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RESUMO

Durante o ano de 2003 foram realizadas coletas sazonais de
peixes do Lago Guaiba, Porto Alegre, Sul do Brasil. Os metais cadmio,
cobre, cromo e zinco foram utilizados como indicadores quimicos na
avaliacao da qualidade ambiental da ictiofauna, sendo representada pela
espécie Leporinus obtusidens (piava). Os exemplares de piava foram
capturados dentro de trés grandes regides do Lago: Regidao Norte,
proximo ao Canal do Jacui; Regido Central, em frente a cidade de Porto
Alegre e Regidao Sul, junto a ponta de ltapua. Conteudo de metais em
amostras de figado e musculo de cada exemplar foram avaliados por
espectrofotometria de absorgcao atébmica. Os resultados demonstram que
ha diferengcas na acumulacao entre os tecidos de machos e fémeas,
com machos acumulando mais no musculo do que no figado e fémeas
apresentando comportamento contrario. Considerando os locais de
captura, o Ponto Central apresentou as maiores concentragcdes de cobre
(musculo), cadmio (figado) e zinco (musculo); e entre as estacdes de
captura, os individuos coletados durante o verdo apresentaram as
maiores concentragcbes de todos os metais analisados. Apesar disso,
nenhum individuo amostrado apresentou-se inapto para o consumo
humano, atestando a qualidade ambiental da ictiofauna do Lago Guaiba

para os metais estudados.



ABSTRACT

In 2003 captures of fish from Guaiba Lake, Porto Alegre, south
Brazil were realized in all seasons of the year. Metals cadmium, copper,
chromium and zinc were used as chemical indicator for environmental
assessment. Leporinus obtusidens (piava) was chose to represent the
aquatic fauna. Samples were caught from three locations in the lake:
North Point, around to the Jacui Channel; Center Point, in front of Porto
Alegre City and South Point near to Itapua. Metal content in liver and
muscle samples of all individuals was determined by atomic absorption
spectrometer. There were differences in the metals accumulation
between tissues of the males and females, with males accumulating
more in muscle than liver and females showing the inverse behavior;
concering sites of capture, the Center point showed the highest copper
(muscle), cadmium (liver) and zinc (muscle) concentrations; and as for
season of capture, individuals caught in summer showed greater load of
all  metal analyzed. Besides, no individual sampled showed
contamination in muscle prejudicial for health human indicating a good

fish quality from Guaiba Lake for heavy metals studied.
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INTRODUCAO

Mundialmente existe uma crescente preocupacdo pela situagcao e
evolugdo do meio ambiente. A simples observacdo de aspectos
anormais de certos cursos de agua ocasionando enchentes, a
manifestagcdo ciclica de casos de mortandade de peixes
insuficientemente estudados, ou a eventual ocorréncia de transtornos de
saude sao motivos suficientes para que a populagcdo perceba a
necessidade de preservar a qualidade do ambiente em que vive.
Entretanto, ha casos de poluicdo continua que acabam degradando aos

poucos os ecossistemas.

As aguas sao sistemas naturais tdo abundantes no planeta que
parecem ser um recurso infinito. Porém, 99% destas aguas séao
oceanicas e do 1% restante, aproximadamente 20% constitui-se em
recurso disponivel ao Homem. A esta quantidade limitada soma-se o
fato de que a poluigdo ja inutiliza quase metade de seu potencial,
quadro este que tende a tornar-se cada vez mais critico (Meadows et
al., 1992). No entanto, em fungdo da ampla utilizacdo da agua pelo
homem quase ndo encontramos nos dias atuais, fontes de agua em seu
estado natural. Uma das principais alteragdes no padrdo das aguas é a
introducdo de substancias quimicas sob varias formas, dentre as quais
os metais pesados se destacam pelos grandes impactos que podem
ocasionar nos ecossistemas aquaticos (Terra, 2001). A origem desses
metais no ambiente aquatico podem ser provenientes de fontes naturais

ou antropicas. As fontes antrdépicas podem ser pontuais ou difusas,



requerendo esta ultima uma ateng¢cao maior, pois mesmo apos o controle
de suas emissbes ainda havera contaminacdo das aguas (Suschka et
al., 1994). Os despejos industriais e domésticos constituem-se nas
principais fontes poluidoras, pois podem conter varios tipos de
poluentes, inclusive aqueles que mesmo em quantidades muito
pequenas exercem influéncias sobre os seres vivos. Tais elementos sao
denominados elementos-tragco e entre eles estdo alguns metais. Este
grupo de poluentes é extremamente relevante para a avaliacdao da
poluicdo aquatica, diferenciando-se por sua persisténcia no ambiente e
tendéncia a acumular-se no sedimento de onde podem ser removidos
por varios processos, tornando-se entdo potencialmente disponiveis
para os organismos (Ramamoorthy & Moore, 1984; Mance, 1990;

Albrecht, 1996).

Entretanto, a biodisponibilidade e a toxicidade nos ecossistemas
aquaticos esta relacionada com as cargas do metal no sistema aquatico,
bem como com fatores bidticos e abidticos. A salinidade da agua,
dureza, temperatura, pH e concentragcdo de carbono orgéanico dissolvido
sdo alguns dos fatores que podem influenciar esta disponibilidade
(Ramamoorthy & Moore, 1984; Roesijadi & Robison, 1994; Reinfelder et

al., 1998).

A identificacdo de fontes poluentes pode ser feita com o uso de
peixes através da relacdo entre o conteudo de metais existentes nos
tecidos e no ambiente (Pfeiffer et al., 1989). Porém, o conteudo natural
difere muito entre espécies e regides dificultando o estabelecimento de

controles e limitando o uso de peixes em estudos ecoldégicos. Em vista



disso, o conhecimento de fatores biolégicos e comportamentais, como
idade, comprimento, peso total, ciclo de vida, variagdes sazonais e nivel
trofico dos peixes, torna-se indispensavel para analises de correlagao

(Hamelink & Spacie, 1977; Ramamoorthy & Moore, 1984).

Sabe-se que os metais de uma forma geral sdo téxicos para os
peixes provocando alteracdo da funcdo das branquias, das atividades
hepaticas e intestinais, afetando o comprimento e peso. O musculo e o
figado sao tecidos onde estes metais podem se acumular, sendo
identificado o primeiro como o tecido de maior interesse no
monitoramento de rotina em ecossistemas, visto que sdao as partes
normalmente utilizadas para o consumo humano e o segundo, como 0
melhor érgdo acumulador, resultando em inferéncias a respeito do grau
de contaminacdo do ambiente (Gbem et al., 2001). Alguns peixes
apresentam concentracbes de metais no musculo aptas para o consumo
humano, porém suas visceras podem estar com niveis acima do
tolerado, podendo causar problemas as industrias de 6leo de figado e

ragdo animal que utilizam estas visceras (Forstner & Wittmann, 1981)

A presencga de alguns metais-trago no corpo humano é motivo de
interesse porque estes sdo considerados nocivos a saude. No entanto
segundo Esteves (1988), cobre, cobalto, ferro, manganés e zinco séao
essenciais para os seres vivos, atuando como cofatores em rotas
metabdlicas de organismos aquaticos, porém indesejaveis e téxicos
quando presentes em altas concentracbes. Outros, nao essenciais,
como o mercurio, cadmio, chumbo, niquel e estanho, embora sejam

considerados naturais do ambiente, ao atingirem concentragdes em



niveis acima do normal tornam-se potencialmente letais a uma grande

variedade de organismos, assim como 0os metais essenciais.

