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RESUMO

O chorume produzido em aterros sanitarios é o resultado da decomposic¢éo fisico-quimica e
microbioldgica dos residuos urbanos, podendo variar muito em sua composicdo. Para se
desenvolver tratamento e descarte eficientes e seguros h& a necessidade de caracterizagdo,
desenvolvimento de técnicas adequadas de tratamento e estudo sobre o impacto do descarte dos
residuos destes tratamentos no ambiente. Este trabalho testou tratamento microbioldgico com
microrganimos isolados do chorume e com microalgas; tratamento com adsorventes como
carvao ativado, hidrotalcita e sementes de M. oleifera; aprofundou estudos sobre a introdugéo
dos residuos do tratamento com hidrotalcita no ambiente. Foram feitas analises fisico-quimicas,
microbioldgicas, respirométricas e de toxicidade com o chorume bruto, tratado e com o lodo do
tratamento. A caracterizacdo do chorume constatou pequeno nimero de bactérias heterotroficas
e fungos indicando condicBes desfavordveis para crescimento microbioldgico. Coliformes
totais e E. coli alcangaram valores medios de 17900 e 890 NMP/100mL, respectivamente. As
analises fisico-quimicas do lixiviado indicaram valores elevados para condutividade, cor,
turbidez, DQO, DBOs, amonia, boro, sddio e cloretos. Os tratamentos bioldgicos nédo se
mostraram eficientes na remoc¢do dos parametros exigidos pela legislacdo, devido as altas
concentracOes de sais, amonia e matéria orgénica recalcitrante. O tratamento com hidrotalcita
produziu os melhores resultados, para remocao de condutividade (51%), turbidez (58%), DBOs
(95%), boro (40%) e amonia (35%), removeu também DQO (43%) e cor (70%) porém houve
elevacdo do pH. A hidrotalcita reaproveitada apresentou menor eficiéncia que hidrotalcita, ndo
removeu boro e os niveis de aluminio e magnésio aumentaram. Carvao ativado a 4% (CA4%)
obteve melhores resultados para remocéo de cor (98%) e DQO (48%), mas ndo removeu boro
e amonia satisfatoriamente. O carvdo ativado 1% mostrou resultados semelhantes ao CA4%,
com niveis de remocdo inferiores. Semente e extrato de M. oleifera, obtiveram resultados
insatisfatorios. Todos os adsorventes diminuiram em cerca de 10 vezes a quantidade de
bactérias heterotroficas, exceto o extrato de M. oleifera. Os tratamentos removeram coliformes
totais e E. coli. Nenhum dos adsorventes removeu sodio, cloreto ou a toxicidade do chorume
para D. similis. Nos ensaios sobre efeitos dos residuos do tratamento de chorume, com
hidrotalcita, no ambiente, os testes de toxicidade demonstraram que houve diminuicdo de
21,63% na toxicidade para Artemia sp e de 42% para testes de germinacdo de sementes de L.
sativa. A disposicdo de chorume no solo provocou inibi¢do na germinagdo e desenvolvimento
de L. sativa em relagdo ao controle. Nos vasos com chorume bruto houve inibicdo de 12% e

com lixiviado tratado 5%. Inicialmente o chorume a 50m®/ha potencializou o crescimento
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bacteriano e inibiu crescimento fangico, apds 84 dias de experimento houve uma estabilizacéo
da microbiota, exceto nos ensaios com 200m3/ha onde a inibicdo permaneceu para os fungos.
A disposicio de 200m3/ha de chorume no solo demonstrou que repetidos langamentos podem
tornar o solo inviavel para o plantio. O solubilizado do solo dos vasos mostrou que o chorume
bruto, acarretou toxicidade para D. similis. A disposicao de 2,5% de lodo do tratamento no solo,
aumentou em 42% a biomassa de L. sativa em relacdo ao controle, ndo apresentando impacto
negativo sobre a microbiota do solo e nem toxicidade para D. similis. O ensaio de
biodegradacdo com chorume a 5% mostrou que o inéculo introduzido ativou a biodegradacao,
aumentando a eficiéncia diaria do processo em média 6% e 9% para 0s chorumes tratado e
bruto, respectivamente. Apesar da biodegradacdo eficiente (50% em 24 horas), o potencial
toxico do lixiviado ndo foi eliminado como pode ser comprovado pelo experimento em vasos.
O experimento de respirometria ndo se mostrou uma técnica eficiente para determinar a
biodegradagdo do lodo, pois o sistema sofre influéncia das caracteristicas quimicas da
hidrotalcita.

Palavras-chave: Chorume, adsorventes, hidrotalcita, Moringa oleifera, respitrometria,
toxicidade.



ABSTRACT

The leachate produced in landfills is the result of physicochemical and microbiological
decomposition of urban waste and its composition can vary widely. In order to develop efficient
and safe treatment and disposal, there is a need for characterization, development of adequate
treatment techniques and study of the impact of these treatment residues on the environment.
This work tested microbiological treatment with microorganisms isolated from landfill leachate
and with microalgae; treatment with adsorbents like activated carbon, hydrotalcite and M.
oleifera seeds and deepened studies about introduction of residues of treatment with
hydrotalcite in the environment. Physical-chemical, microbiological, respirometric and toxicity
analysis were performed with the treated and raw leachates and with the sludge of treatment.
The leachate characterization revealed a small number of heterotrophic bacteria and fungi. Total
coliforms and E. coli reached mean values of 17900 and 890 NMP/100 mL, respectively. The
physicochemical analysis indicated high conductivity, color, turbidity, COD, BODs, ammonia,
boron, sodium and chlorides. The biological treatments were not efficient in removing the
parameters required by the legislation due to high concentrations of salts, ammonia and
recalcitrant organic matter.Treatment with hydrotalcite produced the best results to remove
conductivity (51%), turbidity (58%), BODs (95%), boron (40%) and ammonia (35%), also
removed COD (43%) and color (70%) but led to an increase in pH. The reused hydrotalcite
presented lower efficiency than hydrotalcite, failed to remove boron and aluminum and
magnesium levels increased. Four percent activated carbon (AC4%) obtained better results
regarding color (98%) and COD (48%), but failed to remove boron and ammonia efficiently.
One percent activated carbon achieved similar results to AC4%, but with lower degrees of
removal. M. oleifera seed and extract achieved unsatisfactory results. All adsorbents, except M.
oleifera extract, decreased the amount of heterotrophic bacteria approximately tenfold.
Treatments removed total coliforms and E. coli. None of the adsorbents removed sodium,
chloride or the toxicity to D. similis of the leachate. In the tests about the effects of residues of
hydrotalcite treatment on the environment, toxicity tests showed that there was decrease of
21.63% in the toxicity to Artemia sp and 42% to L. sativa seed germination tests. The leachate
discarded in the soil caused inhibition in the germination and development of L. sativa in
relation to the control. In vessels with raw leachate there was inhibition of 12% and with treated
leachate 5%. Initially 50m%ha landfill leachate potentiated bacterial growth and inhibited
fungal growth, after 84 days of experimentation there was a microbiota stabilization, except in

the high concentration trials where the inhibition remained for the fungi. The use of 200m®/ha
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landfill leachate in the soil has demonstrated that repeated releases may render the soil
unfeasible for planting. The analysis of the vessel soil showed that the raw leachate, caused
toxicity to D. similis. The introduction of 2.5% of sludge from the treatment in the soil increased
by 42% the biomass of L. sativa in relation to the control, with no negative impact on the soil
microbiota or toxicity to D. similis. The biodegradation test with 5% leachate showed that the
inoculum encouraged biodegradation, increasing the average daily efficiency of the process by
6 and 9% for treated and raw leachates, respectively. Despite the efficient biodegradation (50%
in 24 hours), the toxic potential of the leachate was not eliminated as could be proved by the
experiment in pots. The respirometry experiment did not prove to be an efficient technique to
determine the sludge biodegradation, since the system is influenced by the hydrotalcite

chemical characteristics.

Key-words: Landfill leachate, adsorbents, hydrotalcite, Moringa oleifera, respitrometry,

toxicity.
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1 INTRODUCAO

Um dos grandes problemas com relacdo a disposi¢do dos residuos solidos urbanos em
aterros é a geracdo do chorume. O chorume é um residuo liquido de elevada carga organica e
inorganica, coloracdo escura e forte odor, produzido pela decomposicao fisico-quimica e
microbioldgica dos residuos sélidos. A sua composicdo apresenta grande variabilidade, uma
vez que, além de depender da natureza dos residuos depositados, da forma de disposi¢do, do
manejo e da idade do aterro, é influenciada por fatores climéticos, como a quantidade de chuva
e a temperatura (RENOU et al 2008).

O chorume ¢é formado por compostos organicos e inorganicos entre os quais diversas
substancias toxicas provenientes da disposicao inadequada de residuos pela populacdo. Além
destas substancias, organismos patogénicos sdo veiculados pelo chorume, podendo causar
diversos danos ambientais, estendendo-se as comunidades vegetais e animais da regido e a
populacdo humana. No chorume é encontrada alta concentracdo de sais que causam problemas
nos sistemas de tratamento biol6gico, pois alteram a pressdo osmatica das células microbianas,
podendo ainda causar corrosdo em tubulacGes e influenciar nas caracteristicas dos sistemas
aquaticos naturais (RENOU et al., 2008). Os danos ambientais provocados pelo chorume sédo
significativos, podendo vir a contaminar corpos d agua superficiais, solo e lencol freético.
Dessa forma, o tratamento desse percolado assume grande importancia ambiental.

Na maioria das cidades brasileiras, o chorume é coletado nos aterros sanitarios e
transportado para estacGes de tratamento de esgoto, onde é submetido a degradacdo
microbioldgica. Ap0Os tratamento junto com o esgoto urbano, o chorume é langado em aguas
superficiais (NASCIMENTO FILHO; VON MUHLEN; CARAMAO 2001). Uma vez que nao
sdo bem conhecidas as identidades dos compostos presentes no chorume, ndo ha como prever

se este tratamento é efetivo. A implantacdo de estacdes de tratamento de chorume, em aterros
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sanitarios, é vista como um avanco no sentido de buscar solucdes referentes a disposigéo final
desse residuo, determinando assim melhorias nas condi¢cGes ambientais.

Apesar do potencial toxico do lixiviado de aterro sanitario, alguns pesquisadores tém
sugerido a utilizacdo do chorume para fertirrigacao.

A disposicao de residuos no solo normalmente é causa de muitas controvérsias (JONES;
WILLIAMSON; OWEN, 2006). O solo é capaz de melhor oxidar ou precipitar os poluentes e
remové-los da cadeia alimentar, de modo mais seguro que o ar ou a agua. Outro beneficio da
disposicao desses residuos no solo refere-se a possibilidade de serem usados na recuperacéo de
areas degradadas, ou na agricultura, como fertilizantes. Com a elevacéo dos custos da adubacéo
mineral, a utilizagdo dos residuos produzidos pelas atividades antrépicas tornou-se atrativo a
fim de melhorar as condi¢6es do solo e diminuir os custos de producao (TEDESCO et al., 2008).

As mesmas caracteristicas que tornam o lixiviado de aterro potencialmente poluidor sdo
também aquelas que o tornam atrativo para sua utilizacdo agricola, como o teor de N-amoniacal
e o teor de material organico estabilizado.

Uma das principais preocupacdes quanto ao lancamento de efluentes no solo é a
possibilidade de causar contaminacdo por metais pesados. No caso do chorume proveniente de
aterros sanitarios que ja se encontram na fase metanogénica, a concentracao de metais pesados
é minimizada (SANTOS, 2010). Entretanto, esse residuo carrega consigo alta carga organica e
minerais dissolvidos, como o N-amoniacal, potassio e sodio que, quando em altas
concentragdes no solo, podem proporcionar impactos negativos no ambiente.

Em busca de tratamentos que diminuam o potencial toxico deste percolado o uso de
adsorventes naturais e sintéticos tém sido avaliados.

As hidrotalcitas sdo hidroxidos duplos lamelares (HDL) com elevada capacidade de troca
anionica, e vem sendo utilizadas com éxito como adsorventes de contaminantes e anions em
efluentes industriais (LAZARIDIS; ASOUHIDOU, 2003).

Moringa oleifera, planta pertencente a familia das Moringaceae é nativa da india e
amplamente cultivada nos tropicos de todo o mundo (KARADI et al., 2006). As sementes tém
sido usadas para remoc¢do de matéria organica e clarificacdo de aguas de rios em regides onde
ndo existe tratamento convencional. Segundo Paterniani, Mantovani e Sant'anna (2009), a
utilizacdo do agente coagulante da M. oleifera apresentou resultados significativos, podendo
ser considerada como uma técnica alternativa para o tratamento de agua.

O carvao ativado é usado como referéncia em tratamentos de agua e efluentes. Este material

é conhecido por sua complexa estrutura de poros, elevada area superficial e por apresentar
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diversos grupos funcionais na superficie, contendo oxigénio, que favorecem a adsorcao
(BARBOSA et al., 2014).

Pesquisadores vém relatando o uso de hidrotalcitas como adsorventes no tratamento de
efluentes e posterior uso como fertilizante (GILLMAN, 2011).

Dentro deste contexto, percebe-se a necessidade do conhecimento prévio das caracteristicas
do residuo que se deseja dispor e do desenvolvimento de estudos no sentido de determinar a
possivel influéncia deste no ambiente. Demandando avaliacdo microbiologica do solo, de
biodegradabilidade e da toxicidade determinando sua influéncia no ambiente.

O projeto de pesquisa foi desenvolvido no Laboratério de Toxicidade de Aguas do
Departamento de Bioquimica e Microbiologia da UNESP de Rio Claro, a partir do residuo
obtido junto a Estacdo de Tratamento de Chorume do Aterro Sanitario do Municipio de Rio
Claro — SP.
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2 OBJETIVOS

Este trabalho teve como objetivos:
-Caracterizar a composicéao do lixiviado proveniente da Estacéo de tratamento de chorume do
aterro sanitario de Rio Claro - SP e verificar a eficiéncia deste tratamento, por meio de analises
fisico-quimicas, microbioldgicas, ecotoxicoldgicas;
-Verificar a possibilidade de tratamento microbioldgico para este residuo;
-Verificar a eficiéncia dos adsorventes hidrotalcita, Moringa oleifera e carvao ativado no
tratamento de chorume, visando melhora na eficiéncia e adequacdo do lixiviado tratado as
normas estabelecidas pela legislacdo para descarte de efluentes;
-Avaliar mediante analises microbioldgicas, respirométricas e de toxicidade a influéncia do

lixiviado tratado com hidrotalcita e do lodo deste tratamento quando descartados no solo.
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3 REVISAO BIBLIOGRAFICA

3.1 Caracterizacao do chorume

O chorume é formado pela degradacdo de matéria organica e inorganica, por acdo de
microrganismos e fatores fisicos ambientais (Fig.1). Os tipos, quantidades e taxas de producéo
de contaminantes no chorume produzido por um aterro sanitario sao influenciados por varios
fatores, composicéo do lixo, densidade, pré-tratamento, sequéncia de disposi¢do, profundidade,

umidade, temperatura e tempo.

Figura 1. Esquema geral sobre degradacdo de residuos dentro de aterro sanitario.

Residuo sdlido

1 4
o | o]

Biodegradacdo Degradacdo
Y CH,

Fonte: Esquema elaborado pela autora.

Segundo Segato e Silva (2000), pode-se classificar os residuos sélidos de acordo com

sua composigao:
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Categoria A: consiste nos materiais facilmente biodegraddveis que sdo os alimentos
descartados e residuos de jardinagem e sua degradacdo produz altas concentragdes de matéria
organica e nitrogénio amoniacal, geralmente ocorre nos primeiros meses apés o aterramento do
residuo solido.

Categoria B: é também composta de matéria organica, mas mais recalcitrante a biodegradacéo
que a categoria A. Inclui papéis, plasticos biodegradaveis, madeira, etc. Devido a menor
velocidade de biodegradacdo, estes componentes possuem concentragdo de organicos mais
baixa que a categoria A, mas persistem por periodos muito maiores.

Categoria C: inclui compostos metalicos principalmente ferro, manganés e zinco. Esses e
outros metais aparecem no lixiviado e permanecem por muitos anos por causa da baixa taxa de
reacao a degradacao.

Categoria D: componentes inorganicos ndo metalicos como os vidros, os 6leos e o0s sais. Os
compostos facilmente sollveis aparecem nos primeiros meses, enquanto 0os menos sollveis
produzirdo contaminantes por alguns anos. Os metais alcalinos terrosos (calcio, magnésio,
sodio e potassio) e os anions mais comuns (cloretos, sulfatos, fosfatos, carbonatos e boratos)
surgem principalmente desse tipo de residuo.

O é4cido borico €é reconhecido por sua moderada agdo antisséptica e emulsificante. E
utilizado em solugio aquosa bem diluida para a lavagem dos olhos. E uma substancia levemente
absorvida pela pele e pode causar irritagdo, sendo os sintomas mais frequentes vermelhidé&o,
coceira e dor (QUIMICA NOVA INTERATIVA, 2017). O excesso de boro no organismo
humano pode provocar nauseas, vomitos, letargia, diarréias e dermatoses, além de sequestrar a
vitamina B2 (MIGUEL JR, 2017) e estimular a producéo de estradiol e testosterona (ESKIN,
2015). E usado frequentemente como inseticida, no combate as baratas, formigas, pulgas e
outros insetos, atuando em seu metabolismo, além de ser um abrasivo para o exoesqueleto. E
ativo em quantidades muito pequenas e mantém sua poténcia por muito tempo. Outros usos do
acido borico incluem a acdo fungicida, onde inibe a maturacdo dos fungos impedindo a
formacéo de esporos (QUIMICA NOVA INTERATIVA, 2017). Desta forma o excesso de
boro no ambiente pode provocar desajustes ecoldgicos interferindo no crescimento
populacional de artropodes e fungos necessarios ao equilibrio ambiental. O boro é um
micronutriente essencial para o crescimento das plantas, e € comum o uso de fertilizantes
contendo &cido borico em solos deficientes. As plantas necessitam somente de pequenas
quantidades de boro, para algumas pode ser toxico em concentra¢fes menores que 1,0 mg/L.
O boro atua na divisdo e diferenciacdo celular, sintese de compostos que formam a parede

celular (SILVA et al., 2011). Os sintomas de toxicidade sdo caracterizados pelo surgimento de
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manchas verde-amarelas nas folhas, local onde o micronutriente se acumula, evoluindo para o
aparecimento de pequenas manchas escuras e queima total nas bordas das folhas
(MALAVOLTA, 2006). Em altas concentracGes, o &cido bdrico € toxico e torna-se um
herbicida, que interrompe a fotossintese e causa ressecamento da planta (QUIMICA NOVA
INTERATIVA, 2017).

Tabela 1: fons presentes no chorume e suas possiveis fontes.

fons Fontes

Na*, K*,Ca?*,Mg®*  Material organico (animal e vegetal), entulhos de construcéo.

PO43, NO3, COs2  Material organico (animal e vegetal)

Cu*?, Fe*?, Sn*? Material eletronico, latas, tampas de garrafas, fiagio

Hg*?, Mn*? Pilhas comuns e alcalinas, lampadas fluorescentes

Ni*?, Cd*?, Pb*? Baterias recarregaveis (celular, telefone sem fio, automoveis)

Al Latas descartaveis, utensilios domésticos, cosméticos, embalagens,

laminadas em geral.

Cl, Br, Ag* Tubos de PVC, negativos de filmes e raios-X
As*3, Sb*3, Crt? Embalagens de tintas, vernizes, solventes organicos
*BO33 Vidros, aditivos para fibra vidro, cerdmica, fertilizantes,

inseticidas, medicamentos
Fonte: IPT, 2000; *QUIMIDROL, 2017.

