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APRESENTACAO

Territorio € um dos termos mais utilizados pela Geografia, pois esta intimamente
relacionado aos sistemas de formacao e transformacéo do espaco geografico. Esta
definicdo pode variar segundo a corrente de pensamento, e ou da abordagem que se
realiza, mas a concepg¢ao mais comumente acolhida, o relaciona ao espacgo delimitado
a partir de uma associagcao de poder, seja politico, religioso entre outros.

Na atualidade, o termo territorio é contemplado, nas mais diversas pesquisas e
abordagens, como um espaco demarcado pelo uso de fronteiras —desnecessariamente
visiveis — e que se fixa a partir de uma expressao e imposicao de poder, contudo,
desigualmente das concepcgdes anteriores, o territorio pode se mostrar em multiplas
escalas, ndao possuindo necessariamente uma natureza politica, mais também
climéticas, vegetacionais e edaficas. A obra “Educag¢do, Meio ambiente e Territorio”
apresenta uma série de livros de publicagdo da Atena Editora. Em seu terceiro
volume, com 27 capitulos, enfatizamos estudos sobre territério, com destaque aos
estudos de solos e geotécnicos, a influéncia de estudos erosivos para manutencao
de aspectos geoldgicos e geograficos, e uma série de estudos de viabilidade hidrica,
tanto superficiais quanto subterraneos.

Acreditamos ser extremamente oportuno apresentar um primeiro capitulo que
aborde uma tematica tao atual (Jan 2019), uma vez que o Brasil tem sofrido com
inUmeros desastres ambientais por parte de mineradoras localizadas no estado de
Minas Gerais que ndo tem a destinacédo correta para seus rejeitos. O desastre de
Mariana em novembro de 2015 e mais recentemente o desastre de Brumadinho s&o
considerados os maiores desastres desta categoria do Brasil, pois além das perdas
humanas, afetou inumeras cidades ao longo das bacias hidrograficas do Rio Doce
e Vale do Séo Francisco, os deixou sem agua potavel, dizimou grande parte da
biodiversidade, e gerou um grande impacto nos estados nos quais perpassaram com
influéncias visiveis inclusive no oceano Atlantico.

E por fim, finalizamos esse volume apresentando informagdes sobre danos fisicos
ao ambiente, mitigacao de impactos ambientais, bem como técnicas de sensoriamento
remoto e analises multitemporais sobre areas de cultivo e florestais. Dessa forma,
conseguimos elencar uma grande gama de aspectos relacionados ao territorio que
nao foram antes mencionadas em trabalhos cientificos de forma a construir uma base
de exemplos/metodologias que podem ser seguidos(as) e utilizadas como base para
tomada de decisao dentro das diferentes esferas governamentais e cientificas.

Esperamos que esta obra possa contribuir com o conhecimento sobre o territorio
e com artifices ambientais para a sua preservacdao. Mesmo cientes da existéncia
dos problemas mencionados nos diferentes capitulos, as informagdes normalmente
séo veiculadas de formas mais populares em detrimento de informacgdes cientificas.
Isso interfere na opinido publica que ignora ou esquece problemas téo graves e que
terdo consequéncias ao longo de dezenas ou até centenas de anos. Acredita-se que



a informacé&o presente nesse volume trés possa estimular boas praticas que poderéao
ser disseminadas para evitar maiores problemas de ordem territorial e ecologica.
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CAPITULO 20

COMPARISON OF TWO TECHNOLOGIES APPLIED IN
A MUNICIPAL WASTERWATER TREATMENT PLANT:
PHYSICOCHEMICAL AND MICROBIOLOGICAL
PARAMETERS AND CYTOGENOTOXICITY

