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RESUMO

A agricultura no Brasil desempenha um papel de extrema importancia no movimento da
economia. Muitos dados sdo apresentados safra pds safra sobre o sucesso econémico no pais e
a visao no mercado exterior. Porém os olhares sdo pouco voltados para 0s impactos provocados
pela producdo agricola, principalmente no que diz respeito as contaminagdes aquéticas. A
contaminacdo ainda é agravada pelo crescimento populacional, o desenvolvimento dos centros
urbanos, o descarte indevido de produtos e residuos domésticos e industriais juntamente com o
uso abusivo de pesticidas nas monoculturas do pais. Desta forma, este estudo buscou entender
e avaliar os impactos do cultivo de cana-de-acucar sobre as caracteristicas fisico-quimicas e
bioldgicas de uma microbacia hidrografica, relacionando os efeitos de pesticidas e metais sobre
comunidades plancténicas, em uma nascente afluente do Rio Pirap0, localizada no municipio
de Atalaia Parana. As andlises dos parametros abioticos evidenciaram a presenga de dez
substancias toxicas, das quais, apenas cinco sao listadas na resolucio CONAMA 357/2005.
Foram realizados estudos da presenca dos metais Aluminio (Al), Cobre (Cu), Zinco (Zn),
Cédmio (Cd), Cromo (Cr), Niquel (Ni), Chumbo (Pb), Cobalto (Co), Mercurio (Hg), Ferro (Fe)
e Manganés (Mn), podendo evidenciar alteragdes. Em relacdo as comunidades aquéticas, ndo
foram observadas respostas expressivas as fases do cultivo da cana-de-agucar, com excecao dos
protistas ciliados, que apresentaram densidades bastante reduzidas na fase de desenvolvimento
da cultura. Os resultados obtidos na presente pesquisa evidenciam que a presenca de pesticidas
como o toxafeno, furano, cloropirifos e benzoato de benzila além de metais pesados como
chumbo, cadmio, niquel, cobre e mercdrio no cérrego estudado estdo associados ao cultivo da
cana-de-acUcar. Para as comunidades, a auséncia de relacdo com as fases do cultivo e a
ocorréncia de pesticidas ndo significa necessariamente a inexisténcia de impacto, considerando
que a auséncia de relacdes entre estas comunidades e a heterogeneidade ambiental, em riachos
de pequena ordem, tem sido o padrdo mais encontrado na literatura, sendo a estruturacao de tais
comunidades, nesses ambientes, determinada principalmente por processos estocasticos.
Apesar disso, a presenca destes contaminantes, em elevadas concentragdes em uma microbacia,
afluente de um manancial usado para abastecimento publico, gera preocupagdes com a saude

da populacéo.

Palavras-chave: Pesticidas, metais pesados, contaminagdo aqudtica, rio Pirap0, impacto

ambiental.



ABSTRACT

Agriculture in Brazil plays an extremely important role in the economy. A lot of data is
presented harvest after harvest on the economic success in the country and the vision in the
foreign market. However, attention is not focused on the impacts caused by agricultural
production, especially with regard to aquatic contamination. Contamination is further
aggravated by population growth, the development of urban centers, the improper disposal of
domestic and industrial products and waste along with the abusive use of pesticides in the
country's monocultures. In this way, this study aimed to understand and evaluate the impacts of
sugarcane cultivation on the physical-chemical and biological characteristics of a watershed,
relating the effects of pesticides and heavy metals on planktonic communities, in a headwater
tributary of the River Pirap0, located in the municipality of Atalaia Parand. The analysis of
abiotic parameters showed the presence of ten toxic substances, of which only five are listed in
CONAMA resolution 357/2005. Studies were carried out on the presence of heavy metals
Mercury (Hg), Aluminum (Al), Copper (Cu), Zinc (Zn), Cadmium (Cd), Chromium (Cr),
Nickel (Ni), Lead (Pb), Cobalt (Co), Iron (Fe) and Manganese (Mn), which may show
alterations. Regarding the aquatic communities, no expressive responses were observed to the
phases of sugarcane cultivation, with the exception of ciliated protists, which presented very
low densities in the development phase of the culture. The results obtained in the present
research show that the presence of pesticides (toxafeno, furano, chlorpyrifos e benzyl benzoate)
and heavy metals (lead, cadmium, nickel, copper in mercury) in the stream studied are
associated with the cultivation of sugarcane. For communities, the absence of relationship with
the stages of cultivation and the occurrence of pesticides does not necessarily mean the absence
of impact, considering that the absence of relationships between these communities and
environmental heterogeneity, in small-order streams, has been the more frequent pattern
observed in the literature, being the structuring of such communities in these environments
mainly determined by stochastic processes. Despite this, the presence of these contaminants, in
high concentrations in a watershed, a tributary of a water source used for public supply, raises

concerns about the health of the population.

Keywords: Pesticides, heavy metals, aquatic contamination, Pirap0 river, environmental
impact.
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1 INTRODUCAO

Os pesticidas e metais pesados sdo 0s principais agentes contaminantes dos ambientes
naturais e estdo diretamente associadas as atividades industriais, mineracdo e atividades
agricolas (CHENG et al., 2018; VILAS-BOAS et al., 2020). As consequéncias do uso
indiscriminado dessas substancias sdo diagnosticadas em paises em desenvolvimento e podem
comprometer a qualidade da dgua de consumo humano de forma irreversivel, sendo necessarias
alternativas que visem ao controle efetivo dos fatores e processos que levam a contaminacao
(RESENDE, 2002; KHAM et al., 2018).

Desde as civilizagdes mais antigas, onde a economia era diretamente vinculada ao rio,
até os dias atuais as preocupacfes com a qualidade e a potabilidade da &gua tém crescido
substancialmente em dmbito mundial (XIAO et al., 2016). A &dgua € um dos recursos naturais
mais utilizados pelos seres vivos e € fundamental para a existéncia e manutencdo da vida
(PELLENZ et al., 2018).

Porém a deterioracdo dos ambientes aquaticos tem sido observada em todo mundo de
forma acelerada (SCHWARZENBACH et al., 2006) e esse processo € potencializado pelo
crescimento populacional, aumento das atividades antrépicas e principalmente as atividades
agricolas (BASHIR et al.,, 2020). Essas mudancas sdo provocadas por inumeros fatores,
destacando-se contaminac@es por metais pesados e pesticidas, que estdo diretamente associados
ao descarte indevido de residuos de mineracdo, atividades industriais e descargas de esgoto
domeéstico tratado e ndo tratado, sendo impactos prementes e recorrentes quando se trata de
preservacdo, biodiversidade e satide humana (DIAZ - DE ALBA et al., 2011; VILAS-BOAS
et al., 2020).

Segundo a Agéncia Nacional de Vigilancia Sanitaria - ANVISA (2018), devido ao
aumento do cultivo de monoculturas no pais, o Brasil ocupa a primeira posi¢cdo em um ranking
de maiores consumidores de agroguimicos da América Latina e o terceiro do mundo, onde 0s
estados do sul e sudeste séo 0s que mais consomem pesticidas, sendo respectivamente cerca de
38,9% e 31,2% do montante usado em todo o pais. O Parana, por sua vez, utiliza
aproximadamente 16,2% dos pesticidas consumidos no Brasil, sendo que em 2014 foram
utilizados cerca de 97,7 milhdes de quilos de pesticidas e mais de 100,1 milhdes de quilos em
2015 segundo documento publicado pela Secretaria de Estado da Saude do Parana (SESA-PR)
em 2018 (PARANA, 2018).

O Brasil apresenta condicdes favoraveis de producéo agricola, visto que possui grande

dimensao territorial, terras férteis e detém cerca de 12% de toda a agua doce disponivel no
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mundo, com capacidade de se tornar o maior produtor de alimentos naturais. Porém, como
enfatizado anteriormente, as praticas agricolas tém ameacado a potabilidade das aguas, devido
a utilizacdo de técnicas para producdo em massa (PANIAGUA, 2021). Nesse sentido,
globalmente, a intensificacdo do processo de uso do solo fez com que a utilizacdo de pesticidas
aumentasse (EFFENDI et al., 2018; BOLLANI et al., 2019).