A composicao quimica do chorume varia, dependendo da idade do aterro e dos eventos

que ocorreram antes da amostragem. Em termos gerais, o processo de biodegradacao que ocorre
num aterro pode ser aerébio e/ou anaerébio. A cobertura diaria do lixo restringe o0 processo
aerobio, que pode ter duracdo de um dia a varias semanas, até que seja consumido todo o
oxigénio contido (Fig. 2).

Figura 2. Etapa aerdbia da biodegradacdo em aterro sanitario.

Respiracao
microrganismos
aerobios

H,0 + CO,

Fonte: Esquema elaborado pela autora.
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Logo apos, da-se inicio a degradacdo anaerdbia que se divide em duas fases. Na primeira
delas, chamada de fermentacdo &cida (Fig. 3), os organismos facultativos ou anaerdbios
decompBem as substancias organicas iniciais, como proteinas, graxas e hidratos de carbono em

moléculas menores, amonia, acido acético, CO> e Ho.

Figura 3. Etapa anaerodbia da biodegradacéo em aterro sanitario, fermentacao acida.

Carboidratos Proteinas Lipideos

Hidroélise
Bact. hidroliticas

Sacarideos Am1noac1dos Ac. graxos

bact.acidogénicas ﬂ @ w

Acidos organicos (propionico,
butirico ete)

Acetogénese
bact.acetogénicas

Ac.acético

Fonte: Esquema elaborado pela autora.

Na segunda fase, conhecida como fermentacdo metanogénica (Fig. 4), organismos
estritamente anaerdbios decompdem os produtos da fermentacao &cida e os convertem em CHa,
substancias humicas e dgua. Tais substancias humicas sdo responsaveis pela coloracdo parda
encontrada no lixiviado (chorume).

Figura 4. Etapa anaertbia da biodegradacdo em aterro sanitario, fermentacdo metanogénica.

Metanogénese Metanogénese
acetotrofica hidrogenotrofica

Fonte: Esquema elaborado pela autora.
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Se o chorume ¢é coletado durante a fase &cida, quando o aterro € jovem e ndo atingiu a
fase estavel de fermentacdo anaerobia, o pH é baixo e as concentragcbes de DQO e COT sdo
muito altas. Durante a fase metanogénica (depois de 1 a 4 anos), as concentra¢des de DQO e
COT diminuem e a concentracao de nitrogénio amoniacal aumenta gradativamente, até chegar
a valores de 4.000 mg/L (SEGATO; SILVA, 2000)

De acordo com Tavares (2012), altas concentracGes de nitrogénio amoniacal na
composi¢ao do lixiviado, quando descartadas indevidamente em cursos d’agua, podem ser
toxicas a biota dos ecossistemas aquaticos por causar crescimento exagerado de algas e
deplecdo de oxigénio dissolvido na &gua. Em sistemas de tratamento bioldgicos, as altas
concentracfes deste composto podem causar problemas de odor e ser toxicas as bactérias
decompositoras.

O chorume recebe compostos organicos e inorganicos entre os quais diversas
substancias toxicas provenientes da disposicao inadequada de residuos pela populagdo. Além
destas substancias, diversos organismos patogénicos séo veiculados pelo chorume, podendo
causar diversos danos ambientais, estendendo-se as comunidades vegetais e animais da regido
e a populacdo humana que dela se utilize.

A umidade tem grande influéncia na formacao do chorume uma vez que um alto teor de
umidade favorece a decomposi¢do anaerdbia. A producdo de chorume depende principalmente
da topografia, geologia, regime e intensidade das chuvas. As aguas de chuva, bem como de
nascentes, percolam através do lixo e carreiam o chorume e a matéria organica dando origem
ao liquido percolado. O volume de percolado produzido em aterros sanitarios depende dos
seguintes fatores: precipitacdo na area do aterro, escoamento superficial e/ou infiltracdo
subterranea, umidade natural do lixo, grau de compactacédo, capacidade do solo em reter
umidade, entre outros (SEGATO; SILVA, 2000)

3.2. Técnicas de tratamento de chorume

Vérias técnicas para tratamento de chorume vém sendo empregadas, dentre as quais
pode-se destacar:

“Stripping” de amonia: Constitui um método eficiente no tratamento de efluentes com
alta concentracéo de nitrogénio amoniacal. Trata-se de um processo fisico onde ocorre troca de
massa entre liquido e gas, o liquido entra por cima da torre de stripping enquanto o ar € injetado
por baixo. A troca de massa ocorre, portanto, em contracorrente. Este processo também é

quimico devido a necessidade da adicdo de solucdo alcalinizante, que pode ser a base de soda
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caustica, de modo a deslocar o equilibrio quimico da reacdo e liberar o gas amonia. Esse gas
deve passar por um lavador de gases que utiliza o processo de absor¢do quimica usando acido
sulfurico, &cido cloridrico ou ainda o acido fosforico, formando os respectivos sais de amonio,
sulfato de amonio, cloreto de amonio ou ainda fosfato de aménio. O sal produzido tem valor
econémico e, dependendo das concentracdes de nutrientes (N, S, P), pode ser usado como
nutriente desde que atenda as concentragcGes minimas estabelecidas pela portaria n® 01 de 1983
do Ministério da Agricultura (LANZA, 2016).

Precipitacdo quimica: Esse método envolve a adicdo de produtos quimicos que
promovem a remocdo de substancias dissolvidas e suspensas por sedimentacdo como
compostos organicos nao biodegradaveis, nitrogénio amoniacal e metais pesados. Utiliza como
precipitantes quimicos: fosfato de amonia e magnésio conhecido como struvita ou PAM, e
hidroxido de calcio ou cal hidratada, dependendo do alvo de remocgdo (GOMES, 2009),

Coagulacao/floculagédo: Consiste em desestabilizar as particulas coloidais pela agdo de
um agente coagulante que é empregado imediatamente antes do processo de floculacdo, que
promove a aglomeracdo dessas particulas mediante de agitacdo suave, formando flocos. Os
principais fatores relacionados ao processo sdo: a natureza quimica do coagulante, o pH, a
velocidade e tempo de mistura. O sulfato de aluminio tem sido o coagulante mais utilizado no
tratamento dos chorumes, mas existem outros que também podem ser utilizados, tais como o
sulfato ferroso, o sulfato férrico e o aluminato de sédio (GOMES, 2009).

Processos oxidativos avancados: Envolvem a geracdo de radicais hidroxila, altamente
reativos, que tém a capacidade de destruicao total de muitos poluentes organicos. Para produzir
esses anions sdo utilizados oxidantes fortes como 0 0z6nio e o perdxido de hidrogénio que
promovem remocao de sélidos dissolvidos, ferro e manganés e a mineralizacdo completa dos
poluentes (BAHE, 2008).

Processo eletroquimico direto: A eletrolise € um processo eletroquimico que corre
quando se aplica uma diferenca de potencial elétrico a dois ou mais eletrodos submersos em
uma solucdo condutora. Devido a eletrdlise diversos fendmenos fisico-quimicos podem ocorrer
tais como: precipitacdo quimica, sedimentacdo, formacdo de gases, oxidacdo e reducdo de
compostos, etc.. Estes processos podem ser direcionados de acordo com o material dos
eletrodos, a diferenca de potencial aplicada ao sistema e 0s compostos presentes na solucéo. O
processo eletroquimico pode efetivamente reduzir dois principais poluentes presentes no
lixiviado de aterro sanitario, a matéria organica e o nitrogénio amoniacal (MORAES;
BERTAZZOLI; 2005; MANDAL; DUBEY; GUPTA, 2017).


https://scholar.google.com.br/citations?user=gLXcah0AAAAJ&hl=pt-BR&oi=sra

27

Sistemas de evaporacéo: A evaporagédo do chorume permite elevada diminuicdo de seu
volume. Para realizar o processo pode-se fazer uso da energia solar conduzindo a uma
evaporacdo natural, ou a queima do gas do aterro, o que caracteriza uma evaporacgédo forcada.
A tecnologia de evaporacdo tem baixo custo de implantacdo e é de facil manutencdo. A
evaporacdo natural se aplica a regifes de altos indices de insolacdo (regides tropicais e
subtropicais, por exemplo) e a evaporacao forcada possibilita, ainda, a geragdo de créditos de
carbono, fatores que estimularam o emprego de evaporadores convencionais em alguns aterros
no Brasil (Sdo Paulo, Bahia e Rio de Janeiro) (GOMES, 2009).

Sistemas de membranas: Nos ultimos 20 anos, tratamentos mais eficazes baseados na
tecnologia de membrana emergiram como uma alternativa de tratamento vidvel para cumprir
os regulamentos de qualidade da &gua na maioria dos paises. A membrana é uma barreira que
retém todas as particulas, coloides, bactérias e virus, proporcionando uma completa desinfec¢éo
da 4gua tratada. A alta qualidade e a menor flutuacdo do efluente final sdo as especificacbes
importantes dos processos de membrana (HASHEMI et al., 2015).

Processos de tratamento por adsorc¢do: A adsorcdo € um fendmeno de superficie no
qual ocorre transferéncia de massa: uma substancia é transferida da fase liquida para a fase
solida, permanecendo ligada por interacdes fisicas ou quimicas. Esse processo pode ser
reversivel ou irreversivel e esta relacionado a area disponivel do adsorvente, a relagdo entre
massa do adsorvido e massa do adsorvente, pH, temperatura, forcas idnicas e natureza quimica
do adsorvente e do adsorvido (GOMES, 2009).

O carvdo ativado é usado como referéncia em tratamentos de agua e efluentes. Trata-se
de material conhecido por sua complexa estrutura de poros, elevada area superficial e por
apresentar diversos grupos funcionais na superficie, contendo oxigénio, que favorecem a
adsorcdo (BARBOSA etal., 2014). A adsorcdo por meio do emprego de carvéo ativado granular
e carvao ativado em pd vém sendo largamente empregada na remocgao de poluentes organicos
e inorganicos dos chorumes (GOMES, 2009).

As hidrotalcitas sdo hidréxidos duplos lamelares (HDL) com elevada capacidade de
troca anibnica, e vem sendo utilizadas com éxito como adsorventes de contaminantes e anions
entre eles o boro em efluentes industriais (LAZARIDIS; ASOUHIDOU, 2003). A estrutura dos
HDLs é derivada da brucita (Mg(OH),), onde os ions Mg?* sdo coordenados octaedricamente
por grupos hidroxila, com os octaedros compartilhando arestas, formando camadas neutras, que
sdo mantidas empilhadas mediante ligacOes de hidrogénio. Os HDLs podem apresentar grande
variedade de aplicagBes: como catalisadores heterogéneos (BERES et al., 1999), adsorventes
(LAZARIDIS, ASOUHIDOU, 2003; SEIDA, NAKANO, 2002), trocadores anidnicos
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(CONCEICAO, 2007) e em aplicacdes farmacéuticas (COSTA; LADEIRA; COLLI BADINO,
2015). A remocdo de anions de uma solugédo por HDLs, usualmente, ocorre pela combinagao
de dois processos, troca anibnica e adsorcdo (DELAZARE et al., 2014). Alguns exemplos do
processo de remocao mediante a troca aniénica incluem o tratamento de agua para remocao de
compostos de cromo, de fosfatos e boro (DELAZARE et al., 2014; WAJIMA, 2010).

Moringa oleifera, planta pertencente a familia das Moringaceae é nativa da India e
amplamente cultivada nos trépicos de todo o mundo (KARADI et al.,, 2006). Cresce
rapidamente sendo capaz de sobreviver em solos pobres, requerendo o minimo de atencéo, e
em longos periodos de seca (McCONNACHIE et al., 1999). Segundo JOLY (1979), M. oleifera
é uma planta arbérea com longas vagens verdes, sementes aladas, folhas pequenas e flores
brancas perfumadas. As sementes tém sido usadas para remocdo de matéria organica e
clarificacdo de aguas de rios em regides onde ndo existe tratamento convencional. Segundo
Paterniani, Mantovani e Sant'anna (2009), a utilizacdo do agente coagulante da M. oleifera
apresentou resultados significativos, podendo ser considerada como uma técnica alternativa
para o tratamento de agua. Bhuptawat, Folkard e Chaudhari (2007), utilizaram extrato aquoso
de sementes de moringa no tratamento de esgoto resultando em diminuicdo da DQO superior a
50%. A combinagdo de doses de 100mg/L de extrato com 10mg/L de alume aumentou a
remoc¢do de DQO em 64%. A extracao de proteinas das sementes de M. oleiifera com solugdes
salinas e seu uso posterior na vinhacga resultaram em uma remocao de 53-64% da cor inicial
(PRASAD, 2009). O uso de moringa no tratamento de efluentes de usinas de extracdo de 6leo
de palma permitiu eliminar 95% dos sélidos em suspensdo e diminuir a DQO em 52,2%
(BHATIA; OTHMAN; AHMAD, 2007).

Sistema de lagoas: Formado por lagoas artificiais preparadas para receber efluentes
organicos. A degradacdo dos compostos organicos € feita por microrganismos presentes na
lagoa por reacBes que podem ser aerdbias, anaerobias ou a combinacdo das duas. Os sistemas
de lagoas sdo projetados para potencializar ao maximo as reacdes. A temperatura e a insolacao
sdo fatores fundamentais na regulacéo dos processos de degradacdo, tornando este sistema mais
eficiente em climas tropicais e subtropicais (BAHE, 2008; GOMES, 2009).

Filtros bioldgicos:sao reatores preenchidos com material inerte (pedra, plastico, etc.),
que serve de base para a microbiota se fixar e formar os biofilmes. A biomassa microbiana
aderida degrada a matéria organica do efluente que passa pelo reator. Os reatores podem ser
aerdbios e anaerdbios (BAHE, 2008; GOMES, 2009).

Estes dois métodos bioldgicos sdo 0s empregados na Usina de tratamento de chorume

do terro sanitario de Rio Claro — SP.


http://www.sciencedirect.com/science/article/pii/S0304389406009861#!
http://www.sciencedirect.com/science/article/pii/S0304389406009861#!
http://www.sciencedirect.com/science/article/pii/S0304389406009861#!
http://www.sciencedirect.com/science/article/pii/S1385894707000691#!
http://www.sciencedirect.com/science/article/pii/S1385894707000691#!
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3.3 Estacéo de tratamento de chorume de Rio Claro (SP)

Em junho de 2013, Rio Claro passou a ter estacdo de tratamento de chorume dentro do
aterro sanitario. Segundo informagcdes (Gi ARARAQUARA E SAO CARLOS, 2013), a cidade
gera por més 4,8 mil toneladas de lixo, que é levado para o aterro sanitario (Fig. 5), resultando
numa produc&o de cerca 600m*/més de chorume.

Figura 5. Aterro sanitario de Rio Claro - SP.

— s —

Fonte: Imprensa Municipal De Rio Claro (2014).
Em duas ocasides, a Prefeitura de Rio Claro tentou tratar o liquido no aterro, mas o
resultado ndo foi o esperado. Em 2011, o aterro chegou a ser considerado inadequado pelo
levantamento da Companhia de Tecnologia de Saneamento Ambiental (CETESB). Desta
forma, a empresa que 0 opera o servico e o poder publico precisaram fazer varias mudangas
para adequar o aterro as normas determinadas pela legislacdo. Por més, até 30 caminhdes de
chorume chegavam a ser transportados. Porém o transporte deste residuo além de ser perigoso
por se tratar de material altamente contaminado, ainda torna o processo dispendioso. Neste
contexto, a implantacdo de uma estag&o de tratamento de chorume tornou-se viavel (Fig.6).
Segundo Consorcio Pcj- Protecdo Aos Mananciais (2013), a estacdo tem capacidade
para tratar até 1500m3 mensais. A expectativa é tratar 600m®/més (40 caminhdes) provenientes
do aterro de Rio Claro, o que abre a possibilidade de tratar o chorume de aterros de outros

municipios da regido.
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Figura 6. Estagdo de tratamento de Rio Claro — SP

Fonte: Idéia Sustentavel (2014)

3.4. Disposicdo do chorume no ambiente

Segundo Tedesco et al. (2008), o solo possui capacidade de oxidar ou preciptar
poluentes removendo-os da cadeia alimentar de maneira mais eficiente que o ar ou a agua.
Embora a disposicao de residuos no solo seja alvo de muitas discussfes e controvérsias, devido
ao seu potencial toxico, o uso do chorume como fertilizante tem sido sugerido por alguns
autores (JONES; WILLIAMSON; OWEN, 2006). Os investimentos na adubacdo mineral
normalmente sdo elevados e o0 uso de residuos das atividades antropicas resulta em um meio de
promover adubacdo com diminuicdo de custos. Além disso, a disposi¢do desses residuos no
solo tem sido sugerida para recuperacao de areas degradadas (TEDESCO et al., 2008).

Os teores de N-amoniacal e de material organico estabilizado séo caracteristicas que
tornam o lixiviado de aterro potencialmente poluidor, porém estas caracteristicas sdo também
importantes para utilizagdo deste residuo na agricultura. De acordo com Bayer e Mielniczuk
(2008), o residuo condiciona determinadas caracteristicas ao solo, sendo elas quimicas, como a
disponibilidade de nutrientes, a capacidade de troca cationica e a complexagdo de elementos
toxicos e micronutrientes; fisicas, como a melhora da agregacdo do solo; e também
caracteristicas microbiolégicas, por se tratar de uma fonte de carbono, energia e nutrientes para
0S microrganismos.

A contaminagdo por metais pesados € uma das principais preocupacfes quando ha
lancamento de efluentes em solo. Porém, a concentracdo destes metais se torna pequena, em
lixiviados de aterros sanitarios em fase de envelhecimento, na fase metanogénica. Esses baixos

teores sao atribuidos ao fato de que o chorume produzido nesta fase apresenta pH alcalino, o
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que contribui para manter os metais em sua forma insoldvel (SANTOS, 2010). A baixa
concentracdo de metais no chorume faz com que esses elementos ndo sejam limitantes a sua
disposicdo em areas agricolas. Entretanto, esse produto carrega consigo alta carga organica e
minerais dissolvidos, como o N-amoniacal, potassio e sodio que, quando em altas

concentragdes no solo, podem proporcionar impactos negativos no ambiente.

3.5 Avaliacao de toxicidade de efluentes

Convencionalmente, a avaliacdo de perigo do lixiviado de aterro € baseada na
identificacdo de contaminantes individuais mediante analises quimicas. Embora, estas analises
possam determinar o conjunto de contaminantes presentes, em muitos casos, uma grande parte
dos poluentes toxicos, permanecem ndo detectados (GHOSH; THAKUR; KAUSHIK, 2017).

Para avaliacdo do potencial poluente do lixiviado de aterro sanitario, ensaios com
organismos testes tém sido indicados. Deve-se considerar que o efeito toxico sobre os sistemas
bioldgicos é exercido pela acdo combinada de todas as substancias nocivas presentes no meio,
incluindo aquelas que ndo sdo tdxicas por si mesmas, mas que afetam as propriedades fisico-
quimicas do sistema e consequentemente as condi¢bes de vida dos organismos (RONCO;
BAEZ; GRANADOS, 2004). A interacdo entre diferentes métodos de avaliagdo de potenciais
toxicos fornecem uma visdo mais global e abrangente sobre o efeito de um agente quimico. Os
testes toxicoldgicos fornecem dados compreensiveis sobre os efeitos prejudiciais em
organismos teste, além de permitir a avaliacdo dos efeitos combinados de substancias toxicas
sobre os organismos (FISKESJO, 1988; LEME;MARIN-MORALES, 2009).

