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ABSTRACT

The treatment and disposal of domestic sewage is one of Brazil's main challenges. Sewage composition varies with
the habits of the population and the frequency with which new contaminants are released into the environment. This
study is a bibliographical review of the main aspects related to the characterization and composition of sanitary
sewage, types of sewage treatment systems and pertinent legislation; and toxicity of domestic effluents. The review
was based on publications available on Science Direct, Google Scholar and Scielo, as well as on printed publications,
relevant legislation, and normative instructions. The research period adopted for the selection of publications was
from 2005 to 2021. We found out that, in addition to the levels of organic matter from domestic sewage, residues
from products used in daily life, such as pharmaceuticals and cleaning products, can be found in effluents in
concentrations harmful to the environment. Often, the types of treatment used in municipal sewage treatment plants
do not efficiently remove these contaminants. Thus, even if sewage is treated to meet the limits required for the
physical-chemical and biological parameters established by law, domestic effluent can present a high potential for
toxicity to various aquatic species such as microcrustaceans, mollusks and fish. Thus, ecotoxicological analyses
represent a remarkable mechanism for indicating the efficiency of removal of emerging contaminants present in
treated sanitary effluent, in addition to indicating the deleterious effects caused by these residues to the environment
and ecosystems associated with the receiving water body.

KEYWORDS: Ecotoxicology, effluents, aquatic environments.

1 INTRODUCTION

The vulnerability of the environment under the effect of anthropic activities has
provoked in-depth discussions. Among the subjects in question, proper treatment and disposal
of domestic sewage represent a universal concern because of its polluting potential (COLACO;
ZAMORA; GOMES, 2014). In Brazil, large volumes of domestic sewage are generated every day,
reaching and estimated value of 21,267,971 m3, 51.6% of which are treated in plants built for
such purpose, whereas the remaining percentage is discarded with no treatment at all or
unsatisfactorily treated in inappropriate systems (IBGE, 2020).

Domestic sewage is defined by normative instruction NBR 9648 as the effluent
resulting from the use of water for human hygiene and physiological needs, which contributes
to the formation of sanitary sewage. In turn, sanitary sewage is defined as the effluent consisting
of domestic and industrial sewage, infiltration water, and rainwater runoff that is inevitably
absorbed by the sanitary sewage network (ABNT, 1986).

Sewage composition varies according to the population’s daily habits and the
frequency with which new contaminants are produced and launched in the environment.
Domestic sewage, besides high organic matter and pathogen contents, contains contaminants
used in daily activities, such as products for household cleaning and personal hygiene and
pharmaceuticals (DEL-GUERCIO; CHRISTOFOLETTI; FONTANETTI, 2017).

Besides the traditional constituents, the presence of other contaminants in sanitary
sewage is mainly associated with discharges in the sewage network from industrial activities
dealing with organic and inorganic compounds, such as dyes and pigments, tanneries,
pharmaceuticals, galvanoplastics, foundries, laundries, and petroleum derivatives (VON
SPERLING, 2014).

In a survey presented in the latest published version of the Sanitation Atlas, the main
contaminants of water collected for public supply are sanitary sewage and pesticides and solid
residues that are inadequately disposed. In this context, sanitary sewage responds for 72% of
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the incidence of pollution in water bodies, 60% in shallow wells, and 54% in deep wells (IBGE,
2011).

Pollution caused by launching untreated of partially treated sewage in water bodies
can lead to hazards that result from changes in water quality, causing great concern in relation
to sewage treatment and disposal, as well as the consequences regarding the environment in
which sewage is launched (JORDAO; PESSOA, 2014). Residues and subproducts of different types
present in untreated or treated sanitary sewage are launched in aquatic environments as a form
of final disposal. They can induce chronic and mutagenic effects on organisms present in the
receiving water bodies and contaminate sediments existing in such environs (HAMADA et al.,
2011).

Therefore, it is fundamental to characterize domestic sewage, in order to determine
the proper treatment system, to understand the pertaining legislation, and to analyze the
contaminant ecotoxicity relative to aquatic organisms, focusing on the mitigation of the impacts
associated with the launching of effluents in water bodies.

2 OBJECTIVE

The objective of this study is to present a bibliographic review of the main aspects
related to the characterization and composition of the sanitary sewage, of the types of sewage
treatment systems and pertaining legislation, and the toxicity of domestic effluents.

