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Abstract Ariidae catfish species are numerically
abundant along the coast of Brazil. Their benthic
habits and broad spectrum diets make them good
potential candidates for sub-lethal biomonitoring stud-
ies. In this study, we assess the levels of various metal
contaminants (Pb, Cd, Hg, Cu and Zn) in the muscle
tissues of two Ariidae species, Cathorops spixii and
Genidens genidens, from three sites in São Paulo
State, Southeast Brazil: two polluted sites in the
Santos-São Vicente estuary and a relatively unpolluted
site in the Cananéia estuary. The Zn levels observed in
the polluted areas in the Santos-São Vicente estuary
were similar to those obtained for Ariidae from the
reference site in Cananéia. The concentrations of Hg
and Cu in the muscle tissue of both fish species were
higher in individuals from the Santos-São Vicente than
those from the Cananéia estuary. Both Ariidae species

were observed to accumulate the Cu, Zn and Hg in
their tissues; however C. spixii showed a more stable
response suggesting its potential utility as a bioindica-
tor species. The Zn and Cu concentrations probably
reflect normal levels without a significant influence of
anthropogenic contamination. The levels of Cd and Pb
in muscle tissue of C. spixii and G. genidens were
relatively low, but the PCA indicated the presence of
the levels of these metals in the reference area (thereby
supporting the need for monitoring in Cananéia
estuary). The detection of Hg in fish from Santos-
São Vicente and from the unpolluted site (Cananéia)
is of particular concern as scientists frequently use this
area as a reference site for biomonitoring studies on
the Southwest coast of Brazil.

Keywords Bioindicators .Metals . Pollution
monitoring . Estuaries .Cathorops . Brazil

1 Introduction

The first use of the term ‘biological indicator’ in the
context of aquatic systems referred to the detection and
monitoring of changes in organisms that reflected
(deleterious) changes in the quality of their environment
(Wilhm and Dorris 1968). The definition of bioindica-
tion has subsequently broadened to encompass three
separate contexts (McGeoch 1998): (1) environmental
indicators—this is the most traditional use of the
term and refers to taxa that respond predictably to
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environmental disturbance or to a change in environ-
mental state. This group of indicators includes ‘sentinel
species’, sensitive organisms introduced into the envi-
ronment as an ‘early warning’ system, and ‘accumula-
tors’ which naturally occur in the environment and
readily take up and accumulate contaminants in quanti-
ties that can be easily measured. (2) Ecological indica-
tors—taxa that are used to demonstrate or monitor the
impacts of ecological change such as habitat fragmen-
tation or climate change. (3) Biodiversity indicators—
sometimes referred to as species-based surrogates,
organisms used in conservation planning that are used
as an indicator of ecosystem functioning (e.g. keystone
species) or as indicators of overall biological diversity
(reviewed in Watson et al. 2011).

One of the main uses of environmental indicator
species has been to monitor the levels of exposure to
contaminants such as metals, especially within the
aquatic environment. Awide range of species have been
used as environmental indicators in the marine environ-
ment. For example, invertebrates (mainly molluscs and
crustaceans) have been extensively used as sentinel
species (Bayen et al. 2004; Bellotto and Miekeley
2007; Turkmen and Ciminli 2007; Tang et al. 2009),
while a wide variety of fish species have been utilized in
environmental monitoring studies (Burger et al. 2005;
Birungi et al. 2007; Dural et al. 2007; Linde-Arias et al.
2008; Azevedo, Fernandez et al. 2009; Barhoumi et al.
2009; Yılmaz et al. 2010).

Fish are particularly appropriate as environmental
indicator species (Phillips 1977; Adams et al. 1989)
because they are relatively easy to sample, frequently
bioaccumulate toxins and often show predictable associ-
ations between contaminant levels in tissues and various
morphological or life-history traits (Al-Yousuf et al.
2000). In this context, benthic species such as Ariidae
catfish may be especially useful since they are eurihaline,
feed on organisms present in the sediment where the
bioavailability of contaminants is typically higher, have
relatively low mobility, and are abundant and geograph-
ically widespread. In South America, the Ariidae are
found all along the Atlantic coast, from Belize to
southern Brazil (Figueiredo and Menezes 1978).

