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Abstract: Aim: Our aim was to analyze the limnological characteristics of streams located in a luxury
tourism municipality in the Serra da Mantiqueira (Southeast Brazil). Methods: We analyzed water
physical and chemical variables of six sampling sites located in three streams of the Sapucai-Guagt River
Basin along the urban area of the municipality of Campos do Jordao and one sampling site in the Rio da
Prata stream, as a reference location not impacted by urban pollution (Sao Paulo, Brazil). We measured
some physical and chemical variables of the water and analyzed the concentration of nutrients (forms
of N and P) in the streams close to the basin’s sources (Sites 1, 2 and 3), within and downstream of the
urban area (sites 4 and 5), downstream of the municipality’s Wastewater Treatment Plant (WWTP)
(Site 6) and the reference location (Site 7). To find out whether there were differences in limnological
variables among the sampling sites we used the Analysis of Variance (ANOVA). To order the sampling
sites according to the variation in their limnological characteristics we applied a Principal Component
Analysis (PCA). Results: Our results showed thatsites 1, 2 and 3, although close to the sources, presented
limnological changes in relation to the reference location (Site 7) due to urban occupations in their
surroundings. The sampling sites 4 and 6 are the most polluted due to urbanization and the discharge
of effluents from the WWTD, respectively. The stretch between these two locations (Site 5) proved to
be less polluted due to the autodepuration process. Conclusions: We concluded that the streams in
the Sapucai-Guact River Basin are polluted, although at different levels. The urban area of Campos
do Jordio causes pollution of the streams in its surroundings due to surface runoff and the discharge
of untreated sewage due to the lack of access to sewage services for a large part of the population. The
absence of tertiary treatment at the WWTP leads to pollution of the stream after the release of its efHuent.

Keywords: organic pollution; Wastewater Treatment Plant (WWTP); treated effluents;
urbanization; Campos do Jordio.
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Resumo: Objetivo: Nosso objetivo foi analisar as caracteristicas limnoldgicas de riachos localizados
em um municipio de turismo de luxo na Serra da Mantiqueira (Sudeste do Brasil). Métodos: Nés
analisamos varidveis fisicas e quimicas da 4gua de seis pontos de coleta localizados em trés riachos
da bacia do rio Sapucai-Guacti ao longo da 4rea urbana do municipio de Campos do Jordao ¢ um
ponto de coleta no Rio da Prata, como referéncia de local nio impactado por poluicio urbana (Sao
Paulo, Brasil). N6s medimos algumas varidveis fisicas e quimicas da dgua e analisamos a concentragio
de nutrientes (formas de N e P) nos riachos préximos as nascentes da bacia (Pontos 1, 2 e 3), dentro
e ap6s a drea urbana (Pontos 4 e 5), apés a Estacdo de Tratamento de Esgoto (ETE) do municipio
(Ponto 6) e no local de referéncia (Ponto 7). Para averiguar se houveram diferengas nas varidveis
limnoldgicas entre os pontos de coleta utilizamos a Andlise de Varidncia (ANOVA). Para ordenar os
pontos de coleta de acordo com a variagio de suas caracteristicas limnoldgicas nés aplicamos uma
Andlise de Componentes Principais (PCA). Resultados: Nossos resultados mostraram que os pontos
1, 2 e 3, embora préximos as nascentes, apresentaram alteragées limnoldgicas em relagio ao local de
referéncia (Ponto 7) por causa das ocupagdes urbanas em seu entorno. Os pontos 4 e 6 sio os mais
poluidos devido & urbanizagio ¢ ao langamento de efluentes da ETE, respectivamente. O trecho entre
estes dois locais (5) mostrou-se menos poluido devido ao processo de autodepuracio. Conclusoes:
Nos concluimos que os riachos da bacia do rio Sapucai-Guagt estao poluidos, embora em diferentes
niveis. A 4rea urbana de Campos do Jorddo causa a polui¢io dos riachos em seu entorno devido ao
escoamento superficial e ao lancamento de esgotos nio tratados pela falta de acesso a servigos de
esgotamento sanitdrio de grande parte da populagao. A auséncia de tratamento tercidrio na ETE leva
A poluigio do riacho apés o langamento de seu efluente.

Palavras-chave: poluicio orginica; Esta¢io de Tratamento de Esgoto (ETE); efluentes tratados;

urbanizagio; Campos do Jordio.

