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Resumo

Nas Ultimas décadas, os ecossistemas aquaticos tém sido submetidos a severos
impactos ambientais decorrentes de diversas atividades antrépicas como mineragao,
alteracdes no curso natural de rios, construcdo de barragens e represas, poluicao
causada aos corpos de agua pelo langamento de dejetos e sedimentos organicos,
inorganicos e sintéticos, de efluentes domeésticos e industriais sem tratamento,
desflorestamento, uso inadequado do solo, de pesticidas, ocupa¢cédo desordenada de
corredores riparios e planicies de inundacdes, superexploracdo de recursos
pesqueiros, entre outros. A desestruturacdo gerada por essas atividades no ambiente
fisico, quimico e na dinamica natural das comunidades biologicas resultou em queda
da qualidade da agua, na reducao da biodiversidade aquatica e degrada¢éo ambiental.
Este trabalho, reunindo trés estudos independentes submetidos a revistas cientificas
internacionais dentro do objetivo de cada artigo, um deles j& publicado, serd submetido
como tese de doutoramento em Gestdo Interdisciplinar da Paisagem pelo Instituto
Superior de Agronomia-Universidade de Lisboa em 2016.

O primeiro artigo revela altos indices de pesticidas num rio situado no sul do Brasil.
Essas descobertas motivaram uma segunda pesquisa visando o desenvolvimento de
uma técnica mais eficaz do que as usualmente utilizadas para a remocdo de
contaminantes da agua. Através de um ensaio laboratorial, constatou-se que a biotita
tem um enorme potencial de adsor¢cdo dos pesticidas encontrados na agua do rio
analisado.

E o terceiro estudo, contempla os resultados positivos obtidos em ensaios mais
recentes testando a adsorcédo de fluoreto e fosforo onde a biotita mostrou ser eficaz
em remover esses elementos da &gua, justificando que mais pesquisas serao
necessarias para se conhecer como funciona todo o processo de adsorcdo de

contaminantes pela biotita.

Palavras-chave: Monitorizagdo ambiental; Contaminacdo; Pesticidas; Adsorcgéo;

Biotita.



Abstract

In recent decades, aquatic ecosystems have been subjected to severe environmental
iImpacts of various human activities such as mining, changes in the natural course of
rivers, construction of dams and reservoirs, pollution to water bodies by the release of
organic, inorganic and synthetic waste and sediments, domestic and industrial effluents
without treatment, deforestation, inappropriate land use, pesticides, disorderly
occupation of riparian areas and flood plains, overexploitation of fisheries, among
others. The problems generated by these activities to the physical, chemical and natural
dynamics of biological communities resulted in a drop of water quality and the reduction
of aquatic biodiversity.

This work, which will be submitted as a doctoral thesis in Interdisciplinary Management
of Landscape by the Agronomy Institute of Lisbon in 2016, consists of three
independent studies submitted to international journals, one of which has already been

published.

The first article reveals the presence of high pesticide levels in a southern Brazil river,
which led to further research on the feasibility of using biotite as an absorbent for
removing these contaminants from water bodies. Laboratory tests performed in the
second study attested that this mineral is highly effective in removing the pesticides
found in the river water samples. The third study is about the results obtained in recent
tests using Biotite to absorb fluoride and fhosphorus showed its effectiveness in remove
these elements from water justify that further research is needed to determine all the
physical and chemical processes, and the range of action of this mineral as an

absorbent of water contaminants.

Keywords: Environmental monitoring; Contamination; Pesticides; Adsorption; Biotite.
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Capitulo 1

1.1 - Consideracfes gerais

Impacto ambiental pode ser definido como qualquer alteragéo nas propriedades fisicas,
guimicas, geomorfolégicas e bioldégicas do meio ambiente resultante de atividades
sociais e econdbmicas humanas que, direta ou indiretamente, afetem a saude, a
seguranca e o bem-estar da populacéo, a biota, as condi¢des estéticas e sanitarias do
meio ambiente e a qualidade dos recursos ambientais.

Os ambientes aquaticos sao utilizados em todo o mundo com distintas finalidades,
entre as quais se destacam o abastecimento de agua, a geracdo de energia, a
irrigacao, a navegacao, a aquicultura e a harmonia paisagistica (Sperling 1993). A agua
representa, sobretudo, o principal constituinte de todos 0s organismos Vivos.

Nas Uultimas décadas, os ecossistemas aquaticos tém sido submetidos a severos
impactos ambientais decorrentes de diversas atividades antrOpicas como mineracao,
alteracées no curso natural de rios, construgcdo de barragens e represas, poluicado
causada aos corpos de agua pelo lancamento de dejetos e sedimentos organicos,
inorganicos e sintéticos, de efluentes domésticos e industriais sem tratamento,
desmatamentos, uso inadequado do solo, de pesticidas, ocupacdo desordenada de
regides riparias e planicies de inundacdes, superexploracdo de recursos pesqueiros,
entre outros. A desestruturacdo gerada por essas atividades no ambiente fisicoquimico
e na dindmica natural das comunidades biolégicas resultou em queda da qualidade da
agua e na reducao da biodiversidade aquatica.

Estudos desenvolvidos em varias regides do mundo tém mostrado que a percentagem
dos produtos utilizados na agricultura que chegam a atingir os ambientes aquaticos é
geralmente baixa. Entretanto, pesticidas persistentes e com grande mobilidade no
ambiente tém sido detectados em &aguas superficiais e subterrdneas (Balinova e
Mondesky 1999; Buser et al., 1990; Jury et al., 1987; Solomon et al., 1996)

A preocupacgdo com a contaminagdo de ambientes aquaticos aumenta, principalmente,
guando a agua é usada para o consumo humano. A Unido Europeia estabeleceu em
0,1 pg/L a concentragdo maxima admissivel de qualquer pesticida em aguas

destinadas para consumo humano e em 0,5 ug/L para o total de residuos, sem deixar
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claro se deve-se, ou ndo, considerar também produtos de transformacédo. (Barcelo,
1993).

A qualidade da producéo agricola sempre foi intensamente afetada pelo aparecimento
de formas de vida indesejaveis, tais como insetos e ervas daninhas.
Consequentemente, para producdo em larga escala tornou-se necessaria a utilizacao
de agrotdoxicos ou pesticidas de diversas classes quimicas. Os primeiros grupos
guimicos utilizados como pesticidas foram substancias toxicas de origem natural, tais
como o piretro e a nicotina, além de elementos inorganicos como o mercurio e o
enxofre (Jonatan, 1989).

Os agrotoxicos sao divididos em diferentes classes, dentre as quais pode-se citar
herbicidas, fungicidas, acaricidas, algicidas, larvicidas e inseticidas. Suas funcbes
basicas na agricultura incluem a elevacédo da producdo, a melhoria da qualidade dos
produtos e a reducdo do trabalho e dos gastos com energia. Sem duvida esses
objetivos foram alcancados nas Ultimas décadas. No entanto, o uso indiscriminado e
pouco criterioso de agrotéxicos trouxe e continua trazendo problemas muitos sérios
para o ambiente e para a saude humana. Dados estatisticos da Associacdo Nacional
de Defensivos Agricolas (ANDEF) mostram que o uso de pesticidas duplicou de volume
na década de 90, sendo que os herbicidas representam cerca de 85% desse aumento
(Silva, 1999).

Dentre os carcinbgenos quimicos estdo os agrotoxicos, que podem induzir o cancer por
mecanismos variados como genotoxicidade e promogao de tumores Envolvendo
mediadores hormonais; imunologicos e a producdo de moléculas oxidantes (peréxidos)
(Rodvall; Dich; Wiklund, 2003). Para uma série de substancias quimicas, as evidéncias
cientificas relacionadas com esses mecanismos carcinogénicos ainda requerem
maiores estudos na sua elucidacdo, e, entre elas, os agrotéxicos, de modo geral,
apresentam esses desafios (Potti, et al., 2003).

Pela amplitude da utilizacdo dos agrotoxicos no modelo de producdo de alimentos, ha
estimativas de associacdo entre exposicdo e o desenvolvimento de céancer. Nos
Estados Unidos da América estima-se que anualmente ocorram cerca de 6.000 a
10.000 casos de cancro associados com agrotoxicos. Essa associacdo esta melhor
caracterizada nos canceres de pulmdo, de mama, dos testiculos, da tiredide, da

prostata, do ovario, e do sistema hematopoiético (linfomas ndo - Hodgkin, leucemias e
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mieloma multiplo) (Pimentel, 1996). Segundo Meyer, Sancinelli e Moreira (1999),
estudos atuais tém relatado associacdes estatisticas positivas entre a exposicao
humana a agrotoxicos e problemas de salde, tais como aumento de certos tipos de
cancro de mama e/ou do trato reprodutivo, reducdo da fertiidade masculina,
anormalidades no desenvolvimento sexual, entre outros.

No Brasil, Meyer et al. (2003) mostraram uma alta taxa de mortalidade para cancer de
estbmago, esodfago, laringe, cancer oral e leucemias em agricultores expostos a
agrotoxicos na regido Serrana do Rio de Janeiro. Ja Koifman, Koifman e Meyer, (2002)
também descreveram o mesmo resultado nas neoplasias malignas de mama, ovario e
prostata, em amostra de grupos populacionais expostos a agrotdéxicos no periodo de
1985 a 1990, dentre outros estudos descritos por Bedor (2008).

O uso de agrotoxico gera externalidades no meio ambiente e na saude humana, sendo
gue muitos desses impactos ainda sao desconhecidos a longo prazo. (Soares e Porto,
2007).

A elevada estabilidade de alguns grupos de agrotoxicos a degradacdo ambiental,
associada a outras propriedades fisicas e quimicas, que favorecem suas distribuicdes
pelos diferentes compartimentos ambientais, suas propriedades de bioacumulacdo em
tecidos ricos em lipidios sdo fatores que colocam os agrotdoxicos como importantes
contaminantes ambientais.

Alguns agrotoxicos atuam como interferentes ou disruptores enddcrinos. Segundo a
Unido Européia, os disruptores endocrinos podem: danificar diretamente um érgéo
endocrino; alterar diretamente a fungcdo de um oOrgdo enddcrino; interagir com um
receptor de horménios ou, alterar o metabolismo de um hormona em um Orgéo
endocrino (ECE, 2010). As substancias sintéticas que apresentam essa acdo sao
geralmente persistentes no ambiente podendo se acumular ao longo da cadeia trdéfica.
Além disso, Meyer et al. (1999), assinalam que muitas destas substancias sao
excretadas através do leite materno, constituindo uma fonte de contaminacdo de
recém-nascidos.

Foi verificado na Espanha (Regidor et al., 2004), a existéncia de associagdo entre a
exposicao paterna durante o primeiro trimestre da gravidez a agrotdéxicos e o risco de
morte fetal a partir de malformacdes congénitas. Cooper et al. (2006), verificaram que

maes expostas a inibidores da acetilcolinesterase no primeiro trimestre de gravidez
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tinham um risco 2,7 vezes maior de ter filhos com alguma malformacdo congénita do
gue maes nao expostas a essas substancias.

Os tratamentos de agua convencionais sao inefetivos na remocdo de pesticidas
organoclorados e, em muitos casos, a concentracdo desses pesticidas na agua de
consumo € similar a dos mananciais. Os sistemas de tratamento alternativo de aguas,
tais como filtracdo (usando carbono ativado granular), poderiam ser utilizados para
melhorar a qualidade da agua potavel. Entretanto, além de custo elevado, muitas vezes
nao atingem os padrdes satisfatérios de qualidade (Battaglin e Hay, 1996; Miltner et al,
1989; EPA, 1992).

Motivados por essa caréncia de meios e dificuldade de remocao dos pesticidas quando
presentes na agua, o autor delineou o ensaio de adsor¢cdo de pesticidas utilizando a
biotita como elemento adsorsor, e os resultados indicaram que a Biotita possui
capacidades de remocéao desses contaminantes (Ceolinetal., 2015).

Muitos agrotdéxicos sdo de lenta degradacdo, com capacidade de acumulacdo nos
seres vivos e no meio ambiente podem persistir por até 30 anos no solo. Sao altamente
lipossollveis e 0 homem pode ser contaminado nao s6 por contato direto, mas também
através da cadeia alimentar - ingestao de agua e alimentos contaminados (Verdes et al,
1990; Reigart & Robert, 1999).

Diante desse panorama, ha necessidade de monitoramento constante dos niveis de
concentracdo em receptaculos como solos e aguas. O atendimento dessa necessidade
tem motivado o desenvolvimento de diferentes métodos analiticos visando a
identificacdo e quantificacéo de residuos de pesticidas (Chagas et al., 1999).

