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ABSTRACT

Concentrations of Cd, Cr, Cu and Zn were determimeliver and muscle of Leporinus obtusidens. Dgr003,
the fishes (N = 54) were sampled from three sitemga Guaiba Lake (north, central and south zond&$)e
hypotheses tested assumed that there were difegeincthe location and date as to levels of comatin,
association between the trace metal content irfifhees and size, and that the sex influenced naeaimulation.
Possible risks of contaminated fish consumptionhtenan health were also evaluated. The level of mean
concentration g/g) of metals in tissues was higher in liver thanoscle: [Cd] = 2.32; [Cr] = 0.082; [Cu] =
30.8% and [Zn] = 97.7%. The results showed differences between the kedldate sampling for all metals
except Cr. Metal content was higher in the warnh@ntcolder seasons and in the central zone thantter points.
Significant sexual differences were detected foa@d Zn and there were positive associations bettlee size and
metal concentrations for Cu and Zn. The concerdrafievels of metals in muscle tissue showed thatfifh
samples did not offer risks to human health.

Key words: trace metald,eporinus obtusidengnvironmental contamination, Guaiba Lake, SoutBzazil

INTRODUCTION (Cu) and zinc (Zn), in small amounts, are essential
for metabolic processes and are assimilated by the
Lakes are economically and ecologically importanerganisms over time; others, such as mercury
for adjacent cities due to their potential for(Hg), chromium (Cr) and cadmium (Cd) have an
intensive recreational activites and fishing.unknown role in biological systems and have,
However, they may also present high levels otherefore, been extensively studied (Bidone et al.,
contamination by agricultural, urban and industriall997; Burger et al., 2001; Tomazelli et al., 2003;
pollutants. The input of trace metals into theBurger and Gochfeld, 2005).
aquatic food chain frequently occurs by direcEnvironmental assessments in aquatic ecosystems
consumption of the contaminated biota. Anothemay be conducted in water, organisms or
potential form of contamination is the uptake bysediments. Each of these components provides a
epithelial absorption (i.e., the gills, in the cade partial image of metal occurrence within the whole
fish), considered as a non-dietary route of metalystem. However, according to Marcovecchio and
intake (Burger et al., 2002). Metals like coppeMoreno (1993), the advantage of studying the
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organisms is that results reflect the bioavailgbili surrounding cities, beginning in the 1970s, its
of pollutants in the system and, consequentlywater has been constantly evaluated by the
could help showing the true degree of pollution irmunicipal administration (Bendati et al., 2000),
the environment assessed. As a result of thelout the metal levels have not been assessed.
ecological characteristics (life time, type of diet Laybauer (2002) analyzed trace metal
distribution in the biotope) and their economiccontamination in Guaiba Lake sediments, and
usefulness, fishes are widely used as biologicalivided the water body according to the
monitor variables to detect environmental levels o§edimentation dynamics into three different sectors
anthropogenic pollutants (Bryan and Langston(north, central and south), with a moderate le¥el o
1992; Canli and Furness, 1993; Kalay and Canlgontamination from north to south (Laybauer and
2000). Moreover, fishes are at the end of th&idone, 2001).

aquatic food chain and may accumulate metals ariche most important fish species in the lake is
pass them on to human beings when consumed bsporinus obtusidengAnostomidae), commonly
food, causing chronic or acute diseases (Forstnenown as “piava”, which is very important for
and Wittmann, 1981; Khan and Weis, 1993fisheries in the region due to its size and takte.
Adeyeye et al., 1996; Burger and Gochfeld, 2005)species is omnivorous and consumes mainly plant
Information on trace metal concentrations inmatter, mollusks and sediments (Hartz et al.,,
commercial fish is important for environmental2000). Mollerke et al. (2002 and 2003) conducted
management as well as to evaluate the possibéestudy in which they evaluated the Hg and arsenic
risk of fish consumption for human health. Liver(As) concentrations ir.. obtusidensn the lake,
and muscle are usually used as the target tissuieslicating levels in muscle below the limit
for the analysis of metal concentrations. Studietlerated by Brazilian authorities for fish prodaict
carried out with different fish species have showmlthough it was an important result, the authors
that trace metals accumulate mainly in metabolidid not verify the spatial or temporal variation in
organs such as the liver, where metals are stordlde levels of the concentrations of metals.