Sabe-se que no meio aquatico os contaminantes podem ser absorvidos pelo material
particulado em suspensdo e que posteriormente sdo depositados no sedimento (CARVALHO,
2017a), podendo acumular e bioacumular por longos periodos, representando riscos
toxicoldgicos ndo so para a biota aquética, mas também reduzindo a capacidade ambiental dos
ecossistemas de fornecer servigos para a sociedade, alterando a composicdo de espécies e a
estrutura da comunidade em sistemas adjacentes, incorrendo em uma diminuicédo dos servicos
ecossistémicos que dependem da biodiversidade (CARDINALE et al., 2012; ZHAO et al.,
2020) .

Tais alteracOes afetam diretamente 0s organismos que compdem as comunidades
aquaticas em geral e as comunidades planctdnicas, mais especificamente, que sao
extremamente sensiveis a presenca de contaminantes e as alteracdes no perfil fisico-quimico da
agua, revelando o efeito cumulativo de diversos poluentes, sendo excelentes ferramentas de
estudo na averiguacdo do impacto de atividades humanas no ambiente (BITENCOURT et al.,
2016; VELHO et al., 2021). Tais comunidades sdo consideradas potenciais bioindicadores de
qualidade ambiental, podendo apresentar mudancas bioquimicas, fisiologicas, morfoldgicas,
ecologicas ou comportamentais, revelando o impacto de diferentes poluentes nos ecossistemas
(VILAS-BOAS et al., 2020).

Diante da tematica emergente, verifica-se a urgéncia de estudos que avaliem o potencial
contaminante dos pesticidas em bacias de captacgéo, e a necessidade de estabelecer protocolos
precisos de analises rapidas e eficientes que visem garantir a qualidade dos recursos hidricos
em conformidade com a legislacdo ambiental, fornecendo também diretrizes para o
monitoramento ambiental adequado (SCHWARZENBACH et al., 2006; SCHWARZENBACH
etal., 2010).

2 OBJETIVOS

2.1 Objetivo Geral

Avaliar os efeitos da cultura de cana-de-agucar sobre as caracteristicas fisico-quimicas
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e biologicas de uma microbacia hidrografica, relacionando os efeitos de pesticidas e metais
pesados sobre comunidades planctonicas.

2.2 Objetivos especificos

a. Avaliar as alteracOes espaciais e temporais nas caracteristicas limnoldgicas na
agua da microbacia;

b. Identificar a presenca de poluentes organicos (metais) na dgua de um riacho de
primeira ordem sobre o impacto da cultura de cana-de-acUcar;

c. Auvaliar a existéncia de impactos da cultura de cana-de-agucar sobre atributos de
comunidades planctonicas (riqueza, abundancia e composi¢do) das comunidades

planctonicas.

3 REVISAO DE LITERATURA

3.1 Brasil e a producéo agricola

A agricultura brasileira representa um relevante ramo econdmico no pais. O Brasil est4
entre 0s maiores produtores agricolas do mundo, sendo o segundo maior exportador
agropecudrio e o quarto na producdo de grdos (ARAGAO & CONTINI, 2021). Em 2020, o
agronegocio subsidiou em 26,9% o Produto Interno Bruto (PIB), representando 30% das
exportacdes em 2019 (ABRASCO, 2021; CEPEA/CNA, 2021). Em contrapartida, aliado ao
crescimento da agroeconomia, o uso de pesticidas no Brasil também aumentou. A grande area
de plantio que o pais possui estd diretamente relacionada ao elevado indice de consumo de
pesticidas, contribuindo para impactos que atingem diferentes grupos populacionais
(TEIXEIRA et al., 2020).

A producdo agricola no pais e favorecida pelas condi¢Bes climaticas e pela grande
quantidade de terras cultivaveis que garantem a categoria de segundo maior exportador de
produtos agricolas do mundo, ficando atras apenas da Unido Europeia (NAVARRO, 2020),
sendo o maior produtor de soja do mundo com produgéo de 140,5 milhdes de toneladas/ano,
com area cultivada de 40,39 milhdes de hectares, com aumento de 3,4% da area de producao
segundo dados publicados pela Companhia Nacional de Abastecimento (CONAB) referente a

safra 2020/2021. Dentre os estados brasileiros destacam-se o Mato Grosso, primeiro estado do
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pais no quesito producdo (com 35,4 milhdes de toneladas) e o Parand, em segundo, com
producdo histdrica de 20,7 milhGes de toneladas (CONAB, 2021).

3.2 Brasil e a producéo a cana-de-acUcar

O pais se destaca na producéo de diversas culturas, dentre elas a cana-de-agucar, na qual
os estados de S&o Paulo e Goias tém visibilidade nacional. Em 2017 o Brasil foi o maior
produtor mundial de cana-de-agucar, com producéo de 638,064 milhGes de toneladas, sendo
atualmente responsavel por mais da metade de todo o aglcar comercializado no mundo e o
maior exportador mundial de etanol (CONAB, 2018).

A producéo de cana-de-agUcar no Brasil tem aumentado significativamente nos ultimos
anos. A area cultivada ultrapassou 8,6 milhGes de hectares segundo levantamento da safra
2015/2016. Os Estados mais produtivos no mercado de cana-de-aclcar sdo S&o Paulo,
representando 52% de toda area nacional produtiva, Goias (10,4%), Minas Gerais (10,1%),
Mato Grosso do Sul (7%), Parana (6%), Alagoas (3,7%), Pernambuco (3%) e Mato Grosso
(2,7%). Estes Estados sdo responsaveis por 94,9% da producédo nacional (CONAB, 2018).

A agricultura paranaense se destaca no Brasil tanto pela diversidade de producéo quanto
pela alta produtividade alcangada. Segundo a Secretaria de Estado da Agricultura e do
Abastecimento (SEAB), em 2020 o Parana foi eleito o terceiro maior produtor de cana-de-
acucar do pais, com cerca de 34 mil toneladas/ano e a producdo se concentra basicamente na
regido Noroeste do Estado (SEAB, 2020). Nesse contexto, o cultivo da cana-de-agucar assume
papel expressivo no cendrio econdmico nacional, responsavel por aproximadamente 1,8% do
PIB, sendo o setor que mais emprega pessoas no pais, gerando aproximadamente 4,5 milhdes
de empregos diretos e indiretos (FREITAS e BOMBARDI, 2018).

Nos ultimos anos, a colheita mecanizada da cana-de-aglcar tem se intensificado em
atendimento a portaria que suspende a queima para descascamento e, consequentemente, a
colheita manual. Tal pratica resultou na implementacdo de outras tecnologias baseadas em
maquinas, intensificando o trdfego na colheita mecénica e no transporte (CARVALHO e
FONSECA, 2017).

Paralelamente & implementac&o de tecnologias na producéo agricola estdo os impactos
ambientais causados pelo manejo do solo tanto da cana-de-acUcar quanto de outras
monoculturas. O manejo adequado do solo agricola pode melhorar a agregacéo, a porosidade e
evitar a compactacédo, influenciando diretamente a aeragdo do solo, o desenvolvimento do

sistema radicular das culturas, as atividades bioldgicas e a disponibilidade de nutrientes (LUCA
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etal., 2018).

3.3 Brasil e os pesticidas

O termo “pesticida” passou a ser adotado no pais a partir da implementacdo da Lei
Federal n®7.802/1989, regulamentada pelo Decreto n° 4.074/2002, que traz a seguinte definicéo
em seu Artigo 1°, inciso 1V:

Séo “produtos e agentes de processos fisicos, quimicos ou biologicos, destinados ao uso
nos setores de producéo, no armazenamento e beneficiamento de produtos agricolas,
nas pastagens, na protecdo de florestas, nativas ou plantadas, e de outros ecossistemas
e de ambientes urbanos, hidricos e industriais, cuja finalidade seja alterar a composicao
da flora ou da fauna, a fim de preserva-las da acdo danosa de seres vivos considerados
nocivos, bem como as substancias e produtos empregados como desfolhantes,

dessecantes, estimuladores e inibidores de crescimento” (BRASIL, 2002).

O termo mais adotado nos estudos ecotoxicologicos € “xenobiodtico” (do grego,
xenos=estranho), definido como substancias quimicas estranhas aos seres vivos, que podem ser
produzidos naturalmente (por processos bioldgicos), de forma sintética e também
antropicamente, em especial pelas industrias (pesticidas, farmacos, etc.) (PATTERSON et al.,
2010).

Embora o uso de pesticidas aumente a produtividade agricola, 0 uso intensivo produz
uma série de externalidades negativas ja bastante documentadas nos trabalhos cientificos
(CARNEIRO et al., 2015; MORAES, 2019; SANTOS, 2021). Os impactos ambientais séo
diversos, incluindo contaminacdo de ambientes, ecossistemas, plantas, diminui¢cdo no nimero
de organismos vivos e aumento da resisténcia de pestes (MORAES, 2019).

