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“O ser humano vivencia a si mesmo, com seus pensamentos como algo
separado do resto do universo — numa espécie de ilusdo de Gtica de sua
consciéncia. E essa ilusdo é uma espécie de prisdo que nos restringe a
nossos desejos pessoais, conceitos e ao afeto por pessoas mais proximas.
Nossa principal tarefa é a de nos livrarmos dessa prisdo, ampliando o
nosso circulo de compaixao, para que ele abranja todos os seres vivos e
toda a natureza em sua beleza. Ninguém conseguird alcancar
completamente esse objetivo, mas lutar pela sua realizacdo ja € por si s6
parte de nossa libertacdo e o alicerce de nossa seguranga interior”
(EINSTEIN, 1950)



RESUMO

Efluentes industriais, residuos de esgoto e residuos agricolas sdo os principais
poluentes que contaminam o meio ambiente. A agua poluida ameaca a vida aquatica, perturba
a producdo agricola e é referida como sendo uma das principais causas de morte em seres
humanos. Dentre os diversos poluentes encontrados na agua, 0s metais pesados sdo toxicos
por natureza e/ou pelas concentracBes inadequadas em que sdo introduzidas ao meio. O
sulfato de aluminio é um dos principais agentes utilizadas na etapa de coagulacao-floculacéo
no tratamento de agua; contudo, a presenca de aluminio residual na agua tem sido associada
com lesbes cerebrais. Sementes de Moringa oleifera Lam (noz-de-ben ou moringa) séo
utilizadas popularmente no tratamento de agua barrenta e por conter proteinas coagulantes,
dentre as quais destaca-se uma lectina solivel em agua, denominada WSMoL. O presente
trabalho teve como objetivos: 1) determinar o potencial de WSMoL na remogéo de metais em
solucBes aquosas; 2) avaliar a atividade antibacteriana da lectina incubada ou ndo com ions
metalicos; 3) investigar a capacidade de WSMoL em remover turbidez e reduzir a toxicidade
de agua poluida; 4) avaliar o potencial de WSMoL em reduzir a concentracdo de aluminio
residual, quando empregada juntamente com sulfato de aluminio para tratamento de agua.
WSMoL foi capaz de promover redugdo na concentracéo de todos os metais testados (Mn?*,
Mg?*, Cu?*, Pb?", Zn?*, AI¥* e Cd?"), apresentando maior eficiéncia de remocdo de fons de
magnésio e cobre. A lectina inibiu o crescimento de Escherichia coli e Salmonella enteritidis
(concentracdo minima inibitéria de 0,05 e 0,1 mg/ml, respectivamente). Os valores de
concentracdo minima bactericida foram de 0,2 mg/ml para E. coli e 0,4 mg/ml para S.
enteridis. Contudo, a atividade antibacteriana de WSMoL ndo foi detectada ap6s a incubacgéo
com os metais. Para determinacdo dos efeitos de WSMoL em &gua do ambiente, foram
coletadas amostras em diferentes pontos ao longo do curso do Riacho Cavouco, as quais
foram avaliadas quanto as propriedades fisico-quimicas, toxicidade para Artemia salina e
fitotoxicidade para Eruca sativa e Lactuca sativa. De acordo com os resultados dos ensaios de
ecotoxicidade, perfil fisico-quimico e indices de qualidade, a amostra P1 (coletada na
nascente do riacho) foi considerada a mais impactada, sendo entdo submetida aos seguintes
tratamentos: (1) sulfato de aluminio 2% (p/v) por 2 h; (I1I) WSMoL 0,2 mg/ml por 2 h; (I1)
sulfato de aluminio 2% (p/v) por 2 h seguido por WSMoL 0,2 mg/ml por 2 h; (IV) sulfato de
aluminio e WSMoL aplicados simultaneamente (nas mesmas concentracbes descritas
anteriormente) por 2 h. No tratamento somente com o sulfato de aluminio (I) houve uma

maior reducdo (73,12%) na turbidez; contudo, foi detectada uma concentracdo residual de



aluminio de 35,5 mg/l. O tratamento de P1 com WSMoL (Il) resultou em 64,16% de reducao
da turbidez. Interessantemente, quando WSMoL e sulfato de aluminio foram utilizados
conjuntamente para o tratamento de P1, ndo somente houve uma potencializacdo da reducao
de turbidez (96,8% e 91,3% para Il e IV, respectivamente), como também houve uma grande
reducdo na concentracdo de aluminio residual (0,3 e 8,3 mg/l para Ill e IV, respectivamente).
Em todos os tratamentos houve reducgéo da fitotoxicidade e toxicidade para A. salina, sendo
os melhores resultados obtidos para o tratamento I1l. Em concluséo, podemos afirmar que: 1)
WSMoL é capaz de promover remocdo de ions metalicos em solugdes aquosas; entretanto, a
exposicdo aos metais leva a perda de atividade antibacteriana da lectina, o que deve ser levado
em conta se WSMoL estiver sendo usada como um agente desinfetante; 2) A utilizacdo de
WSMoL em conjunto com sulfato de aluminio é um método eficiente para promover forte
reducdo da turbidez e ecotoxicidade em &gua do ambiente, sem resultar em uma elevada

concentracdo residual de aluminio.

Palavras-chave: Metais. Cavouco. Impacto ambiental. Tratamento de agua. Ecotoxicologia.



ABSTRACT

Industrial effluents, sewage and agricultural wastes are the main pollutants that
contaminate the environment. The polluted water threatens the aquatic life, disrupts the
agricultural and is referred to as a leading cause of death in humans. Among the diverse
pollutants found in the water, heavy metals are toxic in nature and/or by inadequate
concentrations which are introduced to the environment. Aluminum sulfate is one of the main
agents used in the coagulation-flocculation step for water treatment; however, the presence of
residual aluminum in the water has been associated with brain damage. Moringa oleifera Lam
seeds (walnut-of-ben or moringa) are popularly used for treating muddy water and contain
coagulating proteins, among which stands out a water-soluble lectin called WSMoL. This
study aimed to: 1) determine WSMoL’s potential in removing metals from aqueous solutions;
2) evaluate the antibacterial activity of lectin incubated or not with metallic ions; 3)
investigate WSMoL’s ability to remove turbidity and reducing polluted water toxicity; 4)
evaluate WSMoL’s potential in reducing the residual aluminum concentration, when used
together with aluminum sulfate for water treatment. WSMoL was able to decrease the
concentration of all metals tested (Mn?*, Mg?*, Cu?*, Pb?*, Zn?*, AI¥* and Cd?*), with higher
removal efficiency of manganese and copper ions. The lectin inhibited the growth of
Escherichia coli and Salmonella enteritidis (minimal inhibitory concentration of 0.05 and 0.1
mg/ml, respectively). The values of minimum bactericidal concentrations were 0.2 mg/ml for
E. coli and 0.4 mg/mL for S. enteridis. However, the antibacterial activity of WSMoL was not
detected after incubation with metals. To determine the effects of WSMoL in environmental
water, samples were collected at different points along the course of Cavouco’s stream, which
were evaluated for physical-chemical properties, toxicity to Artemia salina and phytotoxicity
for Eruca sativa and Lactuca sativa. According to the results of ecotoxicity assays, physical-
chemical profile and quality indexes, the sample P1 (collected in the stream’s source) was
considered the most impacted, and then subjected to the following treatments: (I) aluminum
sulphate 2% (w/v) for 2 h; (1) WSMoL 0.2 mg/ml for 2 h; (111) aluminium sulphate 2% (w/v)
for 2 h followed by WSMoL 0.2 mg/ml for 2 h; (IV) aluminum sulphate and WSMoL applied
simultaneously (at the same concentrations as described above) for 2 h. In the treatment with
only aluminum sulphate (1) there was a greater reduction (73.12%) in turbidity; however, a
residual concentration of aluminum of 35.5 mg/l was detected. The treatment of P1 with
WSMoL (1) resulted in a 64.16% reduction in turbidity. Interestingly, when WSMoL and

aluminum sulphate were used together for the treatment of P1, there was a potentiation not



only reducing the turbidity (96.8% and 91.3% for Il and 1V, respectively), but there was also
a large reduction the residual aluminum concentration (0.3 and 8.3 mg/l for Il and IV,
respectively). In all treatments, the phytotoxicity and toxicity for A. salina were reduced,
being the best results for the treatment Ill. In conclusion, we can say that: 1) WSMoL can
promote metal ions removal in aqueous solutions; however, exposure to metals leads to loss
of antibacterial activity of lectin, which must be taken into account if WSMoL is being used
as a disinfectant agent; 2) The use of WSMoL together with aluminum sulphate is an efficient
method to promote a strong turbidity and ecotoxicity reduction of environmental water,

without resulting in a high residual concentration of aluminum.

Keywords: Metals. Cavouco. Environmental impact. Water treatment. Ecotoxicology.
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1 INTRODUCAO

1.1 IMPORTANCIA DA AGUA

A &gua € um dos recursos naturais mais importantes e basicos, desempenhando
também um papel crucial nos processos de desenvolvimento econémico e social (CPCB,
2007). Embora 71% da superficie da Terra seja coberta por agua, cerca de 97% € encontrada
nos oceanos e é salgada demais para beber ou irrigar (Figura 1). Os 3% restantes sdo de agua
doce, onde 2,997% se encontram bloqueados em calotas de gelo ou glaciares. Assim, apenas
0,003% do volume total de dgua do planeta esta disponivel para os seres humanos (Figura 2)
como: a umidade do solo, &guas subterraneas, vapor de dgua e agua em lagos, corregos, rios e

areas Umidas (Braga et al., 2002; Santos et al., 2013).

. 2,5%
Aguadoce
68,9%
Calotas polares
e geleiras

29,9%

Agua subterranea

0,9%
Outros
reservatorios

0.3%

Rios e lagos

Figura 1. Distribuicdo de &dgua no planeta. Fonte: Google Images

A qualidade do nosso meio ambiente esta se deteriorando dia a dia com as maiores
cidades atingindo pontos de saturacdo e incapazes de lidar com o aumento da presséo sobre a
infraestrutura. A preocupacdo global sobre os impactos da poluicdo na salde publica tem

crescido ao longo das ultimas trés décadas (Kimani, 2007) e acredita-se que a exposi¢do
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humana a poluicdo é mais intensa agora do que em qualquer outro momento da existéncia do

homem (Schell et al, 2006; Fereidoun et al, 2007).

Figura 2. Distribuicéo de agua entre os continentes. Fonte: Internarional Water Management Institute

A 4gua que bebemos é um dos ingredientes essenciais para 0 nosso bem-estar e uma
vida saudavel. Infelizmente, agua poluida € comum em todo o mundo. A Organizagdo
Mundial da Saide (OMS) afirma que um sexto da populacdo mundial (cerca de 1,1 bilhdo de
pessoas) ndo tem acesso a agua potavel e 2,4 bilhGes carecem de saneamento basico
(European Public Health Alliance, 2009). A 4gua poluida causa varios perigos para a salde,
ameaca a vida aquatica e também perturba a producdo de diferentes culturas (Ashraf et al,
2010; Scipeeps, 2009). Os efeitos da poluicdo da agua sdo referidos como sendo uma das
principais causas de morte em seres humanos em todo o mundo (Scipeeps, 2009; Santos et al.,

2013).

