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APRESENTAÇÃO 

 

Essa dissertação está estruturada em “Introdução Geral”, “Capítulo I” e “Considerações 

Finais”, de acordo com a Resolução n° 44/2023 do Programa de Pós-Graduação em 

Biologia Animal (PPGBAN). A Introdução Geral compreende uma síntese sobre a 

toxicidade dos metais, a dinâmica desses elementos em ambientes aquáticos, o ciclo de 

vida da tainha Mugil liza Valenciennes, 1836, a atividade pesqueira relacionada a essa 

espécie e o sistema estuarino Tramandaí-Armazém, além de descrever os objetivos desta 

pesquisa. O Capítulo I tem forma de um artigo cientifico, intitulado "Metal contamination 

in juvenile and subadult of the Lebranche mullet Mugil liza (Mugiliformes: Mugilidae) 

in an estuarine system in southern Brazil", e aborda os padrões de contaminação por 

metais em juvenis e subadultos na tainha M. liza do sistema estuarino Tramandaí-

Armazém. Por fim, as Considerações Finais apresentam uma síntese dos resultados e as 

conclusões obtidas a partir desta pesquisa. A Introdução Geral e as Considerações Finais 

estão redigidas em língua portuguesa e seguem as normas estabelecidas pelo PPGBAN. 

O Capítulo I está redigido em língua inglesa e foi elaborado de acordo com as normas da 

revista científica Environmental Pollution. 
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RESUMO 

 

A tainha Mugil liza é uma das principais espécies explotadas pela pesca artesanal e 

industrial no sudeste e sul do Brasil. Além da importância econômica, social e cultural, 

desempenha fundamental papel ecológico na transferência de nutrientes entre 

ecossistemas e níveis tróficos. A espécie é pelágica, iliófaga-detritívora e anualmente 

realiza migração reprodutiva, migrando dos estuários até o mar aberto para reproduzir. O 

Sistema Estuarino Tramandaí-Armazém (SETA) é o segundo maior estuário do Rio 

Grande do Sul e é reconhecido por sua alta diversidade e produtividade. Os peixes são 

considerados bons bioindicadores da qualidade ambiental de ambientes aquáticos e 

tendem a acumular metais em seus tecidos e transferi-los para outros organismos através 

da teia trófica. Neste sentido, o objetivo deste estudo foi investigar a contaminação por 

metais na tainha do SETA, uma importante área de alimentação, crescimento e 

desenvolvimento para a espécie. A captura de espécimes foi realizada com redes picaré e 

tarrafa, considerando duas unidades ontogenéticas (UO), com base no desenvolvimento 

da espécie e tamanho mínimo de captura à pesca: UO-I, juvenis com comprimento total 

< 150 mm e UO-II, subadultos com comprimento total ≥ 150 mm e < 350 mm. As 

concentrações de mercúrio, cobre, chumbo, cádmio, cromo e arsênio foram analisadas 

em brânquias, fígado, moela e músculo de 30 espécimes (15 por UO) usando 

espectrometria de massa com plasma indutivamente acoplado (ICP-MS). Foram 

encontradas diferenças significativas nas concentrações de metais entre tecidos, com 

maiores concentrações no fígado em ambas as UO. A UO-I revelou maiores 

concentrações de metais, indicando um padrão de contaminação mais elevado em peixes 

juvenis comparados aos subadultos. Com exceção do mercúrio, todos os metais 

analisados excederam os limites de segurança regulamentados. Esses resultados revelam 

que os juvenis apresentam elevadas taxas de metais, representando risco para a espécie 

devido à bioacumulação, e para os predadores, devido à biomagnificação e até mesmo 

intoxicação aguda. Sugerimos a continuidade dos monitoramentos para avaliar as 

variações na disseminação dessa contaminação ao longo do tempo e para apresentar 

estratégias eficazes visando atenuar seus impactos. Este estudo destaca-se como um dos 

raros na região para essa espécie, ressaltando a necessidade urgente de atenção e ação. 

 

Palavras-chave: Bioacumulação, contaminantes, recurso pesqueiro. 
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ABSTRACT 

 

The Lebranche mullet Mugil liza is one of the main species exploited by artisanal and 

industrial fishing in the southeast and south of Brazil. In addition to its economic, social 

and cultural importance, it plays a fundamental ecological role in the transfer of nutrients 

between ecosystems and trophic levels. The species is pelagic, ilióphagous-detritivorous 

and annually carries out reproductive migration, migrating from estuaries to the open sea 

to reproduce. The Tramandaí-Armazém Estuarine System (TAES) is the second largest 

estuary in Rio Grande do Sul and is recognized for its high diversity and productivity. 

Fish are considered good bioindicators of the environmental quality of aquatic 

environments and tend to accumulate metals in their tissues and transfer them to other 

organisms through the food web. In this sense, the objective of this study was to 

investigate metal contamination in Lebranche mullet from TAES, an important feeding, 

growth and development area for the species. Specimens were captured using beach seine 

nets and cast nets, considering two ontogenetic units (OU), based on the development of 

the species and minimum size of fishing catch: OU-I, juvenile with total length < 150 mm 

and OU-II, subadult with total length ≥ 150 mm and < 350 mm. Concentrations of 

mercury, copper, lead, cadmium, chromium and arsenic were analyzed in gills, liver, 

gizzard and muscle of 30 specimens (15 per OU) using inductively coupled plasma mass 

spectrometry (ICP-MS). Significant differences were found in metal concentrations 

between tissues, with higher concentrations in the liver in both OU. The OU-I revealed 

higher concentrations of metals, indicating a higher contamination pattern in juvenile fish 

compared to subadult. With the exception of mercury, all metals analyzed exceeded 

regulated safety limits. These results reveal that juvenile have high levels of metals, 

representing a risk for the species due to bioaccumulation, and for predators, due to 

biomagnification and even acute intoxication. We suggest continuing to monitoring to 

assess variations in the spread of this contamination over time and to present effective 

strategies to mitigate its impacts. This study is of the rare ones in the region for this 

species, highlighting the urgent need for attention and action. 

 

Keywords: Bioaccumulation, contaminants, fishing resource. 
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1. Introdução Geral 

1.1. Metais com potencial tóxico 

Os metais são elementos encontrados naturalmente no ambiente, presentes na 

composição de rochas, solos, sedimentos, águas e na atmosfera (BURAK et al., 2008; 

MASINDI & MUEDI, 2018). Eles são quimicamente definidos como elementos 

caracterizados por conduzir eletricidade, ter brilho metálico, serem maleáveis, dúcteis, 

formarem cátions e produzirem óxidos básicos. Com base nessa definição, diversos 

elementos podem ser classificados como metais. Nesse sentido, é importante adotar 

denominações específicas que considerem as propriedades individuais de cada elemento 

(IUPAC, 2002). 

Na literatura, existem várias denominações para os metais que têm potencial 

tóxico para os organismos. Tradicionalmente, o termo "metais pesados" tem sido utilizado 

ao longo das últimas décadas, fazendo referência a subdivisões de metais puros e 

semimetais/metaloides com potencial de contaminação e toxicidade. No entanto, a União 

Internacional de Química Pura e Aplicada alerta que esse termo é sem sentido e enganoso, 

pois nem todos os chamados "metais pesados" possuem propriedades altamente tóxicas 

(IUPAC, 2002). Portanto, o termo "metais" parece ser mais apropriado para abranger essa 

categoria de elementos. No entanto, é fundamental contextualizar essa denominação para 

avaliar a verdadeira toxicidade desses elementos, levando em consideração fatores como 

concentração, tipos de organismos expostos, vias de exposição, capacidade de 

assimilação dos metais, entre outros (BURAK et al., 2008). 