O monitoramento de variaveis fisicas e quimicas traz algumas vantagens na avaliacao
de impactos ambientais em ecossistemas aquaticos, tais como: identificacdo imediata
de modificacdes nas propriedades fisicas e quimicas da agua, deteccdo precisa da
variavel modificada, e determinacdo das concentracdes alteradas, além da deteccéo de
elementos quimicos nocivos provenientes das atividades humanas.

Muitos nutrientes como o nitrogénio e fésforo quando em concentracdes elevadas,
podem ser classificados como contaminantes da &gua, trazendo efeitos negativos e
perda da qualidade ambiental, levando as massas de agua a possiveis processos de
eutrofizagao.
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Baseados na problematica da eutrofizacdo e levando em considera¢do que no caso de
aguas interiores o fésforo € o elemento chave nesse processo, conduziu-se outro
ensaio de adsorcdo desse elemento, e os resultados foram positivos. Foi realizado
também o ensaio de adsorcéo do fluoreto. A necessidade de se remover o fluoreto da
agua é descrita no capitulo 4 desta tese onde o autor relata inUmeros estudos que
demonstram os maleficios do fluoreto para a saude humana.

Testes realizados recentemente revelaram a capacidade da biotita em remover, além
dos pesticidas ja investigados, fluoreto e fosforo da 4gua. Tais achados justificam a
necessidade de uma pesquisa ainda mais extensa e detalhada do processo de atuacao
desse mineral, e a realizacdo de outros ensaios para testar a sua eficacia na adsorcao
de, por exemplo, Glifosato, vulgarmente conhecido como Round-up, um pesticida
extremamente toxico e amplamente utilizado ndo apenas na agricultura de soja e milho,
mas também em ambientes urbanos para eliminacdo de ervas daninhas. Portanto, sao
imprescindiveis incentivos que possibilitem a continuidade de pesquisas relacionadas
com a utilizacdo da biotita e de outros minerais existentes para tentar corrigir os
problemas criados pela acdo humana.

Uma abordagem mais integrada da problematica ambiental é importante, e a gestao
interdisciplinar, ou a utilizacdo de conhecimentos de areas distintas que se podem
relacionar para a resolugdo de problemas € uma ferramenta importante para a
elaboracdo de um novo conhecimento que tenha uma abordagem mais integrada da
paisagem, conectando-a e elaborando medidas que visem a manutencao da qualidade
ambiental como um todo, ou seja, da paisagem e de todas as espécies que nela
habitam. Paisagens essas, que possuem uma hatureza ecologica e cultural
indissociaveis da prépria humanidade e que devem de todas as formas ser
monitorizadas, preservadas e recuperadas pela sociedade que direta ou indiretamente
acaba pagando pelas externalidades negativas e diminuicdo da qualidade ambiental

ocasionada pela atividade humana.

15



1.2 - Objetivos

O objetivo geral deste trabalho € contribuir com medidas estratégicas que visem nao
apenas a melhoria da qualidade da agua das areas estudadas, mas também de todo
ambiente hidrico, através da monitorizacdo da qualidade ambiental e da verificacdo do
estado de degradacgéo, identificando as pressdes humanas que sé&o exercidas sobre as
bacias hidrograficas. Além desse objetivo, esse trabalho teve como propdstio produzir
novos métodos de remocdo de contaminantes presentes na agua utilizando a Biotita,
um mineral de origem igneo ou vulcanico, utilizando suas capacidades de adsorcéo
comprovadas em estudos publicados.

Alguns dos objetivos especificos propostos:

- Estudo da qualidade da agua do Rio Cara-Cara. Identificacdo de contaminantes
presentes na dgua do Rio Cara-Cara através da analises fisico-quimicas, coliformes e
pesticidas.

- Testar a capacidade da biotita em remover, por adsor¢céo, os pesticidas encontrados
no Rio Cara-Cara.

- Testar a capacidade da biotita em remover, por adsorcdo, fosforo e fluoreto

presentes em solugéo aquosa.

1.3 - Organizacao do trabalho

A presente tese foi organizada em cinco capitulos, sob a forma de artigos, onde se
indica no inicio de cada capitulo, os artigos ja publicados e submetidos a revistas
nacionais e internacionais da especialidade. O conteudo e a estrutura do artigo
mantém-se na sua esséncia. No final de cada capitulo apresentam-se as referéncias
bibliograficas utilizadas.

O primeiro estudo contém uma analise da qualidade da agua de um trecho do rio
Cara-Cara, com deteccdo de elevados indices de pesticidas; o segundo relata os
resultados de uma investigagdo em que a biotita demonstrou ser muito eficaz na

purificacdo de &agua contaminada por alguns dos pesticidas mais utilizados na
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agricultura; e o terceiro estudo sdo os resultados do ensaio de adsorcao de fluoreto e
fosforo também utilizando a biotita como elemento adsorsor, provando que a Biotita
possui capacidades ndo seletivas de adsorcdo, conseguindo adsorver diferentes
elementos.

Assim, no:

Capitulo 1 - ExpBe-se a pertinéncia do trabalho, os objetivos gerais e especificos e a
forma como o trabalho foi organizado.

Capitulo 2 - Caracteriza-se a area em estudo. Faz-se uma caracterizacdo geral da
Bacia do Rio-Cara-Cara, com informacGes sobre a geologia, clima, fauna e flora da
Bacia do Rio Tibagi, na qual o Rio Cara-Cara é afluente.

Capitulo 3 - Juncéo dos estudos sobre o Rio Cara-Cara e o ensaio de adsorcao de
pesticidas utilizando a Biotita como elemento adsorsor.

Capitulo 4 — Relata os resultados dos ensaios de adsorcdo que demonstraram a
capacidade da Biotita em remover Fluoreto e Fosforo, descobertas que ainda seréo
submetidas a publicagéo.

Capitulo 5 - Consideracdes finais e recomendacdes.
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Capitulo 2 - Caracterizagcéo da area de estudo

2.1 - Rio Cara-Cara, Brasil

O presente estudo foi realizado na bacia do rio Carad-Cara, localizado na regido
sudeste do distrito de Ponta Grossa, no Estado do Parand. E um afluente da
margem direita do rio Tibagi, com altitudes que variam entre 780 e 1020 metros que
se estende por uma area de cerca de 7317 ha. O planalto do Parana, caracterizada
por, terreno ondulado suave e a presenca de rochas sedimentares com intrusées de
diabéasio, define os cursos dos rios da regido (Oliveira; Schmutzler, 2001, p 15)
(Figura 1).

O rio Cara-Cara é afluente da margem direita do rio Tibagi, apresentando altitudes que
variam de 780 a 1020 m.

A bacia em questdo é de 42 ordem (Strahler) e apresenta uma rede de drenagem
densa e perene, onde ocorrem processos de erosdo e o transporte de sedimentos de
regides mais elevadas para planicies a jusante da bacia (Godoy etal., 1994).

A bacia do Tibagi consiste em pastagens (Campos Gerais ou vegetagao campestre)
e formacdes florestais (Ombroéfila Mista e estacional semidecidual), com cerca de
600 espécies de plantas. Nesta bacia sozinho h4 114 espécies de peixes nativos,
476 espécies de aves, 48 espécies de répteis e inUumeras macroinvertebrados. O
grupo de mamiferos contém 57 espécies, das quais 21 sao, até certo ponto
ameacada de extincdo principalmente pela exploracdo excessiva ea destruicdo do
habitat (Pereira et al., 2010). A vegetacdo € composta por Floresta Ombréfila Mista

Aluvial, e na Bacia do Cara-Cara, é constituida predominantemente de florestas de
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Araucaria e matas ciliares, campos e parcelas isoladas de florestas. (Moro, Schimt e
Diedrichs, 2001)

Os solos da bacia sao latossolo vermelho, podzoélico, cambissolo, complexo dos
solos cambissolo/litélicos, glei alico humico.

De acordo com a classificacdo de Koppen, o clima local é Cfb (mesotérmico hamido
subtropical), com verbes amenos e a ocorréncia de constantes geadas severas, e a
auséncia de uma estacdo seca bem definida. A temperatura média durante os
meses mais quentes é acima de 22°C e abaixo de 18°C. A precipitacdo média anual
€ de aproximadamente 507,5 milimetros, uniformemente distribuida. (Moro et al.,
2001).

As categorias de uso da terra atual incluem 3201 ha de campos agricolas (43,75%),
onde o Inverno e o Verédo lavouras de soja predominam, florestas (21,26%), areas
urbanas (6,98%), industrias (3,5%), campos (24.37% ) e 0,14% da massa de agua.
Fields, a segunda maior categoria, compreendem um gado area de cerca de 1.783
ha levantando. As florestas cobrem mais de 1.555 ha consistindo em florestas
nativas, matas ciliares e de pinho (Pinnus Elliott) e plantacdes de eucalipto
(Eucalyptus sp.). O Distrito Industrial de Ponta Grossa ocupa 255,98 ha da bacia do
Cara- Cara, e os restantes 510,88 ha compreende residéncias e actividades
urbanas de comeércio e servicos. (Freitas e Carvalho, 2007).

A agricultura representa 553.33 ha (32,28%) das areas que devem ser protegidas de
forma permanente, e estas APPs(Areas de Protecao Ambiental) te vindo a diminuir
ao longo do tempo. Ao todo, o uso da solo compreende mais de 5173 ha (70,69%)

da area total da bacia. (Freitas e Carvalho, 2007).

Location of Cara-Cara river

Brazil

Municipality of Ponta Grossa

.
'

State of Parana
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Figura 1 - Localizacdo da Bacia do Rio Cara-Cara, Parana-Brasil.

O municipio de Ponta Grossa-PR é um polo de producdo agropecuaria com altos
indices de produtividade para lavouras de soja, milho e milho safrinha, contribuindo de
maneira expressiva para economia da regido que devido a grande producdo agricola
viu 0 numero de indUstrias crescer de 12 para 28 em 4 anos, entre essas industrias
destacamos as multinacionais Bunge, Cargill, Heineken, Monsanto e outras.

O municipio de Ponta Grossa apresenta em 2011 um consumo superior & 590 mil Kg

de pesticidas somente no ano de 2011. (Figura 2)

24 - 21.278,68

22.093,85 - 47.512,79

48 072,19 - 77.766,9

81.836,09 - 117.414,06

118.734,95 - 161.684,61

166.716,42 - 234.415,42

241.121,03 - 355.930,6

388.136,06 - 578.233,02

Ponta Grossa == 590.271,22 - 845.410,58

NN

890.944,64 - 1.220.155,95

Figura 2 - Consumo de pesticidas em kg para cada municipio do estado do Parana.
Fonte: ADAPAR (2011).
Todavia, esses grandes ganhos de produtividade estdo associadas ao uso intensivo de
pesticidas, muitas vezes usados em desacordo com receituario agronémico. A gestao
inadequada das areas agricolas tem vindo a tornar-se uma fonte potencialmente
poluidora das aguas superficiais, subterraneas e do préprio solo (Dores e Lamonia
Freire, 2001).
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Capitulo 3

Esse capitulo contém dois artigos. O primeiro estudo foi submetido para publicacéo no
periddico Quimica Nova ISSN n® 1678-7064 da Sociedade Brasileira de Quimica.

O segundo artigo foi publicado no Jornal Water, Air and Soil Pollution da editora
Springer.
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3.1 - Influéncia da agricultura intensiva na qualidade da 4gua no sul do Brasil:

estudo de caso do Rio Cara-Cara. Ponta Grossa, Parana-Brasil.

Resumo

Este artigo relata um estudo realizado para avaliar a concentracdo de contaminantes
em amostras de aguas superficiais colhidas na bacia do Cara-Card. Embora os
resultados das andlises fisico-quimicas das amostras do Rio Cara-Cara e, como
referéncia, no Rio Quebra-Perna situado dentro de uma area protegida ndo mostrarem
alteracbes marcantes na qualidade da agua, as analises por cromatografia revelaram
taxas elevadas de cinco pesticidas diferentes: altas concentracbes de atrazina e
Fluazifop, além de Lactofen, Lambdacialotrina e Clorpirifos na bacia do Car4-Cara. A
presenca e a concentracdo desses pesticidas variaram em todos os pontos de
recolha, mas, em uma das amostras, excedeu 120 pg/L, com valores medianos acima

de 49 ug /L, muito acima do nivel maximo legal americano ou europeu.

Os niveis alarmantes de contaminantes detectados exige o desenvolvimento de novos
métodos de tratamento de dgua que possam realmente remover esses pesticidas com
tantos efeitos deletérios para todos os seres vivos. Para este fim, Biotite (Black Mica)

provou ser altamente eficaz em ensaios de laboratério.
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Palavras-chave: Pesticidas; Qualidade da &gua; Contaminantes; Agricultura,;

Degradacéo.

