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RESUMO

A dissertacdo buscou analisar a presenca de microplasticos no trato digestério de trés espécies
de peixes — Sciades herzbergii (bagre guribu), Cynoscion acoupa (pescada amarela) e Mugil
curema (tainha sajuba) — considerando a relacéo entre a contaminagdo ambiental e os impactos
a biodiversidade, ao funcionamento dos ecossistemas e a saude humana. Inicialmente, foi
realizada uma revisdo bibliografica sobre os plasticos, destacando que esses materiais
sintéticos, derivados da polimerizacdo de mon6meros provenientes do petroleo e gas, tém
causado sérios problemas ambientais. Fragmentos plasticos, como os microplasticos (MPs),
definidos como particulas com tamanho entre 1 um e 5 mm, foram identificados como
contaminantes emergentes nos ecossistemas aquaticos, especialmente marinhos. Tais particulas
podem ser ingeridas, inaladas ou absorvidas por organismos, levando a bioacumulacdo e
gerando efeitos letais e subletais, como lesdes, bloqueios digestivos, disfunc¢des reprodutivas e
até alteracdes genéticas. A pesquisa incluiu também a elaboracdo de um artigo cientifico que
abordou a ocorréncia de MPs em peixes pertencentes a diferentes niveis troficos, revelando que
todas as amostras analisadas apresentaram microplasticos em seus tratos digestorios. Ressaltou-
se ainda a importancia do monitoramento continuo desses contaminantes, bem como a
necessidade de politicas publicas eficazes, acdes educativas e de conscientizacdo ambiental,
associando o tema aos Objetivos de Desenvolvimento Sustentavel (ODS), de forma a promover
a preservacdo ambiental e a melhoria da qualidade de vida das populacdes que dependem

diretamente dos recursos pesqueiros.

Palavras-chave: Plasticos. Contaminacdo. Polui¢cdo ambiental.



ABSTRACT

The dissertation aimed to analyze the presence of microplastics in the digestive tracts of three
fish species — Sciades herzbergii (Pemecou sea catfish), Cynoscion acoupa (Acoupa
weakfish), and Mugil curema (white mullet)— considering the relationship between
environmental contamination and its impacts on biodiversity, ecosystem functioning, and
human health. Initially, a literature review on plastics was conducted, highlighting that these
synthetic materials, derived from the polymerization of petroleum and gas-based monomers,
have caused serious environmental problems. Plastic fragments, such as microplastics (MPs),
defined as particles ranging from 1 pm to 5 mm in size, have been identified as emerging
contaminants in aquatic ecosystems, especially in marine environments. These particles can be
ingested, inhaled, or absorbed by organisms, leading to bioaccumulation and causing lethal and
sublethal effects, such as lesions, digestive tract blockages, reproductive dysfunctions, and even
genetic alterations. The research also included the preparation of a scientific article that
addressed the occurrence of MPs in fish from different trophic levels, revealing that all analyzed
samples contained microplastics in their digestive systems. The study emphasized the
importance of continuous monitoring of these contaminants, as well as the need for effective
public policies, educational actions, and environmental awareness initiatives. The theme was
also linked to the Sustainable Development Goals (SDGs), aiming to promote environmental
preservation and improve the quality of life of populations that directly depend on fishery

resources.

Keywords: Plastics. Contamination. Environmental pollution.
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I.  INTRODUCAO
Os plasticos sdo vistos atualmente como um dos tipos de contaminante ambiental de
maior interesse nos sistemas aquaticos, especialmente no ambiente marinho. Eles podem ter
diferentes tamanhos e apresentar em Sseus compostos outros contaminantes incorporados
intencionalmente durante o processo de manufatura ou durante sua permanéncia no ambiente,
constituindo um crescente risco de exposi¢do de agentes toxicos para a biota (Kilig et al., 2022).

A poluicédo por plésticos nos oceanos, revela-se uma questao persistente, uma vez que
o0 descarte indiscriminado desse residuo ocorre ha décadas, comprometendo a satude humana e
animal, economias locais, seguranca alimentar e, ainda, tensionando as rela¢des internacionais,
dado que o oceano tem a capacidade de transportar o pléstico por longas distancias (Scoton,
2021).

Os impactos da poluicdo plastica foram reconhecidos logo ap6s o inicio da produgéo
em massa, contudo, foi necessario um longo periodo para que gerassem interesse tanto no
ambito cientifico quanto politico (Villarrubia-Gémez, 2024). Embora a atencéo voltada para
esse problema tenha crescido de maneira consideravel na ultima década, evidéncias apontam
para 0 agravamento da situacdo (Stoett et al., 2024). A ampla distribuicdo dos residuos plasticos
exige grande esforco para detectar seu acimulo em diversos nichos ambientais, assim como
para avaliar 0s riscos potenciais para a fauna e a satde humana (Khedre, 2024).

Conforme Turner (2020), no ambiente natural, os plésticos apresentam alta
persisténcia, podendo levar centenas ou até milhares de anos para se degradarem. A
perdurabilidade desse poluente na natureza faz com que os detritos plasticos se degradem
continuamente em particulas menores (microplasticos - MPs), por meio de processos fisico-
quimicos ou biolégicos no ambiente (Omoregie, 2023).

Particulas plasticas com tamanho entre 1 um a 5 mm sdo definidos como micoplasticos
(Frias, 2019; Kilig, 2024). Os MPs podem ser liberados diretamente no ambiente por meio de
processos industriais e de fabricacdo que utilizam microesferas na produgéo de produtos de
cuidados pessoais, ou indiretamente como resultado de abraséao, intemperismo e fragmentagéo
de detritos plasticos macroscopicos no ambiente (Martins, 2023). A disponibilidade de MPs no
ambiente causa a facilidade de absorcdo dos animais que sdo facilmente consumidos por
espécies marinhas e terrestres (Ansar, 2024), incluindo animais como peixes, mexilhdes,
caranguejos e galinhas. Nestas circunstancias, a ingestdo humana desse poluente é quase

inevitavel, como evidenciado em investigacOes recentes que relatam a presenca de varios tipos



de microplasticos nas fezes humanas, indicando que eles entraram no corpo por meio do
consumo de alimentos e agua (Cavichiolo, 2025).

Micro e nanoplasticos podem ser acidental e deliberadamente ingeridos por peixes.
Estudos laboratoriais indicam que micro e nanoplasticos podem causar varios efeitos negativos
em peixes: danos fisicos, alteracdo no metabolismo lipidico, alteracdo no comportamento, bem
como citotoxicidade (Jovanovic, 2017)

Assim, analisar o conteudo estomacal de peixes continua sendo a principal abordagem
para o0 estudo da ecologia trofica (Bennemann, 2006). Os MPs sdo comumente ingeridos e
absorvidos passivamente por numerosos peixes, com padrdes de ingestdo frequentemente
relacionados a caracteristicas individuais (por exemplo, tamanho do corpo, nivel trofico), onde
suas preferéncias alimentares e caracteristicas dietéticas podem influenciar significativamente
a ingestdo desses contaminantes (Parker et al., 2021, Mallik et al., 2024).