A intensificacdo do uso em massa de pesticidas na agricultura teve inicio na década de
1950, nos Estados Unidos, com a chamada Green Revolution, com a inten¢do de modernizar a
agricultura e aumentar sua produtividade. No Brasil, esse movimento tomou forcas na década
de 1960 com a implantagdo do Programa Nacional de Defensivos Agricolas (PNDA) (GASPAR
et al., 2005). Na decada de 70 foi instalado pelo governo brasileiro o Plano Nacional de
Defensivos Agricolas, que condicionava o crédito rural ao uso obrigatorio de pesticidas
(PELAEZ et al., 2015).

A partir dessa medida, rapidamente a grande maioria dos produtores adotou a pratica do
uso dos pesticidas em toda producéo, fato que levou o pais, em 2008, a ultrapassar os Estados
Unidos e assumir a posicdo de maior consumidor mundial de pesticidas (PARANA, 2018).

Segundo os dados da Agéncia Nacional de Vigilancia Sanitaria (ANVISA) e do Observatorio
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da Industria dos Pesticidas da Universidade Federal do Parana, de 2002 a 2012, o mercado
brasileiro de pesticidas cresceu 190%, enquanto o mercado mundial cresceu 93% (PARANA,
2018). Isso colocou o pais em primeiro lugar no ranking mundial de consumo desde 2008.
Somente na safra de 2010 e 2011 foram consumidas 936 mil toneladas de pesticidas
(GABOARDI et al., 2019; CARNEIRO, 2015).

Atualmente, o Brasil € rotulado como maior consumidor de pesticidas do mundo,
contando com diversos estudos comprovando os maleficios para a saude humana e ambiental
da exposicdo aos pesticidas (MCDANIEL & MOSER, 1993; WOLANSKY, GENNINGS &
CROFTON, 2006; WOLANSKY & HARRILL, 2008, BRECKENRIDGE et al., 2009;
ISMAEL et al., 2015; CARNEIRO et al., 2015; GABOARDI et al., 2019). De acordo com
Bombardi (2017), no ano de 2015 o Brasil consumia cerca de 20% de todo pesticida
comercializado mundialmente, destacando que este consumo tem aumentado
significativamente nos ultimos anos. No inicio do século X1X a quantidade de pesticidas usados
nas lavouras brasileiras era em torno de 58 mil toneladas, passando para mais de 375 mil
toneladas em 2015, revelando um consumo de 9,2% em relacdo ao percentual global
(MORAES, 2019). Esse aumento esta relacionado a expansdo do plantio de monoculturas
transgénicas, como a soja e o0 milho e, também a uma maior resisténcia das pragas, como ervas
daninhas, insetos e fungos (CARNEIRO et al., 2015).

Segundo Pelaez (2015), o Brasil consome 84% dos pesticidas vendidos a América
Latina, sendo importante afirmar que o uso dos pesticidas tem resultado em sérios problemas
sociais, politicos, ambientais e de saude (FONSECA, DUSO & HOFFMANN, 2017). Estudos
apontam os efeitos deletérios desses produtos no organismo humano, com foco no sistema
nervoso, enddcrino, hematopoiético e reprodutivo, além de 6rgdos como olhos, pele, rins e
figado e contribuicdo dos mesmos no aumento da incidéncia de cancer, transtornos psiquicos,
depressdo e suicidios. Ha evidéncias de contaminagdo de alimentos, leite materno, agua
(inclusive 4gua de chuva), solo e animais na natureza (MOREIRA et al., 2012; YALCIN et al.,
2015; KUANG et al., 2020).

A Portaria MS n° 518/2004 estabelece os procedimentos e responsabilidades relativos
ao controle e vigilancia da qualidade da agua para consumo humano e seu padrdo de
potabilidade e regulamenta 54 substancias quimicas que representam riscos a salde humana,
dentre as quais 22 sdo pesticidas. Nos paises em desenvolvimento que tem sua economia
baseada no agroneg6cio, como no caso do Brasil, doencas relacionadas ao uso dos pesticidas
vém sendo tratadas como problemas de saude publica (SOUZA & TROILO, 2020).
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3.4 Impactos aos ecossistemas e comunidades aquaticas

A agua e o solo sdo recursos naturais indispensaveis para a sobrevivéncia no planeta,
sendo a agua o recurso natural mais usado pelos organismos vivos, fundamental para a
existéncia e manutencdo da vida (PELLENZ et al., 2018). Apesar disso, a deterioracdo dos
ambientes aquaticos é observada em todo o mundo de forma acelerada. O crescimento
populacional e o0 consequente aumento das atividades antrépicas tém provocado impactos nos
ecossistemas aquaticos e alteracbes no perfil fisico-quimico dos corpos d'agua
(SCHWARZENBACH et al., 2006, MOLDEN et al., 2007).

Nas Ultimas décadas, ha uma crescente preocupacao com a degradacdo dos ambientes,
a poluicdo e contaminacéo do solo e da &gua (LAVORENTI et al., 2003; COSTA et al., 2008).
A mecanizacdo e a adocdo de técnicas modernas nos sistemas de producdo agricola tém
contribuido com a intensa introducgdo de substancias quimicas no meio ambiente (BOMBARDI,
2017). Com isso, ha uma necessidade de incentivo a utilizacdo de insumos renovaveis e que
ndo degradem o meio ambiente (FERREIRA et al., 2018).

No Brasil, a Portaria n® 020/CONAMA, de 18 de junho de 1986, alterada pela Resolucgéo
CONAMA n° 274/2000 e retificada pela Resolugdo CONAMA n° 357/2005, estabelece limites
maximos de contaminagcdo em &guas de acordo com sua destinacdo, contemplando alguns
pesticidas organoclorados, organofosforados e carbamatos. A Portaria GM/MS n° 888/2021
estabelece limites de pesticidas em aguas destinadas ao consumo humano, porém estas
legislagbes ndo abordam a maioria dos pesticidas em uso atualmente, como inseticidas
piretroides e a maior parte dos herbicidas (COUTINHO et al., 2021).

Em dimensdo correlacionada ao aumento das autorizacfes de pesticidas esta a
contaminacdo dos solos e das aguas superficiais. O manejo inadequado do solo na agricultura
contribui para a passagem de micronutrientes e compostos quimicos do ambiente terrestre para
0 aquatico, introduzidos no ambiente por escoamento superficial e desmatamento da mata ciliar
(POWER, 2010). O grau de contaminacao desses ambientes € avaliado principalmente por meio
de analises quimicas e programas de biomonitoramento (SILVEIRA, 2004; VASSEGHIAN et
al., 2021). Essa contaminacdo se torna ainda mais preocupante quando a agua € usada para
consumo humano (DORES & DE-LAMONICA-FREIRE, 2001).

De acordo com o banco de dados da Chemical Abstracts Registry (www.cas.org), séo
mais de 100 milhdes de substancias quimicas e menos de 0,36% destas estdo regularizadas
(VILAS-BOAS et al., 2020). Esses produtos quimicos podem atingir corpos d'agua superficiais

e subterraneos, mesmo aqueles em lugares muito remotos (KLAUS & KIEHL, 2021). Isso



18

representa uma preocupacao com a salde humana, visto que muitas dessas substancias podem
ser toxicas, reduzindo a disponibilidade de &gua potavel para a populagdo (OKI & KANAE,
2006; MORAES, 2019). Estudos para identificar os impactos do uso de pesticidas em nivel de
espécie, de populacdo e de ecossistema tornaram-se importantes e necessarios, em especial em
um pais no qual o registro de formulagdes de pesticidas atingiu recorde histérico em 2020
(NUNES et al., 2021).

A eficiéncia do uso dos recursos naturais € limitada, principalmente no que tange a agua
e aos fertilizantes. Além do esgotamento das reservas naturais, o uso de fertilizantes contribui
para a contaminagéo do solo e dos cursos d’agua, com a introdugdo de nitrato, responsavel pelas
mudancas nos padrdes fisico-quimicos da &gua (ANDRADE, 2014; ANGUS et al., 2019). Vale
ainda destacar as contaminacGes por metais pesados e pesticidas, oriundos de atividades
agricolas (DIAZ-DE ALBA et al.,, 2011; VILAS-BOAS et al., 2020). Esses compostos
empregados no controle ou manutencao de espécies agricolas usadas para consumo humano ou
animal representam risco ambiental e ameaca a salde humana (STEFFEN, STEFFEN &
ANTONIOLLI, 2011).

