluate the aquatic contamination by metals
(DOGAM-SAGLAMTIMUR and KUMBUR, 2009; KEHRIG et al., 1998; LIMA Jr et al., 2002). The
concentration of contaminants, including metals, in fish tissues is commonly reported as dependant
of age, feeding habits and position in the food chain (TRUCCO et al., 1990). The contaminants
accumulated in the biota may be further transferred to the man through the consumption of
contaminated seafood (TAVARES and CARVALHO, 1992; SANTOS-FILHO et al., 1993; METIAN
et al.,, 1998). Afterwards, short- and long-term effects may occur, and normally involve cellular,
biochemical (enzymes regulation), physiological and behavioral disturbances, reproductive
disorders, cognitive disturbances and even cancer (STORELLI, 2008; LIAO and PING, 2003;
GOYER et al., 2004).

In Brazil, the Sao Vicente Channel and Estuary (SVCE) are located within Santos Estuarine
System (SES), and is influenced by multiple contamination sources installed along the drainage
basin (LAMPARELLI et al., 2001). Metals are among the main SVCE contaminants, thus it is
important to monitor their presence in tissues of local fishes, aiming to evaluate the risks of
consumption by the population (CID et al., 2001).

The fish mullet Mugil curema is found all over the Brazilian coast, in special in shallow
waters and estuaries. This fish is filter feeding, grazing on microalgae and small zooplankton
organisms. Adult individual lengths range from 22.3 to 90 cm. This species is abundant in SVCE,
being captured all along the year, besides it is the most consumed fish by traditional population.
Moreover, due to its abundance and broad distribution, M. curema is a suitable species to be
employed in environmental studies, filling the pre-requisites proposed by Kang et al. (2000) for a
sentinel species.

The present paper aimed to evaluate the concentration of some metals (Fe, Cr, Ni, Zn, Mn
and Cu) in muscle tissues of M. curema individuals collected in two SVCE contributors (Branco
and Mariana Rivers, respectively) and to provide initial estimations on the risks for public health

due to the consumption of such animals by the local population.
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MATERIAL AND METHODS

The Sao Vicente Channel and Estuary (SVCE) is situated within the Santos Estuarine
System (SES), in Baixada Santista Metropolitan Region, on the central coast of Sdo Paulo State
(Figure 1). The fish collections were made in the summer 2006, in Branco (BR) and Mariana (MR)
rivers, at their respective confluence to the Sao Vicente Channel (Figure 1). The control group was
collected at the estuary of Itaguaré River (IR), a clean site located in Bertioga, about 50 km
Northeast from SVCE.

-46.250° -45.250°
_ - — _." I
= ¢ = e N, f-23.750
- o -23.7
— (‘_ B /S
S{ ¢ U
b A o) o -24.000°
4 *
I
BR =)

MR ‘ {:;

Atlantic Ocean

Figure 1: Map showing the studied estuaries within SES (BR and MR) and the respective reference site
(Itaguaré River - IR), a clean site situated in Bertioga, about 50km Northeast from SVCE.

In each site, 15 adult individuals of M. curema were collected, by using a small gillnet (10
cm mesh), operated from a large canoe. The animals were immediately sacrificed by immersion in
liquid nitrogen (-80°C), transferred to boxes containing ice and taken to the laboratory, where they
were stored frozen at -20°C. In laboratory, pieces of the muscle tissues of each fish were analyzed
according to Watson (1994). The quantification of the metals in each sample was made in a GBC®
Atomic Absorption Spectrophotometer (AAS), model 932 AA. The following metals were analyzed:
iron, chromium, zinc, copper, manganese and nickel. Results were statistically analyzed by student
t'test (ZAR, 1984), to compare mean concentrations observed in samples from the two rivers. The

same procedure was used to compare the control to the contaminated areas.
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The collected fishes were classified for the risk of human acute intoxication due to the
ingestion, based on the criteria adopted by the Brazilian Health Ministry (BRASIL, 1977); when
such criteria was lacking, the United States Environmental Protection Agency (USEPA) and United
States Food and Drug Administration (USFDA) (USEPA, 1997) criteria were used (Table 1).

Moreover, a Human Health Risk Assessment was conducted considering the potential long-
term risks from the consumption of contaminated fishes from both rivers. Such evaluation
employed the protocol described in the Manual for Managing Contaminated Areas, published by
the Sao Paulo State Environmental Agency (CETESB, 2001). To achieve that, 3 hypothetical
exposure scenarios were established, considering the data from a survey conducted by CETESB
(2006), which regarded to fish and seafood consumption by urban and traditional populations in
several localities of SES.

Scenery 1 regards to the daily ingestion of 300g fish meat, by an adult of 70Kg weight, for a
period of 30 years. This scenery describes the subsistence consumption, by traditional
communities and people for which fish is the main dietary item.

The Scenery 2 regards the ingestion of 300g fish three times week, during 30 years, by and
adult of 70kg weight. This scenery represents the fish consumption as a dietary complement,
which related to people who have an economic activity which is not related to fishing but obtain
protein from the estuary.

The Scenery 3 regards to the ingestion of de 300g fish, once in a month, during 30 years,
by a 70kg adult individual. This scenery represents the consumption of M. curema by the local
population and the tourists, which have a diversified diet.