1. Introduction

Several organic compounds are emitted by
sewage from urban, industrial, and agricultural
areas (Singh et al., 2020; Ribeiro & Leite,
2021). Among these sources of pollution, the
discharge of untreated or partially treated domestic
sewage stands out, which results in chemical
pollution (Schwarzenbach et al., 2010). Domestic
sewage, for example, contains a large amount of
nutrients, especially different forms of nitrogen
and phosphorus. Even after primary and secondary
treatment, sewage released into aquatic ecosystems
causes eutrophication (Figueroa-Nieves et al., 2014;
Preisner et al., 2021). This pollution promotes
the deterioration of water resources, which has
direct and indirect effects on various sectors of the
economy, tourism, environment, and human health
(Quadra et al., 2019).

In Brazil, only 56% of the population is served
by a sewage system; and just over half of all produced
sewage (52.2%) is treated (SNIS, 2023). However,
these data are quite varied when different Brazilian
regions, states and municipalities are analyzed.
For example, in the northern region only 33% of
the population has adequate sewage disposal, while
in the southern region this percentage is 65% (ANA,
2017). Among municipalities this difference is also
large. According to data from the Agéncia Nacional
de Aguas (National Water Agency) for the year
2013 (the most recent available data set), in the
state of Sdo Paulo, the municipality of Piracicaba

Acta Limnologica Brasiliensia, 2024, vol. 36, €16

had 100% of its sewage collected and treated, Sao
Carlos had 91% of treated sewage, while Campos
do Jorddo had only 30.33% of treated sewage.
Another point to be highlighted is that urban sewage
treatment in Brazil is carried out partially with
only the removal of coarse and suspended solids
and organic matter. In developed countries in the
northern hemisphere, sewage treatment is carried
out in three stages (preliminary, secondary, and
tertiary treatment), while in Brazil tertiary treatment
is not carried out. Furthermore, irregular sewage
discharges into aquatic environments act as non-
point sources of pollution, making them difficult to
detect and control, especially in urbanized areas (De
Souzaetal., 2009). The limnological characterization
of water bodies is an important diagnostic, descriptive
and qualitative approach to verify water quality,
environmental changes, and possible anthropogenic
impacts on aquatic ecosystems. Additionally, this
characterization is important to support decision-
making and environmental recovery measures
(Marotta et al. 2008).

The Serra da Mantiqueira is a mountain range
that stretches across three southeaster Brazilian states
(Sao Paulo, Minas Gerais and Rio de Janeiro) and
has great biodiversity and a high level of endemism
(Gonzaga & Menini-Neto, 2017). In a list of
100 irreplaceable natural heritage sites on the planet,
created in 2013, the Serra da Mantiqueira occupies
44" place in the ranking of threatened species with
extinction (Le Saout et al., 2013). This mountain
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range is an important watershed for river basins
in the southeast region of Brazil, such as the Rio
Grande basin, the Tieté River and the Paraiba do Sul
River (CETESB, 2023). The Serra da Mantiqueira
is an important hub for tourism and gastronomy
and has several municipalities classified as tourist
resorts. Campos do Jordio is one of these tourist
resorts, which receives visits from approximately
4 million tourists per year. Most of these visitors
stay in the city throughout the winter season (June
to August) (Fedrizzi et al., 2017). More than half
of the tourists have a monthly income of more than
10 minimum wages (Hirata, 2013), which reflects
the luxury tourism in the region.

The region of Campos do Jordio is located
near several conservation units and environmental
protection areas (EPA), such as the Campos do
Jordio State Park (CJSP), the Serra da Mantiqueira
EPA, the Campos do Jordao State EPA and the
Campos do Jordao Municipal EPA, which were
created in the 1980s. Even though the city is
surrounded by protected areas, several water bodies
cross the urban area of the municipality received
raw domestic sewage until 2014. From this year
onwards, the wastewater treatment plant (WWTP)
was implemented in the city (CETESB, 2023).
According to the Instituto Agua e Saneamento
(Water and Sanitation Institute) (IAS, 2023), the
population of Campos do Jordao served by sewage
collection and treatment is 28,428 inhabitants for
a total population of 46,974 people (IBGE, 2023).
Thus, approximately 46% of the municipality’s
population does not have treated sewage.

