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ABSTRACT

Pb, Cd, Zn, and Cu concentrations and their digiob in liver, gill, and muscle tissues of the
catfish Cathorops spixiiand Genidens genidensere investigated in order to provide information
concerning the bioaccumulation processes in thesaes. Fish were collected in one estuary subject
to slight human influence (Cananéia) and in twaaeg within the Santos-Sao Vicente estuary, Sdo
Paulo, Brazil, subject to distinct anthropogenittuiences: 1) industrial and 2) domestic. In general
the highest concentrations of Cu, Zn, Cd, and Ptei@ind in the liver tissue. Muscle showed the
lowest values of metal accumulation for all ther@ats investigated. Regarding the distribution and
the metal pollution index (MPI), the levels of theetals analyzed decreased in the following order:
liver>gill>muscle. MPI results suggest that gilldafiver are important organs to exemplify the
bioaccumulation process and are also better ablkeftect both recent and chronic exposure to
metals.

REesuwmo

Concentraces de Pb, Cd, Zn e Cu e sua distribuigafigado, branquias e musculo dos bagres
Cathorops spixiie Genidens genidenforam determinadas visando fornecer informag6ésesos
processos de bioacumulacdo desses metais nasessp@sipeixes foram coletados no estuario de
Cananéia e em duas regides do estuario de SarudgiSite, ambos em Sao Paulo, Brasil. Esses
estuarios apresentam distintas influéncias antémpogs, sendo o primeiro deles submetido a
impacto industrial e o segundo a impacto domésEoo.geral, as maiores concentragdes de Cu, Zn,
Cd e Pb foram obtidas no tecido hepatico. No masfadam encontrados os menores valores de
acumulagdo para todos os elementos investigad@nt®a distribuicdo dos metais e ao seu indice
de poluicdo (Iindice de Poluicdo por Metais- IPM3, miveis diminuiram na seguinte ordem:
figado>branquias>musculo. Resultados do IPM sugeregras branquias e o figado s&o importantes
orgéos para indicar processos de bioacumulacadp sembém os melhores para refletir exposicdes
crbnica e recente a metais.

Descriptors: Bioaccumulation, essential and noeseisa metals, Metal pollution index, Estuaries,
Cathorops spixii, Genidens genidens.

Descritores: Bioacumulagéo, Metais essenciais e asienciais, indice de poluicdo por metais,
Estuéarios Cathorops spixii, Genidens genidens.

INTRODUCTION excretion routes of harmful chemicals in fish,
including the gills, bile, kidney and skin.
The characterization of the accumulation The mechanism of metal uptake through the

of metals in different organs or body compartménts 9il!S is most likely one of simple diffusion, polst

fish has proved to be a representative measure B}rough pores. There is no evidence of active parts
exposure (SERAFIM; BEBIANNO, 2001) and is used®! metals through fish gills, although there may be
to monitor the bioavailability of these pollutantsCases of carrier mediation. The liver's functiorthiat
(KNAPEN et al., 2007). The distribution of pf regulating metal homeogtg&g in fish, and |yplan
metals within the body of a fish may Varylmportgnt role in the detoxification, accumulatland
considerably, depending on the species (HEATHEXCTEtion processes. Some metaloproteins are known
1990). Muscles are not always a good indicatotHer by thglr function in detomﬁgaﬂon. Mgtallothlonel
whole body, but can indicate chronic exposure (JARIGMT) is a low molecular-weight protein which has
et al., 2011). It is possible to identify different Many sulfhydryl groups that bind a variety of mstal
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and, therefore, make them less toxic to other leellu Unlike that of Santos-S&o Vicente, the
constituents (HEATH, 1990). With the liver's Cananéia estuary is subject to slight anthropogenic
tendency to accumulate several metals, the asgwriat influence and is frequently used as an example of a
of large amounts of MT with this tissue is notnon-impacted environment for marine biomonitoring
surprising. studies in the State of Sdo Paulo (AZEVEDO et al.,