for detoxication through  metallothioneins With the perspective of continuing to perform the
(Carpene and Vasak, 1989; Kargin and Erderevaluations of metal contamination in the fishes in
1991; Hogstrand and Howx, 1991). Althoughthe study region, the purpose of this work was to
muscle is not an active tissue for accumulating thevaluate cadmium (Cd), chromium (Cr), copper
heavy metals, except mercury/MeHg (Unlu et al.(Cu) and zinc (Zn) levels in the muscle and liver
1996; Bidone et al., 1997; Roméo et al., 199%issue ofLeporinus obtusidenBom Guaiba Lake
Yilmaz, 2003), the study of potential metaland to investigate the relationship between the fis
accumulation in this part of the body is justifiedsize (standard length), sex, season and location of
because it is the edible part of the fish for husnan capture  concerning these metal levels.
In Brazil, few studies have evaluated metal level&urthermore, the non-carcinogenic risk related to
in inland water fish, although it is a country withthe consumption of contaminated fish by a
large water resources and a great ichthyic diwersithypothetical population was calculated. The
(vari and Malabarba, 1998). Exceptions can benetals investigated herein were chosen because
found for the evaluation of Hg levels inthey were likely discharges of the kind of
Amazonian fishes (Bidone et al., 1997; Castilhogndustries present along the hydrographic basin
et al., 2001) and a few other studies in thgleather tanning and finishing, petrochemicals,
southeastern region of the country (Rocha et algrganic wastes of water treatment) (Laybauer,
1985; Jordao et al., 1997). For the southern regid2002; Rodrigues and Formoso, 2005).

of Brazil, only the studies by Raya-Rodriguez and

Mozeto (1995) and Silvano and Raya-Rodriguez

(2003) can be mentioned. MATERIAL AND METHODS

Porto Alegre city, in southern Brazil, encompasses

a large water body (Guaiba Lake) that receiveSuaiba Lake is located in Porto Alegre City,
industrial and organic wastes. The hydrographigouthern Brazil (300’'S-515'W). It is a lake
basin, to which the lake belongs, is one of thevhere four rivers meet, creating a connection with
largest industrial centers of southern Brazil andatos Lagoon. The whole system belongs to
has a population of over one million inhabitantsGuaiba hydrological basin: Jacui, Sinos, Cai and
Since the lake is the source of water supply fer thGravatai rivers, Guaiba Lake and Patos Lagoon.
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The Guaiba Lake area is around 470°,kB® km Leporinus obtusidenindividuals (N = 54) were
long and 0.9 and 19 km wide. The mean depth is @llected (always on the eastern side of the lake)
m, reaching around 12 m in the navigation channeluring 2003 at three different sites of Guaiba
(Menegat et al., 1998). According to Koeppen'd.ake: North Point, Central Point (in front of Porto
climatic classification, the Guaiba Lake region isAlegre City) and South Point (Fig. 1), the same
considered Cfa (subtropical), with well-distributedregions defined by Laybauer (2002). The
rainfall throughout the year, an annual mearnndividuals were immediately frozen and stored at
temperature around % and total mean -5° C in a freezer until dissection. During
precipitation around 1324 mm (Laybauer andlissection in laboratory, the specimens were
Bidone, 2001). The city of Porto Alegre lies on thewveighed and their standard length was measured; a
eastern side of the lake, where most organic waspmrtion of 20 g of both muscle fillets and liver
is discharged. There are smaller towns on theere removed from each fish.

western side.

Patos Lagoon

Figure 1 - Location of Guaiba Lake, Brazil, and its respextbampling sites: N = North; C =
Central and S = South (Scale: 1cm=14km).