1.2 EFLUENTES

Efluentes industriais, residuos de esgoto e residuos agricolas sdo os principais

poluentes que contaminam o0 meio ambiente. A maioria das indUstrias descarrega seus
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efluentes contendo materiais toxicos nos rios sem tratamento adequado. Dessa forma, a
poluicdo de agua tem aumentado pelo lancamento de metais toxicos desde o inicio da
Revolucdo Industrial (Wua et al, 2009). A poluicdo da agua requer avaliacdo continua e
revisao da politica de recursos hidricos em todos 0s niveis, uma vez que é responsavel por
mais de 14.000 mortes diarias (Rosa et al, 2006; Santos et al., 2013; Kamimura et al., 2015).
Poluentes organicos sdao comumente encontrados na agua, na forma de compostos
como proteinas, gorduras, carboidratos etc., bem como compostos sintéticos como corantes e
pesticidas (Figura 2). Eles sdo originados principalmente do esgoto doméstico, esgoto urbano,
efluentes industriais (sabdes, detergentes, pesticidas, herbicidas), residuos de fazendas,
hidrocarbonetos de petroleo, incluindo combustiveis (gasolina, diesel), combustivel
lubrificante, e produtos derivados da combustdo no escoamento de aguas pluviais (EPA,
2005). Estes poluentes, quando descarregados em corpos de agua, sdo degradados em
compostos mais simples por bactérias aerdbias, tornando-os menos prejudiciais. Contudo, as
bactérias aerobicas consomem O dissolvido presente na agua para degradar os poluentes
orgénicos. A quantidade de O2 necessaria para oxidar uma quantidade determinada de
material organico é denominada como a demanda bioldgica de oxigénio (DBO). Devido a alta
descarga pelas industrias, a DBO aumenta, acarretando no esgotamento do O dissolvido, o
que resulta na morte das bactérias aerdbias e, consequentemente, perturbacdo de todo o

ecossistema (Burton et al, 2001; Peixoto et al., 2013; Kamimura et al., 2015).
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Figura 3. Descarga de efluente téxtil em rio. Fonte: Google Images

Os poluentes inorgénicos incluem sulfatos, nitratos, fosfatos, metais pesados, H2SOs,
HNOs e H3POs, dentre outros, que sdo provenientes de minas, curtume, chapeamento e
operacOes metallrgicas, fertilizantes encontrados no escoamento de aguas pluviais, metais
pesados de veiculos automotivos e industrias, e minas de drenagem é&cida (EPA, 2005).
Acidos e bases inorganicas podem trazer grandes danos a corpos d'agua por quebrarem os
sistemas de tamponamento natural, alterando os valores normais de pH. As alteraces no pH
tém um efeito profundo sobre os organismos aquéticos, especialmente os pescados. Peixes de
agua doce e algas geralmente prosperam na faixa de pH 5,0-8,5. Sob condi¢Ges mais &cidas e
alcalinas, a populacdo aquatica tende a cair, bem como a propriedade de autopurificacdo da
agua também ¢é prejudicada pela presenca de metais pesados (Lopes et al., 2001; Golombieski
et al., 2005; Oliveira et al., 2014).

Devido a erosdo natural de rochas e solo, quase todos os corpos d'agua contém
particulas ndo dissolvidas chamadas sedimentos. A matéria suspensa geralmente corresponde
a argilas, lodo e rochas pulverizadas, e, mesmo ao acumular-se no rio sdo inofensivas.

Contudo, seus aumentos de concentracdo podem causar problemas. Os sedimentos em
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suspensdo e particulas de trocadores catidbnicos podem atuar como depositarios de metais
vestigiais como Cu, Co, Ni, Mn, Cr e Mo (Schueler et al, 2000). Solidos em suspensdo, como
silte e carvdo podem prejudicar as branquias dos peixes e provocar asfixia. Quando as
substancias toxicas como metais pesados e pesticidas sdo liberados na agua turva, as toxinas
podem se aderir as particulas em suspensdo e tornar-se concentradas em sedimentos. O que
mais uma vez retarda o sistema de auto-purificacdo de agua, devido a presenca destes

sedimentos (Al-Naimi, 2013; Oliveira et al., 2014; Kamimura et al., 2015).

1.3 PARAMETROS DE QUALIDADE DE AGUA

A Resolucdo CONAMA 357/2005 estabelece as classes de qualidade para as guas
doces, salobras e salinas. As aguas de classe especial devem ter sua condi¢do natural, ndo
sendo aceito o langamento de efluentes, mesmo que tratados. Para as demais classes, sdo
admitidos niveis crescentes de poluicdo, sendo a classe 1 com 0s menores niveis e as classes 4
(dguas-doces) e 3 (dguas salobras e salinas) as com maiores niveis de poluicdo (Figura 3).
Estes niveis de poluicdo determinam 0s usos que sao possiveis no corpo d’agua. Por exemplo,
nas dguas-doces de classe 4 os niveis de poluicdo permitem apenas 0s Us0s menos exigentes

de navegacdo e harmonia paisagistica.

A potabilidade é a qualidade necesséria a dgua distribuida para consumo humano e é
alcancada mediante vérias formas de tratamento. Para atender ao padrdo de potabilidade, a
agua de abastecimento deve apresentar quantidades limites para diversos parametros que sao
definidos pela portaria n® 518 do Ministério da Saude (MS), estando livre de qualquer
contaminacg&o, seja esta de origem microbioldgica, quimica, fisica ou radioativa, excluindo as

hipbteses de riscos a satde humana (BRASIL, 2004; Santos et al., 2013; Oliveira et al., 2014).
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QUALIDADE DA AGUA Usos

Classe 1

’ Classe 4
QUALIDADE DA AGUA UsosS
RUIM MENOS EXIGENTES

Figura 4. Classes de enquadramento e respectivos usos e qualidade da dgua. Fonte: ANA

1.3.1 Turbidez

A turbidez esta relacionada ao grau de atenuacdo de intensidade que um feixe de luz
sofre ao atravessar uma amostra de agua. E causada pela presenca de material coloidal
suspenso oriundo de matéria organica e inorganica, lodo, plancton, dentre outros. Mesmo em
baixas concentracBes, as particulas coloidais e outras substancias coloridas causam
interferéncia na turbidez e, dependendo do tipo de matéria em suspensdo e da cor, as
propriedades da luz absorvida séo diferentes (Metcalf & Eddy, 2003; Sperling, 2005).

A turbidez resultante de particulas de rochas, argila e silte, algas e alguns micro-
organismos, ou seja, de origem natural, ndo causa inconvenientes de natureza sanitaria
diretamente, mesmo sendo esteticamente desagradavel. Ja a turbidez originada por erosédo,
despejos domésticos e industriais (antropogénica) pode estar associada a compostos toxicos e

micro-organismos indesejaveis (Sperling, 2005; Scuracchio, 2010).

1.3.2 Condutividade elétrica
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A condutividade elétrica € a medida da capacidade de uma solucdo aquosa conduzir
corrente elétrica, a qual depende da presenca de ions, bem como da concentracdo e
mobilidade dos mesmos. Solu¢des de compostos inorganicos sao bons condutores, poréem as
moléculas de compostos organicos que ndo se dissociam em solucdo aquosa apresentam
condutividade relativamente baixa. A elevacdo da condutividade elétrica no efluente tratado
por coagulacdo-floculacédo utilizando sais de aluminio e ferro pode alterar a classificacdo dos
corpos d'agua para agua salobra ou salgada, dependendo da concentracdo de sais e,

consequentemente, desequilibrar o ecossistema (BRASIL, 2004; Scuracchio, 2010).

1.3.3 Cor

Solidos dissolvidos, particulas em suspensdo, material derivado de fitoplanctons e
macrofitas aquéaticas sdo componentes da agua, sendo responsaveis por suas propriedades
Opticas inerentes. Eles atuam como agentes espalhadores e absorvedores de radiagéo,
influenciando na transmissdo da radiacdo eletromagnética através da coluna d'agua e,
consequentemente, na produtividade primaria (Sperling, 2005).

Um dos parametros de qualidade em amostras hidricas se refere a cor das aguas. A cor
esta associada ao grau de reducdo de intensidade que a luz sofre ao atravessar a amostra, onde
a reducao ocorre por absorcdo de parte da radiacdo eletromagnética. Este parametro pode ser
medido por comparacao visual ou por espectrofotometria, pois nesse sentido, a determinacéo
da cor sofre influéncia pela turbidez que absorve parte da radiacdo eletromagnética (devido a
presenca de sélidos dissolvidos, principalmente em estado coloidal), causando interferéncia
nos resultados. O pH € responsavel pela variagdo da cor da &gua, sendo essa cor mais

facilmente removida em valores baixos de pH (Sperling, 2005).
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As analises de cor sdo estudadas por diferentes métodos, onde sdo observadas as
amostras sem remoc¢do de particulas suspensas (cor aparente) ou apds a centrifugacdo ou
filtracdo da amostra (cor verdadeira). Dessa forma, a cor aparente sofre influéncia de
particulas suspensas, enquanto a cor verdadeira, ndo. A utilizacdo desses métodos depende do
tamanho das particulas, assim, por generalizacdo, particulas com diametro superior a 1,2 mm
causam turbidez, enquanto que particulas coloidais e dissolvidas causam cor (Metcalf &
Eddy, 2003). Adicionalmente, a cor exerce influéncia na escolha do tipo do tratamento ao

qual a &gua deve ser submetida. (Sperling, 2005).

1.3.4 pH

O pH representa a concentracdo de fons de hidrogénio (H") na agua, indicando a
condicdo de acidez, neutralidade ou alcalinidade. O levantamento desse parametro é
importante para o controle dos processos de tratamento de esgoto e aguas residuarias. Os
valores desse parametro nas aguas naturais dependem de rochas dissolvidas, absorcdo de
gases da atmosfera, oxidacdo da matéria organica e fotossintese, além de fatores
antropogénicos, despejos domésticos e industriais (Sperling, 2005). Valores de pH afastados
da neutralidade (pH 7,0) podem interferir na satde publica, na vida aquatica e nos tratamentos
de efluentes. O valor de pH influencia a coagulacdo dos poluentes, o crescimento de
microorganismos responsaveis por tratamentos bioldgicos e a desinfeccdo por cloro (Kositzi
et al., 2004).

No tratamento fisico-quimico de efluentes industriais, muitos s&o os exemplos de
reacOes dependentes do pH. A precipitacdo quimica de metais pesados, a oxidacéo de cianeto

e o arraste de amonia convertida a forma gasosa ocorre em pH elevado; a redugdo do cromo
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hexavalente a forma trivalente, a oxidacdo quimica de fendis e a quebra de emulsdes oleosas,

em pH baixo (Scuracchio, 2010).

1.4 METAIS PESADOS

Os metais pesados tém sido motivo do aumento da preocupacdo com o destino dos
residuos industriais, uma vez que esses podem causar danos em todo o0 ecossistema por nao
serem degradados, acumulando-se nas cadeias troficas. Os residuos metalicos sdo facilmente
transportados quando em solugdo, e muitas vezes, podem alcancar altas concentracdes em
areas fechadas por sua prépria disposi¢cdo ou por amplificacdo biologica (Gadd, 2010). A
maioria das fontes pontuais de poluentes de metais pesados sdo aguas residuais industriais de
mineracdo, processamento de metal, curtumes, produtos farmacéuticos, pesticidas, produtos
quimicos organicos, borracha e plasticos, madeira e produtos de madeira. Para limitar o
lancamento de poluentes no meio ambiente, o Conselho Nacional de Meio Ambiente
(CONAMA) cria regulamentos (Tabela 1) para o controle de poluicdo por elementos
inorganicos como 0s metais pesados.

Os metais pesados sdo elementos com pesos atdbmicos entre 63,5 e 200,6. Metais
pesados em aguas residuais industriais incluem chumbo, cromo, mercuario, uranio, selénio,
zinco, arsénico, cadmio, prata, ouro e niquel (Ahalya et al., 2003). A maioria dos metais
pesados € perigosa para a salde humana e/ou ambiental. As principais ameacas para a salde
humana por metais pesados estdo associados a exposi¢cdo ao chumbo, cadmio, mercurio e
arsénico. Estes metais e seus efeitos sobre a salde humana tém sido extensivamente
estudados. IntoxicagGes agudas por metais pesados podem danificar a fungdo dos sistemas
nervoso central, cardiovascular, gastrointestinal, respiratorio, urindrio endocrino, bem como

do figado e dos ossos (Alluri et al., 2007). Doencas degenerativas desses mesmos sistemas e
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alguns tipos de canceres tém sido associadas com a exposi¢édo cronica a estes metais (Tabela

2).