Influence of intensive agriculture on water quality in southern Brazil: case study

of the Cara-Carariver. Ponta Grossa, Paranéa-Braazil.

Abstract

This paper reports a study conducted to assess the concentration of contaminants in
samples of surface water collected from the Cara-Cara basin. Although the results of
the physical-chemical analyses of the samples collected in the Cara-Cara river and,
as a reference, in the Quebra-Perna river, which is located within a protected area,
showed no marked alterations in the quality of the water, the chromatography
analyses revealed high rates of five different pesticides: high concentrations of Atrazine
and Fluazifop, besides Lactofen, Lambda-cyhalothrin and Chlorpyrifos in the Cara-
Cara basin. The presence and concentration of these pesticides varied in all the
collection points, but, in one of the samples, it exceeded 120 ug/L with median values
over 49 ug/L, which are far above the Brazilian, American or European legal Maximum

Contaminant Levels.

The alarming levels of contaminants detected calls for new water treatment methods
that can actually remove these pesticides with so many deleterious effects to every

living being. To this end, biotite (Black Mica) proved to be highly effective in lab trials.

Key-words: Pesticides; Water quality; Contaminants; Agriculture; Degradation.
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3.1.1 - Introduction

Water is fundamental to the existence of life. Coincidentally, it was in aquatic
environments that the first two forms of life developed and from which other land-
based species derived later on.

Water resources are allocated to multiple uses and a wide range of human activities,
among which stand out public and industrial supply, agricultural irrigation, electricity
production, leisure activities and the preservation of aquatic life, all of which would be
unfeasible without water.

Over the recent decades, the ever-increasing industrial, agricultural and cattle raising
activities have been largely responsible for deteriorating the quality of environmental
resources. Contamination by non biodegradable heavy metals is cause for great
concern since they tend to bioaccumulate along the food chain and, consequently,
severely affect not only human health but the whole ecosystem. Toxic chemicals that
are dumped in the environment come from several sources ranging from sewage
networks (Omil et al., 2008; Nebot et al., 2007) to hospital (Omil et al., 2008; Thomas
etal., 2007) and industrial effluents (Reif et al., 2008).

In addition, the quality of surface water for human consumption in rural areas goes
hand in hand with local practices adopted in the use and occupation of the soil, the
transformation of natural ecosystems into crop areas, the indiscriminate use of
pesticides and fertilizers and a lack of treatment and correct disposal of human and
animal waste (Almeida, 2001).

Chemical industries, especially those that produce pesticides, have been responsible
for releasing hundreds of active ingredients and thousands of metabolites that end up
dispersed in the environment. According to Young (1987), less than 0.1% of the
applied pesticides hit target pests, and the bulk of these toxic chemicals eventually
contaminate the soil, the water bodies, the air and the living beings.

Today, applying pesticides is still the main strategy in the control and prevention of
agricultural pests, for they can dramatically increase crop yield and ensure a higher
quality of agricultural products for the population. These compounds, however, are

potentially toxic to humans and can adversely affect, among others, the central and
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peripheral nervous systems, the immunosuppressive mechanisms, and even be

carcinogenic (Ecobichon, 1993).

In 1998, Brazil consumed around 307.000 tons of commercial pesticide products
containing about 250 active ingredients. In terms of the quantity of active ingredients,
consumption rose from 16,000 tons in 1964 to more than 128 thousand tons in 1998.
In 1960, crop areas in Brazil comprised 28 million hectares, and in 1998,
approximately 50 million hectares. Therefore, the area with agricultural crops increased
78%, while the increase in pesticide consumption skyrocketed to 700% in the same
period. The consumption of these products is not evenly distributed in all the regions
of the country for, in some of them, traditional or intensive agricultural activities may
predominate (Spadotto et al, 2004).

Over the last decades, there has been an increase in organic compounds in surface
and drinking water, a finding reported in environmental monitoring studies conducted
in water supply treatment plants for human consumption, which undoubtedly causes
concern for the contamination of water resources (Environmental Protection Agency -
EPA 2000). A main reason for this is the discharge of waste in surface water bodies.
Many of the effluents of industries and cities contain, even after treatment, a large
variety of pollutants which are dumped in rivers or lakes (Harris, 2002; Meyer, 1998).
Since the removal of pollutants in conventional water treatment is often incomplete,
‘treated” water often contains many dissolved chemicals that can affect ecosystems
and the supply of pure drinking water. (Rodriguez et al., 2004).

Brazil's surface water resources accounts for 50% of the total resources of South
America, and 11% of global resources. It is undeniable that the country has a huge
water potential, although this Brazilian wealth is unevenly distributed, both socially and
geographically (Reboucgas, 1999).

In the state of Parand, public supply consumes 42% of the total water, followed by
industry 24%, agriculture 21%, and livestock 13%. (Pereira et al., 2010).

This study was conducted to assess the concentration of contaminants in the basin of
Cara-Cara water from the data obtained in bacteriological and physical-chemical
analyses, followed by chromatography of the pesticides found in samples of the

surface water collected in the first semester of 2014.
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Monitoring water quality is important to assess the concentration and variety of
contaminants that may be present in water bodies. The data obtained would keep both
users and institutions informed about water quality status. Such information may raise
awareness of the need for appropriate action to prevent the contamination of water
bodies with these pollutants, extremely harmful to aquatic biota, human populations

and animals that depend on clean water resources for their survival.

3.1.2 - Materials and Methods

This research was based on the results of physical-chemical analyses made to
detect the presence-absence of fecal coliforms and pesticides in the water samples
collected at predetermined points: headwaters, middle coastal hillsides and
downstream of the Cara-Cara and Quebra-Perna rivers. Since test results depend
on the samples submitted, a basic requirement would be to collect water samples that
actually represented the composition of the source at a particular time and place.
Water sources composition usually varies with time, thus, samples collected at time
intervals and analysed separately can demonstrate the extent, frequency and duration
of these variations. Water source composition may also vary in space, which requires
collecting samples from appropriate locations. Therefore, the water was tested by
obtaining a composite sample collected at different times and from different locations.
Once a month, six samplings were collected between January and July of 2014 to
measure seasonal variations in seven different locations of the Cara-Cara basin. In
addition, it was defined that for reference purposes, samples would be collected from
the Quebra-Perna river located within the Vila Velha State Park, since this has been a
delimited protected area for more than five decades with ecological indices closer to
pristine or minimally impacted areas by human activities.

The methodology used in the physical-chemical analyses was based on the protocols
of the Standard Methods for the Examination of Water and Wastewater, 19th Edition
(APHA/AWWA/WEF, 1995) and of the American Society for Testing of Materials
(1992).
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The sampling sites were georeferenced using DATUM WGS 1984 coordinate
system with a hand GPS, under clear skies weather and error below 5 meters. The
criterion of free access to the river was used in defining the sampling sites, in the
Cara-Cara basin, within the farm of the Agronomic Institute of Parana — IAPAR,
since most of the areas by the riverside are in private properties.

The maps were drawn using the Geographic Information Program (GIS) ArcGis
10.1, the tables in Excel and statistical treatment conducted in IBM SPSS Statistics
19. The bottles used were specific for sample collection: two plastic ones were used
to collect samples for the physical/chemical and coliform analyses and an amber
glass bottle for the pesticide analyses. The samples were kept refrigerated until the
analyses, which was made by the Hydrogeological Research Laboratory of the
University of Parana - UFPR.

Location of Cara-Cara river
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Fig 1- Location of the Cara-Cara basinin the state of Parana-Brazil.
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Table 1 - Geographical Coordinates of sampling sites (Datum WGS -1984).

Point Latitude Longitude Altitude(m) Location

1 25°9'7.4"S 50°5'2.3" O 858 Cara-Cara

2 25°8'44.6"S 50°4'19.3"0 884 Cara-Cara

3 25°9'6.2"S 50°3'57.5"0 892 Cara-Cara

4 25°7'47.4"S 50°4'30.5"0 852 Cara-Cara

5 25°7'37.9"S 50°4'16.5"0 868 Cara-Cara

6 25°7'26.4"S 50°4'20.5"0 898 Cara-Cara

7 25°9'25.5"S 50°6'36.1"0O 804 Cara-Cara

8 25°14'31.7"S 50°1'16.1"O 810 Quebra-Perna

3.1.2.1 - Study area characterization

The present study was conducted on the basin of the Card-Cara river, located in
the southeast region of the district of Ponta Grossa in the State of Parana. It is a
tributary of the right margin of the Tibagi river, with altitudes ranging between 780 and
1020 meters extending over an area of around 7317 ha. The Parana plateau,
characterized by smooth, undulating terrain and the presence of sedimentary rocks
with diabase intrusions, defines the river courses of the region (Oliveira; Schmutzler,
2001, p 15) (Fig 1).

The basin of Tibagi, where the Card-Cara is sub-basin, consists of grasslands
(Campos Gerais) and forest formations (mixed ombrophilous and seasonal semi-
deciduous), with about 600 plant species altogether. In this basin alone there are 114
species of native fish, 476 species of birds, 48 species of reptiles and numerous
macroinvertebrates. The group of mammals contains 57 species, of which 21 are to a
certain degree threatened of extinction mainly by overexploitation and habitat

destruction (Pereira et al., 2010).
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The basin soils are dark red latosol, podzolic, cambisol, complex of cambisol/litolic
soils and gley humic alic. The vegetation consists of ombrophilous mixed aluvial
forest, and in the Cara-Cara basin, it consists predominantly of Araucaria and riverine

forests, grasslands and isolated stands of forests. (Moro, Schimt and Diedrichs, 2001)

According to Koppen classification, the local climate is Cfb (humid subtropical
mesothermic), with mild summers and the occurrence of constant, severe frosts, and
the absence of a well-defined dry season. The average temperature during the
hottest months is above 22°C and below 18°C in the coolest ones. Average annual
rainfall is approximately 507.5 mm, evenly distributed (Diedrichs, 2001).

The categories of current land covers and uses include 3201 ha of agricultural fields
(43.75%), where winter and summer soy crops predominate, forests (21.26%), urban
land (6.98%), industries (3.5%), fields (24.37%) and 0.14% of water bodies. Fields,
the second largest category, comprise a cattle raising area of around 1783 ha. Forests
cover over 1555 ha consisting of native forests, riparian vegetation, and Pine (Pinnus
Elliotti) and Eucalyptus (Eucalyptus sp.) plantations. The Industrial District of Ponta
Grossa occupies 255.98 ha of the Cara-Card basin, and the remaining 510.88 ha
comprises residences and urban activities of commerce and services (Freitas e
Carvalho, 2007).

Agriculture accounts for 553.33 ha (32.28%) of the areas that should be permanently
protected, and these PPAs are noticeably shrinking over time. Altogether, land use
comprises over 5173 ha (70.69%) of the basin area. (Freitas e Carvalho, 2007).

3.1.2.2 - Sample extraction

The extraction protocol was optimized from studies by Aguiar et al. (2015). In a
batch of samples, 0.1 pug of Atrazine-D5 (99% purity, Bellefonte, PA, USA) was added
to one liter of sample as a surrogate standard before the extraction. The samples were
initially filtered using a cellulose membrane with a porosity of 0.45 um and diameter of
47 mm (Merck Millipore - Darmstadt, Germany).

1 L of water sample was extracted using solid phase extraction C18 cartridges (SPE

Milford, MA, USA). The cartridges were first cleaned with 6 mL of ethyl acetate, 6 mL
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methanol and 6 mL of purified water (Mi lli-Q, Millipore, Bedford, MA), and the samples
were then percolated using a vacuum system (JT Baker - Phillipsburg, NJ) at a flow
rate of 6 mL/min.

After that, the cartridges were dried under vacuum for 15 min. to remove excess water.
Then, extraction was performed with 6 mL of ethyl acetate and 6 mL of methanol. The
extract was dried with a gentle flux of nitrogen using a dry block (40°C, Marconi, SP,
BRA) and reconstituted in 100 pL of ethyl acetate. The samples were transferred to

vials for gas chromatography-mass spectrometry analysis.

