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RESUMO

Os wetlands construidos sdo sistemas de baixo custo e usados em todo 0 mundo para tratar
aguas residudrias. Esses sistemas sdo baseados em ecossistemas naturais e 0s processos de
tratamento envolvem interacfes complexas entre solo, 4gua, plantas, microrganismos e padrdes
de fluxo predominantes. Estudos demonstram a eficiéncia desses sistemas em remover matéria
organica, solidos, nitrogénio, fosforo e bactérias. Por outro lado, ha pouca informacdo sobre o
destino de poluentes organicos especificos, como o alquilbenzeno sulfonato linear (LAS)
surfactante aniénico, usado em detergentes em todo o mundo e, como tal, € um constituinte
geral de efluentes domeésticos. Métodos convencionais utilizados no tratamento, como reatores
bioldgicos anaerdbios (UASB) e lagoas de estabilizagdo, apresentam dificuldades na remocgéo
desses poluentes. Neste trabalho objetivou-se avaliar a eficiéncia de um sistema piloto de
evapotranspiragdo e tratamento de agua cinza (EvaTAC), simulando a rotina de uma familia
em escala real na remocdo de LAS. Obteve-se eficiéncia de remogdo que atendem as leis
estadual CECA 036/2012 e nacional CONAMA 430/2011, onde a remogéo de DQO chegou a
56% e a DBO de saida (38 a 42 mg.L! ) do sistema foi menor que 120 mg.L"! (padréo de
lancamento), mesmo com uma carga organica aplicada elevada, sendo 67,7 gDQO.m2.d-1, para
a primeira fase e 19,2 gDQO.m2.d! nasegunda. As legislacdes supracitadas ndo estabelecem
limites de lancamento de LAS no ambiente. Neste trabalho alcangou-se uma remocéo 45% do
LAS, sendo o valor médio do mesmo na saida do sistema de 22.3+11,1 mg.L"! na primeira fase
e 17.8 6,8 mg.L ! na segunda fase. Embora esse sistema compacto nao tenha atingido uma
grande quantidade de remoc¢do de poluentes, ele pode ser utilizado em pequenas comunidades

e o efluente pode ser utilizado para fins ndo potaveis.

Palavras-Chaves: wetlands construidos, surfactantes, sistema EvaTAC.



ABSTRACT

Constructed wetlands are low cost systems used worldwide to treat wastewater. These systems
are based on natural ecosystems and treatment process involving complex interactions between
soil, water, plants, microorganisms and predominant flow patterns. Studies demonstrate the
efficiency of these systems in removing organic matter, solids, nitrogen, phosphorus and
bacteria. On the other hand, there is little information on the fate of organic pollutants, such as
linear surfactant alkylbenzene (LAS), used in detergents, worldwide, and, as such, is a general
component of domestic wastewater. Conventional methods used in the treatment of these water,
such as anaerobic biological reactors, stabilization ponds present difficulties in removing these
pollutants. In this work, it is possible evaluate an evapotranspiration and graywater treatment
system (EvaTAC), treating this water of a pilot system, simulating a family routine on a real
scale on removal of LAS. These research achieved removal efficiency that meets states
standards CECA 036/2012 and federal CONAMA 430/2011, where COD removal reached 56%
and the system’s BOD output (38 to 42 mg.L-1 ) was less than 120 mg.L! (standard release
legislation), even with a high applied organic load, being 67,7 gDQO.m-2.d! for the first phase
and e 19,2 gDQO.m2.d"! for the second. The legislation mentioned above does not establish
limits for release LAS into environment. In this work reached 45% of LAS removal, being
average value output of system 22.3+11,1 mg.L"1 in the first phase and 17.8 6,8 mg.L1in the
second. Although this compact system has not achieved a great deal of pollutant removal, it can

be used in small communities and the effluent can be used for non-potable purposes.

Keywords: Constructed wetlands. surfactants, EvaTAC system.



1.1

1.2

1.3

14

1.5

1.6

1.7

2.1

2.2

2.3

2.4

2.5

SUMARIO

INtrodUGED GEral..... ..o e 10
o[V o132 S 10
Definicéo e Classificacdo de Wetlands Construidos ...........ccoeerierincinicineenseeseeene 11
Sistema de evapotranspiracdo e tratamento de agua cinza (EVaTAC) .....cccccevvvvivinenne 17
Alquilbenzeno linear sUlfonado (LAS)......cov oo 18
ODJELIVOS. ...ttt bbbt 21
1.5.1 ODJEIVO GEIAL......cciiieiiiiece e e 21
1.5.2 ODbjetivos eSPECITICOS ....c.eiviieeiiiieieiee s 21
Organizagio da DISSEITAGAD . ........ueiveeierierieerie ettt et e st et sreeeennee e 21
RETEIBNCIAS ...ttt bbbt n et 22
INEFOOUCTION. ...t 26
Material and MELNOAS .........coviiiiii s 27
2.2.1  EXPErimental SELUD ......ccvieeieeiecie et 27
2.2.1.1 Quali-quantitative MeasUremMeNtS .........cccueivvieieeiiieesie e e see e 28
2.2.1.2 Operational CONAILIONS..........ooiiiiiiieieri s 29

2.2.2 DAta ANAIYSIS ....c.viiieiieeie et e nra s 30
RESUILS AN TISCUSSION ...ttt sb bbb 30
2.3.1 Per capita production, organic and hydraulic loading rate .............ccccceevene 30

2.3.2 Redox potential, pH and temperature parameters ............ccocceverereneneenenn 33

2.3.3 Surfactants REMOVAL..........cccoiiiiiiiiiecs e 34

2.3.4 Effect of season on the performance of EVaTAC System.........c.ccceevevverenee. 36
CONCIUSIONS ...ttt bbb et eb e n et nb e 38
RETEIBNCES. ... et 39



LISTADE FIGURAS

FIGURA 1 - EXEMPLO DE WETLANDS CONSTRUIDOS. .......vuvuivivriiiescieiesesesss st sesenssesese s 12
FIGURA 2 - CLASSIFICAGAO DE WETLANDS CONSTRUIDOS PARA TRATAMENTO DE AGUAS
RESIDUARIAS. .....ocvivviieeseteteses s ese et s et s ss sttt st ssa et bbb sttt b s s st e bbb s s s s st b s s neeas 14
FIGURA 3= SISTEMAEVATAC ..ottt eseae ettt sttt s st ses s 18
FIGURA 4 - FORMULA MOLECULAR LINEAR ALQUIL BENZENO SULFONATO DE SODIO (LAS).....19
FIGURE 2.1 - EVATAC SYSTEM...vviiececteietes st et tes s et ses s e st st ssensssssesssesnsssesesasansnes 29
FIGURA 2.2 - SEASONAL TEMPERATURE VARIATION FOR SAMPLES COLLECTED AT THE 3
SAMPLING POINTS. ...ceevvveseceetetesesesssssesssssesesessesesasesessssesstesasesessssesssasensssssesasassesssessasns 37