Zn and Cu are known as essential element8009b). However, some studies have indicated the
that activate many enzymatic systems. Zn especiallyresence of toxic metals, including Pb, Cd, Cu, Zah an
has an important function since it is a compondnt dHg in this region in recent years (AZEVEDO et al.,
metallothionein. This latter protein is very impot 2011; AZEVEDO et al.,, 2012a; AZEVEDO et al.,
in the detoxification of toxic metals through the2012b). The presence of Hg in this estuary is paotl
dismutation of zinc-binding by, for example, Cd andbe explained by the presence of an abandoned gold
Cu (although at lower levels, Cu also has a significa mine and the fertilizer factory located in Iguajrethe
importance in MT metal-biding). In contrast to Zy  northern portion of the estuary.
and Cd, there is no evidence that Pb produces the Ariidae catfish feed on detritus and some
metal-binding protein metallothionein (SMIRNOV et organisms such as polychaetes and mollusks present
al., 2005). the sediment. This compartment is very important in

Metals such as zinc (Zn) and copper (Cu) ardioaccumulation studies due to its contaminant
essential to the metabolism of living organismshsucretention capacity and the high bioavailability of
as fish, while some others such as lead (Pb) andetals (LANA et al., 2006). The Ariidae catfish
cadmium (Cd) play an unknown role in biologicalCathorops spixiiand Genidens genidenare found
systems and have, therefore, been extensivelyestudiover a wide area in the Atlantic coast off South
(DURAL et al., 2007; KARADEDE-AKIN; UNLU, America, ranging from Belize to southern Brazil
2007; YILMAZ et al., 2010; JARICet al., 201y (TIJARO et al, 1998). Previous studies have
Essential and non-essential metals must be callectelemonstrated the ability of this species as a
from water, sediment, or food, especially in thebioindicator capable of accumulating some trace
feeding of benthic-foraging fish. However, the neta metals, especially in the Santos-Sdo Vicente and
in sediments are not always bioavailable, sincér theCananéia estuaries (BOLDRINI; NAVAS-PEREIRA,
bioavailability depends on a series of factors sash 1987; AZEVEDO et al 2009a; AZEVEDO et al.,
pH, Eh, granulometry and organic matter conten2009b; AZEVEDO et al., 2012a).
Nonetheless, metals in the environment are taken up In this study, the Ariidae catfish sampled
by fish and can accumulate in tissues such as musakere assumed to have been exposed to the metals
and liver (HEATH, 1990). assayed as a result of the various industrial iievin

The Santos-Sao Vicente estuary is located ithe Santos-Sao Vicente estuary. The main goalisf th
the central coastal area of Brazil in the southeastestudy was, therefore, to evaluate the accumulation
area of S&do Paulo state. Industrial activities andn, Cu, Pb and Cd in the liver, muscle and gill$wad
tourism are economically important to the regiorAriidae catfish species used as bioindicators giores
and its dense population produces large quantitfes subject to different kinds of chemical waste digbos
domestic sewage. This estuary also contains thsich as industrial sewage, domestic wastes anlt slig
largest commercial harbor in South America andhwit human influence. The Metal Pollution Index (MPI)
approximately 1100 industries (such as fertilizansl was used to compare the total levels of metal$ién t
pharmaceuticals), it is one of the most importantifferent tissues of catfish species and at differe
petrochemical and metallurgical industrial areas isampling sites.
Brazil. Some authors have reported high

concentrations of different chemical pollutantsy fo M ATERIAL AND M ETHODS

instance metals such as Pb, Cd, Zn and Cu introduced

into this coastal aquatic systemas a result Sampling Sites and Collection

of the various industrial activities undertaken tire

inner area of the estuary (BOLDRINI; NAVAS- A total of 46 specimens dfathorops spixii

PEREIRA, 1987; AZEVEDO et al., 2011; AZEVEDO and 38 specimens @enidens genidensere sampled

et al., 2012a). The rapid increase in urbanizatiod on two consecutive campaigns, during July and
industrialization, mainly in the last 50 years, febto  August 2009. Individuals were collected with giéta

the degradation of the coastal mangrove habitah two areas of the Santos-S&o Vicente estuary (n =
through contamination with effluents from industria 69) affected by distinct contamination levels (Fig.