Alguns metais são essenciais para diversos processos do metabolismo dos seres 

vivos (SILVA et al., 2019). Elementos como cromo (Cr), zinco (Zn), ferro (Fe), manganês 

(Mn), cobre (Cu), e níquel (Ni) são necessitados pelos organismos em determinadas 

quantidades para seu bom funcionamento, sendo considerados tóxicos somente quando 

encontrados em concentrações superiores às necessárias (RODRIGUES et al., 2021; 

ALMEIDA et al., 2022). Por outro lado, existem aqueles metais que não desempenham 

funções biológicas e são considerados nocivos à saúde dos organismos em qualquer 

concentração. Este é o caso dos elementos como arsênio (As), cádmio (Cd), mercúrio 

(Hg), alumínio (Al), prata (Ag) e chumbo (Pb) (SILVA et al., 2019; RODRIGUES et al., 

2021). 

Tanto os metais não essenciais quanto os essenciais, quando em quantidades 

excessivas, são capazes de provocar efeitos tóxicos em animais e humanos. Metais como 

Al, As, Cd, Cr, Cu, Ni, Pb, Hg e Ag são classificados como “particularmente 
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preocupantes”, pois apresentam características como alta persistência, capacidade de 

bioacumulação e biomagnificação, além de efeitos potencialmente tóxicos (HAUSER-

DAVIS & WOSNICK, 2022). 

Os organismos podem ser expostos aos metais por meio do consumo de água e 

alimentos, inalação e contato dérmico, sendo os alimentos a maior fonte de exposição 

(VIRGA et al., 2007). A intoxicação por metais, seja aguda ou crônica, pode causar danos 

celulares, enzimáticos e em órgãos e sistemas do corpo, aumentando o risco de variados 

tipos de câncer e outros problemas relacionados à saúde e que podem ser fatais para o 

organismo. A gravidade desses efeitos depende de fatores como: o tempo de exposição, 

a dose assimilada, o tipo de metal e a forma química em que ele se encontra 

(KANAMARLAPUDI et al., 2018). 

 

1.2. Metais em ecossistemas aquáticos 

Os metais são encontrados no ambiente em diferentes formas, como hidróxidos, 

fosfatos, sulfetos, silicatos, sulfatos, óxidos e compostos orgânicos. Eles são elementos 

de ocorrência natural, no entanto as atividades antrópicas têm contribuído 

significativamente para o aumento dos níveis de metais no ambiente (MASINDI & 

MUEDI, 2018). Os processos naturais, como o intemperismo de rochas, movimentam os 

metais entre diferentes compartimentos ambientais em velocidades e extensões variadas 

(SOUZA et al., 2018; VIRGA et al., 2007). As atividades antrópicas como a liberação de 

esgotos, liberação de efluentes de indústrias, emissões de veículos, queima de 

combustíveis fósseis, atividades metalúrgicas, atividades de mineração e as atividades 

agrícolas, têm despejado quantidades substanciais de metais no ambiente de maneira 

descontrolada (PEREIRA et al., 2010; BURAK et al., 2008). 

Nos ecossistemas aquáticos, os metais são influenciados por fatores 

hidrodinâmicos, biogeoquímicos e físico-químicos (HAUSER-DAVIS & WOSNICK, 

2022). Ao atingirem a água, esses metais podem se ligar às partículas suspensas e formar 

complexos que precipitam sobre os sedimentos, onde são depositados. As cargas positivas 

dos íons metálicos facilitam a complexação com as partículas sedimentadas, que possuem 

carga negativa, como argila, carbono orgânico, ferro, óxidos de manganês ou sulfetos. 

Portanto, os sedimentos desempenham um papel crucial na dinâmica dos metais no 

ambiente aquático (RODRIGUES et al., 2021). 

A ressuspensão dos sedimentos, quando estes são revolvidos e suas partículas são 

colocadas novamente em suspensão na coluna d’água, torna os metais biodisponíveis para 
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absorção pela biota, seja através das brânquias ou hábitos alimentares. A absorção desses 

metais pode levar à bioacumulação nos organismos e consequente biomagnificação ao 

longo da cadeia trófica. Porém, a biodisponibilidade dos metais em ecossistemas 

aquáticos depende de fatores abióticos como pH, oxigênio, salinidade, temperatura, e 

matéria orgânica (RODRIGUES et al., 2021; BEVITÓRIO et al., 2022). 

Os peixes são os animais mais numerosos dentre os vertebrados e habitam uma 

variedade de ambientes aquáticos (NELSON et al., 2016). Além disso, geralmente 

ocupam níveis tróficos mais elevados e tendem a acumular grandes quantidades de 

contaminantes (FERNANDEZ et al., 2014). Em ambientes degradados, têm sido 

observadas várias patologias em peixes, muitas delas relacionadas ao nível de 

contaminação local (CUNHA, 1994). 

Devido à sua capacidade de absorver metais do ambiente e acumulá-los em seus 

tecidos, os peixes são frequentemente utilizados como bioindicadores de qualidade 

ambiental. Além disso, são uma importante fonte de alimento para espécies de nível 

trófico superior, incluindo os seres humanos. Portanto, a avaliação da contaminação em 

peixes pode fornecer informações relevantes sobre a qualidade do ambiente, a saúde da 

espécie e sua capacidade de transferir contaminantes para predadores, incluindo os seres 

humanos (TREVIZANI, 2019). 

 

1.3. A tainha Mugil liza 

A tainha Mugil liza Valenciennes, 1836 (Figura 1) é um peixe pertencente à classe 

Actinopterygii, ordem Mugiliformes e família Mugilidae (DORNBURG & NEAR, 

2021). Os peixes desta família, conhecidos como tainhas, paratis e curimãs, estão 

amplamente distribuídos por todo o mundo, habitando zonas costeiras de mares tropicais, 

subtropicais e temperados (MENEZES et al., 2010). Constituem um importante recurso 

pesqueiro, sendo bastante explotados em todas as regiões que ocorrem. No Brasil, os 

mugilídeos estão distribuídos em todo o litoral e possuem grande importância comercial, 

social e cultural (SILVA & ARAÚJO, 2000; MENEZES et al., 2015). 
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Figura 1. Exemplar de Mugil liza capturado na costa do Rio Grande do Sul. Foto: 

Laboratório de Ecologia Pesqueira – CECLIMAR/CLN/UFRGS. 

 

Mugil liza é uma espécie pelágica, iliófaga e ocorre desde o Golfo do México até 

a Argentina (MENEZES et al., 2010). A maior parte do seu ciclo de vida acontece em 

lagoas e estuários, o que a faz ser considerada uma espécie catádroma. Essa espécie utiliza 

ambientes de água doce e estuarinos como locais de refúgio e desenvolvimento até o 

recrutamento dos juvenis, quando ocorre a migração para o mar para reproduzir  

(LEMOS et al., 2021; MAI et al., 2018). 

A compreensão completa da estrutura populacional de M. liza ainda está por ser 

alcançada, sendo fundamental para a gestão de seus recursos pesqueiros. Na costa 

atlântica da América do Sul, são delimitadas duas populações para M. liza, do Brasil à 

Argentina: uma população norte, distribuída do norte do estado do Rio de Janeiro para o 

restante do Brasil, e uma população sul, distribuída desde o estado de São Paulo até a 

província de Buenos Aires, na Argentina (SCHROEDER et al., 2023). A população sul é 

a mais abundante e explotada, onde a captura representa até 95% da captura total 

combinada de todos os outros estados do Brasil (LEMOS et al., 2014). 

A população sul de M. liza realiza anualmente uma migração reprodutiva que 

parte da Argentina, Uruguai e dos estuários do sul do Brasil em direção às áreas de desova, 

durante os meses de abril e maio (LEMOS et al., 2021). A desova acontece em águas 

marinhas localizadas no norte de Santa Catarina e Paraná, logo após a migração 

reprodutiva, entre maio e julho (GARBIN et al., 2014; LEMOS et al., 2016, 2021). Após 

a desova, os indivíduos adultos retornam ao seu local de origem e permanecem lá até a 

próxima migração. As larvas e os primeiros juvenis são transportados pelas correntes 

marítimas até a costa, onde se concentram na zona de arrebentação. Posteriormente, os 

juvenis entram nos estuários quando atingem comprimento total entre 20-30 mm 

(STEENBOCK, 2019; LEMOS et al., 2014; GARBIN et al., 2014). 
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1.4. A atividade pesqueira de Mugil liza no Brasil 

Mugil liza é um importante recurso pesqueiro no sudeste e sul do Brasil. A espécie 

é capturada em estuários e mar aberto, sendo bastante explotada pela pesca artesanal e 

industrial (SOUZA et al., 2017; LEMOS et al., 2014). A pesca da tainha ocorre, 

majoritariamente, durante sua migração reprodutiva, quando forma grandes agregações 

(cardumes), entre os meses de maio a julho. (LEMOS et al., 2021). As capturas artesanais 

ocorrem com uso de redes de emalhar e tarrafas, enquanto a frota industrial utiliza 

principalmente redes de cerco (GARBIN et al., 2014). 