Malara e Oleszczuk (2013) aplicaram testes comerciais para a avaliagdo da toxicidade
de lixiviados de solos alterados por lodo de esgoto, como: Microtox (Vibrio fischeri), Ensaio
microbiano para avaliacdo de risco toxico (dez bactérias e uma levedura), Protoxkit F ™
(Tetrahymena thermophila), Rotoxkit F ™ (Brachionus calyciflorus) e Daphtoxkit F ™
(Daphnia magna). Kal¢ikova et al. (2015), submeteram lixiviado de aterro, usado para co-
disposi¢éo de residuos municipais e de curtumes, aos tratamentos de coagulacdo, remocao por
ar, adsorcéo por carbono ativado granular e oxidagdo por Fenton com o objetivo de diminuir a
toxicidade do lixiviado. A aplicacdo de bioensaios foi Util para avaliar a adequacao dos métodos
de tratamento e demonstrou que eles sdo, juntamente com parametros fisico-quimicos, uma
parte indispensavel para monitorar a eficiéncia do tratamento. Chu, Zhu e Liu (2015) também
consideraram bioensaios para avaliar a toxicidade e a eficiéncia de tratamento eletroquimico do

lixiviado de aterro biotratado usando um catodo contido em nanocombustivel de carbono
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poroso. Gupta e Paulraj (2017) utilizaram Triticum aestivum (trigo) como organismo teste para
avaliar toxicidade de lixiviados coletados do aterro de Ghazipur, Nova Delhi. O objetivo
principal deste estudo foi avaliar a toxicidade do lixiviado de aterro e estabelecer uma possivel
correlacdo entre os parametros fisico-quimicos medidos e a toxicidade resultante. A analise
estatistica mostrou que a toxicidade dependia da concentracdo de metais pesados (Pb, Cu),
condutividade e matéria organica (COD e BOD:s). Fauziah, Izzati e Agamuthu (2013) utilizaram
a espécie de peixe Anabas testudineus com o objetivo de determinar o efeito de toxicidade de
diferentes tipos de lixiviados de aterro. Foram observados efeitos como a descoloracédo dos
peixes expostos, devido a perda de pigmento causada, provavelmente, pela intoxicacdo por
amonia. Mudangas comportamentais incluiram desordem de natacdo, perda de equilibrio, acdo
de pulo incomum e debilidade nas atividades gerais, estas provavelmente devido ao efeito da
neurotoxina influenciada pela exposicédo ao lixiviado. Além de alta taxa de mortalidade.

O teste ecotoxicoldgico mede os efeitos de diferentes concentracdes de uma amostra em
individuos de uma determinada espécie. A concentracdo de efeito CEso ou a concentracdo letal
CLso corresponde a concentracdo da amostra responsavel pelo efeito em 50 % dos organismos
testados. Estes testes podem ser agudos ou cronicos, dependendo da sua duracdo e o efeito
observado. No caso dos testes agudos o efeito avaliado relaciona-se as taxas de mortalidade, de
imobilizacdo ou de inibicdo do crescimento e quanto menor for este valor, mais elevada é a
toxicidade da amostra (ECOTOXICOLOGIA, 2017).

Os testes de toxicidade estabelecem limites de concentracdo ou quantidade de
substancias quimicas aceitaveis no ambiente, por meio de estudos sobre os efeitos tdxicos
dessas substancias nos organismos e nos ecossistemas, desta forma o uso de bioensaios tem
sido desenvolvidos e devem ser considerados como uma tendéncia na avaliacdo da eficiéncia
de tratamentos. O uso de bioensaios como ferramentas de triagem para caracterizar
contaminantes em uma variedade de matrizes ambientais como lixiviados de aterro tornou-se

uma ferramenta popular e poderosa no campo da toxicologia ambiental (WILKE et al, 2008).
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4 CAPITULO1

Nesta primeira etapa do trabalho foram avaliadas as caracteristicas fisico-quimicas,
microbioldgicas e de toxicidade do chorume bruto e tratado da Estacdo de tratamento de Rio
Claro-SP. Foram colhidas amostras em periodos de estiagem e de chuvas, para constatacao da
eficiéncia do tratamento desenvolvido na estacdo. Além disso, foram analisadas as
possibilidades de tratamento bioldgico com microrganismos isolados do préprio chorume e com

microalgas.

4.1. MATERIAL E METODOS

4.1.1. Caracterizacdo do chorume bruto e tratado proveniente da Estacéo

e tratamento de chorume de Rio Claro — SP

O chorume foi submetido as anédlises determinadas pelo artigo 18 do decreto lei
8468/1976 (SAO PAULO, 1976) e pela resolucdo Conama 430/2011 (BRASIL, 2011), que
trata dos padrdes de emissdo de efluentes, além de outras analises complementares para uma
melhor caracterizacdo das amostras. Foram feitas 4 coletas 2 em periodos secos (julho /2014 e
agosto/2015) e 2 em periodos chuvosos (mar¢o/2015 e fevereiro/2016) para verificagdo da
variacdo média dos componentes do chorume.

A estacdo de tratamento funciona da seguinte maneira: o chorume é transportado por
drenos até a estacdo e desagua em trés lagoas consecutivas que servem de reservatorio e
decantacdo. Na terceira ha o bombeamento do liquido para um reator microbioldgico e
posteriormente para um sistema de filtros. Todo o material liquido vai para a quarta lagoa, de

onde partira para o destino final (Fig. 7).
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As coletas de chorume bruto foram feitas na tubulacdo antes de desaguar no reservatorio
(Fig. 7, ducto A) e as coletas de chorume tratado na saida logo ap6s o tratamento (Fig. 7,
reservatorio 6). Na segunda coleta ndo foi permitida a entrada na estacao para coleta de chorume
tratado, assim o chorume coletado foi retirado apds tratamento, mas na tubulacéo (Fig.7, ducto
B) que des&gua na quarta piscina onde é armazenado o chorume tratado para descarte.
Figura 7. Esquema da estagdo de tratamento de chorume de Rio Claro -SP. 1, 2 e 3: lagoas de
armazenamento de chorume bruto; 4: reator microbioldgico e sistema de filtragens; 5:
reservatorio de chorume tratado; 6: lagoa de armazenamento de chorume tratado; A: ducto que

traz chorume bruto do aterro; B: ducto que leva chorume tratado para a quarta piscina.

Fonte: Esquema elaborado pela autora.
As amostras coletadas na estacdo de tratamento de chorume de acordo com APHA
SMEWW (2012), foram acondicionadas em bolsas térmicas, mantidas entre 5 e 10°C e

tranportadas ao laboratorio.

4.1.1.1. Analises microbioldgicas

As analises microbiol6gicas foram realizadas imediatamente ap6s a chegada das
amostras no laboratorio.

Contagem microbiana: Procedeu-se a contagem de bactérias heterotroficas totais pela
técnica “Pour-Plate” em meio Plate Count Agar com adicdo de actidiona (5ppm), segundo
norma técnica L. 5.201 (CETESB, 1986). Para contagem de leveduras e fungos filamentosos,

efetuou-se plaqueamento “Spread-Plate” em meio Sabouraud Dextrose Agar com adicdo de
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antibidtico (cloranfenicol, 5ppm). As placas com bactérias foram mantidas em estufa a
temperatura de 35°C por 24 horas e as com fungos e leveduras a 28°C por 72 horas.
Para contagem de coliformes totais e Escherichia coli, as amostras foram diluidas 100

vezes e analisadas pelo método Colilert®.

4.1.1.2. Andlises fisico-quimicas

Condutividade, foi determinada por condutivimetro (Marte®, model MD-11), pH, por
pHmetro (Digimed®, model DM-22). Turbidez, por espectrofotometro (Nanocolor®
Marchery-Nagel). Cor verdadeira, as amostras foram filtradas (kit membrana 0,45um) e
analisadas por determinacgdo fotométrica (Nanocolor® spectrophotometer Marchery-Nagel, A
433nm). Sélidos sedimentaveis em cone Imhoff.

Cloretos foram determinados pelo método de Mohr (TITRATIONS.INFO, 2016).
Amonia por eletrodo seletivo para ion de amonia (Thermo Fisher Scientific, Orion Products).
Fendis, cianetos, sulfetos e sulfatos, Aluminio, Arsénio, Boro, Bario, Cadmio, Cobre, Cromo,
Cromo hexavalente, Estanho, Ferro soltvel, Fluoretos, Manganés, Mercurio, Niquel, Prata,
Selénio, Sadio e Zinco foram determinados no Laboratdrio de Analises Ambientais Sdo Lucas
- Rio Claro -SP. De acordo com a tabela 2.

Tabela 2. Pardmetros analisados e metodologia usada no Laboratério Sdo Lucas Analises

Ambientais.
Parametros Métodos
Arsénico e Antimdnio e arsénico (absorcao atdbmica, reducao boro-hidreto)
antiménio (USEPA, 1994)
Metais totais Espectrometria de emissdo atbmica — plasma acoplado

indutivamente (USEPA, 2007)
Método: 3030E (APHA SMEWW, 2012)
Método: 3500 Cr B (APHA SMEWW, 2012)
Metais dissolvidos  Método 3030E (APHA SMEWW, 2012)
Espectrometria de emissdo atbmica — plasma acoplado
indutivamente (USEPA, 2007)

Mercurio Mercudrio em residuos liquidos (Manual técnica de vapor-frio)
(USEPA, 1994)
Espectrometria de emissdo atbmica — plasma acoplado
indutivamente (USEPA, 2007)

Anions Determinacdo de anions inorganicos em agua potavel por
cromatografia idnica (USEPA, 1997)

Cianetos Método: 4500-Cn , D e E (APHA SMEWW, 2012)

Sulfetos Método: 4500-S2 D (APHA SMEWW, 2012)

Fonte: Laboratdrio de analises ambientais Sdo Lucas, Rio Claro — SP.
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DBOs (Demanda Bioguimica de Oxigénio em 5 dias) e DQO (Demanda Quimica de Oxigénio)
de acordo com APHA SMEWW (2012).

4.1.1.3. Andlises de toxicidade

Os ensaios de toxicidade com os microcrustaceos Daphnia similis, Ceriodaphnia dubia
e com o verme platelminto Dugesia tigrina foram realizados no Laboratorio de Toxicidade de

Aguas do Departamento de Bioquimica e Microbiologia.

4.1.1.3.1. Ensaios de toxicidade com Daphnia similis

Os ensaios de toxicidade aguda com microcrustdceo D. similis, foram conduzidos
segundo a NBR 12713 (ABNT, 2009). O CEsp, concentragcdo minima capaz de causar efeito
deletério em 50% dos organismos testes, foi determinado para as 4 coletas.

As analises estatisticas dos resultados (CEso) foram calculados pelo método Trimmed
Spearman-Karber usando o software Jspear (HAMILTON; RUSSO; THURFTON., 1977).

4.1.1.3.2. Ensaios de toxicidade com Ceriodaphnia dubia
Os ensaios de toxicidade crénica com o microcrustaceo C. dubia foram realizados
segundo a NBR 13373 (ABNT, 2010). O ICPsp, concentracdo de inibicdo: concentracao real da
amostra que causa reducdo de 50% na reproducdo dos organismos-testes em relacdo ao controle
foi determinado para a primeira coleta.
As andlises estatisticas dos resultados (ICPso) foram calculadas pela prova de Fisher
utilizando o software TOXSTAT versdo 3.5® (WEST; GULLEY, 1996).

4.1.1.3.3. Ensaios de toxicidade com Dugesia tigrina

Os ensaios de toxicidade aguda com o verme platelminto, D. tigrina, popularmente
conhecido como planéria, foram realizados com chorume bruto e tratado nas concentracfes 1 e
2%, com 4 replicas para cada tratamento e controle, com 10 organismos neonatos (0 a 10 dias
de vida) em cada recipiente. As leituras de sobrevivéncia foram feitas em dias alternados por
30 dias (NOVAES et al., 2014). Os organismos foram alimentados 1 vez por semana e 0S

recipientes esgotados e completados novamente com chorumes nas concentragdes citadas. As
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amostras foram mantidas congeladas durante o periodo do teste. Este bioensaio foi conduzido

para a primeira coleta.
4.1.2. Ensaio de despolui¢cdo com microrganismos isolados do chorume

A obtencdo do in6culo foi feita mediante plaqueamento do chorume segundo item 4.1.1
sem adicdo de actidiona e antibidticos. As coldnias crescidas foram transferidas para
erlenmeyers contendo chorume diluido a 50% com 0,5% de melaco. Os frascos foram mantidos
sob agitacdo por 48h. O melago foi usado como fonte de carboidratos para ativar o inoculo.
Este produto foi escolhido por ser um subproduto das usinas de agucar, haver disponbilidade e
ser de facil aquisi¢do na regido. Este melago foi fornecido pela Usina Rio Pardo instalada no
municipio de Cerqueira César — SP.

Frascos contendo 100mL de chorume bruto com e sem adicdo de 0,5 e 2% de melaco,
foram inoculados com 1mL do in6culo obtido e mantidos sob agitagdo e temperatura ambiente
por 96 horas. O objetivo deste experimento foi definir o fator restritivo para o crescimento
microbiano no chorume. Apoés este periodo foram analisadas DBOs, DQO e amo6nia. Foram

feitas contagens microbianas iniciais e finais. O experimento foi conduzido em triplicata.
4.1.3. Ensaio de despolui¢cdo com microalgas

As microalgas foram fornecidas pelo Prof. Dr. Luiz Eduardo Aparecido Grassi,
Universidade Estadual do Mato Grosso do Sul (UEMS). As algas foram cultivadas em aquario
contendo meio de cultura para algas verdes unicelulares segundo NBR13373 (ABNT, 2010)
(Fig. 8).

Figura 8. Aquario para cultivo de algas unicelulares.

Fonte: Foto feita pela autora.
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Frascos contendo 200mL de chorume bruto nas concentragdes 10; 25; 50 e 100% foram
inoculados com 5mL da cultura mista de algas e mantidos sob aeragéo, iluminacéo artificial e
temperatura ambiente (Fig. 9). Foram feitas contagens em camara de Neubauer inicial, com 24;
72; 144; 216 e 312horas. Apos este periodo foram centrifugadas e analisadas DBOs, DQO e
amonia. O experimento foi conduzido em duplicata e um controle (sem indculo) para cada
concentragéo.

Figura 9. Chorume inoculado com algas.

cybe eI

Fonte: Foto feita pela autora.
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4.2 RESULTADOS E DISCUSSAO

4.2.1 Caracterizacédo do chorume bruto
Os resultados da caracterizacdo dos chorumes bruto e tratado estdo apresentados nas tabelas
3; 4 e 5. A andlise destas tabelas permite a constatacdo de que os parametros que elevam a
toxicidade do chorume e que estdo em desacordo com a legislagdo mantiveram-se nas 4 coletas

independentemente do periodo analisado (seco ou chuvoso).

4.2.1.1 Contagem microbiana

Os resultados registrados na tabela 3, indicam que no chorume bruto, as quantidades de
bactérias heterotrdficas totais e fungos apresentam valores baixos se comparados aos de
efluentes provenientes de esgoto doméstico. Isto permite supor que as condi¢Bes deste chorume
ndo sdo favoraveis ao crescimento microbioldgico, podendo prejudicar um tratamento bioldgico
baseado apenas na biodegradacao. Apos tratamento feito na estacdo ndo houve alteracédo efetiva
nas contagens de bactérias e fungos. No chorume bruto, os indices de coliformes totais e E.
coli estdo acima do valor maximo permitido para descarte em rios de classe 2 (VMPr), segundo
0 artigo 11 (SAO PAULO, 1976) (Tab. 3). Este padrdo de comparacdo foi adotado por serem
os rios desta regido do estado de Sdo Paulo, em sua maioria, de classe 2. Apds tratamento esses

indices diminuiram e adequaram-se a legislacéo.
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Tabela 3. Quantificacdo de fungos, bactérias, coliformes totais e E. coli das 4 coletas dos
chorumes bruto (B) e tratado (T). VMPr - valor maximo permitido para rios classe 2 pelo
artigo11 (SAO PAULO, 1976).

Parametros Amostras

1 2 3 4 VMPr

B T B T B T B T

Bactérias
heterotroficas
(10*UFC/mL) 2,4 2 2,8 24 1,8 3,7 13 43 NA
Fungos 2,6 7,6 4
(UFC/mL) 10° 103 810° 10° 10 <100 5 3 NA
Coliformes
totais 1200 1500 5000
(NMP/100mL) 16500 1090 14280 1010 19500 21430
E. coli
(NMP/100mL) 980 <100 940 <100 900 <100 740 <100 100

Fonte: Dados da pesquisa. NA: ndo se aplica.

4.2.1.2 Anélises fisico-quimicas

Dentre os parametros inseridos na tabela 4, pH e sélidos sedimentaveis estdo enquadrados
nos valores determinados pela legislagdo. Com relagéo aos demais parametros, embora néo haja
valores determinados pelas normas que regem os langamentos de efluentes, os resultados
indicam indices que com probabilidade elevada causardo impactos em um tratamento
microbioldgico ou no ambiente em que este lixiviado possa, eventualmente, ser descartado.

A condutividade de rios de dgua doce varia entre 0 e 800 uS/cm; agua de rios marginais de
800-1600 pS/cm; agua salobra de 1600-4800 uS/cm; agua salina acima de 4.800 pS/cm e agua
do mar em torno de 51500 puS/cm (AGSOLVE, 2016). Os valores registrados na tabela 4 estdo
acima dos valores dos corpos receptores de agua doce e enquadram-se entre os valores de agua
salina e marinha. A condutividade esta relacionada diretamente com a salinidade (OLIVEIRA,;
CAMPOS; MEDEIRQOS, 2010). A introducdo de um efluente com elevada salinidade pode
desestabilizar o equilibrio osmotico da biota presente no corpo receptor na regido de lancamento
do lixiviado. O tratamento diminuiu a condutividade, mas ainda manteve os indices elevados.

Quanto a cor verdadeira os valores encontrados sao altos (tabela 4), considerando-se o valor
maximo de cor permitido de 15U.C. na &gua distribuida para populagdo (BRASIL, 2011). Nos
rios a alteragdo na cor da agua é devida a presenca de substancias de origem natural como acidos
hamicos e fulvicos e presenga de metais caracteristicos das rochas locais que passaram por

processo de dissolucdo, responsaveis pela cor amarelada da agua. Oliveira; Campos; Medeiros
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(2010) consideraram 75 Pt Co/L valor acima do aceitavel para rio de classe 2. A remocéo de
cor atingida pelo tratamento n&o chega a 10%.

A turbidez é provocada pela presenca de particulas suspensas na agua, o valor maximo
permitido de turbidez na agua de abastecimento publico € de 5,0 NTU (SABESP, 2016). Os
valores de turbidez do chorume alcancam valores acima de 88 NTU, sendo que o tratamento
aplicado removeu em média 36% (tabela 4).

Segundo AMOR et al. (2015) o lixiviado de aterro novo (<5 anos) € normalmente
caracterizado por altas concentragbes DBO (4000-15000 mg O2/L) e DQO (25.000-60.000
mgO2/L), concentracdo de amdnia de 500-2000 mg/L, relagdo BODs / COD de 0,15 a 0,25 e
pH 4. Os valores registrados na tabela 4 demonstram que o chorume amostrado encontra-se em
fase de envelhecimento com DQO e DBOs com meédias em torno de 3400mg/L e 600mg/L
respectivamente, com relacdo DBO/DQO de 0,17 e pH acima de 7, entrando na fase
metanogénica. O tratamento consegue remover em média 16% da DQO e 57% da DBOs, porém
este indice ndo alcanca o imposto pela legislagdo que determina 80% de remocdo de DBOs
(SAO PAULO, 1976).