and domestic sources and solid waste. All of thesghe sites were selected as described below: Site 1
anthropogenic sources contribute directly or intlye  Industrial area close to Cosipa_(Industrial sewage)
to the concentration of metal contaminants in twal the inner part of the system affected by intense
environment. industrial activity; Site 2 - Aracardna_ (domestic
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sewage) — region of raised (stilted) housing anthe condition factor (CF) determined by [body weight
previously the location of an off dump. For the(g)/length (cm3]*100. Metal pollution Index (MPI)
purpose of comparison, fish were also sampled én thwas calculated in accordance with Usero et al. 199
Cananéia estuary (n = 17) (Fig. 1), an aquatic systeas  (Cf* Cf,* Cfs.Cf)*" where Cf s
located in the southeastern area of the S&o Paatle, S the concentration of the metal in the sample.

Brazil, since it has presented low levels of human

influence. The specific numbers of the fish analyze Metal Analysis by ICP-MS and AAS
for each of the sample sites in the two estuaries a o .
given in Table 2. Due to the logistic difficulties Metal determinations were undertaken in

encountered in samplin@. genidensn Cananéia, the accordance with Visnijic-Jeftic et al. (2010) withme
data on metals in tissues and the biometrinodifications. About 1.0 g of muscle, 0.2 g of live
measurements of fish from this site are not shown. and gill tissue were placed in pre-weighed 100 mL

After the sampling, individuals were Teflon tubes. 5 mL of concentrated Hilénd 3 mL of
anesthetized with benzocaine (2% in water), kibgd H2O, were then added and pre-digested for 4 h. Seven
spinal section, and identified in accordanceblank samples and two certified standard reference
with FIGUEIREDO; MENEZES (1978). The fish tissue materials (Dogfish liver - DOLT-2, NRCC
biometric data of each fish were taken and the iapax and Oyster Tissue, NIST) were also analyzed. 2 L o
muscle from dorsal fish surface, liver and gill gg@s ~ milli-Q water were added to the individual samples
were dissected, washed with distilled water, padked and were then further digested by heating in a
identified polyethylene bags, and kept at -20°C fomicrowave oven (CEM Corporation, Mars 5 model)
subsequent metal analysis. with the following parameters: 600 W, 100 %, 9 min

Hepatic somatic index (HSI) was of temperature ramp, 145 PSI, 145°C temperature, and
calculated by [liver weight (g)/body weight]*100can 5 min hold.
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Fig. 1. Sampling sites showing Santos-S&o VicendeGananéia estuaries, Sdo Paulo, southeast ddérsizd.
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After digestion, the solutions were diluted bythe somatic indices and concerning metal
adding milli-Q water to a total, &f5 mL. Cu and Zn concentrations for all the tissues of both the dwé
concentrations were measured using the flame modatfish species from each sampling sji€0.05 was
of a Fast-Sequential Atomic Absorption Spectroscoptaken as determining statistical significance. fe t
Varian, model Spectr-AAS-220-FS. For the Cd and Phraphs, metals have been displayed on the logddthm
determinations, the samples were diluted againl(4 maxis scale due to the great differences in magaitud
sample with up to 10 mL of milli-Q water). 5 pgkg observed in the values for each tissue.
of Indium was added to each sample and the Cd and
Pb concentrations were then measured using an ResuLts
inductively cou.ple.d plasma mass spectromgter ICP- Data on total length (TL), total weight (TW)
MS (ElementFinnigan). The values of detection and 54 somatic indices such as condition factor (C) an
the quantification limits for each metal analyzedrev hepatic somatic index (HSI) are given in TableC2.
0.156 g kg and 0.243 ug kbf_or Cd; 1.43 pg kd spixii from Cananéia estuary presented higher total
and 2.00 ug kéfor Pb; 12 ug_kd and 20 pg kg for length and total weight (TL: 302-411 mm, TW: 236-
Cu, and 45 pg kgand 63 pg kgfor Zn, respectively. ggq g) than did the specimens from industrial (TL:
Results were expressed on a wet weight basis. hrrord128_317 mm, TW: 19-328 g) and domestic (TL: 171-
to facilitate the observation of the data, envirental 224 mm, TW: 51-104 g) areas in the Santos-S&o
data ?f metal concentrations were expressed as PRlficente estuary. In general,. genidensad a similar
(ug g). Data on quality control using the standard,4riation of total length and total weight to inidivals
reference materials are show in Table 1. from industrial (TL: 170-382 mm, TW: 38-234 g) and