Tabela 1. Padrfes de lancamento de efluentes

Parametros inorganicos

Valores maximos

Arsénio total
Bario total

Boro total (ndo se aplica para o lancamento em aguas salinas)

Cadmio total
Chumbo total
Cianeto total

Cianeto livre (destilavel por acidos fracos)

Cobre dissolvido
Cromo hexavalente
Cromo trivalente
Estanho total

Ferro dissolvido
Fluoreto total
Manganés dissolvido
Mercurio total
Niquel total
Nitrogénio amoniacal total
Prata total

Selénio total

Sulfeto total

Zinco total

0,5 mg/L As
5,0 mg/L Ba
50mg/L B

0,2 mg/L Cd
0,5 mg/L Pb
1,0 mg/L CN
0,2mg/L CN
1,0 mg/L Cu
0,1 mg/L Cr*®
1,0 mg/L Cr*®
4,0 mg/L Sn
15,0 mg/L Fe
10,0 mg/L F
1,0 mg/L Mn
0,01 mg/L Hg
2,0 mg/L Ni

20,0 mg/L N
0,1 mg/L Ag
0,30 mg/L Se
1,0mg/L S

5,0 mg/L Zn

Fonte: CONAMA N° 430/2011.

Além do potencial de contaminacdo dos residuos industriais metalicos, sdo cada vez

mais numerosas as contraindica¢cdes — ambientais e para a saude humana — relacionadas ao

uso de sais de metais para tratamento de aguas residuais ou na producdo de aguas potaveis.

Tem sido descrita a formagdo de subprodutos, como os trihalometanos, resultantes da

associacao do cloro com a matéria organica, bem como a liberacdo de contaminantes pela
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lixiviagdo dos materiais das tubulacdes que podem danificar o aspecto estético ou econdmico

da &gua (Zhang et al., 2005).

Tabela 2. Padrées de Niveis Maximos de Contaminantes (NMC) para 0s metais pesados mais perigosos.

Metal Pesado Toxicidades NMC (mg/L)

Arsénico Manifestacoes na pele, cancer visceral, doenca 0,050
vascular.

Cadmio Enfisema pulmonar, doenca renal, carcin6geno 0,01
humano.

Cromo Dor de cabeca, diarreia, nduseas, vomitos, 0,05
carcindgeno.

Cobre Danos no figado, doenga de Wilson, insonia. 0,25

Niquel Dermatite, nausea, asma cronica, tosse, 0.20
carcin6geno humano.

Zinco Depressao, letargia, sinais neuroldgicos e aumento 0,80
da sede.

Chumbo Danifica o cérebro fetal, doencas dos rins, sistema 0,006

circulatério e sistema nervoso.

Mercurio Artrite reumatoide, e doengas dos rins, sistema 0,00003
circulatorio e sistema nervoso.

Fonte: CONAMA N° 430/2011

Alguns metais como o Cd, Hg e Pb sdo considerados ndo essenciais, uma vez que nao
desempenham funcdo metabdlica, enquanto que Cu, Fe, Mn, Mo, Zn, Ni e B sdo nutrientes
essenciais para 0s sistemas vivos, como constituintes de moléculas organicas ou
desempenhando funcdes especificas no metabolismo, indispensdveis ao normal
desenvolvimento celular (Gadd, 1992, 1993, 2010).

No que diz respeito a toxicidade, tanto os elementos ndo essenciais, quanto 0s
essenciais podem induzir o surgimento de efeitos toxicos quando em niveis elevados. Tais
elementos tém a propriedade de ndo serem degradados, 0 que resulta no aumento de sua

concentracdo nos diferentes ambientes naturais, e em consequéncia nas cadeias troficas.
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Assim, 0s metais pesados estdo entre os poluentes de maior relevancia e preocupacdo no
mundo atual (Hall, 2002; Gadd, 2010).

Em geral o nivel da concentracdo dos metais no meio ambiente estd associado a
localizagdo geografica, sendo verificado o aumento do nivel de toxicidade em locais proximos
as atividades industriais e de mineracdo. Nestes locais, plantas e animais das proximidades
podem absorvé-los e acumula-los em seu organismo (bioacumulagdo), provocando graves
intoxicagOes ao longo da cadeia alimentar (Callender, 2007; ATSDR, 2008; Jarup & Akesson,
2009; Simeonov et al., 2011). Dessa forma, a presenca desses elementos em altas
concentragdes representa um grave risco ecolégico.

A toxicidade dos metais depende de diversos fatores: natureza do metal, forma téxica
existente, biodisponibilidade, solubilidade, mobilidade, taxa de acumulacdo nos seres Vvivos,
local de acumulacdo, posicdo do organismo na cadeia alimentar, entre outros. A sua
biodisponibilidade esta relacionada a sua associagcdo com outras particulas, taxa de captacdo e
eliminacdo. Ja a sua toxicidade é o resultado entre os efeitos diretos, a niveis celulares e
moleculares, e a capacidade adaptativa do organismo frente a este poluente (Gadd, 2010).

Varios processos fisico-quimicos sdo utilizados para a remocdo de metais pesados, tais
como precipitacdo quimica, eletrodialise, coagulacdo e floculacdo, ultrafiltracdo, osmose
reversa e adsorcdo (Slater et al., 1983; Cartwright, 1985; Gopalratnam et al., 1988; Ghabris et
al, 1989; Randtke, 1988; Williams et al., 1990; Fenglian & Wang, 2011). Ainda, podem ser
citados os processos de cristalizacdo, reducdo, troca idnica e eletrélise. Embora existam varias
alternativas para a descontaminacdo de metais pesados, a maioria desses métodos sao caros e
exigem alto nivel de especializacdo; portanto, eles ndo sdo aplicados por muitos usuarios
finais. Por razdes de teses, a tecnologia de adsor¢do ganhou uma aplicagcdo mais ampla devido
ao baixo custo, simplicidade, versatilidade e robustez (Pollard et al., 1992; Satapathy et al.,

2006; Lin et al., 2014). Outrossim, adsorventes de baixo custo derivados de subprodutos
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agricolas e residuos solidos industriais poderiam ser usados para remover residuos
recalcitrantes de agua residuaria sintética, bem como na adsorcdo de residuos toxicos de
efluentes, sendo capazes de reduzir o custo de eliminacdo de residuos (Wilson et al.; 2006;
Wang et al, 2008; Yadanaparthi et al., 2009; Kwon et al., 2010; Gottipati et al., 2012).

A viabilidade técnica de varios adsorventes de baixo custo para remocdo de metais
pesados da agua contaminada tem sido revista. Em vez de usar carvdo ativado comercial, 0s
pesquisadores trabalham com materiais de baixo custo, como a quitosana, zeodlitas e outros
adsorventes que tém alta capacidade de adsorcao e estdo disponiveis localmente (Reginatto et

al., 2012).

1.5 PROCESSOS DE TRATAMENTO

Embora existam vérias vias de polui¢do em corpos d’agua, independente de sua
qualidade, a agua pode ser transformada em agua potavel, porém os custos envolvidos e a
confiabilidade no tratamento e manutencdo podem inviabilizar o uso de determinada agua
para 0 abastecimento. Os met6dos de tratamento podem ser simples quanto a aplicacdo
(Figura 4), utilizando processos fisicos ou quimicos que sdo destinados a eliminacdo de
residuos sélidos, mas quando o objetivo principal é a eliminiacdo de uma substancia toxica,
ou mesmo a sua degradacdo até uma forma indcua, tratamentos bioldgicos e processos
oxidativos avangados tém sido explorados em seus potenciais de remocdo (Alaton & Teksoy

2007; Zenaitis et al., 2002; Sahu & Chaudhari, 2013).
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Coagulagao Floculagao

Sedimentagao

Fonte de
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Desinfecgao Filtragao

Sistema de
distribuigao

Figura 5. Processo de tratamento de agua. Fonte: Préprio autor

1.5.1 Tratamento por processos biologicos

O tratamento bioldgico se fundamenta na oxidacdo por acdo enzimatica de micro-
organismos através de processos bioquimicos que transformam compostos organicos tdxicos
em COz, H20 efou CHs, com custos relativamente baixos, pois esse processo utiliza
compostos presentes no efluente como substratos para o crescimento e manutencdo dos
micro-organismos que atuam no tatamento (Zanoni & Carneiro, 2000).

O desenvolvimento da biotecnologia tem propiciado alternativas diversas que
viabilizam o tratamento biolégicos de efluentes. Esses processos vém sendo estudados para o
tratamento de residuos oriundos de diversas industrias visando a reducdo de cor e de
substancias toxicas de efluentes na presenca de diversas culturas microbianas (Chander et al.,
2004). A aplicacdo de micro-organismos para biodegradacdo de xenobi6ticos € um atraente
método de simples operacdo, cujos mecanismos biolégicos geralmente sdo complexos

(Ghazali et al., 2004).
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1.5.2 Tratamento por processos fisico-quimicos

Os processos de tratamento fisico-quimicos geralmente abrangem etapas de
coagulacao, floculacdo, flotacdo e sedimentacdo. As estacdes de tratamento de efluentes
(ETE), apresentam elevada eficiéncia na remocao de material particulado. O efluente tratado
através desse processo pode ser reutilizado, proporcionando melhorias na relacdo custo-
beneficio, além das vantagens do reuso para o ambiente (Mefcalf & Eddy, 2003; Sahu &
Chaudhari, 2013).

Tratamentos fisico-quimicos sdo amplamente utilizados em despejos de lavanderias.
Na atualidade, os sais de metais sdo alternativas que permitem a eliminacdo do material
suspenso e coloidal do efluente, removendo a cor e a turbidez (Moraes et al., 2007; Matilainen
et al., 2010). No entanto, todo o processo é dependente do pH do sistema, por isso, acido
sulfurico, cloreto de célcio e leite de cal sdo utilizados para ajustar o pH na presenca de

sulfato ferroso ou sulfato de aluminio (Durén et al., 2000; Zouhri et al., 2015).

1.5.2.1 Coagulacéo

O método de coagulacao-floculacdo pode ser usado para remover diversos tipos de
materiais organicos e inorganicos: 0Oleos, gorduras, fésforo, matérias em suspensdo (MES),
metais pesados, etc. Este processo é amplamente utilizado em estagGes de tratamento de agua
potavel. O principio da técnica de coagulacdo-floculagcdo é baseado na desestabilizacdo de
particulas em suspensdo atraveés da injecdo e da rapida dispersdo de produtos quimicos para
promover a sua aglomeracdo e permitir a sua sedimentacdo (Wais Mossa & Mazet, 1991;

Sahu & Chaudhari, 2013).
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Particulas suspensas sdo mais dificeis de remover da agua, pois geralmente sdo muito
pequenas, como particulas coloidais e sélidos dissolvidos. Estes coloides geralmente possuem
carga elétrica negativa, o que impede que as particulas se aglomerem entre si para formar
particulas maiores (flocos) para facilitar a sua remocdo por sedimentacdo e filtracdo. O
objetivo principal da coagulacdo é neutralizar as cargas destas particulas para promover a
formacgéo de um aglomerado, sendo os sais de ferro e aluminio mais utilizados nos processos

de tratamento de agua (Zouhri et al., 2015; SODIM, 2008).

a) Cloreto férrico e sulfato férrico

Os coagulantes idnicos de hidrolise primaria utilizados no tratamento de agua
consistem em sais de aluminio e de ferro (Edzwald, 2011; Jarvis et al., 2012). O cloreto
férrico, sulfato férrico, sulfato de aluminio estdo comercialmente disponiveis nas formas
liquida e s6lida. As dosagens tipicas de cloreto férrico variam de 5 a 150 mg/L de acordo com
varios fatores, incluindo concentracdes de matéria organica natural (MON) e qualidade da
agua bruta. Estudos anteriores mostraram que a faixa de pH 6tima para coagulantes a base de
ferro deve estar entre 5 e 8,5 (Amirtharajah, 1982; Barbot et al., 2008; Tolkou et al., 2013).
Remocédo de 80% de MON por sais de ferro foram alcancados a baixos valores de pH. No
entanto, a determinacdo da faixa de pH e concentracdo 6tima de coagulante depende, em
ultima analise, das caracteristicas da agua bruta, e é diferente para cada fonte de dgua (Xu et
al., 2004; Manzouri & Shon, 2011; Wang et al., 2014; Tolkou e Zouboulis, 2015).