FIGURA 2.3 - REMOVAL OF SURFACTANTS AND INPUT CONCENTRATIONS PER SEASON............. 37



LISTADE TABELAS

TABELAL - VANTAGENS E DESVANTAGENS DOS TRES TIPOS DIFERENTES DE WETLANDS
CONSTRUIDOS. ....tteuveiteeiteeteettesteesteesteeseesteesteestesseesbaesseasbeaseestaeteessesbaesbaansesbeesseesreensesseesrs 15

TABELAZ2 - CARACTERISTICASE EFICIENCIA MEDIA DOS WETLANDS CONSTRUIDOS DE FLUXO
HORIZONTAL E VERTICAL ....cuviiuiiiteeteettesteesteesteaneesteestesssesseesseassesseesseessesssesseessssssessesssesssenn 16

TABELA3 - CARACTERISTICASE EFICIENCIA MEDIA DOS WETLANDS CONSTRUIDOS DE FLUXO

HORIZONT AL. ettt s e e e e e s s b e b s s sb s eba s 17
TABLE 2.1 - HYDRAULIC LOADING RATES APPLIED. ...eiiiuviiaiiieaiiiessieeessieesssneesssnesssssessnssessseeas 30
TABLE 5-COD CONCENTRATIONS AND REMOWVAL. ...cceuvieeiieeesieressieeesntieeeseeeessseeessneeasnneesseeas 32
TABLE 6 - REDOX POTENTIAL, PH AND TEMPERATURE .....ccoitiiiiitiiesitieesieeesreesssneesssaessssnessneens 34
TABLE 7 - SURFACTANTS REMOWVAL. ..ccuvviieitiieeitiie ettt e eiee e e sitee e siae e staeeantaeesnaaessnaaeesnneeennneeanneeas 35
TABLE 8 - SURFACTANTS LOAD AND REMOVAL PER DAY . ....uvviiiiiieiiiiieisiiiesinesssneesssneesssnessssnens 35



AC
CEvaT
DBO
DQO
FH
FHS
FHSS
FV

GW

kg

LAS
mg

mL

NH3

°C

=

pH

Q
SSHF-CW
CwW

LISTADE ABREVIATURASE SIGLAS

Agua cinza

Tanque de evapotranspiracdo e tratamento
Demanda Bioquimica de Oxigénio
Demanda Quimica de Oxigénio
Fluxo horizontal

Fluxo horizontal superficial
Fluxo horizontal subsuperficial
Fluxo vertical

Grama

Graywater

Hora

Quilograma

Litro

Alquilbenzeno linear sulfonado
Miligrama

Milimetro

Nitrogénio

Amonia

Graus Celsius

Fosforo

Potencial Hidrogenibnico

Carga

Wetland construido com escoamento horizontal subsuperficial

Constructed wetland



INTRODUCAO GERAL

1.1 Aguacinza

Sustentar um estilo de vida moderno sem a devida preocupagdo com o ciclo da
agua requer grandes quantidades de agua potavel e gera grandes quantidades de aguas
residudrias. As aguas residuarias domésticas sdo compostas por agua negra, que Sdo
efluentes das bacias sanitarias, e agua cinza (AC), que compreendem os efluentes da
lavagem de roupas, banho e cozinha (GROSS et al., 2005).

Visando a simplificacdo do tratamento das aguas residuarias, a separacdo na fonte
€ um passo que possibilita a reutilizacdo das aguas em sistemas mais compactos,
simplificados e até em sistemas descentralizados (OTTERPOHL, 2001).

Os estudos realizados no Brasil e no exterior indicam que a &gua cinza contém
elevados teores de matéria organica, de sulfatos, aléem de turbidez e de moderada
contaminacdo fecal. Alguns estudos comprovaram também a presenca de compostos
organicos rapidamente biodegradaveis na sua constituicio (GONCALVES, 2006;
SANDOVAL, et al. 2019). Nos altimos anos, 0 uso de AC para irrigacdo de jardins
particulares estd se tornando cada vez mais comum devido a escassez de agua doce,
especialmente em &reas aridas e semiaridas. Na maioria dos paises, regulamentos ou
diretrizes especificas para reutilizacdo de AC ndo estdo disponiveis, diante disso séo
frequentemente usados sem tratamento adequado (podendo a concentracdo de poluentes
ser alta, devido a ndo padronizacdo), sendo assim, considerada uma préatica insegura ao
ambiente.

Nos EUA e Austrélia, paises que consomem uma grande quantidade de agua,
regulamentos para o uso de AC foram estabelecidos como mostram Souza et al (2017) e
vale salientar que a agua cinza tém concentra¢cbes menores de compostos orgénicos e
patdgenos quando comparado as aguas residuarias domésticas em geral. No entanto, estes
regulamentos, focam principalmente em questdes associadas a saude publica e ndo levam
em consideracdo aos possiveis impactos ambientais nocivos ou a poluicdo em geral
(SANDOVAL, etal. 2019; ALCANTARA, 2019).
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Neste cenario, € possivel optar pela adogdo e implementacdo de tecnologias
verdes, baseadas na natureza, para o tratamento de aguas residuarias antes do reuso, da
liberagdo no ecossistema natural ou na rede de coleta municipal. As tecnologias
atualmente aplicadas variam de estacdes de tratamento de aguas residuarias altamente
sofisticadas, com varias etapas tecnoldgicas, até métodos simples, de baixo custo,
utilizando processos naturais de filtragem e purificacdo. Algumas opc¢des de tecnologias
tradicionais, processos avangados e naturais que podem ser operados de forma individual
ou combinado (DURAN-DOMINGUEZ-DE-BAZUA; NAVARRO-FROMETA;
BAYONA, 2018):

= O processo de lodo ativado;

= Processos de oxidacdo (por exemplo, processo de Fenton, ozonizagéo,
tratamento com peroxido de hidrogénio, processos avangados de oxidagcéo
hibrida) (GOGATE et al. 2004);

= Processos eletroquimicos e eletro-oxidativos (CHEN, 2004);

= Filtracdo por membrana;

= Lagoas de estabilizacdo (PARK; CRAGGS, 2010; RAWAT, etal., 2011)

= Filtros de areia (SEELAUS et al. 1986)

= Wetlands construidos (CW)

Todas as tecnologias naturais listadas acima sdo sistemas de tratamento bioldgico
e dependem também principalmente de processos rizosféricos, incluindo a atividade
microbiana para tratamento (STOTTMEISTER, et al. 2003).

1.2 Definicao e Classificacdo de Wetlands Construidos

Os Wetlands néo séo facilmente definidos, especialmente para fins legais, porque
possuem uma gama consideravel de condicdes hidraulicas e hidroldgicas, tipos de
substratos e escoamento e devido a grande variagdo no tamanho, localizacdo, espécie e
influéncia humana (ZIDAN; HADY, 2017). As definicdes de wetlands geralmente
incluem trés componentes principais (MITSCH; GOSSELINK, 1993):

» Os Wetlands se distinguem pela presencga de agua.

» Os Wetlands geralmente tém condi¢des unicas de solo.