The sceneries did not concern for the concomitant consumption of other fishes or seafood
items obtained from the SVCE, thus risks may be underestimated. Besides, the exposure duration
(ED) proposed by the State Environmental Agency for the calculation is 30 years (CETESB, 2001),
thus the risks may be underestimated for longer periods of exposure duration. Finally, for children
and other critical groups, the estimated risks are not applicable.

Regarding the effective accessibility of consumers to the ingested metals, there is not a
consensus on the amount of metals in ingested food which is effectively absorbed in the digestive
tube producing an effective exposure (METIAN et al., 1998; STORELLI, 2008; LIAO and PING,
2003), thus we adopted a conservative approach which considered that all the metals contained in
the fish muscles would be potentially available and could be involved in exposure (STORELLI,
2008).

The non-carcinogenic risk was estimated for each contaminant, using wet weights values,
following the hazard quotient approach proposed by CETESB (2001) which was adapted from that
developed by USEPA Region Ill Risk-based Concentration table (USEPA, 2000), and starts by the

calculus of the uptake doses (1), in mg/kg/day, according to the equation (1):

I IR x EF x ED 1
(1) = Cw x X —

Bw AT
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where Cw is the concentration of the contaminant in the fish meat (mg/kg w/w); IR is the
ingestion rate of fish (0,300 kg/day); EF is the exposure frequency (365 days/year for scenery 1;
156 days/year for scenery 2; 12 days/year for scenery 3); ED is the exposure duration (30 years);
Bw is the body weight (70 kg); and AT is the exposure period (12775 days).

Then, the non-carcinogenic risk (HR) was calculated, according to (2) (CETESB, 2001).

() HR = —
RfD
where | is the Uptake Dose; and R is the Reference Dose, obtained from the USEPA
database (IRIS) (USEPA, 1997).
If HR < 1, the risk of ingesting M. curema is not significant, for the respective scenario.

If HR = 1, the risk of ingesting M. curema is significant for the respective scenario.

RESULTS AND DISCUSSION

The studied estuary is characterized by the presence of many contributors, as Mariana,
Branco and Piagabugu rivers, and by the installation of shantytowns and inhabitations not
attended, till the present, by a sewage collection system; also SVCE receives contributions from
multiple contamination sources (LAMPARELLI et al.,, 2001; SANTOS-FILHO et al., 1993).
Investigations conducted in 1970’s and 1980’s indicated that the SVCE waters and sediments were
not strongly polluted (CETESB, 1981), whereas recent studies detected moderated to high levels
of contamination, especially in sediments and biota (AGUIAR et al, 2008; LAMPARELLI et al.,
2001; HORTELLANI et al., 2005; SANTOS-FILHO et al., 1993). Sampaio et al. (2008) and Pereira
et al. (2008) recently demonstrated that nowadays SVCE is the SES sector that is more polluted by
sewage.

According to the State Environmental Agency (LAMPARELLI et al., 2001), both Branco and
Mariana rivers receive inputs from industrial landfills containing organochlorines and metals, as
well as leachates from the Sambaiatuba domestic landfill, untreated sewage from slums and urban
areas and urban drainage and stormwaters runoff. Branco River is also influenced by the effluents
of a petrochemical industry, which contain Mn, Zn and Ni (LAMPARELLI et al., 2001). By its time,
Mariana River receives contributions of a municipal sewage treatment plant.

Although pollution in SVCE and its contributors has increased along the recent decades,
fishing and extraction of invertebrates are still made by the local population; for them, fishes and
seafood constitutes the main source of proteins, and risks may occur due to consumption of
contaminated food (PEREIRA et al., 2002).
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Presence of metals occurs in almost all the marine organisms, but top predators and
benthic fishes, as mullets, often present higher concentration of contaminants (STORELLI, 2008).

The mean concentrations of metals in muscle tissues of M. curema are presented in the Table 2.

Table 1: Mean concentrations of Fe, Cr, Ni, Zn, Mn and Cu (+ standard deviations) in muscle tissues of
Mugil curema; and maximum consumption limits established for fishes by Brazilian and U.S. legislations and
used to estimate acute risks of acute intoxication by consumption of collected fishes.

Concentrations (ug.g"' dry weight)

Metals BR MR IR (reference) Standards

Iron (Fe) 108.97 + 34.77 183.05 + 109.22 71.42 £61.32 -

Chromium (Cr) 478 +7.25 6.53 + 13.11 ND 11.0°

Nickel (Ni) 4.09+0.49 4.24 +0.41 1.67 £0.12 5.0°

Zinc (Zn) 28.09 + 3.20 25.87 +5.34 25.60 + 3.86 50.0%

Manganese (Mn) 1.34£0.48 0.95+0.13 1.95+042 54.0°

Copper (Cu) 0.05+0.14 0.07 £0.18 1.03+1.78 30.0°
Concentrations (ug.g "' wet weight)

Iron (Fe) 28.44 +9.07 47.78 £ 28.51 18.64 £+ 16.00

Chromium (Cr) 1.25+1.89 1.70 £ 342 (<0.05) ND

Nickel (Ni) 1.07 £ 0.13 1.11+0.11 0.44 +0.03

Zinc (Zn) 7.33+0.84 6.75+ 1.39 6.68 + 1.01

Manganese (Mn) 0.35+0.13 0.25+0.03 0.51+£0.11

Copper (Cu) 0.01 £ 0.04 0.02 + 0.05 0.27 £ 0.46

Where 2 Brazil (1977); °> USEPA (1997); ND = not detectable.