There have been very few studies on the accumula-
tion and effects of inorganic pollutants in the Ariidae, or
specifically on the two species used in the current study:
Cathorops spixii and Genidens genidens. Here, we
assess the level of metal (Pb, Cd, Hg, Cu and Zn)
contamination in the muscle tissues of these two species

using individuals sampled from three estuarine sites
(two from a polluted estuary and one from a relatively
unpolluted reference site) in southeast Brazil.

The presence of metals in the muscle tissue of fish
is well-known (Joyeux et al. 2004; Meche et al. 2010;
Bilandzic et al. 2011), and is of considerable impor-
tance for food safety and public health. In a biological
context, metals are frequently categorized as essential
or non-essential. Essential metals such as zinc (Zn)
and copper (Cu) are very important for the metabolism
of organisms (Heath 1990; Halliwell and Gutteridge
1999; Lehninger et al. 2005), but can be toxic in high
concentrations due to their influence on physiological
processes such as the redox balance of the cell
(Jomova and Valko 2011). In contrast, non-essential
such as lead (Pb), cadmium (Cd) and mercury (Hg)
have no clear biological function and exposure to them
can impair vital processes such as enzymatic activity,
reproductive capacity and development (Burger et al.
2005; Yilmaz et al. 2010).

In the present study, C. spixii and G. genidens were
assumed to have been exposed to the assayedmetals as a
result of various industrial activities in the Santos-São
Vicente estuary. Therefore, the main objectives of this
study were: (1) to investigate if the Ariidae catfish are
effective bioindicators of exposure to Pb, Cd, Hg, Cu
and Zn, and (2) to provide information on the concen-
trations of some essential and non-essential metals in
muscle tissue of two Ariidae catfish species, C. spixii
and G. genidens, from an estuary with low levels of
anthropogenic influence (Cananéia) and an estuary
(Santos-SãoVicente) subject to pollution from industrial
effluents and domestic sewage.

2 Material and Methods

2.1 Site Descriptions

Two estuaries in southeast Brazil (São Paulo State) were
chosen for the collection of samples: the polluted
Santos-São Vicente estuary (24 °00′ S; 46 °21′ W) and
the relatively pristine Cananéia estuary (25 °S; 48 °W).

The Santos-São Vicente estuary is an important
economic area and contains the largest commercial
harbour in South America. Moreover, it is home to
the most important petrochemical and metallurgical
complex in the region, comprising more than 1,100
industries. The rapid increase in urbanization and
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industrialization over the last 50 years has caused the
degradation of coastal mangrove habitat of the estuary
through contamination with effluent from industrial
and domestic sources, combined with large quantities
of solid waste. Thus, over recent decades the area has
been subject to a gradual process of chemical contam-
ination as a direct result of an increase in industrial
activities and the release of sewage. As a consequence
of these many anthropogenic activities, this region is
exposed to potentially toxic metals such as Pb, Cd,
Hg, Ni, Mn, Cr, Cu and Zn (Lamparelli et al. 2001),
with potentially negative impacts on the resident
estuarine organisms.

Two sample sites were chosen within the Santos-
São Vicente estuary (Fig. 1) on the basis of different
sources of pollution: site 1 (industrial sewage—
23 °53.458′ S; 46 °22.604′ W)—industrial area close
to the Cosipa, located in the inner part of the estuary and
affected by intense industrial activity; site 2 (domestic
sewage—23 °56.13′ S; 46 °24.42′ W)—area of raised
(stilted) housing known as Araçarãna and previously the
location of an off dump;