» Os Wetlands suportam vegetacdo adaptada as condigdes imidas.

As areas Umidas naturais sdo caracterizadas por extrema variabilidade nos

componentes funcionais, tornando praticamente impossivel prever respostas a aplicagcdo
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de aguas residudrias e traduzir resultados de uma area geografica para outra. Embora uma
melhoria significativa na qualidade das aguas residudrias seja geralmente observada como
resultado do fluxo através de areas Umidas naturais, a extensdo de sua capacidade de
tratamento € amplamente desconhecida (ZIDAN; HADY, 2017).

Embora a maioria dos sistemas naturais de areas imidas ndo tenha sido projetada
para o tratamento de aguas residuérias, os estudos levaram a um maior entendimento do
potencial dos ecossistemas naturais de areas Umidas para a assimilagdo de poluentes e ao
design de novos sistemas naturais de tratamento de aguas (ZIDAN; HADY, 2017).

Os “Wetlands” construidos (CW), também chamados de leitos cultivados,
sistemas alagados construidos, terras imidas construidas entre outras nomenclaturas, sao
sistemas “artificiais” dos “wetlands” naturais, que sob condigdes controladas de
engenharia, combinam processos fisicos, quimicos e bioldgicos no tratamento de aguas
residudrias (Figura 1). Os sistemas construidos distinguem dos naturais por terem fatores
gue possam ser controlados e ter o dominio dos processos naturais que ocorrem
(DUARTE, 2002; LAVARGA etal., 2017).

.
[ macrofitas

ImpermeabdiliZzacao

efluente tratado

Figura 1 - Exemplo de wetlands construidos.
Fonte: (SEZERINO, etal.,, 2015)

E considerado uma alternativa de tratamento de baixo custo e facil construcéo e
operacdo, além de poder ser utilizado como paisagismo local. Pode ser adotado como
tratamento secundario, tratamento complementar, podendo até mesmo ser considerado
como uma tecnologia de tratamento bioldgico avancado, adequando o efluente aos

parametros que devem ser alcancados para o destino escolhido (LA VARGA et al. 2017).

Preocupacdes recentes com as perdas de areas umidas geraram a necessidade de
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criagdo de novas areas Umidas, que se destinama imitar as funcgdes e os valores das areas
Umidas naturais que foram destruidas. Esses CWs podem ser definidos como um
complexo projetado e criado pelo homem de substratos saturados, vegetacdo emergente
e/ou submersa, vida animal e agua que simula areas Umidas naturais para uso e beneficios
humanos (HAMMER e BASTIAN, 1989). Os wetlands construidos sdo projetados para
um ou mais dos seguintes propdsitos, conforme indicado por terminologia descritiva
especifica (SUNDARAVADIVEL; VIGNESWARAN, 2001):
= formacéo de habitats de wetlands para compensar as areas Umidas naturais
que foram convertidas para agricultura e desenvolvimento urbano (ou
ajudar a compensar sua taxa de conversdo) e preservar a flora e fauna
nativas, incluindo plantas aquaticas, peixes, aves aquaticas, répteis,
anfibios e invertebrados (areas Umidas de habitat construido)
= instalacdo de controle de inundacédo (wetlands de controle de inundacéao)
= producdo de alimentos e fibra (wetlands construidas para aquicultura) e
= melhoria da qualidade da agua e sistema de tratamento de &guas
residuarias (wetlands construidos para tratamento). Embora os CWs
estejam sendo desenvolvido em varias partes do mundo para varias
funces, suas capacidades de tratamento atrairam esfor¢os de pesquisa
para uma ampla gama de aplicacbes de tratamento, incluindo aguas
residuérias domesticas.

Os wetlands construidos podem ser arquitetados com um grau de controle muito
maior, permitindo assim o estabelecimento de instalages de tratamento experimental
com uma composi¢cdo bem definida de substrato, tipo de vegetacdo e padrdo de fluxo.
Além disso, os wetlands construidos oferecem vérias vantagens adicionais em
comparacdo aos wetlands naturais, incluindo selecdo de locais, flexibilidade no
dimensionamento e, 0 mais importante, controle sobre as vias hidraulicas e o tempo de
retencdo (SEZERINO et al. 2015).

Em sua maioria, 0s CWs sdo projetados para tratar efluentes domeésticos, mas
também possuem ampla aplicagdo no tratamento de efluentes gerados em processos
industriais, devido principalmente a sua capacidade de tratamento secundario e terciario,
seja na remocao de matéria organica ou polimento final respectivamente (VYMAZAL,
2009; LA VARGA etal. 2017).

Os CWs apresentam vegetacdo, meio suporte e agua, proporcionando o
desenvolvimento de microrganismos, possuindo assim ampla capacidade sistémica de
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incorporacdo e transformacdo de muitos nutrientes contidos na matéria orgénica presente
em elevadas concentracdes nestes efluentes (VYMAZAL; KROPFELOVA, 2009). Os
CWs podem ser projetados com dois diferentes fluxos, fluxo vertical (FV) ou fluxo
horizontal (FH), podendo o fluxo horizontal ser superficial (FHS) ou subsuperficial
(FHSS) (Figura 2) (VYMAZAL, 2007; LA VARGA et al., 2017).

Wetlands construidos

Plantas emergentes Horizontal Vertical

Plantas submersas

Plantas flutuantes Descendente

Plantas com folhas Ascendente
flutuantes

Ciclos de nundagéo e
esvaziamento

Sistema Hibrido

Figura 2 - Classificacdo de wetlands construidos para tratamento de 4guas residuérias.
Fonte: Vymazal, (2007), adaptado pelo autor.

Gorgoglione e Torretta (2018) demonstraram a comparac¢ao de algumas vantagens

e desvantagens dos trés tipos diferentes de wetlands construidos listados na Tabela 1.
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Tabela 1 - Vantagense desvantagens dostrés tipos diferentes de wetlands construidos.

ESCOAMENTO HORIZONTAL SUBSUPERFICIAL
Vantagens Desvantagens
] . ) Maior demandade area
Maiores comprimentos ou areas do que as ) o o
outras configuracdes; podendo estabelecer Calculo h'dr%U_“CO minucltoso
nitrificacdo e desnitrificacdo necessario parao
fornecimento de O, ideal

Formacao de acidos himicos para remocao de
NeP.

Ciclo de vida mais longo
ESCOAMENTO VERTICAL

Menor demanda de area Distancias de fluxo curtas
Maior suprimento de oxigénio - nitrificacdo Desnitrificacdo deficiente
Sistema hidraulico simples Demandas técnicas mais

especializadas

Alto desempenho de purificacdo desde o inicio Perda de desempenho esp. naremogao
de P (saturacao)
ESCOAMENTO SUPERFICIAL

Além do “espaco verde” em uma comunidade,
remocdo de DBO, TSS, DQO, metais e
materiais organicosem um tempo de detencdo
suficiente para remocao destes

Maior demandade area

Remocdode N e Pem um tempo de detencdo

significativamente maior Ambiente anéxico - pouca nitrificagdo

Minimizacdo de equipamentos mecanicos,
energia e requisitos de operadores gualificados
Fonte: Gorgoglione; Torretta, (2018), adaptado pelo autor.