3 METHODOLOGY

The bibliographic review was based on scientific publications available on the Science
Direct, Academic Google, and Scielo research platforms, was well as on printed publications,
legislation, and normative instructions. The keywords used in the research of electronic
periodicals were: ecotoxicology, aquatic ecotoxicology, domestic sewage, and wastewater. The
period adopted for the search of bibliographical material ranged from 2005 to 2021.

4 DEVELOPMENT
4.1 SANITARY SEWAGE CHARACTERIZATION

The sanitary sewage characteristics are divided in three distinct categories, consisting
of: physical characteristics, encompassing solid matter, temperature, odor, color, and turbidity;
chemical characteristics, divided in organic and inorganic matter; and biological characteristics,
associated with bacteria, fungi, protozoa, and viruses (JORDAO; PESSOA, 2014; VON SPERLING,
2014; METCALF; EDDY, 2016).

Some factors are important when characterizing sanitary effluents, such as the direct
influence of temperature in physical, chemical, and biological reactions used in sewage
treatment (KLUSENER, 2006), and solid matter classification by size, that is: suspended solids
(10° to 100 pum), colloidal solids (100 to 10 um), and dissolved solids (10 to 10 um) (CETESB,
2018).
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Anaerobic decomposition of sulfur compounds is the main cause of odor in domestic
sewage (BRANDT; SOUZA; CHERNICHARO, 2017). Color and turbidity highlight the
decomposition state of the sewage; thus, fresh sewage is typically grayish, while black indicates
partial decomposition (JORDAO; PESSOA, 2014). Organic matter can be found either in solution
as dissolved organic solids, which are quickly biodegradable, or in suspension as solids
suspended in liquid, which are slowly biodegradable (SILVA; BERNARDES; RAMOQS, 2015).

According to Jerénimo et al. (2012), the concentration of organic matter can be
indirectly determined by the analysis of oxygen consumption and chemical oxidation. The main
variables involved in these processes are the concentration of dissolved oxygen (DO), the
biochemical oxygen demand (BOD), and the chemical oxygen demand (COD).

Nutrients present in the domestic sewage, such as nitrogen and phosphorous, may be
abundant even after treatment. This is a challenging problem, as pollution promoted by
launching of nutrients in excess in water bodies results in eutrophication, which in turn
stimulates the excessive growth of algae, exerting deleterious actions and leading to the
degradation of springs (LI et al., 2020; PENG et al., 2020; ZHANG et al., 2021).

The biological characteristics of the sanitary sewage are determined by a complex
variety of pathogens excreted by humans via feces, urine and the peeling of the skin (MARTINEZ-
PUCHOL et al., 2020). The contamination caused by these pathogens contributes to the loss of
water quality (BETANCOURT et al., 2014; GARCIA-AUARO et al., 2018) and can be harmful to
public health, once the receiving water bodies become reservoirs of antibiotic-resistant,
pathogenic microorganisms (AMERICO-PINHEIRO et al., 2021; STORTO et al., 2021).

The main microorganisms present in sanitary effluents are fungi, protozoa, viruses,
algae, and bacteria. Bacteria play a primordial role in organic matter stabilization, both in nature
and treatment plants. Similarly, some bacteria, as those pertaining to the thermotolerant
coliform group, are used as indicators of fecal contamination of water bodies (BRASIL, 2019). In
this group, Escherichia coli stands out as widely used in monitoring the quality of superficial
waters (AMERICO-PINHEIRO et al., 2021; STORTO et al., 2021).

The enteric viruses found in human residual waters are quickly transported through
aquatic environments and are hardly removed from them (FARKAS et al., 2020). In the present
world scenario, the new coronavirus (SARS-CoV-2) pandemic is a turning point in public
awareness regarding sanitation (BOGLER et al., 2020), directly related to the detection of SARS-
CoV-2 in sanitary sewage (RIMOLDI et al., 2020; TRAN et al., 2021; THAKUR et al., 2021; AHMED
et al., 2021).