A quimica associada com as reacOes de sais de metais em agua é complexa e pode
formar muitas espécies de substancias que podem ser afetadas pelo pH e temperatura
(Sposito, 1996; Kan e Huang, 1998; Jarvis et al., 2012; Zhu et al., 2012). O uso de diagramas

de solubilidade se faz necessario para ajudar a descrever as varias espécies de sais de metal
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presentes na agua na variacao de pH. Esta informacao € util, pois ajuda a selecionar o tipo e a
dosagem de coagulantes. Uma observacdo a partir de diagramas de solubilidade de
coagulantes a base de ferro é que estes possuem um intervalo de pH mais amplo, onde a
precipitacdo € suscetivel de ocorrer, em comparagcdo com a de aluminio (Marguti et al., 2008;

Tolkou et al., 2013; Wang et al., 2014).

b) Sulfato de aluminio

Sulfato de aluminio é o coagulante mais comum no tratamento de agua (Crittenden et
al., 2005). Quando é adicionado a agua, a reacdo de hidrélise forma um nimero de espécies
de aluminio monomeéricos dissolvidos e precipitados de hidréxido de aluminio (Constantino et
al., 2002; Zhu et al., 2012).

A faixa de pH teoricamente adequada para a hidrdlise do sulfato de aluminio é de 5,5
até 7,7. No pH 6timo, a solubilidade ¢ minima e a maxima quantidade de coagulante é
convertida em particulas de flocos s6lidos (Pernitsky & Edzwald, 2006). Os tipos de espécies
de aluminio presentes na dgua sdo motivo de preocupacao por causa das implicacdes que tém
com a adsorcdo de MON. A remocdo de MON tende a aumentar a valores de pH inferiores,
onde espécies de aluminio altamente carregadas sdo predominantes. A equagdo a seguir,

representa a reacdo global de sulfato de aluminio com a agua (Tolkou et al., 2013).

Aly(S0,)s - 14H,0 — 2AI(OH)s, + 6H* + 3502~ + 8H,0

As reacdes de hidrdlise entre dgua e sais metalicos produzem ions de hidrogénio que
diminuem o pH. Adicionalmente, coagulantes pre-hidrolisados a base de cloreto de aluminio,

como hidroxicloreto de polialuminio (PACI) e cloroidrato de aluminio (ACH) tém sido
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produzidos gracas a habilidade de neutralizacdo de ions de hidrogénio (Crittenden et al.,
2005; Zhu et al., 2012; Tolkou et al., 2013; Tolkou e Zouboulis, 2015).

Uma vez que o aluminio é adicionado no processo de tratamento de 4gua, grande parte
¢ removido numa fase posterior, o teor médio de aluminio na agua tratada é apenas
ligeiramente superior ao da 4gua ndo tratada. Assim, a ingestdo de aluminio na dgua potavel
estd geralmente limitada a menos do que 5% da ingestdo diaria total para um adulto. No
entanto, a exposicdo ao aluminio foi sugerida como uma possivel causa de lesbes cerebrais
associadas a doenca de Lou Gehrig Parkinson e a doenca de Alzheimer porque as células do
cérebro de doentes de Alzheimer pode conter de 10 a 30 vezes as concentrages normais de

aluminio. (ECHA, 2010).

1.5.2.2 Decantacéo

A decantacdo tem o objetivo de utilizar a forca da gravidade para a sedimentacdo da
matéria floculada. Essa etapa é viabilizada apos a floculacdo, quando os coagulos se tornam
mais densos e estaveis, formando flocos. Estes flocos sedimentam e arrastam (além dos
compostos poluentes) muitas bactérias. O periodo de permanéncia da agua em um decantador
deve ser superior ao tempo necessario para que a particula caminhe desde a superficie até o

fundo do tanque (Sperling, 2005; Cerqueira et al., 2014; Santos et al., 2016).

1.6 LECTINAS

A palavra lectina é derivada do latim — ‘Legere’, que significa agarrar ou selecionar.

Dessa forma, as lectinas sao definidas como proteinas que se ligam seletiva e reversivelmente

a carboidratos e sdo encontradas na maioria das plantas e em alguns animais. A estrutura
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dessas proteinas é responsavel pela diversidade proteica e as confere varias habilidades, sendo
capazes de se ligar a mono, oligo e polissacarideos e glicocornjugados, nas suas formas livres
ou presentes em superficies celulares (Lam & Ng, 2011; Ratanapo et al., 2001;
Charungchitrak, 2011; Khan & Khan, 2011).

A presenca de lectinas pode ser identificada através de ensaios de hemaglutinacao
(Figura 5), no qual a lectina se liga aos carboidratos da superficie celular de eritrocitos e
promove a formacéo de uma rede entre eles. No entanto, a presenca de lectinas apenas pode
ser confirmada ap0s testes de inibicdo da atividade hemaglutinante (AH) em presenca de
carboidratos livres em solucdo (Paiva et al., 2010). As lectinas apresentam uma ampla
distribuicdo na natureza e tém sido isoladas de diversos sistemas vivos, como
microorganismos, vertebrados, invertebrados e de diferentes partes de plantas (Berg et al.,
2002; Vasta et al., 2004; Malagoli et al., 2010; Napoledo et al., 2011; Varrot et al., 2013;
Lannoo & Van Damme, 2014).

A especificidade das lectinas permite que as mesmas sejam utilizadas como moléculas
de adesdo para medicamentos, como indutoras de apoptose, como moléculas de
reconhecimento de tumores, ou em estudos citoquimicos e histoquimicos na deteccdo de
residuos glicosilados em superficies teciduais de humanos e animais (Pedini et al., 2002;
Lima et al., 2010; Fu et al., 2011; Lichtenstein & Rabinovich, 2013; Yabe et al., 2014;
Garcia-Vallejo et al., 2015). Adicionalmente, sdo capazes de estimular macréfagos, linfocitos
e neutrdfilos, exibem atividades antibacteriana, anti-inflamatoria, antitumoral, antiflgica,
inseticida, dentre outras, e estdo envolvidas nos mecanismos de defesa das plantas e animais
(Pajic et al., 2002; Santana et al., 2009; Fang et al., 2010; Melo et al., 2010; Ferreira et al.,

2011; Napoledo et al., 2011).
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Figura 6. Atividade Hemaglutinante de lectina. (A) Representacdo esquematica da rede de eritrocitos formada
pela ligagdo de lectinas aos carboidratos da superficie. (B) Inibi¢do da atividade hemaglutinante pela adigéo de

carboidratos livres. Fonte: Paiva et al. (2012).

1.7 MORINGA OLEIFERA

Moringa oleifera Lam pertence a familia Moringaceae e é uma das espécies mais
conhecidas mundialmente, sendo amplamente distribuida e naturalizada (Figura 6). A arvore
varia entre 5-10 m de altura. Floresce melhor sob o clima insular tropical, e é abundante perto
dos leitos arenosos de rios e corregos. Ela pode crescer bem nos trépicos Umidos ou terras
quentes e secas, podendo sobreviver em solos carentes, e sendo pouco afetada pela escassez
hidrica. Tolera uma vasta gama de precipitacdo com requisitos minimos de precipitacdo anual
estimada em 250 mm e no maximo de 3.000 mm (Rangel, 1999; Moura, 2012).

M. oleifera é um importante produto alimentar que tem recebido enorme atengdo como
a "alimentacgdo natural dos trépicos"”. As folhas, frutos, flores e vagens imaturas desta arvore
s&o usadas como um vegetal altamente nutritivo em muitos paises, particularmente na india,
Paquistdo, Filipinas, Havai e muitas partem da Africa. As folhas de M. oleifera tém sido

referidas como fonte rica de (-caroteno, proteinas, vitamina C, célcio, potassio e, como uma
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boa fonte de antioxidantes naturais — podendo aumentar a vida de alimentos de prateleira que
contém gordura — devido a presenca de varios tipos de compostos antioxidantes, tais como
acido ascorbico, flavondides, compostos fenolicos e carotendides. Nas Filipinas, é conhecida
como "o melhor amigo da mae" por causa de sua utilizacdo para aumentar a producao de leite
de mulher e é prescrita as vezes para anemia (Rangel, 1999; Nand et al., 2012; Rajanandh et

al., 2012; Jaiswal et al., 2013).

Figura 7. Aspectos de M. oleifera. A: Arvore; B: Flores; C: Sementes; D: Folhas. Fnte: Moura, 2012

Um numero de propriedades medicinais (Tabela 3) tem sido atribuido a vérias partes

desta arvore. Quase todas as partes da planta: raiz, casca, goma, folha, fruto (vagem), flores,
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sementes e 6leo de semente sdo utilizados na medicina indigena do sul da Asia, incluindo o
tratamento de doencas inflamatorias e infecciosas, juntamente disturbios cardiovasculares,
gastrointestinais, hematoldgicos e hepatorrenais (Anwar et al., 2007).

As sementes de moringa sdo consideradas antipiréticas, acres, amargas e sao relatadas
como agentes antimicrobianos. Uma propriedade singular dessas sementes é a presenca de
polipeptideos que servem como coagulantes naturais para o tratamento da agua. Estudos
sugerem que sementes de M. oleifera podem ser usadas no tratamento industrial da agua
apenas apos a purificacdo adequada das proteinas ativas, tornando a preparacao mais segura e
estavel para o tratamento da dgua (Rangel, 1999; Nand et al., 2012).

O custo e os efeitos ambientais provocados pelos sais idnicos tém aumentado o
interesse no uso de coagulantes organicos derivado de plantas, como as sementes de M.
oleifera. Essa alternativa oferece vantagens em relacdo aos coagulantes inorganicos ou
polimeros organicos sintéticos que estdo associados a processos patoldgicos em humanos.
Adicionalmente, estes coagulantes produzem menos volume de lama comparado com agua
tratada com aluminio. A maior desvantagem no uso de M. oleifera para o tratamento da agua
¢ um significativo aumento no material organico, pois o extrato bruto produzido com
sementes de M. oleifera pode desenvolver um forte odor devido a decomposi¢do microbiana

do material organico contido no extrato (Nand et al., 2012).

Tabela 3. Alguns usos medicinais comuns de diferentes partes da Moringa oleifera

Parte da planta  Usos medicinais Referéncias

Raiz Vesicante, carminativo, anti-fertilidade,
anti-inflamatorio, estimulante nas aflicdes
paraliticas; tonico circulatorio / cardiaco,  The Wealth of India, 1962;
laxante, abortiva, tratamento de Padmarao et al., 1996;
reumatismo, inflamacdes, dores Dahot, 1988; Ruckmani et
articulares, na parte inferior das costas ou  al., 1998
dor nos rins e constipacao;

Casca Vesicante e usada para o tratamento de
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Goma

Flor

Semente

doencas oculares e para o tratamento de
pacientes delirantes, para impedir o
alargamento do baco e a formacao de
glandulas tuberculosas do pescoco, para
destruir tumores e para curar Ulceras. O

suco da casca da raiz é colocado no ouvido

para aliviar dores e também colocado em
uma cavidade do dente como um
analgésico, e tem atividade anti-
tuberculosa;

Usada para carie, e é adstringente;
misturada com 6leo de gergelim, é usada
para aliviar dores de cabeca, febres,
problemas intestinais, asma e, por vezes,
usado como abortivo, e para tratar a sifilis
e reumatismo;

Estimulante de alto valor medicinal,
afrodisiaco, abortivo; usado para curar
inflamacGes, doencas musculares, histeria,
tumores e aumento do bago; diminuir o
colesterol sérico, fosfolipidios,
triglicerideos, VLDL, LDL colesterol a
relacdo de fosfolipidios e indice
aterogénico; diminuir perfil lipidico do
figado, coracdo e aorta de coelhos
hipercolesterolémicos e aumento a
excrecdo fecal de colesterol,;

O extrato de semente exerce efeito
hepatoprotetor, diminuindo os peroxidos
lipidicos do figado.

Bhatnagar et al., 1961;
Siddhuraju and Becker,
2003

Fuglie, 2011

Nair and Subramanian,
1962; Bhattacharya et al.,
1982; Dahot, 1998;
Siddhuraju and Becker,
2003; Mehta et al., 2003

Faizi et al., 1998; Lalas and
Tsaknis, 2002

Fonte: Anwar et al., 2007

1.7.1 Lectinas de sementes de Moringa oleifera

As sementes de M. oleifera possuem trés diferentes lectinas identificadas:

a) WSMoL (do inglés water-soluble M. oleifera lectin) que foi identificada por Santos et al.