Statistical Analysis domestic (TL: 159-315 mm, TW: 33-305 g) areas. All

Biometric data are presented as meanthe fish collected were adults and no evidence of

. . .gexual maturity for reproductive purposes was to be
minimum and maximum values. The non-parametric), o q
Kruskal-Wallis test was used to identify differeade '

Table 1. Analysis of Cd, Pb, Cu and Zn in referemzgerials (Dogfish liver - DOLT-2, NRCC and Oystéssue,
NIST). Data represent mean concentrations (1§ ¥gdv 1 = 3) and recovery (%).

DOLT-2 Oyster Tissue
Certified values Found values % Recovery Certified values Values Found % Recovery
Cd 20.8z%05 18.69 + 0.05 90 4.15+0.38 3.66 £0.07 88
Pb 0.22+0.02 0.20+0.01 93 0.371+0.014 0.37060. 99
Cu 258z*11 20.45+0.71 79 66.3+4.3 61.49 +0.85 93
Zn 85.8+25 82.86 + 2.56 97 830 + 57 788.96 + 16.795

Table 2. Biometric data @. spixiiandG. genidensrom each sampling site. Values of
TL and TW shown as mean, minimum and maximum; a8tidfd CF as meanzsadv.
= number of samples.

C. spixii
n TL (mm) TW (9) HSI CF
Cananéia 15 358 447° 1.65+0.18 0.94+0.08
(302-411) (236-690)
Santos-Séo Vicente estuary
Domestic 21 198 73 1.37+0.28 0.97+0.07
(171-224) (51-104)

Industrial 10 240 17F 1.730.27 0.97£0.08
(128-317)  (19-328)

G. genidens
Santos-Séo Vicente estuary
n TL (mm) TW () HSI CF
Domestic 16 221 115 1.34+0.28 0.90+0.08
(159-315) (33-305)
Industrial 22 226 95 1.53+0.5 0.87+0.11

(170-382) (38-234)
T L: total length; TW: total weigh; HSI: hepaticreatic index; CF: condition factor
Different letters to indicate differences founddpplying Kruskal-Wallis test witp <0.05.
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Concerning somatic indices, there were naite; and from 0.26 to 0.38 ppm, 3.19 to 10.57 ppm,
statistically significant differences in the CF ad8&l and 0.39 to 0.93 ppmin animals from the industrial
values between the sampling sites 1 and 2 @rea, respectively.
between the two Ariidae catfish species. Pb and Cd contents in the tissues were low.

The concentrations of the metals analyzed if€d in muscle ofC. spixii from Cananéia, and the
the liver, gill, and muscle of both Ariidae catfishdomestic and industrial areas ranged from 0.005 to
species for each sampling site are shownCiospixii  0.009 ppm, from 0.006 to 0.012 ppm, and from 0.001
and G. genidens respectively, in Figures 2 and 3.to 0.004 ppm, respectively. The Cd content in liver
Essential metals such as Zn and Cu presentednged from 0.019 to 1.24 ppm, from 0.11 to 0.13
higher concentrations than Pb and Cd in both Ariidappm, and from 0.06 to 0.07 ppmin fish from
species. The Zn content: in musclefspixiiranged Cananéia, and the domestic, and industrial areas,
from 7.12 to 12.74 ppm in specimens from Cananeiagspectively. The concentrations in the gillfspixii
4.66 to 11.22 ppm in individuals from the domesticanged from 0.001 to 0.005 ppm, 0.004 to 0.328 ppm,
area, and from 6.84 to 17.20 ppm in fish from theand from 0.005 to 0.009 ppm in animals from
industrial area; in liver from 100.15 to 850.77 ppm Cananéia and the domestic and industrial areas,
specimens from Cananeia, from 46.51 to 169.73 ppmespectively. Levels of Pb in muscle of &l spixii
in individuals from the domestic area, and fromfrom the industrial area were below the limit of
266.92 to 580.47 ppm in fish from the industrisdar detection and were not, therefore, included in gl
and in gill, from 145.56 to 926.62 ppm in specimen®b in muscle ofC. spixii from Cananéia and the
from Cananefa, from 26.67 to 115.98 ppm indomestic area ranged from <DL to 0.12 py and
individuals from the domestic area, and from 107.7&om <DL to 0.18 ppm. Pb levels in liver rangedrfro
to 926.62 ppm in fish from the industrial area,0.02 to 0.58 ppm, 0.02 to 0.09 ppm, and 0.24 t6 0.3
respectively. ppmto fish from Cananéia, domestic, and industrial