In contrast to the Santos-São Vicente estuary, the
Cananéia estuary is subject to minimal anthropogenic
influences and is frequently used as an environmental
reference site for marine biomonitoring studies in São
Paulo State (Azevedo, Serafim et al. 2009). However,
even in this relatively undisturbed ecosystem, some

recent studies have indicated the presence of toxic met-
als, including Hg, in fish and sediment (Amorim et al.
2008; Azevedo, Serafim et al. 2009). Over the last
150 years the Cananéia estuary has been subject to
important environmental changes, mainly due to the
construction of an artificial channel (the Valo Grande),
connecting the Ribeira de Iguape River to the estuary
(Mahiques et al. 2009). With the completion of this
structure, organisms that inhabit the estuary were poten-
tially exposed to Hg from an abandoned gold mine
further upstream. There is also a fertilizer industry
located in Iguape in the Northern area of the estuary.
One sampling site (site 3—24 °58.946′ S; 46 °54.092′W)
was chosen in the Cananéia estuary.

Cananéia estuary is widely recognized as an
aquatic environmental with low human influence
as reflected by the low levels of some metals in
the sediment (Amorin et al. 2008; Mahiques et al.
2009) and water chemistry (nutrients, pH, oxygen
dissolved and organic matter) indicative of natural
conditions (Azevedo, Serafim et al. 2009). In con-
trast, the Santos-São Vicente estuary is a polluted
area that is subject to miscellaneous toxic agents
(Bícego et al. 2006; Hortellani et al. 2008; Azevedo
et. al., 2011). The data collected from these sites
for the present study will contribute to a major
database for the monitoring of Brazilian coastal
areas under human influence.

Fig. 1 Sampling sites show-
ing industrial (Site 1) and
domestic (Site 2) areas with-
in Santos-São Vicente and
site of collection (Site 3) in
Cananéia estuary, São Paulo
State, Brazil
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2.2 Sample Collection

A total of 46 specimens of C. spixii and 48 of G.
genidens were collected in two consecutive sample
periods during July and August 2009 using gill nets
of 20-mm mesh. Individuals were collected from
two sites within the Santos-São Vicente estuary
(n067) and one site from the Cananéia estuary
(n027).

After collection, the fish were identified, main-
tained in water from the sampling site of origin and
transported to the laboratory. Individuals were then
anesthetized with benzocaine (2 % in water) and
killed through spinal section. Morphometric data
were recorded for total length (L) and total weight
(W). Samples of the epaxial muscle from the dorsal
surface were removed from each specimen, washed
with distilled water, packed in polyethylene bags,
labeled, and stored at −20°C for subsequent analysis.

2.3 Determination of Metals

Concentrations of Pb, Cd, Zn and Cd were performed in
accordance with Visnijic-Jeftic et al. (2010) with some
modifications. Approximately 1.0 g of muscle tissue
from each specimen was placed in pre-weighed 100-
mL PFA Teflon vessels. Five milliliter of concentrated
HNO3 and 3 mL H2O2 were then added, and the muscle
tissue was pre-digested for 4 h at room temperature.
Seven blank samples and two certified standard refer-
ence samples containing fish tissue (dogfish liver—
DOLT-2—National Research Canada Council, NRCC;
and oyster tissue—National Institute of Standard and
Technology, NIST) were also analyzed. Twomilliliter of
milli-Q water was added to the individual samples
which were then further digested by heating in a micro-
wave (CEM Corporation, Mars 5 model) using the
following parameters: 600 W, 100 %, 9 min of temper-
ature ramp, 145 PSI, 145°C temperature and 5-min
hold.