3.1.2.3 - Gas chromatographic - mass spectrometry (GC-MS)

GC-MS analysis was performed using a Varian 431 - GC gas chromatograph coupled
to Varian 220 MS, an ion trap mass spectrometer equipped with a capillary column VF
5ms (30 m x 0.25 mm, 25 pum film thickness. The GC oven was programmed from 90
°C, hold 0.5 min, to 160 °C (hold 4 min) at 15 °C min, then to 280 °C (hold 10 min)
at 20 °C mint. The GC interface and ion sources were 280 °C and 200°C,
respectively. The ion trap mass spectrometer was operated in electron impact
lonization with ionization energy of 70 eV and emission current of 300 mA. Helium at a
constant flow of 1.0 mL min™* was used as the carrier gas. The injection volume was 1
ML in a splitless mode (1 min) with injector temperature at 250 °C. From the
collision-induced dissociation (MS/MS) three mass fragment ions were selected for
each compound, Atrazine (m/z 122, 132 and 200), Chlorpyrifos (m/z 258, 286 and
314), Fluazifop-p-butyl (m/z 254, 238 and 282), Lambda Cialotrine (m/z 152, 154 and
181) and Lactofen (m/z 223, 300 and 344), being the major mass fragment ions used
as precursor ion. The marked mass fragment ions were used for quantification
analysis and the other two were used for structural confirmation. The stock solutions
were prepared for all agrochemicals (99% purity, Sigma -Aldrich, Missouri, USA) at 10
mg mL-1 in ethyl acetate and were kept at -4 °C. Atrazine-D5 was checked using the
following ions m/z 127, 139, 205. A calibration curve with diluted standards was
performed in 0.01 - 30 ug L. Calibration curves resulted in correlation coefficients of

0.99 and relative standard deviation less than 9% (n 4) for all compounds. The lower
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quantification point was 0.01 pg L™, in which all compounds had significant signs.
Recovery studies were performed with a mixture of five agrochemicals in free-
agrochemicals-groundwater at a concentration of 1 pug L™, and recovery values
ranged from 83 to 97% with a standard deviation less than 12% (n 5) for all analytics.

The protocols used in accordance with the SANCO/10232/2006 EU (European
Commission, 2006). The identification and confirmation of target compounds were
made based on the following criteria: (I) retention time deviation from a standard of
less than 2s, (II) three characteristic m/z and (lll) intensities of the characteristic m/z

compared to standard m/z not over 15% variation.

3.1.3 - Results and discussion

The results of the physical-chemical analyses of the samples collected in the Cara-
Cara river and in the reference point (Quebra-Perna river) did not show any marked
alterations in the quality of the water. In some of the samples it even achieved

standards of mineral water type (Table 2).

The mean pH result was 6.85 with a standard deviation of 0.91. The mean electrical
conductivity was 13 uS/cm with standard deviation of 15.97 uS/cm. Fecal coliforms
were 1.28 CFU/100 mL with a standard deviation of 1.86 CFU/100 mL. The other

results of the physicochemical analysis are shown in table 2.

Table 2 - Results of the physicochemical and bacteria analysis.
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Standard
Physico-chemical analysis Median (mg/L)
desviation (mg/L)
Total Nitrogen 1.65 3.30
Potassium 0.61 1.18
Organic Nitrogen 0.17 0.22
Nitrate 0.03 0.33
Color 2.5 8.05
Total alkalinity 2.22 14.82
Kjeldahl nitrogen 0.17 0.21
Ammonia nitrogen 0.005 0.0065
Bicarbornate 2.67 18.04
Total Hardness 4.02 284
Carbonate 0.005 0.0023
Hydroxide 0.005 0.0023
Calcium 0.81 1.01
Magnesium 0.49 0.45
Sodium 1.81 1.59

However, despite these normal physicochemical tests, the results of the Cara-Cara
river pesticide analyses revealed high rates of five different pesticides: Atrazine,
Fluazifop, Lactofen, Lambda Cyhalothrin and Chlorpyrifos. These pesticides were
found in all collection points, and in one of the samples their concentration exceeded
120 pg/L, far exceeding the Brazlian, American or European legal Maximum
Contaminant Levels, which allow a maximum of 0.5 pg/L of total pesticides in
drinking water. The highest values were found downstream(point 7) on the Cara-
Cara river in April 2014 when concentrations of 69.9 ug/L of Atrazine, 31 pg/L of
Fluazifop and 21 ug/L Chlorpyrifos were detected.
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Fig. 3 - Median and standard deviation values of pesticides in seven collection

points and sum of total pesticides.

As already mentioned in the methodology and shown in Fig 2, between January and
July of 2014 six samples were collected in seven different locations of the Cara-Cara
basin, and for reference purposes, additional samples were collected from the
Quebra-Perna river located within a delimited protected area which is minimally
impacted by human activities. The results in the figure below show individual values
for each pesticide found in the seven collection sites of the Cara-Cara river over a
period of six months. The median values were calculated excluding the reference

sample from the protected area in which no pesticides were found.

The sum of all the pesticides revealed a maximum of 121pg/L in April of 2014. The
median results demonstrated concentrations of 22.76 ug/L of Fluazifop, 20.84 ug/L
of Atrazine and 8.58 pg/L of Chlorpyrifos, and total pesticides of 49.68 ug/L.
Lactofen and Lambda did not exceed 1 pg/L (Fig 3).
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Fig 4 - Graphs of the concentration of pesticides and the average over the

collection points (ug/L).

The graphs show the median results of the six sample collections taken between
January and July of 2014 in each of the seven collection points within the Cara-
Cara basin added to the reference point in the Quebra Perna basin. The graphs
demonstrate the highest and lowest values found, the first, second and third

quartiles, with the second corresponding to the median (Fig 2).
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In Brazil, as well as in the USA and Europe, the national legislation classifies
pesticides according to their toxicological or environmental effects, i.e., how
hazardous they can be to humans and to the environment. The classes are,
respectively: Highly toxic (Class 1), Toxic (CLASS II), Moderately toxic (Class Ill) and
Slightly Toxic (Class IV); Extremely hazardous (Class I), Highly hazardous (CLASS
I1), Moderately hazardous (CLASS Ill) and slightly hazardous to the Environment
(Class V).

Following these specifications, the pesticides found in the Cara-cara River are
classified respectively as: Ill and Il (Atrazine), | and | (Cloripirifos), | and IlI
(Lactofen), Il and 1l (Fluazifop,) 1 and Il (Lambda-cyhalothrin).

The majority of these classifications were made on the acute oral LD50 value. They
represent the number of miligrams per kilogram of body weight which cause the
death of at least 50% of test animals.

Extensive research shows that these lethal chemicals not only remain but also
bioaccumulate in the environment. Pesticide residues are often detected in fruits,
grains, soil, drinking water and water bodies. For decades, they have been widely
used in agriculture as insecticides, herbicides and fungicides, in spite of their well-
known effects as endocrine disruptors. A UK study reported that there are
approximately 127 pesticides that have endocrine disrupting activity. Among the
classes of pesticides that stand out are organophosphates, carbamates, and
organochlorines. The latter is very persistent in the environment. Although
dichlorodiphenyltrichloroethane (DDT) has been banned in most developed
countries, human contamination is still identified in samples from adipose tissue and
breast milk (Casals-Casas and Desvergne, 2011).

Atrazine is the most commonly detected pesticide contaminant of ground water and
surface water. It is also an endocrine disruptor that, among other effects, alters
reproductive tissues when animals are exposed during development (Hayes et al.,
2011).

According Hayes et al. (2002), the presence of endocrine disruptors in nature for
more than 10 years may have a direct correlation with the reduction of the
population of amphibians. Their studies of the effects of Atrazine on frogs, with

concentrations above 1 ppm, reported the development of metamorphosis,
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malformation, decreased testosterone levels in males and generation of
hermaphrodites.

Although EDCs may interfere with the endocrine system as a whole, many of the
effects in humans are due to changes in estrogen signaling, one of the most
conserved pathways in the evolution of the species. Anti- androgenic and anti-
thyroid activities are well-known and can determine changes in the reproductive
system, sexual differentiation and puberty, when exposure occurs in early embryonic
development (Hayes et al., 2002). The hypothesis of their hazardous action as
endocrine disruptors was raised by empirical facts from 1940-1970, women with high
risk pregnancies were prescribed diethylstilbestrol (DES), then used to prevent
miscarriage. In 1972, however, a rare form of vaginal cancer began to affect
daughters of the women who had taken DES. Furthermore, males experienced
abnormalities in their reproductive organs and a decrease in fertility. Abnormalities in
the reproductive system were observed in alligators inhabiting a lake in Florida
contaminated with the pesticide DDT and its metabolite DDE3. A study in Denmark
reported a decline in semen quality of men for about 50 years, between 1938 and
1990. (Birkett and Lester, 2003; Carlsen etal., 1992).

The presence of endocrine disruptors in wastewater treatment plants and drinking
water sources demonstrates the need for further improvements in the treatment
processes. The oxidative processes (O3/H202, TiO2 photocatalysis H202/UV) and
ozonation are some of the most promising technologies for the oxidation of these
substances in the treatment of water and sewage (Bila et al., 2005; Huber et al.,
2003).

3.1.3.1 - Final remarks

Atrazine was the pesticide with the highest percentage of detection and
concentration, followed by Fluazifop and Chlorpyrifos. These pesticides are widely
used around the world and further studies should be conducted to understand the
behavior of these pollutants in other soils and climates. Vulnerable areas should be

monitored more frequently to avoid contamination of the rivers and aquifers by
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pollutants, and to guide effective and sustainable application of agrochemicals in
these areas.

Biotite (Black Mica) may represent a breakthrough in removing contaminants from
water. It proved to be highly effective not only for Atrazine, but also for other highly
toxic pesticides found in the Cara-cara river, with a high adsorption rate of 94.2% for
Fluazifop (Ceolin etal., 2015).

Water is essential to sustain life, and an adequate, safe and accessible supply
should be guaranteed to every human being. Safe drinking-water can result in
tangible benefits to our health and, therefore, every effort must be made to achieve

a better drinking-water quality.
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3.2 - Biotite (Black mica) as an adsorbent of pesticides in agueous solution.

Abstract

Chemical contamination of water resources on the planet generates a range of
environmental disturbances which impair ecosystems. Humans ingest such
chemicals often present in water. Conventional treatments fail to remove these
contaminants from water, requiring complementary methods such as activated
carbon filters, reverse osmosis or distillation, which are expensive and seldom used
in the public water supply. In recent years, there has been a search for alternative
eco-friendly, low cost methods which can effectively remove these contaminants.
This study was conducted to test the effectiveness of Biotite (Black Mica), an igneous
mineral of the mica group, in removing pesticides from water. A trial was designed to
assess the rate of pesticide removal using a methodology based on axes of variation
of pH, temperature, concentration and time. The pesticides tested were Atrazine,
Fluazifop-p-butyl, Lambda-Cyhalothrin, Chlorpyrifos and Lactofen. The results
showed higher removal rates in acidic conditions (pH 3) and temperatures between
20°C and 30°C, requiring about 6 hours to reach maximum adsorption. More than
80% of all the pesticides were adsorbed. The best result was obtained for Fluazifop
(94.2%) in six hours, under pH 3 and temperature of 25°C.The study revealed that
Biotite has a high absorption capacity of complex and varied compounds. These
findings signal the need for further studies and tests. Due to the high cost of pesticide
analysis, which can only be made using a Chromatograph Mass Spectrometer,

financial resources will be required.

Key words: Pesticides, Removal, Adsorption, Biotite, Contaminants, Water quality.
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3.2.1 - Introduction

The word "pesticide” is an umbrella term encompassing all the chemicals that are
used to eliminate or control pests in agriculture, such as herbicides (weeds),
insecticides (insects), fungicides (fungi), nematocides (nematodes), and
rodenticides (vertebrate poisons). After the second World War, pesticides were
developed and began to be widely used to control a variety of pests that hindered

agricultural production (Sanches et al., 2003).

Agro-pesticides can be divided into inorganic compounds, synthetic organic
chemicals and bio-pesticides. Inorganic compounds are some of the earliest
chemicals used for pest control such as sulphur, lead arsenate, copper and lime
mixtures, borax and chlorates, and mercury compounds. Inorganic pesticides
contain chemical elements that do not break down, and most can cause severe
environmental and toxicological damage. Some like lead, arsenic and mercury are

very toxic and often accumulate in the soil.

Synthetic chemicals are relatively new. Their discovery stemmed from
research into nerve gas weapons in World War 1l, when scientists realized that the
compounds also killed insects. DDT proliferated in the 1930s and 1940s reducing
malaria and improving crop yields. However, they proved to be extremely harmful
not only to insects but to the whole ecosystem (Gold et al., 2001). Thus, although
pesticides were a key contributor to the Green Revolution, they now threaten the
long-term survival of major ecosystems by disrupting predator-prey relationships
and the whole balance of biodiversity (Sanches et al., 2003; Rissato et al., 2004;
Regitano and Bonfleur,2011).