Atracdo de mosquitos

Fadanelli et al. (2019) relataram os sistemas wetlands construidos com o melhor
desempenho geral entre algumas obras brasileiras avaliadas. A Tabela 2 foi elaborada
considerando essa selecdo e com o objetivo de resumir as caracteristicas construtivas e
operacionais, bem como o tratamento preliminar que influenciou a eficiéncia na remogéo

carbonacea dos sistemas selecionados em termos de DQO.
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Tabela 2 - Caracteristicas e eficiéncia média dos wetlands construidos de fluxo horizontal e

Referéncia

Tipo de efluente

Tratamento prévio

Dimens6es (m)

Material de enchimento

Relacéao area/habitantes

Plantas

HRT (d)

Q(L.d™h)
Entrada DQO (mg.L™)

DQO (%)

Referéncia

Tipo de efluente
Tratamento prévio
Dimensions (m)

Material de enchimento

Relacéo area/habitantes

Plantas

HRT (d)
Q(Ld?)
Entrada DQO (mg.L1)
DQO (%)

Ganske e Zanotelli
(2008)

Tanque séptico

Cascalhon. 4, casca
de arroz, argila e grdo

96,0

Maier
(2007)
Esgoto domeéstico
Tanque séptico
5,00x1,00x 2,00

Areia e cascalhon. 2

Colocasium
antiquorum

600
99,0

vertical
HORIZONTAL

Toniato (2005)
Esgoto doméstico
Tanque séptico

15,00x 5,50 x 0,50

Cascalhon. 2

2,57

Commelinaceae and
Asteraceae

6,15

2088
100- 550
65,0-954
VERTICAL

Silva
(2007)
Esgoto domeéstico
DecantadorPrimario
0,26 x 0,87 x 2,00

Mistura de Latosol
vermelho-amarelo
com areia média
lavada emrazdode
1,0:15

4.38

Oryza sativa L.

40

Olijnyk et al. (2007)

Tanque séptico
12,00x 6,00 x 0,70

Camadas: areia
grossa, argila, barroe
casca dearroz
1,09

Zizanopsis
bonariensis

31
63,5—-148,7
67,0-770

Van Kaick, Macedo
and
Presznhuk (2008)

Esgoto domeéstico
Tanque séptico
1,00 x 1,00x 1,00

Cascalhoeareia

Cladiummariscus

98,0

Fonte: Fadanelliet al. (2019), adaptado pelo autor.

(-) ndo demonstrado pelo autor

Oliveiraet al. (2005)

Esgoto doméstico

Reatoranaerobico de
fluxo ascendente

5,00 x 3,00x 0,90

Entrada e saida:Cascalho
n. 1.
Porcéo
intermediaria:areia média

1,04

Typha domingensis Pers.
1,0
1710

268,0
81,7

Van Kaick, Macedo e
Presznhuk (2008)

Tanque séptico

Cascalhoeareia

Typha domingensis

95,0

Os sistemas com melhor remoc¢do de matéria organica foram aqueles com vazao

vertical, apresentando maior eficiéncia, em geral, quando comparados aos sistemas
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horizontais. No entanto, vale salientar que sistemas de fluxo horizontal apresentaram
valores significativos na eficiéncia de remocdo carbonacea em termos de DQO tratando

agua cinza, outros trabalhos corroboram para tal afirmagdo como podem ser observados

na Tabela 3.

Tabela 3 - Caracteristicase eficiéncia média doswetlands construidosde fluxo horizontal.

Laaffatetal. Karimi, Enrampoush e .
(2019) Jabary (2014) Ramprasad (2015)  Wahyudianto (2019)
Parametros
Dimensges (m) - 5,00 x 4,50 0,70 10,10x2,55x 1,20 80,00x 20,00 x 25,00
Fonte de 4guas cinzas E.scc?la} Municipio Yajd Banheiro Lavanderia
Primaria
Pré Tratamento Triagem Tanque séptico - -
Fluxo de entrada (m3/d) 12 14 25 20
TSS (mg/L) 641,00 102,8 240 - 280 641,00
Eficiéncia de remogéo
TSS (%) 90 57,3-71,4 - 34-93
DQO (mg/) 77,2 3855 216 - 240 876,92
Eficiéncia de remogéo
DQO (%) 89 88 92 85
Plantas i i i
Typhr_a Phragmites, P.halarlse Phragml_tes Equisetum hymale
latifolia Glyceria australis

(-) ndo demonstrado pelo autor

1.3 Sistema de evapotranspiracdo e tratamento de 4gua cinza (EvaTAC)

Os espacos verdes nas areas urbanas melhoram o microclima local, promovendo
a reducdo do consumo de energia, beneficiando a salde publica, além de outras
vantagens. O uso de agua cinza para o desenvolvimento de tais espacos deve ser
considerado e o uso de solucfes baseadas na natureza é uma opc¢éo atraente (RENGERS
et al., 2016). Neste sentido, Silva et al. (2017), propuseram um sistema denominado
“EvaTAC” (Figura 3). O sistema é uma combinacdo de um tanque de evapotranspiragdo
e tratamento (CEvaT) com uma camara de digestao anaerdbia embutida (Cdig), seguida
por uma wetland construido com fluxo horizontal subsuperficial (HSSF-CW).
Consequentemente a CEvaT substitui o pré-tratamento por meio do uso de tanques
sépticos, estes que apresentam algumas desvantagens tais como: custo extra, odor e
necessidade de manutencdo. Além do menor custo, € um sistema compacto (CEvaT) e

possui uma paisagem que se integra melhor com o ambiente.
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Figura 3 - Sistema EvaTAC
Fonte: Silva etal. (2017), adaptado pelo autor.

Enfatiza-se que o CEvaT é um sistema baseado no solo e nas plantas, constituido
por um tanque impermeavel, preenchido com camadas de diferentes substratos. A agua
cinza entra no sistema através da Cdig, eleva e penetra através de seus orificios,
permeando para cima, até atingir a camada superior do solo, de onde forgas capilares,
vento e calor, bem como a absorcao pelas raizes das plantas causam eliminagdo parcial
da agua por evapotranspiracdo, esse pre-tratado serd drenado para o wetland construido
(SILVA et al. 2017).

Magalhdes Filho et al. (2018) e Silva et al. (2017) em seus trabalhos demonstraram
o CEvaT como um sistema eficaz para pré tratamento de agua cinza, apresentando

eficiéncia na remocdo de DQO no sistema EvaTAC.

1.4 Alquilbenzeno linear sulfonado (LAS)

O alquilbenzeno linear sulfonado (LAS) é o surfactante mais comumente
empregado na formulacdo deagentes de lavagem deroupas e loucas, com uma taxa global
anual de producédo de 4 milhdes de toneladas. O LAS é usado em todo o mundo, sendo
encontrado em aguas superficiais, estuarinas e costeiras, bem como em sedimentos

marinho, tornando-o um excelente indicador de acdo antropica nos ecossistemas. Devido
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as suas caracteristicas moleculares, o LAS tende a ser absorvido em particulas suspensas
e sedimentos do fundo, uma vez descarregados nos corpos receptores (HAMPEL et al.,
2011).