Os indices de remocéo de cor, turbidez, DQO e DBO alcancados pelo tratamento ndo
foram observados na coleta 2 (tab. 4), evidenciando problemas no funcionamento da estacéo de
tratamento no dia de coleta.

Tabela 4. Andlises de pH, condutividade, cor, turbidez, sélidos sedimentaveis, solidos totais,
DQO e DBOs dos chorumes bruto (B) e tratado (T). VMP — valor méximo permitido pelo
artigo18 (SAO PAULO, 1976).

Parametros Coletas VMP
1 2 3 4
B T B T B T B T

pH 7,75 8,11 8,11 848 7,72 864 762 815 5-9
Condutividade

(mS/cm) 26,05 17,36 22,21 20,42 2892 2519 32,73 16,15 Na
Cor  verdadeira

(Pt ColL) 5340 5080 5660 5640 6400 6000 6980 6500 Na

Turbidez (NTU) 89,8 574 982 90,2 885 566 102 784 Na
Sélidos
sedimentaveis

(mL/L) <01 <01 <01 <01 <01 <01 <01 <01 <01
DQO (mg/L) 3600 2800 2720 2712 4576 4106 2677 2242 Na
DBOs (mg/L) 264 119 636 636 516 180 643 359 60

Fonte: Dados da pesquisa.
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Com relagéo aos metais analisados inseridos na tabela 5, de acordo com o artigo 18 do
Decreto Estadual 8468-1976, apenas o Boro apresenta valor acima do permitido por lei. O boro
estd presente na composicao de vidros, aditivos para fibra de vidro, ceramicas, inseticidas e
fertilizantes. O aparecimento deste elemento em quantidade acima do esperado no lixiviado,
deve-se provavelmente a introducéo de lixo industrial no aterro sanitario. Rio Claro e cidades
vizinhas como Santa Gertrudes e Cordeirdpolis fazem parte de importante polo ceramico do
Estado de Sao Paulo. Até o ano de 2002, todo o residuo urbano coletado do municipio de Santa
Gertrudes, cerca de 2,1 toneladas diérias, era enviado ao Aterro Sanitario de Rio Claro
(DOMINGOS, 2004). Além disso, no municipio de Rio Claro existem industrias de fibra de
vidro. Hoje os residuos industriais ndo sdo misturados aos residuos domésticos, mas como
chorume produzido no aterro é proveniente de cavas antigas e novas, talvez esse excesso de
boro seja oriundo do percolado destas cavas antigas.

Os valores méximos de sodio e de cloretos descartados em efluentes ndo séo determinados
pela legislacdo, porém a ciéncia descreve que estes elementos podem causar desequilibrio
osmotico em corpos receptores no ponto de seu lancamento e desestabilizacdo do solo afetando
0 crescimento de plantas.

O sodio é um elemento que estd presente na forma de sais altamente solGveis em quase
todas as 4guas podendo ser considerado um dos elementos mais abundantes na Terra (CETESB,
2009). No chorume a concentracdo de sddio atingiu valores acima de 1700mg/L (tabela 3). O
limite estabelecido pela OMS para sodio nas aguas potaveis é 200 mg/L (WHO, 2004).

Os cloretos também apresentaram niveis elevados nas amostras analisadas, comprovando o
alto teor de sais contidos no chorume. A Portaria 2914/2011 do Ministério da Satde (BRASIL,
2011) estabelece o valor maximo de 250 mg/L de cloreto na dgua potavel como padrao aceitavel
de consumo.

O tratamento aplicado ndo foi capaz de remover boro, sodio e cloretos eficientemente
do chorume.

A presenca de aménia em niveis altos (tabela 5) comprova que o lixiviado estd numa fase
intermediaria de envelhecimento, adquirindo caracteristicas da fase metanogénica onde 0s
niveis de nitrogénio amoniacal podem chegar a 3000-5000mg/L (AMOR et al, 2015). O
tratamento removeu em média cerca de 44% da amonia, exceto na coleta 2 onde o indice

diminuiu para 10%.
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Tabela 5. Andlises quimicas de metais e ndo metais do chorume bruto (B) e tratado (T). VMP

—valor maximo permitido pelo artigo18 (SAO PAULO, 1976). VMPr - valor maximo permitido

para rios classe 2 pelo artigo11 (SAO PAULO, 1976).

Metais Coletas (mg/L) VMP  VMPr
1 2 3 4 Art.18

B T B T B T B T
Arsénio 0,046 - 0,045 - 0,044 - 0,025 - 0,2 0,1
Bario 0,210 - 0,198 - 0,220 - 0,173 - 50 1,0
Boro 7 7,5 7,68 6,38 8,24 6,92 7,2 8,62 5,0 50
Cadmio <0,001 - <0,001 - <0,001 - <0,001 - 0,2 0,01
Chumbo <0,005 - <0,005 - <0,005 - <0,005 - 0,5 0,1
Cobre <0,005 - <0,005 - <0,005 - <0,005 - 1,0 1,0
Cromo 0,300 - 0,198 - 0,259 - 0,151 - 50 0,05
Cromo - -
hexa- <0,100 <0,100 <0,100 - 0,05 - 0,1 0,1
valente
Estanho 0,038 - 0,039 - 0,075 - 0,038 - 4,0 2,0
Fe sollvel 1,80 - 1,86 - 1,8 - 0,966 - 15,0 15,0
Fluoreto <10,000 - <10,000 - <10,000 - <2,000 - 10,0 10,0
Manganés 0,280 - 0,188 - 0,151 - 0,208 - 1,0 1
Mercario  <0,0002 - <0,0002 - <0,0002 - <0,0002 - 0,01 0,002
Niquel <0,130 - 0,186 - 0,251 - 0,119 - 2,0 2,0
Prata <0,005 - <0,005 - <0,005 - <0,005 - 0,02 0,02
Sodio 1823 1788 1747 1899 1905 1938 1719 1688 NA NA
Selénio <0,005 - <0,005 - <0,005 - <0,005 - 0,02 0,01
Zinco 0,310 - 0,153 - 0,219 - 0,100 - 50 5,0
Nao
metais
Cloretos 3201 2977 2856 2803 3802 3469 2625 2426 NA NA
Cianeto <0,004 - <0,004 - <0,004 - <0,002 - 0,2 0,2
Sulfeto <0,002 - <0,002 - <0,002 - <0,002 - NA NA
Sulfato <50,000 - <50,000 - <50,000 - <10,000 - NA NA
Fenol 0,066 - 0,042 - 0,061 - <0,006 - 0,5 0,001
Amobnia 2525 1324 3570 3188 2250 1098 2627 1686 NA 0,5

Fonte: Dados da pesquisa. NA: ndo se aplica. (-) Nao quantificado.

4.2.1.3 Ensaios de toxicidade

Os ensaios de toxicidade para D. similis foram feitos para as 4 coletas. Os testes com C.

dubia e D. tigrina foram executados apenas para a primeira coleta.

4.2.1.3.1 Ensaio de toxicidade aguda com D. similis

Como mostra a tabela 6, tanto o chorume tratado como o bruto apresentam indices de

toxicidade elevados. O tratamento do efluente ndo resultou em melhora na qualidade com

relacdo a toxicidade aguda para D. similis.
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Tabela 6: Toxicidade para D. similis, do chorume bruto e tratado das 4 coletas

Coletas
1 2 3 4
Bruto CEso*(%) 3,99 2,82 1,75 1,23
Tratado CEso (%) 4,04 3,00 1,78 1,33
*CEso (Concentracdo minima capaz de causar efeito deletério em 50% dos organismos testes).

Fonte: Dados da pesquisa.
4.2.1.3.2 Ensaio de toxicidade com C. dubia

Este teste cronico de 7 dias foi elaborado com chorume bruto e tratado. O 1CPsp (concentragao
de inibicdo): concentracdo real da amostra que causa redugdo de 50% na reproducdo dos
organismos-testes em relacdo ao controle, foi de 0,88% para o chorume bruto e de 0,84% para
o tratado. Isso quer dizer que as amostras teriam que ser diluidas a concentracdes de 0,88% e
0,84% (bruto e tratado) para que houvesse sobrevivéncia de 50% dos filhotes de C. dubia, 0
que evidencia um alto grau de toxicidade dos efluentes para este organismo.

4.2.1.3.3 Ensaio de toxicidade com D. tigrina

A figura 10 mostra a porcentagem de sobrevivéncia das planarias frente aos efluentes
bruto e tratado em diluicbes de 1 e 2% durante 30 dias. Devido aos altos indices de
condutividade, substancias toxicas como amonia e cloretos entre outras a sobrevivéncia destes
organismos testes € muito comprometida. Mesmo em concentragdes baixas (1 e 2%) o chorume
mesmo tratado ainda se mostra toxico, com 100% de mortalidade ao final dos 30 dias.

Figura 10. Porcentagem de sobrevivéncia de D. tigrina (08/agosto a 07/setembro).
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Fonte: Dados da pesquisa.
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4.2.2 Ensaio de despolui¢do com in6culo isolado do chorume

A tabela 7 mostra que houve crescimento consideravel de microrganismos com adicao
de melaco ao chorume, isto demonstra que apesar da toxicidade alta, o que realmente restringe
0 crescimento de microrganismos € a falta de alimento, a matéria orgénica presente no chorume
€ muito recalcitrante pois ja passou por processos de decomposicao dentro do aterro sanitario.

Os niveis de DBOs e DQO, como era de se esperar aumentaram consideravelmente com
adicdo do melago, em 96 horas 0s microrganismos ndo conseguiram consumir toda a matéria
organica acrescentada. O aumento de biomassa ndo acarretou diminui¢ao nos niveis de amonia.
Tabela 7. Anélises de DBOs, DQO, amonia e contagem microbiana inicial e final do controle

(sem adicdo de melaco) e dos tratamentos com 0,5 e 2% de adicéo de melaco.

DBOs DQO Amobnia Contagem inicial Contagem final

(mg/L) (mg/L) (mg/L) (UFC/mL) (UFC/mL)
Controle 450 1800 2029 1,310° 2,8 10°
Chorume+0,5% 891 2116 1991 2,0 10° 1,7 107
Chorume+ 2% 898 8648 1980 1,810° 2,310’

Fonte: Dados da pesquisa. UFC/mL: Unidades formadoras de col6nia/MI.

4.2.3 Ensaio de despolui¢cdo com microalgas

A tabela 8 mostra que a partir de 144 horas de experimento houve diminuicdo na
populacdo de microalgas em todas as concentracdes de chorume, sendo que no chorume a 100%
este decaimento foi mais evidente. Segundo DESCOVI e GRASSI (2014), em dois meses de
experimento, cerca de 8 espécies sobreviveram no chorume a 25% e apenas duas espécies
conseguiram sobreviver no chorume a 100%.

Tabela 8: Contagem de microalgas (10° org/mL) nos ensaios com chorume bruto a 100; 50; 25
e 10% (B100; B50; B25; B10).

Horas B100 B50 B25 B10
Inicial 12,0 10,8 11,6 11,0
24 9,6 8,4 8,9 9,9
72 12,4 10,6 10,5 10,6
144 10,0 9,9 8,9 8,1
216 5,8 7,1 8,3 7,2
312 2,3 6,4 7,6 7,3

Fonte: Dados da pesquisa.
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As analises de DBOs, DQO e amobnia ao final dos 13 dias mantiveram-se muito
proximas as do controle (sem adi¢do do indculo), sem diferencas significativas entre elas.

As demais etapas e resultados do presente trabalho foram divididos em dois artigos
cientificos.

O primeiro refere-se a estudos sobre a agdo de adsorventes no processo de despoluicéo
do chorume. O trabalho compara a capacidade de adsor¢do de hidrotalcitas, carvédo ativado e
sementes de M. oleifera, na remocao de compostos toxicos no sentido de adequar o lixiviado
tratado aos indices determinados pela legislacao vigente. Este artigo esta publicado na revista
Desalination and Water Treatment (ALMEIDA; OLIVEIRA; ANGELIS, 2017) portanto a
formatacdo das referéncias, tabelas e figuras segue os critérios determinados pele revista.

De acordo com o primeiro artigo, a hidrotalcita obteve os melhores resultados na
despoluicdo do chorume. Sendo assim, o segundo trabalho aprofundou os estudos sobre o
efluente tratado com este adsorvente, avaliando, mediante ensaios de toxicidade, de
biodegradacdo e microbiolégicos, a possibilidade do descarte em solo deste e do lodo do
tratamento. Este artigo foi submetido a revista Desalination and Water Treatment, portanto

obedece as normas da revista para formatagdo das referéncias, tabelas e figuras.
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4.3 CONCLUSAO

Com relacdo as coletas, pode-se concluir que o tratamento desenvolvido na esta¢do nao
foi capaz de melhorar efetivamente as condi¢6es do chorume bruto, ndo adequando parametros
como DBOs, boro, amonia entre outros as condi¢des determinadas pela legislagao.

Com relacdo a coleta 2, devido a fatores estruturais e de funcionamento da estacdo, o
tratamento ndo pode ser conduzido dentro da normalidade, acarretando resultados muito aqguém
dos esperados.

As tentativas de despoluicdo com indculo isolado do chorume e com algas nédo
apresentaram resultados satisfatérios demonstrando que devido as condi¢des do chorume em
fase metanogénica, onde a matéria organica presente é de dificil biodegradacdo e indices de
nitrogénio amoniacal sdo elevados, a eficiéncia de um tratamento bioldgico fica comprometida.
Os altos niveis de condutividade, cloretos, sodio, boro entre outros determinam a necessidade
de buscar alternativas de tratamentos que consigam remover a toxicidade e adequar o efluente

as normas impostas pela legislacdo para o seu descarte seguro no ambiente.
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RESUMO

O lixiviado gerado pela decomposicdo do lixo é formado por compostos organicos e
inorganicos toxicos, possui alta concentracdo de sais e organismos patogénicos que podem
provocar danos ambientais. O uso de adsorventes tem sido avaliado para diminuicdo do
potencial toxico do chorume. Hidrotalcitas, carvao ativado e sementes de Moringa oleifera tém
sido usados para adsorcao e purificacdo de dguas. O chorume foi submetido a analises fisico-
quimicas e microbiol6gicas antes e depois dos tratamentos com estes adsorventes. A
caracterizagdo do chorume constatou pequeno numero de bactérias heterotroficas e fungos
indicando condi¢des desfavoraveis para crescimento microbiolégico. Coliformes totais e E. coli
alcangaram valores médios de 17900 e 890 NMP/100mL respectivamente. As analises fisico-
quimicas do lixiviado indicaram valores elevados para condutividade, cor, turbidez, DQO,
DBOs, amonia, boro, sédio e cloretos. O tratamento com hidrotalcita produziu os melhores
resultados, para remocdo de condutividade, turbidez, DQO, DBOs, boro e am6nia. Porém houve

elevacdo do pH. A hidrotalcita reaproveitada proporcionou resultados razoaveis, porém, com


mailto:nairca2015@gmail.com
mailto:zito@rc.unesp.br
mailto:dangelis@rc.unesp.br
mailto:nairca2015@gmail.com

59

eficiéncia menor que hidrotalcita, ndo removeu boro e os niveis de aluminio e magnesio
aumentaram. CA4% obteve melhores resultados para remocéo de cor e DQO, mas nao removeu
boro e amdnia satisfatoriamente. O carvdo ativado 1% mostrou resultados semelhantes ao
CA4%, com niveis de remocdo inferiores. Semente e extrato de M. oleifera, obtiveram
resultados insatisfatorios para tratamento de chorume. Todos os adsorventes diminuiram em
cerca de 10 vezes a quantidade de bactérias heterotroficas, exceto o extrato de M. oleifera.
Coliformes totais e E. coli ndo resistiram aos tratamentos. Nenhum dos adsorventes removeu

sodio, cloreto ou a toxicidade do chorume.

Palavras chaves: Chorume, lixiviado de aterro sanitario, adsorcdo de boro, hidrotalcita,

Moringa oleifera, carvéo ativado

ABSTRACT

Landfill leachate is formed by organic and inorganic toxic compounds. It has high salt
concentration and pathogenic organisms that can cause environmental harm. Hydrotalcite,
activated carbon and Moringa oleifera seeds have been used for the adsorption of contaminants
and the purification of water. In the present study, landfill leachate was submitted to
physicochemical and microbiological analysis before and after treatment with these adsorbents.
The characterization of the leachate revealed a small number of heterotrophic bacteria and
fungi. Total coliforms and E. coli reached mean values of 17900 and 890 NMP/100 mL,
respectively. The physicochemical analysis indicated high conductivity, color, turbidity, COD,
BODs, ammonia, boron, sodium and chlorides. Treatment with hydrotalcite produced the best
results regarding the improvement in these variables, but led to an increase in pH. Reused
hydrotalcite (Hr) provided reasonable results, but with less efficiency than hydrotalcite.
Moreover, Hr failed to remove boron and aluminum and magnesium levels increased. Four
percent activated carbon (AC4%) obtained better results regarding color and COD, but failed
to remove boron and ammonia efficiently. One percent activated carbon achieved similar results
to AC4%, but with lower degrees of removal. M. oleifera seed and extract achieved
unsatisfactory results. All adsorbents, except M. oleifera extract, decreased the amount of
heterotrophic bacteria approximately tenfold. Total coliforms and E. coli did not resist the
treatments. None of the adsorbents removed sodium, chloride or the toxicity of the leachate.

Keywords: Landfill leachate, boron adsorption, hydrotalcite, Moringa oleifera, activated

carbon
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1. INTRODUCTION

Leachate is one of the most important problems found in landfills. Landfill leachate is a liquid
residue with high amounts of organic and inorganic compounds, a dark color and bad smell
produced by the physicochemical and microbiological decomposition of solid waste. The
composition of leachate varies considerably depending on the nature of the solid waste, the
configuration, management and age of the landfill as well as climatic factors, such as rainfall
and temperature [1].

Landfill leachate contains toxic substances due to improper waste disposal by the population.
Pathogenic organisms are also transmitted by leachate, which can cause environmental harm,
affecting plants, animals and the human population. The high salt concentration in leachate
causes problems with regard to biological treatment systems due to changes in the osmotic
pressure of microbial cells [1]. Salt also corrodes pipes and exerts an influence on the natural
characteristics of aquatic systems. The environmental damage caused by landfill leachate is
significant and could contaminate surface water, soil and groundwater. Thus, the treatment of
leachate is of considerable environmental importance [1].

In most Brazilian cities, leachate is collected from landfills and transported to sewage treatment
plants, where it is subjected to microbiological degradation. After treatment, the leachate is
released into surface water [1;2]. Since the compounds in the leachate are not properly
identified, there is no way to predict whether such treatment is effective. Thus, the implantation
of leachate treatment plants at landfills would be an advance in the search for solutions
regarding the final disposal of this residue and would lead to improvements in environmental
conditions.

Natural and synthetic adsorbents have been evaluated with regard to reducing the toxicity of
leachate. Hydrotalcites are double lamellar hydroxides (DLHs) with a high anion exchange
capacity that have been successfully used as adsorbents for contaminants and anions, such as
borates in industrial effluents [3]. The structure of DLHSs is derived from brucite (Mg(OH)>).
Mg?* ions are octahedrally coordinated by hydroxyl groups, with octahedrons sharing edges
and forming neutral layers that are maintained stacked by hydrogen bonds. DLHs have a wide
variety of applications as heterogeneous catalysts [4], adsorbents [3;5] and anion exchangers
[6] and are also employed in pharmaceutical products [7]. The removal of anions from a
solution by DLHs usually occurs through the combination of two processes: anion exchange
and adsorption [8]. Some examples of the removal process through anion exchange include the

treatment of water for the removal of Cr (V1) compounds, phosphates and boron [8;9].
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M. oleifera is a plant belonging to the family Morigaceae that is native to India and widely
cultivated in tropical regions around the world [10]. This plant grows rapidly and is able to
survive in poor soils as well as throughout long periods of drought [11]. According to Joly [12],
M. oleifera is a tree with long green pods, winged seeds, small leaves and fragrant white
flowers. The seeds have been used for the removal of organic matter and the clarification of
river waters in regions where no conventional treatment is available. Studies involving the use
of M. oleifera as a coagulant agent present significant results, demonstrating that this plant can
be considered a water treatment option [13].