Cu concentrations in muscle, liver, and gillareas, respectively. Additionally, concentratioh$b
of C. spixii ranged from <DL to 0.12 ppm, 1.08 to in gill of C. spixiiranged from 0.04 to 0.41 ppm, 0.27
4,78 ppm and 0.15 to 0.83 ppnin fish collected in to 1.74 ppm, and 0.23 to 0.45 ppmanimals from
Cananéia; from 0.09 to 0.64 ppm, 7.15 to 116.02 ppnGananéia, domestic, and industrial areas, respbctive
and 0.26 to 0.87 ppm in specimens from the domestic
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Fig. 2. Metal concentrations in muscle, liver anll@f C. spixii from Cananéia and two sites within the Santos \@aente
estuary subject to the distinct anthropogenic @rfltes of Domestic and Industrial effluents. Resailes expressed as mean
values displayed on the logarithmic axis scalefeBet letters indicate significant differencesvietn the groups. p<0.05.
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Fig. 3. Metal concentrations in muscle, liver anila G. genidendgrom two sites within the Santos-Séo Vicente astua
subject to such distinct anthropogenic influencesDamestic and Industrial effluents. Results arneressed as mean
values displayed on the logarithmic axis scalefebét letters indicate significant differenceswvietn the groups.
p<0.05.

With the exception of Cu, as regards theindustrial areas, respectively. Pb concentratioms i
contents of metals in the liver of fish from themuscle ofG. genidenganged from <DL to 0.02 ppm
domestic area in the Santos-S&o Vicente estuaiy, itand from <DL to 0.02 pprim fish from the domestic
worth noting that, in general, no differences wereand industrial areas, respectively. Pb contenté/an
observed betwee@. spixiiandG. genidensfor liver, ranged from 0.37 to 6.29 ppm in specimens from the
muscle orgill. Due to the logistic difficulties domestic area and from 0.30 to 2.62 ppm in animals
encountered in sampling. genidensn Cananéia, data from industrial area. Finally, Pb levels in gillnged
on metals in the tissues of fish from this site mo¢ from 0.41 to 1.64 ppm inG. genidensfrom the
shown. Zn levels in muscle @. genidendrom the domestic area and from 0.27 to 0.68 ppm in fisimfro
domestic area ranged from 7.01 to 15.57 ppm and the industrial areas, respectively.
those from the industrial area from 7.53 to 19.8thp As in the case ofC. spixii there were no
Zn in liver ranged from 99.86 to 232.17 ppm innoteworthy statistical differences in the metalfieo
specimens from the domestic area and from 158.37 thstribution in the tissues @. genidensin general, a
477.22 ppm inG. genidensrom the industrial area; similar profile was observed for the metal disttibo
Zn contents in gill ranged from 66.34 to 238.47 ppnin the fish tissues from the industrial and doneesti
in individuals from the domestic area and from 20.1areas in the Santos-S&o Vicente estuary in both
to 567.14 ppm in fish from the industrial area,Ariidae species. In relation to metal distributionthe
respectively. tissues, concentrations diminished successivelyn fro