(2005) em extratos aquosos de sementes de M. oleifera. Em seguida, o protocolo de

isolamento desta lectina foi definido por Coelho et al. (2009) através da cromatografia de
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coluna de quitina. WSMoL foi ativa em uma ampla faixa de pH (4,5 a 9,5), sendo
caracterizada posteriormente como agente coagulante por Ferreira et al. (2011) que
propuseram a utilizacdo desta lectina em processos de tratamento de agua; dentre as lectinas
de moringa € a Unica inibida por frutose; apresenta atividades larvicida, ovicida e estimulante

de oviposicdo contra Aedes aegypti (Coelho et al., 2009; Santos et al., 2012, 2014).

b) MoL (do inglés M. oleifera lectin), uma lectina catidnica formada por subunidades de 7,1
kDa unidas por ligacdo dissulfeto; foi isolada por cromatografia em DEAE-Celulose e CM-
Sephadex por Katre et al. (2008). Sua atividade nédo foi alterada em extremos valores de pH e
alta temperatura; a atividade hemaglutinante de MoL foi inibida pela adi¢do de tiroglobulina,

fetuina e holotransferina;

c) cMoL (do inglés coagulant M. oleifera lectin), uma lectina de natureza catidnica que
constitui uma proteina monomérica com peso aproximado de 26,5 kDa. cMoL apresentou a
propriedade coagulante e habilidade de se ligar a &cidos humicos (Santos et al., 2009; 2011) e
atividade inseticida contra operarios Nasutitermes corniger e larvas e pupas de Ephestia
kuehniella (Oliveira et al., 2011; Paiva et al., 2011). A atividade hemaglutinante de cMoL é
inibida por varios carboidratos (glicose, rafinose, lactose, arabinose, trealose, ramnose e
galactose). O procedimento do isolamento de cMoL foi definido por Santos et al. (2009)

através de cromatografia de gel de guar. Essa lectina foi ativa entre pH 4,0 e 9,0.

1.8 Riacho Cavouco

O Riacho Cavouco (Figura 8) localiza-se nas coordenadas 8°2°52.05” latitude Sul e
34°57°10.33” longitude Oeste, tendo sua nascente ao lado do Colégio de Aplicagdo (CAp) da

Universidade Federal de Pernambuco (UFPE) e apds um percurso de aproximadamente
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6000m, desagua num dos principais rios de Pernambuco: o Rio Capibaribe. No Campus da
UFPE este riacho pecorre um trecho que vai do Centro de Tecnologia e Geociéncias (CTG)
até o Hospital das Clinicas (HC). Neste trecho que o riacho percorre na universidade, recebe
um aporte de carga poluidora de esgoto doméstico oriundos da populacdo circunvizinha ao
Campus, bem como de substancias toxicas provenientes dos laboratorios de ensino e pesquisa

e despejo hospitalar (Silva et al., 2001; Oliveira & Araujo, 2013).

Figura 8. Riacho Cavouco — “Laguinho do Colégio de Aplicagdo — UFPE”. Fonte: Proprio autor.

1.9 OBJETIVOS

1.9.1 Geral

Investigar o potencial de WSMoL e sua associacdo com sulfato de aluminio na
remoc&o de turbidez e metais contaminantes ou residuais presentes em &gua e a influéncia de

ions metalicos nas atividades hemaglutinante e antibacteriana dessa lectina.
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1.9.2 Especificos

e Isolar WSMoL seguindo procedimento previamente estabelecido;

e Determinar o potencial de WSMoL na remocdo de metais previamente adicionados a
agua deionizada em diferentes concentracoes;

e Avaliar as atividades hemaglutinante e antibacteriana de WSMoL antes e ap0s a
incubagdo com solucdes de metais;

e Caracterizar diferentes amostras de agua coletadas no Riacho Cavouco (campus da
UFPE) quanto as propriedades fisico-quimicas, indices de qualidade e ecotoxicologia;

e Determinar o potencial de WSMoL na reducdo da turbidez de amostra de agua do
Riacho Cavouco, sendo aplicada isoladamente ou em conjunto com sulfato de
aluminio;

e Avaliar a capacidade de WSMoL em reduzir a concentragdo de aluminio residual ap6s
utilizacdo em conjunto com o sulfato de aluminio para tratamento de 4gua do Riacho
Cavouco;

e Auvaliar toxicidade residual de amostras tratadas com sulfato aluminio e WSMoL em

ensaios de ecotoxicologia.
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Abstract

The efficacy of Moringa oleifera seed lectin (WSMoL) as a metal remover in water and the
effects of metals on its hemagglutinating and antibacterial activities were determined.
Aqueous metal solutions were incubated with WSMoL for 8 h at 4°C and the concentrations
of metals were determined using atomic absorption spectroscopy. Hemagglutination and
antibacterial assays were conducted with WSMoL and lectin exposed or not to the metals.
The removal efficiency of WSMoL was 49.00%, 53.21%, 71.45%, 55.42%, 69.88%, 62.14%,
and 49.36% for Cd*2, Pb*2, Cu*?, Zn*2, Mg*?, Mn*2, and Al*3, respectively. WSMoL showed
bacteriostatic and bactericidal activities against Escherichia coli and Salmonella enterica
serovar Enteritidis. However, hemagglutinating and antibacterial activities were impaired
after exposure to metals. In conclusion, WSMoL efficiently removed metals present in water
but the interaction with metals impaired lectin carbohydrate-binding ability and antibacterial
activity. This should be considered when properties of WSMoL other than metal removal are

desired.

Keywords: lectin; Moringa oleifera; metal removal; antibacterial activity; hemagglutinating

activity.
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1. Introduction

Contamination with metals is a major environment-related health concern; metal
contaminants may be of natural and anthropogenic origin, such as from the decomposition of
mountains, industrial effluent leaks, and sewage runoff [1, 2]. The mobility of metal
contaminants in solution correlates with the high contamination potential of them and high
levels of metal residues in enclosed areas. In addition, metals have the capacity to biomagnify
along the food chains [3].

Metal salts have been used in the treatment of wastewater or production of drinking
water. However, there are increasing concerns regarding the use of metal salts owing to their
contamination potential and several contraindications regarding human health, including the
formation of potentially carcinogenic by-products such as trihalomethanes. Another issue is
the release of metal contaminants from leaching of pipe materials, which can jeopardize the
esthetic and economic aspects of water [4, 5].

Several chemical and physical processes, such as adsorption, crystallization,
electrodialysis, electrolysis, ion exchange, precipitation, reduction, reverse osmosis, and
ultrafiltration can generally remove metals. However, chemical and physical processes
involving metal concentrations between 1 and 100mg/L are associated with drawbacks [6-8],
such as incomplete metal removal, requirement of extensive reagents and energy, as well as
generation of toxic byproducts and waste [3, 9].

Moringa oleifera Lam. is a plant widely used in the food, cosmetic, and
pharmaceutical industries [10]. M. oleifera seeds have demonstrated coagulant property and
have been effectively used to treat water for human consumption. The coagulant property of
the seeds is attributed to the presence of organic polyelectrolytes, cationic proteins, and
lectins [11-15]. The latter are carbohydrate-binding proteins that can agglutinate cells and

precipitate glycoconjugates. The water-soluble M. oleifera lectin (WSMoL) is a chitin-
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binding protein of anionic nature, and has demonstrated insecticidal activity against Aedes
aegypti [16, 17], and antibacterial activity against pathogenic and corrosive bacteria [15, 18].
WSMoL has shown coagulant activity in a turbid water model, which was similar to that of
aluminum sulfate, one of the most frequently used flocculating agents for water purification
[15].

This study evaluated the effectiveness of WSMoL in removing metals from aqueous
solutions and whether metals interfere with the carbohydrate-binding property

(hemagglutinating activity) and antibacterial activity of WSMoL.

2. Materials and Methods

2.1. Plant material

Moringa oleifera seeds were collected from the campus of Universidade Federal de
Pernambuco (8°02'58.0"S 34°56'48.2"W), Recife City, Brazil. The seeds were powdered
using a blender and the flour was stored at -20°C. A voucher specimen was deposited under
number 73,345 at the herbarium of the Instituto Agronémico de Pernambuco (Recife, Brazil).
Seed collection was authorized by (hnumber 36301) the Instituto Chico Mendes de

Conservacao da Biodiversidade (ICMBio) of the Brazilian Ministry of Environment.

2.2. Isolation of WSMoL

WSMoL was isolated according to the method described by Coelho et al. [16]. The
isolated lectin was dialyzed (4 h) against deionized water for use in the assays. Protein
quantification was conducted according to the method of Lowry et al. [20] using a standard

curve of bovine serum albumin (31.25 to 500 pg/mL).
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2.3. Hemagglutinating activity

Carbohydrate-binding property of WSMoL was determined by evaluating its ability to
agglutinate erythrocytes. The assays were performed in 96-well V-bottomed microplates.
First, 50 pL of 0.15 M NaCl was added to wells of a row. The sample (50 pL) was added to
the second well and serially diluted (two-fold) until the end of the row. Each well received
50uL of 2.5% (v/v) suspension of rabbit erythrocytes treated with glutaraldehyde [21].
Hemagglutinating activity was quantified as the reciprocal of the highest dilution of sample
where full agglutination of erythrocytes was detected. Specific hemagglutinating activity was

defined as the ratio between hemagglutinating activity and protein concentration (mg/mL).

2.4. Metal removal assay

Aqueous solutions (pH 6.0) containing 20 pg/mL Mn?*, Mg?*, Cu?*, Pb?*, Zn?*, AI**,
or Cd?* were prepared with deionized water. WSMoL (0.2 mg/mL) was added (2%, v/v) to
flasks containing 5 mL of each solution and the assays were incubated for 8h at 4°C.
Thereafter, the supernatant was separated by centrifugation (15,000 g for 5 min) and the
concentration of metals ions was determined using a 932AA atomic absorption spectrometer
(GBC Scientific Equipment, Australia).

The metal uptake (q), which corresponded to the amount of metal ions removed, and

the removal efficiency (R%) were calculated using the following equations:

q = Ci—CF v (1)

m

R% = “—Lx 100 (2)

where C;i and Ct are the initial and final concentrations (mg/mL) of the metal,
respectively, m is the mass of WSMoL (mg) added to the assay and V is the volume of
solution (mL) [22]. Activated charcoal 2% (w/v) was used as the positive control. Each assay

was performed in triplicate.
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2.5. Antibacterial activity

Antibacterial activity was determined against Escherichia coli ATCC 25922, and
Salmonella enterica serovar Enteritidis MM 984, which were provided by the culture
collection (WDCM 114) of the Departamento de Antibioticos of the Universidade Federal de
Pernambuco. Stationary cultures were maintained in Mueller-Hinton Agar (MHA) and stored
at 4°C. To determine the antibacterial activity, bacteria were cultured in Mueller-Hinton Broth
(MHB) and incubated at 37°C overnight, under gentle shaking. The density of the cultures
was adjusted turbidimetrically at a wavelength of 605 nm to 1.5 x 108 colony forming units
(CFU) per ml (0.5 in McFarland scale).

Minimum inhibitory concentration (MIC) was determined by using the microdilution
broth assay. The tests were performed in 96-well microplates, which contained 80 pL of
MHB in each well. WSMoL was serially diluted to obtain concentrations of 50, 100, 200, and
400 pg/mL. Next, the bacterial suspension was diluted to 2.5 x 108 CFU/mL in MHB and 20
uL of the dilution was added to each well. The 100% growth control well contained 80 pL of
MHB and in distilled water (1:1) and 20 pL of diluted bacterial suspension. Chloramphenicol
(Henrifarma) was used as the positive control and different concentrations (0.5, 1.0, 2.0, 4.0,
8.0, 16.0, and 32.0 pg/mL) were evaluated. The assays were incubated at 37°C for 24 h. After
this period, the absorbance was determined at 605 nm by using a spectrophotometer, model
550 (Bio Rad Laboratories, USA). The MIC was defined as the lowest concentration that
inhibited > 50% of growth in comparison to the 100% growth control [23].