After digestion, the solutions were diluted by add-
ing milli-Q water until 25 mL. Cu and Zn concentra-
tion was measured using flame mode of a Fast-
Sequential Atomic Absorption Spectroscope Varian,
model Spectr-AAS-220-FS. For Cd and Pb determi-
nations, the samples were diluted again (4 mL sample
until 10 mL milli-Q water). Indium (5 ppb) was added
to each sample and Cd and Pb concentrations were
then measured using a high resolution inductively

coupled plasma mass spectrometer HR-ICP-MS
(Element, Finnigan). Results were expressed on a
wet weight basis as microgrammes per kilogramme.
The limits of detection and quantification for each
metal were as follows: 0.156 and 0.243 μg kg−1 for
Cd; 1.43 and 2.00 μg kg−1 for Pb; 12 and
20 μg kg−1 for Cu; and 45 and 63 μg kg−1 for
Zn. Data on quality control using the reference
materials are shown in Table 1.

For Hg measurement, muscle tissues were digested in
glass flasks in a solution of concentrated HNO3, H2SO4

and HClO4 (1:2:1). Measurements of metal concentra-
tion were taken using the flow injection cold vapor
atomic absorption spectrometry (FI-CV-AAS) tech-
nique. The analytical procedure followed the methods
described by Lima et al. (2005). The detection and
quantification limits were 2 and 15μg kg−1, respectively.
The validation of total Hg determination was assessed
against a certified the standard reference material—Dog-
fish muscle DORM-2 (National Research Canada Coun-
cil, NRCC). Hg concentrations were also reported as
microgrammes per kilogrammewet weight. Quality con-
trol was assured by performing Hg analysis of the certi-
fied reference material Dorm-2 with a certified Hg
concentration of 4.64±0.26 mg kg−1. Mean data
obtained (n06) was 4.61±0.07 mg kg−1 with an average
recovery of 0.99±0.02 at a 0.05 significance level within
the confidence interval of the certified level. The analyt-
ical results showed good precision and accuracy.

2.4 Statistical Analysis

Morphometric data were characterized as mean,
minimum and maximum values. Due to high indi-
vidual variability, metal concentrations in the muscle
tissue are presented as median, minimum and max-
imum values. A cluster analysis was also used to
classify areas in accordance with the different
human influence in the estuaries and sites. The
software (Multi-Variate Statistical Package) applied
an average linkage method. In this method, different
groups are generated in accordance with the distance
or similarity between the clusters. The grouping
between endpoints measured as biological variables
and metals levels for each sampling site were veri-
fied with principal component analysis. A correla-
tion matrix was used for standardization because the
variables were measured on different scales or were
of different orders of magnitude.

3914 Water Air Soil Pollut (2012) 223:3911–3922



3 Results

Biometric data of fish collected in both estuaries are
summarized in Table 2. Fish from Cananéia estuary
showed higher total length and total weight (C. spixii:
L, 302–411 mm;W, 236–690 g or G. genidens: L, 297–
315 mm; W, 217–578 g) when compared to fish from
industrial (C. spixii: L, 128–317 mm;W, 19–328 g orG.
genidens: L, 170–382 mm; W, 38–234 g) and domestic
(C. spixii: L, 171–224 mm;W, 51–101 g orG. genidens:
L, 159–315 mm; W, 33–305 g) areas in Santos-São
Vicente estuary (Table 2). All analyzed fish were adults
with active gonadal maturation (including individuals in
spawning and post-spawning conditions).

The median concentrations of Pb, Cd, Hg, Cu and
Zn for C. spixii and G. genidens Ariidae from two
estuaries under distinct anthropogenic influence are
summarized in Table 3. In general, with exception of
Cu levels, G. genidens from the Santos-São Vicente
estuary sites subject to industrial and domestic sewage

(sites 1 and 2) showed a higher concentration of metals
than C. spixii from these same regions. The metals
concentrations obtained for all samples were in accor-
dance with results observed for other estuarine benthic
fish species (Has-Schön et al. 2006; Mansilla-Rivera
and Rodríguez-Sierra 2011), but were below interna-
tional (FAO 1983; MAFF 1995; HC 2007) and national
(ANVISA 1998) guidelines (Table 4).