For Cu levels, muscle, liver, and gill rangedliver>gill>muscle. However, no significant differess
from <DL to 0.57 ppm, 3.77 to 11.59 ppamd 0.25 to were observed, in general, between liver and gill f
0.85 ppmin fish collect in the domestic site and fromZn and Pb in either species. The data on metals
<DL to 0.57 ppm, 4.75 to 14.84 pprand 0.27 to 0.64 analyzed in this study are in accordance with those
ppm in animals from the industrial area, respectivelyobtained for other fish species around the worlthwi
As in C. spixii Pb and Cd contents in the tissue§of similar habitats and feeding habits (Table 3).
genidenswere low. Cd in muscle of fish from the The overall metal levels in both Ariidae
domestic and the industrial areas ranged from 0t606 catfish were investigated using the metal pollution
0.01 ppm and from 0.005 to 0.01 ppm, respectivelyindex (MPI) for muscle, liver, and gill i€. spixiiand
Cd contents in liver ranged from 0.08 to 0.14 ppmh anG. genidendrom each sampling site and the results
from 0.06 to 0.25 pprin fish from the domestic and obtained are shown in Table 4. MPI increases in the
industrial areas, respectively. Contents in gill@f order liver>gill>muscle. MPI results in gill showed
genidensranged from 0.005 to 0.03 ppm and froma greater variation than those relating to lived an
0.002 to 0.03 ppm in animals from domestic andnuscle.
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Table 3. The mean metal concentration (jtgvgt weight) and associated standard deviation is&asdv) in muscle, liver and
gill tissues of some estuarine/marine fish fromthierhabitats.

Species /Region

Ariidae speciesBrazil

Mugilsp/Alexandriain autumn
2005

Mugil cephalus(Turkey )

Solea lascaridskenderunBay
(Turkey)

L.saliens
Portugal

Eel spRiver Neretva (Croatia)

a Mean value + standard deviation.
b Mean
NA not analyzed

Tissue

Muscle
Liver
Gill

Muscle
Liver
Gill

Muscle
Liver
Gill

Muscle
Liver
Gill

Muscle

Liver

Gill
Muscle

Liver

Gill

Pb

0.027
0.028
0.81+
1.3¢
0.66 +
1.09
1.255 +
0.008
4542 +
0.062
7.757
0.023
1.07 £
0.90
312+
4.68
2.67 %
1.14
0.39 %
0.05
298 +
0.78

Cd Cu
0.008 + 0.29+0.19
0.003 8.86 +
0.203 + 18.52
0.216 0.50 +0.68
0.012 +
0.02F
0.175 + 1.804 +
0.00F 0.024
0.596 + 34.65 +
0.002 0.0012
0.510 + 4.102 +
0.007 0.016
0.09 + 0.49 +
0.08 0.00F
0.02 + 12.03 +
0.02 0.52
0.04 + 4.09 +0.09
0.08
0.04 + 5.64 + 3.92
0.0 22.9+9.98
0.39+008 NA
NA
NA <264
NA 253.68°
NA 8.4¢
0.027 + NA
0.007 NA
0.139 + NA
0.012
0.128 +
0.01F

Zn

9.81 +3.58
454,71 +
369.2
216.3 +
188.8

10.46 +
0.39

52.24 +
0.38

21.67 %
0.028
8.27+2.18
26.7 +4.38
25.7 %
21.5C

275+5.22
32.0+17.8
NA

Table 4. Metal pollution index (MPI) value of thetdl metal
accumulation levels in Ariidae Catfish.

Sites

Cananéia

Domestic

Industrial

C. spixii

Muscle

Discussion

C. spixiispawns in late spring/early summer,
has total spawning with synchronic development o

0.14

0.13

0.15

0.88

0.62

Gill

0.45

Liver

2.01

1.88

2.38

G. genidens
Muscle  Gill
0.14 0.82
0.14 0.65

Liver

2.26

3.76

Reference

Present work

Khaled (2009)

Dural et al (2007)

Yilmazet al.
(2010)

Fernandes et al.
(2007)

Has-Schon et al.
(2006)

oocytes, and lower fecundity than that of othenh fis
(GOMES et al.,, 1999; FAVARO et al., 2005).