The minimum bactericidal concentration (MBC) was determined based on the results
of the MIC determination assay. Inocula from the microplate wells and wells with 100%

growth control were collected with sterile wooden rods and added to petri plates with MHA.
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The plates were incubated at 37°C for 24 h, followed by subsequent CFU counting. MBC

corresponded to the lowest concentration at which was not observed bacterial growth.

2.6. Effect of metal ions on the hemagglutinating and antibacterial activities of WSMoL

The assay was performed as described above. WSMoL (0.2 mg/mL) was incubated
(2%, v/v) with 5 mL of 20 pg/mL solutions of Mn?*, Mg?*, Cu?*, Pb?*, Zn?*, AI**, or Cd?* for
8 h at 4°C. After this period, each solution was vortexed and the hemagglutinating and

antibacterial activities were evaluated as described above.

2.7. Statistical analysis
The results were expressed as mean * standard deviation. Analysis of variance was

performed with the software R-3.2.2 (R Development Core Team).

3. Results and Discussion

The extensive use of M. oleifera seeds to treat water has resulted in several studies that
investigated other effects of M. oleifera seeds, in addition to their ability to reduce water
turbidity. WSMoL has previously demonstrated effects such as promoting the sedimentation
of microorganisms present in water and acts as an insecticidal agent against mosquito A.
aegypti, since their biological cycle includes aquatic stages [15, 16]. In this study, we
investigated the property of WSMoL in removing metals from water as well as the effect of
metals on lectin hemagglutinating and antibacterial activities.

WSMoL reduced the concentration of all metals, with metal uptake between 0.49 and
0.71 (Figure 1A), and removal efficiency between 49.0% and 71.45% (Figure 1B). Superior
results were obtained for Mg?*, Mn?* and Cu?* ions. During the metal removal process, the

mechanism of adsorption to inorganic particles or materials involves the formation of bridges
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between positively charged metal ions and the negative charge of the anionic adsorbent [24].
Since WSMolL is an anionic protein, it may interact with metal ions in a similar manner
through negatively charged side chains of amino acids. The activated charcoal (positive
control) showed removal potential higher or equal to 99.8% and metal uptake of 0.9 for all
metals.

Natural compounds have been studied in several metal removal processes and have
shown great metal biosorption potential. Malik et al. [25] investigated the sorptive potential of
sunflower stem for Cr3*, and reported a removal potential higher than 85%. Papaya wood has
been evaluated for its metal removal ability and removal efficiency of 97.8, 94.9, and 66.8%
for copper, cadmium, and zinc, respectively was reported [26]. Katsuya et al. [27]
investigated the mechanism of coffee beans in the removal of metals and demonstrated that
metals such as Cu?*, Zn?*, Pb?*, Fe?*, and Cd?* were adsorbed at low pH (3.0-5.0) and an ion
exchange reaction between metal ions and coffee beans was responsible for the adsorption.

Nand et al. [28] studied the metal removal efficiency of seed flour from various plants,
including M. oleifera. They reported that moringa seeds showed adsorption of 90%, 80%,
60%, and 50% for copper, lead, cadmium, and zinc, respectively. M. oleifera biomass was
also effective in remove zinc ions from aqueous solutions at a biosorbent dosage of 0.5 g/L
[29]. Meneghel et al. [30] reported that M. oleifera seed cake could be effective in removing
metals from contaminated water. It has been suggested that this effect involves O-H bonds of
the hydroxyl groups of carbohydrates, fatty acids, proteins, lignin, and cellulose; N—H bonds
of amide groups of proteins; C—H bonds of alkane groups; and C-O bonds of amides,
carboxylic groups, and phenols [30]. Santos et al. [31] demonstrated that WSMoL was easily
solubilized, by soaking M. oleifera intact seeds in water, and therefore, WSMoL is most likely
to be the active component associated with the metal removal property of seed flour. An

important advantage of employing isolated WSMoL for metal removal instead of seed flour is
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that a significantly lower amount of organic matter will be introduced into the system.
Another advantage of WSMoL is that it could be simultaneously act as a coagulant,
antibacterial, and insecticidal agent to reduce turbidity, and microbial contamination, and
prevent the development of A. aegypti larvae, respectively.

However, it is known that the biological function of proteins could be altered in the
presence of metal ions. Metals could exert different effects on the structure and stability of
protein, thereby, modulating their activity positively or negatively (mainly heavy metals,
which form complexes with proteins and cause denaturation and precipitation). In this sense,
we evaluated whether the carbohydrate-binding ability and antibacterial activity of WSMoL
would be affected in the presence of high concentration of metals ions. In the absence of
metal ions, the WSMoL sample showed a specific hemagglutinating activity of 1,020. After
incubation with the metals, the hemagglutinating activity reduced (Figure 1C) and Cu?* ions
promoted the highest inhibitory effect. It is interesting to note that the highest removal
efficiency of WSMoL was detected for two of the metal ions that more reduced
hemagglutinating activity (Cu?* and Mn?*) and the metals that were not removed as
efficiently, were those that showed weaker inhibitory effect on agglutinating ability (Cd?* and
AR,

In the study of Ferreira et al. [15], Mg?* ions stimulated hemagglutinating activity of
WSMoL at a higher concentration (20 mM) than that employed by us. However, in that study,
no prior incubation period was reported, while in our study the lectin wasexposed to metals
for 8 h. During this period, metal ions may have interacted with lectin molecules, causing
structural changes, blocking chemical groups important for carbohydrate binding, or formed
insoluble complexes. Metals may react with proteins of functional groups, such as -OH, -

COO", -SH, -S-S-, and -NH; [32].
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Figure 2 shows the growth inhibition of the microorganisms after incubation with
WSMoL. WSMoL inhibited the growth of E. coli and S. enterica serovar Enteritidis, with
MIC of 50 and 200 pg/mL, respectively. The MBC were 200 pg/mL and 400 pg/mL for E.
coli and S. enterica serovar Enteritidis, respectively. Chloramphenicol showed MIC and MBC
of 1.0 and 8.0 pg/mL, respectively, for both E. coli and S. enterica serovar. Enteritidis. After
the incubation period with metals, the antibacterial activity of the lectin against both species
was not observed. Moura et al. [18] reported that the antibacterial effect of WSMoL was from
inhibiting the growth of bacteria and damaging membrane integrity. The antibacterial
mechanisms of lectins usually involve binding to teichuronic and teichoic acids,
peptidoglycan, and lipopolysaccharide in the bacterial cell walls [33]. Our results indicate that
the presence of metal ions reduced the antibacterial effects of WSMoL and may be partly
attributed to the impairment of carbohydrate-binding property of the lectin when associated to
the metals. It is important to consider this if WSMoL is used in water systems containing

metal ions with other objective other than metal removal.

4. Conclusions

The results indicate that WSMoL can be used as an adsorption agent for the removal
of metals, mainly magnesium and copper ions. However, after the exposure of WSMoL to
metals, carbohydrate-binding ability and antibacterial activity were impaired, which should be

taken in account in biotechnological applications of WSMoL.
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Figure captions

Figure 1. Interaction of WSMoL with metal ions. Metal uptake (A) and removal efficiency
(B) of WSMoL after incubation with metal solutions for 8 h at 4°C. Different letters indicate
significant differences (p < 0.05) between the treatments. The hemagglutinating activity of

WSMoL was determined after exposure to metals (C).

Figure 2. Inhibition of the growth of Escherichia coli and Salmonella enterica serovar

Enteritidis with different concentrations of WSMoL.
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Abstract

The coagulation-flocculation method is used to remove many types of organic and inorganic
materials from water. Aluminum salts are broadly used as coagulants but the exposition to
residual aluminum used in water treatment has been associated with brain lesions. The water-
soluble Moringa oleifera lectin (WSMoL) has coagulant activity and is able to reduce the
concentration of metal ions in aqueous solutions, including aluminum. This work evaluated
the potential of treatments using aluminum sulphate and WSMoL in reduce the turbidity and
toxicity of water from Cavouco stream (Recife city, Pernambuco, Brazil). The water sample
used was that collected from stream source, since it was found to be the most polluted by
physicochemical and quality analysis as well as ecotoxicity assays using Artemia salina and
seeds of Eruca sativa and Lactuca sativa. The treatments combining WSMoL and aluminum
sulphate were more efficient than those using these agents separately. Furthermore, the best
result was obtained using aluminum sulphate followed by WSMoL (96.8% reduction in
turbidity) than when they were applied simultaneously (91.3%). In addition, the use of
aluminum sulphate plus WSMoL resulted in residual aluminum concentration (0.3 and 8.3
mg/L) very lower than in treatment using only the coagulant salt (35.5 mg/L). The ecotoxicity
of P1 was also strongly reduced after the treatments. In summary, the combined use of the
aluminum sulphate and WSMoL was efficient in promote strong reduction of turbidity and
ecotoxicity of a polluted water sample from Cavouco stream, without result in a high residual

aluminum concentration at the end of treatment.

Keywords: water quality; ecotoxicology; lectin; aluminum sulphate; water treatment.
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1. Introduction

The release of large amounts of waste inadequately treated or even without treatment
have multiple environmental impacts on aquatic ecosystems (Costa et al., 2008; Frinhani and
Carvalho, 2010; Orias & Perrodin, 2013; Yagub et al., 2014). This usually implies in increase
of the biological oxygen demand, leading to exhaustion of dissolved O, death of aerobic
bacteria and thus disturbance of the entire aquatic ecosystem. Also, it can be observed
changes in pH, the formation of suspended solids (that can harm the fish gills and cause
asphyxiation) as well as the adherence of toxic substances (like heavy metals and pesticides)
to the suspended particles (Schueler, 2000; Burton Jr. and Pitt, 2001; EPA, 2005; Ghaly et al.,
2014; Dasgupta et al., 2015).

The environmental monitoring of water bodies was based for years on chemical
analysis that quantify pollutant concentrations. However, only a chemical characterization is
not enough to determine the quality of water and the degree of danger that it offers to plants
and animals. The contaminants may suffer biotransformations resulting in more or less toxic
forms that can migrate to the sediment and through food web (Espindola et al., 2003; Zagatto
and Bertoletti, 2006; Hwang et al., 2009). In this sense, studies are also conducted today to
assess the toxicity of waters. Usually, it is not always possible to identify acute and chronic
toxicity of water from large bodies even though this environment is already strongly affected
by pollution. Thus, ecotoxicological studies are important parameters to characterize the
ability of an environment to accumulate pollutants (Borrely et al., 2002; CETESB, 2007,
Hwang et al., 2009).

The Cavouco stream is located at Recife city, Pernambuco, Brazil, and its source
(8°2'52"S 34°57'10"W) is situated in the Campus of the Universidade Federal de Pernambuco

(UFPE). According to Aradjo and Oliveira (2013), the stream stretch that runs within the
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university receives a pollution load of chemical waste resulting from the activity of research
laboratories as well as the effluents from a hospital and domestic waste dumped by the
surrounding population.

The coagulation-flocculation method is used to remove many types of organic and
inorganic materials as oils, fats, metals, phosphorus and matter in suspension. This process is
widely used in water treatment and some of the coagulants most used are aluminum or iron
salts. The aluminum ion has a strong capability of complexation with organic molecules and
neutralization of particle charges, promoting the formation of aggregates (Zouhri et al., 2015).
However, the exposition to residual aluminum used in water treatment has been associated
with the development of brain lesions in humans (Manivannan et al., 2015; Chen et al., 2016).
The EPA (Environmental Protection Agency) has recommended a Secondary Maximum
Contaminant Level (SMCL) of 0.05-0.2 mg/L of aluminum in drinking water. The FDA
(Food and Drug Administration) has determined a limit for bottled water of 0.2 mg/L of
aluminum (ATSDR, 2008).