Our aim was to analyze the limnological
characteristics (physical and chemical variables of
water) of the streams in the Sapucai-Guact River
basin along the urban area of the municipality of
Campos do Jordio. We sampled streams close to the
sources of the river basin, within and downstream
of the urban area, and downstream of the WWTP.
We used a sampling site in the Rio da Prata stream,
located in a conservation area in the municipality
of Santo Antdnio do Pinhal, as a reference for
a location not impacted by urban pollution.
We expected to find higher nutrient concentrations,
reduced dissolved oxygen and higher turbidity in the
streams under effect of urbanization, including the
effluent of the WWTT, indicating streams pollution.

2. Materials and Methods
2.1. Study area

Campos do Jordao is a municipality located
in the eastern region of Sao Paulo state, with a

Acta Limnologica Brasiliensia, 2024, vol. 36, €16

population of 46,974 inhabitants (IBGE, 2023).
The city is located 1,639 meters above sea level and,
therefore, it is the city located at the highest altitude
in Brazil (IBGE, 2011). Its climate is temperate
maritime (Cfb) according to the Képpen-Geiger
classification, i.e., there is less rain in winter, but
rainfall is abundant and well distributed throughout
the year (Beck etal., 2018). The average maximum
temperature during summer is 24 °C and the
average minimum temperature is 13 °C. During
the winter, the average maximum is 18 °C and the
average minimum is 5 °C. Santo Ant6nio do Pinhal
is a neighboring municipality to Campos do Jordao
and has similar relief and climate characteristics
(SEADE, 2019). Both cities are in the Serra da
Mantiqueira, in the Adantic Forest biome, with the
economy focused on the tourism sectors (Almeida,
2006). Tourism is the main economic activity in
Campos do Jordao and during the July school
holidays and public holidays there is an increase of
up to 400,000 inhabitants.

The Campos do Jordio WWTP is operated by
the Companhia de Saneamento Bésico do Estado
de Sao Paulo (SABESP) and has the capacity to treat
around 213 licters of sewage per second. According
to SABESP (2017), this WWTP was the first one
in Latin America to have a closed environment
processing system, with treatment of gases arising
from its processes. Furthermore, it is considered
the most modern WWTP in Brazil as it is the first
with ultrafiltration technology using membrane
bioreactors (MBR) (Sao Paulo, 2014).

The main rivers in the region are the Sapucai-
Guagu stream and its tributaries in Campos do
Jordao, and the Rio da Prata stream in Santo
Antonio do Pinhal, being sub-basins of the Serra
da Mantiqueira hydrographic basin. We chose
seven sampling sites, six of them in the Sapucai-
Guacu River basin and one sampling site in the
Rio da Prata basin. In Campos do Jordio we
established one sampling site in the Piracuama
stream (1), one sampling site in the Serraria stream
(2), one sampling site in the Capivari stream (3),
three sampling sites in the Sapucai-Guagu stream
(4, 5 and 6). Sites 1, 2 and 3 are located close to
the sources of the river basin but are moderately
surrounded by urban areas. Site 4 is located close
to the lower limit of the urban area and site 5,
approximately 5 km downstream of site 4, in a rural
area. Site 6 is located right after the discharge of
effluents from the municipality’s WWTP. In Santo
Antdnio do Pinhal we chose one sampling site in
the Rio da Prata stream (Site 7). This site is located
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upstream the urban area of the municipality, and we
chose it as a reference location, as it has a minimum
of anthropic interference (Figure 1).

2.2. Data collection

We carried out the field sampling on March
13th (2019), between 12:00 and 3:00 pm.
At each sampling site we measured the limnological
variables in triplicates (5 m distance): temperature,
pH, dissolved oxygen, turbidity, and electrical
conductivity in the water with a multiparameter
probe (Horiba U-50). We also collected surface
water samples in polyethylene bottles for later
chemical analysis in the laboratory. At the
Laboratério de Ecologia Aqudtica (Aquatic Ecology
Laboratory) (UNESP Rio Claro) we determined the
concentration of total inorganic nitrogen (TIN)
(nitrite, nitrate and ammonia nitrogen) (Koroleff,
1976, Mackereth et al., 1978), total nitrogen (TN)
(Mackereth et al., 1978), total phosphorus (TP),
dissolved phosphorus (DP) and orthophosphate
(Golterman et al., 1978), alkalinity (Boyd, 1981),
and suspended solids (Mudroch & MacKnight,
1994) in the water samples. We used 0.45 pm
fiberglass filters to dissolved nutrients measurements
(TIN, DP and orthophosphate).