In order to observe the relationship between sampling
sites, cluster analysis was applied. Since fish from the
reference site were significantly different to those from
the contaminated sites in Santos-São Vicente estuary in
terms of length and weight, these biometric data were
not considered in this analysis. The dendogram revealed
that the areas could be grouped into two main clusters.
For C. spixii, the groups were related with the different
anthropogenic influences (Fig. 2a): cluster 1 was the
reference area (site 3) and cluster 2 contained both the
domestic and industrial areas (sites 1 and 2) in the
Santos-São Vicente estuary. The dendogram for G.
genidens also indicated two clusters, but in this case
one cluster was associated with the domestic area (site
2) and the other grouping contained the industrial and
reference areas (sites 1 and 3).

A correlation matrix of all studied variables was
analyzed for both species (Table 5). These data were
used as a guide to clarify the possible correlations
among the variables. However, cross correlations
between species were not considered. For C. spixii,
four positive and statistically significant correlations
were found between the biometric data and the con-
tents of Zn and Hg (L vs Zn: rs00.56, p<0.01; W vs
Zn: rs00.52, p<0.01; L vs Hg/L vs Zn: rs00.56, p<
0.01; W vs Hg: rs00.33, p<0.05). Another significant,
though negative, correlation was observed between Cu
and Zn (rs0−0.36, p<0.05). For G. genidens, a unique
negative significant correlation was found between the

Table 1 Analysis of metals (Cd, Pb, Cu and Zn) in reference materials (Dogfish liver—DOLT-2, NRCC and Oyster Tissue, NIST)

DOLT-2 Oyster Tissue

Certified values Found values % Recovery Certified values Found Values % Recovery

Cd 20.8±0.5 18.7±0.1 90 4.15±0.38 3.66±0.07 88

Pb 0.22±0.02 0.20±0.01 93 0.371±0.014 0.370±0.06 99

Cu 25.8±1.1 20.5±0.71 79 66.3±4.3 61.5±0.85 93

Zn 85.8±2.5 82.9±2.6 97 830±57 789±17 95

Data represent mean ± standard deviation (n03) in milligrammes per kilogramme dry weight and recuperation (percent)

Table 2 Morphological data presented as mean and range values
for total length (L) and total weight (W) of C. spixii and G.
genidens from each sampling site

n L (mm) W (g)

C. spixii

Site 1 10 240 (128–317) 171 (19–328)

Site 2 21 195 (171–224) 73 (51–101)

Site 3 15 358 (302–411) 447 (236–690)

G. genidens

Site 1 22 220 (170–382) 95 (38–234)

Site 2 16 221 (159–315) 115 (33–305)

Site 3 10 308 (297–315) 425 (217–578)

Site 1 industrial, Site 2 domestic, Site 3 Cananéia), n number of
samples, L total length, W total weigh
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level of Hg and Cu (rs0−0.39, p<0.05). As would be
anticipated, significant and positive correlations were
observed between the length and weight of both species
(C. spixii—L vsW: rs00.97, p<0.01;G. genidens—L vs
W: rs00.93, p<0.01).

The influence, dependence and associations of the
variables (e.g. length, weight and metal concentrations)
in each sampling site for both Ariidae species were
verified using Principal Component Analysis (PCA).

The analysis takes into account the metals contents
(Zn, Cu, Cd, Pb and Hg) and the biological parameters
(length and weight) for each catfish species sampled in
the three studied sites (Fig. 3a). PC1 explained 86 % of
the variance and 11 % was explained by PC2. Greater
variability was observed in axis 2, where there were
both significant positive and negative correlations
among the variables. Two groups were clearly separated
in PC2, representing the reference site (length, weight,

Table 3 Metals concentration (microgrammes per kilogramme
wet weight) in muscle tissue of Ariidae (C. spixii and G. geni-
dens) from two sites of the Santos-São Vicente estuary under

distinct anthropogenic influence, for instance industrial (Site 1)
and domestic (Site 2) sewage and from Cananéia estuary (Site 3)