No presente estudo, investigam-se as espécies de peixes com diferentes habitos
alimetares, para avaliar potenciais efeitos toxicos da ingestdo de microplaticos no trato
digestorio. As espécies selecionadas foram Sciades herzbergii (bagre guribu), Cynoscion
acoupa (pescada amarela) e Mugil curema (tainha), capturadas no ambiente estuarino sob
influéncia do distrito industrial e do complexo portuério do municipio de Séo Luis.

O Sciades herzbergii (Siluriformes: Ariidae) é amplamente distribuido na regido norte
da Amaz0nia, sendo um peixe bentdnico abundante na costa do Maranh&o, onde é popularmente
conhecido como bagre guribu e integra a dieta da populacéo ribeirinha local (Torres, 2024).
Seus habitos alimentares sdo onivoros, alimentando-se principalmente de matéria organica em
decomposicdo, embora também consuma pequenos peixes, crustaceos e invertebrados
benténicos (Curty, 22024). Por outro lado, Cynoscion acoupa (Perciformes: Sciaenidae),
conhecida como pescada amarela, é uma espécie demersal que habita dguas rasas tropicais e
subtropicais da costa atlantica da América do Sul, demonstrando tolerancia as aguas salobras.
Trata-se de um peixe carnivoro, que se alimenta predominantemente de pequenos peixes,
crustaceos e outros organismos marinhos menores (Mouréo, 2009). Por fim, a espécie estudada
Mugil curema (Mugiliformes: Mugilidae), conhecida como tainha, € um peixe detritivoro. A
maioria das espécies dessa familia é eurihalina, sendo capaz de se deslocar livremente entre
aguas salinas, hipersalinas e aguas doces (Pinheiro, 2014).

A relevancia desse estudo reside no fato de que as espécies de peixes analisadas

possuem grande importancia comercial na pesca artesanal do estado e sdo amplamente
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consumidas pela populacéo ribeirinha (Ribeiro et al., 2012). Dessa forma, torna-se essencial a
compreensdo dos efeitos da ingestéo e transferéncia trofica de microplésticos por organismos
biol6gicos, com sérias implica¢Bes na seguranca alimentae e saide humana.

Nessa perspectiva, a dissertacdo foi estruturada da seguinte forma: I. INTRODUGCAO,
II. CAPITULO 1 intitulado “Plésticos, microplésticos e contaminac¢do humana: Uma revis&o
bibliogréafica”, de acordo com as Normas da Revista Seven Publica¢cbes Academicas, IlI.
Capitulo 2 intitulado “AVALIAQAO DA PRESENCA DE MICROPLASTICO NO TRATO
DIGESTORIO DE ESPECIES DE PEIXES PRESENTES EM DIFERENTES BACIAS
HIDROGRAFICAS DA ILHA DO MARANHAO” e V. CONSIDERAGOES FINAIS.
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RESUMO
Plasticos sdo materiais sintéticos produzidos através da polimerizacdo de monémeros derivados

de petroleo ou gas. Os residuos plasticos causam diversos problemas, afetando o meio ambiente,
a vida marinha, a biodiversidade e o funcionamento dos ecossistemas. Fragmentos plasticos
podem ser ingeridos por varias espécies, ocorrendo registros em sistema digestivo de diversos
organismos. Os microplasticos (MPs) incluem pequenas particulas plasticas que variam de 1
um a 5 mm de tamanho e atualmente séo identificadas como um dos contaminantes ambientais
emergentes de maior preocupacao nos ecossistemas aquaticos, especialmente no meio marinho.
Microplasticos podem ser transportados para o interior do organismo por contato dérmico,
ingestdo, inalacdo e transferéncia através da cadeia alimentar. A bioacumulagéo de MPs pode
causar lesBes internas e externas, Ulceras, bloqueio do trato digestorio, entre outros efeitos letais

e subletais. Os microplasticos que entram no corpo humano podem conter produtos quimicos
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gue causam cancer, mutacdes no DNA, efeitos toxicos na reproducéo, disrup¢do hormonal e
afetar véarios Orgdos. Fontes recorrentes de microplastico para o sistema aquético séo
lancamento de esgotos, sistemas de drenagem, desgaste de pneus e residuos plasticos mal
gerenciados ou descartados inadequadamente. A contaminacdo por microplastico gera
diminuicdo dos estoques pesqueiros, influenciando populacbes que vivem no entorno de
ambientes contaminados, como ocorre com a populagdo que reside préximo ao Terminal de Uso
Privativo da ALUMAR, Séo Luis, Maranhdo. Assim, pesquisas com microplasticos sédo de
fundamental importancia para a melhoria na qualidade de vida da populacéo e do meio ambiente
e podem estar associadas a varios Objetivos de Desenvolvimento Sustentavel (ODS).

Palavras-chave: Polui¢do ambiental, bioacumulagdo, Contaminag&o microplastica.

1 INTRODUCAO
1.1 O Uso do Plastico no Mundo

Os plasticos sdo materiais sintéticos produzidos atraves da polimerizacao de mondémeros
derivados de petréleo ou géas, frequentemente acompanhados pela incorporacdo de diversos
aditivos quimicos destinados a aprimorar suas propriedades. Esses aditivos contribuem para
conferir aos plasticos uma elevada resisténcia a corrosao, além de reduzirem significativamente
sua condutividade térmica e elétrica (Barnes et al., 2009a).

Franca et al. (2022) defende outras formas de classificar os polimeros, como
relacionando sua origem e suas propriedades no contexto de serem ou ndo biodegradaveis
(Figura 1). Os polimeros de fontes ndo renovaveis sao aqueles que derivam de recursos que nao
se formam ou se renovam em um curto periodo, como o exemplo de mateirias comerciais de

poliestireno (PS), Polietileno (PE) e Polipropileno (PP).



13

Figura 1. Tipos de polimeros e seu potencial de biodegradacéo

Poli(tereftalato de etileno) verde (PET =
Quisasana (QB); Cetions (CE). /\ verde), Poli(cloreto de vinila) verde an
Amido (CS), Quitina (QH),
(PVC verde), Poliproplleno verde (PP O
Poli(hi dr,c(;?atla cr;ang?o)s) (PHA) verde), Polietileno verde (PE verde), (3]
Borracha natural o
O
L , . Q.
Polimeros 2
T = T ' | =
QO
Q.
Poli(acido latico) (PLA), Polietileno (PE), Poliuretano (PUR), Q-
Poli(acido glicélico) (PGA), | L Poliestireno (PS), Polipropileno (PP), <
Policaprolactona (PCL), \/ Poli(metacrilato de metila) (PMMA), ®,
Poli(acido glicélico-acido latico) (PGLA) Poli(cloreto de vinila) (PVC) w

Produtos derivados de fonte fosseis

Fonte: Franca et al. (2022)

Atualmente, os plasticos sdo identificados como um dos tipos de contaminantes
ambientais emergentes de maior preocupagdo nos ecossistemas aquaticos, especialmente no
meio marinho (Giraldez et al., 2020; Da Costa Ribeiro, 2022; Hernandes, 2023). Em 2010, entre
4,8 e 12,7 milhdes de toneladas de residuos plasticos provenientes do continente foram lancados
no oceano, representando de 1 a 4% do volume total estimado de residuos gerados naquele ano
e de 2 a 6% do total de residuos descartados (Jambeck et al., 2015; Mizoguchi, 2019).