Moringa oleifera Lam. is a plant used in various biotechnological fields, being applied
in pharmaceutical, cosmetic and food industries, for example (Santos et al., 2015). The M.
oleifera seeds have been popularly used to treat water, including for human consumption, and
studies have confirmed their coagulant power. This property is attributed to the presence of
organic polyelectrolyte, cationic proteins, and lectins (carbohydrate-binding proteins)
(Gassenchmidt et al., 1995; Ndabigengesere et al., 1995; Okuda et al., 2001; Santos et al.,
2009; Ferreira et al., 2011).

The water-soluble M. oleifera lectin (WSMoL) is a chitin-binding protein that
demonstrated antibacterial and insecticidal activities (Coelho et al., 2009; Santos et al., 2012;
Moura et al., 2015). The coagulant property of WSMoL was showed in turbid water model

using kaolin and was linked to the anionic nature of this protein (Ferreira et al., 2011).
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Another study showed that WSMoL was able to reduce the concentration of several metal
ions in aqueous solutions, including aluminum, whose concentration decreased in 49.4% after
treatment with this lectin (Freitas et al., submitted).

In this work, we investigated the efficacy of using aluminum sulphate and WSMoL in
treatment of water sample from Cavouco stream employing these coagulant agents separated
or together. In addition, it was investigated whether the use of WSMoL would be able to
reduce the residual aluminum concentration in treated water. In order to choose the water
sample to be treated, we collected samples at different points of Cavouco stream and
submitted them to a screening of water quality and ecotoxicological assays. The most
impacted and toxic sample was used in the assays of water treatment with WSMoL and/or

aluminum sulphate as coagulant agents.

2. Materials and Methods

2.1. Collection of water samples from Cavouco stream

Water samples were collected in October 2015 at five points of Cavouco stream as
described by Aradjo and Oliveira (2013). All these points are located within the Campus of
UFPE and were named P1, P2, P3, P4 and P5 (Figure 1), being numerated according to the
course of the stream, with P1 corresponding to the stream source. The samples were taken at
an average depth of about 10 cm from the surface. The collected samples were stored in PET
bottles (2 L) and immediately forwarded to the laboratory, where the materials were stored at

4°C.

2.2. Plant material
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Seeds of M. oleifera were collected at the Campus of UFPE, with authorization
(36301) of the Instituto Chico Mendes de Conservacdo da Biodiversidade (ICMBIo) of the
Brazilian Ministry of Environment. A voucher specimen is deposited (73,345) at the
herbarium Dardano de Andrade Lima of the Instituto Agronémico de Pernambuco (Recife,

Brazil). The seeds were powdered using a blender and the flour was stored at -20°C.

2.3. Physicochemical and quality analysis of water samples

Physicochemical parameters (turbidity, conductivity, total dissolved solids, pH,
ammonia, nitrite, nitrate, apparent color, acidity, magnesium, sodium, potassium, chloride,
calcium, dissolved oxygen, aluminum, cadmium, lead, copper, and zinc) were determined
according to the methodologies described in the 21%edition of Standard Methods for the
Examination of Water and Wastewater (2005). The metals concentrations were determined
using a 932AA atomic absorption spectrometer (GBC Scientific Equipment, Australia), the
pH was measured with a potentiometer Orion (model 310) and the others parameters were
determined using a Hanna HI 9828 Multiparameter Meter device for water quality. The
results of the analysis were compared with the ceilings established for water bodies by the
resolution number 357 (17 March 2005) of the Conselho Nacional do Meio Ambiente, a
Brazilian regulatory agency.

Additionally, the subjective water quality index (WQIsw) and the minimal water

quality index (WQImin) were calculated as follows:

5iCxP;
WQ'{sub = k EE[lP[ : (1)

where k is a subjective constant that represents the visual impression of river contamination

(as could be evaluated by an untrained person in environmental issues) regarding 25
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parameters; C; is the value assigned to each parameter after normalization; P; is the relative
weight assigned to each parameter. The normalization factors and relative weights are
described by Fernandez-Vitora (1995). The k value may take the following values: 1.00 for
water without apparent contamination (clear or with natural suspended solids); 0.75 for
slightly contaminated water (apparently), indicated by slight non-natural color, foam and/or
slight turbidity resulting from no natural reasons; 0.50 for contaminated water (apparently),
indicated by non-natural color, slight to moderate odor, high turbidity (no natural), presence
of suspended organic solids, etc.; 0.25 for highly contaminated water (apparently), indicated
by blackish color, hard odor, and visible fermentation, among other features. This index
corresponds to a number in a scale of 0 to 100 and is represented as the mean of the values

attributed to each parameter.

WQ'{min — "-_Dﬂ‘l"'-_cn:;ui""'-_rurh (2)
where Cpo is the value of dissolved oxygen after normalization; Ccond is the value of either
conductivity or total dissolved solids after normalization; and Cuwn is the value of turbidity

after normalization.

2.4. Ecotoxicological assays

2.4.1. Phytotoxicity

The toxicity of water samples from Cavouco stream was evaluated using Eruca sativa
(arugula) and Lactuca sativa (lettuce) seeds (both acquired by buying packages distributed by
Isla Pak Ltda. containing 0.25 g of seeds) according to the methodology described by Tiquia
et al. (1996). Mineral water was used as negative control and a solution of potassium

dichromate (1%, w/v) was used as positive control. Each assay corresponding to a Petri dish
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where ten seeds were placed on a filter paper soaked with 2 mL of the sample. The plates
were wrapped with plastic to prevent evaporation and incubated for 72 h at 20+2°C. After this
period, it was counted the number of germinated seeds in each plate as well as the length of
the seedling radicle. The assays were only considered valid when germination was higher or
equal to 90% in the negative control. The relative growth index (RGI) and the germination
index (GI) were calculated according to the following equations:

RGI = == (3)

AL

G55
GI = —-x100 (4)

where RLS is the radicle length in the sample treatment; RLC is the radicle length in the
negative control; GSS is the number of germinated seeds in the samples; and GSC is the

number of germinated seeds in the negative control.

2.4.2. Toxicity to Artemia salina

Toxicity to Artemia salina was determined according to method described by Sales et
al. (2012) with modifications. Artemia cysts (acquired by buying a package distributed by
Maramar Pet Ltda. containing 250 g of cysts) were incubated for 24 h at 25-28°C in synthetic
seawater (salt concentration: 38 g/L) with aeration and constant illumination (1000 lux). The
assays were performed in 24-wellplates. After hatching, 10 larvae were transferred to each
well and incubated with 100 pL of a Cavouco water sample plus 3.5 mL of synthetic seawater
for 24 h at 25°C in the absence of light. Aluminum chloride (1%, w/v) and synthetic seawater
were used as positive and negative controls, respectively. After incubation, the number of
dead larvae was counted. Larvae were considered dead when they did not exhibit any
movement for 10 s of observation. For each sample, two independent assays were performed

in triplicate.
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2.5. Isolation of WSMoL

WSMoL was isolated according to the method described by Coelho et al. (2009). Ten
grams of seed flour were homogenized with 100 mL of distilled water for 16 h at 25°C using a
magnetic stirrer. Next, the mixture was passed through filter paper and the filtrate was
centrifuged (3,000 g for 15 min). The supernatant corresponded to the extract and was then
treated with ammonium sulfate at 60% saturation (Green and Hughes, 1955) for 4 h at 25°C.
After centrifugation (9,000 g, 15 min at 4°C) the precipitate fraction was collected and
dialyzed against distilled water (4 h) and 0.15 M NaCl (4 h). The dialyzed fraction was loaded
onto a chitin column (7.5 x 1.5 cm) that was previously equilibrated with 0.15 M NaCl at a
flow rate of 20 mL/h. The adsorbed protein (WSMoL) was eluted with 1.0 M acetic acid and
exhaustively dialyzed against distilled water (6 h) for eluent elimination. Protein
concentration was determined according to the method of Lowry et al. (1951) using a

standard curve of bovine serum albumin (31.25 to 500 pg/mL).

2.6. Treatment of Cavouco stream water

After the previous tests with the water samples, P1 was characterized as a sample with
low quality and caused ecotoxicological effects against the biological indicators tested. Then,
this sample was used for the treatments using aluminum sulphate and WSMoL, separated or
together. Four treatments were conducted, described as follows: (1) aluminum sulphate was
added to P1 (1 L) to a final concentration of 2% (w/v) and the assay was incubated for 2 h;
(1) P1 (1 L) was incubated with WSMoL (final concentration of 0.2 mg/mL) for 2 h; (I1I)

aluminum sulphate was added to P1 (1 L) to a final concentration of 2% (w/v) and, after 2 h
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of incubation, WSMoL was added (final concentration:0.2 mg/mL) and the assay was
incubated for another 2 h; (IV) aluminum sulphate and WSMoL (at the same concentrations
used in the other treatments) were added simultaneously to water and incubated for 2 h. The
incubation with aluminum sulphate was considered for aluminum sedimentation at 2cm/min
as suggested by Pavanelli (2001). After each treatment, the pH and turbidity were determined
as described in section 2.3 and the residual aluminum concentration was determined using a
932AA atomic absorption spectrometer (GBC Scientific Equipment, Australia). The samples
were also evaluated for ecotoxicity according to section 2.4. The reduction of turbidity was
monitored and calculated as a percentage rate based on the following equation proposed by
Lefebvre and Legube (1990):

i (X —cfr
Uy Reduction = %;‘r"xjxlﬂﬂ (5)

Where Ci is the initial turbidity in the raw water and Csis the final turbidity in treated water.

2.7. Statistical analysis

The results were expressed as mean + standard deviation. Analysis of variance was
performed with the software R-3.2.2 (R Development Core Team). Significant differences
between treatment groups were analyzed using Tukey's test (significance at p < 0.05), using

the Action 2.8.29.357.515 software.

3. Results and discussion

Based on previous studies that have demonstrated the coagulant activity of WSMoL

and its ability to decrease the concentration of metal ions in aqueous solutions, we
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investigated the potential benefits of using this lectin to treat polluted ambient water alone or
together with aluminum sulphate.

A previous study conducted by Aradjo and Oliveira (2013) identified a significant
pollution charge along all the stretch of the Cavouco stream within the UFPE campus. Then,
we choose this stream as place of study and collected water samples in the five points
described above. The water samples were first characterized for physicochemical
characteristics (Table 1). The comparative analysis of the results with the parameters
described by the CONAMA resolution revealed that P1 and P5 samples had characteristics of
water bodies of the class IV (water that may be used for navigation and landscaping); P2 fits
as a waterbody class Il (water that may be used for human consumption, after conventional
or advanced treatment; irrigation of tree crops, cereals and forage; recreational fishing;
secondary contact recreation; and watering livestock); and P3 and P4 can be classified as
waterbodies class Il (water that may be used for protection of aquatic communities; primary
contact recreation such as swimming, water skiing and diving; irrigation of vegetables, fruit
trees and parks, gardens, with which the public might have direct contact; and aquaculture and
fishing activity). In according to this same resolution, the pH of all samples was adequate for
aquatic species and the turbidity values were below of the standard of 100 NTU (Table 1).

The use of water quality indices is a simple practice that allows to assess changes in
the quality and to identify water trends. These indexes have been used because they are easy
to understand, being an index value of 100 corresponding to clean water while very
contaminated water receives a zero value. In addition, they allow to analyze together 25
Environmental Performance Indicators (EPI) (Lumb et al., 2011; Nayyeri and Zandi, 2015).
The sample from P1 had the lower quality indexes being WQIsu» 41.05% and WQImin 53.33%.
The WQIsu, values for P2, P3, P4 and P5 were 70.57%, 55.78%, 97.89% and 89.47%,

respectively. Also, P2, P3, P4 and P5 showed WQImin of 90.00%, 93.33%, 86.66% and
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73.33%, respectively. The WQI values allowed classifying the samples according to their
quality (Nayyeri & Zandi, 2015). P1 was considered a sample with rather bad quality, the
samples P2, P3 and P5 were considered of middle quality while P4 is a sample with good
quality. Thus, the classification based on the WQI mathematical model was similar to that
obtained according to the CONAMA resolution.