Segundo Soares e Porto (2012), as formas de contaminacdo dos pesticidas no meio
ambiente podem ocorrer por acumulagdo em um bioma e pela insercdo na dgua e no solo. Os
impactos relacionados ao uso dos pesticidas encontram-se descritos em varios estudos, tais
como (OLIVEIRA et al., 2013; ; ALKASSAB & KIRCHNER, 2018; BRIDI et al., 2018;
TISON et al., 2019; DOMINGUES et al., 2020; TADEI, MENEZES-OLIVEIRA & SILVA-
ZACARIN, 2020) que discorrem sobre 0s impactos nos seres vivos ndo-alvos, como as abelhas,
diplépodes (MOSCARDI et al., 2018), colémbolos (MENEZES-OLIVEIRA, BIANCHI &
ESPINDOLA, 2018), anfibios (FIGUEIREDO & RODRIGUES, 2014; JONES-COSTA et al.,
2018), peixes (OLSVIK et al., 2019; SABRA & MEHANA, 2015), mamiferos (SULTATOS,
1994; CAMPOS, MIRANDA e SANTOS, 2008; GOMES et al., 2012; MEDICI et al., 2021),
aves (STICKEL, 1973; ARYA, SINGH & BHATT, 2019), além de (CARNEIRO et al., 2015;
JUNIOR & DUVOISIN, 2020; CASSAL et al., 2014; DEVAULT & KAROLAK, 2020; DIAS
et al., 2020) que retratam os problemas de saude publica relacionados ao uso de diversas
substancias. Ainda sdo observados diferentes efeitos nos espécimes, como: genotédxicos (LI et
al., 2019; OLSVIK et al., 2019), citotoxicos (TADEI et al., 2020; MEDICI et al., 2021),
hematologicos (MITRA, CHATTERJEE & MANDAL, 2011), comportamentais (GRUE,
GIBERT & SEELEY, 1997; MITRA, CHATTERJEE & MANDAL, 2011; TADEI et al.,
2020), além de diminuigdo da sobrevivéncia (FREITAS & PINHEIRO, 2010; HENRY et al.,
2012; TADEI et al., 2020) e outros efeitos metabdlicos, neuroldgicos e bioguimicos (ARYA et
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al., 2019; FREITAS & PINHEIRO, 2010; GRUE et al., 1997; PEREIRA et al., 2018).

Alguns dos efeitos indesejaveis do uso dos pesticidas sdao as contaminagdes de
organismos nado-alvos, aqueles que nao interferem no processo produtivo e que acabam
sofrendo as mesmas consequéncias que as pragas de lavoura, por apresentarem o sistema
nervoso semelhante aos dos artrépodes (MARQUES, 2019). A acumulacdo nos ambientes
aquaticos tem trazido uma infinidade de modificagdes tanto pela contaminacdo das
comunidades de seres que o compdem quanto pela acumulacdo nos segmentos bidticos e
abioticos dos sistemas. Os efeitos podem ser letais ou subletais, podendo ser observados em
diferentes organismos pertencentes a diferentes niveis tréficos, como por exemplo a
comunidade planctbnica e a ictiofauna (MOISEENKO, 2008).

White (1985) discorre sobre os impactos antrépicos e distrbios ambientais como
eventos discretos no tempo que alteram as propriedades bioldgicas e fisico-quimicas do meio,
onde as influéncias ambientais podem levar a um aumento de espécies dominantes e, segundo
Petsch (2016), podem levar a homogeneizacdo bidtica de uma éarea, reduzindo assim a
diversidade beta temporal.

O pléancton é composto por organismos eucariontes flutuantes ou a deriva na coluna de
agua, que possuem pouca ou nenhuma capacidade de locomocgdo. Desempenham papel
fundamental tanto em qualidade quanto em quantidade (FENCHEL, 1987), incluindo o
bacterioplancton  (bactérias),  micoplancton  (fungos), fitoplancton  (microalgas),
protozooplancton (protozoarios e alveolados heterotroficos) e metazooplancton (metazoarios)
(AGOSTINI et al., 2017). Tem grande relevancia nos estudos de ecologia de ambientes
aquaticos, sendo de extrema importancia no funcionamento do ecossistema (AZAM et al.,
1983; KORHONEN, WANG & SOININEN, 2011). KORHONEN, WANG & SOININEN,
2011).

Eles estdo presentes em quase todos os ecossistemas aquaticos, possuindo varias
ligacOes troficas e desempenhando um papel significativo na teia alimentar microbiana (AZAM
et al., 1983). Além disso, destacam-se em estudos que visam ao uso de bioindicadores, tendo
em vista a grande sensibilidade a alteragfes ambientais, aliado a seu curto tempo de reprodugéo,
tornando-os capazes de responder rapidamente as contaminagdes no ambiente (DIAS,
WIELOCH & D'AGOSTO, 2008).

Esses organismos sdao um importante elo da cadeia trofica, seja de aguas continentais,
estuarinas e oceanicas, como importantes recicladores da matéria organica, processando a
matéria proveniente de restos vegetais, animais e oriundos da agdo antrdpica, transferindo-a
para os outros niveis (TUNDISI & TUNDISI, 2016).
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Por apresentarem desenvolvimento e ciclos de vida rapidos, os organismos de sistemas
plancténicos sdo importantes bioindicadores devido a sensibilidade as alteracfes nas variaveis
ambientais (ESTEVES, 2011). Alteracdes na riqueza e densidade de espécies sao relacionadas
com alteracbes no meio ambiente, servindo para estudos sobre a caracterizacdo da
complexidade das principais interacdes bidtica e perturbacfes ambientais que por processos
antrépicos podem estar ocorrendo num dado ecossistema (TUNDISI, 1997; CALLISTO et al.,
2002).

Lindeman (1942) foi um dos primeiros a reconhecer a importancia dos microrganismos
dentro da organizagdo trdfica, onde as bactérias foram as primeiras a ser consideradas dentro
da cadeia trofica microbiana. Elas consomem o carbono orgénico dissolvido (COD),
transformando-o em matéria organica particulada disponivel onde o carbono, ora inacessivel, é
reintroduzido nas teias alimentares, servindo de ‘“‘alimento” para outros microrganismos
aquaticos.

Em seguida, Pomeroy (1974) e Azam et al. (1983) abordam a existéncias de outros
niveis tréficos na cadeia microbiana (bactérias, flagelados e ciliados), chamando de alca
microbiana, destacando o papel das bactérias na absorcdo e recuperacdo da Matéria Organica
Dissolvida (MOD) e na transferéncia para niveis superiores, onde o ciclo de energia e a
ciclagem de nutrientes sdo uma via de suma importancia nos ambientes aquaticos.

Cunha-Santino, Sciessere e Junior (2008) destacam a importancia da participacdo das
bactérias no ciclo do carbono e no fluxo energético nos ambientes aquaticos, ressaltando suas
habilidades, que utilizam seu aparato enzimatico na degradacdo de substratos lignocelulésicos,
sendo o processo de degradacdo de ligninas nos ecossistemas aquaticos essencial para a troca
de matéria e energia.

Kolm & Andretta (2003) avaliaram a influéncia das marés sobre as bactérias em aguas
superficiais no Estado do Parana, concluindo que bactérias heterotréficas aerdbias, coliformes
totais e Escherichia coli apresentaram correlacdo direta com a matéria organica particulada e
pluviosidade em aguas de superficie e que a predagdo por protistas influencia, em partes, a
regulacdo populacional desses microrganismos. Além disso, inclui uma grande variedade em
termos de géneros e espécies, sendo 6timos indicadores de qualidade ambiental (OLIVEIRA &
TERRA, 2004).

Os protozoarios de vida livre (ciliados e flagelados), alem de bons indicadores de
qualidade ambiental, também atuam na reciclagem de carbono e como mediadores no fluxo de
energia e matéria (POMERQY, 1974; AZAM et al., 1983). Sdo grupos pouco estudados,

negligenciados ao longo do tempo. Porém, apos descobertas sobre as diversas fungbes em
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ecossistemas limnicos, passaram a receber maior atencdo nos estudos atuais (LIPPERT et al.,
2019). Sabe-se que estes organismos influenciam na estrutura da cadeia alimentar aquética, pois
consomem microrganismos (principalmente algas e bactérias), controlando a abundancia destes
nos ambientes (FENCHEL, 1986; BERNINGER, FINLAY & KUUPP-LEINIKKI, 1991; XU
etal., 2014).