Studies highlight that other contaminants can be present in sanitary sewage, among
them: illicit drugs and pharmaceuticals (BAKER; KASPRZYK-HORDERN, 2011), tensioactive agents
present in cleaning products (GRANATTO et al., 2019), antibiotics (CUNHA et al., 2021), anti-
inflammatory drugs (AMERICO et al., 2012; RAGASSI et al., 2019), microplastic fibers resulting
from textile products used in personal hygiene (BRIAIN et al., 2020), heavy metals (MOLOI;
OGBEIDE; OTOMO, 2020; CHAI et al., 2021), pharmaceuticals for personal care (RASHID; LIU,
2021), and nanocellulose from toilet paper (ESPINDOLA et al., 2021). The presence of these
contaminants can be associated with the fact that many urban sewage treatment plants
simultaneously treat domestic and industrial residual waters (GAO et al., 2020).

111



p ./:, 5z5/~.

Forum Ambiental da Alta Paulista
ISSN 1980-0827 — Volume 17, nimero 5, 2021

Some of the compounds present in sanitary sewages in low concentrations (ug L™ to
ng L) can lead to toxic effects on living beings exposed to them (LEITE; AFONSO; AQUINO, 2010).
In this context, effluent launching and dilution should be properly investigated by managing
agencies, via monitoring and control of the impacts on receiving water courses (MARCAL; SILVA,
2017).

4.2 BRAZILIAN LEGISLATION REGARDING THE LAUNCHING OF SANITARY EFFLUENTS

The management of water resources is related to political decision-making processes
in environmental, social, economic, and cultural spheres (SILVA et al., 2018). The impact of the
launching of effluents from sewage treatment plants on these resources generates great
concern, when it comes to ensuring water quality, selection of discharge loci, and treatment
necessary for an environmentally adequate final destination. These aspects are constrained by
legislation, criteria, policies, and reviews, with the expectation that the impacts of effluent
launching in water bodies are acceptable and unharmful to the environment (OLIVEIRA; VON
SPERLING, 2005).

Regulatory toxicology is responsible for the establishment of quality standards and
criteria specific for each characterization class and water use, having a key role in the protection
of water resources based on national, statal and municipal normative instructions, in regulating
the disposal of effluents in water bodies, and in guaranteeing the protection of the multiple uses
of water (UMBUZEIRO; KUMMEOW; REI, 2010).

The Brazilian federal resolutions that establish water quality and pollutant launching
parameters are, respectively, CONAMA Resolution 357 — dated 17" March 2005, which
establishes the classification of water bodies and the environmental guidelines for their
characterization (BRASIL, 2005), and CONAMA Resolution 430 — dated 13" May 2011, which
establishes effluent launching conditions and parameters, complementing and changing the
previous resolution (BRASIL, 2011).

CONAMA Resolution 430/2011 represents a considerable advance in respect to
ecotoxicology (ALMEIDA; ROSA; PAIXAO, 2013): it determines that the launching of effluents
cannot be potentially toxic or cause toxic effects to aquatic organisms living in the receiving
water body, on the basis of results of ecotoxicity tests performed with reference to the Effluent
Concentration in the in the Receiving Body (CECR) and its effects on aquatic organisms, at least
at two different trophic levels (BRASIL, 2011).

Ecotoxicity test results express the concentration of the sample that causes 50%
mortality of the tested organisms (LC50 — Lethal Concentration); the concentration of the
sample that causes an acute effect in 50% of the tested organisms (CE50); concentration that
causes no observed effect (NOEC — No-Observed-Effect Concentration), and concentration of
observed effect (CEO). The results are expressed in percentages and are inversely related to
toxicity, that is, the smaller the numerical value, the higher the toxicity (COSTA et al., 2008).
Figure 1 presents the characterization classes for water courses, according to their use and
characterization of the ecotoxicity tests according to effluent launching.
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Figure 1: Characterization classes, their respective uses and ecotoxicity criteria
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Despite the advances of the Brazilian legislation, only half of the treated sewage
volume has reached quality levels for its launching in water bodies, which shows that the
municipalities that implemented sewage treatment policies are not fully prepared to reach the
indexes established by the legislation (PASSARINI et al., 2014).

4.3 SANITARY SEWAGE TREATMENT SYSTEMS

According to NBR 12.209, Sewage Treatment Plant (STP) is a facility that gathers
treatment units, equipment, auxiliary sectors, accessories, and utility systems with the objective
of diminishing the polluting charges of the sanitary sewage and of conditioning the residual
matter resulting from the sewage treatment (ABNT, 1992).

