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Water quality and prospects for revitalization of an urban stream in
Recife, Brazil

The urbanization of Recife characterized an occupation of the Capibaribe River banks and its tributaries. This caused the grounding, rectification and degradation
of several streams. Thus, this paper presents a diagnosis of the Cavouco stream water quality and suggests measures for its restoration. The collections were
performed between 2016 and 2017 in three sampling points. Analysis adopted the Standard Methods for the Examination of Water and Wastewater and calculated
the Water Quality Index (WQI). A correlation test between the parameters was applied to understand the phenomenon. Actions to revitalize it followed the
European Union Water Framework Directive. The WQI of the Cavouco stream had a good presentation in the small lake zone; it was poor in the Federal University
(UFPE) region and awful in the Caxangé Avenue section. Dissolved Oxygen (OD) concentration was negatively correlated with Biochemical Oxygen Demand (BOD),
decreasing from upstream to downstream. Water quality degradation is associated with untreated sewage discharge along the stream. The proposal to its recovery
is to collect and treat domestic sewage, remove irregular housing, restore the riparian forest, control erosion, create linear parks and search for governance
mechanisms with public participation. The proposed interventions are fundamental for the restoration of Cavouco's ecological potential, with improved water
quality and reduced anthropogenic pressures.
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Qualidade da dgua e perspectivas de revitalizagdo de um riacho
urbano no Recife, Brasil

aterramento, retificagdo e degradagdo de inumeros riachos. Neste contexto, este artigo apresenta um diagnostico da qualidade da agua do riacho do Cavouco e
indica medidas para a sua revitalizagdo. As coletas foram realizadas entre os anos de 2016 e 2017 em trés pontos de amostragens. As analises seguiram o Standard
Methods for the Examination of Water and Wastewater e foi calculado o indice de Qualidade da Agua (IQA). Um teste de correlagio entre os pardmetros foi
aplicado para compreender o fenémeno. As agdes de revitalizagdo seguiram a Diretiva Quadro da Agua da Unido Europeia. O IQA do riacho do Cavouco apresentou
bom no trecho do laguinho, ruim no trecho UFPE e péssimo no trecho Caxanga. A concentragdo de Oxigénio Dissolvido (OD) apresentou correlagdo negativa com
Demanda Bioquimica de Oxigénio (DBO), diminuindo de montante para jusante. A degradagdo da qualidade da dgua esta associada ao langamento de esgoto sem
tratamento ao longo do riacho. Propde-se para a sua revitalizagdo, a coleta e tratamento do esgoto doméstico, retirada de moradias irregulares, recomposi¢do da
mata ciliar, controle de erosdo, criagdo de parques lineares e a busca de mecanismos de governanga com participagdo da populagdo. As intervengdes propostas
sdo fundamentais para o reestabelecimento do potencial ecolégico do Cavouco, com melhoria da qualidade da 4dgua e redugdo das pressdes antrdpicas.

Palavras-chave: indice de Qualidade da Agua; IQA; Riachos urbanos; Diretiva Quadro da Agua.
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Water quality and prospects for revitalization of an urban stream in Recife, Brazil
COMETTI, J. L. S.; CABRAL, J. J. S. P.; CONCEICAO, T. M.

INTRODUCTION

Along with the development of cities, the occupation of riverbanks also advances. As they are lower
areas and susceptible to flooding, they are land more undervalued by the real estate industry and more
occupied by people in economic vulnerability (FONSECA et al., 2014; FIA et al., 2015). In this competition for
urban spaces, watercourses have grounded and often rectified to compose drainage basins. These structures
increase the flow of water, but it causes flooding downstream (TUCCI, 2013).

A further degradation cause of rivers in urban regions is the disposal of solid waste and fresh sewage.
The absence or precarious nature of public sanitation systems in big and small cities has caused negative and
often irreversible impacts on watercourses. The organic material, in the sewage, when thrown into the river,
starts the decomposition process, causing the consumption of dissolved oxygen (DO) in the water. Without
DO, rivers lose aerobic marine life, made up of fish and other organisms. In addition, the proliferation of
diseases is another worrying aspect (KANG et al., 2010; VON SPERLING, 2014).