De modo geral, mesmo com estudos atuais abordando as funcbes ecoldgicas desses
organismos nos ecossistemas aquaticos e ficando claro que representam papel essencial no
equilibrio do ambiente e na transferéncia energética ao longo dos niveis tréficos, existe uma
caréncia de dados, sendo precérios os conhecimentos sobre os mesmos (LIPPERT et al., 2019).

O zoopléancton é um grupo filogenético diversificado e pouco explorado, como 0s
protistas, tendo muitas caracteristicas em comum. Vivem dispersos nas correntes na coluna
dagua em um dado corpo hidrico. No entanto, para minimizar o efeito das correntes num rio,
por exemplo, alguns organismos apresentam mecanismos para se manterem proximos a
superficie da &gua ou associados a outros organismos aquaticos (DOLE-OLIVIER et al., 2000;
VIROUX, 2002).

Em ambientes l6ticos o assunto ainda € um pouco estudado, tanto nacional quanto
mundialmente (LAIR, 2006; OLIVEIRA, 2009). Em geral os maiores esfor¢os sdo direcionados
aqueles relacionados a lagoas e lagos, artificiais ou naturais.

Por conta do curto ciclo de vida, os organismos planctdnicos respondem rapidamente a
alteracdes sofridas na base da cadeia trofica, representada pelo fitoplancton (ESKINAZI-
SANT’ANNA et al., 2007). Conforme a comunidade fitoplanctdnica se altera qualitativamente,
a composicdo dos taxons dos niveis tréficos superiores tende a sofrer modificacdes, como a
dominancia de alguns tdxons e o desaparecimento ou diminuicdo de outros (SOARES,
LURLING & HUSZAR, 2010; MACEDO et al., 2017).

De modo geral, os organismos plancténicos sdo capazes de fornecer subsidios em
programas de avaliacdo de qualidade ambiental, uma vez que as atividades antrépicas implicam
em uma serie de distirbios ambientais, afetando diretamente o funcionamento do ecossistema
(SEGOVIA et al., 2016).

Sao chamados indicadores ecoldgicos, uma vez que a distribuicdo e abundancia dos
organismos plancténicos sdo determinadas por suas interacdes com o meio ambiente (KREBS,
1978), sendo uma resposta cumulativa as condi¢cdes ambientais, que por sua vez, fornecem
resposta temporal mais ampla do que as técnicas tradicionais de monitoramento hidroldégico
(LEAR & LEWIS, 2009).

O termo conceitual para qualidade da agua nédo se refere apenas ao estado de pureza,
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mas as suas propriedades bioldgicas e fisico-quimicas. O monitoramento dessas caracteristicas
¢ fundamental para o alcance de informacbes relacionadas as condi¢cGes ambientais
especialmente em bacias hidrograficas, servindo como subsidio para a tomada de decisdes
voltadas a conservacao e uso sustentavel dos recursos hidricos (ABREU & CUNHA, 2015).

Nesse sentido, a garantia da qualidade dos recursos hidricos se da por meio do
estabelecimento de protocolos padrdo, gerenciamento de métodos e legislacdo, fornecendo
diretrizes para monitoramento ambiental (SCHWARZENBACH et al., 2006;
SCHWARZENBACH et al., 2010), acompanhando as alteracfes nas caracteristicas fisico-
quimicas e bioldgicas da agua, decorrentes de atividades antrépicas e de fenébmenos naturais,
onde o grau de contaminacdo € avaliado principalmente por meio de analises quimicas e
programas de biomonitoramento (DUXBURY, 1992; FREIRE et al., 2008), que devem estar
em conformidade com a normativa que rege o enquadramento dos padrdes de potabilidade da
agua, a Resolu¢cdo CONAMA n° 357/2005, substituta da Resolugcdo CONAMA n° 20/1986.

O presente estudo debrugou-se sobre a probleméatica ambiental atual, onde as a¢Ges
antropicas impactam diretamente o funcionamento dos ecossistemas limnicos, alterando a
composicao do meio e incrementando fatores relacionados ao adoecimento humano e aumento
da mortalidade em diferentes grupos de organismos, sendo um grande causador de doengas
relacionada a satde publica. O mesmo foi desenvolvido em um dos afluentes do Rio Pirapd,
um importante rio de captacao de dgua de diversas cidades no Estado do Parand, que apresenta
70 afluentes que compdem uma bacia de drenagem de aproximadamente 5076 kmz2, abrangendo
um total de 28 municipios em toda a sua extensdo, onde pelo menos 14 sdo abastecidos por suas
aguas, tais como os municipios de Apucarana e Maringa, importantes pélos industriais situados
na regido Norte e Noroeste do Estado (MARTINEZ et al., 2011).

Ressalta-se a relevancia de pesquisas que exponham temas voltados a preservagédo das
aguas e a dindmica das comunidades nessa bacia de extrema importancia, a estruturacdo em
gradiente de contaminacao e informacdes quanto a potabilidade, subsidiando a elaboragéo de

politicas publicas que visem a preservacgao dos ambientes aquaticos.
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ABSTRACT

Agriculture plays an extremely important role in the Brazilian and world economy. While economic
success and prospects are often highlighted, little attention is given to the impacts of agricultural pro-
duction, especially concerning aquatic contamination. This issue is exacerbated by population growth,
the development of urban centers, the improper disposal of domestic and industrial waste, and the over-
use of pesticides in monocultures. This study sought to understand and evaluate the impacts of sugar-
cane cultivation on the physical and chemical characteristics of a watershed, based on analysis of pesti-
cide and metal concentrations in a tributary stream of the Pirap6 River, located in the municipality of
Atalaia, Parana, Brazil. Analysis of the abiotic parameters revealed the presence of ten organic sub-
stances, only seven (1,4-dichlorobenzene, mesitylene, furan, simazine, toxaphene, Benzyl benzoate and
chlorpyrifos) are listed in the Brazilian environmental protection agency, CONAMA resolution
357/2005. Studies were carried out on the presence of the metals Aluminum (Al), Copper (Cu), Zinc
(Zn), Cadmium (Cd), Chromium (Cr), Nickel (Ni), Lead (Pb), Cobalt (Co), Mercury (Hg), Iron (Fe) and
Manganese (Mn). The results obtained in this study show that the presence of pesticides such as toxa-
phene, furan, simazine, chlorpyrifos and benzyl benzoate, as well as metals such as lead, cadmium,
nickel, copper and mercury in the stream studied may be associated with sugar cane cultivation. The
presence of these contaminants in high concentrations in a micro-basin, a tributary of a water source

used for public supply, raises concerns about the health of the population.

Keywords: Agrochemicals, Aquatic Contamination, Water Bodies, Heavy Metals, Pesticides.
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INTRODUCTION

In the last 20 years, the global population has increased by more than 1.8 billion people, repre-
senting a growth of 23.1% in relation to the population in 2000. This growth has put pressure on agri-
cultural production and the demand for minerals, in order to meet the lifestyle and quality of life of
today's increasingly demanding society (Brasil and Bortoncello, 2020; IBGE, 2020).

Brazil has favorable conditions for agricultural production, as it has a large territory, fertile land
and, around 12% of all available fresh water (ARAUJO, 2016). It is one of the world's largest agricul-
tural producers, second largest agricultural exporter and fourth in grain production (FAO, 2017). In
2023, agribusiness accounted for 23.8% of the Gross Domestic Product (GDP) (CEPEA/CNA, 2024).

Intense agricultural activity threatens the potability of water (PANIAGUA, 2021). Historically,
Brazil has encouraged agricultural practices considered “modern”, abusive and indiscriminate, with ex-
cessive use of pesticides, being the country that uses these substances the most in the world (LOPES;
DE ALBUQUERQUE, 2018), neglecting the possibility of sustainable production and, consequently,
becoming a world reference for practices that impact natural environments and contribute to the signif-
icant increase in diseases in humans.

Pesticide-related health effects include damage to the nervous, hematopoietic, endocrine and
reproductive systems, as well as organs such as the eyes, skin, kidneys and liver. They are also associated
with an increased incidence of mental disorders, cancer, depression and suicides (Parana, 2018). In ad-
dition, scientific studies have proven the existence of contamination in breast milk, surface and rainwa-
ter, soil and animals (Moreira et al.2012; Pignati et al.2014; Yalgin et al.2015; Kuang et al.2020).