A concentracdao de metais nos peixes € uma fungcdo do balango
entre velocidade de absorgao e excreg¢ao, e pode ser influenciada pelo
tamanho do corpo, habito alimentar, habitat, variagdo sazonal e
afinidade individual para absor¢cdo dos metais (Mance, 1990; Jallel-Tariq
et al., 1996). Alguns peixes sao capazes de excretar uma proporgéao de
metal quase igual do que a absorvida do meio contaminado,e assim,
mantém a concentracdo no corpo em equilibrio com o meio, evitando o
efeito patolégico que ocorre quando a velocidade de absorgdo excede a
detoxificagdo e excregcao (Rand & Petrocelli,1985). Portanto o fluxo de
incorporagao e excrecao dos metais é diferenciado devido a capacidade

de regulacao ibnica de cada organismo.

Quanto a avaliacdo de risco toxicoléogico ao ambiente e a saude
humana, a United States Environmental Protection Agency (USEPA,
1989), o6rgado ambiental americano, utiliza modelos bioldégicos e
estatisticos resultando numa estimativa numérica ou indice que
relaciona a intensidade da poluicdo aos riscos a saude humana. No
entanto, para utilizagcdo deste é necessario conhecer o habito da
populacdo, as vias de exposigcao, os compartimentos ambientais
envolvidos na exposi¢cao, as caracteristicas fisicas do local, da biota,
bem como fatores ambientais que contribuem ou inibem a toxicidade dos
contaminantes (Bidone et al., 2000). Kuno et al. (1993) afirmam que

uma dieta restrita a uma uUnica espécie de peixe pode apresentar risco



especifico a saude se a concentragcdo do elemento toxico for alta nesta

espécie.

Entretanto, sinergismos podem e devem ocorrer no ambiente a
ponto que interagdes podem alterar a absorg¢ao, biotransformacao ou
excregdao de um ou mais metais. Portanto, o individuo que ingere um
peixe contaminado esta exposto, simultaneamente, a diferentes
poluentes quimicos, pois uma espécie de peixe pode ter varios
contaminantes, ou ainda, uma dieta pode conter varias espécies, cada

qual com seu poluidor (USEPA, 1995).

Na bacia hidrografica do Lago Guaiba estdo situados os grandes
nucleos industriais do Estado do Rio Grande do Sul concentrando 70%
da populagdo dos maiores centros urbanos, incluindo a capital Porto
Alegre. O Guaiba, portanto, € o grande receptor dos efluentes
produzidos na Regidao Metropolitana e no nordeste do Estado sofrendo
com a poluicdo, principalmente dos dejetos organicos de esgotos

domésticos das cidades que banha (Brutto, 2001).

Mesmo com poluigdo, o Lago representa um importante manancial
hidrico para a regido, tanto no aspecto social como biolégico. No
primeiro porque além de proporcionar uma area de lazer; serve como a
principal fonte de abastecimento de agua para mais de um milhdo e
meio de pessoas. Ja com referéncia ao aspecto bioldégico, em
especifico, a fauna de peixes, o Lago Guaiba possui cerca de 56
espécies de peixes residentes (Villamil et al., 1996), isto €, encontradas
durante o ano inteiro; além do que recebe sazonalmente espécies

migratérias, tais como Micropogonias furnieri (corvina), Netuma barba



(bagre marinho) e Mugil platanus (tainha) que oriundos do Oceano
Atlantico, atravessam a Laguna dos Patos e penetram no Lago Guaiba.
Outro grupo de espécies sazonais sao os de piracema, como Leporinus
obtusidens (piava), Schizodon jacuiensis (voga) e Prochilodus lineatus
(grumata) que povoam o Guaiba e o Rio Jacui apenas em algumas
estagcdes do ano, migrando rio acima para a desova (Menegat et al.,

1998).

Na regido do Delta do Jacui, Koch et al. (2000) citam 78 espécies
de peixes. No entanto, estudos que visam avaliar os aspectos
ecoldgicos ou bioldgicos destas espécies sdo escassos em comparagao
com o numero de espécies que o ecossistema aquatico possui. Villamil
et al. (1996) estudaram durante o periodo de um ano, a variagao
sazonal na abundancia (numero de individuos e biomassa) de sete
espécies (Leporinus obtusidens, Pimelodus maculatus, Hoplias
malabaricus, Schizodon jacuiensis, Rhamdia sp., Prochilodus lineatus e
Oligossarcus robustus); Hartz et al. (2000) estudaram a dieta da piava
(Leporinus obtusidens) no sistema e Koch et al. (2000) fizeram algumas
descricbes sobre a preferéncia de habitat de algumas espécies
existentes no lago.

O género Leporinus é o mais diversificado dentro da familia
Anostomidae com mais de 60 espécies descritas. Sao peixes de
piracema, com periodo de reprodugcao entre os meses de outubro e
fevereiro. De uma maneira geral, sdao herbivoros com tendéncia a
onivoria, alimentando-se de larvas de insetos, pequenos moluscos e

outros animais que encontram no substrato, além de sementes e



vegetais (Hartz et al. 2000). A espécie Leporinus obtusidens
(Vallenciennes, 1847), popularmente conhecida como piava, segundo
Géry (1977), esta distribuida pelo sistema hidrografico do rio da Prata
e pelas regides sul e sudeste do Brasil, até o Estado de Sao Paulo. No
Lago Guaiba, é a espécie que mais contribui para a pesca em termos
de biomassa apresentando variagdes sazonais na sua abundancia, com
maior captura de individuos nos meses de primavera e verao (Villamil
et al. 1996). Possuem o corpo alongado e fusiforme, apresentam
coloracdo prateada com trés manchas pretas nas laterais do corpo e
nadadeiras amareladas. Alcancam, em média 40 cm de comprimento e
1,5 kg; sendo que os individuos maiores chegam a 80 cm e 6 kg (anexo
3). E uma espécie de facil comercializacdo devido ao seu tamanho e
sabor, sendo muito apreciada na culinaria local e das regides

adjacentes.