O LAS e uma mistura de homologos de alquil, sua cadeia pode variar entre 10 a
14 &tomos de carbono, onde um anel de benzeno sulfonado pode ser ligado em varias
posicdes de isdmero (geralmente entre 2 e 7) Figura 4. Na prética, o LAS é um surfactante
aniénico comum contido em produtos detergentes usados para fins domésticos ou
industriais, representando mais de 25% detodosos surfactantes utilizados. Devidoao seu
amplo uso, o LAS é um contaminante ubiquo daagua (FOUNTOULAKIS et al., 2009)

CHj; (CH)x CH (CHy)y CH,

SO, Na*

Figura 4 - Formula molecular linear alquil benzeno sulfonato de sédio (LAS).
Fonte: Abdelrahmanetal. (2013), adaptado pelo autor.

Fountoulakis et al., 2009 estudaram a remogdo de compostos hidrocarbonetos
aromaticos policiclicos (HAP) e LASem aguas cinza residudrias tratadasem paralelo por
trés sistemas ndo convencionais: um wetland construido de escoamento horizontal
subsuperficial, wetland de superficie de agua livre e um filtro de cascalho. Com enfoque
na influéncia datemperatura, carga e evolucdo dos HAP e LAS para determinar a cinética
daremocéo, observaram que as concentracdes de LAS variaram entre 1,2 e 17,2 mg L,
com um valor médio de 7,2 mg.L-L. Friedler (2004), Gross et al. (2015) e Shafran et al.
(2005) observaram que as concentracdes de surfactantes na agua cinza variaram entre 1 e
60 mg L1, e a média ficou em 28,5 mg.L1. Valores um pouco inferiores aos encontrad os
pelos autores supracitados foram obtidos por Clara et al. (2007), que analisaram nove
estacdes de tratamento de &guas residudrias na Austria, e descobriram que a concentracio
de LAS variavam entre 2,4 e 6,7 mg L. Os resultados do teste de Tukey mostram que

cada concentracdo de LAS de efluente é significativamente diferente da concentracéo de
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influente. A remogédo do LAS nos sistemas empregados de CWs com fluxo superficial e
subsuperficial, removeram em média 30,0% e 55,5%, respectivamente.

Pérez-Lopez et al. (2018) avaliaram a efetividade de CWs tratando amostras de
agua cinza de dois municipios mexicanos, com diferentes substratos e tempo de detencdo
hidraulica. A remocéo de LAS variou de 6 até 90%, e as maiores remogdes foram devido
ao maior tempo de detencdo hidraulica (15 dias), com diferenca entre sistemas plantados
e ndo plantados e o menor tempo de detenc¢do hidraulica (3 dias) obteve baixa remocéo.

Thomas, Gough e Freeman (2017) investigaram os efeitos da biomassa de 5
espécies vegetais na remocdo do LAS em um esgoto artificial em uma série de wetlands
experimentais de fluxo subsuperficial, com dimensdes de 1,95 x 0,65 x 0,4, recebendo 35
L.dte 5 mg.L?t de LAS. Os resultados confirmaram que a presenca de vegetacdo
melhorava a remocdo do LAS, com sistemas de biomassa mais altos associados a taxas
de remocdo do LAS mais altas. Também foram observadas diferencas na remocao do
LAS entre diferentes espécies de plantas, embora estas ndo tenham sido estatisticamente
significativas. As altas taxas deremocao de LAS observadas neste experimento em escala
de laboratério (> 98% em sistemas plantados) novamente destacam o potencial para a
remoc¢do de LAS em sistemas de areas Umidas construidas. Este estudo também confirma
uma maior remocéo do LAS em tratamentos plantados em comparagdo com o controle de
cascalho ndo plantado. Embora pequena em um contexto operacional, a diferenca entre
0s sistemas plantados em termos de remocdo percentual foi significativa. Huang et al.
(2004) relacionou a biodegradacdo do LAS as condigcbes redox na qual torna alguns
caminhos bioquimicos responsaveis pela biodegradacdo. No mesmo estudo também foi
observado que leitos rasos sdao mais eficientes do que leitos profundos, por terem mais
condicdes oxigenadas, além da ocorréncia da desnitrificacdo, enquanto em leitos mais
profundosndo ocorrem. Além disso os sistemas plantados sdo abertos a atmosfera e areas
microaerofilicas na rizosfera da vegetacdo podem existir, tendo a respiracdo aerébica um
papel importante na remocao do LAS.

A biodegradagdo € um processo de suma importancia para tratar o LAS em
esgotos, 0s microrganismos podem utilizar o LAS como substratos para energia e
nutrientes ou com eles podem co-metaboliza-los por meio de reacdes iniciais envolvidas
nas vias catabolicas, os fatores de influéncia mais importantes sdo a estrutura quimica e
ambientes aerobios e anaerdbios. Sob condigdes aerdbias o co-metabolismo do LAS gera
cadeia homdloga mais curta. O LAS também pode ser mineralizado em CO2 e H20, mas
isso requer a contribuicdo de varias espécies de bactéria. Nos processos de degradacéo
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em sistemas anaerobios, dependem dos receptores alternativos, como sulfato, nitrato ou
carbonato, sulfeto de hidrogénio (H2S), nitrogénio moléculas (N2), metano (CH4) e
amonia (NH3s) (Mungray e Kumar, 2009).

De acordo com Jensen (1999), a degradacdo do LAS é resultado de atividade
microbiana, e, portanto, é influenciada pela temperatura, conteddo da &gua,
disponibilidade de oxigénio e a quantidade de LAS fornecida bem como o comprimento

dacadeia e a posi¢céo do anel benzeno.

1.5 Objetivos

1.5.1 Objetivo geral
Avaliar a eficiéncia de um sistema EvaTAC na remocdo de surfactante (LAS)

tratando agua cinza de uma residéncia simulada em escala demonstragao.

1.5.2 Objetivos especificos

Analisar o desempenho do sistema com a coleta baseada no tempo de detencéo
hidraulica (TDH).

Investigar as remocdes por estacdes do ano, verificando a influéncia de diferentes

temperaturas.

1.6 Organizacdo da Dissertacao

A dissertacdo é organizada em dois capitulos, o primeiro apresenta uma
introducéo geral e o objetivo do trabalho. Esta introducdo trata sobre o uso de sistemas
naturais, wetlands construidos e sistemas baseados na evapotranspiracdo no tratamento
de aguas residuérias, incluindo ainda aspectos de remoc¢do do surfactante LAS neste tipo
de ambiente.