2.3. Data analysis

We tested for significant differences (p<0.05)
in the limnological variables among the different
locals (sampling sites). Previously, we evaluated and
confirmed that the conditions of data normality and
homoscedasticity had been met. Then, we applied
the Analysis of Variance (ANOVA) and the Tukey’s
test a posteriori. These analyses and their respective
graphs were applied using the GraphPad Prism
5.0 software (GraphPad Software, 2007). We applied
a Principal Components Analysis (PCA) to water
variables (explanatory variables) and sampling sites
to ordinate the streams (sampling sites) according
to the variation of their water characteristics, and
to analyze the correlation among the sampling
sites and their relations with the abiotic variables
using the vegan package (Oksanen et al., 2022) in
the R environment (4.2.2) (R Development Core
Team, 2019).

3. Results

The water variables were, in general, quite
different among sampling sites, except for
temperature, with values always close to 20 °C.
Site 7 (reference local) presented the lowest

Figure 1. Maps of Brazil, Sao Paulo State and the municipalities of Campos do Jordao and Santo Antdnio do Pinhal,
highlighting the sampling sites in the Serra da Mantiqueira hydrographic basin: (1) Piracuama stream, (2) Serrania
stream and (3) Capivari River, close to the sources of the Sapucai-Guagu River basin; (4) and (5) Sapucai-Guagt stream
within and downstream of the urban area of Campos do Jordao, respectively; (6) Sapucai-Guagt stream downstream
of the WWTP; (7) Rio da Prata stream, reference site in the Rio da Prata basin in Santo Antdénio do Pinhal.
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values of the different forms of nitrogen and
phosphorus, turbidity and electrical conductivity
and the highest value of dissolved oxygen
(Figure 2). We highlight the highest values
especially of the different forms of phosphorus
were found in sites 4 and 6. In site 4 the values
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Figure 2. Means (bars) and standard deviation (vertical lines) of dissolved oxygen (a), turbidity (b), electrical
conductivity (c), total nitrogen (d), total inorganic nitrogen (e), total phosphorus (f), dissolved phosphorus (g) and
orthophosphate (h) at different sampling sites. The hachured bar in each graph represents the reference location.
Different letters indicate significant differences (p<0.05). ANOVA one-way — F statistic: (a) F=15.98, p<0.01; dF=6;
(b) F=3.52, p<0.05, dF=6; (c) F=13.56, p<0.01; dF=6; (d) F=44.12, p<0.01; dF=6; (e) F=6.56, p<0.01; dF=6; (f)
F=342.0, p<0.01; dF=6; (g) F=11.94, p<0.01; dF=G; (h) F=20.80, p<0.01; dF=G.
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The PCA showed that the sampling sites were
ordered according to a pollution gradient. The most
important variables in ordering the sampling sites
in PC1 were, respectively, TD, TIN, turbidity, and
orthophosphate (Figure 3; Table 1). The sampling
sites located in the upper and lower quadrants on
the right side of the graph are the most polluted and
those located in the upper and lower quadrants on
the left are lower polluted or without pollution. It is
also possible to observe that the replicas of some sites

Table 1. The factor coordinates of the variables based on
correlations to axes 1 and 2 (PC1 and PC2) of the Principal
Components Analysis (PCA). The most representative
variables for each axis are highlighted in bold.

Variables PC1 PC2
Temperature (T) 0.38 0.50
pH -0.40 0.78
Electrical conductivity (Cond) -0.65 0.07
Turbidity (Turb) 0.86 0.01
Dissolved oxygen (DO) -0.69 -0.45
Total nitrogen (TN) 0.69 0.64
Total inorganic nitrogen (TIN) 0.89 -0.14
Orthophosphate (PO4) 0.84 -0.36
Dissolved phosphorus (DP) 0.80 -0.37
Total phosphorus (TP) 0.92 -0.25
Alkalinity (Alk) 0.46 0.68
Suspended solids (SS) 0.12 0.36
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Figure 3. Biplot of the Principal Components Analysis
(PCA) showing the ordination of the sampling sites
and replicates (1-7), and the explanatory variables
(limnological variables) related to axes 1 and 2.
Proportion explained by both axes: PC1 = 46.72% and
PC2 = 20.13%. Limnological variables codes: electrical
conductivity (Cond), turbidity (Turb), dissolved oxygen
(DO), total nitrogen (TN), total inorganic nitrogen
(TIN), orthophosphate (PO4), dissolved phosphorus
(DP), alkalinity (Alk) and suspended solids (SS).
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have very similar characteristics (e.g. sites 6 and 3)
and other replicates have little similar characteristics
(e.g. points 1 and 2).