Poucos sado os trabalhos realizados com o género no que diz
respeito a sua qualidade para comercializacdo. Dentre estes se destaca
DMAE (1981 e 1983) que realizaram avaliagbes na agua, sedimento e
ictiofauna do Lago Guaiba através de metais pesados e outras
substancias téxicas; Coatagliola et al. (2001) que estudaram a qualidade
das aguas e peixes do rio Baradero/Argentina através de residuos
organoclorados e organofosforados e de metais tracos e de colimetria;
Terra (2001) que estudou os niveis de metais pesados na musculatura
de Leporinus copelandii na bacia do rio Imbé e do baixo Paraiba do Sul,
Rio de Janeiro; e Moéllerke (2002) que avaliou os niveis de concentracao

de metais (mercurio e arsénio) e coliformes em Leporinus obtusidens



(piava) e Pimelodus maculatus (pintado) advindos do Lago Guaiba e

arredores/Brasil.

Entretanto, estudos visando determinar a qualidade ambiental e a
do pescado (tecidos) pela contaminacdo de metais pesados séao
bastante frequentes tanto no Brasil quanto em outros paises (Pfeiffer et
al., 1985; Sharif et al., 1993; Fernades et al., 1994; Chevreuil et al.,
1995; Adeyeye et al., 1996; Bidone et al., 1997; Jordao et al., 1997;
Castilhos et al., 2001; Burger et al., 2002; De Souza Lima et al., 2002;
Lewis et al., 2002; Kovckovdova & Simokon, 2002; Bustamante et al.,
2003; Canli & Atli, 2003; Farkas et al., 2003; Silvano, 2003; Wagner &
Boman, 2003; Watanabe et al., 2003; Yilmaz, 2003; Karadede et al.,

2004).

Al-Yousuf et al. (2000) analisaram as concentragdes de Zn, Cu e
Mn em diferentes 6rgaos de peixes da costa oeste dos Emirados
Arabes e obteve uma seqiiéncia decrescente nas concentragbes em
figado, pele e musculo, e Villar et al. (2001) analisando os niveis de
metais em duas espécies de peixes de diferentes comportamentos
alimentares no Rio Parana e o Estuario do Rio da Plata observaram que
as concentragdes dos metais foram maiores no figado do que no
musculo dos peixes analisados. Malm (1986) ao analisar as
concentragdes de metais dissolvidos na por¢cao média do Rio Paraiba do
Sul, verificou um aumento nas concentracdbes dos metais estudados
nesta porcdo, quando comparados com areas nao poluidas a montante
do rio; Lima (1990) avaliando as concentragdes de metais na Estacéao

Ecoldégica de Jatai verificou variagdo espacial das concentragbes na



lagoa com um aumento no sentido Coérrego do Cafunddé - rio Mogi-
Guagu. No Rio Grande do Sul, Raya-Rodriguez & Mozeto (1995)
avaliando a qualidade de trés espécies de peixes (Loricariichthys anus,
Chyphocharax voga e Oligosarcus sp.) da Lagoa Emboaba quanto a
presenca de metais-traco, verificaram diferencas entre a acumulacéao
dos dois tecidos analisados (musculo e figado) assim como entre as
espécies. Também nas lagoas costeiras Albrecht (1996) analisou a
concentragdo de varios metais em trés espécies de peixe
(Loricariichthys anus, Hoplias malabaricus e Platanichthys platana) das
Lagoas Peixoto e Marcelino Ramos, e encontrou diferengas
significativas entre os peixes avaliados nas duas lagoas sendo a
Marcelino Ramos a mais impactada pela poluigcdo, sugerido pela autora

que seja, devido sua proximidade com a cidade de Osorio.

Neste contexto, objetiva-se: a) verificar o grau de acumulacgao
sazonal e espacial de cadmio, cobre, cromo e zinco no tecido muscular
e hepatico de Leporinus obtusidens no Lago Guaiba; b) verificar
correlagdes entre os niveis de metais e o tamanho dos peixes
amostrados e o fator de condigdo dos individuos e c¢) avaliar o risco da
contaminacdo por estes metais-traco para a populacdo humana pelo

consumo desta espécie.
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AREA DE ESTUDO

Porto Alegre (29°55’ e 30°24’S 51°01’ e 51°20’W) localiza-se numa
zona de transicdao climatica em que massas de ar tropical maritimo
(mais frequentes no verdo) alternam-se com massas de ar polar
maritimos (mais frequentes no inverno). O clima de acordo com o
sistema de classificagdo de Koppen é Cfa, ou seja, clima subtropical
umido por registrar valores de temperatura média do més mais quente
superiores a 22°C e apresentar chuvas bem distribuidas ao longo do
ano (Menegat et al. 1998).

O complexo hidrolégico formado pelo Delta do rio Jacui, pelo
Lago Guaiba e Lagoa dos Patos constitui-se num dos grandes
reservatorios de agua do Estado. O Lago Guaiba possui 470 km? de
superficie, tem uma profundidade média de 2 m e encontra-se a 4 m
acima do nivel do mar. Com cerca de 50 km de comprimento, estende-
se desde o Delta do Jacui, ao Norte, até a Ponta de Itapua, ao sul,
onde apresenta a profundidade maxima de 31 m. Possui uma largura
variando entre 0,9 e 19 km. Enquanto que a margem leste, onde se
situa Porto Alegre, é formada por pontas de morros graniticos
residuais, a margem oeste é formada por pontas de areia. Suas aguas
doces e moles acumulam um volume de 1,5 bilhées de metros cubicos
e seu nivel depende das flutuagdes do nivel da agua da Lagoa dos
Patos, da dire¢cdo e intensidade dos ventos predominantes na regido e
da intensidade das chuvas nas cabeceiras dos rios que o formam. O

regime de escoamento das aguas € bidimensional, isto é, pode dar-se
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tanto no sentido longitudinal do seu canal quanto no transversal

(Menegat et al. 1998).

Os rios das bacias hidrograficas do Cai, Sinos e Gravatai
desembocam diretamente no Lago Guaiba e, junto com o Jacui
contribuem com uma vazdo média de 38.000 m®/s (84,6% do volume é
atribuido ao rio Jacui, 7,5% ao rio dos Sinos, 5,2% ao rio Cai e 2,7% ao
Gravatai) (Figura 1). Além destes, o Guaiba recebe as aguas de
pequenos arroios; na margem esquerda o Arroio Diluvio, o Cavalhada, o
Capivara, o Salso, o Arado Velho e o Lami; na margem direita, o Arroio
do Conde, o Celupa, o Passo Fundo, o Petim, o Ribeiro e o Araca

(DMAE, 1981).