Mean concentrations of Fe, Cr. Ni and Mn were higher in muscle tissues of fishes from MR
and BR when compared to animals from the reference site. The concentrations of Zn were similar
for fishes from all sites. The mean copper levels were much higher in the animals from the
reference site (about 100 times greater that BR values and 50 times greater than MR values);
however, the observed values for this element still can be considered low (LIMA Jr et al., 2002).
Such results suggest that animals from SVCE are accumulating some elements in their tissues;
however the higher Cu concentrations in fishes from IR should be further investigated.

When animals from BR and MR are compared, the muscle tissues of fishes from MR
presented statistically higher concentrations of iron, when compared with BR fishes. However,
Carmo et al (2011) observed higher concentrations of Cu and Fe in fishes from BR, whereas for
other elements, concentrations of metals in fish tissues from both sites were similar. In the present
investigation, the levels observed for both sites were comparable to those reported by Lima Jr et
al. (2002) and Pfeiffer et al. (1985) for mullets from Sepetiba Bay. Despite iron is found naturally in
soils, waters and atmosphere, its high levels in animals from SVCE may be related to industrial
processes, as reported in the literature (LIMA Jr et al., 2002).

The Ni concentrations in fishes from BR and MR were significantly higher than in the
reference fishes, but did not differ among themselves. Such concentrations were higher than those
reported to mullets from Sepetiba Bay (LIMA Jr et al., 2002). The highest concentrations reached
up to 5.15 ug.kg™ (dry weight) and were possibly related to environmental contamination (ABESSA
et al., 2008; LAMPARELLI et al., 2001), and the same pollution sources indicated for Cr. Nickel is
important to the cell biochemical metabolism, but may be toxic and carcinogenic, when in high
concentrations (GOYER et al., 2004).

Natural Resources ® v.2-n.2 * Mar, Apr, May, Jun, Jul, Aug 2012 Page | 86



Metals in muscles of mullet (Mugil curema) from a contaminated estuary: evidences of potential risks to public health

Regarding the Zn concentrations, the values found in BR, MR and IR were similar and may
be considered low, although the observed values were above those reported by the State
Environmental Agency (LAMPARELLI et al., 2001). Concentrations in muscle tissues were also
below those reported to mullets from Sepetiba and Ilha Grande (LIMA Jr et al., 2002; PFEIFFER et
al., 1985).

The manganese concentrations were significantly higher in the fishes from the reference
area. However, such observed concentrations could be considered low, and were within the range
observed in fishes from SES by Lamparelli et al. (2001). Still according to these authors, Mn is not
of main concern contaminant, because its concentrations are low in waters, sediments and
organisms and also because under estuarine conditions (high pH, low Eh, changing salinities) Mn
tend to precipitate and become less mobile.

The Cu concentrations in muscle tissues of M. curema from the 3 sites were low, and were
below those reported previously for SES (LAMPARELLI et al.,, 2001; CETESB, 1981) and the
intervals indicated for Sepetiba Bay (LIMA Jr et al.,, 2001). The majority of samples exhibited
values below the analytical detection limit, and the higher concentration was observed in one
sample from MR (0.65 pg*g™). The Cu concentrations in muscle tissues from the 3 sites were
statistically similar. However, high variation was observed among replicates collected in each site
(Variation coefficients were calculated as 264.06% for BR, 280.31% for MR and 173.21% for IR).

The mean chromium concentrations were higher in fishes from both BR and MR, in
comparison to fishes from the reference area (not detectable concentrations). The concentrations
ranged from <0.05 (not detectable) to 23.78 pg*g™, and from not detectable to 48.43 ug*g™”, for BR
and MR, respectively. The concentrations in muscle tissues of fishes from BR and MR did not differ
statistically. The Cr levels observed in the present study were slightly higher than those observed
recently by the state environmental agency in SES fishes (LAMPARELLI et al., 2001) and were
much higher than those observed previously for the same area (CETESB, 1981) and for Sepetiba
Bay, which is metal-contaminated area (LIMA Jr et al., 2002). Thus, our data suggest that the Cr
levels are increasing in SVCE, which is agreement to that reported by Abessa et al. (2008) for
sediments.

Chromium is essential to some living organisms (BIELICKA et al.,, 2004). In the
environment, it is found predominantly in the trivalent form, which is weakly toxic and not easily
absorbed by the cells (PANDA and PATRA, 1997). The hexavalent form also occurs in the
environment and is easier absorbed by the cells, producing thus higher toxicity (PANDA and
PATRA, 1997; PANDA and CHOUDHURY, 2005). This element is employed in different industrial
processes, in stainless steel production and in the leather treatment (LIMA Jr et al., 2002). Its
presence in aquatic ecosystems affects negatively the biota, because this metal is easily adsorbed
by sediment particles and penetrates into the biological membranes (NORWOOD et al., 2006).