De acordo com Eriksen et al. (2014), aproximadamente 5 trilhdes de pecas de plastico
estdo flutuando nos oceanos, sendo dispersos por correntes maritimas. Uma das consequéncias
desse quadro é a formacdo da Grande Porcdo de Lixo do Pacifico (GPLP), uma area onde se
estima que haja 79 mil toneladas de lixo plastico em uma extensdo de 1,6 milhdes de km?2
(Mizoguchi, 2019).

O Plano Nacional de Combate ao Lixo no Mar do Governo brasileiro assinala que
aproximadamente 80% do lixo presente nos oceanos consiste principalmente em plasticos,
filtros de cigarro, borrachas, metais, vidros, téxteis e papéis, 0s quais tém origem nos
continentes. 1sso sugere que a problematica dos residuos solidos esta intrinsecamente ligada a
ma gestdo desses materiais.

O crescente uso de plastico foi impulsiondo pela pandemia de COVID-19, periodo que

foi marcado pelo consumo exacerbado de materiais plasticos de uso Gnico, como mascaras,
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luvas, seringas usadas em vacinagdo, embalagens e ultensilios de delivery (Franca et al., 2022)

Para mitigar o impacto do plastico no meio ambiente, tém sido exploradas diversas
medidas ao longo de décadas, como a estratégia das 4R, que inclui a reducdo, reutilizacdo,
reciclagem ¢ recuperagdo (Klemes et al., 2020). A reducdo implica em uma série de taticas
destinadas a diminuir o consumo de produtos plasticos de uso Unico por parte da populagéo e
das empresas, sendo esta abordagem implementada h4 anos como parte das politicas ambientais
em muitos paises (Fletcher, 2023).

Segundo a ONU (2023), os residuos plasticos implicam em diversos problemas para o
meio ambiente, causando impactos na vida marinha que abrangem desde danos fisicos ou
quimicos a animais individuais, até efeitos mais abrangentes na biodiversidade e no
funcionamento dos ecossistemas. Fragmentos de plastico foram descobertos no sistema
digestivo de organismos aquaticos, incluindo todas as espécies de tartarugas marinhas e quase
metade das espécies de aves marinhas e mamiferos marinhos pesquisados (Jambeck, 2015;
Nelms, 2015; Gall, 2015; Claro, 2019; De Almeida, 2023) . Esse material representa um alto
risco, pois se desintegram ao longo do tempo em tamanhos menores, conhecidos como
microplasticos e nanoplasticos, que podem ter impactos adversos significativos (Bongini,
2024).

Assim, estratégias para a reducdo do lixo plastico no ambiente marinho, tornam-se
extremamente importantes, pois a poluicdo plastica afeta processos-chave no ecossistema,
bloqueando as trocas gasosas, bem como produz sérios distdrbios que impactam severamente a
comunidade biotica, através da ingestdo, alojamento no sistema digestivo, alteracdes

fisiologicas e modificagcbes comportamentais.
MICROPLASTICOS

Os pléasticos podem ser classificados quanto ao tamanho em macropléstico e
microplastico. Distingue-se como macroplastico quando possuir um tamanho maior que 25 mm,
sendo esse ocausador de poluicdo visual (Derraik, 2002; Gregory, 2009 , Nash, 2009). O
macroplastico quando disponivel no ambiente é exposto a radiacdo ultravioleta, temperatura,
oxidacdo, biodegradacao, agentes quimicos e abraséo fisica, podendo gerar particulas menores,
ou seja, os microplasticos (Athapaththu , 2020).

Os microplasticos incluem todas as pequenas particulas de plastico que variam de 1 um

a 5 mm de tamanho (Frias; Nash, 2019). Por possuir um tamanho muito pequeno sdo
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considerados biodisponiveis, ou seja,disponiveis para a incorporacdo acidental ou intencional

de um organismo (Elias, 2015). Representam um grande grupo de poluidores que séo feitos de

diferentes materiais e podem apresentar diferentes tamanhos, formas e cores (Kili¢ et al., 2022).

O Quadro 1, possibilita identificar as problematicas dos plasticos e suas subdivisdes,

incluindo sua deteccdo e exemplos encontrados no mar.

Detecgao/

Quadro 1. Lixo no mar: Detectabilidade

Necessidade de

Muitas vezes

Visivel/

Visivel/

Visivel/

flutuadores e
boias de

pesca; pneus;
tubos; balGes;
brinquedos;

Método de métodos necessita de identificavela | identificAvel a | identificavel a
Identificacdo especiais de microscopios e olho nu. olho nu. olho nu.
deteccdo, uma instrumentacéo
vez que as para confirmar
particulas que é plastico;
menoresndo sdo | itens maiores:
detectadas por | visiveis/identific
microscopios. aveis
a olho nu.
Exemplos de | Nanofibras de | Microesferasem Tampas de Garrafas de Redes de
Lixo no Mar roupas; po de produtos para garrafa; filtrose | bebidae latas; pesca e
borracha de cuidado pessoal; pontas de sacos armadilhas
desgaste de fragmentacdo de | cigarro; pelotas plésticos; abandona-
pneus; produtos ja de plastico; el R e das; cordas;
nanoparticulas existentes residuos aliTTEes barcos; filmes
em produtos. (plastico); transportados outras de plastico;
Ainda ndo poliestireno; pelo vento ou SIS policloreto de
foram plastico oriundo carreados por llveres vinila (PVC)
detectados como de estaleiros; tempestades. CESEATE RS, proveniente de
lixo devido a particulas de LR atividades de
limitagOes residuos de cerven, construcéo.
técnicas. incineragao. s,
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téxteis.

Fonte: Watkins e Brink (2017).

Poluicéo por plastico e microplastico sdo problemas mundiais e sua introducao no meio
aquatico pode ocorrer de diversas fontes antropicas. Segundo Zhou (2020) e Khalid et al.
(2021), as fontes mais recorrentes de microplastico no sistema aquéatico sdo esgotos, sistemas
de drenagem municipal, desgaste de pneus e residuos plasticos mal gerenciados ou até mesmo
descartados em praias.

Alguns microplasticos sdo absorvidos pelo organismo na forma de pequenos pellets, que
sdo pequenos granulos de plasticos que constituem a forma principal com que as resinas
plasticas sdo produzidas e comercializadas (Nobre e Sousa, 2022). Constituem matéria prima
nas industrias de transformacéo, originando os mais variados objetos, que sdo produzidos apds
0 seu derretimento e moldagem do produto final (Manzano, 2009) ou em cosméticos (Fendall;
Sewell, 2009). Também podem ser liberados por derramamento acidental, como grénulos de
plastico virgem (Thompson et al., 2009; Elias, 2015).