O uso da agua na bacia esta intimamente relacionado com a
ocupacao do solo, que apresenta diferengas significativas entre as
margens direita e esquerda. Nas ocupagdes urbanas, particularmente na
margem esquerda, o uso para abastecimento publico e diluicdo de
efluentes domésticos e aqueles provenientes da disposi¢cao de residuos
solidos é mais intenso. Ja nas areas onde ha o predominio de atividades
agricolas e de criagdo de animais (margem direita), os usos para a
irrigagcdo sao os de maior relevancia, assim como o0s impactos
decorrentes dessa atividade, como a da aplicagcdao de agrotdxicos e

fertilizantes (Comité Guaiba, 2000).
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Figura 1. Imagem de satélite de LANDSAT do Estado do Rio Grande do
Sul. No detalhe o Lago Guaiba, seus rios constituintes e as trés zonas
de captura de Leporinus obtusidens, Porto Alegre, RS, durante o ano de

2003.
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MATERIAL & METODOS

O Lago Guaiba foi escolhido por ser um grande manancial e
bastante utilizado para a pesca artesanal por populagdes ribeirinhas;
podendo expor os pescadores e 0s consumidores do pescado a riscos
por falta de conhecimento das condi¢gdes de qualidade do pescado
advindo do Lago.

A escolha dos quatro metais analisados (cadmio, cobre, cromo e
zinco) foi feita ap6és uma coleta preliminar, levando-se em conta que
estes foram os metais que apresentaram as maiores concentracoes
naquele momento. Além disso, levou-se em conta suas provaveis
fontes: cadmio pelas industrias existentes no entorno do lago; cromo,
pela grande quantidade de curtumes situados na regido do Rio dos
Sinos; cobre, advindo dos tratamentos de agua feito pelo Departamento
Municipal de Aguas e Esgotos de Porto Alegre (DMAE) e zinco pelo sua

abundancia natural no sedimento do Lago.

A Coleta e Analise dos Peixes

Os 54 exemplares de Leporinus obtusidens foram coletados ao
longo do ano de 2003 em trés pontos pré-determinados. Esses pontos
foram escolhidos devido a sua area de impacto: Ponto Norte sob maior
influéncia dos rios Jacui, Sinos, Cai e Gravatai; Ponto Centro
encontrar-se proximo da cidade de Porto Alegre e Ponto Sul situado
mais proximo da Lagoa dos Patos. Os individuos foram capturados

utilizando-se como material de pesca as redes de espera que ficavam
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em agua aproximadamente 24 horas, posteriormente havia
armazenamento sob refrigeracao até o momento da analise.

Em laboratério, cada individuo era medido (mm), pesado (g),
sexado e dissecado (anexos 4,5 e 6). O procedimento de dissecacao foi
conduzido conforme FAO (1976 apud Fernandes et al.,1994), iniciando
com a extracdo do figado e depois com uma amostra de
aproximadamente 20g de musculatura lateral do corpo. Apods
dissecacao, as amostras foram encaminhadas para o Laboratério de
Absorgcao Atdmica do Centro de Ecologia (CENECO) da Universidade
Federal do Rio Grande do Sul (UFRGS). As amostras de musculo foram
novamente pesadas numa balanca de precisdao para calcular a
porcentagem de umidade perdida de cada amostra. Posteriormente,
todas as amostras foram colocadas em estufa a 60°C até a secagem
completa. Conforme Allen (1989) as digestdes das amostras foram
feitas utilizando acido nitrico e capsula de teflon, as quais eram
colocadas em um digestor de microondas (CEM MDS 2000); seguidas
de filtracdo, avolumacao e transferéncia para frascos de polietileno e
acondicionamento sob refrigeracdo até o momento da leitura.

A leitura dos metais foi realizada através de espectrofotometria
de absorcdo atémica (AAS). Conforme a sensibilidade de cada
elemento foram utilizados forno de grafite (GFAAS) Perkin Elmer
SIMAA 6000 para cadmio, cobre e cromo e chama ar-acetileno (FAAS)
Perkin Elmer 3300 para zinco. O minimo detectavel pelo método de
analise para cada metal foi para cadmio (Cd= 0,017ug/g); cromo (Cr=

0,017ug/g); cobre (Cu= 0,083ug/g) e zinco (Zn= 0,833ug/g).
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Exatiddo Relativa e Preciséao

A fim de estimar a precisdo da metodologia analitica empregada,
as amostras foram examinadas em duplicata. Ressalta-se que todo o
material empregado foi deixado de molho em &cido nitrico 20% por 48
horas e apds foi lavado em agua corrente e agua tridestilada para
evitar possiveis contaminacdes.

A cada 5 (cinco) amostras uma prova em branco foi realizada com
0 mesmo procedimento da digestdo, porém sem a presenga de amostra,
a fim de verificar possiveis erros analiticos devido a contaminacao por
manipulacao.

Os aparelhos foram calibrados com a curva padrao para cada
metal. Os ajustes para a quantificagdo dos metais seguem as
determinacbes e metodologias recomendadas pelo fabricante do
equipamento, pois para cada elemento variam as condi¢gdes de
operagao do aparelho, limite de deteccdo, sensibilidade e forma de
atomizacao. A sensibilidade de cada metal é determinada através do
“sensitivity check”, que se constitui numa forma de determinar a

exatidao relativa para as analises quimicas.

A seguir é apresentado um artigo segundo as normas da Revista
“The Science of Total Environment” onde constam os resultados obtidos
neste estudo. Para facilitar a compreensao e a visibilidade do artigo, as
tabelas e as figuras foram inseridas dentro do texto (a revista nao

permite tal recurso).
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ARTIGO

EVALUATION OF TRACE METALS (CADMIUM, CHROMIUM, COPPER
AND ZINC) IN TISSUES OF A COMMERCIALLY IMPORTANT FISH
(Leporinus obtusidens) FROM GUAIBA LAKE, BRAZIL.

S. Carvalho & S.M. Hartz

Programa de Pdés-Graduagdo em Ecologia da Universidade Federal do Rio Grande do Sul
9500-BI. IV, Porto Alegre, Rio Grande do Sul, Brazil. (silenecarvalho@yahoo.com.br)

ABSTRACT

Cities like Porto Alegre, which have a great water area, usually
have problems with heavy metal contamination from industrial and
domestic sewage. Fish accumulate some metals in high levels and when
used as food, these can become a serious health problem for humans.
Leporinus obtusidens, locally named ‘piava’, is a commercially important
fish used by local population in the Porto Alegre area. During 2003, fish
were sampled from three sites along the Guaiba Lake. Metal (Zn, Cu, Cr,
and Cd) concentrations were measured in the muscle and liver tissues of
54 individuals. In study, were tested the hypotheses that there are
locational and seasonal differences in contamination Ilevels that
correlations between the trace metal load of fish and their weight or size
exist and that sex influences accumulation of those metals, and to
evaluate possible risk of fish consumption for human health. The results
showed that there were differences in the metals accumulation between
tissues of males and females, with males accumulating more in muscle
than liver and females more in liver than in muscle. Differences in metal

concentration existed between sizes and metal load was greater in
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fishes captured in summer than in winter. The fish sampled did not

provide risk for human health.