STP treatment systems can be classified according to definition (aerobic, anaerobic),
operation (physical, chemical, and biological), and level of treatment (pre-treatment, primary,
secondary, tertiary) (CORNELLI et al., 2014). STPs — via chemical, physical, and biological
processes — assume the responsibility that the effluent launched in water bodies meets its
respective characterization class, in order to not put in risk the intrinsic self-purification
capability of the receiving water bodies (SILVA et al., 2016).

In a survey carried out by the National Water Agency (Agéncia Nacional das Aguas —
ANA) in 2020, 3,668 sewage treatment plants (STPs) were identified in Brazil, being 3,419
“active”. The main treatment types are: anaerobic reactors (1,373 units), lagoon systems (1.291
units), simplified processes (442 units), activated sludge (354 units), a miscellany of processes
(69 units), and chemical and biological treatments (64 units). The other units were inoperative
or no information on them was available (BRASIL, 2020). The values in percentage of the sewage
treatment systems used in Brazil are presented in Figure 2.
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Figure 2: Values in percentage of the main treatment types adopted in the Brazilian STPs
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The sanitation company of the State of Sdo Paulo (Companhia de Saneamento Basico
do Estado de Sdo Paulo — CETESB), encompassing 487 STPs, responds for the treatment of the
sewage coming from 364 municipalities, including domestic, commercial, and industrial
effluents. The main technologies used by CETESB are upflow anaerobic reactors, facultative
lagoons, anaerobic lagoons, aerated lagoons, infiltration trenches, flotation units, and
maturation lagoons (SAO PAULO, 2014). In a reliability analysis performed with STPs in operation
and that adopt six different treatment processes, Oliveira and Von Sperling (2008) observed that
the performance of only a few treatment systems operating under certain conditions was
reliable, meeting recommended values for BOD, COD, total suspended solids, total nitrogen,
total phosphorus, and thermotolerant coliforms.

Gongalves, Marques, and Saraiva (2015), when assessing two large-scale STPs in Belo
Horizonte — State of Minas Gerais, observed the inefficiency of the STPs in reducing values of
BOD, COD, and total suspended solids. Chaves et al. (2017), when assessing five sewage
treatment plants in Aracaju — State of Sergipe, observed that the removal of pollutants by the
types of treatment adopted by the STPs produced values below the expected for BOD, total
nitrogen, total phosphorus, and thermotolerant coliforms. Only two STPs complied with the
conditions required by CONAMA Resolution 430/2011 (BRASIL, 2011).

Sanitary sewage treatment can result in adequate characterization for its launching in
receiving water bodies, as established by the legislation. However, certain pollutants, which are
not considered in the normative instructions but are present in sanitary sewage, can put the
environment in which it is launched in risk (RODRIGUES; JUNIOR; SALEH, 2015). When it comes
to emerging contaminants in trace concentrations, Brazilian STPs are not properly equipped to
remove them from domestic and industrial residual waters (MARTIN-POZO et al., 2019). The
presence of pharmaceuticals, such as anti-inflammatory drugs, in untreated and treated sewage
in Brazilian STPs adopting different treatment systems highlights the persistence of these
compounds after treatment (AMERICO et al., 2012; RAGASSI et al., 2019).
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Traces of organic contaminants, such as pharmaceuticals and personal hygiene
products, represent global menaces to the aquatic systems; thus, choosing an efficient sewage
treatment technology requires a careful consideration of environmental, economic and social
implications, besides the adaptations to traditional physico-chemical and biological parameters
reported in the legislation (MELVIN; LEUSCH, 2016). Therefore, to guarantee safety and quality
of water and its multiple uses, monitoring should be performed in an integrated manner, using
bioindicators allied to traditional water quality parameters (SILVA et al., 2021).

4.4 SANITARY SEWAGE ECOTOXICITY

Ecotoxicology is a science equipped with analytical instruments capable of responding
to the toxicity of chemical compounds predictively, signaling potential ecotoxicological effects
and mechanisms acting in organisms, assessing the concentration-effect and the concentration-
response by means of acute and chronic exposure tests (MAGALHAES; FERRAO FILHO, 2008).
Chart 1 lists the results of ecotoxicity tests using aquatic organisms exposed to sanitary effluents.