Conceitualmente, os microplasticos sdo particulas plasticas com tamanhos que variam
de Imm a 5mm e classificam-se em duas formas: primarios e secundarios. Martins (2023)
assinala que os primarios sdo oriundos dos processos de transformacdo dos polimeros ou
produtos do desprendimento de materiais que contenham polimeros e sua chegada ao ambiente
pode ser de forma voluntaria (descarte) ou de forma involuntaria (abrasdo de itens poliméricos).
Segundo Montagner (2021), constituem materiais utilizados na formulacdo de cosméticos
(gliter), produtos de higiene pessoal (esfoliantes, sabonetes e cremes dentais) e também em
formato de pellets, um tipo de configuracdo de materia prima do pléstico.
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Ja os secundarios, originam-se da fragmentacdo de plasticos maiores como sacos
plasticos, garrafas, redes de pesca e atividades agricolas, como a aplica¢do de lodo de esgoto,
revestimentos de vinil (Nizzetto et al., 2016; Milolo“za et al., 2021). Em ambientes dulcicolas,
sdo relatados fontes primarias de MPs como produtos téxteis e cosméticos, equipamentos
eletronicos, abrasdo de pneus através da conducéo, poeira da cidade, construcéo de estradas e
revestimento maritimo (Rezania et al., 2018; Prokic et al., 2019; Miloloza et al., 2021).

MPs chamam atencdo do mundo inteiro devido a sua contamingéo cronica. Kili¢ (2022),
afirma que microplasticos transformaram-se em uma grande preocupacdo para ambientes
aquaticos devido a sua concentracao intensa. Os microplasticos encontram-se onipresentes no
ambiente e sdo classificados atualmente como contaminantes emergentes (Montagner, 2021).
Os potenciais riscos aos seres vivos, bem como o0s niveis da contaminagdo em diferentes
compartimentos ambientais, precisam ser mais bem elucidados, por isso, essa nova classe tem
sido foco de pesquisas no mundo todo.

Tendo em vista essas fontes de contaminacdo, Brahney (2020), estima que a quantidade
de residuos plésticos no meio ambiente atingird 11 bilhdes de toneladas até 2025, sendo a

maioria no ambiente aquatico.

2 CONSUMO DE MICROPLASTICOS E ODS

Apesar de grande parte dos estudos terem sido direcionados para 0s macroplasticos ao
longo das Ultimas décadas, observa-se atualmente uma maior preocupacdo com os platicos de
menores dimensdes, que por sua longa permanéncia no ambiente aquéatico constitui um
crescente risco de exposicdo de agentes tdxicos para a biota.

A poluicdo micropléastica tornou-se uma questdo ambiental global emergente. Um
crescente quadro de evidéncias sinalizam que os microplasticos foram detectados no ambiente
aquético, atmosfera, biota e até em humanos, gerando preocupacdes para a seguranca alimentar
e saude humana (Zhang et al., 2022).

Muitos estudos e registros oficiais assinalam que a contaminagao por microplasticos em
ecossistemas marinhos é causada principalmente por fontes fluviais e terrestres (Gasperi et al.,
2014). Transportados do ambiente aquéatico ou resultantes da decomposic¢do de detritos plasticos
maiores (Cole et al., 2011), os microplasticos representam a fracdo mais abundante e perigosa
da poluicdo plastica marinha (Eriksen et al., 2014). As propriedades fisicas das particulas, as

condicdes hidrodinamicas e a bioincrustagéo influenciam o destino dos microplasticos e seus
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efeitos nos ecossistemas marinhos (Kowalski et al., 2016; Kaiser et al., 2020).

Esse poluente ao ser descartado ao ambiente ficam biodisponiveis aos organismos.
Micropléasticos podem ser transportados para o interior do organismo pelo contato direto, ou
seja, contato dérmico, consumo, inalacao e transferéncia atraves da cadeia alimentar (Samandra
et al., 2022). Islam (2022), declara que a bioacumulacdo de MPs pode causar les@es internas e
externas, Ulceras, bloqueio do trato digestorio, entre outros efeitos letais e subletais.
Aproximadamente 74.000 a 113.000 microplasticos entram no corpo humano anualmente por
meio de ingestdo calorica e inalacdo (Mak, 2020; Caixeta., 2022).

Mesmo com poucos relatos sobre seu impacto ao homem, o contato direto a esses
polimeros podem desencadear diversas doencas. Wright e Kelly (2017) alertam que muitos dos
HOCs sdo altamente tdxicos, resultando em perturbacGes enddcrinas, efeitos cancerigenos,
mutagénicos e imunotoxicos no organismo humano.

Conforme apontado pela ONU (2021), a totalidade do impacto na saide humana ainda
ndo foi completamente compreendida, uma vez que as pesquisas estdo em estagio inicial. No
entanto, Almeida (2022) adverte que os microplasticos podem conter produtos quimicos
prejudiciais que, quando incorporados ao corpo humano, podem causar cancer, mutacdes no
DNA, efeitos toxicos na reproducdo, disrupcdo hormonal e afetar principalmente érgdos
internos como figado, rins, coracdo, sistema nervoso e sistema reprodutivo.

Diante desse cenario, foram estabelecidas metas para controlar e mitigar a contaminagdo
global, iniciativa que teve inicio em 2015 com a Agenda 2030 para o Desenvolvimento
Sustentavel. Esta agenda compreende o0s 17 Objetivos de Desenvolvimento Sustentavel (ODS),
0s quais abrangem 19 metas e 230 indicadores a serem alcancados ao longo de 15 anos.
Apresenta como objetivo principal incentivar a participacdo e cooperagdo dos 193 Estados
Membros da Assembleia Geral da ONU em questfes de importancia ambiental, econdmica e
social (ONU, 2015).

Ao considerar as pesquisas com microplasticos, tendo o objetivo na melhoria da
qualidade de vida do homem e do meio ambiente, os objetivos que podem ser associados sao:
ODS 2, ODS 3, ODS 5, ODS 6, ODS 11, ODS 12 e ODS 14 (Quadro 1).
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Quadro 1. Objetivos e metas associados ao desenvolvimento sustentavel da zona costeira.

ODS

OBJETIVO

METAS

2. Fome zero e agricultura

sustentavel

acabar com a fome,
alcancar a seguranca

alimentar e melhoria da
nutrigdo, e promover a
agricultura sustentavel.

todas as pessoas, em particular os pobres e as pessoas em

2.1: Até 2030, acabar com a fome e garantir o acesso de

situacdes vulneraveis, incluindo criangas, a alimentos

seguros, nutritivos e suficientes durante todo o ano.

3. Salde e Bem-Estar

assegurar uma vida
saudavel e promover o
bem-estar para todas as
pessoas, em todas as
idades.

3.9: Até 2030, reduzir substancialmente o nimero de
mortes e doengas causadas por produtos quimicos

perigosos e polui¢do e contaminag&o do ar, agua e solo.