Keywords: Trace metals, Leporinus obtusidens, Environmental

contamination, Guaiba Lake, Southern Brazil.
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INTRODUCTION

Lakes are economically and ecologically important for adjacent
cities because of the intensive recreational and fishing activities
possible there. However, they also may present high levels of
contamination by agricultural, urban and industrial pollutants. The
discharge of potentially toxic trace metals has become a global problem.
The input of heavy metals into the aquatic food chain frequently occurs
by direct consumption of water or already contaminated biota. Another
potential way is the uptake by absorbing epithelia (i.e., the gills in the
case of fish), considered as a nondietary route of input of metals
(Brezonik et al., 1991). Metals like copper, zinc and iron, in small
amounts, are essential for metabolic processes and are being
assimilated by the organisms, although other ones, such as mercury,
cadmium and lead have unknown role in biological systems (Canli and

Atli).

Environmental assessments have been conducted for water,
organisms or sediments. Each of these components provide partial
image of the metals occurrence within the complete system. However,
according to Marcovecchio and Moreno (1993) the advantage of studying
organisms is that results reflect the bioavailability of the pollutants in the
system, and consequently could help to mark the real degree of pollution

in the environment assessed.

Because of their ecological characteristics (length of life, type of

diet, distribution in the biotope) and their economic interest, fish are
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widely used as biological monitor variable in detecting environmental
levels of anthropogenic pollutants (Bryan and Langston, 1992; Canli and
Furness, 1993; Kalay and Canli, 2000). Besides, fish are located at the
end of the aquatic food chain and may accumulate metals and pass them
to human beings through food causing chronic or acute diseases
(Forstner and Wittmann, 1981; Khan and Weis, 1993; Adeyeye et al.,

1996).

Knowledge of heavy metal concentrations in commercial fish is
important in respect to nature management as well as in order to
evaluate the possible risk of fish consumption for human health. Liver
and muscle are the usually used target tissues for analysis of metal
concentrations. Studies carried out with different fish species have
shown that heavy metals accumulated mainly in metabolic organs such
as the liver where metals are stored for detoxication by producing
metallothioneins (Carpene and Vasak, 1989; Kargin and Erden, 1991;
Hogstrand and Howx, 1991). Although muscle is not an active tissue in
accumulating heavy metals, except mercury/MeHg (Unlu et al., 1996;
Roméo et al., 1999; Sunlu et al., 2001), the study of potential metal
accumulation in this part of the fish can be justified by it being the edible

part of the fish for humans.

Porto Alegre City includes a great water area and although there
have been conducted monitoring studies of the water quality in Guaiba
Lake (DMAE, 2003), metal concentrations in the fish fauna of the Guaiba
Lake remains very few up to date (DMAE, 1981; DMAE, 1983; Modllerke

et al., 2002). The choice of Leporinus obtusidens for study were
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influenced by importance fish specie for fishing in region; it is abundant
throughout the aquatic system; it is not at top of the food chain; the
specie feed from mollusks bivalve (Limnoperna fortunei) were the metal

tend to accumulate more.

Thus, the purpose of this work is to evaluate cadmium, chromium,
copper and zinc levels in muscle and liver tissue of Leporinus
obtusidens from Guaiba Lake and to investigate the relationship
between size of the fish (length and weight), condition factor, sex,
season and location of capture. Furthermore, it was tried to calculate the
non-carcinogenic risk by consumption of contaminated fish for a

hypothetical population.

MATERIAL AND METHODS

Guaiba Lake is located in Porto Alegre City, Rio Grande do Sul
State, southern Brazil. It belongs to Guaiba basin constituted as well by
Jacui, Sinos, Cai and Gravatai rivers. The lake area is around 470 km?,
with 50 km in length and width between 0.9 and 19 km. The average
depth is 2 m, reaching around 12 m in navigation canal (Menegat et al.,

1998).

Fishes (n=54) were collected during the year 2003 at three
different locations at Guaiba Lake: North Point, Center Point (in front

Porto Alegre City) and South Point.

Collected fish were immediately frozen and stored at -5°C in a

freezer until dissection. During dissection in the laboratory, fish were
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weighed and their length (standard and total) were measured; for each

fish, a portion of 20g of both muscle fillets and liver were removed.

Tissues were placed into an oven with 60°C to dry at. After the
tissues had reached constant weights in the oven, they were digested
with 2 ml HNOj; (65% Suprapur) in Teflon bombs placed into a
microwave digestion system (CEM-MDS 2000). After cooling, they were
transferred into a 50 ml volumetric flask and rinsed with triple distilled
water. For each five samples being analyzed, one analytical blank was
prepared in the same manner without tissue samples as a control to
check the possible contamination of the five samples. Cadmium (Cd),
chromium (Cr) and copper (Cu) concentrations were measured using a
simultaneous multielement atomic absorption spectrometer (GFAAS),
SIMAA 6000 Perkin Elmer, and zinc (Zn) concentrations were measured
using a flame absorption spectrophotometer Perkin Elmer, model 3300.
The results were expressed in micrograms of metal per dry weight gram
of fish (ug/g). These heavy metals were chosen because they obtained

the highest concentrations after a “pilot study” in the Guaiba Lake.

The data were expressed as mean + standard deviation (SD) and
treated separately and applied for sex (two), each season (four) and by
station of sampling (three) and were submitted to multivariate
exploratory analysis by ordination and variance analysis with
randomization testing (Pillar and Orléci, 1996; Legendre and Legendre,
1998; Podani, 2000). Pearson correlation test was used to check for

significant relationships between heavy metal concentrations and
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individual length/weight and differences between location and season of

capture (Zar, 1984).

For the study of the effect of condition on the heavy metal load of
L. obtusidens, the individual condition factor of fish samples was
determined with the Fulton’s Condition factor: K= 100 (W/ L%); where W
and L are the recorded net weight and total length of a fish, respectively

(Bagenal et al., 1978).

To determine the risks for humans associated to consumption of
fish, muscle concentrations of the metals in muscle tissues (ug/g wet
weight) were compared with the maximum permissible concentrations
(MPC) as permitted by the Brazilian Ministry of Health (1977). Further,
the margin of exposure, MOE, was calculated in order to evaluate
species-specific risk from consumption of fish contaminated with

individual compounds (Watanabe et al., 2003):

_ MCCxCR

MOE =
BW x RfD

where MCC is the species-specific average chemical concentration
(mg/g), CR is the consumption rate assumed to be 0.05 kg/day, BW is
the human body weight assumed to be 70 kg and RfD is the reference
dose for the specific compound in mg/kg/day. An MOE greater than 1
indicates exposure to a dose greater than the safe daily dose for chronic
non-carcinogenic effects. The reference doses factors adopted by United

States Environmental Protection Agency and used in this study were:
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cadmium (Cd= 1.0x107%), chromium (Cr= 5.0x10°%), zinc (Zn= 2.0x107");

for copper, there is no information (Fernandes et al., 1994).