Pb Cd Hg Cu Zn

C. spixii

Site 1 <DL 5.07 (3.87–11.19) 267.65 (88.12–447.94) 351 (264–380) 10,656 (6,844–17,195)

Site 2 17.91 (<DL–176.98) 7.76 (7.65–12.77) 96.41 (61.27–122.76) 494 (98–735) 6,301 (4,615–11,222)

Site 3 59.30 (1.41–117.55) 6.69 (5.20–155.28) 157.56 (49.31–248.35) 67 (23–184) 10,952 (4,546–12,735)

G. genidens

Site 1 9.92 (<DL–19.35) 6.78 (4.58–10.17) 392.25 (205.55–544.57) 177 (41–453) 12,123 (7,534–19,894)

Site 2 18.52 (<DL–18.52) 8.86 (5.47–23.59) 105.51 (32.36–286.35) 280 (74–570) 9,396 (7,008–15,565)

Site 3 57.17 (29.43–71.86) 5.87 (2.73–9.62) 209.22 (97.58–263.24) 37 (14–67) 11,673 (5,318–17,509)

Results as expressed as median, minimum and maximum values

Pb: DL01.43

Table 4 Range with minimum and maximum values (milligrammes per kilogramme wet weight) of metals in muscle tissue of some
estuarine/marine fish with benthic habitats and the permissible limits

Species/region Pb Cd Hg Cu Zn Reference

Cathorops spixii/Brazil <DL–0.177 0.004–0.013 0.049–0.448 0.009–0.735 4.615–17.195 Present work

Genidens genidens/Brazil <DL–0.072 0.005–0.09 0.032–0.545 0.041–0.570 7.008–19.894 Present work

Micropogon undulates/
Puerto Rico

– – <0.08–0.36 0.10–0.43 1.95–3.75 Mansilla-Rivera and
Rodríguez-Sierra (2011)

Anguilla anguilla/River
Neretva, Croatia

0.03–0.14 0.02–0.04 0.09–0.12 – – Has-Schön et al.(2006)

Lophius budegassaa/Turkey 0.17±0.02 0.02±0.03 – 6.24±2.34 20.8±11.3 Yılmaz et al. (2010)

Solea lascarisa/Turkey 0.39±0.05 0.04±0.01 – 5.64±3.92 27.5±5.22 Yılmaz et al. (2010)

International criterion 0.5 – 0.5 15 60 HC (2007);
Summers et al. (1995)

Other criterions 2.0c 1.0c (0.5)d 0.5c – – ANVISA (1998);
FAO (1983)

MAFF 1995b 2 0.2 0.5 20 50 MAFF (1995)

DL detection limit
aMean±SD
bMAFF (1995)
c ANVISA (1998)
d FAO (1983)
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Pb and Zn for C. spixii) and the industrial and domestic
pollution sites (Cu for C. spixii and; length, weight, Zn,
Cu, Hg, Cd and Pb forG. genidens). When the PCAwas
performed without the biometric data (Fig. 3b) there was
an inversion of position between the two groups refer-
ence (now in the negative axis) and domestic and indus-
trial sites (now in the positive axis) in PC2. In this latter
analysis, 87 % of the variance was explained by PC1
and 8 % by PC2.

4 Discussion

The significant positive correlations found in this study
have been observed by other authors analyzing the
relationship between biometric data and metal contam-
ination in various fish species. Specifically, negative
correlations between length/weight and Cu levels were
reported by Canli and Atli (2003) in their study of metal
concentrations in Scomberesox saurus (Atlantic saury).
Moreover, significant positive correlations between
THg and biometric data are commonly described in
the literature (e.g. Anan et al. 2005; Rabitto et al.
2011; Zhu et al. 2012). However, it is important to note
that different species can show different profiles of

metal incorporation and it should therefore be cautiously
applied in the context of biomonitoring.