3.c: Aumentar substancialmente o financiamento da
salde e o recrutamento, desenvolvimento, capacitacdo e
retencdo de profissionais de salide em paises em
desenvolvimento, especialmente nos paises menos
desenvolvidos e pequenos estados insulares em

desenvolvimento.

3.d: Reforcar a capacidade de todos os paises, em
particular os paises em desenvolvimento, para alertar,

reduzir o risco e gerenciar 0s riscos da salide nacional e
global.

3.1: Até 2030, reduzir a taxa global de mortalidade

materna para menos de 70 por 100.000 nascidos Vvivos.

5. Igualdade de Género

Alcancar a Igualdade de
Género e Empoderar
Todas as Mulheres e

Meninas

5.5: Garantir a participacéo plena e efetiva das mulheres
e a igualdade de oportunidades para lideranca em todos
0s niveis de tomada de decisdo na vida politica,
econdmica e pdblica.

5.c: Adotar e fortalecer politicas sélidase  legislacdo
aplicavel para a promocdo da igualdade de género e
empoderamento de todas as mulheres e meninas em

todos os niveis.

Tornar as Cidades e

11.1: Até 2030, garantir o acesso de todas as pessoas a
habitacdo e servigos basicos adequados e seguros, bem
como a melhorar significativamente o transporte publico,
com especial atencdo para as necessidades das pessoas
em situacdo de vulnerabilidade.

11.3: Até 2030, aumentar a urbanizagdo inclusiva e

sustentavel, e a capacidade para o planejamento e gestao
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11. Cidades e Comunidades| Assentamentos Humanos participativos, integrados e sustentaveis dos
Sustentaveis Inclusivos, Seguros, assentamentos humanos em todos os paises.

Resilientes e Sustentaveis

11.6: Até 2030, reduzir o impacto ambiental negativo per
capita das cidades, inclusive prestando especial atencéo a
qualidade do ar e gestdo de residuos municipais e de

outros tipos de residuos.

12.1: Implementar o Plano Decenal de Programas sobre
Producdo e Consumo Sustentaveis, com todos os paises
tomando medidas, e os paises desenvolvidos assumindo
Assegurar padrdes de a lideranca, tendo em conta o desenvolvimento e as

12. Consumo e Producéo
consumo e produc&o capacidades dos paises em desenvolvimento.

Sustentaveis

sustentaveis 12.2: Até 2030, alcancar 0 manejo sustentavel e o uso

eficiente dos recursos naturais.

Fonte: Modificado de Nagdes Unidas Brasil (2023).

3 A POPULACAO RIBEIRINHA E O CONSUMO DA PESCA LOCAL
POTENCIALMENTE CONTAMINADA

Conforme divulgado pela Organizacdo das Nac6es Unidas (ONU) em sua reportagem
sobre o "Dia Mundial do Meio Ambiente” de 2023, estima-se que anualmente entre 19 e 23
milhdes de toneladas de residuos plasticos sdo despejados em lagos, rios e mares. Essa
quantidade equivale aproximadamente ao peso combinado de 2200 Torres Eiffel, o que tem
dado abertura para a contaminacdo de espécies de peixes por todo 0 mundo.

Segundo Ory et al., (2018), a industria da pesca e aquicultura vem sendo afetada, pela
reducdo em numero de organismos e espécies, gerando perdas econdmicas e ecoldgicas ainda
ndo dimensionadas. O contato direto e constante com MPs gera a diminuicdo do estoque
pesqueiro, influenciando a populagdo que sobrevive no entorno de ambientes contaminado, o
que pode estar ocorrendo com a populacdo que reside no entorno do Distrito Industrial de S&o
Luis.

Silva (2012), afirmou que as instalagdes da ALUMAR atraiu trabalhadores e grileiros e
que, a partir dos anos 70, a ocupacéo se intensificou. Cavalcante (2016), define a area desse
complexo como um reduto de conservagdo dos principais ecossistemas que ainda engloba um
sistema de vida dos povos tradicionais, isto é, pescadores artesanais e agroextrativistas.

Assim, o consumo de peixes contaminados por microplasticos no Rio dos Cachorros

pode estar sendo realizado pela comunidade do entorno, causando uma grande preocupagéo,
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visto que segundo Santos (2015), cerca de 58% desta populacdo nao tem acesso ou possuem

dificuldade para acessar servicos de salde.
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Abstract

Microplastics are particles with sizes less than 5 mm found in the environment in the form
of fibers of diverse colors, pellets, and fragments from a variety of sources related to
human activities. The ingestion of these contaminants is the object of broad discussions
on the harm caused to humans and other animals, especially aquatic organisms. The aim
of the present study was to investigate the occurrence of microplastics in three fish species
belonging to different trophic levels: Sciades herzbergii (Pemecou sea catfish), Cynoscion
acoupa (Acoupa weakfish), and Mugil curema (white mullet). One hundred eleven
specimens were analyzed. Processing of the samples consisted of the dissolution of the
soft tissues of the digestive tract in 10% potassium hydroxide solution, followed by
filtration and examination under an optical microscope. Microplastics were found in
100% of the individuals analyzed, with a greater presence of the contaminant in the dry
season and in females. These findings are of considerable importance to the
environmental monitoring of the coastal community and the city of Sdo Luis in the state
of Maranhdo, Brazil.

Keywords: Contamination, Plastic, Food Safety, Aquatic Pollution, Environmental
Monitoring, Aquatic Ecosystem.

1. Introduction

Plastics are widely used on a global scale and constitute a continuous presence in
the daily lives of millions of people. The term "plastics" encompasses the characteristics
of plasticity and a variety of synthetic organic polymers predominantly derived from
petroleum (Garcia-Regalado; Herrera; Almeda, 2024).

The associated environmental problem is due to the low degradation rate of
plastics, which can take hundreds of years (Barcel0; Pico, 2019). Plastics break down into
fragments and generate pollution in the form of microplastics (MPs), which are defined
as particles measuring between 100 nm and 5 mm (Adaro et al., 2024).

Determining the effects of MPs in aquatic environments is necessary due to the
consumption of seafood by the population, which can pose harm to human health
(Siddique, 2024). The assimilation of MPs in the bodily systems of marine fishes is
directly related to the extent of environmental contamination and the quantity of available
food sources (Siddique et al., 2022).
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The city of S&o Luis — capital of the state of Maranhdo, Brazil — has intense port
activities and a high population density (Pinheiro-Sousa et al., 2021). These two aspects
exert an influence on the Cachorros River, where the local community depends on fishing
for subsistence. The investigation of microplastics in this location is needed to assess the
impact on fish species and possible human contamination in river communities.

Therefore, the aim of the present study was to identify the presence of
microplastics in Sciades herzbergii (Pemecou sea catfish), which is a demersal
omnivorous, abundant in swallow coastal waters with a muddy bottom, Cynoscion
acoupa (Acoupa weakfish), which is a piscivore of the family Sciaenidae found in
tropical and subtropical waters of the Atlantic coast of South America, and Mugil curema
(white mullet), which is a widely distributed coastal pelagic fish with detritivorous habits
(Araujo, 1988; Matos and Lucena, 2006; Carvalho, 2024). These species are found in
marine and estuarine environments, have high commercial value (Isaac, 1995), and
occupy different trophic levels, reflecting potential contamination by MPs in distinct

compartments of the aquatic environment.