No Brasil, a pesca da tainha desempenha um papel de grande importância, tanto 

do ponto de vista econômico quanto sociocultural. Através da pesca artesanal, a captura 

dessa espécie fornece sustento e trabalho para muitas famílias que residem em regiões 

costeiras do sudeste e sul do país. Além disso, a tainha possui um valor cultural 

significativo, sendo objeto de manifestações culturais de comunidades pesqueiras 

tradicionais, o que impulsiona o mercado turístico-gastronômico nessas regiões 

(MIRANDA et al., 2007). A importância cultural da tainha é reconhecida pelo estado de 

Santa Catarina, que a incluiu como parte de seu Patrimônio Cultural através da  

Lei Nº 17.565, de 06 de agosto de 2018 (SANTA CATARINA, 2018). 

Por outro lado, a pesca em escala industrial da tainha desempenha um papel 

relevante, considerando-a como uma fonte alternativa para substituir recursos tradicionais 

que têm enfrentado declínios significativos em termos de captura e rendimento. Além 

disso, a pesca industrial da tainha também é relevante no comércio internacional devido 

à exportação de suas ovas (MIRANDA et al., 2007; SOUZA et al., 2017). 

Devido à pesca em excesso (ou sobrepesca) de outros recursos tradicionais, como 

a sardinha-verdadeira Sardinella brasiliensis Steindachner, 1879, a tainha tem se tornado 

cada vez mais valorizada pelo mercado consumidor. No Brasil, o peixe fresco é 

comercializado para consumo interno, enquanto as ovas e moelas são destinadas 

principalmente ao mercado internacional (OCEANA, 2016). 

Em algumas regiões do Brasil, além do filé, o fígado de tainha também é 

consumido e considerado uma iguaria (HAUSER-DAVIS et al., 2016). As ovas de tainha 

são exportadas como Bottarga®, um produto culinário conhecido como caviar brasileiro, 

com alto valor de mercado, o que tem impulsionado a pressão pela pesca (LEMOS et al., 

2014; GARBIN et al., 2014). Já a moela, como um tecido muscular, também é bastante 

apreciada, e consiste numa estrutura atípica encontrada em algumas espécies de peixes, 

como a tainha, sendo essencial para uma digestão mais eficiente, especialmente naqueles 
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que se alimentam no fundo do ambiente aquático. A moela atua na trituração mecânica, 

separando o alimento do sedimento que a tainha ingere durante sua alimentação. 

(VIEIRA, 1991). 

Em 2004, M. liza foi classificada como sobreexplotada pelo Ministério do Meio 

Ambiente (BRASIL, 2004) com base na redução das capturas anuais. Em 2015, o 

Ministério do Meio Ambiente e o então Ministério da Pesca e Aquicultura aprovaram o 

“Plano de gestão para o uso sustentável da tainha, Mugil liza Valenciennes, 1836, no 

sudeste e sul do Brasil”, visando regulamentar a pesca da tainha para garantir a 

conservação da espécie (BRASIL, 2015). 

A pesca da tainha, tanto pela frota industrial quanto por pescadores artesanais, é 

considerada tradição no Brasil e figura um patrimônio imaterial. Mugil liza está 

envolvida, inclusive, em uma interação singular que ocorre na natureza, a pesca 

cooperativa. Essa pesca ocorre principalmente na desembocadura do rio Tramandaí, entre 

os municípios de Imbé e Tramandaí (RS), e no estuário do município de Laguna (SC) 

(ILHA et al., 2020). 

Na pesca cooperativa, pescadores artesanais de tarrafas e botos-de-Lahille 

Tursiops gephyreus Lahille, 1908 interagem e trabalham juntos na captura da tainha, 

sendo ambos beneficiados (SIMÕES-LOPES et al., 1998). Os botos-de-Lahille atuam 

perseguindo e encurralando os cardumes de tainhas junto aos pescadores e sinalizando a 

eles o momento certo de lançarem suas tarrafas. Quando as tarrafas são lançadas, os 

pescadores capturam o cardume e as tainhas que conseguem escapar das tarrafas são 

posteriormente capturadas pelos botos (SILVA, 2021). 

A atividade pesqueira de M. liza possui grande importância social, econômica, 

ambiental e cultural. Práticas de manejo sustentável são fundamentais para garantir a 

preservação da espécie (SOUZA et al., 2017). Os esforços de conservação devem abordar 

não apenas a pesca excessiva, mas também outros problemas, como a degradação dos 

habitats, que podem ter impactos negativos sobre a espécie (BRASIL, 2015). 

A tainha é afetada por perturbações de origem natural e antrópica, que impactam 

cada uma das suas fases ontogenéticas (ovos/larvas, juvenil, subadulta e adulta). Esta 

espécie habita diferentes ambientes aquáticos e com conexões complexas que precisam 

ser atravessadas em diferentes fases de sua vida, o que a torna especialmente vulnerável 

a essas perturbações (BRASIL, 2015). 
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1.5. O Sistema Estuarino Tramandaí-Armazém 

Os estuários são ecossistemas costeiros de transição entre o continente e o oceano. 

São as áreas onde ocorre a diluição da água salgada do mar, a partir do seu encontro com 

a água doce de um rio. Devido às suas características hidrodinâmicas, os estuários 

possuem grandes quantidades de nutrientes. Isso confere uma importância ecológica 

significativa a esses ambientes, que servem como berçário para várias espécies 

(MIRANDA et al., 2002). 

Nos últimos anos, tem sido observado um aumento considerável na degradação 

dos ecossistemas estuarinos e costeiros. Essa situação é particularmente alarmante nos 

estuários e nas áreas costeiras próximas a regiões densamente habitadas, pois estão 

sujeitas a uma elevada exposição à contaminação química devido à proximidade das 

fontes poluidoras (KEHRING et al., 2006). 

O Sistema Estuarino Tramandaí-Armazém (SETA) localiza-se no litoral norte do 

estado do Rio Grande do Sul e conecta a bacia hidrográfica do rio Tramandaí com o 

oceano. O SETA é formado pelas lagunas Tramandaí e Armazém, às margens das cidades 

litorâneas de Imbé e Tramandaí, fazendo conexão com o mar através do canal da “barra 

do rio Tramandaí” (Figura 2) (CORRÊA et al., 2021; SILVA-GONÇALVES & 

D’INCAO, 2016). 

 

 

Figura 2. Canal da barra do rio Tramandaí, local de deságue no oceano, de toda água 

proveniente da bacia hidrográfica do rio Tramandaí. Foto: Laboratório de Ecologia 

Pesqueira – CECLIMAR/CLN/UFRGS. 

 

Historicamente, o SETA tem sido afetado por diversos impactos ambientais 

resultantes da expansão urbana desordenada, como a contaminação por efluentes 

domésticos, a pesca predatória e o turismo irresponsável. Esses fatores culminaram na 
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poluição e degradação progressiva do SETA ao longo do tempo (CAMARGO et al., 2020; 

MOURA et al., 2015). 

Um estudo conduzido por Castro e Rocha (2016) identificou a presença de metais 

tóxicos no sistema estuarino, sugerindo uma possível relação com a falta de tratamento 

adequado de esgoto, atividades de produção de arroz irrigado, práticas de silvicultura, 

pecuária nas margens do estuário e extração de areia na região. 