Phytotoxicity is often associated to substantial economic or ecological damages (Yan
et al., 2015; Rout et al., 2001) or alterations in ecosystem with natural or anthropogenic origin
(Azevedo and Rodriguez, 2012). The most general symptoms are stunting, curling of young
leaves, death of leaf tip, chlorosis, inhibition of root growth and indication of calcium and
phosphorous deficiency (Rout et al., 2001; Azevedo and Rodriguez, 2012). The results of the
phytotoxicity assays are shown in Figure 2 and indicate that there were significant differences
(p < 0.05) between the indexes obtained for the negative controls and treatments with all the
water samples. The germination index (Figure 2A) of L. sativa seeds was not higher than 50%
in any treatment being P1 the most toxic sample. On the other hand, the germination of E.
sativa seeds was mainly affected only by P1 and P2, with indexes lower than 60%, while in
the treatments with P3, P4 and P5 the indexes were near to 90%. In regard to the seedlings
growth (Figure 2B), the relative growth indexes of L. sativa seedlings were considerably
reduced in treatments with all samples while E. sativa growth rate was not significantly (p >
0.05) different from negative control only in treatment with P5. Additionally, the incubation
with Cavouco water samples resulted in changes in the morphology of seedlings, such as
alterations in arrangement of the radicle and color of the leaves (Figure 2C), which was
mainly observed in treatment with P1, and, is important to point that E. sativa is an important
marginal crop grown on soil with reduced fertility and is preferred over other relative species
for its tolerance and adaptability to unfavorable environmental conditions and L. sativa is a

specie with high sensibility (Zhi et al., 2015).
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The results from A. salina toxicity assays are shown in Figure 3 and reveal that P3
caused the lower mortality percentage (40%) while P1 was the most toxic sample, causing the
death of 80% of the larvae. The A. salina toxicity assay is cheap, simple, and reliable, with
great reproducibility, being routinely used for toxicity screening, industrial monitoring
requirements or for regulatory purposes (Lu et al., 2012; Ates et al., 2013; Pretti et al., 2014).
According to the results, the toxicity of samples varied according to water quality, being the
A. salina exposure trial a bioassay adequate for determination of Cavouco water toxicity.

According to the data obtained, P1 sample was the most impacted from both
physicochemical and toxicological standpoints. Aradjo and Oliveira (2013) monitored the
quality of the Cavouco stream water at rainy (June) and dry (December) seasons and found
that P1 samples presented concentrations of iron and lead higher than the allowed values; the
authors classified the water from P1 as of regular quality. Also according to them, P5 water
was among the most impacted being classified as of poor quality. In our work, the sample
from P5 was also considered of class IV (most impacted), similarly to P1. However, the
sample from P5 showed WQIsuw and WQImin much higher than P1 as well as lower toxicity.
Thus, the water sample from P1 was chosen for treatments with aluminum sulphate plus
WSMolL.

Table 2 shows physicochemical characteristics of the samples from P1 before and after
the four different treatments employed: (1) aluminum sulphate; (I1) WSMoL; (l11) aluminum
sulphate followed by WSMoL; (IV) simultaneous application of aluminum sulphate and
WSMoL. The treated samples were analyzed directly after the treatment (following
decantation) and after a filtration step. In all treatments, there was high reduction of turbidity,
which ranged from 64.16% to 96.8% after the filtration step. The treatment using only
WSMoL (1) promoted a lower turbidity reduction than that using only aluminum sulphate (1).

However, a high residual aluminum concentration was detected after the treatment I.
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Interestingly, when the water was treated with aluminum sulphate followed by WSMoL, the
turbidity reduction was very higher than in both treatments using these coagulant agents
separated as well as the residual aluminum concentration was strongly lower (118 times) than
in treatment I. The simultaneous application of aluminum sulphate and WSMoL was also able
to promoted high reduction in turbidity and residual aluminum concentration but was less
efficient than the treatment Ill. It was also noticed that the pH suffered only little decrease
after all the treatments.

The turbidity represents the degree of interference of suspended solids with the
passage of light through the water, giving a turbid appearance. The turbidity is mainly
originated from particulate materials such as clay, rock fragments and domestic and industrial
sewage that include heavy metals (Vaz et al., 2010). Our results show that WSMoL is able to
reduce turbidity from ambient water and remove aluminum ions after the water treatment,
confirming the previous reports on the coagulant potential and the ability to remove metals of
WSMoL demonstrated using laboratory models (Ferreira et al., 2011; Freitas et al.,
submitted). A possible explanation for the different results obtained with treatments 111 and 1V
is that, when used simultaneously, WSMoL interacts with both suspended particles and
aluminum ions and then the turbidity reduction capacity of the coagulants are partially
affected. On the other hand, when applied in sequence, the full potential of aluminum
sulphate in reduce the turbidity can be tapped and the lectin is able to remove a higher amount
of aluminum ions because there is a lower amount of suspended solids that will interact with
it.

Several studies comparing the coagulation potential of aluminum sulphate and M.
oleifera seeds were made. For example, Vaz et al. (2010) showed that M. oleifera seeds at 200
ppm reduced color and turbidity in 90.30% and 92.90% respectively, while aluminum

sulphate showed highest values for color (98.13%) and turbidity (98.78%) removal at a
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concentration of 40 ppm. Although the use M. oleifera seeds can reach results near to those
obtained with aluminum sulphate, the main problem related is the introduction of
considerable amount of organic matter in the system. For this reason, in our work we used a
purified lectin from the seeds and reached good results in comparison with aluminum
sulphate. Thus, it can be more interesting use the isolated WSMoL than crude preparations of
M. oleifera seeds.

Although aluminum is the most common and economical salt used as coagulant in the
water treatment (Sahu and Chaudhari, 2013), the need for greater reduction of turbidity
requires increased concentrations of this inorganic coagulant, resulting in large amounts of
residual aluminum in water. In this scenario, the use of WSMoL proves to be of great value
due to two reasons: the coagulant property of WSMoL avoids the need to increase aluminum
sulphate concentration and this protein possesses the additional ability of reducing the
residual aluminum concentration.

After the treatments, the filtered samples were submitted to ecotoxicological tests. The
mortality rates of A. salina larvae (Figure 3B) were 50%, 30%, 10% and 20% with the
samples from the treatments I, I, 11l and IV, respectively. These results indicate that all
treatments reduced the toxicity of P1 to A. salina larvae but those using aluminum sulphate
plus WSMoL were more efficient. The toxicity to L. sativa and E. sativa of the treated water
(Figure 4 A-B) was strongly reduced in comparison with untreated sample (Figure 2 A-B),
being detected only decreased relative growth indexes while germination indexes were not
significantly different from control. Additionally, it was not observed changes in the
morphology of seedlings. Thus, the treatment combining aluminum sulphate and WSMoL
reduced the potential toxicological effects, which were probably linked to suspended particles

and molecules derived from pollution that were removed by these coagulant agents.
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4. Conclusions

The combined use of the coagulant agents aluminum sulphate and WSMoL was
efficient in promote reduction of turbidity and ecotoxicity of a polluted water sample from
Cavouco stream. In addition, the use of WSMoL showed the additional advantage of promote
a high decrease in the residual aluminum concentration at the end of treatment. The best
results were obtained applying WSMoL in sequence of the aluminum sulphate and not using

the two agents simultaneously.
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Figure captions

Figure 1. Satellite image of the stretch of Cavouco stream within the UFPE campus,

indicating the five points (P1 to P5) where water samples were collected. Source: Google

Earth, January 2016.)
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Figure 2. Evaluation of phytotoxicity of water samples collected at five points (P1 to P5)
from Cavouco stream. (A) Germination indexes (%) of L. sativa and E. sativa seeds. (B)
Relative growth indexes of L. sativa and E. sativa seedlings. Potassium dichromate and
mineral water were used as positive and negative controls, respectively. (C) Aspects of L.
sativa and E. sativa seedlings. (-) Negative control. Different uppercase or lowercase letters

indicate significant (p < 0.05) differences betwenn treatments.

Figure 3. Mortality of Artemia salina larvae. A- Larvae incubated with water samples
collected at five points (P1 to P5) from Cavouco stream; B- Larvae incubated with water
samples after treatment. Different letters indicate significant (p < 0.05) differences betwenn
treatments. Aluminium chloride (1%) and synthetic seawater were used as positive and

negative controls, respectively.

Figure 4. Phytotoxicity assays using Pl water sample after treatments with alluminum
sulphate and WSMoL followed by filtration. Treatment I: aluminum sulphate 2% (w/v) for 2
h. Treatment Il: WSMoL (0.2 mg/mL) for 2 h. Treatment I11: aluminum sulphate 2% (w/v)
for 2 h followed by WSMoL (0.2 mg/mL) for 2 h. Treatment IV: aluminum sulphate 2%
(w/v) plus WSMoL (0.2 mg/mL) added simultaneously and incubated for 2 h. (A)
Germination indexes (%) of L. sativa and E. sativa seeds. (B) Relative growth indexes of L.
sativa and E. sativa seedlings. Sodium dichromate and mineral water were used as positive
and negative controls, respectively. Different uppercase or lowercase letters indicate

significant (p < 0.05) differences betwenn treatments.



Table 1. Physicochemical characterization of the water samples from Cavouco stream.
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P1 P2 P3 P4 P5
Classification following CONAMA'’s resolution
Parameter Units
v Il I I v
Ph 7.39 7.4 7.9 7.93 7.86
Turbidity NTU 37.95 17.5 9.95 181 0.63
Conductivity Micro pS 182.8 344.8 439.3 514.7 544.0
Ammonia
mo/L 0 0 0 0 0.005
Nitrite mg/L 0 0 0 0 0.005
Nitrate mg/L 0 0 0 0 0
Aluminum maiL ND ND ND ND ND
Cadmium mgiL ND ND ND ND ND
Lead m/L ND ND 0.6 ND 0.3
Copper mg/L 05 ND ND ND 0.08
Zinc m/L ND ND ND ND ND
Apparent color mg/L Pt-Co 100.0 33.0 35.0 20.0 10.0
Acidity mg/L CacO; 1.0 1.0 0.6 0.5 0.8
Sodium mg/L Na* 13.51 23.15 43.18 62.37 71.46
Calcium mg/L Ca?* 8.02 13.44 18.2 24.05 20.04
Magnesium mglL Mgz 7.30 9.0 11.30 14.58 17.02
Chloride mg/L C¢- 12.14 21.4 32.71 40.47 50.18
Potassium mg/L K* 1.20 6.3 8.20 9.24 10.25
Solids: total mg/L SiO, 236 255 316 340 310
Dissolved oxygen mg/L 2.6 4.6 6.6 6.2 3.0

*ND — not detected



Table 2. Evaluation of pH, turbidity and residual aluminum concentration of P1 water sample after four different treatments.

Parameters Treated water

Untreated water

After decantation After filtration
) (1 (1) (V) ) (1 (1) (V)

pH 7.39 7.29 7.35 7.21 7.30 7.21 7.34 7.10 7.19
Turbidity (NTU) 37.95 16.5 19.9 6.5 7.9 10.2 13.6 1.2 3.3
Turbidity reduction (%) - 56.52 47.56 82.9 79.2 73.12 64.16 96.8 91.3
Residual aluminum (mg/L)

- 35.5 - 0.3 8.3 35.5 - 0.3 8.3
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Treatment I: aluminum sulphate 2% (w/v) for 2 h. Treatment I11: WSMoL (0.2 mg/mL) for 2 h. Treatment I11: aluminum sulphate 2% (w/v) for 2

h followed by WSMoL (0.2 mg/mL) for 2 h. Treatment 1V: aluminum sulphate 2% (w/v) plus WSMoL (0.2 mg/mL) added simultaneously and

incubated for 2 h.
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4 CONCLUSOES

e WSMoL ¢é capaz de promover remocdo de ions metalicos em solugBes aquosas,
principalmente magnésio e cobre.

e A exposicdo aos metais leva a perda de atividade antibacteriana da lectina contra E.
coli e S. enteridis, o que deve ser levado em conta se WSMoL estiver sendo usada
como um agente desinfetante.

e A utilizacdo de WSMoL em conjunto com sulfato de aluminio € um método eficiente
para promover forte reducdo da turbidez e ecotoxicidade em agua do ambiente, sem

resultar em uma elevada concentracao residual de aluminio.
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