Unfortunately, the spatial configuration pattern of Recife, in the State of Pernambuco, has turned its
back on the natural environments, part of the urban landscape. Take a glance at the transformation of weak
ecosystems such as mangroves, forests, and estuaries into buildings, such as the Capibaribe River basin. Some
streams in Recife had grounded or piping sections for rainwater drainage (VON SPERLING, 2014). The basic
sanitation system is insufficient, with only 42% of domestic sewage collected and treated. It releases the
remaining amount fresh in the watercourses that cross the city.

This paper presents an evaluation of water quality and shows measures for the revitalization of the
Cavouco stream, a tributary of the Capibaribe River, in Recife. It bases such proposals on the conception of
green and blue infrastructure and on the guidelines of the European Union Water Framework Directive
(WFD), which adopts an ecosystem approach to ensure that the water bodies reach a state of minimal
degradation (EC, 2000). The proposed interventions are essential for restoring the ecological potential of the

Cavouco, improving water quality and reducing anthropogenic pressures.

MATERIALS AND METHODS
Characterization of the study area

Cavouco stream is a tributary of the lower Capibaribe right bank; it has around 18 ft of extension,
around 2.6 sq yd of drainage area and around 0.00488 ft of average slope (CABRAL et al., 2014). Its source is
in the Federal University of Pernambuco (UFPE). It is called Laguinho and runs through the neighborhoods of
Vdrzea, Cidade Universitdria, Engenho do Meio, Cordeiro and Iputinga, where it flows into the Capibaribe
river.

Right after its source, the stream is struggling with the effects of urbanization with the strangulation
of its gutter; the houses built over its riverbed; and the disposal of untreated domestic sewage. When
entering the UFPE area again, it has a region with no structural intervention and surrounding vegetation.

Starting from the Center for Technology and Geosciences - CTG to Caxangd Avenue, concrete walls pipe it.
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Thereafter, it has clogged by irregular housing and solid waste in the final section of the Capibaribe river

mouth.

Water quality analysis

These are three selected collection points based on the use and occupation of the soil and the
Cavouco stream pipes: point 1 in the small lake of UFPE (PC1), where its source is; point 2 collected inside
the UFPE (PC2); and the third point (PC3) at the intersection of Caxangd Avenue. The collection points are

available on the map in image 1.
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Image 1: Location of the collection points in the Cavouco stream, Recife-PE.

There were two surface water collections in May (rainy period) and August (dry period) of 2016 and
six collections in 2017, in January and April (dry period), June and August (rainy period) and October and
December (dry period), according to rainfall data from the National Institute of Meteorology (INMET, 2018).

They based the collection of water samples on the national guidelines for the collection and
preservation of samples (CETESB, 2018). They collected the samples using a bucket of stainless steel at a
depth of 20-30 cm from the surface. Afterwards, they placed them in specific storage containers, sterilized,
identified and packaged in a thermal box with ice and carried to the laboratory for analysis.

Prof. Adaucto da Silva Teixeira laboratory analyzed the water quality, from the State Environmental
Agency (CPRH), according to the Standard Methods for the Examination of Water and Wastewater (APHA,
2012). The analyzed parameters were: Temperature, pH, Turbidity, Ammonia (NH4+), Total Solids (TS),
Phosphorus (P), Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD) and Thermotolerant Coliforms
(TtC).

They gathered the results of the water quality analyses by date of collection and placed in the order
from source to mouth, for a better display of the effects of urbanization. They analyzed the data with
descriptive statistics, determining the median and correlation test of Person, using the statistical software,

version 6.1, and created the graphs using the same software.

Revista Ibero-Americana de Ciéncias Ambientais Page | 286
v.11-n.5 ¢ Agoa Set 2020



Water quality and prospects for revitalization of an urban stream in Recife, Brazil
COMETTI, J. L. S.; CABRAL, J. J. S. P.; CONCEICAO, T. M.