O SETA abriga uma rica diversidade de fauna marinha, incluindo M. liza 

(CASTRO & MELLO, 2016). Um estudo ao longo da bacia do rio Tramandaí, realizado 

por Tesser et al. (2021), revelou que espécies como o cará-cartola Geophagus brasiliensis 

Quoy & Gaimard, 1824, a branca Oligosarcus spp. Günther, 1864, a traíra Hoplias 

malabaricus Bloch, 1794 e o cascudo-viola Loricariichthys anus Valenciennes, 1836 

estão acumulando concentrações significativas de metais provenientes do ambiente. 

A presença desses poluentes no ambiente tem consequências prejudiciais, 

afetando a diversidade de organismos que habitam o ecossistema. Além disso, essa 

contaminação gera efeitos adversos sobre os moradores locais e os visitantes que 

frequentemente consomem pescados e utilizam as águas do estuário para atividades de 

lazer (CASTRO, 2019). 

Essas descobertas destacam a importância de um manejo ambiental mais 

sustentável e a implementação de medidas de conservação para garantir a proteção da rica 

biodiversidade encontrada no ecossistema do SETA. 

 

2. Objetivos 

2.1. Objetivo geral 

Investigar a contaminação por metais na tainha M. liza do SETA e seu potencial 

risco para a espécie e para seus predadores. 

 

2.2. Objetivos específicos 

1) Determinar as concentrações de Hg, Cu, Pb, Cd, Cr e As nas brânquias, fígado, 

moela e músculo de juvenis e subadultos; 

2) Analisar os padrões da contaminação por metais em juvenis e subadultos; 

3) Verificar as concentrações de metais detectadas nos espécimes e comparar com 

os valores estabelecidos pelas agências reguladoras brasileiras e internacionais 

para consumo humano. 

  



22 
 

Capítulo I 

 

Metal contamination in juvenile and subadult of the Lebranche mullet Mugil liza 

(Mugiliformes: Mugilidae) in an estuarine system in southern Brazil 

 

As normas para publicação no periódico “Environmental Pollution” estão disponíveis em: 

https://www.sciencedirect.com/journal/environmental-pollution/publish/guide-for-

authors 
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Abstract 19 

The Lebranche mullet Mugil liza is one of the most abundant species in the Tramandaí-20 

Armazém Estuarine System (TAES), a region susceptible to several environmental 21 

impacts. This system has faced significant challenges due to contamination by several 22 

contaminants, with metals being highlighted as the main ones, in accordance with 23 

numerous studies. The present study aimed to investigate metal contamination in M. liza 24 

and evaluate the patterns of this contamination in juvenile and subadult fish. The metals 25 

Cr, As, Pb, Cd, Cu e Hg were determined in gills, liver, gizzard, and muscle, using 26 

inductively coupled plasma mass spectrometry (ICP-MS). The concentrations of these 27 

metals were significantly different between the tissues, with the highest concentrations 28 

found in the liver and gills in juvenile fish and in the liver and gizzard in subadult fish. 29 

The muscle was the tissue with the lowest concentrations of metals in juvenile and 30 

subadult fish. Juvenile presented higher concentrations of Cr and Pb than subadult fish in 31 

all the samples. The highest concentrations in subadult fish were observed only in the 32 

liver for the metals As, Cd, Cu, and Hg. This indicates a pattern of metal contamination 33 

higher in smaller fish. The levels of Cr, As, Pb, Cd, and Cu exceeded the maximum limits 34 

established by different agencies in 100%, 68%, 29%, 15%, and 6% of the samples, 35 

respectively. Hg was below the regulatory limit in all the samples. These results indicate 36 

that M. liza from the TAES are susceptible to metal accumulation, as evidenced by the 37 

high levels found in juvenile fish and in the liver of subadult fish. This contamination 38 

poses risks not only to the species itself but also to its predators, including humans, due 39 

to the potential for biomagnification of metals throughout the entire food web. 40 

 41 

Keywords: Fishing resource, toxicity evaluation, environmental monitoring.  42 

 43 

1. Introduction 44 

Recent studies in ecotoxicology are being conducted regarding the growing 45 

diversity and complexity of the contaminants released into the environment. These studies 46 

consider several variables that are often neglected but that present a significant impact on 47 

the organisms' response regarding exposure to these substances, like the contaminants' 48 

characteristics, their entry routes, bioindicators, and biomarkers (Salomão et al., 2020). 49 

Metals are particularly alarming as contaminants due to their toxicity, environmental 50 

persistence, resistance to degradation, and potential for bioaccumulation in organisms and 51 

biomagnification in the food chain (Masindi and Muedi, 2018; Trevizani et al., 2019; 52 
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Silva et al., 2023). In the aquatic environment, metals are deposited on the sediments and 53 

only reach the biota when they are resuspended, becoming bioavailable. However, the 54 

behavior of metals and their bioavailability are regulated by abiotic factors such as pH, 55 

temperature, salinity, oxygen, and organic matter (Rodrigues et al., 2021; Trevizani et al., 56 

2019). Furthermore, bioaccumulation in the biota also depends on biotic factors, like 57 

physiological state, trophic level, age, body size, feeding habits, sex, and the organism’s 58 

reproductive period (Jayaprakash et al., 2015; Azevedo et al., 2009). All these factors are 59 

relevant to the comprehension of the variation patterns in the concentrations of 60 

contaminants that accumulate in the organism’s organs. Among them, body size 61 

represents one of the most significant influencing variables in the accumulation of these 62 

substances (Farkas et al., 2003; Canli and Atli, 2003). The body size is frequently related 63 

to the ontogenetic stage of the organism, which includes hatching, larval, juvenile, and 64 

adult (Salomão et al., 2020). 65 

Fish usually occupy high trophic levels and tend to accumulate large amounts of 66 

metals. This renders them more sensitive to the aquatic environments’ pollution, making 67 

them the regular choice for biological indicators to monitor the presence of metals in 68 

aquatic ecosystems (Fernandez et al., 2014; Silva et al., 2023). However, the evaluation 69 

of the contamination in fish not only provides information about the state of the 70 

environment but also about the fish’s health and the potential risk to its predators, 71 

including human beings (Jayaprakash et al., 2015; Fazio et al., 2019; Trevizani et al., 72 

2019). The Lebranche mullet Mugil liza Valenciennes, 1836 is a fish species of estuarine 73 

and marine coastal environments, occurring from the Gulf of Mexico to Argentina 74 

(Menezes et al., 2010). This species inhabits estuaries and adjacent coastal areas, 75 

migrating to the sea during the reproduction period (Mai et al., 2018). Consequently, it 76 

crosses different aquatic environments in distinct phases of its life (initial, juvenile, adult), 77 

which makes it particularly vulnerable to perturbations caused by human activities 78 

(Brasil, 2015). Furthermore, due to iliophagy, this species plays an important role in the 79 

detection of contamination by metals, since it can be affected by the contamination 80 

associated with sediments (Hauser-Davis et al., 2016). 81 

The Tramandaí-Armazém Estuarine System (TAES) is the second biggest estuary 82 

in the state of Rio Grande do Sul, on the Brazilian south coast, with a total area of 83 

approximately 30 km2 (Ramos and Vieira, 2001; Silva-Gonçalves and D’Incao, 2016). 84 

This ecosystem is known for its high diversity and productivity, and is considered a 85 

priority area for the conservation of Brazilian biodiversity (Camargo et al., 2020). Despite 86 
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its ecological importance, the region is intensely impacted by human activities varying 87 

from predatory fishing to tourism, including practices like silviculture, rice cultivation, 88 

and livestock farming (Camargo et al., 2020; Moura et al., 2015; Castro and Rocha, 2016). 89 

The need for studies aiming at the possible environmental impacts generated by these 90 

anthropic activities is evident. The environmental quality of the TAES is threatened by 91 

several types of pollutants since it receives contaminated water and sediments from all 92 

the water courses of the Tramandaí River basin and is the point where these waters join 93 

the ocean (Castro, 2019). Among the pollutants, metals are pointed out as a significant 94 

concern, as they have already been detected in the estuarine system (Castro and Mello, 95 