The possible sources of chromium for SVCE may be related to the leachates from irregular

industrial and domestic dumping sites, direct discharge of untreated sewage and contaminated
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urban drainage waters, and contributions from industrial effluents. However, further studies must
be conducted to identify other possible sources and to confirm the role of the already identified
ones.

The observed concentrations were also compared to the maximum consumption limits
established by Brazilian and North-American Standards (Table 1). For chromium, mean
concentrations in tissues from all sites were below the maximum consumption limits. However, for
BR, from the 15 evaluated samples, 4 (or 36.4%) exceeded the criteria for acute human
intoxication by chromium due to the consumption, according to the Unites States Food and Drug
Administration (USFDA). From MR, 3 samples (27.3%) presented levels of Cr above such limits.
Thus, even the sporadic consumption of M. curema from SVCE may cause intoxication. In
addition, there must be highlighted that the current Cr contamination is greater than that observed
previously (CETESB, 1981; HORTELLANI et al., 2005), when no organism exhibited Cr
concentrations above the limit established by the USFDA (USEPA, 1997). High doses in humans
produce several health damages, from skin ulcers to corrosion of digestive tube epithelium and
kidneys necrosis (GOYER et al., 2004).

Regarding to nickel, the mean concentrations were slightly below the limits for human
consumption, and for both BR and MR, from the 15 evaluated samples, one exceeded the criteria
for acute human intoxication for nickel (5.0 ug.kg™), according to the Brazilian legislation (BRASIL,
1977). In humans, high doses of nickel are harmful, causing weight loss, heart and liver damage
and skin problems (GOYER et al., 2004).

For Zinc, Brazil does not have a specific risk value for aquatic organisms used for human
consumption, thus we adopted the concentration recommended for “other kinds of food” (50 ug*g™)
according to the legislation (BRASIL, 1965); however, the measured concentrations in fishes from
the 3 sites were below such value, indicating that the possibility of acute intoxication due to this
element is virtually inexistent.

Acute intoxication risks were equally inexistent to Cu and Mn, since all the measured
concentrations were below the limits established by the Brazilian legislation for human
consumption for Cu (30.0 ug*g™') and by the US laws for Mn (54.0 pg*g™) (BRASIL, 1977; USEPA,
1997). On the other hand, for iron, there are not safe concentrations of Fe in fish tissues for human
consumption, thus the risks were not estimated for such element.

The chronic risks to the human health due to the consumption of contaminated fishes were
also estimated. For both rivers, significant threats due to Cr were detected for daily consumption of
fishes (Table 2), and possible risks related to frequent consumption (since superior values
estimated this scenery were higher than 1.

In summary, the concentrations of Cr in muscle tissues of M. curema may be considered
high, and the consumption of this species may eventually led to intoxication episodes. Since this
species is easily found in the local market, and may be consumed by the urban population, any risk

may exist for these populations.
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Similarly to the biota, the effects of metals in humans are influenced by the dose (i.e.
concentration and exposure period), the predominant form of the metal and way of exposure. The
toxicity depends also of the 1) metal uptake and absorption; 2) target tissues where transport,
distribution, accumulation, bio-transformation, metabolization and effect will occur; 3) depuration
and excretion capability. In each of such three phases, the element may present different forms,
which may react with the biological structures (TAVARES and CARVALHO, 1992).

Table 2: Non-carcinogenic human health hazard risks due to consumption of Mugil curema from SVCE. For
Chromium, inferior and superior intervals are shown since some risk was evidenced.

Non Carcinogenic Threat

Sampling site

Cr Ni Zn Mn Cu Fe

BR 2.55 (0-6.41) 0.33 0.15 0.02 NC NC

Scenario 1 MR 3.47 (0-10.47) 0.34 0.14 0.01 NC NC
IR (Reference) >0.01 0.13 0.14 0.02 NC NC

BR 0.65 (0-1.64) 0.08 0.04 > 0.01 NC NC

Scenario 2 MR 0.89 (0-2.89) 0.09 0.04 > 0.01 NC NC
IR (Reference) >0.01 0.03 0.03 0.01 NC NC

BR 0.05 0.01 >0.01 >0.01 NC NC

Scenario 3 MR 0.07 0.01 > 0.01 >0.01 NC NC
IR (Reference) >0.01 > 0.01 > 0.01 > 0.01 NC NC

Legend: NC= not calculated since there is not available reference dose (Rfd) for the respective element.

The Environmental Agency of Sdo Paulo State (CETESB) has established increasing
enforcements and regulations to control and eliminate the environmental contamination, which
include the monitoring of coastal waters quality (CETESB, 2009; 2010). Main concern has being
dedicated to the central coast of Sdo Paulo, in special the Santos Estuarine System (SES), which
presents multiple contamination sources and has some of its parts severely contaminated by
metals and organic compounds (AGUIAR et al., 2008; ABESSA et al., 2008; LAMPARELLI et al.,
2001; CESAR et al., 2006; MEDEIROS and BICEGO, 2004). As previously mentioned, within SES,
the Sao Vicente Estuary and Channel is highlighted due to the presence of artisanal fishermen in
some localities, who depend intensely on the estuary resources (CETESB, 2006), and due to
urbanization at its banks, which are related to pollution in the last decades and increasing threats
for fisheries.