Thais Dalzochio
Universidade Feevale, Novo Hamburgo, Rio
Grande do Sul

Fernando Hamerski
Universidade Feevale, Novo Hamburgo, Rio
Grande do Sul

Nicole Giovanna Gross

Escola de Educacgao Basica Feevale, Novo
Hamburgo, Rio Grande do Sul

Gunther Gehlen

Universidade Feevale, Novo Hamburgo, Rio
Grande do Sul

ABSTRACT: The
combined to the release of domestic sewage

intense  urbanization
into water resources constitutes a potential risk
to ecosystems and human health, indicating
the need of using technologies in the sewage
treatment. In the present study, physicochemical
parameters and the Allium cepa assay were
performed to assess characteristics and
cytogenotoxic effects of effluents from two
sewage treatment systems: activated sludge
and floating emergent macrophyte filter. For
cytogenotoxic evaluation, seeds of A. cepa
were exposed to different concentrations (25,
50 and 100%) of the effluent samples treated
with both technologies. The physicochemical
analyses revealed both treatment systems met
the legal criteria for chemical oxygen demand
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(COD), biochemical oxygen demand (BOD,),
suspended solids and thermotolerant coliforms.
Despite the floating emergent macrophyte filter
system did not reach the necessary efficiency
for ammoniacal nitrogen removal, it presented a
better removal of phosphorous when compared
to the activated sludge system. For cytogenetic
endpoints (mitotic index and frequencies of
micronuclei and chromosomal aberrations),
there was no difference between both treatments
and the negative control. These results suggest
that the floating emergent macrophyte system
is a promising alternative methodology in the
domestic sewage treatment.

KEYWORDS: Allium cepa, sewage treatment,
macrophytes, activated sludge.

RESUMO: A urbanizagéo intensa urbanizagéo
combinada a descarga de esgoto doméstico
dos recursos hidricos constitui em um risco
potencial para os ecossistemas e para a saude
humana, indicando a necessidade de utilizer
tecnologias para o tratamento de esgoto. No
presente estudo, parametros fisico-quimicos e o
bioensaio com Allium cepaforamrealizados para
avaliar caracteristicas e efeitos citogenotoxicos
de efluentes oriundos de dois sistemas de
tratamento de esgoto: lodo ativado e filtro de
macroéfitas emergentes em flutuagéo. Para a
avaliagdo citogenotoxica, sementes de A. cepa
foram expostas a diferentes concentracoes
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(25, 50 e 100%) das amostras do efluente tratado com ambas as tecnologias. As
analyses fisico-quimicas mostraram que ambos os sistemas de tratamento atenderam
aos critérios legais para demanda quimica de oxigénio (DQO), demanda bioquimica
de oxigénio (DBO,), solidos suspensos e coliformes termotolerantes. Apesar de o
sistema de tratamento com macréfitas néo ter alcangado a eficiéncia necessaria para
a remocao do nitrogénio amoniacal, tal sistema apresentou melhor remogao de fosforo
em comparacao ao sistema de lodo ativado. Para os parametros citogenéticos (indice
mitético e frequéncias de micronucleos e de aberragdes cromossdmicas), ndo houve
diferenca significativa entre os tratamentos e o controle negativo. Esses resultados
sugerem que o filtro de macroéfitas emergentes em flutuacdo € uma metodologia
alternativa promissora para o tratamento do esgoto doméstico.

PALAVRAS-CHAVE: Allium cepa, tratamento de esgoto, macréfitas e lodo ativado.

11 INTRODUCTION

Human activities are inducing great impacts on aquatic ecosystems. Discharges
of industrial and domestic effluents in the rivers are the most common pollution source
of chemical compounds. Several effluents contain toxic mixtures such as heavy
metals, industrial products, pesticides and others that, together, can aggravate the
environmental conditions and, consequently, all the aquatic ecosystems (HOSHINA
et al.,, 2009). In recent years, with the consolidation of legislation and regulatory
control, companies have begun to treat the water used in their manufacturing process
(FIGUEIREDO et al., 2010). However, municipal wastewater still remains a problem,
since only a small portion of domestic sewage is treated in Brazil before being released
into water resources.