Activated carbon is a material with a complex pore structure, high surface area and several
functional groups on the surface that contain oxygen, which favors adsorption [14]. Thus,
activated carbon is a reference for the treatment of water and effluents.

The aim of the present study was to characterize the leachate composition from solid waste
degradation at the Rio Claro landfill in the state of Sdo Paulo, Brazil, and determine the
absorbent efficiency of hydrotalcite, M. oleifera and activated carbon with regard to

physicochemical and microbiological variables.

2. MATERIAL AND METHODS

2.1. Characterization of landfill leachate from Rio Claro Treatment Plant, S&o Paulo, Brazil
The leachate was subjected to the analysis determined by Article 18 of State Decree 8468-1976
[15], which stipulates standards of effluent emission and complementary analysis for the best
characterization of samples. To determine the mean variation of leachate components, four
samples were collected: two in dry periods (July 2014 and August 2015) and two in rainy
periods (March 2015 and February 2016). The samples collected from the landfill were placed
in ice-cooled thermal boxes with the temperature maintained between 5 and 10°C.

2.1.1. Microbiological analysis:

Microbiological analysis were performed immediately after of samples arrival at the laboratory.
Microbial count: Total heterotrophic bacteria were counted using the pour-plate technique in
PCA medium with addition of 5 ppm of actidione, following technical standard L. 5.201 [16].
For fungal counts, the spread-plate method was performed on a sabouraud dextrose agar
medium (SDA) with the addition of antibiotics (5 ppm of ampicillin and nalidixic acid). The
plates with bacteria were kept at 35° C and those with fungi were kept at 28° C. For total
coliform and Escherichia coli counts, the samples were diluted 100 times and analyzed using
the COLILERT® method.

2.1.2. Physicochemical analysis:
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Conductivity was determined using a conductivity meter (Marte®, model MD-11), pH was
determined using a pH meter (Digimed®, model DM-22) and turbidity was determined using a
spectrophotometer (Nanocolor® Marchery-Nagel). Regarding color, the samples were filtered
(0.45-um membrane filter kit) and analyzed using photometric determination (Nanocolor®
spectrophotometer Marchery-Nagel, A 433nm). Sedimented solids were analyzed in an Imhoff
cone. Chlorides were analyzed using Mohr’s method [17]. Ammonia was determined using a
standard ammonia ion selective electrode (Thermo Fisher Scientific, Orion Products). Phenols,
cyanides, sulfides, sulfates, aluminum, arsenic, boron, barium, cadmium, copper, chrome,
hexavalent chromium, tin, soluble iron, fluorides, manganese, mercury, nickel, silver, selenium,
sodium and zinc were analyzed at the S&o Lucas Laboratory of Environmental Analysis, Rio
Claro, SP, Brazil (Table 1).

Table 1. Variables analyzed and methodology used at Sdo Lucas Laboratory of Environmental

Analysis
Variables Methods
Total metals - Antimony and arsenic (atomic absorption, borohydride
arsenic and reduction)[18]
antimony Inductively coupled plasma-atomic emission spectrometry [19]
Total metals Inductively coupled plasma-atomic emission spectrometry [19]

APHA SMEWW, method: 3030E [20]
APHA SMEWW, method: 3500 Cr B[20]
Dissolved metals APHA SMEWW, method 3030E [20]
Inductively coupled plasma-atomic emission spectrometry [19]

Mercury Mercury in Liquid Wastes (Manual Cold-Vapor Technique) [21]
Inductively coupled plasma-atomic emission spectrometry [19]

Anions Determination of Inorganic Anions in Drinking Water by lon
Chromatography [22]

Cyanides APHA SMEWW, method: 4500-Cn , D and E [20]

Sulfides APHA SMEWW, method: 4500-S2 D [20]

BODs (biochemical oxygen demand in five days) and COD (chemical oxygen demand) were
determined according to the Standard Methods for the Examination of Water and Wastewater
[20].

2.2. Hydrotalcite synthesis

Hydrotalcite was prepared using the co-precipitation method with varied pH [23]. Two
solutions (A and B) were prepared. Solution A: Mg(NO3)2.6H20 and AI(NO3)3.9H.0 at
respective concentrations of 1.0 and 0.5 mol/L. Solution B: Na.COs and NaOH at respective
concentrations 1.0 and 2.5 mol/L. From these concentrations, the formation of a hydrotalcite
with an Al/(Mg+Al) molar ratio of 0.33 was expected [8]. Solution B (200 mL) was placed in
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a nalgene beaker with stirring (200 rpm). The same volume of Solution A was added to Solution
B using a peristaltic pump at a rate of 1 mL/min. Stirring remained constant throughout the
process with the aid of a mechanical stirrer. Homogenization performed for two hours,
producing a precipitate with a pH ~12. The precipitate was aged for 18 hours in an oven at 60°
C for the crystallization of hydrotalcite. The precipitate was then centrifuged and washed
successively with deionized water at a temperature of 75 = 5° C until achieving pH 7. The
crystals were dried in an oven at 100° C for 24 hours and ground in a ball mill. The powdered
sample was calcined at 500° C with a heating rate of 10° C/min for three hours in a muffle
furnace and stored in a desiccator.

2.2.1. Characterization of hydrotalcite

The hydrotalcite was analyzed at the Material Characterization and Development Center of the
Federal University of Sdo Carlos (CCDM - UFSCar), SP, Brazil. The crystalline phases of the
hydrotalcite samples were determined using X-ray diffraction in a Rigaku Rotaflex
diffractometer (model Ru200B) with a copper anode under the following conditions: scanning
between 5 and 70° in 20, with step 0.02° and 3 s per step, 40 kV and 60 mA. Phase identification
was performed by comparison with diffraction patterns using the Search-Match software
(Crystallographica). X-ray fluorescence analysis was performed using the Ranger X-Flash
Technology-Bruker S2 spectrometer calibrated with curves pre-established from international
standards (NIST). The method consisted of oven drying at 110° C and calcination at 1150° C
to determine fire loss and analysis on lithium tetraborate-fused pellet equipment containing the
sample. The surface area was determined using the BET method through the physical
adsorption of nitrogen gas molecules on the sample surface using the FlowSorb Il 2300
Micromeritics equipment. For the determination of thermogravimetry, the sample was heated
from room temperature to 850° C in an inert atmosphere of nitrogen gas at flow rate of 50
mL/min (IT-LCP407 revision 001) and the mass was constantly monitored using a scale. The
thermogravimetric curve and its derivative as a function of temperature were obtained in a TGA
Q500 thermal analyzer (TA Instruments) with heating rate of 20° C/min and an alumina sample
support.

2.3. Reused hydrotalcite

Hydrotalcite (synthesized as described in the item 2.2) was used for the treatment of the leachate
and then submitted to drying in an oven at 100° C for 24 hours and calcinations at 500° C with
a heating rate of 10° C/min for three hours in a muffle furnace to determine whether its
adsorption capacity would be recovered after its use and calcination.

2.4. Preparation of M. oleifera seeds for use as clarifier
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The husks of the seeds were removed. The cotyledons were milled and passed through a 60-
mesh sieve.

2.5. Coagulant extraction of M. oleifera seed for use as clarifier

Various extraction procedures of the active component of M. oleifera are described in the
literature and some are performed with saline, as cited by Okuda et al. [24]. However, due to
the high concentrations of chlorides, sodium, etc. in the leachate, a method that did not add
more salts to the system was employed, which was based on that described by Ribeiro [25] and
Katayon et al. [26]. Five g of milled M. oleifera seeds were placed in 200 mL of distilled water
and stirred rigorously for two minutes. The extract was filtered through a 16pm pore filter and
the volume was adjusted to 500 mL with distilled water. A filtrate sample was weighed, oven
dried at 105° C and weighed again to determine the concentration of M. oleifera extract, which
was 4 g/L. Since, the shelf life of the extract is limited due to biodegradation, the extract was
produced on the days of the tests.

2.6. Activated carbon

Powdered activated carbon (PAC) from Labsynth Products Laboratories Ltd.

2.7. Treatments

2.7.1. Application of hydrotalcite (LH) and reused hydrotalcite (LHr)

The removal experiments were carried out in flasks containing 100 ml of leachate with
hydrotalcite with stirring (250 rpm/30 min) at 28 + 2° C and two hours of decantation. The
same procedure was performed for reused hydrotalcite. A preliminary test was performed with
four hydrotalcite concentrations (2, 4, 8 and 12%) to determine the optimal concentration for
boron removal.

2.7.2. Application of M. oleifera seeds (LMS)

The removal experiments were carried out in flasks containing 100 mL of leachate and 1% M.
oleifera seed with stirring (250 rpm/30 min) at 28 + 2° C and two hours of decantation. It was
not possible to use a 4% concentration due to the excessive increase in turbidity, BODs and
COD.

2.7.3. Application of M. oleifera extract (LME)

In flasks containing 100 mL of leachate, 4% M. oleifera extract was mixed with stirring (120
rpm/4 min) and the mixture was then stirred slowly (30 rpm/25 min). Due to the good results
achieved in previous studies, the technique employed by researchers Ribeiro [25] and Katayon
et al. [26] was used.

2.7.4. Application of activated carbon
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The removal experiments were carried out in flasks containing 100 mL of leachate with 1%
activated carbon (LAC;) and 4% activated carbon (LAC) with stirring (250 rpm/30 min) at 28
+ 2° C and two hours of decantation. Normally, the percentage of activated carbon used in
effluent treatment varies from 1 to 2% [27; 28]. In this experiment the 1% concentration was
used as reference and 4% was used to establish a comparison with hydrotalcite (4%).

All treatments were performed in triplicate and subsequently filtered through 8-pm paper filter
to remove residues from the adsorbents. The results are expressed as mean values.

2.8. Toxicity test with Daphnia similis.

The tests with D. similis were conducted in accordance with NBR Norm 12713 [29].

3. RESULTS AND DISCUSSION

3.1. Characterization of landfill leachate

The characterization of the landfill leachate is presented in Tables 2, 3 and 4. Variables that
increase the toxicity of the leachate and fail to comply with legislation were found in the four
samples regardless of the period analyzed (dry or rainy).

3.1.1. Microbial count

Table 2 displays the data on heterotrophic bacteria and fungi, demonstrating lower values in
comparison to effluents from domestic sewage. One may therefore infer that the conditions of
this leachate are not favorable to microbiological growth and may hinder biological treatment
based only on biodegradation. With regard to total coliforms and E. coli, the values are above
the maximum permitted for disposal in class 2 rivers according to Article 11 [15].

Table 2. Quantification of fungi, bacteria, total coliforms and E. coli in four samples of landfill
leachate; MVPr (maximum value permitted for class 2 rivers by Article 11 [15]).

Variables Samples MVPr
1 2 3 4

Heterotrophic ~ bacteria

(CFU/mL) 2.410% 2810 1810* 1310° NA

Fungi (CFU/mL) 2.610° 810° 10 5 NA

Total coliforms

(MPN/100mL) 16500 14280 19500 21430 5000

E. coli

(MPN/100mL) 980 940 900 740 100

NA: Not applicable
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3.1.2. Physicochemical analysis

Among the variables displayed in Table 3, pH and sedimentable solids are in compliance with
values determined by legislation. Regarding the other variables, although legislation does not
determine maximum indices for the release of effluents, the values found have a high
probability of causing impacts on microbiological treatment or the environment in which this
leachate is eventually discarded. The conductivity of freshwater rivers ranges from 0 to 800
uS/cm, conductivity of water from marginal rivers ranges from 800 to 1600 uS/cm, conductivity
of brackish water ranges from 1600 to 4800 uS/cm, conductivity of saline water is above 4800
uS/cm and conductivity of sea water is around 51500 uS/cm [30]. The values displayed in Table
3 are above those for freshwater rivers and are situated between values for saline and sea water.
As conductivity is directly related to salinity [31], the introduction of an effluent with high
salinity may destabilize the osmotic equilibrium of the biota in rivers in the region where the
leachate is released.

The values for true color were high (Table 3) considering the maximum permitted for water
distributed to the population (151 UC) [32]. A change in water color in rivers may be due to the
presence of natural substances, such as humic and fulvic acids and metals due to the process of
local rock dissolution, turning the water a yellowish color. According to Oliveira et al. [31], 75
PtCol/L is higher than acceptable for a class 2 river.

Maximum turbidity permitted in the public water supply is 5.0 NTU [32]. The turbidity of the
leachate reached values higher than 88 NTU (Table 3).

According to Amor et al. [33], the leachate of a young landfill (< 5 years) is usually
characterized by high concentrations of BODs (4000-15000 mg O>/L) and COD (25000-60000
mgO-/L), ammonia concentration of 500-2000 mg/L, BODs/COD ratio of 0.15 to 0.25 and pH
4. The values displayed in Table 3 show that the leachate is in an intermediate stage of aging
(methanogenic phase), with mean COD and BODs around 3400 and 600 mg/L, respectively, a
BOD/COD ratio of 0.17 and pH above 7.



67

Table 3. pH, conductivity, true color, turbidity, sedimentable solids, COD and BODs of landfill
leachate; MVP (maximum value permitted by Article 18 [15])

Variables Samples MVP
1 2 3 4
pH 1.75 8.11 7.72 7.62 6-9
Conductivity (mS/cm) 26.05 22.21 28.92 32.73 NA
True color (Pt Co/L) 5340 5660 6400 6980 NA
Turbidity (NTU) 89.8 98.2 88.5 102 NA
Sedimented solids (mL/L) <0.1 <0.1 <0.1 <0.1 <0.1
COD (mg/L) 3600 2720 4576 2677 NA
BODs (mg/L) 624 636 516 643 60

NA: Not applicable

Table 4 displays results of the metal and non-metal analysis. Based on Article 18 [15], only
boron is above the limit established by legislation. Boron is found in the composition of glass,
fiberglass additives, ceramics, insecticides and fertilizers. The appearance of this element at an
amount above that expected in the leachate is likely due to the inclusion of industrial waste in
the landfill. Rio Claro and neighboring cities, such as Santa Gertrudes and Cordeirdpolis, are
part of an important ceramic production center in the state of S&do Paulo. Until 2002, all the
urban waste collected from the municipality of Santa Gertrudes (approximately 2.1 tons/day)
was sent to the Rio Claro landfill [34]. Moreover, fiberglass factories are located in the
municipality of Rio Claro. While industrial waste is not currently mixed with household waste,
the leachate is the product of both old and new landfills and this excess of boron may come
from old landfills.

Legislation does not establish maximum sodium and chloride values in effluents, but science
demonstrates that these elements can cause an osmotic imbalance in receiving bodies of water
at the point of release as well as the destabilization of soil, thereby affecting plant growth.
Sodium is present in almost all waters in the form of highly soluble salts and is considered one
of the most abundant elements on earth [35]. In the landfill leachate, the sodium concentration
reached values higher than 1700 mg/L. The limit established by the World Health Organization
for sodium in drinking water is 200 mg/L [36]. High levels of chlorides were also found in the
samples analyzed (Table 4). Ordinance 2914/2011 of the Brazilian Ministry of Health [37]
establishes 250 mg/L as the maximum value for chloride in drinking water. The high levels of

ammonia demonstrate that the leachate is in an intermediate phase of aging, acquiring



68

characteristics of the methanogenic phase, in which ammoniacal nitrogen levels can be between
3000 and 5000 mg/L [33].

Table 4. Chemical analysis of metals and non-metals in landfill leachate (mg/L); MVP
(maximum value permitted by Article 18); MVPr (maximum value permitted for class 2 rivers
by Article 11) [15]

Metals Samples (mg/L) MVP MVPr
1 2 3 4
Arsenic 0.046 0.045 0.044 0.025 0.2 0.1
Barium 0.210 0.198 0.220 0.173 5.0 1.0
Boron 7 7.68 8.24 7.2 5 5
Cadmium <0.001 <0.001 <0.001 <0.001 0.2 0.01
Lead <0.005 <0.005 <0.005 <0.005 0.5 0.1
Copper <0.005 <0.005 <0.005 <0.005 1 1
Chrome 0.300 0.198 0.259 0.151 5.0 0.05
Hexavalent 100 <0100 <0100  0.05 0.1 0.1
chromium
Tin 0.038 0.039 0.075 0.038 4.0 2.0
Soluble iron 1.80 1.86 1.8 0.966 15 15
Fluoride <10.000 <10.000 <10.000 <2.000 10 10
Manganese 0.280 0.188 0.151 0.208 1 1
Mercury <0.0002 <0.0002 <0.0002 <0.0002 0.01 0.002
Nickel <0.130 0.186 0.251 0.119 2 2
Silver <0.005 <0.005 <0.005 <0.005 0.02 0.02
Sodium 1823 1747 1905 1719 NA NA
Selenium <0.005 <0.005 <0.005 <0.005 0.02 0.01
Zinc 0.310 0.153 0.219 0.100 5 5
Non-metals Samples (mg/L) MVP MVPr
1 2 3 4
Chlorides 3201 2856 3802 2625 NA NA
Cyanide <0.004 <0.004 <0.004 <0.002 0.2 0.2
Sulfide <0.002 <0.002 <0.002 <0.002 NA NA
Sulfate <50.000 <50.000 <50.000 <10.000 NA NA
Phenol 0.066 0.042 0.061 <0.006 0.5 0.001
Ammonia 2525 3570 2250 2627 NA 0.5

NA: Not applicable

3.2. Characterization of hydrotalcite

Figure 1 displays the X-ray diffractograms of the hydrotalcite. Characteristic

peaks of hydrotalcite-like compounds were found in the sample, demonstrating that hydrotalcite
was used as a precursor for the sample. All peaks in the diffractogram confirm the Mg-Al-CO3

structure reported in the literature [8].
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Figure 1. Diffractogram with phases identification: hydrotalcite (magnesium aluminum
carbonate hydroxide hydrate, JCPDS 14-0191 MgeAl.CO3(OH)16.4H20) and magnesium oxide
(Periclase, JCPDS 3-0998 and 30-0794 MgO).

The X-ray fluorescence analysis demonstrated fire loss (31.90%) and the hydrotalcite chemical
composition, with 23.27% Al>O3 and 43.93% MgO.

A number of factors, such as ageing and the hydrothermal treatment of synthesized DLHs as
well as the degasification used prior to the measurement of adsorption-desorption isotherms,
play an important role in determining textural properties [8]. Delazari et al. [8] obtained a
surface area of 68.9 m?/g, but the hydrotalcite in the experiment had a BET surface area of 34.9
m2/g.

In the present study, the thermogravimetric analysis was consistent with data described by
Delazare et al. [8], revealing two stages of mass loss with endothermic energy variations. The
first stage started at room temperature and ended at approximately 200° C, suggesting the
release of interlayer water and water molecules that may have been adsorbed to the surface of
the material. The second stage of decomposition occurred at 200 to 450° C, suggesting
hydrotalcite decomposition via the release of interlayer carbonates and hydroxyls from the
brucite-like layers. At 600° C, the curve indicated the presence of approximately 65% inorganic

compound residues, such as mixed oxides of aluminum and magnesium (fig. 2).
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Figure 2. Thermogravimetric curve and derivative curve as function of temperature.