Moreover, the daily or frequent consumption of fishes from SVCE may represent a threat to
human health, in special to those people who eat M. curema 3 times a week or more often. Such
problem becomes more complex when it is considered that both rivers are important fishing sites
for local fishermen and that M. curema is one of the most explored species, constituting an
important source of proteins for the traditional fishermen, especially those inhabiting the SVCE
banks. Despite only about 5% population from SES eat fishes captured inside the estuary once in
a week or more frequently, for the traditional families the consumption rates are much higher
(CETESB, 2006), thus these populations cannot be considered together with others because their
exposure pattern is quite higher, i.e., they are more fragile and susceptible to the contamination.

Moreover, the meaning of such 5% must be brought into light: it represents more than 6,886
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families, which possibly indicates that more than 25,000 people are potential targets to
contaminated fishes from SES, including children, pregnant women and ancients. Therefore, the
local fishermen who consume frequently M. curema from SVCE are exposed to chronic threats, at
least for Cr.

In addition, this investigation did not concern to other contaminants, as hydrocarbons and
organochlorines, which are more bioaccumulative and are present in fish and seafood from SVCE
(LAMPARELLI et al., 2001; MARTINS et al., 2007; 2008; 2008a; 2011; BICEGO et al., 2006).
Thus, there is a chance to the human health threats and risks to be higher for the local populations.

Further studies are required to measure the contamination levels in the different organisms
used for local consumption, as well as to detail the consumption patterns. Additionally, efforts to
properly manage the estuary must be made, as the identification and control of all contamination
sources. Education programs aiming to avoid an excessive consumption of local fishes by the
traditional populations will also be necessary; as part of a larger socio-environmental education

program.

ACKNOWLEDGEMENTS

The authors acknowledge to Dr Aurea Maria Ciotti for reviewing the abstract, to the
fishermen who helped us during fish sampling (Ricardo and Jackson), to Jociery Einhardt Vergara-
Parente and to the anonymous reviewers whose suggestions allowed us to improve the

manuscript.

REFERENCES

ABESSA, D. M. S,; CARR, R. S.; RACHID, B. R. F.; SOUSA, E. C. P. M.; HORTELANI, M. A.; SARKIS, J.
E.. Influence of a Brazilian sewage outfall on the toxicity and contamination of adjacent sediments. Marine
Pollution Bulletin, v.50, p.875-885, 2005. DOI: http://dx.doi.org/10.1016/j.marpolbul.2005.02.034

ABESSA, D. M. S.; CARR, R. S.; SOUSA, E. C. P. M.; RACHID, B. R. F.; ZARONI, L. P.; PINTO, Y. A;;
GASPARRO, M. R.; BICEGO, M. C.; HORTELLANI, M. A.; SARKIS, J. E. S.; MUNIZ, P.. Integrative
Ecotoxicological Assessment of a Complex Tropical Estuarine System. In: HOFFER, T. N.. Marine
pollution: new research. New York: Nova Science Publishers Inc., 2008. p.125-159.

ACOSTA, V.; LODEIROS, C.; SENIOR, W.; MARTINEZ, G.. Niveles de metales pesados em sedimentos
superficiales em tres zonas litorales de Venezuela. Interciencia, v.27, n.2, p.686-690, 2001.

AGUIAR, V. M. C.; BRAGA, E. S.; BAPTISTA-NETO, J. A.. Heavy metal assessment in two subtropical
estuarine systems in the State of Sao Paulo, Brazil. In: HOFFER, T. N.. Marine pollution: new research.
New York: Nova Science Publishers Inc., 2008. p.125-159.

BENEDICTO, J.; MARTINEZ-GOMEZ, C.; GUERRERO, J.; JORNET, A.; RODRIGUEZ, C.. Metal
contamination in Portman Bay (Murcia, SE Spain) 15 years after the cessation of mining activities. Ciencias
Marinas, v.34, n.3, p.389-398, 2008.

BERVOTES, L.; BLUST, R.; VERHEYEN, R.. Accumulation of metals in the tissues of three spined
Stickelback (Gasterosteus aculeatus) from natural fresh waters. Ecotoxicology and Environmental Safety,
v.48, p.117-127, 2001. DOI: http://dx.doi.org/10.1006/eesa.2000.2010

Natural Resources ® v.2-n.2 * Mar, Apr, May, Jun, Jul, Aug 2012 Page |90



Metals in muscles of mullet (Mugil curema) from a contaminated estuary: evidences of potential risks to public health

BICEGO, M. C.; TANIGUCHI, S.; YOGUI, G. T.; MONTONE, R. C.; SILVA, D. A. M.; LOURENCO, R. A ;
MARTINS, C. C.; SASAKI, S. T.; PELLIZARI, V. H.; WEBER, R. R.. Assessment of contamination by
polychlorinated biphenyls and aliphatic and aromatic hydrocarbons in sediments of the Santos and Sao
Vicente Estuary System, Sao Paulo, Brazil. Marine Pollution Bulletin, v.52, n.12, p.1804-1816, 2006. DOI:
http://dx.doi.org/10.1016/j.marpolbul.2006.09.011

BIDONE, E. D.; LAYBAUER, L.; CASTILHOS, Z. C.; MADDOCK, J. L.. Environmental risk increase due to
heavy metal contamination caused by a copper mining activity in Southern Brazil. Anais da Academica
Brasileira de Ciéncias, v.73, n.2, p.277-286, 2001. DOI: http://dx.doi.org/10.1590/S0001-
37652001000200011

BIELICKA, A.; BOJANOWSKA, I.; WISNIEWSKI, A.. Two faces of chromium: pollutant and bioelement
Polish Journal of Environmental Studies, v.14, n.1, p.5-10, 2004.