No Capitulo 2, é apresentado por um manuscrito, os resultados da eficiéncia de
um sistema EvaTAC na remocdo do surfactante LAS, tratando a &4gua cinza de uma
residéncia simulada em escala real em duas fases (com e sem a influéncia do TDH na
coleta), monitorando também a eficiéncia de remocdo de DQO, e alguns pardmetros tais

como: pH, potencial redox e temperatura.
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REMOVAL OF SURFACTANTS IN ANATURE-

BASED SYSTEM TREATING GRAYWATER

ABSTRACT

Linear alkylbenzene sulfonates (LAS) are the synthetic anionic surfactants most used for
domestic applications, used in detergents worldwide and, as such, is a common
component of domestic sewage. In this work, the performance of a pilot-scale graywater
evapotranspiration and treatment of system (EvaTAC) was evaluated in the removal of
LAS. Even so, this system reduced some organic compounds to meet local requirements,
reaching 56% COD removal, in addition to a high applied organic load, 67.7 gCOD.m"
2.d-1. Considering the COD:BOD ratio of 4:1, BOD values of 42 and 38 mg.L™! in the
outlet effluent were obtained in phases 1 and 2, respectively. These values are in
compliance with federal (CONAMA 430/2011) and Mato Grosso do Sul State (CECA
036/2012) laws for this parameter where the limit is 120 mg.L-t. The legislation
mentioned above does not establish limits for release LAS into environment, in this work
reached 45% of LAS removal, being average value output of system 22.3+11,1 mg.L* in
the first phase and 17.8 +6,8 mg.L1 in the second. Through the studies, the impact of
temperature on the seasons was observed, showing greater removal efficiency in summer
and spring, the hottest temperature of the year was more favorable in removal. This
compact and cheap system can remove enough organic load to meet current legislation
for COD and BOD, and had a significant LAS removal.

Keywords: Constructed wetlands, Linear surfactant alkylbenzene, EvaTAC system.
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2.1 Introduction

Graywater is defined as household wastewater that excludes the flow originating
fromtoilet flushing and includes the streams generated by bathsand showers, hand basins,
laundry, kitchen, and dishwashing. In general, graywater can be divided into dark and
light graywater, light graywater excludes kitchen fraction [1].

Constructed wetlands (CWSs) can be used as part of decentralized wastewater
treatment systems and are a robust and “low tech” technology with low operational
requirements. CWs can be used for the treatment of various types of wastewater, and play
an important role in many ecological sanitation concepts [2].

Silva et al. [3] proposed a multistage system called evapotranspiration and
treatment of graywater (EvaTAC), which is composed of an evapotranspiration and
treatment tank with an inbuilt anaerobic digestion (AnC), followed by a subsurface
horizontal flow constructed wetland (SSHF-CW). In preliminary studies, monitored
chemical oxygen demand (COD) and turbidity, assessing the efficiency of the AnC on
holding load impacts.

Hydraulic and hydrological aspects of an EvaTAC system was evaluated by
Magalhdes Filho et al. [4] in a bench scale, reached satisfactory results in relation the
reduction in clogging processes and the presence this system provided better mixing
conditions in the reactor and reduced short circuits. Rengers et al. [5] evaluated the
hydraulic performance of an EvaTAC system through a computational environment in a
bench scale too, proving its feasibility for wastewater treatment. Besides, Silva et al. [3]
evaluated a EvaTAC system in a real scale with inlet concentrations COD ranging from
289.9 to 347.1 mg.L1, they reached a significant COD removal (92%). Souza et al. [6]

evaluated the economic viability in Brazil with graywater reuse of CWSs reaching
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satisfactory results in this research, where people are more interested in low cost systems
like CWs.

Previous studies did not assess the potential of surfactants removal, which
represent a threat to the aquatic environment and are used on a large scale worldwide.
These pollutants are mostly detected in soils, sediments and sludge with concentrations
ranging between 0 to 16,000 mg.kg? and in treated water and surface waters at
concentrations levels of 135 pg.L"* to 21 mg.L-1[7]. According to Ramprasad and Philip
[8], even at low concentrations levels, these pollutants can cause serious damage to
humans and aquatic lives, they enter into fishes and causes excess mucus secretion,
damages gills and swimming pattern. In humans, they mostly cause skin irritation,
allergic dermatitis and in chronic condition, they lead to cancer and death [9]. Therefore,
this study aims to evaluate the efficiency of an EvaTAC pilot system treating light

graywater, in the removal of LAS.

2.2 Material and methods

The study was performed in a system that combines two units: (i)
evapotranspiration and treatment tank (CEvaT), which has an internal anaerobic digestion
chamber (AnC) that works as a pre-treatment, following a subsurface horizontal flow
constructed wetland (SSHF-CW). This treatment system (EvaTAC) received graywater

from an experimental bathroom that has a laundry.

2.2.1 Experimental setup

The CEvaT had the following dimensions: 1.00 m long, 1.00 m wide and 1.20 m

high, filled with layers of (from bottom to top): gravel 4 (40 cm) k = 0.46, d10 = 60 mm,
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d60 = 100 mm, uniformity coefficient (Uc) = 1.67, gravel 2 (30 cm) k = 0.50, d10 =15
mm, d60=22 mm, Uc= 1.47 and (on the top of a geotextile blanket) soil and blast furnace
slag (30 cm) k = 0.46, d10 = 8 mm, d60 = 20 mm. Uc = 2.5. The SSHF-CW had 1.00
long, 1.00 wide and 0.70 m high, filled only fine gravel (50 cm) k = 0.49, d10 = 5 mm,
d60 =8 mm, Uc = 1.6. To determine the granulometry of the large aggregates, triplicate
assays were performed for each filter substrate. All system was built with fiberglass.
Inthe CEvaT eight cuttings of Canna sp. (popularly known as Beri) were planted,
with a 20 cm space between them. Plants chosen for the SSHF-CW were Equisetum
(popularly known as Cavalinha),four cuttings were planted with the same distance of
CEvaT plants. The units had a 1.00 m? (surface area) each, therefore the combined system
was 2.00 m2. The useful volume was 519.9 L and 197.3 L for the CEvaT and SSHF-CW,

respectively.

2.2.1.1 Quali-quantitative measurements

The graywater produced and released into the system was related to the simulation
of a family of three people. The system was operated by a group of people who
maintained a routine use of the experimental bathroom with the use of personal care

products and washing powder for washing clothes.

The period monitored was divided into 2 phases: the first phase with 469 days (from
July 2016 to October 2017) without to consider the hydraulic residence time (HRT),
where all samples were collected the same day and; the second phase with 28 days
(from October 2017 to November 2017) considering the HRT of 4 days in the CEvaT

and 1 day in the SSHF-CW, with total of 5 days in the EvaTAC system.

The parameters analyzed were: chemical oxygen demand (COD), redox potential,

temperature, pH and surfactants (LAS). All parameters were performed according to
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the Standard methods for the examination of water and wastewater from American

Public Health Association [10]

At both phases, the samples were collected in three sampling points (P1, P2 and
P3, Figure 2.1) for the following parameters: chemical oxygen demand (COD) and
surfactants. At the entrance of the CEvaT (P1), the exit of CevaT (inlet of SSHF-CW)
(P2) and outlet of SSHF-CW (P3). The inlet flow was controlled by hydrometers (Itron
band ®) installed at the experimental bathroom, equipped with showers, bathroom

sinks, tank and washing machine.