Unsafe handling of pesticides is harmful to the environment for poisonous
substances can contaminate areas quite far from where they were used.
Consequently, their inadequate and excessive use is often reported. Appelgren
(FAO, 1994) points out that economic factors contribute to the amount of pesticide
pollution in some countries, and that water pollution by pesticides is often caused
by inadequate storage and distribution of agrochemicals. In the United States, the
US-EPA's National Pesticide Survey found that 10.4% of community wells and
4.2% of rural wells contained detectible levels of one or more pesticides (US-EPA,
1992). In a study of groundwater wells in agricultural southwestern Ontario-

Canada, 35% of the wells tested positive for pesticides on at least one occasion
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(Lampman, 1995). Once in the soil, pesticides can be transported in large
guantities by rainwater, affecting mainly surface water such as rivers and lakes.
Pesticides can also leach into groundwater and be found in wells used to supply
water for domestic use or for watering livestock. The relative importance of these
two forms of transport depends largely on soil type and topography of the region
(Rigitano, Barbosa, 1994; Moreira, Cruz, 1996). Additionally, pesticides could have
deleterious effects on human health through skin contact in unsafe handling,
inhalation by breathing of dust or spray, or by ingestion of contaminated food or
water. The effects range from skin lesions to cancers, tumours, immune system
suppression, DNA damage, reproductive impairment, physical deformities, to
death of the organism(Hashmi, Dilshad 2011; Damalas , Eleftherohorinos, 2011).

Andreoli (1993) reports that by 1970, Brazil had become the world's third largest
user of pesticides, only exceeded by France and the United States, but less than
15% of the active ingredients marketed in Brazil were analysed. From 1976 to
1984, a study of 17 substances, among them 11 organochlorine pesticides in the
Parand River basin, found that 91.4% of ambient samples contained at least one.
In the Pirapd sub-basin, 97.2% of ambient water supply samples and all the
samples from springs contained pesticide residues. Andreoli (1993) also reported
that, in 1985, most cases of intoxication were caused by organophosphate

pesticides.

Older pesticides and other hydrophobic carcinogens such as PAHs and PCBs may
be found in water samples. The range of concentration of suspended solids in
rivers is often between 100 and 1000 mg/L™! except during major runoff events
when concentrations can greatly exceed these values. Pristine tropical rivers have
very low suspended sediment concentrations, but increasingly these are a rarity
due to agricultural expansion and deforestation in tropical countries (Appelgren,
1994).

A number of techniques are used in water treatment so as to reduce potentially
harmful contaminants. Among the most common methods are activated carbon,
reactions with oxidants such as potassium ferrate and chlorine, and free radical
degradation using ozonation and UV exposure. There have been numerous
research papers showing the presence of pesticides in consumed food, even in

the water supply of human settlements, most of which could not be removed just
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by using conventional techniques such as activated granular charcoal filters (CAG)
or clay. A study to evaluate the efficiency of ozonation, chlorination, activated
carbon, UV radiation, and ferrate for removing Atrazine, Glyphosate, and Alachlor
from water, three of the most commonly used pesticides linked to detrimental
health effects,was conducted at the Worcester Polytechnic Institute (Bourgeois et
al., 2012). The results demonstrated that activated carbon and UV with hydrogen
peroxide were most successful at reducing pesticide concentrations after 24 hours
but UV without hydrogen peroxide led to significant by-product formation and
persistence for Alachlor and Glyphosate, but removed 87% of Atrazine in 75
minutes and that peroxide led to by-product formation as well but with continued
contact. Hypochlorite ion removed a maximum of 59% of Alachlor and 11% of
Atrazine at pH 9. The results obtained with ozonation showed significant byproduct
formation for Alachlor, tested for 90 minutes, but removed 17% of Atrazine in 30
minutes (Bourgeois et al., 2012).These findings reinforce the need for additional
effective, low cost and feasible methods (Libanio et al.,2005; Rissato et al., 2004).
Adsorption experiments in search of a solution was conducted by Elsabawy et al.
(2012) and Chakraborty et al. (2007), and there results showed evidence that

biotite adsorbed heavy metals and arsenic in aqueous solution, respectively.

Adsorption comprises a broad spectrum of physical, biological, and chemical
operations, and the forces that account for it are named adsorption forces. The
change in concentration of a given substance at the interface as compared with
the neighboring phases is referred to as adsorption. Depending on the type of
phases in contact, we can consider this process in the following systems: liquid-
gas,liquid-liquid, solid-liquid and solid-gas (Dabrowski, 2001).Adsorption can result
either from the universal van der Waals interactions - physical adsorption,
physisorption, or it can have the character of a chemical process - chemical
adsorption or chemisorption. Contrary to physisorption, chemisorption occurs only
as a monolayer. Physical adsorption can be compared to the condensation
process of the adsorptive. As a rule, it is a reversible process that occurs at a
temperature lower or close to the critical temperature of an adsorbed substance
(Dabrowski, 2001). Studies on adsorption processes both from diluted solutions
and from solutions in the full range of their concentrations are of great importance
in the industrial separation of liquid mixtures as well as in environmental protection

techniques. Moreover, adsorption from multicomponent solutions is a basis for the
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theory of adsorption liquid chromatography (Dabrowski, 2001). Practical
application of adsorption processes is based mainly on selective uptake of
individual components from their mixtures by other substances. Selective
adsorption was discovered by Tswett in 1903 (Dabrowski, 2001). He took
advantage of this phenomenon to separate chlorophyll and other plant pigments
by means of silica materials. This separation was possible due to different
adsorption affinity of silica gel with regard to various pigments. The technique
proposed by Tswett has been called as ‘column solid-liquid adsorption
chromatography’. This discovery was not only the beginning of a new analytical

technique, but also the origin of a new field of surface science (Dabrowski, 2001).

Biotite is a common phyllosilicate mineral within the mica group, with the
approximate chemical formula K(Mg,Fe)sAlSizO10(OH,F)2 found in a wide variety of
igneous and metamorphic rocks. It is a silicate consisting of flexible sheets, or
lamellae, which easily flake off, and Mohs hardness of 2.5-3.0. It contains iron,
magnesium, aluminum, silicon and hydrogen, forming sheets that are weakly
bound together by potassium ions. It is sometimes called "iron mica" because it is
more iron-rich than phlogopite. Its weight depends on the amount of iron it
contains. The chemical elements present produce different kinds of biotite. The
weathering of biotite breaks it up into clay, the finest soil granulometry, whose
capacity to remove and filter particles and contaminants is well known (Howie,
Zussman, 1963; Dana, 1982; Anthony et al., 2003).

The adsorption test was carried in a laboratory experiment and in this context, the
study reported here aimed at assessing if biotite, used as a mineral adsorvent,
was capable of removing Atrazine, Fluazifop-p-butyl, Lambda-Cyhalothrin,
Chlorpyrifos and Lactofen, some of the most commonly used pesticides in soy and

corn crops, from contaminated water.

3.2.2 - Methodology

3.2.2.1 - Setting experiment conditions

For the trials, 10 pg/L™* standard solutions of Atrazine, Fluazifop-p-butyl, Lambda-

Cyhalothrin, Chlorpyrifos and Lactofen were added to 126 shakers containing 1
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litre of water previously purified in a Milli-Q system (Millipore, Bedford, MA). The
water pH was set to 3, 7 and 9, to test whether there would be differences in the
results. Then, 10 g of biotite was added to the shakers, having been previously
ground, passed through a 60 mesh sieve and automatically quartered, according
to the ASTM norms. The shakers were covered with aluminum foil to prevent
photodegradation of the pesticides and were then placed in a shaking table,
keeping pressure and temperature under control for 30, 60, 120, 240, 360, 720,
1440 minutes. The samples were immediately analysed at the end of each period

of time. The results showed optimal adsorption at pH 3 and 360 minutes.

Since it was observed that pH3 and a period of 360 minutes promoted higher
removal rates, they were maintained in this second trial. The same sample
preparation process mentioned above was repeated in 24 shakers heated at 10,
20, 30 and 40°C by a shaker incubator (margin of error £0,5°C). Optimal results

were obtained at 30°C.

In the maximum adsorption capacity trials, solutions of concentrations 5, 20, 40
and 50 pg/L! of the pesticides were added to 24 shakers and placed in an

incubator shaker table at 30°C, pH 3 and for a period of 360 minutes.

A sample of biotite was obtained from a company based in Sao Paulo, Brazil,
called LP Minerals, at the price of approximately 15 dollars per kilogram. Black
Mica is a common, cheap mineral found not only in the States of Bahia and Minas

Gerais, Brazil, but also in many countries all over the world.

3.2.2.2 Extracting pesticides from water samples

Standard Atrazina, Fluazifop-p-butyl, Lactofen, Lambda-Cyhalothrin and
Chlorpyrifos with a degree of purity of 99% were obtained from Sigma-Aldrich
(Missouri, USA). The solutions (10 mg/ml) and the dilutions (0.001, 0.01, 0.1, 1 to
10, 20, 40 and 50 ul) were prepared in ethyl-acetate to perform the calibration
curve. The standards and the solutions were kept at -4° C. The solvents — ethyl

acetate, methanol and water - were Merck chromatography level (Darmstadt,
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Germany). Atrazina-D5 with a degree of purity of 99%, from Supelco (Bellefonte,

PA EUA), was used as a surrogate standard.

The extraction protocol used, optimized by Aguiar et al. (2014), was in accordance
with  SANCO/10232/2006 UE (European Commission, 2006). Before the
extraction, 0,1 ul of Atrazina-D5 (99% purity, Bellefonte, PA,USA) was added to
the one liter sample as a surrogate standard. The samples were initially filtered
using a 0,45 um pore size cellulose membrane with a diameter of 47 mm (Merck
Millipore - Darmstadt, Germany). 1L of water sample was extracted using solid
phase extraction C18 cartridges (SPE Milford, MA, USA). The cartridges were first
cleaned with 6 ml of ethyl acetate, 6 ml of methanol and 6 ml of purified water
(Milli-Q, Millipore, Bedford, MA), and the samples were then percolated using a
vacuum system (JTBaker-Phillipsburg, NJ) at a flow rate of 6 ml/min. After that,
the cartridges were dried under vacuum for 15 minutes to remove excess water,
and then extraction was performed with6 ml of ethyl acetate and 6ml of methanol.
The extract was dried with a gentle flux of ultra-pure argon White Martins (Praxair
Technology Inc., USA) using a dry block (40°C, Marconi, SP, BRA) and
reconstituted in 100 yL of ethyl acetate. The samples (1pl) were transferred to
vials and placed in a gas chromatography coupled to a mass spectrometer (GC -
MS).

GC-MS analysis was performed using a Varian 431-GC gas chromatograph
coupled to a Varian 20 MS mass spectrometer equipped with a VF 5 ms capillary
column (30 m x 0.25 mm, 25 pum film thickness). The GC oven was programmed
from 90 °C (hold 0.5 min), to 160 °C (hold 4 min) at 15 °C min?, then to 280 °C
(hold 10 min) at 20 °C min. The GC interface and ion source were 280 °C and
200°C, respectively. The ion trap mass spectrometer was operated in electron
impact ionization with ionization energy of 70 eV and emission current of 300 mA.
Helium at a constant flow of 10 mL min* was used as carrier gas. The injection
volume was 1 pLin a splittess mode (1 min) with injector temperature at 250 °C.
From the collision-induced dissociation (MS/MS) three mass fragment ions were
selected for each compound, Atrazine (m/z 122*, 132 and 215), Chlorpyrifos (m/z
258* 286 and 314), Fluazifop-p-butyl (m/z 254, 238* and 282), Lambda-
Cyhalothrin (m/z 152*, 154 and 181) and Lactofen (m/z 223*, 300 and 344), and
the major mass fragment ions were used as precursor ion. The marked mass
fragment ions were used for quantification analysis and the other two for structural
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confirmation. The stock solutions were prepared for all agrochemicals (99% purity,
Sigma-Aldrich, Missouri, USA) at 10 mg mL™ in ethyl acetate and were kept in -4
°C. Atrazine-D5 was checked using the following ions m/z 127, 139, 222. A
calibration curve with diluted standards was performed in 0,01 - 30 pgL™
Calibration curves resulted in correlation coefficients of 0,99 and relative standard
deviation below 9% (n 4) for all the compounds. The lowest quantification point
was 0.01 pg L, in which all compounds had significant signs. Recovery studies
were performed with a mixture of five agrochemicals in free-agrochemicals-
groundwater at a concentration of 1pg L™, and recovery values ranged from83to

97% with a standard deviation below 12% (n5) for all analyses.

The protocol used was also in agreement with the SANCO0/10232/2006EU
(European Commission, 2006). The identification and confirmation of target
compounds were made according to the following criteria: (I) retention time
deviation from a standard of less than 2s, (ll) three characteristic m/z, (lll)
intensities of the characteristic m/z compared to standard m/z not over 15%

variation.