RESULTS

Table 1 shows numbers of females and males sampled, and their
length and weight ranges. The size distribution shows no differences
among females and males during sampled period (p <0,05).

Table 1. Standard length ranges (L); weight ranges (W) and number (N)

of females and males of Leporinus obtusidens from Guaiba Lake, Porto
Alegre, Brazil, captured during 2003.

Sex N L (mm) W (g)
Females 35 282 - 433 483.94 - 1,769.89
Males 19 280 - 352 492.97 - 1,190.27

Metal concentrations found in the tissues of L. obtusidens varied
considerably, mean concentrations of all metals in muscle of fishes were

lower than those found in the livers (Table 2).

There was a significant correlation between size/weight and metal
levels for copper (r=0.49; p=0.001) and chromium (r=0.34; p=0.014) in
liver, however concentration of cadmium and zinc appeared to be
independent from body size/weight. In muscle, no clear relationship
between size fish and metals content was observed. Significant negative
correlation were found between condition factor and zinc jiver (r= -0.57;
p=0.001) and copper muscie (r= -0.41; p=0.002) load. Copper in muscle
was significantly correlated with zinc in muscle (r=0.78; p=0.001) and
cadmium in liver (r=0.75; p=0.001), which were also correlated between

them (r=0.81; p=0.001).
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Table 2. Concentrations (ung metal/g dry weight) of metals in tissues of
the Leporinus obtusidens caught the Guaiba Lake, Porto Alegre, Brazil,
during 2003.

Tissue Cadmium Chromium Copper Zinc

Liver 1.46 £+ 2.06 0.06 +0.05 28.52 + 16.58 94.37 + 24.12

Muscle 0.07 £ 0.49 0.009 + 0.02 0.97 £+0.69 26.98 + 30.54

Data are expressed as mean = SD

Significant differences in metal concentrations were found between
sampling locations (p=0.008; attached 1). In North Point, the highest
mean concentrations of copper and zinc were found in liver (36.0 + 21.7
and 102.0 + 27.4pg.g”", respectively), while the greatest concentrations
in muscle were found in fish from Center Point (Cu= 1.20 + 0.9 and Zn=
42.4 + 46.2nug.9”"). Samples from Center Point had the highest degree of
accumulation of cadmium in liver (2.2 + 3.2ug.g™'). However, cadmium

and chromium concentrations in muscle did not vary (Figure 2).

Significant seasonal variations in the heavy metal levels in fish
were detected for cadmium, copper and zinc in muscle and liver tissues
(p=0.001; attached 2). The greatest mean concentrations metals
occurred in summer (CU muscle = 1.7 = 1.0ug.9™"; Cd muscie = 0.3 +
1.0ug.9™"; Cd jiver = 3.12 £ 3.619.97"; ZN muscle = 56.9 £ 49.4pn9.97"; ZN jiver
= 103.2 + 20.5ug.g”"). Only copper in liver showed its highest mean

concentration (34.2 + 20.5ug.9™") in winter (Figure 3).
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Figure 2. Metal concentrations in liver and muscle of Leporinus
obtusidens from three selected sampling sites, Guaiba Lake, Porto
Alegre, Brazil, during 2003. Data are given as mean = SD. North = 14
individuals; Center and South = 20 individuals for each sampling site.

Significant differences in metal accumulation were found between
females and males (p=0.002). Females showed relatively higher
concentrations in liver, while males had relatively higher concentrations
in muscle. Cadmium and chromium concentrations in muscle did not
differ between sexes, while in liver cadmium concentrations were greater
in males (Figure 4 and 5; Table 3). In liver of female and male fish the

average concentration of the tested elements follows the sequence
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Zn>Cu>Cd>Cr, while in muscle the distribution follows the order

Zn>Cu>Cd=Cr, respectively.

In the assessment of risk by fish consumption for human health,
the mean concentrations (wet weight) found were very low when
compared to maximum permitted concentrations and margin exposure

(Table 4).
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Figure 3. Metal concentrations in liver and muscle of Leporinus
obtusidens caught in different seasons sampled from Guaiba Lake, Porto
Alegre, Brazil, during 2003. Data are given by mean + SD. Summer = 14
individuals; Autumn and Spring = 15 individuals for each season; Winter
= 10 individuals.
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from multivariate

exploratory analysis. Ordination diagram exhibits the distribution of the

unit samples and only the variables that obtained r= 0.5. The axes are

not stable (p> 0.1); however the results have significant information

biological. The ordination suggests a very clear group formed for males

in summer from center point.

Table 3. Concentrations (ug metal/g dry weight) of metals in the tissues of females
and males Leporinus obtusidens caught the Guaiba Lake, Porto Alegre, Brazil,

during 2003.
Tissue Sex Cadmium Chromium Copper Zinc
F 1.12 + 1.09 0.06 + 0.06 30.82 £ 19.21 97.77 + 25.47
Liver
M 2.08 +3.10 0.06 + 0.05 24.27 + 911  88.13 + 20.61
F 0.1 +£0.6 0.01 + 0.03 0.96 + 0.6 20.84 + 17.34
Muscle
M 0.003 + 0.02 0.004 = 0.01 1.0 £ 0.84 38.28 + 44.39

Data are expressed as mean + SD.
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Figure 4. Metal concentrations in liver and muscle from males of Leporinus obtusidens caught
Guaiba Lake, Porto Alegre, Brazil, during 2003. Legend: Cu- copper; Zn- zinc; Cd- cadmium
and Cr- chromium.
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Figure 5: Metal concentrations in liver and muscle from females of Leporinus obtusidens caught Guaiba Lake,
Porto Alegre, Brazil, during 2003. Legend: Cu — copper; Zn — zinc; Cd — cadmium and Cr- chromium.
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Figure 6. Ordination diagram of unit samples (54 individuals). The methods
employed were principal coordinate with chord distance between unit
samples. The samples are identified for sex, local and season captured,
where f= females, m= males, n= north, c= center, s= south, su= summer,
a= autumn, w= winter and s= spring. Variables show correlation coefficient
r=|0.5| with axes 1 are represented for ZnM= zinc concentrations in
muscle, CuM= copper concentrations in muscle and CdL= cadmium
concentrations in liver. Variables show correlation coefficient r=|0.5| with
axes 2 are represented for ZnL= zinc concentrations in liver and CulL=

copper concentrations in liver.
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Table 4. Concentrations of metals (ug metal/g wet weight.), maximum
permissible concentrations (MPC) (ug metal/g wet weight.) and margin
exposure (MOE) in muscle of the Leporinus obtusidens caught the
Guaiba Lake, Porto Alegre, Brazil, during 2003.