The most successful and widely used technology for municipal wastewater
treatment s the biological system with activated sludge, in which aerobic microorganisms
metabolize organic matter. Alternatively, the use of a floating emergent macrophyte
treatment wetland, in which emergent plants are grown in a hydroponic matter on
floating rafts, offers the advantage of providing a relatively passive, low-maintenance
and operationally simple wastewater treatment system (HEADLY & TANNER, 2012).
Thus, studies on physicochemical characterization of effluents combined to bioassays
can provide information about the toxicity of effluents which contains complex mixtures
of substances.

The Allium cepal. assay is acknowledged as an excellent genetic model to assess
the presence of environmental pollutants in water samples (GRANT, 1994; FRANKLIN
et al., 2002). Moreover, this species also presents other advantages, including low
costs, easy handling, and suitable chromosomal features; this plant bears large and
few chromosomes (2n=16) which facilitates the evaluation of chromosome damages
and/or disturbances in cell division cycle (FISKESJO, 1985). The cytotoxicity levels
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of an agent or a complex mixture of substances can be determined by the decrease
or increase in the mitotic index, i.e. number of cells in division (FERNANDES et al.,
2007), while the observation of micronuclei and chromosomal aberration, such as
bridges, fragments and vagrant, allows estimating the genotoxic effects of agents. This
test system has shown high sensitivity in detecting environmental chemicals (LEME &
MARIN-MORALES, 2009), and has successfully been used to evaluate the genotoxicity
of sludge samples (RANK & NIELSEN, 1998; MARTINS et al., 2016; SOMMAGGIO et
al., 2018), hospital wastewaters (MAGDALENO et al., 2014), herbicides (FERNANDES
et al., 2007; FELISBINO et al., 2018), petroleum refinery wastewaters (HOSHINA et al.,
2009) and rivers (GOMES et al., 2015; RODRIGUES et al., 2016).

Therefore, the aim of this work was to assess the physicochemical and
microbiolgical parameters and cytogenotoxicity from effluents treated with two distinct
methodologies — activated sludge and a floating emergent macrophyte filter system, in
a municipal sewage treatment plant.

2| MATERIAL AND METHODS

The municipal sewage treatment plant selected for this study is located in the city
of Novo Hamburgo, state of Rio Grande do Sul, Brazil. This treatment plant serves a
population of about 5000 people and receives an average of 520 m? of domestic sewage
a day (Goldoni et al., 2014). There are two technologies operating simultaneously in
this plant: activated sludge system and a floating emergent macrophyte system with
Typha domingensis (developed and patented by the University of Polytechnology in
Madrid, Spain). However, since this technology was applied in a wastewater treatment
plant that already existed, it was not possible to implement all components of this
system, which include three ponds. The first pond runs through anaerobic zone; the
second pond runs through the use of diffused air acting as an aerobic system and the
third one has the function of clarification and phosphorous removal. The dimensions of
the reactors are 2,5m x 17m x 17m. The feeding in the floating macrophyte system has
Q =0.7 L.s" at a constant speed. The activated sludge is a batch reactor that operates
with cycles of four hours: 2’45”, fed with Q = 3.2 L.s™'; 30”, decanting and 45”, output.

Samples for physicochemical and A. cepa assays were collected in May 2015.
Physicochemical and microbiological analyses of treated sewage samples were carried
out for the following parameters: biochemical oxygen demand (BOD,), chemical oxygen
demand (COD), ammoniacal nitrogen, phosphorous, suspended solids, aluminum,
chromium, zinc and termotolerant coliforms (Escherichia coli).

Seeds of A. cepa from the same lot and variety (“Baia Periforme” onion) were
submitted to germination at 22 °C in Petri dishes (10 cm of diameter), each dish covered
with filter paper and individually poured with 3 mL of distilled water. When roots reached
1 cm in length (approximately five days after the beginning of the assay), they were
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transferred to a dish containing the sample and then, exposed for 24h. A control group
was maintained in distilled water during the same period. The samples of domestic
sewage treated with the two technologies were diluted in distilled water in the following
concentrations: 25, 50 and 100%.