3.2.2.3 - Data analyses

Statistics were calculated for each experiment duration (30, 60, 120, 240, 360, 720
and 1440 minutes), pH (3, 7 and 9), temperature (10, 20, 25, 20 and 40°C), and
pesticides concentration (5, 10, 20, 40 and 50 p/L). Differences between pH and
experiment duration were tested with the non-parametric Kruskal-Wallis Test, as
data failed to meet the assumptions of normal distribution. Post-hoc Pairwise
Comparisons were computed to identify in each group (i.e. different pH and
experiment duration) differences that occur. All statistical analyses were performed
in IBM SPSS Statistics 19.
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3.2.3 - Results
3.2.3.1- Effect of pH and time variation

The adsorption trial was designed to assess the effect of three different pH
conditions (3, 7 and 9) on pesticide removal rates. The graphs below show the
results of each pH analysis keeping temperature and concentrations unchanged
(Fig. 1). Adsorption percentages are shown for 30 min, 60, 120, 240, 360, 720 and
1440 minutes, respectively.

Results of the Kruskal-Wallis tests showed that all relative adsorption rates of
pesticides were significantly different under different pH conditions (Atrazine,
H(2)=22,366, p=0,000, n=63; Chlorpyrifos, H(2)=20,414, p=0,000, n=63; Fluazifop,
H(2)=41,898, p=0,000, n=63; Lambda, H(2)=30,318, p=0,000, n=63; Lactofen,
H(2)=32,895, p=0,000, n=63), and the seven preset timespans (Atrazine,
H(6)=33,471, p=0,000, n=63; Chlorpyrifos, H(6)=36,798, p=0,000, n=63; Fluazifop,
H(6)=18,148, p=0,006, n=63; Lambda, H(6)=26,324, p=0,000, n=63; Lactofen,
H(6)=26,023, p=0,000, n=63).

Post-hoc pairwise comparisons showed that all pesticide adsorption rates were
significantly higher at pH 3 compared to pH 9 (Atrazine, t=26,643, p=0,000;
Chlorpyrifos, t=25,381, p=0,000; Fluazifop, t=36,310, p=0,000; Lambda, t=28,381,
p=0,000; Lactofen, t=32,286, p=0,000). Apart from Lambda pesticide, pesticide
adsorption rates were also significantly higher at pH 3 compared to pH 7 (Atrazine,
t=14.857, p=0.026; Chlorpyrifos, t=14.976, p=0.024 Fluazifop, t=21.833, p=0.000;
Lactofen, t=18.500, p=0.003).

The results also demonstrate that the length of time affects pesticide
concentrations. Optimal values were obtained in 360 minutes, after which the
adsorption rate decreased significantly and actually began to increase: some
pesticides showed higher concentrations after 1440 minutes than in just 360

minutes.

Additional post-hoc pairwise comparisons also showed that the best adsorption
rate of all pesticides was obtained in then time span of 360 min, (Atrazine, t=-
41.056, p=0,000; Chlorpyrifos, t=-38.889, p=0.000; Fluazifop, t=-26.222,p=0.050;
Lambda, t=-33.778, p=0.002; Lactofen, t=-34.667,p=0.001).
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It was observed that regardless of the period of time, removal rates were always

higher in acidic conditions (pH 3, Fig 1). Overall, variances analysis showed that

relative adsorption rates of pesticides were significantly influenced by the

experiment duration and pH conditions.
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Fig 1. Relative absorption rates (mean £SE; mg/L; 3 replicates per treatment) of

Atrazine, Chlorpyrifos, Fluazitop-p-butyl, Lambda-cyhalothrin and Lactofenat pH 3,

7 and 9, after 30 to 1440 minutes of exposure, at 25°C temperature.
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3.2.3.2 - Effect of temperature and initial pesticide concentration

a) Testing temperature variation

Temperatures of 25 °C and 30 °C revealed to be the best to achieve higher relative
adsorption rates of Atrazine, Chlorpyrifos, Fluazitop-p-butyl, Lambda-cyhalothrin
and Lactofen. In contrast, temperature limits of 10°C and 40°C, showed a wide
variation in pesticides adsorption rates (Fig 2). Kruskal-Wallis tests showed that
all adsorption rates were significantly different between the temperatures 25/30°C,
compared to 10/20/40°C (Atrazine, H(1)=10,862, p=0.001; Chlorpyrifos,
H(1)=10,883, p=0.001; Fluazifop, H(1)=9.087, p=0.003; Lambda, H(1)=7.882,
p=0.005; Lactofen, H(1)=5.219, p=0.022).
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I Fluazifop

I Lambda

I Lactofen
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Temperature (°C)

Fig 2. Pesticides absorption rates (mean = SE; mg/L; 3 replicates per treatment) at
pH 3, after 360 minutes of experiment at different temperatures (10, 20, 25, 30 and
40°C).

b) Testing pesticides initial concentration

At 30°C temperature pesticides adsorption rate varies according to pollutant initial
concentration (Fig 3). The results of the tests of different concentrations (5 pl to 50
pl) showed that the adsorption capability of biotite was maintained and even

increased for some pesticides. Kruskal-Wallis tests showed that all pesticides
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adsorption rates were significantly different between the initial concentrations of
5/10 pg/l, compared to 20/40/50 (Atrazine, H(1)=6.375, p=0.012, n=15;
Chlorpyrifos, H(1)=5.833, p=0.016, n=15; Fluazifop, H(1)=6.236, p=0.013, n=15;
Lambda, H(1)=10.235, p=0.001, n=15; Lactofen, H(1)=10.328, p=0.001, n=15).
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Fig 3. Pesticides absorption rates (meantSE; 3 replicates per treatment) at

different initial concentrations (5, 10, 20, 40 and 50 ul), at 30°C temperature.

3.2.4 - Discussion

As already mentioned, biotite is a common iron-rich rock forming mineral, being
present in at least some percentage in mostigneous and both regional and
contact metamorphic rocks. Like other micas, it has a layered structure of iron
magnesium aluminum silicate sheets weakly bonded together by layers of
potassium ions. These potassium ion layers produce the perfect cleavage
(Mannini 2009).

According to Chakraborty et al., (2007), phyllosilicates have three different surface
hydroxide groups associated with ruptured bonds along the crystal edge: aluminol,
silanol, and Lewis acid groups. Research has demonstrated that the edge sites of

micaceous minerals are more reactive than basal surfaces for adsorption. As(V)—
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Fe(ll) reaction products in the presence of phlogopite, a Fe-free mica, is located
predominantly on the layer edges. A study on the sorption of Cu(ll), Cd(ll), and
Pb(ll) on to muscovite and biotite in mildly acidic solution revealed that biotite

provides greater reactive surface than muscovite.

Biotite’s affinity for metal uptake is attributed to different mechanisms of ion-
exchange and adsorption processes. During the ion-exchange process, metal ions
move through the pores of the biotite and channels of the lattice, replacing
exchangeable cations (mainly sodium) and additionally exchanging with protons of
surface hydroxyl groups. In the case of exchange with sodium, sodium ions placed
on the biotite surface exchange with the metal ions in the solution. When the
exchange site is a hydroxyl group, exchange reactions occur in which metal ions
exchange with the H+ ions. Diffusion is faster through the pores and retarded
when the ions move through the smaller diameter channels. The ion- exchange
processes in biotite are affected by several factors such as concentration and

nature of cations, pH, and crystal structure of the biotite (Elsabawy et al., 2012).

Our results showed optimal adsorption rates in acidic medium (pH3), temperature
between 20° and 30°C and approximately 6 hours for maximum adsorption. After
12 hours, the concentration of some pesticides actually increased when compared
to the results obtained in 6 hours. The adsorption rate was above 80% for all the

pesticides, with Fluazifop showing the highest percentage 94.2% (Fig 1).

The study revealed the high effectiveness of Biotite in adsorbing complex
compounds such as the five pesticides analysed. It suggests the feasibility of an
innovative low-cost and efficient method for adsorbing pesticides. The results
indicated that only in thirty minutes it was possible to remove between 52-79% of
the five pesticides studied (Fig 2). If one compares the efficacy, simplicity and low
cost of biotite with the complex, pricey and often disappointing results (byproduct
formation, among others)of the Worcester Polytechnic Institute team (Bourgeois et

al 2012) the relay of the findings reported here accrue.

Therefore, the present study generates a demand for further information which will
only be met by extensive research and trials on the adsorption of toxic substances
from contaminated water. Obtaining a financial incentive is an essential

requirement for our future trials on the effectiveness of biotite in adsorbing
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Glyphosate-Roundup herbicides, since their analyses require complex and costly

tests that can only be made using a Chromatograph Mass Spectrometer.

In today's world there is arelentless search for solutions to the problems
engendered by progress. Biotite is a natural, low cost and widely available mineral
in the planet. Its high adsorption properties hails a breakthrough in pesticide
extraction and in the feasibility of supplying drinking water without toxic chemicals

that are extremely harmful not only to human beings but to the whole ecosystem.

The study answered questions about the ability of biotite in removing complex
compounds such as the pesticides analyzed. However, it raised new questions
about the kind of adsorption that predominates in the reactions between biotite
and pesticides. Thus, further studies in the field of geochemistry will be required to
have a thorough comprehension of the chemisorption and physisorption properties
of this mineral containing potassium, iron, magnesium, aluminum, silicate and
hydroxide and its reactions with complex pesticides rich in chlorine, fluorine,
hydrogen, nitrogen, carbon, etc. Questions related to whether Van der Waals
forces or covalent and/or electrostatic interaction of ions predominate must still be
answered; thermodynamic studies will also be required to measure the behavior

and effects of temperature variation caused by the chemisorption reactions.

The present study calls for extensive complementary research, especially in the
chemistry field, on the adsorption properties of Black Mica, such as the complex
reactions involved, saturation levels, adsorption rate per gram of material, among

others, also searching the adsorption of other pesticides and contaminants.

We hope that future studies will contribute to a better understanding of this mineral
and its potential to improve water quality and, therefore, our quality of life, seeking

protection for living organisms against these toxic compounds.
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Capitulo 4 — Ensaios de adsorcéo do Fluoreto e Fésforo em Biotita.

O objetivo deste ensaio consiste em verificar se a Biotita possuia a capacidade de
remover, através da adsorcdo de Fluoreto e Fésforo diluidos em solugdo aquosa.

Os resultados desse estudo de adsorcao de Fluoreto e Fosforo utilizando a Biotita
como elemento adsorsor, realizado na Universidade de Evora em 2016, serdo
submetidos a publicacdo no periddico intitulado Applied Geochemistry da editora

Elsevier.

4.1 - Fluoreto

O flbor é o0 17° elemento mais encontrado na superficie terrestre e pertencente ao
grupo dos halogénios na tabela periédica. Na sua forma biatdmica (F2) e nas
Condicbes de Pressdo e Temperatura Normais (CNTP) é um gas de coloragéo
amarelo palido. Entretanto, esse elemento nunca é encontrado no seu estado
elementar na natureza. Devido a sua alta reatividade, o fllor associa-se a outros
elementos quimicos, formando compostos organicos e inorganicos fluoretados
nas rochas e no solo. Na natureza, expressivas concentracfes de fllor sao
encontradas em rochas de origem vulcanica e em depédsitos de sal de origem

marinha, onde podem alcancar mais de 2500 mg/Kg. (Murray, 1986)

Relativamente a sua importancia para a saude humana, o flior ndo € considerado
um nutriente essencial, principalmente, se administrado em altas dosagens de
varios miligramas por dia (Diesendorf, 1995). Entretanto, no ultimo século,
nomeadamente a partir de 1945, iniciou-se a préatica da fluoretacdo da &gua de
abastecimento publico como medida de saude publica preventiva as caries
dentarias nos Estados Unidos, e posteriormente, tal pratica foi adotada em varios
paises do mundo. A eficacia na prevencao das caries a partir da aplicacao topica
do flior nos dentes em reconstrucdo, os quais foram afetados por mudancas
acidas ocasionadas pelo alto consumo diario de acucar, € amplamente
reconhecida (Limeback, 1999). De acordo com, Griffin et al. (2007), a utilizacéo
topica do fllor representa uma diminuicdo de 25% na incidéncia de caries em

individuos adultos.
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Porém, a aplicacdo sistémica de flior nas aguas de abastecimento publico de
uma populacdo ndo € uma medida justificavel, tanto do ponto de vista das
guestdes éticas envolvidas quanto as questdes cientificas ja apuradas em muitas
pesquisas. O controle da dosagem total de ingestdo diaria de fluoreto por pessoa
€ 0 cerne desse assunto, uma vez que esse elemento se encontra em muitos
alimentos e bebidas que fazem parte da alimentacdo diaria. Considerar a
contribuicdo relativa das varias fontes de ingestdo de fluoretos €, portanto,

primordial para o estabelecimento do controle de consumo desse elemento.