The monitoring parameters (redox potential, temperature, pH) were measured at five
different points, as follows: P1 (effluent input into the system), P1’ (measurement
within Cevat), P2 (measurement at Cevat outlet), P2’ (measurement within CW) and

P3 (system output), as shown in Figure 2.1.

Figure 2.1 - EvaTAC system

2.2.1.2 Operational conditions

Quantitative parameters as peak-flow, organic and hydraulic loading rate were

calculated according von Sperling et al. [11].

Hydraulic loads of approximately 117 mm.d-! and 133 mm.d-! were generated

according to the flow produced with the routine to the system in phases 1 and 2,
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respectively. In relation to the organic loading rates in the first phase a higher load was
applied, being 67.7 gCOD.m2.d"1-and in the second the load was 19.2 gCOD.m2.d",
according to Table 2.1. Peak flow is based on the ratio between maximum flow divided

by minimum load flow entering the system [11].

Table 2.1 - Hydraulic loading ratesapplied.

Phase L.ptld? P1 (L.m=2.d1) Peak flow gCOD.m2d!
1 39.0+44.6 117.04+72.57(46)! 6.7 67.7£61.2
2 44.4+55.2 133.31+52.50(4)! 4.3 19.2+£35.7

I Number of measures

2.2.2 Data Analysis

These data were run in a statistical analysis, where the Shapiro-Wilk test was
first performed to verify the normality of the data. Subsequently, an Analysis of Variance
test (ANOVA) was applied to determine the differences between the average
concentrations of pollutant output (LAS and COD) in the EvaTAC system between the
seasons. Tukey’s post hoc tests were used to evaluate the results in pairs of ANOVA test.
The variables were considered statistically significant for values of p<0.05. All data were

analyzed using R (version 3.6.1).

2.3 Results and discussion

2.3.1 Per capita production, organic and hydraulic loading rate

The graywater (GWL) production ranged between 39+44.6 to 44+55.2 L.p.d%, by
performed simulating the GW. production of a residence inhabited by three people in
both phases. These values are lower than studies carried out by Silva et al. [3] in which

the GWL generation reached 126 L.hab.d"!, that worked in real scale and Mandal et al.
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[12] where the production was 110 L.hab.d-1. But in countries of Africa the generation
range from 20 to 30 L.hab.d-1 [13][14], these values below than this research. It can be
noted that in this simulated routine, where the fractions of the sanitary appliances were
monitored by hydrometers, the production of graywater was lower compared to Silva et
al. [3] who performed a full-scale study without the control of fractions. In the studies of
Mandal et al. [12] was considered the generation of the kitchen sink that is around 30
L.hab.d-!, considering that it can be said that this study reaches values similar to the
average values generated in developing countries.

In the second phase a higher hydraulic load was applied, around 133 mm.d-%, and
the first 117 mm.d-1, these applications being above recommended by some studies that
suggest a rate of 60-80 mm.d-! [15][16]. However, the limiting factor is the organic load,
which means that if graywater has low organic load a higher hydraulic load can be applied
[2].

Regarding the organic loads in phase 1, a greater application was made than in
phase 2 and Silva et al. [3], that applied in his study in a similar system, around 30
gCOD.m2.d-1,

In relation the COD concentration, a higher concentration was observed in the
entry (P1) of phase 1 than in phase 2, 384.2 and 263.6 mg.L"!, respectively (Table 2.2).
Even with a higher input concentration the system was more efficient at removing COD
in phase 1 (56%).

Considering the area of the system by the number of people, this study had 0.7
m2.p-1 below other studies in which the value varies from 0.8 to 8 m2.p-! [17-19]
considering horizontal flow wetlands. Hoffmann et al. [2] recommends that the specific
area required be between 3 to 10 m2.p-t in warm climates. The value of this research is

smaller than these, requiring more modules (four) to have a larger area and decrease the
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organic load entering the system, so that the treatment becomes more effective.

Nivala et al [17] using horizontal flow wetland with 0.8 m2.p-! of area, obtained a
COD reduction of 60%, this value is similar to this study, where COD removal was
around 57%, however the system was intensified with aeration.

With the analysis of the results Table 2.2 it can be observed EvaTAC removal
performance, with CEvaT being a significant pretreatment, in which it supplied a better-

quality effluent to the SSHF-CW.

Table 2.2 - COD concentrationsand removal.
COD (mg.L1)
Removal (%0)

Phase Pl P2 P3 Cevat SSHF-CW  Global
1 384.242145(43) 28751004 (43) 168.1+76.2(43) 25.17 4152 56.24
2 263.6+122.4(4) 218.3+85.0 (4) 153.1£100.8(4) 17.17 29.90 41.94
(n): numberof measures

Silva et al. [3] performed a study with similar conditions (although the organic load
applied was half of this study), obtained an input COD between 289 and 347 mg.L*
and the exit of the system the COD concentration was between 41 and 75 mg.L-1. This
removal was smaller than found by Monteiro et al. [20] in that it used a septic tank as
pretreatment followed by a SSHF-CW with a surface area eight times greater than this

study, and obtained COD removal of 83%.

However, if graywater is intended to be treated through a biological process, it is
suggested that an amount of kitchen greywater should be collected together with other
streams to maintain an optimal COD:N:P ratio. This is because graywater from kitchen
contributes most of biodegradable organic substances and particulate nitrogen, the
graywater from bathroom and laundry are less contaminated by the microorganisms

compared to the other graywater streams [21].

The concentration of organics in graywater is different than domestic wastewater,
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mainly their chemical nature. The COD:BOD ratio may be as high as 4:1 (greater than
values reported in sewage that is 2:1, according Jorddo et al. [22]), this is couple with
a deficiency of macro-nutrients such as nitrogen and phosphorus. The COD:NH3:P of
graywater has been measured at 1030:2.7:1, and this compares with 100:5:1 for the
proper biological treatment of wastewater, [23]. Therefore, both the relatively low
values of biodegradable organic matter and the nutrient imbalance limit effectiveness
of biological treatment in graywater, because nutrients are lacking for bacteria such as

nitrogen [24].

Federal and state legislation does not relate COD as a control parameter in water
bodies, therefore a BOD:COD ratio of 4:1 was adopted, according Al-Jayyousi [23],
considering this relation, at the exit of system (P3) we obtained BOD values of 42 and
38 mg.L-1in phase 1 and 2, respectively. These values comply withfederal (CONAMA
430/2011) and state (CECA 036/2012) laws for this parameter in which the limit is

120 mg.L"L.

2.3.2 Redox potential, pH and temperature parameters

The redox potential, pH and temperature parameters are presented in Table 2.3.
It can be observed that the environment was anaerobic within CEvaT and SSHF-CW,
in the entrance it was more anaerobic in phase 2, due to the non-operation of the pump
(the pump broke and was replaced by another one) in which the water remained stored
for four days. At the exit the redox potential increased again due to the existence of the
plants and the decrease of the organic load. In relation to the pH and the temperature we

did not have a variation in both phases.
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Table 2.3 - Redox potential, pH and temperature.