In general, studies with natural population are prob-
lematic due to the inability to statistically control for the
variation in the biological characteristics of the organ-
isms. One potential solution is to only use organisms in
the same length/weight classes. However, by doing this,
sample size may be dramatically reduced thereby
decreasing the ability of statistical tests to detect signif-
icant differences between samples. Moreover, it is also
very important to apply the most appropriate statistical
tools to partition out the influence of biological traits in
the analysis, especially when assessing the potential
utility of a species as a bioindicator. The pragmatic
choice in studies in which sampling is constrained by
limited time and resources, and the one adopted in the
current study, is to use the greatest sample size and to be
rigorous in the application of statistical tests in order to
detect any trait related biases. On this basis, even though
there was a slight difference in size characteristics of fish
from the reference estuary and the two polluted sites, the
analysis indicates that this did not compromise the main
goal of the study. Thus, the data clearly show the sepa-
ration of C. spixii and G. genidens in different areas,
although it should be noted that C. spixii varied less in
the assessed traits than G. genidens.

It is important to distinguish between the essential
metals (Zn and Cu) that naturally occur in animal
tissues and the non-essential metals (Pb, Cd and Hg)
that reflect exogenous influences and which may be
related to environmental pollution (Yilmaz et al.
2010). Indeed, toxic effects of Zn in the environment
are rare, and this metal may even have a protective
effect against the toxicity of some metals such as Cd
and Pb.

Zinc is an integral component of a large number
and variety of proteins that are involved in a multi-
plicity of vital metabolic processes (Vallee and Auld
1993). Several functions have been attributed to metal-
lothionein (MT) in response to exposure to high levels
of Cu, Zn, Cd, Pb and Hg (Viarengo 1989), especially
those concerned with the detoxification and antioxida-
tive responses of the cell (Valle 1995; Jacob et al.
1999; Livingstone 1993). Moreover, MT plays a crit-
ical role in zinc metabolism, both in homeostasis and
distribution, as well as in neural and metabolic net-
works (Bell and Vallee 2009). Such essential metal
“clusters” such as MT are very important for cell
functioning. For example, during homeostasis, MT

Fig. 2 Dendogram illustrating similarity as assessed by UPGMA
among themetal contaminants (Cd, Pb, Cu, Zn andHg) inC. spixii
(a) andG. genidens (b) from the reference area (Cananéia) and the
two polluted sites (Industrial and domestic) in the Santos-São
Vicente estuary
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makes Cu+2 and Zn+2 available for the biosynthesis of
many metalloenzymes and metalloproteins (Valle
1995; Gao et al. 2008). MT also decreases the input
of metals to the cell, thereby decreasing the toxic
effects of some metals. The Zn levels observed in the
polluted areas in the Santos-São Vicente estuary were
similar to those obtained for Ariidae from the refer-
ence site in Cananéia, suggesting that these concen-
trations probably reflect normal levels without a
significant influence of anthropogenic contamination.

The concentrations of Hg and Cu in the muscle tissue
of both fish species were higher in individuals from the
Santos-São Vicente than those from the Cananéia
estuary. These data can suggest an anthropogenic input
of these metals into the estuary, with potentially negative
impacts on the health of the fish populations—Pb, Cd
and Hg are highly toxic, even in trace amounts. Lead
(Pb) is especially toxic for fish and is associated
with deficits or decreases in survival, growth rates,

development and metabolism (Yilmaz et al. 2010). It
should be noted, however, that all the concentrations of
metals observed in the present study are below the
maximum advisable international and national limits
for muscle tissue in fish (FAO 1983; ANVISA 1998).