3.3. Preliminary test to determine best hydrotalcite (DLH) concentration to be used in boron
removal.

Figure 3 shows the effects of the four concentrations of hydrotalcite on pH, conductivity and
boron adsorption. An increase in pH was found in the control sample, which was probably due
to the stirring of the sample, enabling the dissolution of atmospheric CO2 in the system, which
would promote the formation of salts that tend to alkalinize the medium, such as calcium and
sodium carbonates. Some changes in the variables occurred when the concentration of
hydrotalcite was increased. There was a gradual increase in the sample pH and the conductivity
decreased by about 20% when 4% DLH was used, 49% when 8% DLH was used and 66%
when 12% DLH was used. Analysing Figure 3, the ideal concentration of hydrotalcite would
be 4% to adjust the boron concentration in the landfill leachate studied to comply with
legislation. Starting from a solution of 30 mg/L of boron, Delazari et al. [8] report a maximum
removal rate of 25.9 mg/L using 4% hydrotalcite. The high efficiency of boron removal (86%)
was due to the number of adsorption sites. The surface of hydrotalcite has residual positive
charges that are compensated by adsorbed anionic species, which, in this case, is the borate ion.
In the landfill leachate tested, the efficiency of the process was lower, with the removal of about
3.4 mg/L of boron (47%), probably due to the numerous compounds and ions in this type of
sample, as indicated by the characterization of the leachate (Tables 3 and 4). The composition
of leachate is complex, with other anions capable of being adsorbed to hydrotalcite and
competing with boron. When the hydrotalcite concentration was increased to 8%, boron

adsorption was approximately 75%, but the boron removal remained around 72% when the
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concentration was increased to 12%. According to Delazari et al. [8], there is a concentration

limit at which the conversion of B(OH)s to B(OH)4 no longer occurs. Thus, the amount of
boron removed would be the same even with an increase in the number of adsorption sites,

since hydrotalcite cannot remove B(OH)s.
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Figure 3. Boron concentration, conductivity and pH in raw landfill leachate, control (without
hydrotalcite) and with addition of 2, 4, 8 and 12% hydrotalcite (DLH).
Four percent hydrotalcite was chosen to continue the tests because it reduced boron to a level
in compliance with legislation.
3.4. Comparative experiment with landfill leachate treated with hydrotalcite (LH), reused
hydrotalcite (LHr), M. oleifera seed (LMS), M. oleifera extract (LME) and activated carbon
(LAC: and LAC,).
The analysis were performed only for variables with results in disagreement with legislation or
values that could impact the balance of the natural environment.
3.4.1. Microbial count
Table 5 displays the number of total coliforms and E. coli, indicating that these bacteria did not
resist the treatments and were also not found in the control. The adsorbents demonstrated good
clarification and precipitation capacity, dragging the microorganisms in the samples to the
sludge and reducing the initial number to about 102 CFU/mL, except the M. oleifera extract,
which maintained the count at 10* CFU/mL, like the control. The leachate used as control in the
experiments was subjected to agitation and filtration processes as well as the treatments tested.
Thus, some variables underwent alterations differing from the crude leachate. The number of

fungi was small in the landfill leachate and none were detected in the treatments.
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Table 5. Microbial quantification of the landfill leachate in nature, control (without adsorbent)

and treated with hydrotalcite (LH), reused hydrotalcite (LHr), M. oleifera seed (LMS), M.

oleifera extract (LME), 1% activated carbon (LACy) and 4% activated carbon (LACy).
Landfill Control LH LHr LMS LME LAC: LAC4

leachate
Fungi (CFU/mL) 10 <10 <10 <10 <10 <10 <10 <10
Bacteria 130 30 2.0 4.0 5.0 36 4.0 3.5
(103 CFU/mL)
Total coliforms 21430 - - - - - - -
(MPN/100mL)
E. coli 740 - - - - - - -
(MPN/100mL)

3.4.2. Physicochemical analysis

Leachate agitation and filtration procedures were sufficient to induce changes in several
variables. The pH of the control increased in relation to the value of the leachate in nature,
whereas the conductivity, turbidity, BODs and COD decreased and no change occurred in the
true color (Figure 4).

All adsorbents maintained the pH of the leachate within the limits established by legislation
(Figure 4), but the use of hydrotalcite made the leachate more alkaline than the other adsorbents
studied. Depending on the initial leachate pH, the use of hydrotalcite could exceed the
maximum limit permitted for effluent emission (pH 9).

All adsorbents decreased conductivity. The best results were achieved by hydrotalcite and 4%
activated carbon, with reductions of 51.5 and 50.2%, respectively (Figure 4). However,
conductivity around 15 mS/cm is very high compared to the receiving bodies of water
(freshwater rivers), in which conductivity ranges from 0 to 800 uS/cm [30].

The best result for true color was achieved with 4% activated carbon (98% removal rate).
Hydrotalcite removed about 70%. Paterniani et al. [13] used a coagulant solution obtained from
M. oleifera seeds to treat water and found a 90% apparent color reduction in a simple
sedimentation process. In the landfill leachate treatment, however, the M. oleifera extract was
the adsorbent with the lowest removal rate (19%) (Figure 4).

Treatment with M. oleifera seed increased the turbidity of the leachate approximately tenfold.
This may have been due to the alkaline pH, which hindered the precipitation of the pulverized
M. oleifera seed, making the leachate turbid. Beginning with initial turbidity of 102 NTU, the
M. oleifera extract reduced the turbidity of the leachate by approximately 44%. Using M.

oleifera extract for water treatment, Ribeiro [25] obtained approximately 90% removal rates



73

starting with initial turbidity of 22.5 NTU, but also found that the increase in pH led to a
decrease in turbidity removal capacity. The best results were achieved in the treatment with
hydrotalcite, which reduced the turbidity of the leachate by approximately 58% (Figure 4).
The greatest reduction in BODs was achieved by hydrotalcite (approximately 95%), followed
by 4% activated carbon (81%). These adsorbents adapted the leachate to the norm established
by Article 18 [15], which determines that treatment should reduce BODs by at least 80%. Thus,
the effluent after treatment with these adsorbents could be released into a receiving body of
water. These reductions are comparable to the rates described by Hashemi et al. [38] using filter
membranes. The reused hydrotalcite reduced BODs by approximately about 78%, which is near
the rate required by legislation. Neither the M. oleifera extract nor seeds seed reached
satisfactory levels of BODs reduction (Figure 4). Regarding COD, hydrotalcite and 4%
activated carbon were the adsorbents that achieved the best results, with reductions of about 43
and 48%, respectively. The M. oleifera extract and seed led to an increase in COD by 12 and
27%, respectively (Figure 4). Thus, M. oleifera only lowered BODs by 18% and increased the
COD of the leachate.
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Figure 4. Results of pH, conductivity, true color, turbidity, COD and BODs analysis of the
landfill leachate in nature, control (without adsorbent) and treated with hydrotalcite (LH),
reused hydrotalcite (LHr), M. oleifera seed (LMS), M. oleifera extract (LME), 1% activated
carbon (LAC:) and 4% activated carbon (LACy).

Figure 5 shows that only hydrotalcite was effective at removing boron, adjusting the boron level
of the leachate to legislation. In contrast, 4% activated carbon did not remove boron

satisfactorily. According to Farrokhzadeh et al. [39], M. oleifera is a relatively efficient
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biosorbent for heavy metal removal from aqueous solutions. However, M. oleifera was not
efficient with regard to boron adsorption from landfill leachate.

The agitation and filtration procedures caused a decrease in the ammonia level when the control
was compared to the leachate in nature (Figure 5). Hydrotalcite and reused hydrotalcite
removed approximately 35% of ammonia. Activated carbon at two concentrations (LAC; and
LAC4) maintained the ammonia levels close to that of the control, indicating that this adsorbent
was unable to adsorb ammonia. The M. oleifera adsorbents added ammonia to the system, with
higher indices than the control.

As hydrotalcite has magnesium and aluminum in its constitution, additional analysis were
performed to determine whether excessive amounts of these two elements would be added to
the leachate. Figure 5 shows that treatment with reused hydrotalcite led to an increase in
aluminum concentration in the leachate from 0.22 to 4.5 mg/L. The reuse of hydrotalcite may
destabilize the adsorbent, causing the release of the aluminum contained in its octahedral
structure. With the other adsorbents, including hydrotalcite, aluminum levels remained close to
that of the control. An increase in magnesium was found in the treatments with the two types
of hydrotalcite, with the higher index found when the reused hydrotalcite was employed (400
mg/L).
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Figure 5. Results of boron, magnesium, aluminum, and ammonia analysis of the landfill
leachate in nature, control (without adsorbent) and treated with hydrotalcite (LH), reused
hydrotalcite (LHr), M. oleifera seed (LMS), M. oleifera extract (LME), 1% activated carbon
(LAC:1) and 4% activated carbon (LAC.).

None of the adsorbents analyzed removed chlorides or sodium efficiently. Souza [40] found
that hydrotalcite was able to remove the anions F-, SO42and PO4?, but not CI, Br or NOs".
Competition between anions for the hydrotalcite adsorption sites leads to less removal. The site
preference was for the anion with the highest effective load, which is in agreement with data
described by Das et al. [41] and Tong et al. [42]. Due to the complex composition of the
leachate, this type of competition must also occur.

3.5. Landfill leachate toxicity tests with Daphnia similis.

A bioindicator test was performed to evaluate the toxicity of the leachate studied. The results
of the acute toxicity test showed that, despite the efficiency of the adsorbents regarding the

reduction of important variables, none was able to decrease the toxicity to D. similis (Table 6).
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Table 6: Results of toxicity test with Daphnia similis with landfill leachate control (without
adsorbent) and treated with hydrotalcite (LH), reused hydrotalcite (LHr), M. oleifera seed
(LMS), M. oleifera extract (LME), 1% activated carbon (LAC1) and 4% activated carbon
(LAC.).

Control LH LHr LAC: LACs LMS LME
EC(50)* 1.23 1.78 1.7/5 176 173 177 1.73

* EC(50): minimum concentration capable of causing harmful effect in 50% of test organisms

The EC(50) of the treatments was around 1.75, showing a small improvement over the control,
but still demonstrating a high level of toxicity.

4. CONCLUSIONS

The characterization of the landfill leachate demonstrated that the variables that increase
toxicity and are in disagreement with legislation were maintained in the four samples tested,
regardless of the analyzed period (dry or rainy). Low values were found for heterotrophic
bacteria and fungi, indicating that the conditions of this leachate do not favor microbiological
growth and could therefore hinder biological treatment. Total coliforms and E. coli values were
above those permitted for receiving bodies of water. The physicochemical analysis
demonstrated high conductivity, color, turbidity, COD, BODs, ammonia, boron, sodium and
chlorides.

The treatment with hydrotalcite achieved the best results regarding reductions in conductivity,
turbidity, COD, BODs, boron and ammonia as well as the second best result regarding the
removal of color from the leachate. While pH was increased, the value was within the limit
permitted by legislation.

Reused hydrotalcite achieved good results regarding reductions in conductivity, color, turbidity,
BODs and ammonia, although its efficiency was lower than hydrotalcite and 4% activated
carbon. Moreover, reused hydrotalcite was unable to remove boron from the leachate and both
aluminum and magnesium levels were increased.

The use of 4% activated carbon resulted in better color and COD removal rates and adequate
reductions in conductivity, turbidity and BODs, but did not remove boron or ammonia
satisfactorily. Treatment with 1% activated carbon achieved similar results, but with less
reduction.

When compared to the other adsorbents, treatments with M. oleifera seed and extract were less
efficient. This type of adsorbent produces important results for the treatment of water, but is
not indicated for the treatment of landfill leachate.
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All adsorbents were able to decrease the amount of heterotrophic bacteria approximately
tenfold, except the M. oleifera extract, for which the count remain close to the control. Total
coliforms and E. coli did not resist the treatments.

The adsorbents were not able to remove sodium or chloride from the leachate nor reduce the
toxicity to D. silmilis.

This is a preliminary study that evaluated the possibility of using of adsorbents for the treatment
of landfill leachate. Hydrotalcite proved to be very efficient in the improvement of several
variables, but further studies are needed to determine methods for the effective removal of the

toxicity of the leachate.
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RESUMO

Apesar do potencial toxico do lixiviado de aterro sanitario, alguns pesquisadores tém sugerido
sua utilizacdo para fertirrigacdo. As caracteristicas que tornam o lixiviado de aterro
potencialmente poluidor sdo também aquelas que estimulam sua utilizacdo agricola, como o
teor de N-amoniacal e de material organico estabilizado. Entretanto, altas concentragdes destes
juntamente com minerais dissolvidos como potassio e sodio, podem proporcionar impactos
negativos no ambiente. A hidrotalcita, tem sido usada para adsorcao e purificacdo de efluentes.

O chorume bruto, tratado com hidrotalcita e o lodo deste tratamento foram submetidos a
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andlises fisico-quimicas, microbioldgicas, de toxicidade e de biodegradabilidade. O tratamento
alcancou bons indices de remocao dos pardmetros condutividade (51%), turbidez (58%), DBOs
(95%), boro (40%), aménia (35%), DQO (43%), cor (70%), coliformes totais coliforms e E.
coli, mas nao foi capaz de diminuir niveis de cloretos e sddio e alcalinizou o lixiviado. Os testes
de toxicidade demonstraram que o tratamento com hidrotalcita diminuiu em 21,63% a
toxicidade para Artemia sp e em 42% para L. sativa. A disposi¢do de chorume no solo provocou
inibicdo na germinacéo e desenvolvimento de L. sativa em relagcdo ao controle. Os vasos com
chorume bruto apresentaram inibicdo de 12% e com lixiviado tratado 5%. Inicialmente o
chorume a 50m?/ha potencializou o crescimento bacteriano e inibiu crescimento flngico, apds
84 dias de experimento houve uma estabilizacdo da microbiota, exceto nos ensaios com
200m®/ha onde a inibicdo permaneceu para fungos. A disposicdo de 200m3/ha de chorume no
solo demonstrou que repetidas adubacdes podem tornar o solo inviavel para o plantio. O
solubilizado do solo dos vasos revelou que o chorume bruto acarretou toxicidade para D. similis.
A disposicédo de 2,5% de lodo do tratamento no solo estimulou o crescimento de L. sativa
aumentando em 42% a biomassa em relacdo ao controle, ndo apresentando impacto negativo
sobre a microbiota do solo e nem toxicidade para D. similis. O ensaio de biodegradacdo com
chorume a 5% mostrou que o in6culo introduzido incentivou a biodegradacéo, aumentando a
eficiéncia didria do processo em média 6% e 9% para os chorumes tratado e bruto,
respectivamente. Apesar da biodegradacéo eficiente (50% em 24 horas), 0 potencial toxico do
lixiviado ndo foi eliminado como pode ser comprovado pelo experimento em vasos. O
experimento de respirometria ndo se mostrou uma técnica eficiente para determinar a
biodegradagdo do lodo, pois o sistema sofre influéncia das caracteristicas quimicas da
hidrotalcita.

Palavras-chaves: Chorume, hidrotalcita, ecotoxicidade, biodegradacéo

ABSTRACT

Despite the toxic potential of landfill leachate, some researchers have suggested its use as
fertilizer. However, high leachate concentrations can have negative impacts on the
environment. Hydrotalcite has been used for effluents adsorption and purification. The sludge,
raw and treated leachate were subjected to physicochemical, microbiological, toxicity and
biodegradability analysis. Treatment with hydrotalcite produced good results to remove
conductivity (51%), turbidity (58%), BODs (95%), boron (40%), ammonia (35%), COD (43%),
color (70%), total coliforms and E. coli, but could not remove sodium and chloride and led to

an increase in pH. Toxicity tests showed that treatment with hydrotalcite decreased by 21.63%
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the toxicity to Artemia sp and 42% to L. sativa. The leachate discarded in the soil caused
inhibition in the germination and development of L. sativa in relation to the control (raw12%
and treated 5%). Initially, 50m®ha landfill leachate potentiated bacterial growth and inhibited
fungal growth, after 84 days there was a microbiota stabilization, except in the high
concentration trials where the inhibition remained for fungi. The use of 200m®ha landfill
leachate made the soil unviable for planting. The analysis of the vessel soil showed that the raw
leachate caused toxicity to D. similis. The introduction of 2.5% sludge stimulated the growth
of L. sativa and increased in 42% biomass in relation to the control, with no negative impact on
the soil microbiota or toxicity to D. similis. The biodegradation test showed that the inoculum
increased the average daily efficiency of the process. Despite the efficient biodegradation (50%
in 24 hours), the leachate toxic potential was not eliminated. The respirometry experiment was
not an efficient technique to determine the sludge biodegradation, since the system is influenced

by hydritalcite chemical characteristics.

Keywords: Landfill leachate, hydrotalcite, ecotoxicity, biodegradation.

1. INTRODUCTION

Despite the toxic potential of landfill leachate, some researchers have suggested the use of
leachate as fertilizer. Waste disposal in soil is often the cause of many controversies [1].
However, soil is the best and safest medium for disposal of pollutants. The soil is better able to
oxidize or precipitate pollutants and remove them from the food chain, more safely than air or
water. Another benefit of disposing of such waste in the soil concerns the possibility of being
used in the recovery of degraded areas, or in agriculture, as fertilizers. With the increase of
mineral fertilization costs, the use of residues produced by anthropic activities became attractive
in order to improve soil conditions and reduce production costs [2].

The same characteristics that make landfill leachate potentially polluting are also those that
make it attractive for agricultural use, such as the N-ammoniacal and the stabilized organic
material content. According to Bayer and Mielniczuk [3], organic matter determines some soil
characteristics. Chemical characteristics: such as nutrients availability, cation exchange
capacity and the complexation of micronutrient and toxic elements; physical characteristics:
such as the improvement of soil aggregation and also microbiological characteristics: since it
is a source of carbon, energy and nutrients for microorganisms.

One of the main concerns regarding the release of effluents into the soil is the possibility of

causing contamination by heavy metals. In the case of leachate from landfills that are already
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in the methanogenic phase, the heavy metals concentration is minimized. These low levels are
attributed to the fact that the leachate produced in the methanogenic phase presents alkaline pH,
which contributes to keep the metals in their insoluble form [4]. The low concentration of metals
in this leachate makes these elements not limiting to their disposal in agricultural areas.
However, this product carries high organic load and dissolved minerals such as N-ammoniacal,
potassium and sodium which, when in high concentrations in the soil, can have negative impacts
on the environment.

In search of treatments that diminish the toxic potential of this leachate the use of adsorbents
has been evaluated. Hydrotalcites are double lamellar hydroxides (DLHs) with a high anion
exchange capacity that have been successfully used as adsorbents for contaminants and anions,
such as borates in industrial effluents [5] and in the removal of several parameters such as BOD,
COD, ammonia, etc. in the leachate treatment [6].

The structure of DLHs is derived from brucite (Mg(OH)2). Mg?* ions are octahedrally organized
by hydroxyl groups, with octahedrons sharing edges and forming neutral layers that are
maintained stacked by hydrogen bonds. DLHs have a wide variety of applications as
heterogeneous catalysts [7], adsorbents [8,9], anion exchangers [10] and are also employed in
pharmaceutical products [11]. The removal of anions from a solution by DLHs usually occurs
through the combination of two processes: anion exchange and adsorption [5]. Some examples
of the removal process through anion exchange include the treatment of water for the removal
of Cr (VI) compounds, phosphates and boron [5, 12].

Li and Zhao [13] used magnesium ammonium phosphate to induce N precipitation of the
leachate generated in Hong Kong landfills which contained high N-ammoniacal loading (2000
to 5000 mg/L), thus producing nitrogen fertilizer. The use of this fertilizer in the soil produced
good results in the stimulation of plant growth.