2. Material and Methods

2.1. Study area

The study was conducted in the area of influence of the Itaqui Port Complex, specifically
in tidal channels located in the Coqueiros Strait and Cachorros River in the central region
of the Gulf of Maranh&o (Figure 1). Coqueiros Strait is a vast natural channel 16 km in
length that connects Arraial Bay to Sdo Marcos Bay and separates S&o Luis Island from
Tauad-Mirim Island (Porto, 1983). Cachorros River empties into Coqueiros Strait after
running its 7.38-km course. The region has tidal ranges that reach up to seven meters,
which results in the significant invasion of marine waters onto the mainland (Fushimi;
Oliveira, 2020), causing the formation of broad expanses of muddy sediments, on which
a dense belt of mangroves develops, predominating along the banks of the estuarine
environment (Castro, 1986). The area is also strongly impacted by the Industrial District
of S&o Luis, which is home to more than 100 large, medium-sized, and small enterprises,
and occupies approximately 28.39% of the area of the city of Sdo Luis (Ferreira et al.,
2024).
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Figure 1. Map of Maranhd&o Island, highlighting S&o Marcos Bay, Cachorros River, Coqueiros Strait and

areas of harbour activities.

Sampling

Sampling was performed in the rainy (June/2023) and dry (December/2023)
periods in tidal channels located in the area of influence of the Sdo Luis Port Complex.
Specimens of Sciades herzbergii, Cynoscion acoupa, and Mugil curema were caught
during each collection using netting with 35-mm mesh between opposite knots and with
a length ranging from 40 to 50 meters. Sampling took place during neap tide with a
standard fishing effort of six hours, covering the entire cycle of the ebb tide. During the
first sampling, 20 Sciades herzbergii, 20 Cynoscion acoupa, and 11 Mugil curema were
collected. In the second sampling, 20 specimens of each species were collected, totaling
111 fish. After capture, the specimens were packed in ice chests and sent to the Laboratory
of Ichthyology and Fishery Resources (LABIRPesq) of the Federal University of
Maranhao.

Quality control assurance

Prior to work with the captured specimens, the laboratory was carefully prepared
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to avoid the contamination of the samples, involving cleaning with alcohol and the
avoidance of contact with plastic. The room was kept closed at all times, restricting the
entrance and exit of individuals. The researchers exclusively wore 100% cotton clothing
and lab coats. All materials with the potential for contamination, especially those made
of plastic, were removed from the laboratory, ensuring that only metal materials were
used. All benches and utensils, such as tweezers, scissors, scalpels, glass jars, and trays,
were cleaned with distilled water, followed by disinfection with 70% alcohol. Thus, the
laboratory was duly prepared for the removal of the digestive tract of the specimens.

Data processing

In the laboratory, the specimens were thawed until reaching room temperature,
followed by biometric measurements (size and weight). A longitudinal incision was made
in the ventral region for the removal of digestive tract and subsequent gonadal
classification, following the method established by Vazzoler (1996).

For the processing of samples, the method described by Dhimmer (2017) and
Foekema (2013) was applied, with specific adjustments. Each digestive tract was weighed
individually and then placed into glass recipients previously sterilized with distilled water
and alcohol. The digestion procedure consisted of the dissolution of soft tissues using a
10% potassium hydroxide solution. The solution was placed into the glass recipients,
which were then covered with aluminum foil.

After a period of seven days of dissolution, the samples were filtered with the aid
of vacuum pump in a GF-3 Macherey-Nagel glass microfilter (0.6 pm). The filters were
dried in a laboratory oven at 60°C for 24 hours, followed by examination with the aid of
an ocular magnifying glass and optical microscope. Most MPs encountered were

photographed and documented.

Data analysis

All data were entered onto spreadsheets of Microsoft Office Excel (version 2021)
for comparisons of size, weight, and the presence of MPs. Fish health was investigated
using Fulton’s condition factor, with changes. This method relates weight and length and
is demonstrated in Equation 1, in which K is the condition factor, W is total weight in
grams, and L is length in centimeters (NASH et al., 2006).

Equation 1: Fulton’s condition factor
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Fulton’s condition factor is used to indicate fish health. A K value of 1 indicates

K=

a healthy fish, K < 1 indicates underweight, and K > 1 indicates overweight (Vries et al.,
2020). Equation 2 was used to adapt this factor to one of the species of interest (Sciades
herzbergii):
(HI.LK + LO.K)
2

in which SH is the condition factor of the Pemecou sea catfish, HI.K is the highest K

value and LO.K is the lowest K.

Values above and below the healthy value found for SH were considered indicative of
overweight and underweight individuals, respectively. After the differentiation proposed
by the Fulton methods, each species was subdivided into two groups taking into
consideration the health state and concentration of microplastics. The division of the
groups was performed based on the first specimen considered healthy. The following
condition factors were adopted: K = 0.80 for the Pemecou sea catfish, K = 0.89 for the
Acoupa weakfish, and K = 1.00 for the white mullet. Thus, it was possible to investigate
the association between the physical condition of the fishes and the concentration of
microplastics. The Student’s t-test and Analysis of Variance (ANOVA) were used for
data with normal distribution and nonparametric tests (Mann-Whitney and Kruskal-
Wallis) were used for data with non-normal distribution for the comparison of quantities
of MPs among the individuals analyzed and their morphometric characteristics as a
function of sex and seasonality. All data were treated with the aid of the PAST free

software.

3. Results
Microplastics (MPs) were identified in all specimens analyzed. The MPs were
classified as fibers (blue, black, and red), fragments, and pellets (Figures 2 and 3).

Figure 2. Fiber-type microplastics found in fishes caught in Cachorros River. A — blue fiber, B — red fiber,
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A total of 219 MPs were identified during the first sampling campaign and 351
were identified during the second campaign. In the rainy period, 78 MPs were found in
S. herzbergii, 94% of which were identified as fibers, with a predominance of blue fibers
(56%), followed by black fibers (36%) and red fibers (8%), 5% were identified as
fragments, and 1% were pellets (Figures 3 and 4).

Figure 3. Quantity of microplastics found in digestive tract of Sciades herzbergii, Cynoscion acoupa, and

Mugil curema caught in June 2023 in Cachorros River, Sdo Luis, Maranhao, Brazil
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154  Figure 4. Quantity of fibers found in digestive tract of Sciades herzbergii, Cynoscion acoupa, and Mugil

155  curema caught in June 2023 in Cachorros River, Sdo Luis, Maranh&o, Brazil
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159  accounting for 69.62% of all MPs. Among the fibers, 58.18% were blue, 28.18% were
160  black, and 13.63% were red. Among all MPs found, 28% were fragments and 1.9% were
161  pellets (Figures 5 and 6).