Tissues were dried in an oven at 60° C to consta@005). Quality assurance was related to internal
weight. After that, they were digested with 2 ml(use of blanks, measurement standards, spiked
HNO; (65% Suprapur) in Teflon bombs placedsamples and replicate analysis and statistical
into a microwave digestion system (CEM-MDScontrol charts) and external quality control
2000). After cooling, they were transferred to a 5@participation in inter-laboratory comparison and
ml volumetric flask and rinsed with triple distifle proficiency testing programmers obtained from the
water. For each five samples analyzed, ondlational Institute of Standards and Measure,
analytical blank was prepared as a control in thtNMETRO) with Certificate of Proficiency in
same manner, but without tissue samples, to chettace metal analysis.

for possible contamination of the samplesThe results were expressed as meastandard
Cadmium (Cd), chromium (Cr) and copper (Cu)deviation. The individuals were compared, for
concentrations were measured using &ach metal, in relation to sex, date (hot period:
simultaneous multielement atomic absorptiorspring and summer; cold period: fall and winter)
spectrometer (GFAAS), SIMAA 6000 Perkin and sampling station (north, central and south).
Elmer. Zinc (Zn) concentrations were measure@®ata were submitted to analyses of variance with
using a flame absorption spectrophotometer Perkimandomization testing (Manly, 1997). The test
Elmer (model 3300). The results were expressed itriterion was the sum of squares between the
micrograms of metal per dry weight gram of fishgroups (Qb statistic, Pillar and Orléci, 1996),
(ng/g). The detection limits, expressed |&g/g, computed on Euclidian Distances between the
were as follows: Cd = 0.012, Cr = 0.012; Cu =sampling units, usingt < 0.05. All analyses of
0.083 and Zn = 0.833. The results were validatedariance were performed using the statistical
according to ISO 17025 accreditation (ABNT,software MULTIV v. 2.3 (Pillar, 2004).
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Additionally, the simple linear regression test was’rotection Agency (EPA, 2001) and used in this
used to check significant relationships betweestudy were: Cd = 0.001, Cr = 1.5, Zn = 15; for
trace metal concentrations and individual size&opper, there is no information (Fernandes et al.,
(Zar, 1984). 1994).

To determine the risks for humans associated with

fish consumption, metal concentrations in muscle

tissues |(g/g) were compared to the maximumRESULTS

permissible concentrations (MPC) as stated by the

Brazilian Ministry of Health (1997). Additionally, Body size distribution showed that size differences
the margin of exposure (MOE) was calculated irmamong the females and males captured were low
order to evaluate the species-specific risk fromwith the largest female attaining 424 mm
consumption of fish contaminated with individual (1,769.89 g) and male 352 mm (1,190.27 g) of

compounds (Watanabe et al., 2003): total body size. Metal concentrations found in the
tissues ofL. obtusidensvaried considerably and

_ MCCxCR for all metals were lower in muscle than in liver

MOE_M (Fig. 2). For Cd and Cr, the concentrations were

below the minimum limit of detection for the
where MCC was the species-specific meanmales.
chemical concentration (mg/kg)cR was the Significant differences in metal accumulation were
consumption rate assumed to be 0.03 kg/@dy, found between the females and males only for the
was the human body weight assumed to be 70 lgpncentrations found in the liver for Cd (P = 0.03)
and RfD was the reference dose for the specifi@and in the muscle for Zn (P = 0.04), the latter
constituent in mg/kg (EPA, 2001). A MOE being higher in the males (Fig. 3). In both sexes,
superior to 1 indicated the exposure to a dositie mean concentration of the tested elements
higher than the safe daily dose for chronic nonfollowed the sequence Zn>Cu>Cd>Cr.
carcinogenic effects. The reference dose factors
adopted by the United States Environmental
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Figure 2 - Mean concentrationu/g) of metals in tissues dfeporinus obtusidensaught in
Guaiba Lake, Brazil, during 2003. Females (F): N=s8&ndard length ranges = 282-
424mm, weight ranges = 484-1,770g. Males (M): N=st@ndard length ranges = 280-
352mm, weight ranges = 493-1,190g. Mean valuesfiigntly different between the
same tissue: *P= 0.039, **P= 0.041. For Cd/musctel &r/muscle/males the
concentrations were below detection limits

Braz. Arch. Biol. Technol. v.52 n.1: pp. 241-258nFeb2009



Evaluation of trace metals (cadmium, chromium, @@mnd zinc) in tissues of a commercially 245

There was a significant association between thinere were higher concentrations in the central
size and metal levels for Cu{R0.22; P = 0.004) region and during the warm season (P = 0.042) for
and Zn (R = 0.14; P = 0.02) in the liver of the the females. The central region of the lake and the
females (Fig. 3). As for the other metals andvarm period of the year were also factors of
mainly for muscle tissue, the concentrations of Ciinfluence on the Cu levels (liver, P = 0.027 and
Cd, Cu and zn were independent of body size. muscle, P = 0.034), and Zn (liver, P = 0.032).