4. Discussion

The results obtained showed that, except for
site 7, all other sites suffered some anthropogenic
impact, for example, expansion of the urban area,
release of domestic efluents and aquaculture. Sites
1, 2 and 3 are located close to the sources of the
streams, however, the surroundings of these sites
have urban occupations. At these sites, TN and
TP values were significantly higher than site 7 and
reflect the impacts of land use and occupation.
Site 1, although located close to the stream
source, has an artificial lake populated with carp
in its proximity. Aquaculture effluents contain
water with high concentrations of nitrogen and
phosphorus due to unconsumed feed and fish
excreta (Camargo & Amorim, 2020). Site 2 was
the one with characteristics closest to the reference
site (7), as it is the one with the least human
occupation around it. However, it had significantly
higher TN and TP concentrations than site 7.
In fact, streams surrounded by agricultural areas,
even with low population density, present changes
in limnological characteristics, such as higher
concentrations of nutrients, due to diffuse pollution,
as noted by Harrison et al. (2019) in a southwest
Irish catchment. Site 3 located downstream of the
previous sites has an extensive urban area upstream
and the entry of sewage and surface runoff water
is possibly the cause of the high concentrations of
nitrogen and phosphorus. Site 4 located at the lower
end of the urban area was one of the most polluted
sites and had high concentrations of nutrients,
especially phosphorus.

In Brazil, other rivers in municipalities with
accelerated and disorderly urban occupation have
high levels of pollution from domestic effluents, due
to lack of sewage collection, treatment, or inefficient
sewage treatment (Santos et al., 2018). Evaluating
the water quality of the Cancela-Tamandai River in
the municipality of Santa Maria (Rio Grande do Sul,
Brazil), Santos et al. (2018) also observed evidence
of pollution from the discharge of untreated sewage.
The urban population of Santa Maria is 95% of its
total population, with 37% of inhabitants without
sanitation. Campos do Jorddo has 99.38% of its
population living in urban areas, and only 46% of
its inhabitants have a sewage system (IAS, 2023).
According to SABESP (2017), all collected sewage
is treated at the Campos do Jordao WWTP. In this
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context, we highlight that, despite the existence of
the WWTP, around 46% of its resident population
remains without sewage treatment, leading to greater
pollution in the urban section of the Sapucai-Guact
River basin. In a study in the Piabanha River (Rio
de Janeiro, Brazil), Costa et al. (2020) observed that
there was an improvement in water quality in the
last decade due to the treatment system expansion
in the municipality of Petrépolis. However,
these authors also indicated that the discharge of
untreated sewage remains the main source of urban
pollution and increase in phosphorus in this river.