ApoOs circulagcdo pela corrente sanguinea, cerca de 50% do fluoreto ingerido
através da agua por um jovem adulto é depositado nos tecidos calcificados do
organismo em 24 horas, sendo o restante eliminado, sobretudo, pelo sistema
renal. Individuos expostos a altas concentracdes de fluoreto estdo, portanto,
sujeitos a casos de toxicidade aguda ou crénica, como por exemplo, na fluorose

dentéria e esquelética (Dhar e Bhatnagar, 2009).

A fluorose dentaria é um distarbio que ocorre durante a formacao dos primeiros
dentes, sendo caracterizada pelo aparecimento de manchas no esmalte dentério,
se tornando mais ou menos perceptivel esteticamente consoante a severidade
desse caso clinico (Aoba e Fejerskov, 2002). Essa situagdo, entretanto, tem sido
abordada apenas no ambito estético por parte dos governantes de muitos paises,
guando, na verdade, € uma indicacdo do estagio prévio da fluorose esquelética,

caracterizada pela deposicéo de fluoreto nos 0ssos.

Os efeitos adversos da ingestao de altas doses de fluoreto para a saide humana
estdo diretamente relacionados com a concentragdo administrada por quilograma
de peso do individuo. Segundo Burt (1992) e Lima e Cury (2001), a dosagem
eficaz de fllor para prevencdo de céries e clinicamente segura para evitar a
fluorose dentaria € de 0,05 a 0,07 mg de F/Kg de massa corporal, considerando

como fontes de ingestéo a agua fluoretada e dentifricios.

E importante considerar a ingestdio de fllor a partir de dentifricios e de agua
fluoretada de abastecimento publico, uma vez que ambos os métodos séo
considerados como forma sistémica indireta e direta de exposicdo ao fllor,
respectivamente. Durante a escovacdo foi observado que ha ingestdo de parte
dos dentifricios, sendo que seu respectivo conteudo de fldor irA se acumular no
organismo do individuo e contribuir para a dose total diaria de ingestéo de flUor.
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Tal fato € preocupante no que diz respeito as criangas entre 1 e 8 anos, que por
nao possuirem o controle mecanico completo do processo de degluticdo, podem
ingerir quantidades significativamente maiores de dentifricios, 0 que contribuem
de maneira proporcional na dose de ingestao diaria. Para além disso, sabe-se que
criangcas ingerem um volume maior de alimentos e bebidas liquidas, que por sua
vez sdo preparadas com agua fluoretada, aumentando, portanto, a conce ntracdo
de fldor ingerido diariamente, ultrapassando a concentracdo recomendada em
relacdo ao seu peso corporal. Desse modo, as criangcas sao consideradas um
grupo de alto risco de desenvolvimento dos efeitos adversos da ingestao de altas

concentracdes de fluor.

Realizou-se um estudo no Rift Valley na Etidpia, onde os niveis de fluoretos das
aguas subterraneas sao consideravelmente elevados, a fim de simular a ingestédo
total diaria de 28 criancas entre 2 e 5 anos em duas vilas de WonjiShoa Sugar
Estate (WSSE). Para isso, foi utiizado o método de andlise de fluxo de material,
considerando as concentracdes de fluoreto presente tanto na agua fluoretada
ingerida diretamente quanto nos ingredientes utilizados para a preparacado das
refeicbes e nos alimentos preparados com a mesma agua. O resultado da
pesquisa mostra que a maior fonte de ingestdo de fluoreto € pela alimentacéo,
uma vez que as altas concentracdes presente na agua sdo retidas pelos
alimentos e, consequentemente, absorvidas pelo corpo humano. De acordo com o
mesmo estudo, para que se atingisse o nivel toleravel de ingestdo diaria de 1,3
mg F/dia, seria necessario efetuar a completa remocao do fluoreto da 4gua para
consumo direto e da agua utilizada na preparacdo de comida. (Malde et al.,

Scheidegger, Julshamn, Bader, 2011).

A partir dessas evidéncias dos efeitos prejudiciais da ingestdo de altas
concentragbes de fluoreto, torna-se incoerente ndo admitir a necessidade de
viabilizar a implementacdo de métodos autbnomos e viaveis de remocao de

fluoreto por parte dos cidadaos, que possuem o direito individual a essa escolha.

Um recente relatorio do National Research Council (NRC, 2006) concluiu que os
efeitos adversos das altas concentragbes de fllor na agua potavel podem ser
motivo de preocupacdo e que € necessaria investigacdo adicional. O Fluor pode
causar neurotoxicidade em animais de laboratorio, inclusive efeitos na

aprendizagem e memoria (Chioca et al., 2008; Mullenix et al., 1995). Um estudo
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experimental recente, onde os neurénios do hipocampo de ratos foram incubados
in vitro com Vvérias concentragdes (20 mg /L, 40 mg /L e 80 mg / L) de fluoreto de
sédio, mostraram que a neurotoxicidade do fluoreto pode ter como alvo neurénios
do hipocampo (Zhang M et al. 2008).

O flbor atravessa facilmente a placenta (ATSDR, 2003) e a exposicdo ao fluor
para o desenvolvimento do cérebro, que é muito mais suscetivel a danos
causados por substancias toxicas do que o cérebro maduro, pode,
eventualmente, levar a danos permanentes (Grandjean e Landrigan, 2006). Em
resposta a recomendacdo do NRC (2006), o Departamento de Saude e Servicos
Humanos (DHHS) e a US EPA dos EUA anunciaram recentemente que DHHS
esta a propor mudar o nivel recomendado de fldor na 4gua potavel para 0,7 mg/L
do atualmente recomendado de 0,7-1,2 mg/L, e a EPA esta a rever a quantidade
maxima de fllor permitida na agua potavel que atualmente é de 4,0 mg/L (US
EPA, 2011).

4.2 — Fosforo

O fésforo, do grego pwo@dpoc (phosphorus), portador de luz, é um elemento
guimico de simbolo P, nimero atémico 15 (15 prétons e 15 elétrons) e massa
atomica igual a 30,973762(2) u.
O fésforo € um elemento essencial a todas as formas de vida por fazer parte de
biomoléculas como &cidos nucléicos e ATP. A maior parte do P do planeta
encontra-se nos sedimentos oceéanicos, sendo encontrado em menor parte na
biosfera terrestre, na qual o solo € um enorme reservatorio deste elemento
(Plaster, 2013).
O fosfato presente em ecossistemas aquaticos continentais tem origem natural e
artificial. Dentre as fontes naturais, as rochas fosfatadas da bacia de drenagem
constituem a origem basica de fosfato. As fontes artificiais de fosfato mais
importantes sdo os esgotos domésticos e industriais e o material particulado de
origem industrial contido na atmosfera (Silva, 1997, citado por Barros, 2008). As
aguas drenadas em areas agricolas e urbanas podem provocar a presenca
excessiva de fésforo em aguas naturais. Além do esgoto sanitario outros tipos de
efluentes industriais como os de industrias de fertilizantes, pesticidas, quimicas
em geral, conservas alimenticias, matadouros, frigorificos e laticinios, apresentam
fosforo em quantidades excessivas (CETESB, 2009). Conforme Esteves (1998), o
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fosforo é considerado um importante poluente de cursos de agua, principalmente
das aguas superficiais continentais. Altas concentracdes de fésforo na &gua
favorecem o crescimento de algas e plantas que podem vir a interferir na
utiizacdo da &gua para consumo humano ou recreag¢do. A importancia da
avaliacdo do fésforo presente em ecossistemas aquaticos para a estimativa da
produtividade primaria é indiscutivel, uma vez que ele € na maioria dos
ambientes, o fator limitante a este processo. Em outras palavras, o fésforo
disponivel € um dos fatores mais importantes na regulacdo da produtividade do
sistema (Lamparelli, 2004)

A eutrofizagdo de 4guas interiores e marinhas é apontada no Relatério de Dobris,
da Agéncia Europeia do Ambiente (AEA, 1995) como um dos principais
problemas ambientais europeus, encontrando-se disseminado em toda a Europa
(AEA, 2005). As causas sao atribuidas as afluéncias de azoto e fésforo de origem
antropogénica, para as quais os diferentes sectores da sociedade contribuem de
forma varidvel (AEA, 2005).

No caso das aguas interiores o fosforo é frequentemente o nutriente mais
importante (Novonty, 2003; Farmer, 2004; Evans e Johnston, 2004) e considerado
como um nutriente chave no processo de eutrofizacdo em aguas superficiais
(Burke et al.,, 2004), devendo por isso ser dada énfase a implementacdo de

medidas de reducéo deste nutriente (Farmer, 2004).

4.3 — Metodologia

A metodologia dos ensaios de adsorcdo do Fluoreto e Fdsforo utilizando a Biotita
seguiu a mesma metodologia utilizada no estudo de adsorcéo dos pesticidas.
Foram testadas as capacidades da Biotita em remover o Fésforo e o Fluoreto em
condicdes de pH diferentes (pH 3, 7 e 9), acidas, neutras e basicas, com solucdes
com concentracdes diferentes, 0,1 - 0,2 e 0,3 mg/L de Fésforo e 0,5 - 1,5 e 2 ml/L
de Fluoreto e ambos com tempo fixo de seis horas de contacto entre a solugdo e
a Biotita. A temperatura foi mantida constante de 15 °C em mesa agitadora e
estufa climatizada.

A escolha dessa temeperatura teve relacdo com a temperatura natural das aguas
interiores, testando a capacidade da biotita em adsorver esses elementos em

condi¢des proximas das encontradas no ambiente.
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ApoOs o periodo de seis horas, as amostras foram removidas da estufa, filtradas e

analisadas no Laboratério de Aguas da Universidade de Evora.

4.4 - Resultados dos ensaios de adsorcao do fluoreto e fosforo utilizando a

Biotita.

Os resultados indicaram que a biotita foi capaz de remover ambos elementos,
com maior eficacia em meios acidos para o fluoreto e basico para o fosforo. Nas
variagcdes de concentracdes, os resultados em concentragcdes maiores indicaram
gue a biotita consegue adsorver melhor o fluoreto em condigcbes neutras e o
fosforo em condicdes acidas.

No caso do fluoreto, a biotita possui flior em sua férmula quimica, e em algumas
condicbes, os resultados indicaram que ndo ocorreu adsor¢cdo, mas sim, a
dissolucdo do flior contido na biotita na dgua. Esses casos sdo apresentados
com valores negativos no grafico da Fig 1. Os resultados indicaram uma remocao
meédia superior a 65% com valores maximos de 98,87% em condi¢des acidas e
menor concentracdo. Com uma maior concentracdo de 2,0 ml/L foi possivel

remover 78% do fluoreto em pH 7.

150
98,87%
' 88,36%
100 71,29%
50 36,57%
. N
pH 9
-50
-54,27%
-100
-150 132,13%
%
m Concentragdo Inicial 0,5 ® Concentragdo Inicial 1,5 ®m Concentracao Inicial 2,0
MW Concentracdo Inicial 0,5 ® Concentragdo Inicial 1,5  Concentracao Inicial 2,0
Concentracdo Inicial 0,5 m Concentracdo Inicial 1,5 B Concentracao Inicial 2,0

Fig 1 — Resultados do ensaio de adsorcao de fluoreto utilizando a biotita.
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O resultados do fosforo foram em todos os aspectos positivos, com taxas de
remocao que chegaram a mais de 92% em condi¢cdes de pH basico com menor
concentracdo de Potassio. Em concentracBes mais elevadas de fosforo, a biotita

foi capaz de remover mais de 78% em condi¢des &cidas, com uma média de 44%

de adsorcéo.

100 92,67%

90
78,44%

80

55 179

x4

51,89%

B Concentracdo inicial 3,3 pH 3
B Concentragdo inicial 0,2 pH 3
B Concentracgdo inicial 0,1 pH 3
B Concentracdo inicial 0,1 pH 7
B Concentragdo inicial 0,2 pH 7
B Concentracdo inicial 0,3 pH 7

Concentracdo inicial 0,1 pH 9

Concentracdo inicial 0,2 pH 9

Concentracdo inicial 0,3 pH 9

% pH 3 pH 7 pH 9

Fig 2 — Resultados do ensaio de adsorcéo de fosforo utilizando a biotita.