Table 1 shows the mean levels of metaChromium concentrations did not vary according

concentrations per site and date. Since there wadasite and temporal patterns.

significant difference between the concentrationRegarding the risk of fish consumption on human
found for the males and females only for Cd/liveihealth, the mean concentrations (wet weight)
and Zn/muscle, all the other tests were broughbund were low compared to the permitted

together in respect to the sex. For Cd, there wasaximum concentrations and margin exposure
interaction between the factors date and site, ar{dable 2).
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Figure 3 - Simple linear regression between Zn and Cu liverceatration (ug/g) and standard
length (L) estimated fareporinus obtusidenis Guaiba Lake, Brazil, during 2003.

Table 1 - Standard length ranges (L), number of matsand femalesY{) and mean metal concentratiqrg(g) in
liver (I) and muscle (m) ofeporinus obtusidensom Guaiba Lake, Brazil, from different date amanpling sites,
during 2003.

Sampling sites Spring and Summer Fall and Winter
North 34 L=287-304mm: ¢ L=298-410mm: 34 L=335-346mm: ¢ L=302-390mm:
Cd 0.22 (I) 0.94 (hy* 0.85 (1) 0.68 (I)
Cr 0.08 (1) 0.04 (I); 0.08) 0.04 (I 0.10 (I); 0.0h)
Cu 17.27 ()**; 0.56 (m)t  23.29 (1)**; 0.91 (m)T23.73 (I)**; 0.71 (m)t 22.06 (I)**; 0.95 (M)t
Zn 81.67 (I)+; 19.37 (m) 82.64 (I)F; 23.56 (m)81.43 ()f; 14.33 (m)  94.21 (I)t; 15.2 (m)
Center 738 L=300-336mm: @ L=354-365mm: 33 L=324-352mm: 7 L=344-424mm:
Cd 4.35 () 3.29 ()* 1.02 () 1.23 ()
Cr 0.07 (I) 0.05 (I) 0.12 (1) 0.07 (I); 0.08)
Cu 29.47 ()**; 1.64 (m)t  31.93 (I)**; 1.47 (m)123.07 (I)**; 0.85 (m)T 49.6 (I)**; 0.8 (M)t
Zn 104.44 ()%; 75.83 (m)  126.0 (I)t; 49.57 (my0.93 ()+; 17.9 (m) 111.1 ()%; 17.73 (m)
South 24 L=280-295mm: q L=282-406mm: 13 L=346mm: 4 L=350-420mm:;
Cd 0.84 (1) 0.9 (I)* 1.55 () 0.81 ()
Cr 0.07 (I) 0.12(1); Ond) 0.02 (I) 0.06 (I); 0.08)
Cu 18.25 (I)**; 0.7 (m)T 29.04 (I)**; 1.14 (m)126.1 (I)**; 0.9 (m)T 28.62 (I)**; 0.62 (m)t
Zn 81.9 ()%; 13.2 (m) 89.94 ()+; 14.56)(m78.3 (I)+; 15.3 (m) 102.13 ()¥; 15.88)(m

Mean values significantly different: Cd= *season amgling site/liver, P=0.042; Cu= **sampling site#iv P=0.027, and
tseason/muscle, P=0.034; Zn= tsampling site/IRef.032.
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Table 2 - Mean concentration of metalgg/g), maximum permissible concentrations (MP@j/¢) and margin of
exposure (MOE) in muscle of theporinus obtusidensaught the Guaiba Lake, Brazil, during 2003.