Pearson’s correlation coefficient (r) or product-moment correlation coefficient or Pearson’s r
measures the degree of linear correlation between two quantitative variables. It is a non-dimensional index
with values between -1.0 and 1.0, which reflects the intensity of a linear relationship between two sets of
data (Larson & Farber, 2010). They tested the parameters to verify the correlation described in the literature.
The Water Quality Index (WQI) calculates the weighted production of the nine parameters they will analyze.
They use the following formula in the Equation 1:

waQl = [%, qiV! (1)

WaQl: Water Quality Index, a number between 0 and 100; gi: quality of the i-th parameter, a number between 0 and
100, obtained from the “average quality change curve”, according to its concentration or measurement and, wi:
weight corresponding to the i-th parameter, a number between 0 and 1, assigned according to its importance for the
overall quality conformation, where: n: number of variables included in the WQI calculation.

Based on this calculation, it is possible to establish the quality of the raw water, recommended by

WaQl, on a scale from 0 to 100: 80 < WQI £ 100 (EXCELLENT); 52 < WQI £ 79 (GOOD); 37 < WQIl £ 51 (AVERAGE);
20 <WQI £36 (POOR); e 0 < WQI <19 (TERRIBLE) (VON SPERLING, 2014).

Revitalization measures

They based the revitalization measures proposal for the Cavouco stream on a bibliographic and
documentary review. The European Union Water Framework Directive (EC, 2000) and the recommendations
of the Urban River Basin Enhancement Methods, a group created to spread information on river revitalization

in Europe (URBEM, 2004), guided this research.
RESULTS AND DISCUSSION

Current water quality conditions of the Cavouco stream

Table 1 shows the results of each parameter, analyzed and categorized according to the dry and rainy
seasons and the total data between 2016 and 2017. They took the median of the values to represent each

collection point.

Table 1: Water quality data of the Cavouco stream in the dry and rainy seasons and the sum of data from 2016 to 2017.

P ¢ Dry Season Rainy Season 2016-2017
arameter PC1 _ PC2 __PC3 __PCL__PC2 PC3  PC1 PC2 PC3

Temperature (2C) 29 30 29 28 28 29 282 29,1 29
pH 67 73 7.1 68 70 70 675 7,25 7,5
Turbidity (NTU) 15 10 20 6,5 15 15 825 15 17,5
Ammonia (mg L) 0,2 11 149 039 11,9 11,7 052 11,45 1425
Phosphate (mg L) 088 336 304 046 191 216 0,67 2,05 2,55
Total Dissolved Solids (mg L) 385, 428, 501, 459 444, 498, 61,5  430,1  499,8

9 8 1 6 2 4 4 2
DO (mg L) 78 35 05 6,9 3,9 15 735 3,7 0,6
BOD (mg L) 7,6 11 336 6,4 184 245 7,0 14,7 32,5
Coliforms 92 160 160 23 160 160 76,5 160 160

(avg/100mL.103)

The temperature and pH values found for the Cavouco stream showed no significant changes among
the collection points and the seasons analyzed. Oliveira et al. (2013) also found pH values between 6 and 9

for the Cavouco stream. These values corroborate the study by Alves et al. (2017) at the Abdboras stream,
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Rio Verde, Goias, Sdo Jodo stream in Porto Nacional, Tocantins. The disposal of untreated sewage in the
stream has little impact on the pH, because this wastewater has this parameter ranging from 6.89 to 8.47,
according to studies by Monaco et al. (2014).

The turbidity presented a growth from upstream to downstream in the studied points. The values
found agree with those of Aradjo et al. (2013), which were 3 to 40 NTU. They assumed that the disposal of
sewage contributes to concentrate suspended solids in the Cavouco stream. According to Libanio (2016), the
increase in turbidity changes the water lighting conditions and the range of light radiation, affecting the
photosynthesis and the growth of marine plants and plankton.

The ammonia concentration did not show significant variation between the rainy and dry seasons.
Araujo et al. (2013) found for the Cavouco stream, in 2012 and 2013, the ammonia concentration ranging
from 0.5 to 1.7 mg L? and in line with the trend of increasing from upstream to downstream. For
watercourses with the pH below 8, almost all the ammonia is in the ionized form (NH*) (LIBANIO, 2016).