162 Figure 5. Quantity of microplastics found in digestive tract of Sciades herzbergii, Cynoscion acoupa, and

163  Mugil curema caught in December 2023 in Cachorros River, Sdo Luis, Maranh&o, Brazil
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166 Figure 6. Quantity of fibers found in digestive tract of Sciades herzbergii, Cynoscion acoupa, and Mugil
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curema caught in December 2023 in Cachorros River, Sdo Luis, Maranhao, Brazil
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For S. herbergii, a significant increase in the quantity of microplastics was found
from the rainy period (total MPs = 78) to the dry season (total MPs = 158). The t-test
revealed a statistically significant difference in the concentration of MPs in the specimens
between the rainy and dry seasons (t = 3.2614; p = 0.0031), confirming a greater
concentration of MPs in the dry period for this species.

In C. acoupa, 87 MPs were recorded during the first sampling campaign, 86% of
which were fibers and 14% were fragments. No pellets were found in this species in the
rainy period. Among the fibers, 43% were black, 40% were blue, and 17% were red.
Eighty-eight MPs were identified during the second campaign, 72.73% of which were
classified as fibers (50% blue fibers, 35.94% black fibers, and 14.07% red fibers), 26.14%
were classified as fragments, and 1.14% were pellets. No significant difference in the
concentration of MPs was found in this species between the dry and rainy periods (U =
152.5;p=0.1995).

In specimens of M. curema, 54 MPs were identified during the first campaign,
87% of which were fibers, 11% were fragments, and 2% remained in the form of pellets.
Among the fibers, 51% were classified as blue, 36% were black, and 13% were red. One
hundred five MPs were found in the second campaign, 81.90% of which were fibers
(52.33% blue, 37.21% black, and 10.47% red) and 18.10% were fragments. No pellets
were found in this species in the dry period and no significant difference in the
concentration of MPs was found between the dry and rainy periods in this species (U =
103.5;p=0.802).
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Multivariate analysis with the use of ordination and the employment of principal
component analysis (PCA) revealed a greater concentration of MPs in the dry period
compared to the rainy period considering all MPs found. Species with a greater quantity
of MPs compared to the others were identified, as demonstrated by ANOSIM (p =0.0143,;
R =0.1197). The application of SIMPER analysis (dissimilarity = 66.66%) revealed that
the groups of means with the greatest difference were those of the white mullet in both
seasons and the Acoupa weakfish and Pemecou sea catfish in the dry season,

demonstrating a strong relationship between the presence of MPs and the dry season.
Figure 7. PCA demonstrating affinity of species with dry and rainy periods M.C = Mugil curema, C.A =

Cynoscion acoupa, S.H = Sciades herzbergii.
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The biometric data of the three species caught during the first campaign are
displayed in detail in Table 1. For S. herzbergii, 90% of the individuals were females and
only 10% were males, with 60% classified as adults and 40% juveniles. For C. Acoupa,
95% of the individuals were females and only 5% were males, with the majority (80%)
juveniles and the remaining 20% adults. For M. curema, 18.18% were identified as
females, an equal proportion was identified as males, and the sex of the remaining
specimens was not identified, with 27.27% classified as juveniles and 9.09% as adults,
whereas 63.64% could not be categorized.

Table 1. Biometric data of Sciades herzbergii, Cynoscion acoupa, and Mugil curema caught in June 2023

in Cachorros River, Sao Luis, Maranhdo, Brazil, (Lt: total length; Wt: total weight; Wd: weight of digestive
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tract)
. Lt (cm) Wt (g) wd (9)
Species
mean min max mean min max mean min max
Sciades
B 24.8 21.5 32.3 120.57 67.52 264.21 5.14 1.84 9.84
herzbergii
Cynoscion
334 25.3 50.6 357.58 146.56 1022.45 7.40 2.96 15.37
acoupa
Mugil curema 17.7 13.8 23.3 59.69 25.18 126.55 1.54 0.39 2.87

Females also predominated in the second sampling campaign. For S. herzbergii,
65% were females and 35% were males, with 5% juveniles and 95% adults. For C.
acoupa, 72.7% were identified as females and 27.3% were males, with 54.5% juveniles
and 45.5% adults. For M. curema, 25% were females, 45% were males, and 30% were
not identified, with 60% juveniles, 10% adults, and 30% not identified (Table 2).
Table 2. Biometric data of Sciades herzbergii, Cynoscion acoupa, and Mugil curema caught in December

2023 in Cachorros River, S&o Luis, Maranh&o, Brazil, (Lt: total length; Wt: total weight; Wd: weight of

digestive tract)

: Lt (cm) Wt (9) Wd (g)
Species
mean min max mean min max mean min max
Sciades
B 33.7 21.9 42.9 371.97 195.02 686.24 12.15 4.4 29.99
herzbergii
Cynoscion
36.3 14.5 475 432.84 2990 784.20 8.55 1.03 34.85
acoupa
Mugil curema 23.5 21.3 26.5 127.30 91.89 171.53 4.29 1.46 7.76

Among the specimens of S. herbergii, no significant difference in the
concentration of MPs was found between males and females (U = 933,5; p = 0.8443) and
no significant difference was found in males between the rainy and dry seasons (U = 27;
p = 0.0833). In contrast, a significant difference between seasons was found for females
(U = 448; p = 0.0415), with a greater concentration of MPs in the digestive tract in the
dry period. Moreover, a greater concentration of MPs was found in the digestive tract of
females in a more advanced gonadal stage (U = 17; p = 0.003).

For C. acoupa, a comparison of the concentration of MPs in males in the different
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seasons was not feasible due to the small number of males. In females, no significant
difference was found between the dry and rainy periods (U = 103.5; p = 0.2861).
Likewise, no significant difference was found in the concentration of MPs between sexes,
as the number of males was insufficient for a reliable analysis (U = 106; p = 0.7465).

For M. curema, the comparison of concentration of MPs between seasons was not
possible due to the difficulty in identifying the gonadal stage in the majority of specimens
collected. Moreover, no significant difference was found in the concentration of MPs
between males and females (U = 32; p = 0.58).

In terms of fish health determined using Fulton’s condition factor (K) during the
first sampling campaign, 80% of the S. herzergii specimens were classified as
underweight, 15% were classified as overweight, and only 5% were classified as healthy.
For C. acoupa, 80% of the individuals were classified as underweight, 15% were healthy,
and 5% were overweight. For M. curema, 55% of the specimens were healthy, 36% were
underweight, and 9% were overweight.

In the second sampling campaign, 90% of the S. herzergii specimens were
classified as underweight, 5% were classified as overweight, and 5% were considered
healthy. For C. acoupa, 90% were classified as underweight, 10% were classified as
overweight, and no individuals were considered healthy. For M. curema, 75% of the
specimens were underweight, 36% were healthy, and 5% were overweight.

The statistical analysis indicated that individuals of S. herbergii with greater
weight had greater concentrations of MPs (T = 3.18; p = 0.03). A similar result was found
in C. acoupa, suggesting that heavier individuals accumulate a greater concentration of
MPs (U = 28; p = 0.00623). However, this relationship was not confirmed in M. curema,
as no significant difference was found (U = 111; p = 0.91854).