BRASIL. Decreto n®55.871 de 26 de Marco de 1965. Modifica o Decreto n° 50.040, de 24 de janeiro de
1961, referente a normas reguladoras do emprégo de aditivos para alimentos, alterado pelo Decreto n® 691,
de 13 de margo de 1962. Brasilia: D.O.U., 09 Abr 1965.

BRASIL. Portaria n° 56, de 14 de margo de 1977. Ministério da Saude, Secretaria Nacional de Saude,
Comissao de Normas e Padrdes para alimentos. Brasilia: D.O.U., 22 Mar 1977.

CARMO, C. A,; ABESSA, D. M. S.; MACHADO-NETO, J. G.. Metais em aguas, sedimentos e peixes
coletados no estuario de Sao Vicente-SP, Brasil. O Mundo da Saude, v.35, n.1, p.64-70, 2011.

CESAR, A.; CHOUERI, R. B.; RIBA, |.; MORALES-CASELLES, C.; PEREIRA, C.D. S.; SANTOS, A. R;
ABESSA, D. M. S.; DELVALLS, T. A.. Comparative sediment quality assessment in different littoral
ecosystems from Spain (Gulf of Cadiz) and Brazil (Santos and Sao Vicente estuarine system). Environment
International, v.33, n.4, p.429-435, 2006. DOI: http://dx.doi.org/10.1016/j.envint.2006.11.007

CETESB. Metais pesados na Baia de Santos e Estuarios de Santos e S&o Vicente. Sao Paulo:
CETESB, 1981.

CETESB. Contaminantes na Bacia do rio Cubatéo e seus Reflexos na Biota Aquatica. Sdo Paulo:
CETESB, 1990.

CETESB. Manual de gerenciamento de areas contaminadas. 2 ed. Sdo Paulo: CETESB; GTZ, 2001.

CETESB. Levantamento do tipo e origem dos organismos aquaticos consumidos pela populacédo da
Regido do Estuério de Santos e Sao Vicente. Sdo Paulo: CETESB; 2006.

CETESB. Relatorio de qualidade das aguas litoraneas do estado de Sao Paulo: balneabilidade das
praias 2008. Sdo Paulo: CETESB; 2009.

CETESB. Relatério de qualidade das aguas litoraneas do estado de S&o Paulo: balneabilidade das
praias 2009. Sao Paulo: CETESB; 2010.

CID, B. P.; BOIA, C.; POMBO, L.; REBELO, E.. Determination of trace metals in fish species of the Ria de
Aveiro (Portugal) by electrothermal atomic absorption spectrometry. Food Chemistry, v.75, p.93-100, 2001.
DOI: http://dx.doi.org/10.1016/S0308-8146(01)00184-4

CLARK, R. B.. Marine Pollution. 4 ed. Oxford: Oxford University Press, 1997.

CORRILL, L. F.; HUFF, J. E.. Occurrence, physiologic effects, and toxicity of heavy metals Arsenic,
Cadmium, Lead, Mercury, and Zinc-in marine biota: an annotated literature collection. Environment Health
Perspectives, v.18, p.181-217, 1976.

DOGAN-SAGLAMTIMUR, N.; KUMBUR, H.. Metals (Hg, Pb, Cu, and Zn) Bioaccumulation in sediment, fish,
and human scalp hair: a case study from the City of Mersin along the Southern Coast of Turkey. Biological
Trace Element Research, v.136, n.1., p.55-70, 2010. DOI: http://dx.doi.org/10.1007/s12011-009-8516-5

Natural Resources ® v.2-n.2 * Mar, Apr, May, Jun, Jul, Aug 2012 Page |91



CARMO, C. A.; ABESSA, D. M. S.; MACHADO-NETO, J. G.

FRAZIER, J. M.. Current status of knowledge of the biological effects of heavy metals in the Chesapeake
Bay. Chesapeake Science, v.13, Supplement: Biota of the Chesapeake Bay (Dec., 1972), p.S149-S153,
1972.

GOYER, R.; GOLUB, M.; CHOUDHURY, H.; HUGHES, M.; KENYON, E.; STIFELMAN, M.. Issue paper on
the human health effects of metals. Washington DC: United States Environmental Protection Agency; Risk
Assessment Forum, 2004.