A study published by the Pesticide Residue Analysis Program (PARA) of the National Health
Surveillance Agency (ANVISA, 2016), revealed that one-third of foods consumed by Brazilians contain
pesticide residues in quantities above the maximum permitted limit (MPL), as well asthe presence of
chemical substances not authorized for the foods surveyed. Of the 14 foods monitored, which represent
30.86% of what is consumed by the population, 0.89% of them present a potential acute risk to consumer
health. In addition, the study found the presence of pesticides in the process of being banned by AN-
VISA, such as Carbofuran, which was banned in 2018.

These figures may not adequately represent the alarming presence of pesticides in Brazilian
food, as there are scientific uncertainties surrounding the definitions of maximum residue limits. Fur-
thermore, two-thirds of the foods researched contain active ingredients not studied by PARA, such as
glyphosate, a herbicide widely used in Brazilian agriculture with permitted levels five thousand times

higher than those in the European Union (Gusmao et al. 2018; Moraes, 2019).
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Associated with this problem is legislation that authorizes and legalizes substances aimed ex-
clusively at meeting the interests of agricultural producers (Gurgel, 2017), without considering the sci-
entific knowledge that proves the risks to human, animal and environmental health and the potential
risks triggered by exposure in the short, medium and long term (de Azevedo, 2014; Dutra, 2024). We
must also consider the lack of interest from the public sector in making financial resources available for
research aimed at clarifying the obscurity of the damage, much of which is already irreversible, caused
to the environment and to all exposed organisms (Brasil and Bortoncello, 2020; Paniagua, 2021).

According to Guarda et al. (2020), increased pesticide use is evidenced by the frequent detection
of these substances in aquatic environments. Studies carried out by the Water Quality Surveillance Sys-
tem for Human Consumption (Sisagua, 2019) showed that surface water contamination reaching 92%
in 2017. The environmental impacts on water and its microbiota are diverse and are related to the length
of time contaminants remain in the environment, posing risks to species due to their high toxicity and
enabling bioaccumulation along the food chain (Guarda et al. 2020).

Contamination of aquatic environments has led to significant changes, affecting both biotic and
abiotic components of the ecosystems (Guarda, 2020). The effects can be lethal or sublethal, on organ-
isms belonging to different trophic levels, such as the planktonic community and ichthyofauna
(Moiseenko, 2008).

Water quality is a concept that encompasses not only the purity of the water but also its bio-
logical and physical-chemical properties (Park, 2000). Monitoring these characteristics is fundamental
for obtaining information related to environmental conditions, especially in river basins, serving as a
subsidy for decision-making aimed at the conservation and sustainable use of water resources (Abreu
and Cunha, 2015).

In this context, the best ways to guarantee the quality of water resources are through the estab-
lishment of standard protocols, management methods and environmental legislation, providing guide-
lines for environmental monitoring (Schwarzenbach et al., 2006; Schwarzenbach et al., 2010 ), moni-
toring changes in the physicochemical and biological characteristics of water resulting from anthropo-
genic activities and natural phenomena, where the degree of contamination is assessed mainly through
chemical analysis and biomonitoring programs (Duxbury, 1992; Freire et al.2008), which must comply
with the regulations governing water potability standards, CONAMA Resolution No. 357/2005, which
replaced CONAMA Resolution No. 20/1986.

This study aimed to assess the effects of sugarcane cultivation on the physical and chemical
characteristics of a watershed. To this end, we tested the hypothesis that sugarcane cultivation, associ-
ated with the application of pesticides and fertilizers, has an impact on water quality. With the prediction
that higher concentrations of pesticides and metals will be observed in the post-planting and crop devel-

opment periods, due to the greater addition of agrochemicals in these periods.
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MATERIALS AND METHODS

The research was carried out in a watershed (3°11'12.23"2S 52°06'05.36"0) in the northwest
mesoregion of the Parand state, located in the municipality of Atalaia. The stream sampled is protected
by well-preserved riparian vegetation and is entirely within an area of sugar cane cultivation. It forms
part of the basin of the Ribeirdo do Jacupiranga, a tributary of the Pirap6 River, located on the Third
Plateau of Paran4, in the North Central and Northwest geographical mesoregions of Parana (Rigon et
al. 2014). The region has a subtropical climate with an average annual rainfall of 1706.08mm (Monta-
gner, 2017).

Three sampling points were delineated within the course of the stream, the first being a point
upstream (23°11'29.71"S - 52°05'35.74"0) called P1. The second point (23°11'22.37"S - 52°05'48.35"0)
was delimited between downstream and upstream of the stream (at the middle) called P2 and the third
at the downstream stretch of the stream (23°11'14.13"S - 52°06'03.22"0), called P3 (Figure 1). All three

points were surrounded by sugar cane plantations.
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Et a Map showing the location of the sampling points at the source of the Ribeirdo do Jacupiranga,

located in the Pirapd River basin, in the state of Parana, Brazil.

Collections were carried out bimonthly, with the first collection carried out in December 2020,
before the sugarcane was planted, and the last collection in October 2021, after the harvest, with a total

of six sampling campaigns.
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The collections were characterized in 3 periods according to the crop's development schedule:
post-planting (December 2020 and February 2021), development (April to June 2021) and regrowth
(August to October 2021).

Sampling of physical and chemical water variables

The limnological variables electrical conductivity (mS/cm), dissolved oxygen (mg/L), pH, wa-
ter temperature (°C), turbidity (NTU) and total dissolved solids (mg/L) were sampled using a multi-
parameter probe (Horiba U-52). At each sampling point (P1, P2 and P3), the variables were the first to
be collected following the reverse flow of the stream current, with the first sampling station being P3
(the furthest downstream point), since any change in the environment can alter the patterns, especially
of turbidity and solids in the water.

To collect material for the extraction and quantification of pesticides, samples were taken in
triplicate, with 1 liter of water per sample, adding up to 3 liters of water per collection point at a depth
of at least 10 cm, against the current in sterile polyethylene bottles. The water samples were stored in
thermal containers with ice for transportation to the Interdisciplinary Laboratory for Biological and
Chemical Analysis (LIABQ). At the laboratory, the samples were frozen and stored for later extraction
and chromatographic analysis.

Samples for metal analysis were taken in 500ml polyethylene bottles, also collected in triplicates

and packed in a cooler with ice and taken to LIABQ, where they were frozen for later analysis.

Physical and chemical water variables

Pesticides

To quantify the pesticides, the water was thawed and extracted using a Bond Elut Nexus car-
tridge with a solid phase extraction (SPE) adsorbent at a flow rate of 10 mL min, using a vacuum pump
coupled to a glass manifold from Agilent Technologies (Supelco Visiprep system). After extracting
1000 mL of water, the cartridge was washed with 10 mL of deionized water and dried under vacuum
for 20 min to remove any traces of water that might be present in the solid phase of the cartridge. After-
wards, 2 mL of ethyl acetate was used for elution, followed by 2 mL of dichloromethane and 2 mL of
methanol. The final aliquots were combined, concentrated at room temperature in an exhaust hood with
low air flow to a volume of less than 1.5 ml. The final samples were resuspended in a 2 mL vial, topped
up with dichloromethane and then subjected to analysis by gas chromatography coupled to mass spec-
trometry (GC-MS).
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GC-MS analyses were carried out on a gas chromatograph (model Agilent 7890B) with an au-
tomatic injector (CTC PAL Control), coupled to a mass spectrometer (model Agilent 5977A MSD),
equipped with an Agilent HP-5MS Ul column with a 5% phenyl methyl siloxane phase (30.0 m x 250
pum d i.x 0.25 um film thickness). For proper separation of the analytes in the GC-MS system, optimized
oven temperature programming was used: initial temperature of 92°C maintained for 3 min, then ramp
of 15 °C min™ to 175 °C maintained for 13 min and ramp of 20 °C min to 280 °C and maintained for
15 min. The other conditions of the analysis method: injection volume of 1.0 uL, flow of carrier gas
(He, purity 99.999%) equal to 1.0 mL min, electron impact ionization of 70 eV, ionization source
temperature of 230 °C, quadrupole temperature of 150 °C, transfer line temperature of 280 °C and in-
jector temperature of 250 °C. Data acquisition was carried out using the MassHunter software and qual-
itative analysis of the mass spectra using the NIST 11 library. The results were compared with the limit
concentrations set out in the water potability standards of CONAMA Resolution 357/2005 (CONAMA,
2005).