Concerning the hepatic somatic index (HSI) and
gondition factor (CF), the lack of evidence of sdxua

maturity in both Ariidae catfish species may explai
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the similar values found for these indices. Howgverconsequence, for example, of the competitive
the HSI and CF presented in this study are mommechanism with other metals such as Pb and Cd,
homogeneous that those observed by Azevedo et alhich occur in higher concentrations in fish frohe t
(2009b). This might be explained by the samplinglomestic area. This is a hypothesis which can be
period, different abiotic influences, and moreconfirmed by the sampling of fish from other region
specifically by the high levels of individual vaiians  with higher levels of metals.
in HSI. Furthermore, it could indicate the absente The higher Pb concentrations in the gill than
the negative effects which would result from thein the muscle and liver o€. spixii from the
presence of chemicals, in these fish and/or betdue domestic area are within the levels approved by the
the better environmental conditions in the Santés-S NRCC (1973) and are also in accordance with Khaled
Vicente estuary. (2009). This latter author considers that this
Biological factors such as length, weight andfinding may be attributed to the possibility of
sexual maturity may affect the levels of metalparticulate or organic Pb being adsorbed by tHe wil
bioaccumulation in aquatic organisms (LOMBARDIa soluble form such as could diffuse into the gill.
et al., 2010). In view of this, it is very importato  Furthermore, fish from the domestic area in the
investigate the metal contents in their relatiopsioi  Santos-S&o Vicente estuary are exposed to a myfiad
biological variables. In general, the fish analyzed metals from sources such as garbage dumps ane refus
this study showed some differences in their biaalyi discarded by residents in stilt houses, very common
characteristics such as length and weight. Howevedwellings in this region of the estuary. Furthdre t
the inconspicuous differences observed in the kengimetals found in the domestic area may reflect a
and weight was insufficient to produce significantmovement from the industrial toward the domestic
changes, for example, in the values of the somatiarea because this latter region has more geogedphic
indices. decay (0 que é geographical decay?) than the
In  general, the decrease in metalindustrial area, which may favor the persistence of
concentrations in the order liver>gill>muscle wasmetals in the environment.
observed in this study by using metal distribution The MPI results presented in this study
the tissues and the metal pollution index (MPI)isTh suggest that gill and liver are good indicatorsttof
profile is in accordance with that obtained foresth bioaccumulation process and may be the best at
fish species (DURAL et al., 2007; KHALED, 2009; reflecting recent and chronic metal exposure ih gil
JARIC et al., 2011). and liver, respectively. Differences between MPI in
The lowest concentrations of all metals inthe liver ofC. spixiiandG. genidensnay be related to
both the Ariidae catfish species were observedhén t the differences in the detoxification mechanisms
muscle. This can be explained by the low binding t@nd/or metabolic activities between these Ariidae
the SH group, the low solubility of salts restmgti catfish. In a study of some fish species, Khal€iDf)
movement across cell membranes (KHALED, 2009presented MPI results similar to those given in the
and finally by the typical disposal of contaminatiitat present paper. The high values observed in the
were neither detoxified nor eliminated. liver may be another evidence of differences in the
Data on metal distribution in muscle, liver, detoxification mechanisms between species impacted
and gill of both Ariidae catfish species were samil by different anthropogenic activities.
High levels of Zn and Cu in the liver were obtairied This study was undertaken to provide
all the sampling areasin both Ariidae speciesinformation on Zn, Cu, Pb and Cd accumulation in
Bioaccumulation in the liver was observed for a# th two Ariidae catfish species,C. spixii and G.
metals analyzed, since liver is the major organ ofienidessubject to anthropogenic influences. As was
xenobiotic metabolism in fish (GILL et al.,, 1992;to be expected, the highest concentrations of metal
VIJVER et al., 2004). Compared to those of othdr fiswere found in the liver as isin accord with the
species, the concentrations of these metals wsre alcharacteristic of the most important organ in the
much higher and can be attributed to the feedipg,ty detoxication of xenobiotic compounds. Data on
dietary sources, habitat and possibly to thenetal distribution in liver and gill suggest these
detoxification mechanism with the metallothioneinorgans' major importance in our understanding
(MT) participation in the metal-binding between Zn,of the bioaccumulation profile. The low metal
Cd and Pb. content found in muscle tissues is to be explaiagd
Similar Zn content in the tissues of fish due to the need for chronic exposure to thes@lm
from Cananéia and the Industrial area can be ao result in their accumulation. Finally, the metal
indication of natural levels of this element in thepollution index (MPI) proved to be an excellentltoo
aquatic environment studied. Furthermore, it ighe evaluation of the importance of tissues and
possible that the low Zn levels in fish from thesampling areas in the accumulation of metals.
domestic area reflect a depletion of Zn as a
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