O pH foi determinante na variacdo das taxas de adsorcdo para o fluoreto e
Fésforo. Em condi¢cBes acidas houve diferenca significativa na adsorcao entre os
elementos, sendo a maior taxa de adsor¢do para o fésforo em concentragbes
mais elevadas, e o fluoreto para as concentracées menores. Numa solucdo de 0,5
ml/lL de fluoreto em pH 3, foi possivel remover praticamente todo o Fluoreto
(98,87%) e para 0,3 mg/L de potassio a biotita conseguiu adsorver 78,44%. Isso
demonstra que mais testes sdo necessarios para conhecer as verdadeiras
capacidades da Biotita em remover o Fosforo em concentragcdes ainda mais

superiores as testadas.

45 - Discussao e conclusédo

Os adubos fosfatados sédo obtidos a partir de rochas fosfaticas apos
beneficiamento, durante o qual as rochas sdo submetidas a reacbes quimicas
com &cido sulfurico. Esse processo emite gases toxicos como acido fluoridrico e

tetrafluoreto de silicio. No passado esses gases eram lancados na atmosfera
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contaminando tudo na vizinhanca, até que passaram a ser coletados por filtros e

armazenados.

Esses dois produtos quimicos sao considerados altamente toxicos pela EPA. Eles
estdo realmente classificados como residuos perigosos e quando embalados para
o transporte, devem ser rotulados como veneno e manuseados pelos

trabalhadores usando equipamento de seguranca industrial.

Esses dois toxicos sdo inseridos em muitos paises na &gua potadvel com a
justificativa de melhorar a saude bucal, contribuindo para a diminuicdo das caries.
Assim, um produto téxico que deveria ser condicionado em area especffica como

veneno, passou a ser comercializado em todo o planeta.

Como mencionado anteriormente, estudos mais recentes demonstram a
neurotoxidade do fluoreto e que pode causar problemas nos 0ssos e sua ingestao
em excesso pode causar problemas nos ossos e uma doenca dentéria chamada
Fluorose (Everett, 2011; Choi, 2012). Além disso, pode causar doencas renais
(WHO 2004) bem como danos cerebrais, e estd também ligado a diminuicdo de
QI em criancas em idade escolar (Wang, 2007). Possui efeito toOxico sobre as
células de tecidos moles, como endotélio, gbnadas e sistema neurolégico.
Também foram relatadas modificacbes na proliferacdo de células, na
permeabilidade da membrana e na indugdo de apoptose (National Research
Council 2006; Yan et al., 2007), e apresenta efeitos mutagénicos e/ou genotéxicos
(Sheth, 1994).

A necessidade da diminuicdo dos niveis de fésforo para valores inferiores dos
considerados eutrofizantes, ou seja 0,1 mg/L e de se reduzr drasticamente a
ingestdo de fluoretos provenientes na agua potavel, sdo medidas amplamente

justificadas pelos estudos referidos acima.

Para esse fim, a biotita mostrou ser eficaz em adsorver boa parte do fluoreto e
fosforo em todas as condi¢des de pH testadas com melhores valores de adsorcao
de 98% para o fluoreto de mais e 92% para o fésforo em concentracbes

e potencial hidrogeniénico especfficos.
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5.1 - Consideracdes finais e recomendacdes

A contaminacdo dos recursos hidricos por pesticidas ou elementos que possam
alterar as condicfes fisico-quimicas presentes naturalmente no sistema podem
trazer maleficios para a biota aquatica, e tornar a 4gua contaminada, pela acao
humana, um problema a ser solucionado pelo proprio homem.

A Comunidade Econbmica Européia estabeleceu em 0,1 ug/L a concentragao
maxima admissivel de qualquer pesticida em aguas destinadas para consumo
humano e em 0,5 ug/L para o total de residuos, sem deixar claro deve-se, ou

nao, considerar também produtos de transformacéo (Barceld, 1993). Este limite
tem sido motivo de questionamento uma vez que nado considera a toxicidade de
cada produto, e ainda, as metodologias analiticas disponiveis para alguns
compostos ndo atingem limites de deteccdo desta ordem de grandeza (Walls,
1996). Por outro lado, a Agéncia de Protecdo Ambiental dos Estados Unidos
(EPA) e a Organizagdo Mundial da Saude (OMS, 1995) estabelecem niveis
maximos para pesticidas individuais em agua destinada ao consumo humano,
baseados em estudos toxicolégicos e epidemiolégicos.

No Brasil, a portaria n°® 020/CONAMA, de 18.06.86, estabelece limites maximos
de contaminantes em aguas dependendo de seu destino; sendo que, dentre
estes, estdo alguns pesticidas organoclorados, organofosforados e carbamatos. A
Resolucdo 36/GM de 19.01.90 do Ministério da Saude (Padrédo de Potabilidade de
Agua Destinada ao Abastecimento de Populacdes Humanas) estabelece limites
de pesticidas em aguas destinadas ao consumo humano. No entanto, estas
legislacdes ndo contemplam a maioria dos pesticidas em uso atualmente, como
por exemplo: inseticidas piretroides e a maioria dos herbicidas.

E importante enfatizar que existe, ainda hoje, muita controvérsia com rela¢éo aos
efeitos tdxicos crénicos dos pesticidas para o ser humano, principalmente quando
consumidos em baixas doses ao longo de toda uma vida. Isso indica a
necessidade de desenvolver estudos sobre a presenca de residuos no ambiente e
seus efeitos sobre a saulde. Os pesticidas organofosforados contém, sem
excecao, um atomo central de fosforo pentavalente ao qual esta ligado um atomo
de oxigénio ou enxofre mediante dupla ligacdo. Apresentam efeito toxico mais
agudo para os seres humanos e outros mamiferos do que o0s pesticidas
organoclorados. Tal como os hidrocarbonetos clorados, os organofosforados
concentram-se nos tecidos gordurosos (Coutinho, 2005).
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Alguns estudos toxicol6gicos com animais apresentam evidencias que altas doses
de alguns agrotéxicos podem alterar a funcdo reprodutiva e produzir
malformacdes congénitas (HEEREN et al., 2003; CALVERT et al.,, 2007). Na
Africa do Sul, mulheres expostas aos agrotoxicos apresentaram um risco sete
vezes maior de ter filhos com alguma malformacédo congénita do que mulheres
ndo expostas a essas substancias, sugerindo uma relacdo entre a exposicdo aos
agrotéxicos e o nascimento de criancas com malformacdes congénitas (HEEREN
etal., 2003).
A busca sobre o conhecimento ja estabelecido pela ciéncia sobre os tipos de
métodos existentes de remocdo desses contaminantes da agua, no caso 0S
pesticidas, revelou uma gama imensa de técnicas que em sua maioria, precisam
ser aplicadas em conjunto para se conseguir remover diferentes contaminantes
presentes em solugdo aquosa, como bem detalhado em (Bourgeois et al., 2012).
Conhecimentos de Geologia, a extensa leitura de pesquisas sobre métodos de
remocado de contaminantes aliados a uma observacdo empirica dos efeitos
benéficos das aguas termais em uma area de Geologia vulcanica na Suica,
levaram este pesquisador a conjecturar e questionar quais seriam as
propriedades salutares das fontes hidrotermais e rochas igneas. Em pesquisas
relacionadas a adsorcéo e Biotita, existem dois estudos relacionados a eficacia da
Biotita na adsorcdo de Arsénio e de alguns metais pesados. Sendo a Biotita um
mineral de origem vulcanica, abundante em crateras de vulcdo e em veios de
pegmatito e assessoOria em varias rochas metamorficas, decidiu-se testar sua
eficacia na remocado dos alarmantes indices de contaminantes que anteriormente
haviam sido encontrados no Rio Cara-Cara.
Os pesticidas foram testados em laboratorio, e a Biotita mostrou ser altamente
eficiente em remover todos os cinco pesticidas ensaiados, com maiores valores
para o Fluazifop (94%) em condicbes acidas e em apenas seis horas de
adsorcao. Os resultados foram considerados inusitados uma vez que 0S outros
métodos existentes, como citados por Bourgeois (2012), podem exigir até vinte e
quatro horas para se adsorver os pesticidas testados.
A capacidade da Biotita em remover um variado espectro de contaminantes da
agua gerou a concepcao de um sistema de filtragem, semelhante aos filtros de
carvao ativado, contendo esse mineral. As patentes foram desenvolvidas e
apresentadas a Universidade de Evora e serdo analisadas por uma empresa
especializada em patentes, propriedades intelectuais e industriais, para que sejam
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submetidas como patentes Européias no EPO (European Patent Office). O baixo
custo da Biotita também favorece a utilizacdo desse mineral para fins da melhoria
da qualidade da agua.

Essa descoberta fomentou novos ensaios de adsorcdo de fluoreto e fésforo, que
foram realizados no Laboratério de Aguas da Universidade de Evora.

Os efeitos nocivos do fluoreto para a saude humana foram relatados no capitulo
anterior juntamente com a problematica da eutrofizacdo causada pelo fosforo. Os
testes realizados com esses elementos obtiveram também resultados positivos,
demonstrando que a biotita possui capacidade de remover diversos elementos
nocivos a qualidade da &agua, sua trofia, tornando-a mais adequada para o
consumo humano. Esses estudos ainda serdo submetidos a publicacdo, mas os
resultados positivos indicam que a Biotita possui propriedades ndo-seletivas que
devem ser pesquisadas mais intensivamente.

A descontaminacdo dos recursos hidricos tem que ser uma prioridade de todos
nos, e especialmente dos Governos de todas as Nacdes, responsaveis pela
protecdo desses recursos. Além disso, fomentos a pesquisas que desenvolvam
inovacdes tecnologicas, formas cada vez mais viaveis de se corrigir os desvios e
remover esses elementos nocivos para a maioria dos seres vivos devem ser
amplamente incrementados e disponibizados. Afinal, a interacdo e integracéo dos
pesticidas no meio ambiente e na cadeia alimentar afetam todo e qualquer ser
Vivo.

Acredita-se que os estudos realizados e o conhecimento adquirido vieram a
acrescentar um melhor entendimento cientifico sobre o estado da qualidade da
agua de uma determinada bacia e também sobre as multiplas capacidades que a
Biotita possui em adsorver, tanto elementos simples como fésforo e o fluoreto, ou
também compostos complexos como os pesticidas.

Os estudos realizados também buscaram fazer uma referéncia a uma melhor
gestao interdisciplinar da paisagem, ao utilizar conhecimentos de areas diferentes
gue se complementam e se relacionam, como por exemplo, os estudos no campo
da monitorizacdo ambiental e geoquimica, que interligados, ajudaram a revelar
novas formas de remocao de contaminantes da agua.

Embora tenha respondido algumas das perguntas inicialmente formuladas, outros
guestionamentos surgiram e que ainda precisam ser respondidos pela ciéncia.

Espera-se que esses estudos tenham contribuido cientificamente na busca de
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ideias e solucbes simples, economicamente viaveis e criativas para resolver 0s

problemas e melhorar as condigbes ambientais que suportam a vida no planeta.

5.2 - Referéncias

Barceld, D.; J. (1993). Environmental Protection Agency and other methods for the
determination of priority pesticides and their transformation products in water.
Chromatogr. 1993, 643, 117.

Bourgeois, A., Klinkhamer E., Price J. (2012). Pesticide Removal from Water. A
Major Qualifying Project Completed in Partial Fulfillment of the Bachelor of
Science Degree Worcester Polytechnic Institute. Worcester, Massachusetts. 93
Pp.

Calvert G.M., Alarcon W.A., Chelminski A., Crowley M.S., Barrett R., Correa A.,
Higgins S., Leon H.L., Correia J., Becker A., et al. (2007). Case report: Three
farmworkers who gave birth to infants with birth defects closely grouped in time
and place—Florida and North Carolina, 2004-2005.Environ. Health
Perspect. 2007;115:787-791. doi: 10.1289/ehp.9647.

Coutinho, C,F,B.; Tanimoto, S,T.; Galli, A.; Garbellini, G.S.; Takayama, M.;
Amaral, R. B.; Mazzo, L.H.; Avaca, L.A.; Machado, S. A. S.; (2005). Pesticidas:
Mecanismo de acdo, degradacdo e toxidez. Pesticidas: r.ecotoxicol. e meio
ambiente, Curitiba, v. 15, p. 65-72, jan./dez. 2005.

EPA (2012). 2012 Edition of the Drinking Water Standards and Health Advisories.
EPA 822-S-12-001 Office of Water U.S. Environmental Protection Agency
Washington, DC.

Heeren GA, Tyler J, Mandeya A. Agricultural chemical exposures and birth defects
in the Eastern Cape Province, South Africa A case — control study. Environmental
Health: A Global Access Science Source. 2003;2:11.

OMS - Organizacdo Mundial da Saude — Guias para la calidad del agua potable.
V.1 Recomendaciones. 22ed., Genebra, 1995.

Walls, D.; Smith, P. G.; Mansell, M. G.; Intern. J. Environ. Health Research 1996,
6, 55.

74