Metal Concentrations MPC MOE
Cadmium 0.012* 1.0 5.0 x 10
Chromium 0.08 0.1 1.4x 16
Copper 1.12 30.0 -
zZinc 38.2¢7 50.0 1.1 x 16

*limit detection value.

DISCUSSION levels found forL. obtusidensmight reflect a
difference in the detoxifying capacity of these
Levels of the essential metals (Cu, Zn) in the fisielements, higher in the females, which would
sampled were higher than those of non-essentiatcount for the higher levels found in the males.
metals (Cd, Cr). Laybauer (2002) established thAlthough the age of th&. obtusidensndividuals
background level of metals studied for the Guaib&ampled was not evaluated, it was assumed that
Lake sediments ipg/g (Cd = 0.3; Cr = 21; Cu = the larger individuals had a longer time of
27 and Zn = 110). Considering tHat obtusidens €xposure to the metals in the lake. Castilhos.et al
fed close to the sediment (Hagg al, 2000), only (2001) found a positive linear relationship between
Cd, among the metals analyzed, was found ithe growth rate o€ichla ocellaris(Cichlidae) and
values considered high in the liver of this speciegshe Hg concentrations in muscle. For the metals
In fishes, Cd can cause very adverse effecstudied in this work, relations were only found
because this metal blocks sulfhydryl groups imetween Cu and Zn in the liver, and this behavior
enzymes and competes for binding sites that atas not indicated for the muscle tissue. Some
essential for normal enzyme functioning (A||en,authors found that Zn and other essential elements
1994). Regarding the two organs considered, a¥sually did not increase in concentration with age
the metal concentrations were higher in the livepr size because they were under physiological
than in muscle. Numerous studies have shown thaentrol (Evans et al., 1993; Andres et al., 2000).
concentrations of Cu, Cd and Zn are usuallfon the other hand, the increase in zinc and copper
elevated in teleost liver when compared to muscléiver content ad.. obtusidengyrew was likely due
tissue (Hellou et al., 1992; Raya-Rodriguez and® the fact that this metal could be bioaccumulated
Mozeto, 1995; Swales et al., 1998; Gbem et ally some fish species without any toxic effect
2001; Moiseenko and Kudryavtseva, 2001; Canl(Sternlieb, 1980). Other studies have also
and Atli, 2003). Despite their antagonisticdemonstrated a positive relationship between Cu
biochemical roles, all three metals are capable @oncentration and body size (Mastala et al., 1992;
inducing the synthesis of metal binding proteind-inde et al., 1998; Farkas et al., 2003). However,

such as metallothioneins (MT) in hepatic tissuethe lack of association ib. obtusidendor Cd and
The in vitro affinity for MT decreases in the Cr indicated that this strategy would not work for

hierarchical sequence HgAg', Cu, Cd? zn%  all the metals. This lack of association between th

The low concentrations of metals in the muscles dghetals studied and fish size could also be
the fish species examined in this work coulgexplained by the small differences in the sizes of
reflect the low levels of these binding proteins irthe fishes sampled, since all the individuals were
the muscle tissue (Allen-Gil and Martynov, 1995). adults.

Some studies have shown a relationship betweéfthough sample number was low, the statistical
the metal accumulation and sex (Al-Yousuf et al.analyses indicated a higher concentration of Cd,

2000). The nature of hormones and the availableu and Zn in the liver tissue df. obtusidens
number of active sites in the proteins andaptured in the central region of the Guaiba Lake.

cytochrome P-450 in the females may belhe Cr concentrations were low and did not vary
determinant factors to this relation (Jargensen arffom one place to another. For chromium
Petersen, 1994), indicating the differences in theoncentrations, generally, there is little evideate