2019). 96 

Studies on the impacts of these pollutants on fish health are important to 97 

understand environmental contamination and its effects on the ecosystem, due to their 98 

characteristics as sentinel species. In particular, the mullet M. liza may be accumulating 99 

this contamination observed at TAES and may also be a route of transfer to predators, 100 

including humans, through consumption. The present study highlights the differential 101 

contamination between tissues, demonstrating a generalized contamination pattern in 102 

juvenile fish and a specific accumulation in the liver of subadult fish, indicating 103 

bioaccumulation in the species. In this context, this study aimed to identify the presence 104 

of contamination by metals in the mullet M. liza and to evaluate the specific patterns of 105 

this contamination in juvenile and subadult that inhabit this complex estuarine system. 106 

The levels of Hg, Cu, Pb, Cd, Cr and As were determined in the gills, liver, gizzard, and 107 

muscle. Furthermore, the levels of the identified metals were examined regarding the 108 

potential risk to the species and its predators. 109 

 110 

2. Materials and methods  111 

2.1. Study area 112 

The study was carried out in the Tramandaí-Armazém Estuarine System (TAES), 113 

located on the northern coast of Rio Grande do Sul, Brazil (-29.984281°S, -114 

050.148274°W). This system covers the final portion of the Tramandaí River basin, it 115 

comprehends the Tramandaí and Armazém lagoons and the canal that connects them to 116 

the sea, bordering the cities of Imbé and Tramandaí (Fig. 1) (Côrrea et al., 2021). The 117 

TAES region has a humid subtropical climate and is strongly influenced by winds and 118 

rainfall (Castro, 2019). The depth of the TAES body of water is low, varying between 1.0 119 

and 2.0 meters in the Tramandaí and Armazém lagoons. The sediments in the Tramandaí 120 
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lagoon vary from coarse to fine-grained, meanwhile, in the Armazém lagoon, the 121 

sediments vary from fine to very fine-grained (Cotrim and Miguel, 2007; Corrêa et al., 122 

2021). 123 

 124 

Fig. 1. Study area and representation of the Mugil liza individuals caught, in southern 125 

Brazil. 126 

 127 

2.2. Sample collection 128 

The analyzed fish were caught from July to October 2022. For these individuals, 129 

two ontogenetic units (OU) were established: OU-I, juvenile with a total length < 150 130 

mm, and OU-II, subadult with a total length ≥ 150 mm and <350 mm. For each OU, the 131 

number of individuals caught was 15. None of the individuals presented sexual 132 

maturation, since it occurs near 350 mm (Morado et al., 2021). Juvenile individuals were 133 

caught near the shallow zones of the Tramandaí and Armazém lagoons using beach seine 134 

nets with 13 m length and 1.5 m height with a mesh size of 5 mm. Subadult individuals 135 

were caught in the central zones of the lagoons, in regions of deeper depth (~ 1.8 m), 136 

using cast nets with mesh sizes of 25 mm and 60 mm. 137 

The fish were euthanized with a 150 mg L-1 benzocaine solution (Benzocaine ≥ 138 

99%, Merck, Germany), packed individually in plastic bags, and stored at -4ºC until 139 

arrival at the laboratory. All the procedures for sample collection were authorized by the 140 

environmental agency (SISBIO n° 81874-1) and by the Ethics Committee for Animal 141 

Use. The sample processing was carried out at the Fishery Ecology Laboratory 142 

(CECLIMAR/CLN/UFRGS). Before removing the internal tissues, the total length (mm) 143 

and the weight (g) of each individual were recorded. The gills, liver, gizzard, and muscle 144 

samples were dissected using a stainless steel scalpel, stored in 50 mL falcon tubes, and 145 

frozen at -20ºC until the metal analysis.   146 

 147 

2.3. Sample preparation and metal analysis 148 

The sample preparation and the metal analysis were carried out at the 149 

Determination Laboratory 2 (ICB/FURG). The gills, liver, gizzard, and muscle samples 150 

were dehydrated by freeze dryer for 24h at -55ºC and 76 µmHg. All the samples were 151 

then ground and approximately 0.5 g of each tissue were weighed on an analytical balance 152 

with a 0.0001 g precision. Next, 2 mL of 65 % ultrapure nitric acid (Suprapur, Merck, 153 

Germany) was added to each sample, and the acid digestion was carried out in a 154 
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microwave (Multiwave 3000, Anton Paar, USA) for 40 minutes. The extract resulting 155 

from the acid digestion was diluted with 9 mL of ultrapure water (resistivity of 18 156 

MΩ/cm) (Aquapur Evolution AQ3000, Permution, Brazil) and submitted to the metal 157 

content analysis. 158 

The concentrations of Hg, Cu, Pb, Cd, Cr and the metalloid As were determined 159 

using Inductively Coupled Plasma Mass Spectrometer (ICP-MS, PlasmaQuant MS Q, 160 

Analytik Jena, Germany). The instrument was calibrated using calibration curves 161 

prepared with multielement solutions, which were obtained by diluting a standard 162 

solution containing all the analytes (Multi-Element Standards Solution 5 For ICP, Merck, 163 

Germany), and the linear range was from 0.001 to 1 mg L-1. Yttrium (Y) was used as an 164 

internal standard to correct matrix interferences. The limits of detection (LOD) and 165 

quantification (LOQ) were calculated using the standard deviation (SD) of the signal of 166 

a blank solution. The LOD was calculated as three times the SD and the LOQ as ten times 167 

the SD. The values found for both LOD and LOQ were 0.000 mg L-1 for all the metals, 168 

showing the method’s extremely high sensitivity. 169 

The quality control and guarantee were ensured by the analysis of an analytical 170 

blank and using reference materials certified by the Canada National Research Council 171 

(TORT-3: lobster hepatopancreas; DORM-4: fish protein and DOLT-5: fish liver). The 172 

recovery values for the certified materials were always >90% and >83%. The results of 173 

the metal concentrations were expressed as mg kg-1 of wet weight. 174 

 175 

2.4. Data analysis 176 

The data were tested for normality and homogeneity assumptions using the 177 

Shapiro-Wilk and Levene tests, respectively. Since the assumptions were not met, the 178 

Kruskal-Wallis test was applied to evaluate the significant differences in metal 179 

concentrations between ontogenetic units and tissues (Zar, 2010). When the result 180 

presented statistical significance, the Dunn test was used as pots-hoc to identify which 181 

groups were different from each other. The Kendall correlation test was applied to verify 182 

the relationship between metal concentrations and the total length and weight of the fish. 183 

The influence of the environmental variables (temperature and salinity) in metal 184 

concentrations was also evaluated by the Kendall correlation. This test was applied 185 

considering that when the correlation coefficient (τ) value was higher than 0.00 (zero), it 186 

would indicate a positive relationship. A principal component analysis (PCA) was carried 187 

out to explore the association between the metals in OU and the mullet’s tissues. The 188 
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function ‘prcomp’ was used to execute the PCA and the eigenvalues were employed as 189 

metrics to determine the number of components that could offer the most effective 190 

explanation of the data set. The interpretation of the results focused on the first two 191 

principal components of the PCA. All of the statistical analyses were carried out using 192 

the R environment version 4.2.3, with a statistical significance level of p < 0.05, and using 193 

the packages ‘ggplot2’, ‘car’, ‘dunn.test’, and ‘kendall’. The results were presented as 194 

median ± interquartile range, due to the presence of extreme values in the data. 195 

 196 

2.5. Comparison of the metal concentrations with the limits established by regulatory 197 

agencies 198 

The concentrations of metals found in M. liza were compared to the maximum 199 

tolerated limits (MTL) of contaminants in food established by the Brazilian legislation 200 

(ANVISA), by Decree Nº 55.871 of March 26, 1965, and the Normative Instruction Nº 201 

160 of July 1, 2022, by the European Commission (EC)  Regulation Nº 1881 of December 202 