Chart 1: Ecotoxicological effects in aquatic organisms exposed to sanitary effluents

domestic sewage

Reference Tests Results
. LC50 of untreated sewage: 30%
Movahedian, . L
Bina. and Asghari Acute toxicity of untreated and treated LC50 after preliminary treatment: 32%
’ (2005)g domestic effluent to Daphnia magna LC50 after primary treatment: 53%
LC50 after secondary treatment: 85%
. . . In males: estrogenic activity with induction of
L Exposure of fish species Carassius . . h . . .
Diniz et al. . . vitellogenin and histological changes in the testicles.
carassiu to treated domestic effluents . .
(2005) In females: oocyte degeneration, atretic oocytes
for 28 days e
and oogenesis inhibition.
- E f two fidd| b i T
Bartolini et al. ()Zf;sz;isﬁ \gsoar:d ;Crac;:v;fj)cgs Effluent — 20%, 40%, and 60% dilution in sea water
(2009) P — caused changes in the behavior of the organisms.

Wan et al. (2015)

Exposure of mollusk Meretrix to
different concentrations of domestic
effluents for 15 days

Biochemical changes in gills and oxidative stress.

Chen et al.
(2016)

Exposure of fish species Oryzias
melastigma to domestic sewage
containing pharmaceuticals for 21 days

Changes in fertility, sexual behavior and gene
expression.

Barszcz et al.

Performance of constructed wetlands in
reducing domestic effluent toxicity;

CES50 of untreated sewage: 1.33%.
CES50 of treated effluent: from 59 to 78%.

primary-treated STP effluent

(2019) acute toxicity tests with the Constructed wetlands are efficient in reducing
microcrustacean Daphnia similis domestic effluent toxicity.
Embriotoxicity test b ans of the .
- fotoxicl y y me s . Embryo lethality.
Ribeiro et al. exposure of fish species Danio rerio Embrvos with physiological sensorv. skeletal and
(2020) (zebrafish) to chemically-assisted, ¥ Iy gical, v

muscle changes.

Silva et al. (2021)

Exposure of D. rerio (zebrafish) to urban
effluents treated via Upflow Anaerobic
Sludge Blanket (UASB) reactor, with
efficiency parameters acceptable by the
legislation

The treated effluent reached acceptable efficiency
regarding the legislation parameters, but the toxic
effects were acute and chronic for different D. rerio
stages (embryo, larval and adult); exposition to
untreated and treated effluent, classified as highly
toxic (25% < LC50 <50%). Increased estrogenic
activity for the treated sewage when compared to

the untreated sewage.

Source: Prepared by the authors
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The remaining toxicity of treated effluents can indicate deleterious effects to aquatic
organisms present in receiving water bodies. Ecotoxicity tests are capable of characterizing
effluents more comprehensively, encompassing all chemical constituents, mainly by accusing
the bioavailability of the substances present in the effluents, thus detecting the possible toxic
effects of the constituent substances, as well as their interactions (BERTOLETTI, 2013).

Several studies record the toxicity of untreated and treated sanitary sewage to aquatic
organisms of different trophic levels, such as crustaceans, mollusks, and fish species. The main
effects observed in these studies are change in behavior, oxidative stress, fertility and endocrine
disruption (BARTOLINI et al., 2009; WAN et al., 2015; CHEN et al., 2016).

5 FINAL CONSIDERATIONS

The composition of the sanitary sewage can vary and cannot be based only on the
parameters inserted in the Brazilian legislation for water and effluents. The complexity of
sanitary sewage characterization is related not only to population’s activities, but also to the
support capacity of the municipal treatment plants in receiving industrial effluents. Therefore,
even if sewage is treated in order to comply with the expected physico-chemical and biological
parameters established by law, the domestic effluent can present a high toxicity potential for a
variety of aquatic species.

Residues of emerging contaminants, such as pharmaceuticals, personal hygiene
products, metals, and microplastics, are not totally removed by conventional sewage treatment
systems, once they are detected in treated sanitary effluents. Consequently, ecotoxicological
analysis represents a remarkable mechanism to predict not only the efficiency in removing
emerging contaminants present in treated sanitary effluents, but also the deleterious effects
caused by these residues to the environment and ecosystems associated with the receiving
water bodies.

The insertion of parameters for emerging contaminants in the legislation that defines
limits for effluent launching and implantation of treatment systems aiming at the removal of
these compounds is fundamental to reduce the impacts on water resources. Another valid
measure is to promote public policies alerting against the indiscriminate consumption of
pharmaceuticals and chemical products by the population, as well as the mandatory reverse
logistics for some types of products that are potentially harmful to the environment, and to
guarantee their proper disposal and protection of the quality and multiple uses of water.
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