Heavy metals

To determine the concentration of the metals Mercury (Hg), Aluminum (Al), Copper (Cu), Zinc
(Zn), Cadmium (Cd), Chromium (Cr), Nickel (Ni), Lead (Pb), Cobalt (Co), Mercury (Hg), Iron (Fe) and
Manganese (Mn), the samples were thawed and placed in an Erlenmeyer flask, using 500 ml of sample.
10 ml of concentrated hydrochloric acid was added to each sample for acid digestion by heating at 300
°C for 4 hours, concentrating the samples to a volume of 50 ml. Afterwards, the samples were cooled
naturally and then 100 mL of deionized water was added using a measuring cylinder, along with 5 mL
of concentrated hydrochloric acid and taken to the hotplate until it evaporated and a final volume of 50
mL was obtained. The procedure was repeated again, evaporating the sample to a final volume of 50
mL. After cooling, 5 mL of 10 % hydrochloric acid was added, then the solution was filtered through
filter paper and collected directly in a 100 mL volumetric flask, topping up with deionized water. The
sample was then placed in a 150 mL amber glass and stored under refrigeration for later analysis.

The metal concentrations were read using optical emission spectrophotometry, using induc-
tively coupled argon plasma (ICP-OES) iCAP PRO XP, Thermo Fisher. For the analysis, a calibration
curve was prepared at the following concentrations: 0.01, 0.05, 0.5, 0.8 and 1 mg L™ from a pure stand-
ard of each metal analyzed. To eliminate the matrix effect, an aqueous solution of 5% nitric acid was
used as a blank. Mercury was analyzed by hydride generation on a PinAAcle 500 flame atomic absorp-
tion spectrometer. The results obtained were compared with the limit concentrations, in line with the
drinking water standards of CONAMA Resolution 357/2005 (CONAMA, 2005).
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Data Analysis

To test the proposed hypothesis, the standardized physical and chemical parameters of the water
were analyzed, as well as the concentrations of heavy metals and pesticides, between the cultivation
periods (post-planting, development and regrowth) using a Principal Component Analysis (PCA). PCA
was performed using the function ‘rda’ of the R package ‘vegan’ (Oksanen et al., 2013).

RESULTS AND DISCUSSION

Abiotic water parameters

Pesticides

The minimum and maximum values of the pesticede concetrations found in the samples are
described in Table 1. Ten substances were detected, with six (1,4-dichlorobenzene, mesitylene, furan,
simazine, chlorpyrifos and toxaphene) listed under CONAMA resolution 357/2005, GM/MS ordinance
no. 888/2021 and CCME, 2007. Values higher than the Maximum Residue Limit (MRL) have been
highlighted for better visualization in Table 1.

1,4-dichlorobenzene, mesitylene and toxaphene were present in all periods, with 1,4-dichloro-
benzene and toxaphene having higher MRLs than those permitted by CONAMA resolution 357/2005 in
all three sampling periods. Mesitylene had higher MRLs than those allowed by CONAMA resolution
357/2005, with lower concentrations in the regrowth period.

1,4-dichlorobenzene is classified as a volatile organic compound (VOC) defined as a solvent,
used in the production of resins and dyes and as a raw material in the synthesis of pesticides (World,
2022). Toxaphene, on the other hand, is a synthetic non-systemic contact organochlorine insecticide
produced from a complex synthetic mixture of at least 200 polychlorinated molecules. Casado et al.
(2019) analyzed the water of several streams in the European Union region, finding a diversity of orga-
nochlorine compounds in which toxaphene fits. This product has never been produced in Brazil and is
not registered for agricultural use. It is part of the Annex A list of Persistent Organic Pollutants (POPs)
of the Stockholm Convention, which establishes a ban on its production and use, aimed at eliminating
this and other pollutants, due to its high toxicity, bioaccumulation and persistence in the environment
(Felix et al. 2007; CETESB, 2012). Soil contamination by toxaphene is considered serious due to the

various chemical properties that limit its biodegradation, such as its large molecular size, stability, high
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number of chlorines, low solubility in water and strong adsorption to the soil (Luo et al., 2015). Accord-
ing to Tan et al. (2011), mesitylene plays an important role in the formation of aerosols and tropospheric
ozone, as well as in other reactions in atmospheric chemistry, as it is an organic compound that comes

from the combustion of fuels.

Tabele 1: Compounds quantified in water samples collected in the post-planting, development and regrowth period of sugar-
cane at the source of the Jacupiranga stream. The data in bold represents values higher than the maximum allowed by
CONAMA resolution 357/2005.

Pesticidas CONAMA (pg L) Pos-plantio  Desenvolvimento Rebrota
Composto (ug L) Min/Max Min/Max Min/Max
1,4-Dichlorobenzene 0.0003 0.007/0.027 0.028/0.033 0.009/0.18
Mesitylene 5 0.02/5.44 0.2/5.4 -13.24
Toxaphene 0.21 0.41/3.8 0.085/2.7 0.016/1.8
Pyrazine - 0.37/0.66 - -
Furan 0.1 - - -
Perylene - - -10.058 -
Simazine 2 - - -/0.058
Benzyl benzoate - - - -10.044
Chlorpyrifos 0.02" - - -/0.035
Azetidine - - - -/0.011

*CCME, 2007; *Diretiva 2013/39/EU

Simazine and furan had MRLs lower than those allowed by CONAMA resolution 357/2005 in
all three sampling periods. It is worth highlighting furan, where it was not possible to quantify the com-
pound in the environment, because the reference values used in the GC-MS calibration curve are higher
than the values found in the environment. Although not quantified, furan is a highly toxic carbamate
that causes neurotoxic effects and leaves residues with bioaccumulative capacity in water (Assuncao
and Pesquero, 1999). Its use is prohibited in Brazil by CONAMA resolution 316 of 29/10/2002. Furan
is formed secondarily through various processes such as waste incineration and combustion processes
(Bloise, 2018). The presence of this product in the environment may be related to the burning of sugar-
cane straw, since Ordinance No. 221/2020, which prohibited the controlled burning of sugarcane, was
revoked by the Instituto Agua e Terra (IAT) in 2020, allowing the controlled burning of sugarcane straw
to protect workers.

The pyrazin detected in the post-planting period and the azetidine detected in the regrowth pe-
riod are compounds found in the composition of pharmaceuticals (Carrillo et al., 2021), and it is not
possible to relate them to sugarcane cultivation. There is no MRL for the release of these compounds in
CONAMA resolution 357/2005, however, CONAMA resolution n.430/2011 provides for conditions,

parameters, standards and guidelines for managing the discharge of effluents into receiving bodies of
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water and Article 8 states: “The discharge of Persistent Organic Pollutants-POPS is prohibited in efflu-
ents”, in which these compounds must be included. Decree No. 10388, of June 5, 2020, establishes
criteria for the reverse logistics of expired or unused medicines (Brasil, 2020). According to Ebele et al.
(2017), the consequences of the presence of pharmaceuticals in natural environments are not yet well
known, but greater attention needs to be paid to these substances present in water, as direct contact with
humans, animals and especially aquatic organisms is common.

Perylene is a compound used to make plastic films. It was detected in the Development period
and its presence may be related to the production of plastic, its incorrect disposal and the lack of effective
waste management systems, contributing to its presence in aquatic environments (Eibes, 2021).

For the compounds benzyl benzoate and chlorpyrifos, no permissive reference values were ob-
tained from CONAMA resolution 357/2005. Chlorpyrifos is an organophosphate pesticide and, accord-
ing to the World Health Organization (WHO) classification, it is a Class Il pesticide with moderate
toxicity (SUD et al., 2020). Huang et al. (2021) state that after the application of chlorpyrifos, less than
0.1% of the volume applied actually impacts the intended target and the rest of the residue remains in
the environment. Benzyl benzoate is used as an insect repellent, as a solvent, in the perfumery and
cosmetics industry (Pybus and Sell., 2007) and in the composition of pesticides (Sponsler and Johnson,
2017). This compound is also found in natural form in plant species such as Magnolia champaca (L)
(Dhandapani et al., 2017) and Ocotea pulchella (Candido, et al., 2016).

Pesticides play an important role in promoting agricultural production and reducing the spread
of phytopathogens. On the other hand, excessive and indiscriminate use affects the yield and quality of
crops and causes pollution and environmental contamination (Bhatt et al., 2021; Alvarenga et al., 2018).
Intensive use requires knowledge of their physical and chemical properties to prevent unwanted inter-
actions with the soil, minimizing or eliminating the possibility of contamination of surface and ground-
water bodies. There is therefore a great need to assess this risk, especially where crops are located near

streams, rivers and lakes (Pelicice et al, 2021).