Metal Concentrations MPC MOE
Cadmium 0.008 + 0.02 1.0 0.03
Chromium 0.04 £ 0.3 0.1 0.001
Copper 0.6 0,4 30.0 -
Zinc 16.0 + 17.6 100.0 0.06

Data are expressed as mean + SD.

DISCUSSION

Levels of the essential metals (Cu, Zn) in the fish sampled were
higher than those of the non-essential metals (Cd, Cr). Among the four
metal studied, zinc showed the highest level of accumulation in fish
tissue. A similar situation has been observed in others studies (Tuzen,
2003; Cid et al., 2001).

Zinc, iron and some other essential elements usually do not
increase in concentration with age or size because they are under
physiological control (Evans et al., 1993; Andres et al., 2000). However,
the increase in copper content with increasing of piavas is likely to be
due to the fact that this metal can be bioaccumulated by some fish
species without any toxic effect (Sternlieb, 1980). Others studies also
have demonstrated a positive relationship between copper
concentration and body size (Farkas et al., 2003; Linde et al., 1998;

Mastala et al., 1992). Thus, a positive correlation between body weight
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and contaminant load would indicate that risk of contamination of
humans by Cu and Cr could be reduced by consuming smaller fish;
however the lack of correlation for cadmium and zinc indicates that this
strategy would not work for all metals. However, this lack of correlation
between cadmium and zinc load and size/weight of the fish body could
be explained by only small differences in the sizes of the fish sampled.

The fact should be account is that body length is not necessarily
an indication of the age of the fish, so that a larger body length does
not indicate a longer duration of exposure. However, metabolic turnover
has been correlated with size as indicated by body length. Correlation
of metal concentration to body length, weight and age, obtained by
Honda et al. (1983), indicated that the metabolic turnover (correlated
with size) is more important than age or exposure time in determining
the levels of Fe, Mn, Zn and Cu, and that the age or exposure time is a
dominant factor for the accumulation of Pb, Ni, Cd and Hg in animals.

In fish, condition factor (K) reflects, through its variations,
information on the physiological state of the fish in relation to its
welfare (Lizama and Ambrésio, 2002). The negative relationship
between the heavy metal concentration (copper and zinc) of tissues and
the condition factor of fish suggests a certain internal regulation fish in
relation at metals or a relative dilution of micropollutants accumulated
in the organs with a high lipid content of tissues fish. This assumption
is also being supported by the fact that lipid content in percent of body

weight is usually lower in younger fish (Farkas et al., 2000; 2003).
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With regard to the +two organs considered, all metals
concentrations were higher in the liver tissue than muscle. Numerous
studies have shown that the concentrations of copper, cadmium and
zinc usually are elevated in teleost liver compared to muscle tissue
(Hellou et al., 1992; Swales, 1998; Gbem et al., 2001; Moiseenko and
Kudryavtseva, 2001; Canli and Atli, 2003). Despite antagonistic
biochemical roles all three metals are capable of inducing the synthesis
of metal binding proteins such as metallothioneins (MT) in hepatic
tissue. For MT, the in vitro affinity decreases in the hierarchical
sequence Hg*?, Ag*, Cu*, Cd*?, Zn*%. The low concentrations of metals
in the muscles of the examined fish species may reflect the low levels
of these binding proteins in the muscle tissue (Allen-Gil and Martynov,
1995).

In this study, copper concentrations in piava liver were higher in
North Point than Center and South Point; but were comparatively low
with respect to the range of 2-203pg.g™' dry wt. found in the literature
for fish (Carpene and Vasak, 1989; Allen-Gil and Martynov, 1995;
Roméo et al.,, 1999; Hellou et al.,1996; Al-Yousuf et al., 2000;
Kovckovdova and Simokon, 2002; Farkas et al., 2003; Canli and Atli,
2003). Cadmium concentrations in piava liver were greater in Center
Point; however these values were noticeably low compared to cadmium
concentrations in the liver of freshwater fish ranging from 0.3 to 23nug.g°
! dry wt. reported by other authors for both unpolluted and polluted
areas (Sprenger et al., 1988; Heiny and Tate, 1997; Swales et al.,

1998; Roméo et al., 1999). As for chromium concentrations, generally,
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there is only little evidence of accumulation in fish (Phillips, 1977;
Jordao et al., 1996). Zinc concentrations in liver tissue were higher in
North Point, but they are according to range of 13-204ug.g"' dry wt.
found in others studies (Bustamante et al., 2003; Kargin, 1998; Szefer
et al., 2003 Wagner and Boman, 2003). In muscle, the highest copper
and zinc concentrations were found in fish collected in Center Point,
that seem suffering for nearness Porto Alegre City, where have any
amount of sewage discharges.

Differences between seasons also were found by Zayed et al.
(1994). They found metal content in fish higher in summer than in
autumn and attributed this to the higher respiratory rate of fish in
summer: high flux of water throw the gills in summer due to the low
dissolved oxygen content in the water and to their higher feeding rate
on plants and grasses during the summer. This may also be the case in
Guaiba Lake, but no study on this exists. Another explanation can be
that due to more rain occurring in winter, water input and thus outflow
of the Guaiba would be bigger than in other season and consequently
the metals load would be more diluted in water.

Metal accumulations in tissues of fish were affected by the sex.
Others studies have shown a similar result (Al-Yousuf et al., 2000;
Terra, 2001). The nature of hormones and the available number of
active sites in the protein and cytochrome P-450 in female and male
fish may account for this behavior (Jargensen and Pedersen, 1994),

indicating the differences in metabolic activities of the two sexes.
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One overall objective of this study was to determine whether the
metal concentrations in muscle indicate cause for concern with respect
to potential health hazards to the fish themselves or to other organisms
that consume then, specifically humans, based on levels known to have

detrimental effects.