If we consider axis 1 of the PCA and the
nutrient concentrations, we can observe that site
5 was less polluted than site 4. This improvement
in limnological characteristics is probably due
to the autodepuration process. The distance,
in a straight line, between the two points is
approximately 5.5 km and we observe a much
smaller urban occupation of the surrounding area,
in addition to a greater presence of riparian forest.
The autodepuration process was also observed in
the Camanducaia River (Piracicaba River basin,
SP) after the urban perimeter (Alberto & Ribeiro-
Filho, 2012). In a sampling carried out in 2008,
these authors found a decrease of approximately
three times in the concentration of orthophosphate
at the site located approximately 10 km from the
urban area of the municipality of Amparo (SP).
This municipality discharged untreated domestic
sewage from 65 thousand inhabitants into the
Camanducaia River, being the main source of
pollution (Alberto & Ribeiro-Filho, 2012).
We found an approximately 10-fold reduction in
the orthophosphate concentration in the Sapucai-
Guagu River, between points 4 and 5, that s, after
the urban area of Campos do Jordao, which may
indicate the occurrence of autodepuration. These
results also showed that site 6, located after the
release of effluents from the WWTD, again presented
water in worse conditions. We highlight the TP and
orthophosphate values in site 6, which were the
highest values of all the sampled locations. Primary
and secondary treatments, even in modern treatment
systems and with ultrafiltration technology using
membrane bioreactors (MBR), can remove up to
90% of organic matter from sewage, but the removal
of nutrients and specifically phosphorus is greatly
reduced (Cornelli et al., 2014). When analyzing
the WWTP discharge with secondary treatment in
Brazil, Finkler et al. (2023) observed that treated
sewage impacted water chemistry and nutrient
loads in rivers. Among the limnological variables
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analyzed, electrical conductivity and phosphorus
were those that showed the greatest differences
between the sites upstream and downstream of the
WWTP. For example, in the Monjolinho River
(Sao Carlos, SP) the electrical conductivity was
approximately 2 times higher, and the phosphorus
concentration increased by 10 times after the
efHluent was released (Finkler et al., 2023). We also
observed significant differences in these variables
between sites 5 and 6 in the Sapucai-Guagu River,
that is, upstream and downstream of the WWTP.
We found that the average values of electrical
conductivity, TP and orthophosphate increased by
1.4, 3.7 and 18 times, respectively, after the release
of “treated” sewage. In a study on the effects of
sewage effluent on water quality in a Caribbean
tropical river in Puerto Rico, Figueroa-Nieves et al.
(2014) observed that about 90% of the downstream
of daily flux of orthophosphate comes from WWTP
effluent, highlighting the increase in phosphorus
load in rivers by treated effluents. Despite these
results regarding phosphorus, we did not observe
a significant increase in TIN concentration in
the Sapucai-Guact River after the WWTP. This
may be due to treatment with MBR, such as the
one carried out in Campos do Jordao, which
can control nitrogen concentrations but is not
capable of removing different forms of phosphorus
(Cornelli et al., 2014).

The operation of WWTPs is essential to improve
water quality and environmental health in populated
areas, but the removal of nutrients requires their
infrastructure for an efficient advanced treatment
(Carey & Migliaccio, 2009). When treated
ineffectively, efluents from WWTPs can lead to
more nutrient pollution on aquatic environments
than nonpoint sources of sewage (Popova et al.,
20006), as WWTDs tend to overwhelm receiving
waters, altering their limnological characteristics
and nutrient processes (Carey & Migliaccio,
2009), as observed in the streams in the Serra da
Mantiqueira sampled in our study.

Although Brazilian legislation (CONAMA
Resolution N°. 357/2005) establishes norms and
guidelines for the discharge of effluents into bodies
of water “[...] not causing the conditions and water
quality standards established for the respective
classes to be exceeded [...]” (Brasil, 2005),
environmental agencies normally do not evaluate
and monitor nutrient loads and concentrations
in aquatic environments. However, in developed
countries in the northern hemisphere, such as those
in the European Community, the laws are more
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specific and stricter and there is a requirement for
tertiary treatment of sewage to remove nutrients
(Soares, 2020). In Brazil, economic investments in
sewage treatment are scarce (Finkler et al., 2023).
Furthermore, the impacts of treated effluents on
tropical rivers, coupled with the large increase in
urbanization in these regions, are still poorly studied
when compared to rivers in temperate regions
(Figueroa-Nieves et al., 2014; Finkler et al., 2023).
Therefore, we highlight the importance of studies
using this limnological approach to evaluate urban
sewage pollution and the impacts of treated effluents
on aquatic ecosystems.

We conclude that the streams in the Sapucai-
Guagt River basin presented different levels of
pollution from urban sewage. The stretches of the
Sapucai-Guagu River downstream of the urban area
of the municipality of Campos de Jordao and the
WWTP are the most polluted sites, presenting high
concentrations of phosphorus. The limnological
characteristics of streams close to their sources also
reflect the impacts of land use and occupation.
In this way, we indicate that the urban area of
Campos do Jordio causes pollution of the streams
in its surroundings due to surface runoff and the
discharge of untreated sewage due to the lack of
access to sewage services for a large part of the
population. The absence of tertiary treatment at
the WWTP leads to pollution of the stream after
the release of its effluent. Therefore, we highlight
the importance of expanding sewage services
and investing in tertiary treatment technologies
to maintain water quality and minimize the
degradation of aquatic ecosystems, especially in
municipalities whose main economic activity is the
luxury tourism.
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