After the exposure period, onion roots were collected (10 per group), fixed in
alcohol-acetic acid (3:1-v/v) for 24h, transferred to 70% ethyl alcohol and stored at 4
°C. To prepare the slides, roots were rinsed in distilled water, hydrolyzed in 1N HCI
at 60°C for 8 minutes and rinsed again. The meristematic regions were covered with
coverslips and carefully squashed into a drop of 1% acetic orcein. Stained root tips
were analyzed under light microscopy (Olympus DSC2000) for cytogenetic endpoints.

For the mitotic index, 500 cells per slide were analyzed, which was used as
microscopic parameter for cytotoxicity. To assess genotoxicity, 500 interphase cells
were analyzed to estimate the frequency of micronucleus and 50 cells in anaphase-
telophase were analyzed to determine the frequency of chromosomal aberrations,
such as chromosomal fragments and losses and bridges, following the criteria used
by Leme and Marin-Morales (2008). Five slides were analyzed per treatment, totaling
2500 cells for mitotic index and micronucleus analysis, and 250 cells for chromosomal
aberrations analysis. The mitotic index, chromosomal aberrations and micronuclei
frequencies were calculated according to the formula: frequency = (A/B) x 100, where
A is equivalent to the total number of cells with a parameter to be analyzed, and B
corresponds to the entire number of analyzed cells.

Statistical analysis was performed using ANOVA one-way followed by Tukey
multiple comparison test, when appropriate. Significant difference was considered
when p<0.05.

3 | RESULTS

Physicochemical and microbiological parameters of activated sludge and floating
emergent macrophyte filter systems effluents are shown in Table 1.

Parameter Raw Activated Floating Emission Emission
(mg.L") domestic sludge emergent Pattern’ Pattern?
sewage system’ macrophyte
system?
BOD, 320.0 36.0 115.0 80 150
COD 573.0 45.7 155.5 260 360
N-NH, 54,5 ND 50.3 20 20
Phosphorous 8.3 4.8 3.1 - -
Suspended 102.5 15.5 16.0 80 180
Solids
Aluminum 0.6 ND ND 10 10
Chromium ND ND ND 0.1 0.1
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Zinc 0.2 0.1 0.02 2.0 2.0

Thermotolerant 29,000,000 500,000 3,300,000 10° -
coliforms

ND — Not detected

'— According to CONSEMA (State Environmental Council) Resolution no. 128 (Rio Grande do
Sul, 2006): 500 = Q < 1000 (mé.d")

2 — According to CONSEMA (State Environmental Council) Resolution no. 128 (Rio Grande do
Sul, 2006): 20 = Q <100 (m3.d")

Table 1: Physicochemical and microbiological analysis of raw domestic sewage, activated
sludge and floating emergent macrophyte filter

The State Environmental Council provides the limits for release of sewage into
waterways, according to the flow of each season. By having a larger flow, the discharge
limits for activated sludge system is much more restrictive than for the floating emergent
macrophyte filter system.

The floating emergent macrophyte filter system did not reach the necessary
efficiency for ammoniacal nitrogen disposal, unlike the activated sludge system. In
contrast, the floating emergent macrophyte system showed better phosphorous
removal, compared to the activated sludge system. COD, BOD,, suspended solids
and termotolerant coliforms met the legal criteria for both treatments. Activated sludge
system removed 88.7% for BOD,, 92% for COD, 42.2% for phosphorus, 85% for
suspended solids and 98.3% for termotolerant coliforms. Moreover, all the ammoniacal
nitrogen was removed. Concerning the floating emergent macrophyte filter system, it
removed 64% of BOD,, 73% of COD, 63% for phosphorus, 84.4% for suspended solids
and 88.6% for termotolerant coliforms. Concentrations of aluminum and chromium
were not detected in any effluents after both treatments, while zinc was detected in
both of them.