Potential Redox pH Temperature (°C)
P1(51) -3.0£221.3 7.2+0.7 24.2+4.4
P1'(51) -320.0+40.0 7.3x0.5 24.7+2 .8
Phase 1
P2'(51) -309.5+37.7 7.1+0.3 24.2+2 9
P3(51) -261.5+53.8 7.7+0.3 24.2+2 .8
P1(9) -170.2+142.1 7.1+0.6 27.1+1.8
P1'(9) -328.1+45.9 7.0+£0.5 27.1+0.9
Phase 2
P2'(9) -300.9445.0 7.0+£0.5 26.9+1.1
P3(9) -252.9+51.3 7.4+0.6 26.7+0.6

(n): numberof measures

These parameters comply with federal and state laws, in which they establish a pH
range between 5 and 9 and a temperature below 40° C at the exit of system. Even with
alternating hydraulic and organic loads, the pH remained stable throughout the

monitored period.

2.3.3 Surfactants Removal

Regarding the concentrations of surfactants at the entrance of the system, we
had a variation between 4 and 70 mg.L*and the average was 32 mg.L!, studies
conducted by Friedler [25]; Gross et al. [26]; Shafran et al. [27] observed that the
concentrations of surfactants in graywater varied between 1 and 60 mg.L™1, and the
average was 29 mg.L1. This shows that in this study we had similar values to the

literature.

In this research we had similar concentrations of LAS in both phases with

removal efficiency reached 46% in the system as can be seen in Table 2.4.
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Table 2.4 - Surfactants Removal.

Surfactants (mg.L?)

Removal (%0)

Phase P1 P2 P3
Cevat SSHF-CW  Global
1 32.1+21.9(28) 29.2+10.0(28) 22.4+11.3(28) 9.2 23.3 30.6
2 32.6+25.5(5) 19.6+4.9(5) 17.8+6.8(5) 39.8 9.6 455

(n): numberof measures

Relating the removal of LAS with COD it can be seen that we had a higher
LAS removal in the second phase, differently in COD removal where the higher

removal was in the first phase.

Tamiazzo et al. [28] obtained a better removal efficiency of surfactants in
graywater reaching values higher than 98% of removal, but the superficial area used
of CW was 7.5 higher than this study. The surfactants load removed of Tamiazzo et al
[28] ranged of 0.1 to 10.2 g.m2.d-! therefore this high removal of surfactants may be
related because the system functioned as a vertical flow system in series wall cascade
wetlands, supplying a greater amount of oxygen compared with this research, and a
higher area was used than this study that according to the Table 2.5 even with a small

area (0.7 m2.p1) this study had a significant removal of surfactants achieving almost

1.0 g.m2.d1L.
Table 2.5 - Surfactantsload and removalperday.
Surfactants load (g.m2.d1)
Phase P1 P2 P3 Removal (g.m2.d1)
1 1.88 1.71 1.31 0.57
2 2.17 1.31 1.18 0.99

Fountoulakis et al. [29] found a LAS removal of 55% (input concentration
7.17 mg.L1) in a study with domestic wastewater treated by constructed wetlands
with 45 m2. This removal is higher than this study because a higher area was used and

the fact that domestic wastewater has a high amount of organic matter, for this reason
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is more efficient.

2.3.4 Effect of season on the performance of EvaTAC system

Performance of EvaTAC system was evaluated according to the season of
Brazilian calendar, these seasons are divided in: summer (December to March), autumn
(March to June), winter (June to September) and spring (September to December).

The efficiency of treating wetlands in tropical regions is greater than in temperate
regions due to differences in temperature, promoting better plant growth, leading to
greater absorption of macrophytes [30-32]. In addition, the high temperature will increase
microbial activity and subsequently increase the removal processes. For example, the
efficiency of removing organic matter will increase at high temperature as the rate of
aerobic and anaerobic degradation will also increase.

It was observed that the temperature had a significant range, the highest
temperature was observed on summer and spring (Figure 2.2). However, the mean values
of concentrations of the LAS output (df=03, Fvalue=1.196, p=0.3431) and COD (df=03,

Fvalue= 0.9699, p=0.4225) did not show statistical differences between the seasons.
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Removal efficiencies such as COD and surfactants varied with the seasons.

In the first it was observed almost 80% of COD removal on the summer. On the other

hand, in the winter the surfactants were not removed, only in the others season, as showed

in the Figure 2.3.
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In this and others studies, it was noted that the removal of organic matter is

more efficient in higher temperatures. In Shanghai, a research was carried out to

investigate the impact of seasonal temperature on the performance of constructed wetland
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[30]. The authors’ results indicated that the efficiency of the treatment clearly depended
on the temperature. For example, they found that the efficiency of removing chemical
oxygen demand was higher in summer and spring (66.3 and 65.4%, respectively)
compared to winter and autumn (59.4 and 61.1% in that year). In addition, they found
that the removal efficiency of ammoniacal nitrogen and total phosphorus was higher in
summer (54.4 and 35.0%, respectively) than in winter (32.4 and 28.9, respectively). On
the other hand, Li et al. [21] did not indicate substantial differences in the efficiency of
removing chemical oxygen demand at different times of the year, while a notable
difference in removing nutrients was recorded in the summer compared to the winter.
However, the adverse impact of low temperature on the elimination of nitrogen and
organic matter in constructed wetlands was confirmed by Ruan et al. [31], Zhang et al.
[32] and Zhao at al. [33].

In this research, some similar results were got comparing with the literature,
where a greater COD removal was observed in summer (74%), compared towinter (54%),
while LAS had different results, being the highest removal in autumn (43%) and winter

no removal was obtained.

2.4 Conclusions

The EvaTAC system despite being compact with a surface area of 2 m?
(CevaT+SSHF-CW) had a considerable removal of organic matter, including

surfactant such as LAS which is difficult to remove.

Despite the high organic load released in the system, a COD removal of 56% was
obtained. Considering the COD:BOD ratio of 4:1, BOD values of 42 and 38 mg.L* in
the outlet effluent were obtained in phases 1 and 2, respectively. These values are in
accordance with federal (CONAMA 430/2011) and state (CECA 036/2012) laws for

this parameter where the limit is 120 mg.L .

The legislation mentioned above does not establish limits for release LAS into

environment, in this work reached 38% of LAS removal, being average value output
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[2]
[3]
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of system 22.3+11.1 mg.L* in the first phase and 17.8 6.8 mg.Lin the second

Analyzing several studies, the impact of temperature on the seasons was observed,
the same observed by other authors as demonstrated in this work, showing greater
removal efficiency in the summer and spring, the warmer times of the year being thus

favorable to tropical regions.

Although it does not have high removals, this compact and cheap system can
remove enough to meet current legislation for COD and BOD and had a considerable
LAS removal, considering this kind of system, where the effluent can be used for non-

drinking purpose.
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