metabolic activities between the sexes. Th&ccumulation in fishes (Phillips, 1977; Jordao et
differentiated levels of Cd and Zn concentratiordl., 1997; Burger and Gochfeld, 2005). Despite
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Laybauer (2002) presented a decreasing gradieabout the organic material in the sediment and the
of metals contamination in sediment from north tauality of water discussed above certainly
south, the highest concentrations of metals wereontributed to the potential bioavailability of the
found in the fishes collected in the Central Point metals to L. obtusidens These environmental
Guaiba Lake. This could be due to the higheconditions probably attracted the species to forage
concentration of organic material in the sedimenand, consequently, caused the individuals to
close to Porto Alegre, where large amount ofemain more time in the central zone of the lake.
sewage was discharged. Water quality analysdfowever, there is little information about the
performed by the municipal government (Bendatibiology and ecology of. obtusidengAgostinho
2000) recorded a worsening of water quality in thet al., 2003). According to Zaniboni Filho and
eastern region of the lake in front of the PortdSchulz (2003), the species reproduces in the
Alegre city, the fecal coliforms and oxygenspring, migrating upstream in the rivers. Nothing
conditions were indirectly responsible for theis known in Guaiba Lake about the displacement
reduction in this quality, where other parametergsapacity of the individuals, but according to field
(such as pH) did not influence the evaluationobservations, this species moves on to the lake to
Furthermore, Laybauer (2002) indicated that théorage, mainly in summer months, when lean
central region of the lake was the most affected bndividuals are captured. However, individuals are
the organic contaminants and, consequently, routaptured throughout the year in the lake, which
of the metals in sediments (Laybauer and Bidonéndicates a certain adaptation to lentic
2001). environments. According to Agostinho et al.
Date differences in the Cd and Cu concentration&003), this species has a preference for send-loti
were also observed in his study. Zayed et ahabitats, and reproduces in the reservoirs. This
(1994) found higher metal content in summer thambility affects the use olL. obtusidensas an

in autumn in the fishes and attributed thisindicator of spatial differences in the metal
difference to the higher respiratory rate (highkflu concentrations in Guaiba Lake. Mollerke et al.
of water through the gills due to the low dissolved2002) found higher levels of Hg in timelodus
oxygen content in the water) and higher feedingnaculatus (Pimelodidae) compared withL.

rate on the plants and grasses during the summebtusidensdue to different feeding and movement
This could also happen in Guaiba Lake during thbabits.

warm seasons, especially in the central region o@ontaminants in the fish can pose a health risk to
the lake, where the dissolved oxygen contentshe humans who consume them. According to
with increase of the organic material, undergdurger and Gochfeld (2005), there is no uniform
depletion in low flow periods (Bendati, 2000).source of guiding standards for most metal
Another reason could be due to the higher rainfaioncentration in the fish tissue, except for
during the winter, the water input and thus outflonmercury. In this work, the metal concentration
from Guaiba could be higher than in other seasonevels were below the reference doses used (EPA,
and, consequently, the metal content would b2001 and Brazilian Ministry of Health, 1997),
more diluted in the water. Campagna et al. (2008xcept for Zn (RfD 15 mg/kg, EPA 2001).
found higher bioavailability metals level in the Moreover, the dose of a toxic metal that one
sediment of the Monjolinho River, Sdo Pauloobtains from the fish depends on the quantity of
Brazil, during the dry season, probably because dish consumed. The consumption rate used in this
lower dilution of the pollutants. Anyway, in the work was based on Watanabe et al. (2003) (0.03
Guaiba Lake, there is the necessity to asses tkg/day). According to Santos et al. (2004), thé fis
metal levels for more years to obtain the pictureonsumption rate for the adult inhabitants of Rio
more clearly about the seasonal patterns afe Janeiro City was about 3.4 kg/year. Subsistence
contamination in the species. of some communities along Guaiba Lake was
The date and local differences in the metabased on fishing and those people probably
concentrations could be due to the size of theonsumed more fish products than most of the
individuals sampled too. However, this hypothesipopulation. Burger et al. (2001) and Watanabe et
was rejected because the larger individuals wera. (2003) found differences on fish consumption
captured either in the north and south regions ais a function of socioeconomic factors in the US
Guaiba Lake in the colder seasons. Despite therritory and how this parameter was associated
detoxifying capacity of the individuals, the datawith the potential risk to human health. This study
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found that the consumption bf obtusidendy the niveis encontrados no tecido muscular néo
humans did not represent risks to their healthoferecem riscos ao consumo da espécie.

There is, however, the necessity of available with

more attention the levels of Cd that were high in

the liver of the species. Also, further studies arREFERENCES
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