The results from the A. cepa are shown in Table 2. The mean mitotic index
was 53.64 for control group. In seeds exposed to different concentrations of the
activated sludge treatment, the mitotic index ranged from 38.21 to 53.13, while a
variation of 46.8 to 49.13 was found in seeds exposed to the effluent from the floating
emergent macrophyte filter treatment. In general, low frequencies of micronuclei and
chromosomal aberrations were found in meristematic cells of A. cepa exposed to the
sewage treatment plant samples and in control group. No significant differences in
mitotic index, micronucleus and chromosome aberrations were observed among the
negative control and effluent samples from the sewage treatment plant.

Treatment Mitotic index Micronucleus =~ Chromosomal aberrations
Negative control 53.64+12.57 0.0+0.0 0.40+0.90
Activated sludge 25% 54.46+25.07 0.0+0.0 0.0+0.0
Activated sludge 50% 53.13+29.37 0.0+0.0 0.0+0.0
Activated sludge 100% 38.21+9.78 0.0+0.0 1.00+1.15
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Macrophyte system 49.80+26.73 0.50+2.15 2.00+8.62
25%

Macrophyte system 51.26+19.38 1.00+4.30 1.00+4.31
50%

Macrophyte system 46.80+17.03 0.0+0.0 1.33+4.84
100%

Data expressed as meanzstandard deviaton.

Table 2: Mitotic index and frequency of micronuclei and chromosome aberrations in Allium
cepa seeds exposed to different concentrations of effluents from two different sewage treatment
systems

4 | DISCUSSION

Due to the discharge of treated and untreated sewage into rivers and lakes, there is
a concern that chemical substances may harm organisms in the ecosystems as well as
humans, by accumulation in the food chain (GRISOLIA et al., 2005). It has been shown
that in large metropolitan areas, municipal wastewaters constitute in complex mixture
of substances, containing a wide range of pollutants from a variety of sources (WHITE
& RASMUSSEN, 1998). Thus, in addition to physicochemical characterization, the A.
cepa test has been successfully used to detect the potential induction of cytogenetic
alterations on wastewater from different sources.

Regarding to physicochemical analyses, despite the floating emergent macrophyte
system had presented better removal of phosphorous and met the legal criteria for
BOD,, COD, suspended solids and thermotolerant coliforms, in general, the activated
sludge system showed better efficiency than the floating emergent macrophyte system.
In a study conducted in this same municipal wastewater treatment plant previously,
Goldoni et al. (2014) found that thermotolerant coliforms and phosphorous did not meet
the legal criteria for the floating emergent macrophyte system. Besides, the study was
conducted during the startup of the system (within the first year of its implementation).
The better results obtained by the current study for these parameters demonstrate an
improvement in this system. However, since its efficiency is not suitable yet, continuous
chemical monitoring and changes in the operating dynamics are planned in order to
optimize and improve this system.

Because the use of the floating macrophyte filter system is recent, there is a lack of
studies assessing this technology using bioassays. Firbas and Amon (2013) observed
a decreased level of genotoxicity in meristematic onion cells exposed to effluents from a
constructed wetland which received domestic sewage. Grisolia et al. (2005) also did not
observe significant differences between the frequencies of chromosomal aberrations
in onion bulbs exposed to crude sewage and effluents from a municipal wastewater
treatment plant. Accordingly, in this study, there was no significant difference among
groups regarding the A. cepa assay. However, a decrease in the mitotic index in the
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most concentrated samples from both treatments when compared to control was
observed, especially in the activated sludge, which suggests the presence of cytotoxic
agents in the sample. However, since micronucleus and chromosomal aberrations
were rare in both samples, it indicates that effluents from both treatments were not
genotoxic, despite the differences in the removal efficiency of substances evidenced
by the physicochemical characterization. Besides, it is important to highlight that the
floating macrophyte filter system is not fully implemented in the municipal wastewater
treatment plant. Thus better results for sewage treatment could be obtained for this
technology after attending all the criteria related to its installation.

Overall, the physicochemical and microbiological characterization combined with
plant assay provided additional knowledge about two sewage treatment systems in the
present study, demonstrating that the floating emergent macrophyte filter system is a
promising alternative technology in sewage treatment.
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