HORTELLANI, M. A;; SARKIS, J. E. S.; BONETTI, J.; BONETTI, C.. Evaluation of mercury contamination in
sediments from Santos — Sdo Vicente estuarine System, S&o Paulo State, Brazil. Journal of Brazilian
Chemistry Society, v.16, n.6A, p.1140-1149, 2005. DOI: http://dx.doi.org/10.1590/S0103-
50532005000700009

KANG, S. G.; WRIGHT, D. A.; KOH, G. H.. Baseline metal concentration in the Asian periwinkle Littorina
breviculata employed as a biomonitor to assess metal pollution in Korean Coastal water. Science of Total
Environment, v.263, p.143-153, 2000. DOI: http://dx.doi.org/10.1016/S0048-9697(00)00695-1

KEHRIG, H. A.; MALM, O.; MOREIRA, I.. Mercury in a widely consumed fish Micropogonias furnieri
(Demarest, 1823) from four main Brazilian estuaries. Science of Total Environment, v.213, p.263-271,
1998. DOI: http://dx.doi.org/10.1016/S0048-9697(98)00099-0

KEHRIG, H. A.; MOREIRA, I.; MALM, O.; PFEIFFER, W. C.. Especiagcado e acumulagdo de mercurio pela
biota da Baia da Guanabara- RJ. In: MORAES, R.; CRAPEZ, M.; PFEIFFER, W.; FARINA, M.; BAINY, A. C.
D.; TEIXEIRA, V.. Efeitos de poluentes sobre organismos marinhos. Sao Paulo: Arte & Ciéncia Villipres,
2001. p.165-182

LAMPARELLI, M. L.; COSTA, M. P.; PROSPERI, V. A.; BEVILACQUIA, J. E.; ARAUJO, R. P. A.; EYSINK,
G. G. L.; POMPEIA, S.. Sistema Estuarino de Santos e Sao Vicente. Sdo Paulo: CETESB, 2001.

LIAO, C. M.; PING, M. P.. Assessment of human health risks for arsenic bioaccumulation in tilapia
(Oreochromis mossambicus) and large-scale mullet (Liza macrolepis) from blackfoot disease area in Taiwan.
Archives of Environmental Contamination and Toxicology, v.45, p.264-272, 2003. DOI:
http://dx.doi.org/10.1007/s00244-003-0107-4

LIMA JR, R. G. S.; ARAUJO, F. G.; MAIA, M. F.; PINTO, A. S. S. B.. Evaluation of heavy metals in fish of the
Sepetiba and llha Grande Bays, Rio de Janeiro, Brazil. Environmental Research Section A, v.89, p.171-
179, 2002. DOI: http://dx.doi.org/10.1006/enrs.2002.4341

LUIZ-SILVA, W.; MATOS, R. H. R.; KRISTOSCH, G. C.; MACHADO, W.. Variabilidade espacial e sazonal
da concentragéo de elementos-trago em sedimentos do Sistema Estuarino de Santos-Cubatao (SP).
Quimica Nova, v.29, n.2, p.256-263, 2006.

MARTIN-DIAZ, M. L.; RIBA, |.; CASADO-MARTINEZ, M. C.; DELVALLS, T. A. Bioavailability of metals in
sediments from Spanish estuaries using Carcinus maenas. Ciencias Marinas, v.32, p.412—420, 2006.

MARTINS, C. C.; MAHIQUES, M. M.; BICEGO, M. C.; FUKUMOTO, M. M.; MONTONE, R. C.. Comparison
between anthropogenic hydrocarbons and magnetic susceptibility in sediment cores from the Santos
Estuary, Brazil. Marine Pollution Bulletin, v.54, n.2, p.240-246, 2007. DOI:
http://dx.doi.org/10.1016/j.marpolbul.2006.11.006

MARTINS, C. C.; FERREIRA, J. A.; TANIGUCHI, S.; MAHIQUES, M. M.; BICEGO, M. C.; MONTONE, R. C.
Spatial distribution of sedimentary linear alkylbenzenes and faecal steroids of Santos Bay and adjoining
continental shelf, SW Atlantic, Brazil: origin and fate of sewage contamination in the shallow coastal
environment. Marine Pollution Bulletin, v.56, n.7, p.1359-1363, 2008. DOI:
http://dx.doi.org/10.1016/j.marpolbul.2008.04.011

MARTINS, C. C.; GOMES, F. B. A.; FERREIRA, J. A.; MONTONE, R. C.. Organic markers of sewage
contamination in surface sediments from Santos bay, Sdo Paulo. Quimica Nova, v.31, n.5, p.1008-1014,
2008a. DOI: http://dx.doi.org/10.1590/S0100-40422008000500012

MARTINS, C. C.; BICEGO, M. C.; MAHIQUES, M. M.; FIGUEIRA, R. C. L.; TESSLER, M. G.; MONTONE,
R. C.. Polycyclic aromatic hydrocarbons (PAHSs) in a large South American industrial coastal area (Santos

Natural Resources ® v.2-n.2 * Mar, Apr, May, Jun, Jul, Aug 2012 Page |92



Metals in muscles of mullet (Mugil curema) from a contaminated estuary: evidences of potential risks to public health

Estuary, Southeastern Brazil): Sources and depositional history. Marine Pollution Bulletin, v.63, n.5-12,
p.452-458, 2011. DOI: http://dx.doi.org/10.1016/j.marpolbul.2011.03.017

MEDEIROS, P. M.; BICEGO, M. C.. Investigation of natural and anthropogenic hydrocarbon inputs in
sediments using geochemical markers. |. Santos, SP, Brazil. Marine Pollution Bulletin, v.49, p.761-769,
2004. DOI: http://dx.doi.org/10.1016/j.marpolbul.2004.06.001