19, 2006, and by the Food and Agriculture Organization of the United Nations (FAO) 203 

Circular Nº 764 of January 1, 1983 (Table 3) (Brasil 1965, 2022; EC, 2006; Fao, 1983). 204 

For As, Pb, Cd, and Hg we considered the limits established by the normative instruction 205 

Nº 160 of ANVISA of 2022, which represents the most recent Brazilian legislation for 206 

these metals in fish, and by the regulation Nº 1881 of EC of 2006. For Cr and Cu, we 207 

considered the limits provided by ANVISA in the decree Nº 55.871 of 1965 and by FAO 208 

Circular of 1983, since the most recent Brazilian legislation does not comprise limits 209 

established for the concentration of these metals in fish. 210 

Due to the great number of samples (30 fishes x 4 tissues x 6 metals = 720 211 

samples), the concentrations of the metals were grouped in pools of individuals. 212 

Therefore, the concentration of each metal in a specific tissue was represented by the 213 

median, considering the pool of all individuals in each OU, instead of considering the 214 

individual concentrations of the 15 individuals in each OU. 215 

 216 

3. Results 217 

3.1. Fish weight and total length  218 

The length and the weight of the individuals varied significantly in each OU (Fig. 219 

2). In OU-I, the total length varied between 33 and 120 mm, with a median of 71 mm (± 220 

23 mm). In OU-II, the variation of the total length was from 210 to 340 mm, and the 221 

median was 310 mm (± 45 mm). Regarding the weight, in OU-I, the variation was from 222 
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0.41 to 20.43 g and the median was 5.38 g (± 4.89 g). The weight in OU-II varied between 223 

95 to 350 g and presented a median of 290 g (± 100 g). 224 

 225 

Fig. 2. Total length and weight distribution of the individuals in each ontogenetic unit.  226 

inside each box represents average value. 227 

 228 

3.2. Relationship between the length and the metal concentrations 229 

A correlation analysis was carried out to determine the relationship between the 230 

metal concentrations and length and between metal concentrations and the individuals’ 231 

weights (Table 1). The results followed the same pattern for length and weight.  232 

 233 

Table 1. Kendall’s correlation coefficients (τ) and significance levels (p) of the 234 

relationships between metal concentrations and total length and weight of the M. liza 235 

individuals analyzed. Bold values indicate a significant difference with p < 0.05. 236 

 237 

It was observed that for the metals Hg, Cu, Cd, and Cr the correlation was negative 238 

and statistically significant (p < 0.05) for both OU, indicating that as the total length and 239 

the weight increased, the concentrations of these metals did not increase. As for As, the 240 

correlation was positive, but it was considered weak (close to 0.00) and non-significant 241 

(Total length p > 0.47 and weight p > 0.38), suggesting that there is no clear relationship 242 

between the concentrations of As detected and the total length and weight of the 243 

individuals.  244 

 245 

3.3. Metal concentrations in tissues and ontogenetic units 246 

In general, among the tissues, the concentrations of Hg, Cu, Cd, Cr, and As were 247 

higher in the liver, with the following order of accumulation: liver > gizzard > gills > 248 

muscle. The concentrations of Pb were higher in gills, with the order of accumulation 249 

being: gills > liver > gizzard > muscle. It was identified significant differences (p < 0.05) 250 

in the concentrations of metals between most of the analyzed tissues, indicating notable 251 

variations in the levels of contamination of different tissues. The only pattern similarity 252 

observed was between gills and gizzard, except for Pb, and between all the tissues for As, 253 

except for the liver (Fig. 3). 254 

 255 

Fig. 3. Variation of metal concentrations in the different tissues of the M. liza analyzed. 256 
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Comparing the two OU, significant differences (p < 0.05) were found in the 257 

concentrations of Hg, Cu, Pb, Cd, and Cr, while for As there was no significant difference 258 

(p > 0.15). The concentrations of Pb and Cr were higher in all the analyzed tissues in OU-259 

I. For Cu, Cd, and Hg, the concentrations in the tissues were higher in OU-I, except for 260 

the liver, which presented the highest concentrations of these metals in OU-II. As for As, 261 

the concentrations were not significantly different in the tissues in both OU, except in the 262 

liver, which showed higher As concentrations in OU-II (Fig. 4). 263 

 264 

Fig. 4. Metal concentrations and maximum tolerated limits (MTL) in tissues analyzed in 265 

the two ontogenetic units (juvenile and subadult) of the M. liza in the Tramandaí-266 

Armazém Estuarine System, Brazil. 267 

 268 

These results demonstrated that the pattern of metal accumulation was higher in 269 

OU-I than in OU-II, with a different order of accumulation in the tissues in each OU. In 270 

OU-I, the highest concentrations were found in the liver and gills, the gizzard presented 271 

intermediate values, and the lowest concentrations were detected in the muscle. In OU-272 

II, the highest concentrations were observed in the liver and gizzard, gills presented 273 

intermediate values, and the lowest concentrations were observed in the muscle. As for 274 

the metals, the same pattern was observed in both OU: Cu>As>Cr>Pb>Hg>Cd. 275 

 276 

3.4. Relationship between metals  277 

The Principal Component Analysis explained 69.32 % of the total variance of the 278 

data (Fig. 5), considering the first two principal components (PC). The first PC 279 

contributed with 48.61 % to the variance of the data, while the second PC contributed 280 

with 20.71 %. The PCA results indicated a positive relationship between Pb and Cr, 281 

especially regarding the gills and liver in OU-I. Furthermore, the PCA also demonstrated 282 

a strong association between the elements Cd, Hg, Cu, and As, mainly regarding the liver 283 

in OU-II.  284 

 285 

Fig. 5. Principal Component Analysis (PCA) demonstrating the relationships between 286 

metals. 287 

 288 

3.5. Relationship between water parameters and metal concentrations 289 
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Among the physical-chemical parameters of water, the temperature and salinity 290 

were measured, and their relationship with metal concentrations was investigated using a 291 

correlation analysis (Table 2). 292 

 293 

Table 2. Kendall’s correlation coefficients (τ) and significance levels (p) of the 294 

relationships between metal concentrations and water temperature and salinity. Bold 295 

values indicate a significant difference with p < 0.05. 296 

 297 

There was a statistically significant negative correlation (p < 0.05) between 298 

temperature and metals, except for As. As for the salinity, a positive correlation with As 299 

and Cd was observed, although these correlations were weak (close to 0.00) and were not 300 

statistically significant (p > 0.49) for Cd. Regarding Hg, Pb, Cu, and Cr, salinity 301 

demonstrated a statistically significant negative correlation (p < 0.05), except for Hg, 302 

which presented a negative correlation, but with no statistical significance (p < 0.07). 303 

 304 

3.6. Metal limits established by regulatory agencies 305 

All the metals were found in concentrations above the MTL, except Hg (Table 3). 306 

The Cr concentrations exceeded the MTL in 100% of the samples. The concentrations of 307 

As exceeded the MTL in most of the samples, 68%, and affected all of the tissues, with 308 

the liver and gills being the most affected ones. In the case of Pb, the concentrations 309 

exceeded the MTL in 29% of the samples, mainly in the liver and gills, with only three 310 

samples of gizzard and one sample of muscle presenting concentrations above the MTL. 311 

The Cd concentrations exceeded the MTL in 15% of the samples, and most of them were 312 

liver samples, except for two gizzard samples which presented concentrations above the 313 

MTL. As for Cu, the concentrations exceeded the MTL in 6% of the samples, all of which 314 

were liver samples. 315 

 316 

Table 3. Metal concentrations in juvenile and subadult of the M. liza caught in the 317 

Tramandaí-Armazém Estuarine System, Brazil.  318 

 319 

4. Discussion 320 

A higher contamination pattern was observed in juvenile fish in comparison with 321 

subadult. It is generally accepted that smaller fish are more vulnerable to contamination 322 

by metals in comparison to larger fish (Salomão et al., 2020). Smaller individuals have 323 