Amorim et al. (2008) analyzed sediments from
several stations in Cananéia estuary and observed
low values of THg, Zn, Co, Cr—interpreted as being
indicative of natural conditions. In relation to the
station and season where catfish in the present study
were sampled, the authors obtained the following val-
ues: THg 0.032 μg g−1, Zn 25 μg g−1, Co 3.7 μg g−1

and Cr 24 μg g−1. By contrast, a recent study in the
Santos-São Vicente estuary obtained much higher con-
centrations of metals in sediment than those from the
Cananéia estuary (Hortellani et al. 2008). In sample
sites corresponding to the domestic (site 2) and indus-
trial (site 1) sites metal concentrations were as follows:
Cr 97.5 μg g−1, Zn 284.4 μg g-1, Ni 22.2 μg g−1, Co

Fig. 3 Principal components
analysis (PCA) of metals (Cd,
Pb, Zn, Cu and Hg) in C.
spixii (Cs) and G. genidens
(Gg) from two polluted sites
(site 1: industrial; and site 2:
domestic) in the Santos-São
Vicente estuary and in .the
reference site (site 3: Cananéia
estuary). a PCA only to met-
als/areas; b PCA tometals and
biological parameters of the
fish (length and weight)/areas
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10.3 μg g−1, Cd 0.92 μg g−1, Pb 23.5 μg g−1,
Hg 0.23 μg g−1, Al 5.21 μg g−1 and Fe 2.68 μg g−1

(domestic site equivalent). Cr 97.5μg g−1, Zn 312μg g−1,
Ni 44.2 μg g−1, Co 15.3 μg g−1, Cd 0.98 μg g−1, Pb
89.9 μg g−1, Hg 0.75 μg g−1, Al 6.19 μg g−1 and Fe
7.99 μg g−1 (industrial site equivalent). Hortellani et al.
2008 considered these data to be indicative of an input of
Al, Fe, Ni, Co and Cr into the industrial area, high Zn, Hg
and Pb were connected with the industrial and port
regions, and Cd and Zn were the unique metals indicative
of domestic disposal.

THg concentrations in sediments and water chemis-
try (NO3

−, NO2
−, NH4 and PO4

−3, dissolved oxygen,
pH, temperature and salinity) have been previously
determined in the Santos-São Vicente estuary and in
Cananéia. Specifically, Azevedo et al. (2009, 2011)
demonstrated the deteriorating condition of water and
sediment and the deleterious influence of the human
activities in the Santos-São Vicente estuary as compared
with the Cananéia estuary.

The presence of Pb, Hg and Cd was also detected in
the relatively unpolluted Cananéia estuary, albeit at low-
er concentrations. The influence of these metals in the
reference site was also confirmed by the PCA analysis
when the influence of the biometric differences were not
considered (Fig. 3b). Their presence is somewhat sur-
prising in an area that is frequently used as a reference
for biomonitoring studies, but can be explained in part
by the proximity of the estuary to an abandoned gold
mine and the location of a fertilizer factory in Iguape
city in the northern portion of the estuary. Moreover,
these metals can also come from a wide variety of more
distant and diffuse sources, such as transport in river
sediments, air and in the bodies of migrating aquatic
species (Wiener and Spry 1996; Fitzgerald et al. 1998).
However, given the presence of these toxic metals in the
study area the choice of the Cananéia estuary as a
reference site for environmental assessment and moni-
toring should bemadewith reservations according to the
type of study and the contaminants of interest.

Finally, the data presented strongly indicate that the
two species of catfish, and specifically C. spixii, can
serve as bioindicator species. The grouping revealed by
the cluster analysis between the reference and domestic
areas suggests that metal accumulation in C. spixii is less
influenced by biological characteristics than G.genidens
because, with exception for Cu contents, the level of
metals recorded for both catfish species were very
similar.

Even though levels of the metals analyzed are not yet
critical from a human health perspective, the initiation of
further monitoring programs in the study area is desir-
able. This is especially the case in the Cananéia estuary,
which is frequently used as reference site for environ-
mental assessment studies, but which is clearly subject
to toxic metal pollution. The high concentrations of
mercury in the muscle tissues of both catfish species
from all the regions studied warrant regular monitoring
of the environment and the fish inhabiting it. Because of
its high toxicity, this element is of significance to the
environment and to the health of fish and consumers.
The other metals studied (Cu and Zn) occur at levels that
are regulated by fish metabolism and do not pose
threats.
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