No significant difference in the concentration of MPs was found among the three
species (H =2.974; p = 0.2214).

4. Discussion

The presence of microplastics (MPs) in all specimens analyzed is a cause of concern with
regards to the health of organisms in the environment studied and the consumers of these
fishes. This result demonstrates the significant prevalence of these pollutants in the
environment, which have been detected in practically all environmental compartments
investigated, such as the air, soil, water, and living beings (Dar, 2025). According to

Villarrubia-Gémez (2024), more than 11,000 million tons of virgin plastics — composed
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of resins, fiber, and fossil fuel additives — were produced between 1950 and 2022, with at
least 70% of this production occurring in the period between 2000 and 2022.

Fibers were the predominant type of microplastic found in the present study, most
of which were blue, followed in decreasing order by black and red. This is a common
finding in studies on microplastics in fishes. Patidar (2024) investigated the presence of
microplastics in the gastrointestinal tract of freshwater fishes and found similar
proportions of fibers. Studying tunas, Musa (2025) demonstrated a predominance of
fibers in the specimens analyzed, accounting for 92% of all MPs encountered. The
presence of this type of microplastic in the environment is so common that it is the only
type found in some studies, such as that conducted by Santonicola (2024) involving three
commercial fish species from the Tyrrhenian Sea, in which exclusively this type of
microplastic was found. This occurs due to the origin of this type of microplastic, with
the release of fibers from clothes after washing, mask materials as well as the loss of
fibers from fishing nets, cables, cages, and other materials used during marine fishing (Li
et al., 2023). Thus, fibers constitute the most produced type of microplastic throughout
the world due to being a material that has already been modified and is in its marketed
form.

However, MPs in the form of fragments and pellets are also quite abundant due to
their sources. Polypropylene (PP) and polyethylene (PET) are used in the production of
plastic bottles. PP is used to fabricate bottle tops and straws and PET is used to fabricate
plastic films, which easily break up into small fragments and are the main materials
dispersed in the environment due to the lack of adequate treatment of solid waste (Abbasi,
2023). The low percentage of pellets in the present investigation is compatible with
findings described in previous studies in other areas. Analyzing the effects of the
ingestion of microplastics in freshwater fishes of the Thames River, United Kingdom,
Horton (2018) found a similar distribution — 75% fibers, followed by 22.7% fragments
and 2.3% pellets.

During the development of the present study, a greater concentration of MPs was
found in the dry period, especially in S. herbergii. Carvalho (2025) also found a greater
concentration of these pollutants in the dry season in this species, which is explained by
its feeding habits. As a fish that feeds on organisms and products on the bottom of rivers,
the scarcity of precipitation during the dry period favors the accumulation of MPs in the

sediment, resulting in the ingestion of the pollutant. Thus, the greater accumulation found
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in S. herbergii may be attributed to its benthonic behavior, as its main sources of food are
organisms located on the bottom, where MPs tend to accumulate (Ferri Ibafiez, 2024).
Indeed, Liu (2023) found that the abundance of MPs in the digestive tract of fishes is
positively correlated with the abundance in the sediment. Mallik (2025) demonstrated
that, due to the fact that the diet of these fishes is mainly composed of shrimps, algae,
fishes, and zooplankton, MPs can account for 4.83% of the material ingested, which is
quite worrisome, as these materials offer no nutrients.

The greater concentration of MPs in older females may be explained by the
phenomenon of biomagnification due to a longer period of life and the gradual
accumulation of these materials. This result is consistent with data described Silva (2024),
who found the presence of MPs in Hoplias malabaricus at a greater concentration in more
advanced stages of life. According to Wu (2025), the contamination of the digestive tract
with MPs can have an adverse effect on reproductive processes, leading to a decreased
production of eggs.

The greater presence of MPs in individuals with greater weight was confirmed in
two species (S. herbergii and C. acoupa) and is due to the greater accumulation of these
materials in the stomach resulting from the longer period of life. According to Melo
(2024), this phenomenon occurs due to trophic transfer, leading to contamination and
accumulation in the organisms involved. Despite this, no significant difference in the
concentration of MPs was found among the three species, which may be explained by the
fact that contamination is common in various species of fishes irrespective of their feeding
habits. The ingestion of the material by organisms is likely influenced by the abundance
of MPs in the environment as well as the specific ecological characteristics of each
species, although such relationships have rarely been investigated (Lusher et al., 2013;
McNeish et al., 2018; Benaires, 2025).

The presence of microplastics in all specimens analyzed is compatible with the
results of previous studies, which have shown that the level of pollution in marine
sediments is positively correlated with the degree of regional economic development and
human activities (Liu et al., 2023). As an area of intense human activity, Cachorros River
is located near the private ALUMAR Port and surrounding riverside communities, which
are more urbanized due to the proximity of port activities. Moreover, high densities of
MPs on the continental shelf of the Amazon are attributed to the proximity of large coastal

cities in the region and the dumping of waste into large river basins that empty into the
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Atlantic (Rani-Borges et al., 2022; Goddijn-Murphy, 2025). Under such circumstances,
contamination constitutes a serious problem for fish stocks, as ingested MPs have the
capacity to accumulate in the gastrointestinal tract, causing obstruction, which makes
digestion difficult, reduces the appetite, and damages the intestinal mucosa.

The literature indicates that contamination can also affect intestinal permeability,
cause inflammation and, simultaneously, consume lipopolysaccharides, increasing the
abundance of proteobacteria in fishes, besides compromising the immune, digestive, and
reproductive systems. Even with low levels of prolonged exposure in aquatic
environments, the presence of MPs is considered harmful to fish, causing serious
physiological and behavioral disorders, and can even cause death (Alomar, 2021; Liu et
al., 2023; Bhat, 2024; Chen, 2024).

The potential harmful effects of MPs to human health also raise considerable
concern due to the bioaccumulation process (Jamal, 2025), since MPs pass through the
digestive system and are absorbed by body tissues, resulting in direct contamination by
fishes. This is a significant problem, as contact with these pollutants considerably
increases the chances of affected individuals developing cancer (Mello, 2025).

5. Conclusion

This study highlighted microplastic contamination in three different species
located near a port complex, demonstrating the presence of this contaminant on three
trophic levels of the food chain. A greater concentration of MPs was found in the dry
season, especially in females. These results raise concerns, indicating the dissemination
of this material throughout the environment, which compromises both fish stocks and the
communities that depend on fishing activities. The contamination identified reflects a
polluted environment, which requires the implementation of adequate measures to ensure
a clean, safe space for animals and humans. The persistent chronic contamination by
microplastics constitutes an increasing challenge. Despite the existence of public policies
directed at reductions in the use of plastic materials through recycling, such policies are
not yet sufficient to mitigate the quantity of plastics accumulated in the environment.
Improper discard continues to be the major cause of the dispersion of this material, as
demonstrated by the results of the present study, which revealed that most particles found

in the environment were fibers, mainly originating from clothes and plastic bags.
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