METIAN, M.; CHARBONNIER, L.; OBERHAENSLI, F.; BUSTAMANTE, P.; JEFFREE, R.; AMIARD, J. C.;
WARNAU, M.. Assessment of metal, metalloid, and radionuclide bioaccessibility from mussels to human
consumers, using centrifugation and simulated digestion methods coupled with radiotracer techniques.
Ecotoxicology and Environmental Safety, v.72, p.1499-1502, 1998. DOI:
http://dx.doi.org/10.1016/j.ecoenv.2008.10.009

NORWOOD, W. P.; BORGMANN, U.; DIXON, D. G.. Saturation models of arsenic, cobalt, chromium and
manganese bioaccumulation by Hyallela Azteca. Environmental Pollution, v.143, p.519-528, 2006. DOI:
http://dx.doi.org/10.1016/j.envpol.2005.11.041

PANDA, S. K.; CHOUDURY, S.. Chromium stress in plants. Brazilian Journal of Plant Physiology, v.17,
n.1, p.95-112, 2005.

PANDA, S. K.; PATRA, H. K.. Physiology of chromium toxicity in plants — A Review. Plant Physiology and
Biochemistry, v.24, n.1, p.10-17, 1997.

PEREIRA, C. D. S.; CESAR, A.; BORGES, R. P.; GIANESELLA, S. M. F.; SOUSA, E. C. P. M.; SALDANHA-
CORREA, F. M.; GASPARRO, M. R.;: BERZIN, G.; RIBEIRO, R. B; FIORI, E. F.. Potential use of ecological
tools to direct public policies: an integrative approach in the Santos Estuarine System. In: NEVES, R;;
BARETTA, J. W.; MATEUS, M.. Perpectives on Integrated Coastal Zone Management in South
America. Lisboa: IST Press, 2008. p.445-456

PEREIRA, O. M.; HENRIQUES, M. B.; ZENEBON, O.; SAKUMA, A.; KIRA, C. S.. Determinacao dos teores
de Hg, Pb, Cd, Cu e Zn em moluscos (Crassostrea brasiliana, Perna perna e Mytella falcata). Revista do
Instituto Adolfo Lutz, v.61, n.1, p.19-25, 2002.

PFEIFFER, W. C.; LACERDA, L. D.; FISZMAN, M.; LIMA, N. R. W.. Metais pesados em itens de pescado da
Baia de Sepetiba. Ciencia e Cultura, v.37, p.297-302. 1985.

SAMPAIO, A. F. P.; MATEUS, M.; BERZIN, G.. A modelling approach to the study of faecal pollution in the
Santos Estuary. In: NEVES, R.; BARETTA, J. W.; MATEUS, M. Perpectives on Integrated Coastal Zone
Management in South America. Lisboa: IST Press, 2008. p.425-434.

SANTOS-FILHO, E.; SILVA, R. S.; BARRETO, H. H. C.; INOMATA, O. N. K,; LEMES, V. R. R.; SAKUMA, A.
M.; SCORSAFAVA, M. A.. Concentragbes sanguineas de metais pesados e praguicidas organoclorados em
criancas de 1 a 10 anos. Revista de Saude Publica, v.27, n.1, p.59-67, 1993. DOI:
http://dx.doi.org/10.1590/S0034-89101993000100010

STORELLI, M. M.. Potential human health risks from metals (Hg, Cd, and Pb) and polychlorinated biphenyls
(PCBs) via seafood consumption: Estimation of target hazard quotients (THQs) and toxic equivalents
(TEQs). Food Chemistry and Toxicology, v.46, p.2782-2788, 2008. DOI:
http://dx.doi.org/10.1016/j.fct.2008.05.011

TAVARES, T. M.; CARVALHO, F. M.. Avaliagao de exposi¢cado de populagdes humanas a metais pesados no
ambiente: exemplos do reconcavo baiano. Quimica Nova, v.15, n.2, p.147-154, 1992.

TRUCCO, R.; INDA, J.; FERNANDEZ, M.. Heavy metal concentration in Sediments from Tongoy and La
Herradura Bays, Coquimbo, Chile. Marine Pollution Bulletin, v.21, p.229-232, 1990. DOI:
http://dx.doi.org/10.1016/0025-326X(90)90339-A

USEPA. The incidence and severity of sediment contamination in surface waters of the United States.
Washington DC: United States Environmental Protection Agency, Office of Science and Technology, 1997.

USEPA. Risk-Based Concentration Table. Washington DC: United States Environmental Protection
Agency, 2000.

Natural Resources ® v.2-n.2 * Mar, Apr, May, Jun, Jul, Aug 2012 Page |93



CARMO, C. A.; ABESSA, D. M. S.; MACHADO-NETO, J. G.

WATSON, T. P.. Analytical Methods for the Determination of Trace Metals and other elements. In: Official
and standard methods of analysis. New York: McGraw-Hill, 1994. p. 446-471

WHITE, S. L.; RAINBOW, P. S.. Heavy metal concentrations and size effects in the mesopelagic decapod
crustacean Systellaspis debilis. Marine Ecology Progress Series, v.137, p.147-151, 1987.

ZAR, J. H.. Biostatistical analysis. Englewood Cliffs: Prentice-Hall Inc., 1984.

Natural Resources ® v.2-n.2 * Mar, Apr, May, Jun, Jul, Aug 2012 Page |94