Gillman [14] reported the use of bentonite and hydrotalcite as adsorbents to treat the effluent
flow from confined animal feeding. In this work Gillman [14] proposed that the hydrotalcite
used in the treatment should be reused as fertilizer.

In this context, there is a need for prior knowledge of the waste characteristics to be disposed
of and the development of studies in order to determine the possible influence of this leachate
in the environment. This requires, among other tests, the evaluation of soil biodegradation
through respirometric assays and toxicity analysis, determining its influence in the
environment.

Conventionally, the hazard assessment of landfill leachate is based on the identification of

individual contaminants through chemical analysis. Although this analysis may determine the
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presence of potential contaminants, in many cases a part of the toxic pollutants remain
undetected [15].

To evaluate the pollutant potential of landfill leachate, essays with test organisms have been
indicated. The toxic effect on biological systems should be considered to be exerted by the
combined action of all the harmful substances present in the sample, including those which are
non-toxic by themselves but which affect the physicochemical properties of the system and
consequently the life conditions of organisms [16]. Thus, the use of bioassays as screening tools
to characterize contaminants in a variety of environmental matrices such as landfill leachates
has become a popular and powerful tool for environmental toxicology [17].

In this context, the present study aimed to characterize the leachate composition coming from
the solid waste degradation of the Rio Claro-SP landfill, to verify the efficiency of the
hydrotalcite adsorbent in the depollution of this leachate in relation to physicochemical and
microbiological parameters besides to evaluate the toxicity and biodegradation of waste from
this treatment.

2. MATERIAL AND METHODS

2.1. Characterization of landfill leachate from Rio Claro Treatment Plant, Sdo Paulo, Brazil
The leachate was subjected to the analysis determined by Article 18 of state decree 8468-1976
[18], which stipulates standards of effluent emission and complementary analysis for the best
characterization of samples. The sample collected from the landfill was placed in ice-cooled
thermal boxes with the temperature maintained between 5 and 10°C.

2.1.1. Microbiological analysis

Microbiological analysis were performed immediately after of samples arrival at the laboratory.
Microbial count: Total heterotrophic bacteria were counted using the pour-plate technique in
PCA medium with addition of 5 ppm of actidione, following technical standard L. 5.201 [19].
For fungal counts, the spread-plate method was performed on a sabouraud dextrose agar
medium with the addition of antibiotics (5 ppm of ampicillin and nalidixic acid). The plates
with bacteria were kept at 35°C and those with fungi were kept at 28°C. For total coliform and
Escherichia coli counts, the samples were diluted 100 times and analyzed using the Colilert®
method.

2.1.2. Physicochemical analysis:

Conductivity was determined using a conductivity meter (Marte®, model MD-11), pH was
determined using a pH meter (Digimed®, model DM-22) and turbidity was determined using a

spectrophotometer (Nanocolor® Marchery-Nagel). Regarding color, the samples were filtered
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(0.45 pm membrane filter kit) and analyzed using photometric determination (Nanocolor®
spectrophotometer Marchery-Nagel, A 433nm). Sedimented solids were analyzed in an Imhoff
cone. Chlorides were analyzed using Mohr’s method [20]. Ammonia was determined using a
standard ammonia ion selective electrode (Thermo Fisher Scientific, Orion Products). Phenols,
cyanides, sulfides, sulfates, aluminum, arsenic, boron, barium, cadmium, copper, chrome,
hexavalent chromium, tin, soluble iron, fluorides, manganese, mercury, nickel, silver, selenium,
sodium and zinc were analyzed at the Sdo Lucas Laboratory of Environmental Analysis, Rio
Claro, SP, Brazil (Table 1).

Table 1. Parameters analyzed and methodology used at Sdo Lucas Laboratory of Environmental

Analysis
Parameters Methods
Total metals — Antimony and arsenic (atomic absorption, borohydride
arsenic and reduction) [21].
antimony Inductively coupled plasma-atomic emission spectrometry [22].
Total metals Inductively coupled plasma-atomic emission spectrometry [22].

Method : 3030E [23].
Method: 3500 Cr B [23].
Dissolved metals Method 3030E [23].
Inductively coupled plasma-atomic emission spectrometry [22].

Mercury Mercury in Liquid Wastes (Manual Cold-Vapor Technique)
[24]. Inductively coupled plasma-atomic emission spectrometry
[22].

Anions Determination of Inorganic Anions in Drinking Water by lon
Chromatography [25]

Cyanides Method: 4500-Cn , D and E [23].

Sulfides Method: 4500-S2 D [23].

BODs (biochemical oxygen demand in five days) and COD (chemical oxygen demand) were
determined according to the Standard Methods [23].

2.2. Treatment with hydrotalcite (LH)

The synthetic hydrotalcite (MgsAl2(CO3)(OH)16-4H20) of the Sigma-Aldrich brand was used
in this experiment. Before assembling the test, the hydrotalcite was calcined at 500°C on heating
ramp of 10°C/min for 3 hours in a muffle and then stored in a desiccator.

The treatment was carried out in triplicates in flasks containing 100mL of leachate with
hydrotalcite, under agitation (250rpm), in a shaker table for 30 minutes and temperature 28+2°C
and 2 hours to decantation. The best concentration to be used was based on Almeida et al. [6]

studies that determined 4% hydrotalcite for boron removal from landfill leachate. After
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treatment, the leachate was filtered on 16um filter paper to remove residues from the adsorbent
and the sludge from the treatment was oven dried at 60°C, then subjected to microbiological,
physicochemical and toxicity analyzes.

2.3. Toxicity tests

After treatment with hydrotalcite the sludge, raw and treated leachates were subjected to
toxicity tests. For the sludge tests, 10g were placed in 90mL of distilled and autoclaved water,
the flasks were shaken for 20 minutes, after 7 days decanting the supernatant was subjected to
toxicity tests.

The results of the toxicity tests (ECso) with D. similis, Artemia sp and L. sativa were calculated
from statistical analysis carried out by the Trimmed Spearman-Karber Method using the
software Jspear [26].

2.3.1. Acute toxicity test with Daphnia similis

Tests were conducted according to standard NBR 12713 [27] for the sludge, raw and treated
leachates.

2.3.2. Acute toxicity test with Artemia sp

Tests were conducted according to standard L05.021/1987 [28] for raw and treated leachates.
2.3.3. Toxicity test with Lactuca sativa.

Tests were executed with raw (RL) and treated (HL) leachates at percentages 100; 75; 50; 25
and 10% and with sludge at 2.5; 5 and 10%. The tests were conducted on petri plates with filter
paper, in 4 replicates containing 10 seeds each. The germination capacity and growth of roots
and stems were analyzed after 96h.

2.3.4. Growth assay of L. sativa in soil

The treatments were programmed with 6 replicates. Vessels with dinmensions 8x8x9cm,
surface area 64cm? and 300g soil were prepared without residue (control) and with residues in
proportions, 200m3/ha raw leachate (RL200); 50m*/ha raw leachate (RL50); 200m®/ha treated
leachate (HL200); 50m®ha treated leached (HL50); 2.5% sludge (S2.5); 5% sludge (S5).
According to Jones et al. [1], the application rate of landfill leachate in soil is 125 to 250m®/ha
per year, the concentration of 200m®/ha was chosen to simulate maximum annual application
and the concentration of 50m3%ha was chosen based on the results of the respirometric
experiments, where 10% of leachate was used. To compose the soil with 200m?/ha of leachate,
4 waterings were made, 32mL of leachate was applied in each pot on the first, third, seventh
and tenth days. To compose soil with 50m?/ha of leachate, on the tenth day, the vessels received
32mL of leachate. To prepare the soil with sludge, the amounts 7.5g (2.5%) and 15g (5%) were
mixed in about 3cm of the superficial layer of the soil.
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The control and vessels with sludge received 32mL of distilled water on the tenth day. After
the introduction of residues into the soil, 12 days were waited for planting. In this period, all
vessels were kept in greenhouse at room temperature and received 32mL of distilled water every
4 days. The quantities of water and leachate were determined respecting about 50% of the water
retention capacity of the soil thus avoiding that at each irrigation the liquids were drained from
the vessels.

After soil preparation with the residues, one of the replicates of each treatment was sacrificed
for initial microbiological and toxicity analysis. Ten seeds of L. sativa were planted in each pot,
totaling 50 seeds (5 pots) for each assay. The vessels were watered with 32mL of distilled water
as needed.

Plant growth was followed for 84 days. After this period the plants were harvested, washed and
dried at 105°C to obtain dry mass. Subsequently, the material was submitted to 550°C in muffle
to obtain the organic matter. Due to the difficulty in separating the soil residues from the roots,
the comparison of root growth was made only in terms of organic matter.

The soil was collected according to the technical standard L.6.245 [29], in the geographical
coordinates: (Latitude: -22.36633347; longitude: -47.52396405) located in the municipality of
Rio Claro, in Sao Paulo State, Brazil. These samples were taken from the soil surface layer of
uncontaminated sites. Table 2 shows the physicochemical characteristics of the soil.

Table 2: Physicochemical characteristics of soil.

Macronutrients (mmolc/dm® V% Relations

K Ca Mg H+AI Al SB CEC % Ca/Mg Mg/K
11 16 3 31 1 20,3 51,3 396 533 2,72
Micronutrients (mg/dm?®) pH oM P res
S Na Fe Mn Cu Zn B CaCl, g/dm®  g/dm?
8 6 40 3,3 03 23 021 51 22 3,0
Sand Class Sub-class

Thick Fine Clay Silt Sandy silt soil Sand

55,8 27,3 109 6,0

P, K, Ca, Mg: Anionic + cationic exchange resin; Fe, Mn, Ca, Zn: DTPA-TEA Extractor; B:
0,125% Barium chloride extractor. The soil samples were analyzed by ICASA (Institute of

Campinas of Soil and Fertilizer Analysis Ltd.).
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The statistical design was determined by Tukey test [30] comparing the amount of aerial organic
matter of two independent groups separately. First: control, S2.5 and S5, and second: control,
RL50 and HL50.

2.3.4.1. Toxicity test with micro crustacean D. similis and initial and final microbial count of
vessel soils

Samples of 10g of each soil were placed in 90mL of distilled and autoclaved water, the flasks
were agitated for 20 minutes, after 2 hours of decantation the supernatant was submitted to the
microbial count according to item 2.1.1, the microorganisms were quantified by counting the
colonies in UFC/g dry soil. After 7 days of decantation the supernatant was submitted to toxicity
test according to item 2.3.1.

2.4. Respirometric assay

The Bartha and Pramer [31] respirometric method is a simple technique to determine the
biodegradation of pollutants in the soil by quantifying the CO> released into the system [32].
The technique is presented as a low cost and simple alternative to evaluate the biodegradation
rates of possible contaminants in the soil. The biodegradation experiments were carried out
according to OECD [33] with temperature adjustment to 28°C, in Bartha biometer flasks (250
mL) used to measure the CO2 microbial production. Triplicate flasks were prepared with 50g
soil and addition of water, raw leachate, hydrotalcite treated leachate and sludge of the
treatment, with and without inoculum according to the protocol (table 3) and incubated at
28+2°C in the dark. The quantities of leachate and water added to the treatments were adjusted
to 70% water retention capacity of the soil. The test was extended for 52 days for raw and

treated leachates and for 129 days for sludge.
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Table 3: Assembly protocol of respirometric experiment.

Treatments Water  Inoculum Raw leachate Treated Sludge
(mL) (mL) (mL) leachate (mL)  (g)
C Soil (s) 8.0 - - - -
Ci s+inoculum (i) 7.5 0.5 - - -
RL5  s+5% Raw 5.5 - 2.5 - -
RL5i  s+5% Raw +i 5.0 0.5 2.5 - -
RL10 s+10% Raw 3.0 - 5.0 - -
RL10i s+10% Raw +i 2.5 0.5 5.0 - -
HL5  s+5% Treated 55 - - 2.5 -
HL5i  s+5% Treated +i 5.0 0.5 - 2.5 -
HL10 s+10% Treated 3.0 - - 5.0 -
HL10i s+10%Treated +i 2.5 0.5 - 5.0 -
S25  s+2.5% Sludge 8.0 - - - 1.25
S2.51  s+2.5%Sludge +i 7.5 0.5 - - 1.25
S5 s+5% Sludge 8.0 - - - 2.5
S5i s+5% Sludge +i 75 0.5 - - 2.5
S10 s+10% Sludge 8.0 - - - 5.0
S10i  s+10% Sludge +i 7.5 0.5 - - 5.0

The soil used was described in table 2.

2.4.1. Inoculum obtainment

The raw leachate was diluted to 50% with distilled water, enriched with 1% molasses of
sugarcane and inoculated with the microorganisms isolated from its own plating. Thereafter,
the flask was shaken for 48h at room temperature. The microbial count was done according to
item 2.1.1.

2.4.2. Statistical analysis

The statistical design was determined by the preliminary application of Shapiro Wilk test of
normality [30]. In situations where the normality hypothesis was accepted, the Student's t-test
of group comparison [30] was applied. Where normality was rejected, the Wilcoxon non-
parametric test [30] was used. To evaluate the inoculum performance the Wilcoxon method
[30] was applied considering CO> daily production. To evaluate the difference in
biodegradation between raw and treated leachates, the Student's t-test [30] was used considering
the biodegradation efficiency data.
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3.RESULTS AND DISCUSSION

3.1. Characterization of raw leachate (RL), leachate treated with hydrotalcite (HL) and sludge
from the teatment (S)

The results are presented in tables 3; 4 and 5 and are related to the means of the values found.
With respect to treated leachate and sludge, analysis were carried out only for the parameters
that presented results in disagreement with the legislation or with values considered as
impacting for the balance of the natural environment.

3.1.1. Microbial count

The reduced number of heterotrophic bacteria and fungi demonstrates that this landfill leachate
does not offer favorable conditions for microbiological growth and may impair biological
treatment based only on biodegradation. With regards total coliforms and E. coli, the values are
above the maximum allowed for elimination in class 2 rivers according to Article 11 [18]. After
treatment with hydrotalcite, E. coli was not found in leachate or sludge, indicating that these
bacteria did not survive the treatment, the total coliforms only appeared in the sludge. The
adsorbent showed good precipitation capacity, dragging the microorganisms from the samples
into the sludge (Table 4).

Table 4. Quantification of fungi, bacteria, total coliforms and E. coli of raw leachate (RL),
treated with hydrotalcite (HL) and sludge from the treatment (S). MVPr (maximum value
permitted for class 2 rivers by article 11 [18].

Parameters RL HL S MVPr
Heterotrophic bactéria (103CFU/mL) 14 27 6.8 NA
Fungi (CFU/mL) 20 <10 <10 NA
Total coliforms (MPN/100mL) 20460 - 1000 5000
E. coli (MPN/100mL) 240 - - 100

Na: Not applicable

3.1.2. Physicochemical analysis

Among the parameters inserted in table 4, only the sedimented solids are in accordance with
the values determined by legislation. The pH of the raw leachate is in the range of allowed
values, however, the hydrotalcite alkalinizes the leachate, making it necessary to adjust the pH
before its disposal. Regarding the other parameters, although legislation does not determine
maximum indices for the release of effluents, the values found have a high probability of
causing impacts on microbiological treatment or the environment in which this leachate is

eventually discarded.
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The conductivity values recorded in table 4 for raw leachate are above the values of freshwater
bodies and fall between saline and marine water values. After treatment with hydrotalcite there
is decrease of about 40%, however, the conductivity around 15mS/cm, is still high when
compared to the bodies of receptors, which are freshwater rivers, where the mean ranges from
0 to 800uS/cm [34]

Regarding the true color, the hydrotalcite removed about 78%, but the values found are still
high (table 4), considering the maximum allowed color value of 15U.C. in the water distributed
to the population [35]. According to Oliveira et al [36], 75 PtCo/L is higher than acceptable for
aclass 2 river.

Maximum turbidity permitted in the public water supply is 5.0 NTU [35]. The turbidity of the
leachate reached values higher than 98 NTU (table 4) and hydrotalcite removed about 49%.
Young landfills (<5 years) produce leachate characterized by high concentrations of BODs
(4000-1500mg/L), COD (25000-60000mg/L) and pH 4 [37]. The values, presented in Table 5,
show that the leachate studied is in the methanogenic phase, with COD and BODs averages
around 3250 and 418mg/L, respectively, and pH above 8. The treatment with hydrotalcite
resulted in 94% removal rates for BODs, adjusting the leachate to the norm established by
article 18 [18], which determines that a treatment should reduce BODs by at least 80%. The
BODs removal by this adsorbent reached levels comparable to the rates described by Hashemi
et al [38] using filter membranes. Treatment obtained 35% COD and 33% TOC removal rates.
Table 5. Analyzes of pH, conductivity, true color, turbidity, sedimentable solids, COD, BODs
and TOC of raw landfill leachate (RL) and treated with hydrotalcite (HL). MVP -maximum
value permitted by article 18 [18].

Parameters RL HL MVP
pH 8.1 9.9 6-9
Conductivity (uS/cm) 25740 15250 NA
True color (Pt Co/L) 7060 1572 NA
Turbidity (NTU) 98 49 NA
Sedimented solids (mL/L) <0.1 <0.1 <1.0
COD (mg/L) 3250 2100 NA
BODs (mg/L) 418 235 60
TOC (%) 024 017 NA

NA: Not applicable
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Table 6 displays results of the metal and non-metal analysis. Based on Article 18 [18], only
boron is above the limit established by legislation. Boron is found in the composition of glass,
fiberglass additives, ceramics, insecticides and fertilizers. The appearance of this element at an
amount above that expected in the leachate is likely due to the inclusion of industrial waste in
the landfill [6]. Hydrotalcite removed 81% boron from leachate, Delazari et al. [5] also obtained
86% boron removal from solution with 30mg/L. The surface of hydrotalcite has residual
positive charges that are compensated by adsorbed anionic species, which, in this case, is the
borate ion.

Legislation does not establish maximum sodium and chloride values in effluents, but science
demonstrates that these elements can cause an osmotic imbalance in receiving bodies of water
at the point of release as well as the destabilization of soil, thereby affecting plant growth. In
the landfill leachate, the sodium concentration reached values higher than 1700 mg/L. The limit
established for sodium in drinking water is 200 mg/L [39]. With the treatment there was a small
decrease in this index, but far below the desired levels.

High levels of chlorides were also found in the samples analyzed (Table 6). The treatment did
not remove chlorides. Souza [40] observed that hydrotalcite was able to remove the anions F,
SO42 and PO43, but not CI,, Br or NOs~ . Competition between anions for the hydrotalcite
adsorption sites leads to less removal. The site preference was for the anion with the highest
effective load, which is in agreement with data described by Das et al. [41] and Tong et al. [42].
Due to the complex composition of the leachate, this type of competition must also occur.

The high levels of ammonia demonstrate that the leachate is in an intermediate phase of aging,
acquiring characteristics of the methanogenic phase, in which ammoniacal nitrogen levels can
be between 3000 and 5000 mg/L [37]. The hydrotalcite removed ammonia by about 12%.

As hydrotalcite has magnesium and aluminum in its constitution, additional analysis were
performed to determine whether excessive amounts of these two elements would be added to
the leachate. As shown in Table 6, none of the elements had elevated indices after treatment.
In the characterization of the sludge from the treatment with hydrotalcite, high amounts of
nitrogen, magnesium, phosphorus and potassium was observed, which may make its use
interesting in soil fertilization (Table 6). However, the amounts of sodium and aluminum may

be restricting factors. In this way toxicity experiments are necessary.
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Table 6. Chemical analysis of metals and non-metals of raw landfill leachate (RL), treated with

hydrotalcite (HL) and residual sludge from the treatment (S). MVP (maximum value permitted

by article 18 [18] and MVPr - maximum value permitted for class 2 rivers by article 11 [18].