In fish, cadmium can cause very adverse effects because this
metal blocks sulfhydryl groups in enzymes and competes for binding
sites that are essential for normal enzyme functioning (Allen, 1994).
Handy (1993) found that cadmium levels of 0.07 to 0.34pg.g™' (wet
weight) in muscle caused death in fish; so presumably, sublethal effects
occur at lower levels. In this study, were found mean concentrations of
0.04ng.g' (wet weight) suggesting that the fish in the studied area are
not at risk or sublethal effects might occur. Chromium is essential for
animals, being involved in glucose metabolism (Alloway, 1993), but may
accumulate in specific organs. Chromium may occur in different
oxidation stages that differ widely in toxicity (Eisler, 1986; Burger et al.,
2002). Dietary levels of 5.0 to 10ug.g™' are considered detrimental to
fish and wildlife (Eisler, 1986). Jorddo et al., 1997 found chromium
concentrations in muscle tissue ranging from 0.2 to 3.5pg.g”" (wet
weight), which means that all samples were contaminated. Fish from the
non-industrialized area of the Jacarepagua lagoons in Brazil showed a
low average value of 0.08ug.g”" (wet weight) and the mean level found
in L. obtusidens in the study from the Guaiba were 0.008ug.g™' (wet
weight), i.e. well below this values and limits set by Brazilian law

(0.1ug.9”" wet weight).
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Copper is essential for animals and plants, as it is important form
enzyme formation and participates in respiratory processes, with
accumulation levels varying widely among aquatic organisms. Variation
in copper concentration is being related to levels of tolerance and
toxicity symptom outbreaks, depending on species and period of
passive accumulation. This metal accumulates by several means,
depending on environmental conditions and habits of the species.
Phytoplankton is the most Ilikely biota compartment for copper
concentration, along with sediments, due to the great capacity of
copper for precipitation (De Souza Lima et al., 2002). Therefore, the
high concentrations of copper (and zinc) found in piava could be due to
the omnivorous habits of this fish that nowadays almost exclusively
consumes mollusks Limnoperna fortunei. This bivalve itself shows
association to large amount in sediment and vegetation of the Guaiba.
Limnoperna fortunei is an invasive bivalve from South East Asia which
was first reported in Argentina in 1981 (ltuarte, 1981) and 1991
(Pastorino et al., 1993), respectively, and had undergone a remarkable
territorial expansion since then. Arriving in the Guaiba basin in 1998, it
has managed to become a large component of the macroinvertebrate
assemblages of the basin (Mansur et al., 1999).

As well as copper, zinc is an essential element for the physiology
of organisms. However, poisoning to humans can occur and in fish it
can obstruct the interlamelae spaces, blocking breathing movement
(Rocha et al., 1985), as well as delay growth and maturation (De Souza

Lima et al., 2002).
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However, all metal concentrations found in muscle tissue were
down and not offer danger by human populations for Leporinus
obtusidens fish consumption.

Thus, besides the Guaiba lake has been suffer with discharges
from human activities, the results for this study indicated that the fishes

until showed a quality both commercially and ecological approach.
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CONSIDERACOES FINAIS

Subsidios e informacdes a respeito da distribuicdo e
contaminagao de metais (cadmio, cobre, cromo e zinco) em tecidos de
piavas advindas do Lago Guaiba sdo apresentados neste estudo. Tais
informag¢des sdao de fundamental importancia para o gerenciamento da
bacia bem como para a manutencdo e perpetuacadao das espécies ali
existentes. Entretanto a realizacdo de novos estudos que avaliem
organismos de niveis troficos diferentes assim como outros
compartimentos (agua e sedimento) sdo fundamentais para que
conduzam a um melhor entendimento da dindmica dos metais neste
ecossistema aquatico.

Embora exista imensa complexidade de interacbes entre os
diferentes compartimentos de um ecossistema, e isto produza
dificuldades em retirar firmes conclusdes, os resultados apresentados
neste estudo estdo dentro da média normal de valores reportados para
a Bacia do Guaiba, ndo oferecendo, portanto, evidéncias de apreciavel
contaminacdo nos peixes. Contudo, monitoramentos periédicos sao
recomendados de forma preventiva, visto que a concentragcdo dos
metais na “piava” variou significantemente ndo somente em funcdo do
tamanho dos individuos e da carga de poluicdo dos locais amostrados,

mas também influenciado pela condicao fisiolégica de cada organismo.

Baseado nos exemplares amostrados de L. obtusidens as

concentragdes dos metais analisados no figado apresentaram-se
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sempre maiores em relacdo ao musculo, evidenciando que o tecido
hepatico € um melhor acumulador de metais; os pontos norte e centro
apresentaram-se mais impactados quanto aos metais analisados que o
ponto Sul; a estacao verdo apresentou as maiores concentragcdes dos
metais analisados e machos e fémeas evidenciaram comportamentos
diferentes em relagdo a acumulacdo de metais. As concentracdes
encontradas musculo estdo bem abaixo dos limites permitidos pelo
Ministério da Saude do Brasil (1977) e a margem de exposi¢gdo (MOE)
calculada esta significativamente abaixo de 1, concluindo-se que a
populacdo humana nao esta exposta a nenhum risco por contaminacéo
de metais através da ingestdao da espécie como forma de alimentagao;
€ que a espécie ainda estaria “saudavel” a ponto de estar regulando

fisiologicamente as concentragdes dos metais as quais esta exposta.
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ANEXOS

Anexo 1. Analise de variancia com teste de aleatorizagdo avaliando as
diferencas entre os pontos amostrados no Lago Guaiba quanto as
concentragbes dos metais avaliados. Os dados contém 54 unidades
amostrais (peixes) e 8 variaveis (concentragcdo dos metais no figado e
no musculo dos peixes). Utilizou-se distdncia de corda. As
probabilidades foram geradas em 1000 permutac¢des aleatdrias.

Fonte de variacao Soma de quadrados(Qb) P(Qb°= Qb)
Pontos

Entre Grupos 11699 0.008
Contrastes

Norte vs Centro 9250.5 0.015
Norte vs Sul 5375.4 0.149
Centro vs Sul 9197.3 0.048

Dentro de grupos 83410

Anexo 2. Analise de varidncia com teste de aleatorizacdo avaliando a
sazonalidade do Lago Guaiba quanto as concentragdes dos metais
avaliados. Os dados contém 54 unidades amostrais (peixes) e 8
variaveis (concentragcdo dos metais no figado e no musculo dos
peixes). Utilizou-se distancia de corda. As probabilidades foram
geradas em 1000 permutagdes aleatoérias.

Fonte de variacao Soma de quadrados(Qb) P(Qb°= Qb)
Sazonalidade

Entre grupos 20265 0.001
Contrates

Verao vs Outono 19024 0.003
Verao vs Inverno 13258 0.043
Verao vs Primavera 21044 0.001
Outono vs Inverno 1052.3 0.673
Outono vs Primavera 2300.9 0.362
Inverno vs Primavera 5238.2 0.23

Dentro de grupos 74843
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Anexo 3. Foto de um exemplar de Leporinus obtusidens sendo medido
num “ictibmetro” de 500mm de comprimento para posterior pesagem e
dissecacao.

Anexo 4. Foto de um exemplar de Leporinus obtusidens sendo pesado
para posterior dissecacgao.
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Anexo 5. Foto de um exemplar sendo seccionado para retirada do
figado e musculo que serdo posteriormente analisados.

Anexo 6. Foto de um exemplar seccionado ventralmente, em exposicéao:
gObnadas (parte amarelada nas laterais), e aparelho digestivo encoberto
por gordura (parte branca central).