11 
 

smaller biomass when compared to larger individuals of the same species. Therefore, 324 

smaller fish possess a reduced amount of tissue available for metal distribution (Salomão 325 

et al., 2020). Furthermore, in the case of fish, it is observed that the feeding rate decreases 326 

as they grow, affecting the metal absorption via diet (Farkas et al., 2003). The preference 327 

for specific sediment particles while eating also plays a significant role in this process. 328 

Pedro et al. (2008) examined the preference for sediment particles in mullet Liza ramada 329 

and observed that smaller individuals tend to choose fine particles. This choice is related 330 

to the fish morphology, which presents differences according to the individual’s size. In 331 

the Guinea and Fernandez (1992) study, significant differences were found in the gaps 332 

between the gill rakers of juvenile and adults of several Mugilidae species, like Liza 333 

aurata, Liza saliens, Liza ramada, and Chelon labrosus. They demonstrated that these 334 

gaps match the particles’ size limit that can be filtered by these fishes, emphasizing the 335 

importance of these characteristics in the metal absorption through diet. Finer sediment 336 

fractions generally present elevated metal concentrations (Ikem et al., 2003), because 337 

these metals tend to form stronger bonds with functional groups such as hydroxy, sulfate, 338 

and carbonate group, which are abundant in smaller sediment particles (Tansel and 339 

Rafiuddin, 2016). On the other hand, higher metal concentrations in smaller fish can be 340 

attributed to detoxification and excretion mechanisms. Older fish can have a higher 341 

capacity for metal detoxification for subsequent excretion since younger fish spend more 342 

energy on growth than on detoxification (Merciai et al., 2014). However, there is a gap 343 

in the literature on fish regarding the relationship between detoxification and excretion of 344 

toxic substances and ontogeny. 345 

For the analyzed tissues, the higher metal concentrations were found in the liver. 346 

The liver is the main organ of accumulation, biotransformation and excretion of metals 347 

in fish (Fernandes et al., 2007), due to its large amount of metallothioneins that regulate 348 

these elements (Lawrence e Hemingway, 2003; MD-Shahjahan et al., 2022). Gills and 349 

gizzard also presented significantly high metal concentrations and, in general, were 350 

similar. The gills are the first organs exposed to the environment and, therefore, are one 351 

of the main targets of interaction with metal ions (Hauser-Davis et al., 2016; Fernandes 352 

et al., 2007). As for gizzard, it is directly exposed to the sediments and food that pass 353 

through it. In the Mugilidae, gizzard plays a crucial role in grinding highly indigestible 354 

food, using the sediments to help the mechanical process (Vieira, 1991). On the other 355 

hand, muscle presented the lowest metal concentrations. This is because muscles have a 356 

limited potential to accumulate metals (Jovičić et al., 2015) since they are not in direct 357 
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contact with the toxic substance due to skin protection (Vasanthi et al., 2013). Besides, 358 

muscles present lower metabolic activity when compared to organs like the liver and gills 359 

(Uysal et al., 2008). 360 

The high concentrations of Cu and Cr in this study are due to the natural essence 361 

of these metals and the fishes’ capacity to regulate them in their tissues (Lobos et al., 362 

2019), but also reflect the environmental contamination of the TAES. Tesser et al. (2021) 363 

evaluated the contamination by Cr in omnivorous, carnivore, and detritivore fishes in this 364 

region and showed that all of the samples exceeded the limits considered safe by the 365 

regulatory agencies. In the case of Cu, we did not find studies that evaluated the presence 366 

of these metals in any of the environmental matrices from the TAES. However, in several 367 

estuaries along the Brazilian coast, high levels of Cu have already been reported, 368 

including in Mugil liza (Niencheski et al. 2014; Hauser-Davis et al., 2016). The evidence 369 

of sediment exchange between estuaries and neighboring marine areas (Ridgway and 370 

Shimmield, 2002) suggests that the contamination by Cu can be transported and 371 

influenced by factors beyond the geographic limits of the TAES. Furthermore, Cu is also 372 

present in the composition of biocides and fertilizers (Rodrigues et al., 2021), and the 373 

TAES region is characterized by highly developed agriculture (Lissner and Gruber, 374 

2009). The high concentrations of As found in this study reflect the fact that this is one 375 

of the main metals that contaminate the TAES. Several studies have already associated 376 

the presence of As with the use of agrochemicals in irrigated rice culture, which is 377 

predominant in this region (Petersen et al., 2019). Arsenic was historically used in 378 

agriculture in a variety of agrochemicals, many of which are still used nowadays (Petersen 379 

and Damin, 2016). Mercury, Pb, and Cd were the metals with the lowest concentrations 380 

detected in our study. This is in accordance with the fact that these elements, in general, 381 

are present in high concentrations in predator fish, since these metals are toxic and have 382 

a cumulative effect (Filho et al., 2013). Data concerning Hg, Pd, and Cd in sediments, 383 

water, and other fish from the TAES exceeding the limits recommended by the regulatory 384 

agencies in some samples have been reported. However, most of the results showed that 385 

these metals were not detected, or their concentrations were below the recommended 386 

limits (Rocha, 2020a; Rocha 2020b; Rocha 2020c; Tesser et al., 2021). Additionally, the 387 

absence of these elements in the mullet M. liza of the TAES has already been reported 388 

(Petersen and Damin, 2016). 389 

Regarding the relationship between the metals, a pattern between Pb and Cr, and 390 

between Hg, Cu, Cd, and As was observed. This pattern does not necessarily indicate an 391 
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association between these metals but indicates a common route of metabolism in the 392 

organism and a common origin of environmental contamination (Nussey et al., 2000; 393 

Samantara et al., 2023). In the case of Pb and Cr, it was observed that these metals 394 

presented high levels, especially in the gills and liver of the analyzed juvenile. The metals 395 

Hg, Cu, Cd, and As demonstrated higher levels mainly in the liver of subadult. The gills, 396 

in particular, are the largest surface area in direct contact with the aquatic environment 397 

and, therefore, represent an important site for the incorporation and accumulation of 398 

metals. As is the liver, which is the main organ for accumulation and metabolization of 399 

metals (Hauser-Davis et al., 2016; Vasanthi et al., 2013). 400 

The relationship between the environmental variables, like temperature and 401 

salinity, and the metal concentrations in our study was not significant, although it is 402 

already known that these variables can impact metal absorption (Tesser et al., 2021). In 403 

our study, low temperature and salinity rates were observed, which influences a lower 404 

bioavailability of metals, due to complexation and binding ith ions and organic molecules 405 

present in the water. Other factors may have a more prominent influence on the metal 406 

accumulation in the species of the TAES, such as the organic matter content of this 407 

environment and the physicochemical characteristics of the sediments. The influence of 408 

other abiotic factors needs to be more thoroughly investigated to better understand its 409 

effect on metal absorption, since different abiotic factors interact with each other and can 410 

lead to an increase or reduction in metal bioavailability (Tansel and Rafiuddin, 2016). 411 

In our study, all of the metals and metalloids, except for Hg, were found in 412 

concentrations higher than the limits established by ANVISA, CE, and FAO in the 413 

samples of M. Liza, indicating a concerning environmental contamination of the TAES, 414 

which is corroborated by the contamination already observed in other fish species, water, 415 

and sediments of this complex system (Tesser et al., 2021). This contamination reflects 416 

the harm to M. Liza's health, which can compromise the species’ development since it 417 

depends on the estuary environment. Furthermore, our study demonstrated that metal 418 

concentrations were generally higher in juvenile fish, except for concentrations in the 419 

liver of subadult fish, which indicates bioaccumulation. However, there is a need to also 420 

analyze adult individuals to identify the risks of perpetuating the species, as metal 421 

contamination causes devastating effects on fish. Several histological, physiological, 422 

behavioral, and genetic alterations that affect the correct functioning of the organism are 423 

already well documented for many fish species exposed to different types and 424 

concentrations of metals (Vasanthi et al., 2013; MD-Shahjahan et al., 2022). Because they 425 
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are a source of food for other animals, fish contamination represents a risk for the entire 426 

food chain. In the case of mullet M. liza of the TAES, its predators include seabirds, 427 

dolphins, and human beings. 428 

Finally, the results of our study indicating the metal contamination in juvenile and 429 

subadult of mullet M. liza in the TAES raise great concerns. The mullet M. liza is found 430 

in abundance in the region, in different sizes, playing a significant economic role. The 431 

contamination of this species can have considerable impacts on fishing activity and the 432 

local economy, in addition to compromising its use as a food source. Therefore, we 433 

recommend that more studies be carried out to monitor the contamination of M. liza in 434 

the TAES to evaluate possible variations over time and propose techniques to mitigate 435 

the existing contamination. This work represents one of the few studies performed for 436 

this species in this region. 437 

 438 

5. Conclusions 439 

The negative correlations found between metal concentrations and fish size 440 

indicated higher contamination in juvenile fish. This contamination poses a risk to M. 441 

liza, associated with the bioaccumulation for larger specimens. The levels of the metals 442 