Metals

The results found indicate the presence of the metals Mercury (Hg), Aluminum (Al), Copper
(Cu), Zinc (Zn), Cadmium (Cd), Chromium (Cr), Nickel (Ni), Lead (Pb), Cobalt (Co), Mercury (Hg),
Iron (Fe) and Manganese (Mn), Table 2 describes the minimum, maximum and highlighted values in
reference to CONAMA Resolution 357/2005 and GM/MS Ordinance No. 888/2021 (Table 2).

The metals Al, Ni, Mn, Fe and Cu were found in the three sampling periods at MRLs higher
than those allowed in CONAMA resolution 357/2005 and in GM/MS Ordinance no. 888/2021. The
metals Zn, Co and Cr did not present significant MRLs in relation to those permitted in CONAMA
resolution 357/2005. The heavy metals Pb and Cd had higher MRLs than those permitted, which were
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detected during the development period. The heavy metal Hg, on the other hand, had a MRL higher than
that permitted in the resolution during the regrowth period.

According to Naggar et al., (2018), in a study carried out with Oreochromis niloticus (Nile
tilapia), they relate the presence of metals Mn, Zn, Pb, Cd, Ni, Cu and Cr from sources such as pesticides,
fertilizers and others. When growing sugar cane, 12.9 tons of fertilizer and 713.9 kg of various pesticides
were applied during the collection period (source).

As for Fe and Al, they present MRLs higher than those allowed by CONAMA 357/2005 and in
Ordinance GM/MS n° 888/2021 in the three periods. This change does not characterize environmental
pollution, as their presence may be related to the composition of the soil, which in the region is charac-
terized as Oxisol. Oxisols have a relatively simple clay mineralogy, consisting mainly of kaolinite and
Fe and Al oxides and hydroxides (Vendrame et al., 2011).

Tabela 2: Quantification of heavy metals found in water from the sampling points during the post-planting,
development, and regrowth phases. The data in bold represent values exceeding the maximum allowed by CONAMA
Resolution 357/2005.

Metals Pos-plantio Desenvolvimento Rebrota
CONAMA (mg L) Min/Méx Min/Méx Min/Méax
Al 0.1 5.08/36.72 0.0006 / 14.26 6.305576 /
10.720590
Zn 0.18 0.07/0.14 0.0007/0.113 0.048/0.127
Pb 0.01 0.0004 / 0.004 0.001/0.02 0.0007 /0.01
Cd 0.001 0.0002/0.0006  0.00002/0.001  0.00004 /0.0005
Ni 0.025 0.0139/0.026 0.003/0.042 0.014/0.037
Co 0.05 - -/0.003 -
Mn 0.1 0.177/0.501 0.052/0.278 0.111/0.256
Fe 0.3 1.223/9.552 0.278/0.550 1.276/3.036
Cr 0.05 0.004/0.016 0.004/0.014 0.007 /0.020
Cu 0.009 0.005/0.024 0.005/0.04 0.014/0.032
Hg 0.0002 -/0.0001 - -/0.002

According to Naggar et al., (2018), in a study carried out with Oreochromis niloticus (Nile
tilapia), they relate the presence of metals Mn, Zn, Pb, Cd, Ni, Cu and Cr from sources such as pesticides,
fertilizers and others. When growing sugar cane, 12.9 tons of fertilizer and 713.9 kg of various pesticides
were applied during the collection period (source).

As for Fe and Al, they present MRLs higher than those allowed by CONAMA 357/2005 and in

Ordinance GM/MS n° 888/2021 in the three periods. This change does not characterize environmental
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pollution, as their presence may be related to the composition of the soil, which in the region is charac-
terized as Oxisol. Oxisols have a relatively simple clay mineralogy, consisting mainly of kaolinite and
Fe and Al oxides and hydroxides (Vendrame et al., 2011).

The presence of the metals Pb, Hg and Cd is worrying, as they are highly toxic to humans, even
when ingested in small quantities. These metals have cumulative effects on the body, which mainly
affect the developing nervous system, the cardiovascular and hematological systems, in addition to caus-
ing carcinogenic effects (Magna et al., 2014).

Pb is widely found in the environment, both in inert form and in the natural environment
(Moreira and Moreira, 2004). This metal is absorbed and accumulated in biological systems, being the
most abundant in contact with humans, causing serious public health problems (Moreira and Moreira,
2004). Pb contamination occurs from several sources, which mainly include mining, metallurgy and
recycling activities (Chata, 2015). Other sources of contamination are fuel, the manufacture of lead
automotive batteries, soldering material, ammunition, nail polish, jewelry, toys and some cosmetic prod-
ucts (Chata, 2015).

Hg is a silvery-white liquid metal, volatile at room temperature due to its high vapor pressure,
making it a contaminant due to its ability to generate chemical reactions in which microorganisms can
participate (Huillca, 2018). Hg can also be found in thermometers, cosmetics, fungicides, insecticides,
cleaning products, paper industry, seed preservatives, computers and various electronic components,
fluorescent lamps (Alvarez et al, 2011).

Cd, in turn, is used in industry to protect iron and steel (galvanized with cadmium) against cor-
rosion. Cadmium sulfite (yellow) and cadmium selenite (red) are used as components of paints to color
ceramics and plastics. In agriculture, it is found in phosphorus fertilizers and pesticides. Cadmium ab-
sorbed with food, produces bone decalcification and kidney failure, is one of the main toxic agents
associated with environmental and industrial pollution (Chata, 2015).

Complete tables with all pesticide and metal values can be found in the supplementary material

for data checking.

Abiotic limnological variables

The results of the Principal Component Analysis (PCA), carried out with the objective of syn-
thesizing the spatial variation of the physical and chemical parameters of the water, in addition to the
concentrations of heavy metals and pesticides, showed a considerable temporal segregation of the sam-
ples, highlighting the main abiotic differences, especially between the cultivation phases. Thus, axis 1
of the PCA discriminated, in general, the samples from the post-planting phase, from the first and second
collection, characterized by the highest values of metals such as Fe, Co and Al, in addition to the highest

values of pyrazin and temperature, of the samples from the development phase (3rd and 4th campaigns)
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characterized by the highest concentrations of dissolved oxygen, turbidity, pH and conductivity, in ad-
dition to high values of Perylene (Figure 2). The samples obtained in the regrowth period (5th and 6th
campaigns) showed an intermediate distribution between the samples from the post-planting and devel-
opment periods, suggesting intermediate values of these variables in this phase of cultivation (Figure 2).
In this sense, the results obtained indicate that the highest concentrations of heavy metals and occurrence
of pesticides occurred in the first phase of the study (post-planting). On the other hand, in the culture
development phase, the highest values of dissolved oxygen, pH, conductivity and turbidity were ob-
served (Figure 2).

The higher values of metals and some agrochemicals in the post-planting phase may be related
to the use of pesticides and fertilizers used in the first stage of the study. Although some studies have
highlighted the environmental benefits of sugarcane production as an effective option for replacing fossil
fuels (Seabra et al., 2011; Mufioz et al., 2014; Goldemberg and Guardabassi, 2010), it is known that this
culture and the use of agricultural inputs cause changes in land use and contamination of surface waters
through the generation of undesirable co-products (Davis et al., 2009; Garcia et al., 2011; Bordonal et
al., 2018). Due to the loading of these substances by rainwater, which reaches water bodies, damaging

aquatic environments and their communities (Dores and De-Lamonica-Freire, 2001).

Periodo
Desenvohimento
A pés plantio

| Rebrata

PCA 2 (18,8%)

B.benz Simazina

PCA 1(24,2%)

Figure 2: Distribution of scores of sampling points and environmental variables, derived from a Principal Component Analysis
(PCA), carried out from data on abiotic water parameters, obtained at the surface, in a first order stream, on the impact of

sugarcane cultivation-of-sugar.
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CONCLUSION

Based on data analysis, it is possible to conclude that the presence of pesticides and heavy metals
in the analyzed aquatic environment is directly related to sugarcane cultivation. Pesticides used in ag-
riculture can infiltrate the soil and contaminate underground and surface water sources, as well as heavy
metals, introduced among other forms through fertilizers and industrial waste.

The presence of these substances poses risks to human health and aquatic life, and can cause a
series of problems, from neurological disorders to cancer. Furthermore, water contamination can nega-
tively affect local biodiversity and the balance of aquatic ecosystems. Therefore, it is crucial to imple-
ment sustainable agricultural practices and regularly monitor the water quality of aquatic bodies found

in these farming areas to minimize these impacts.
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