Metals RL(mg/L) HL(mg/L) S(mg/Kg) MVP(mg/L) MVPr(mg/L)
Arsenic 0.043 - - 0.2 0.1
Aluminium 0.383 0.325 28444 NA NA
Barium 0.178 - - 5.0 1.0
Boron 10.63 1.966 43 5 5
Cadmium <0.001 - - 0.2 0.01
Lead <0.005 - - 0.5 0.1
Copper 0.017 - - 1 1
Chrome 0.160 - - 5.0 0.05
Hexavalent chromium  <0.100 - - 0.1 0.1
Tin 0.025 - - 4.0 2.0
Soluble iron 1.304 - - 15 15
Fluoride <10.000 - - 10 10
Manganese 0.178 - - 1 1
Magnesium 61 89 160288 NA NA
Mercury <0.0002 - - 0.01 0.002
Nickel 0.163 - - 2 2
Potassium 875 978 3433 NA NA
Silver <0.005 - - 0.02 0.02
Sodium 1719 1531 3812 NA NA
Selenium <0.005 - - 0.02 0.01
Zinc 0.234 - - 5 5
Non-metals LN LH S MVP MVPr
Chlorides 2617 2696 - NA NA
Cyanide <0.020 - - 0.2 0.2
Sulfide 0.447 - - NA NA
Sulfate <50.000 - - NA NA
Phenol <0.05 - - 0.5 0.001
Phosphorus 9.3 0.307 580 NA NA
Ammonia 2267 2003 - NA 0.5

NA: Not applicable, (-) Not quantified

3.2. Toxicity tests of raw landfill leachate, treated with hydrotalcite and residual sludge.

3.2.1. Acute toxicity test with D. similis and Artemia sp.

The use of bioindicator tests is an important tool to evaluate the toxicity of the material studied.

To verify the toxicity the pH of the treated leachate was adjusted to 7.9 with the use of

phosphoric acid, since D. similis would not withstand the pH 9.9 resulting from the treatment.

The introduction of phosphoric acid caused the precipitation of salts, probably ammonium
phosphates. Li and Zhao [13], used MgCl2.6H20 +/Na2HPO4 .12H-0 to precipitate NHs + -N
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from the leachate from the Hong Kong landfill, obtaining a recovery of 92% of NH4 + -N in the
precipitate. The results of the acute toxicity tests showed that, despite the adsorbent efficiency
in the removal of important parameters, there was no efficient decrease in toxicity to D. similis.
However, trials with Artemia sp showed lower levels of toxicity (Table 7). D. similis are fresh
water microcrustaceans, therefore do not support high levels of conductivity and salinity, which
certainly influenced the survival of these organisms. In this way the identification of the
effective difference in toxicity between the treated and the raw leachate could not be detected.
Artemia sp are marine organisms capable of tolerating high concentrations of chloride ions
found in most leachates, thus becoming adequate to determine the toxicity due to sources other
than chlorides [43]. Therefore, the high conductivity and high degree of chlorides of the landfill
leachate did not alter the survival of this microcrustacean. After treatment with hydrotalcite, it
was possible to detect an improvement of 21.63% in the toxic condition of the landfill leachate
(tab. 7). The toxicity of the landfill leachate in the methanogenic phase is probably due to the
high concentration of ammonia, Svensson et al. [43] observed that after passing the sample
through an ion exchange membrane to remove ammonia and heavy metals, toxicity was
removed from all samples. However, when the samples were passed through activated carbon
to remove the organic fraction, most of the toxicity still persisted. This led to the conclusion
that the toxicity was mainly due to ammonia, since the concentration of heavy metal was not
high enough to induce toxicity. Sludge leachate showed no toxicity to D. similis

Table 7: Toxicity test with D. similis and Artemia sp with raw landfill leachate (RL), treated
with hydrotalcite (HL), treated and pH 7.9 (HL’) and residual sludge from the treatment (S).

RL HL S
D.similisECspy 123 1.78 NT
Artemiasp ECso) 19.56 23.79 NA

ECs0): Minimum concentration capable to causing deleterious effect in 50% of test organisms);

NT: not toxic; NA: not applicable

3.2.2. Toxicity test with L. sativa.

Figure 1 shows that the percentage of germination in the sludge tests remained high with levels
close to that reached in the control. However, root and stem development present relevant
differences. The roots of the treatments with sludge 2.5, 5 and 10% presented measures about
40, 70 and 75% smaller than the control, but stem development exceeded in 55, 64 and 45%
respectively. The availability of nutrients changes root architecture. In poorer soils, root

development is greater by nutrient demand; in richer soils the development becomes smaller
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[44]. Thus, it can be concluded that the sludge concentrates important nutrients for plant
development and showed no toxicity in these circumstances.

In the tests with raw (RL) and treated (HL) leachate at concentrations 75 and 100%, there was
inhibition of germination, demonstrating their toxic potential. At concentrations below 50%,
there is an improvement in the condition of the treated leachate relative to the raw. The HL25
assay increased seed germination by 28% compared to RL25, but root and stem growth was
about 82% lower than control. In the HL10 assay there was no inhibition of germination and
stem growth was about 27% greater than RL10, approaching very closely the stem
measurements of the control. At concentrations 10 and 25%, it is possible to observe difference
in the level of toxicity between treated and raw leachate due to the germination and stems
development (Figure 1).

The raw leachate showed ECs0=25.22 and the treated leachate ECs0=35.78, showing
improvement of about 42% in the treated leachate condition compared to the raw, for L. sativa

germination.
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Figure 1. Root and stem measurements and L. sativa germination after 96 h of growth on plates
with water (C), with 10, 25 and 50% raw landfill leachate (RL10, RL25, RL50), leachate treated
with hydrotalcite at the same conditions (HL10, HL25 and HL50) and 2.5, 5 and 10% sludge
from the treatment (S2.5, S5, S10).

3.2.3. Growth assay of L. sativa in soil

Germination at the control was 92%. In the vessels with 200m?/ha raw leachate there was no
germination of L. sativa, in vessels with 200m?®/ha treated leachate only 3 seeds germinated
about 20 days later than all other treatments and did not develop normally (fig. 2). This

demonstrates that repeated fertilization with landfill leachate can saturate the soil and render it



98

unviable for planting. Bowman et al. [45] and Williamson [46] noted soil salinity problems and
vegetation scorching during longterm (>1 year) field trials involving the application of leachate
to grassland. In addition, any disturbance caused by pollutants in the soil may impair the major

microbiological factors and biochemical processes related to biogeochemical cycles [47, 4] .

Figure 2. Vessels with 42 days after planting.

With 50m?*ha (RL50 and HL50) there was 54% germination, but the treated leachate test
produced larger specimens, with leaves wider than the raw leachate (fig.3).

The pots with sludge S2.5 exceeded the control, inducing 96% germination. Figure 3 shows a
better plant development with 2.5% sludge, in the pots with 5% sludge the germination

decreases to 64% and the plants do not develop with the same vigor as in S2.5.

-,

Figure 3. L. sativa development in pots of S2.5, S5, control and RL50, HL50, control with 84
days of experiment.

In figure 4 the average of the dry weights and organic matter of each treatment are compared.
In S2.5 there was potentiation of the plants growth, roots and aerial part (stem and leaves)
developed about 100 and 45% more than the control, respectively. Gillman [14] found that
hydrotalcite used in treatment of swine breeding effluent adsorbs macro and micro nutrients,
when this residue is used in the soil as fertilizer, the release of this nutrients is gradual, avoiding
leaching losses and stimulating the plants growth. This gradual release also prevents excess
phosphates from being carried to surface water bodies and inducing algal blooms. Increasing
the amount of sludge to 5% resulted in inhibition of growth, this fact demonstrates that a
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previous evaluation of the appliction conditions of the residue is required for each type of plant
and soil. Excess nutrients may also inhibit plant growth. In addition, this residue contains
sodium that can destabilize the osmotic soil balance. The Tukey test [30] applied to compare
control, S2.5 and S5 showed significant differences (p <0.01) among the three assays.

Although the treated leachate performs better than the raw as fertilizer for L. sativa
development, 50m®/ha did not provide an increase in productivity, there was a decrease of about
0.9% of organic matter produced in relation to the control (Figure 4). This indicates that long-
term sustainable leachate irrigation schemes are likely to work at below-optimal rates of
biomass production [1]. The Tukey test [30] applied to compare control, HL50 and RL50
showed significant differences (p <0.01) between the vessels with raw and treated leachates and
between the vessels control and with raw leachate. The difference between vessels with treated

and control was not significant.

450
400
350
~ 300

- ‘
£ 250 ]
§9 200 Ll I el
g bl ‘ L

150 b ‘

100 '

50

S5 RL50

Control S2.5 HL50 HL200

m Leaves and stem dry weight @ Leaves and stem organic matter

u Roots organic matter

Figure 4. Dry weight of aerial part (stem and leaves), organic matter of aerial part and roots of
assays with 2.5 and 5% sludge (S2.5, S5) and 50 and 200m®/ha treated leachate (HL50, HL200)
and with 50% raw leachate (RL50) after 84 days.

3.2.3.1. Microbial count of vessels

The initial count (table 7) shows that high concentration of raw leachate caused a decrease in
the amount of bacteria in soil, unlike the other samples that caused increase, treated leachate
HL50 stimulated the growth, increasing in 100 times the number of bacteria in soil. All residues
introduced into the soil caused a decrease in the fungi amount, especially HL200 and HL50
assays, Pattison et al. [48] found inhibition of the growth of arbuscular mycorrhizal fungi in
soil under action of landfill leachate. Chen et al. [49], found that fungi developed better in soil

at acid pH, the high pH of the samples may have rendered the medium unsuitable for these
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microorganisms growth. The raw leachate and the sludge introduced total coliform that were
not detected in the control and remained in the final count. E. coli was not found in any assay.
The final count (Table 7) indicates that after 84 days, there was a stabilization of the soil
bacterial population and the count in all the trials was around 10°CFU/mL, being very close to
the control. The final count of the fungi around 10*CFU/mL shows that, after 84 days, soil
conditions return to propitious fungal growth, except for RL200 and HL200, where the
inhibitory effect remains.

Table 8. Initial and final microbial soil counts of vassels: control (C), with 200 and 50m®/ha
raw leachate (RL200, RL50); with 200 and 50m3ha of hydrotalcite treated leachate (HL200,
HL50) and with 2.5 and 5% sludge of treatment (S2.5, S5).

Heterotrophic bacteria Fungi Total coliforms E. coli

(10° CFU/mL) (10°CFU/mL) (MPN/100mL) (MPN/100mL)

Initial Final Initial Final Initial Final Initial Final
Control 7.0 4.2 615 35.9 - - - -
RL200 2.6 3.6 121 259 7300 5400 - -
RL50 13.2 4.8 230 31.0 200 200 - -
HL200 16.1 4.9 2.8 2.8 - - - -
HL50 139.0 5.2 2.5 12.7 - - - -
S2.5 19.0 3.9 2.0 149 250 200 - -
S5 23.0 4.0 23 228 550 500 - -

The soil of the S2.5,SL5, HL50, HL200 pots had no toxicity, however, soil of RL50 and RL200
were toxic to D. similis. Demonstrating that the introduction of raw leachate into the soil at such
concentrations without prior treatment may harm the environment.

3.3. Respirometric assay

Figure 5 shows that in all experiments where the inoculum was introduced the CO2 production
was intensified. The comparison of CO> production between soil (C) and soil with inoculum
(Ci) shows that the introduction of the inoculum increased CO. production by 23% in 52 days.
This shows that the inoculum, produced from the leachate, has a greater capacity than the
autochthonous microorganisms of the soil to biodegrade the organic matter available in the
environment.

The statistical evaluation of the inoculum positive influence on biodegradation, by Wicoxon
method [30], was significant for all assays, C and Ci (p = 0.0022), RL5 and RL5i (p = 0.006),
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RL10 and RL10i (p = 0.0029). HL5 and HL5i (p = 0.0029), HL10 and HL10i (p = 0.0022),
S2.5 and S2.5i (p = 0.0007).
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Figure 5. CO. cumulated production of soil (C), soil with inoculum (Ci), 5 and 10% raw
leachate without and with inoculum addition (RL5, RL5i, RL10, RL10i), leached hydrotalcite
treated under same conditions (HL5, HL5i, HL10, HL10i) and 2.5, 5 and 10% sludge without

and with inoculum addition (S2.5, S2.5i, S5, S5i, S10, S10i).
To estimate the initial microbial population of each test, the counts of table 9 were taken into
account. They were multiplied by the quantities introduced in each Bartha flask and divided by

50 (referring to 50g soil), the results are in table 10.
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Table 9. Microbial counts of soil, inoculum, sludge (S), raw (RL) and treated (HL) leachates.

Heterotrophic bacteria  Fungi

Soil (CFU/g dry soil) 1.25 10° 1.00 10°
Inoculum (CFU/mL) 2.45 108 1.75 10°
S (CFU/g) 6.80 103 <10
RL (CFU/mL) 1.40 10* 20
HL (CFU/mL) 274 10° <10

Regarding the biodegradation efficiency, all the tests with raw and treated leachates, obtained
good results. Figure 6 shows that in just 24 hours all leachate tests reached about 50%
biodegradation. All the tests reached efficiency above 100%, this fact reinforces the thesis that
the microorganisms present in the leachate were able to biodegrade organic compounds present
in soil, besides those introduced by the residues. The old landfill leachate has very recalcitrant
organic matter, the microorganisms that live under this condition develop mechanisms and
metabolic routes capable of guaranteeing their survival under adverse conditions. When they
came into contact with soil organic matter, they were more able to metabolize it than native
microorganisms. This fact may indicate the possibility of introducing landfill leachate in areas
contaminated by recalcitrant material in order to improve the biodegradation and
bioremediation of these regions. Campos et al. [50], used soil with landfill leachate to aid in the
degradation of polycaprolactone and polypropylene blend films.

Figure 6 shows that when the amount of leachate was increased, efficiency decreased. The
increase in initial carbon did not promote proportional increase of biodegradation. Thus, 5%
residue tests obtained better results when compared to 10% tests, although both had reached
good biodegradation levels.

The biodegradation efficiency of the treated leachate (HL5, HL5i) was on average 25% better
than the raw leachate (RL5, RL5i). When the concentration was increased to 10% residue, the
biodegradation efficiency of the treated leachate was on average 48% better when compared to
the raw in the same condition. This result was expected since the treated leachate introduced
less organic matter into the system and had fewer toxic products.

According to Student's t-test [30], the improvement in the biodegradability of the treated
leachate in relation to the raw was significant for all the trials (p <0.0001).

In the sludge tests, negative results on the biodegradation efficiency of S5, S10 and S10i were
observed, in addition, the 5 and 10% sludge tests did not obtain good results, reaching the end

of 129 days with maximum efficiency of 7.2% in the S5i assay. The tests with 2.5% sludge
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showed an improvement in biodegradation efficiency, reaching about 30% with 102 days
(Figure 6). These facts, could show that the residue presence would have caused inhibition in
microbial activity, but the microbial counts (Table 10) showed that there was increase in soil
microbiota with sludge addition.
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Figure 6. Efficiency of biodegradation of 5 and 10% raw leachate without and with inoculum
addition (RL5, RL5i, RL10, RL10i), leached hydrotalcite treated under the same conditions
(HL5, HL5i, HL10, HL10i) and 2.5, 5 and 10% sludge without and with inoculum addition
(S2.5, S2.5i, S5, S5i, S10, S10i).
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Table 10. Initial and final microbial counts of control (C) and with inoculum (Ci),5 and 10%
raw leachate (RL5, RL10) and with inoculum (RL5i, RL10i)), 5 and 10% treated leachate (HLS5,
HL10) and with inoculum (HL5i, HL10i), 2.5, 5, 10% sludge of treatement (S2.5, S5, S10) and
wih inoculum (S2.5i, S5i, S10i).

Heterotrophic bacteria Fungi
(10° CFU/g) (10° CFU/q)

Initial Final Initial  Final
C 1.25 3.30 1.00 9.70
Ci 25.75 26.00 275 8.00
RL5 1.25 3.30 1.00 3.75
RL5i 25.75 17.50 275 3.55
RL10 1.26 4.50 1.00 3.60
RL10i 25.76 13.00 275 3.75
HL5 1.25 3.30 1.00 3.70
HL5i 25.75 24.00 275 260
HL10 1.25 3.40 1.00 1.90
HL10i  25.75 22.00 275 3.80
S2.5 1.25 6.0 1.00 7.30
S2.5i 25.75 54.00 2.75 13.00
S5 1.26 4.40 1.00 4.20
S5i 25.76 30.00 275 4.60
S10 1.26 5.40 1.00 4.60
S10i 25.76 29.00 275 3.60

The sludge from the treatment is basically hydrotalcite mixed with leachate components that it

was able to adsorb. Researches such as Reijers et al. [51], have shown that this adsorbent is

very reactive and has great ability to bind to the CO», so, as the biodegradation occurred,

perhaps the CO> produced, has been captured again by the hydrotalcite, making it impossible

to react with KOH present in the trap of Bartha flasks, thus preventing, its precise quantification.

4. CONCLUSIONS

Hydrotalcite achieved good removal levels for parameters such as color, turbidity, COD, BODs,

TOC, boron, total coliforms and E. coli. It had less efficiency to remove ammonia and
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conductivity and was unable to decrease chloride and sodium levels. The use of hydrotalcite
made the leachate alkaline, making necessary to adjust the pH before its disposal.

Toxicity tests showed that treatment with hydrotalcite improved 21.63% the toxicity to Artemia
sp, with ECsg = 23.59. High conductivity and salinity influenced the survival of D. simiis, and
it was not possible to identify the difference in toxicity between the raw and treated leachate
for this microcrustacean.

Seed germination tests of L. sativa showed ECso = 35.78 with improvement of 42% of the
treated leachate in relation to the raw.

The use of leachate in the soil caused inhibition in germination and development of L. sativa in
relation to the control, but the inhibition was higher in the tests with raw leachate. In the vessels
with raw leachate L. sativa developed about 12% less and in the vessels with treated leachate
the development was about 5% smaller than the control. The use of 200m®ha leachate in the
soil resulted in almost total inhibition of germination, this shows that repeated fertilization with
landfill leachate can saturate the soil and make it unviable for planting.

With regard to soil microorganisms, it can be concluded that initially the leachate potentiated
bacterial growth and inhibited fungal growth. However, after 84 days, there was stabilization
of the microbiota with count close to the control, except in the high concentration assays
(RL200 and HL200) where the inhibition remained for fungi. Toxicity tests of percolated soil
from the vessels showed that raw leachate in the two concentrations used induced D. similis
toxicity.

The application of 2.5% sludge in soil was promising, stimulated the growth of L. sativa and
increased the biomass by 42% in relation to the control, with no negative impact on the soil
microbiota and not being toxic to D. similis. The use of 5% sludge was not favorable for L.
sativa development.

The biodegradation test with 5% leachate showed that the inoculum introduced encouraged
biodegradation, increasing the average daily efficiency of the process by 6% for the treated
leachate and 9% for the raw leachate.

Although all the leachate tests had good results in relation to the biodegradation reaching 50%
in only 24 hours, the experiment with L. sativa in pots showed that the introduction of leachate
in the soil can produce inhibitions in the germination and the vegetal development, thus
demonstrating its toxic potential.

The respirometry experiment did not prove to be an efficient technique to determine the
biodegradation of the sludge, because the system is influenced by the hydrotalcite chemical

characteristic.
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