As, Cr, Pb, Cd, and Cu exceeding the limits established by different regulatory agencies 443 

in the analyzed tissues of M. liza from the TAES represent a significant risk to the health 444 

of the species' predators by the biomagnification in the food web. The highest 445 

concentrations of Cr, As, and Cu in the samples indicated that these were the metals that 446 

influenced the most the contamination of the mullet M. liza from the TAES. Due to the 447 

relevance of the mullet M. liza for fishing and local consumption, this study highlights 448 

the importance of more metal contamination monitoring studies to guarantee the health 449 

of the species and its predators, including human health. 450 
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Table 1. 758 

  759 

Variable 
Element 

Correlation 

coefficient 
p-value 

Length τ p 

 Hg -0,21 0 

 Cu -0,24 0 

 Pb -0,38 0 

 Cd -0,13 0,02 

 Cr -0,48 0 

 As 0,04 0,47 

Weight    

 Hg -0,21 0 

 Cu -0,23 0 

 Pb -0,38 0 

 Cd -0,13 0,02 

 Cr -0,47 0 

  As 0,05 0,38 
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Table 2. 760 

  761 

Variable Element 
Correlation 

coefficient 
p-value 

Temperature   τ p 

 Hg -0,19 0 

 Cu -0,22 0 

 Pb -0,25 0 

 Cd -0,26 0 

 Cr -0,42 0 

 As -0,05 0,48 

Salinity    

 Hg -0,12 0,07 

 Cu -0,16 0,01 

 Pb -0,36 0 

 Cd 0,04 0,49 

 Cr -0,3 0 

  As 0,14 0,04 
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Table 3. 762 

763 

OU 
Tissue 

Concentration in mg/kg 

I Hg Cu Pb Cd Cr As 

 Gill 0,03 ± 0,01 3,77 ± 2,16 1,73 ± 2,96 0,01 ± 0,01 0,92 ± 0,68 1,33 ± 0,93 

 
Liver 0,07 ± 0,06 

14,76 ± 

20,00 
0,58 ± 0,62 0,05 ± 0,06 2,68 ± 2,01 2,36 ± 1,97 

 Gizzard 0,03 ± 0,03 4,29 ± 3,05 0,18 ± 0,17 0,01 ± 0,01 0,64 ± 1,33 1,07 ± 1,06 

 Muscle 0,02 ± 0,02 1,19 ± 1,06 0,09 ± 0,05 0,00 ± 0,01 0,81 ± 0,64 0,89 ± 0,31 

II         

 Gill 0,01 ± 0,00 1,58 ± 0,58 0,19 ± 0,17 0,01 ± 0,00 0,47 ± 0,15 1,70 ± 0,83 

 
Liver 0,11 ± 0,03 

9,79 ± 

39,20 
0,07 ± 0,04 0,12 ± 0,07 0,35 ± 0,24 6,05 ± 3,22 

 Gizzard 0,02 ± 0,01 2,37 ± 0,97 0,04 ± 0,02 0,01 ± 0,01 0,30 ± 0,19 1,20 ± 0,43 

 Muscle 0,01 ± 0,00 0,50 ± 0,13 0,03 ± 0,01 0,00 ± 0,00 0,32 ± 0,13 0,91 ± 0,44 

ANVISA  0,50 30,00 0,30 0,10 0,10 1,00 

FAO   30,00     

EC   0,50   0,30 0,10     
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Highlights 765 

 766 

Metal contamination in juvenile and subadult of the Lebranche mullet Mugil liza 767 

(Mugiliformes: Mugilidae) in an estuarine system in southern Brazil 768 

 769 

HIGHLIGHTS 770 

 There is a negative correlation between metal concentrations and fish size. 771 

 Juvenile M. Liza captured in the TAES presented high levels of metals. 772 

 As, Cr, Pb, Cd, and Cu were found above safety limits, presenting risks to the 773 

species and its predators. 774 

  775 
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Table 1. Total length and weight for each ontogenetic unit sampled in the Tramandaí-798 

Armazém Estuarine System, southern Brazil. Sample size (N), minimum and maximum 799 
(range), and median and interquartile range (median ± interquartile range) are provided. 800 

 801 

 802 

 803 

Table 2. Information about water parameters and their sectors and sampling locations. 804 

 805 

806 

Total 

Length 

(mm) 

Ontogenetic unit N Range Median ± interquartile range 

Juveniles 

Subadults 

15 

15 

33 – 120 

210 – 340 

71 ± 23 

310 ± 45 

Weight 

(g) 

Juveniles 

Subadults 

15 

15 

0.41 – 20.43 

95 – 350 

5.38 ± 4.89 

290 ± 100 

Sector Site 
Water parameters 

Temperature Salinity 

Tramandaí lagoon Imbé – RS 12°C 5.3 

Armazém lagoon Tramandaí – RS 20°C 2.1 

Armazém lagoon Tramandaí – RS 20°C 9.5 

Tramandaí lagoon Imbé – RS 22°C 4.5 
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Considerações Finais 

Neste estudo evidenciamos a contaminação por metais na tainha Mugil liza do 

SETA. Os dados biométricos revelaram variações significativas nos espécimes 

analisados. As concentrações dos metais Cr, As, Cu, Pb, Cd e Hg foram analisadas em 

juvenis e subadultos, revelando padrões distintos de contaminação. Os juvenis 

demostraram uma maior contaminação por metais. A análise das correlações entre as 

concentrações de metais e o comprimento total e a massa dos espécimes, indicou relações 

negativas e significativas para Hg, Cu, Cd e Cr em juvenis e subadultos. O As mostrou 

uma correlação positiva, embora não significativa. Esses resultados indicam que, à 

medida que o comprimento total e a massa aumentam, as concentrações desses metais 

não aumentam proporcionalmente. 

Embora as maiores concentrações tenham sido identificadas em peixes juvenis, o 

risco associado à bioacumulação em espécimes maiores é considerado significativo, 

devido as concentrações de metais detectadas terem sido elevadas e ao acúmulo no fígado 

dos subadultos. 

Dentre os órgãos analisados, fígado e brânquias apresentaram as maiores 

concentrações de metais, seguidos pela moela e músculo, ressaltando a importância de 

avaliar diferentes órgãos ao estudar a contaminação em peixes. 

As concentrações de metais encontradas foram comparadas com os limites 

regulamentados por diferentes agências reguladoras brasileiras e internacionais e 

revelaram que todos os metais, exceto o Hg, ultrapassaram os limites em muitas amostras, 

indicando um risco para a saúde dos predadores de M. liza. Na região do SETA, a tainha 

M. liza é um dos principais peixes consumidos pela população local e também é o 

principal alimento dos botos-de-Lahille, espécie em perigo de extinção. 

Acreditamos que nossos resultados serão úteis para conduzir novos estudos sobre 

a contaminação por metais nessa região e para fornecer informações importantes para a 

conservação da tainha M. liza do SETA, bem como toda a biodiversidade deste sistema 

estuarino, e a garantia da saúde de todo o ecossistema. 
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