They associate the high concentrations of ammonia and phosphate in water with the release of
untreated household waste that results in reducing dissolved oxygen (RAMIREZ et al., 2014; FIA et al., 2015;
ZHANG et al., 2018). The consumption of DO happens in the nitrification and proliferation of algae, causing
the phenomenon of eutrophication (DODDS, 2006). The disposal of fresh sewage highlights the high
concentrations of Biochemical Oxygen Demand, and low from DO, across the Cavouco stream, as shown in

images 2a and 2b.
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Image 2a. Dissolved Oxygen (mg L?) of the Cavouco stream (2016-2017)
Image 2b. Biochemical Oxygen Demand (mg L) of the Cavouco Stream (2016-2017)

Araujo et al. (2013) when analyzing the dissolved oxygen of the Cavouco stream in five points in the
UFPE, found the values of 5 and 7.5 mg L for the small lake. The most downstream points presented values
ranging from 1 to 4 mg L%, Costa et al. also found low values at these points, 0 to 3.8 mg L, from 2008 to
2012 (COSTA et al., 2013).

Despite the little water flow in the small lake of UFPE, they have found great values of dissolved
oxygen. In lakes and reservoirs, the concentration of DO exceeds that of saturation in days of intense
photosynthetic work of the algae and marine plants (LIBANIO, 2016). The eutrophication waters (nutrient-

rich) may present oxygen concentrations greater than 10 mg L, known as supersaturation. This effect
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disguises the evaluation of the level of water pollution, when based on the concentration of dissolved
oxygen, requiring analysis of the other parameters.

Silva et al. (2001) also found in the Cavouco stream, in the section of UFPE, greater concentrations of
BOD in the dry season, ranging from 38 to 83 mg L%, and for the rainy season, from 29.5 to 35 mg L*}(SILVA
et al., 2001). Costa et al. (2013). established the BOD in Cavouco in 2008, 2011 and 2012. At the CTG bridge
point, the values were 60, 90 and 28 mg L. Dalmas et al. (2015) associated the high concentrations of BOD
and thermotolerant coliforms, found in the urban stretches of the state rivers, to the domestic sewage
discharge.

The values of thermotolerant coliforms for the Cavouco stream showed high values at points PC2 and
PC3. Silva et al. (2001) analyzed the Cavouco stream, in the UFPE section, and found values of thermotolerant
coliforms ranging from 0.4 to 1600 x 105 avg/100 mL in the dry season and from 0.4 to 24 x 105 avg/100 mL

in the rainy season.

Correlation test

The correlation test showed a very strong correlation between BOD and turbidity (0.907), and a
strong correlation with ammonia (0.727), in the dry season. Phosphate also showed a strong correlation with
BOD in the rainy season (0.872). They found moderate relationships between BOD, coliforms (0.642) and
conductivity (0.719). They established negative correlations with Dissolved Oxygen both in the dry (-0.680)
and rainy seasons (-0.646).

The test validates the assumptions that the high concentration of Biochemical Oxygen Demand in
highly degraded water bodies is associated with the disposal of untreated domestic sewage (PIVELI et al.,
2006; FIA et al., 2015; VON SPERLING, 2014). The pollutant load released is composed of organic material,
microorganisms, phosphates, nitrates, and other substances that lead to the consumption of dissolved
oxygen from watercourses and causes effects such as the death of fish and the proliferation of algae that

cause eutrophication.

Water Quality Index (WQl)

After the calculations performed for the Water Quality Index, they reached the following result: the
Cavouco stream showed better quality in the small lake (PC1), rated as good in the rainy season and as fair
in the dry season. At point PC2, they rated the water as poor in all the seasons. And at PC3, it was poor in the

rainy season and terrible in the dry season. The results are in table 02.

Table 2: Water Quality Index score and classification of the Cavouco Stream (2016-2017)

Collection Points 2016-2017 Dry Season Rainy Season
wal Classification wal Classification wal Classification
PC1 57 Good 45 Fair 62 Good
PC2 33 Poor 32 Poor 28 Poor
PC3 16 Terrible 15 Terrible 21 Poor
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The water classification by the WQI of the Cavouco stream validates the results of the parameters
analyzed separately. In the rainy season, the water presents a slight improvement in the WQI score, because
of a dilution of the sewage released fresh. In a non-degraded watercourse, the WQI worsens in the rainy
season because of the transport of solids by surface drainage, as observed by Piratoba et al. (2017) in a river
in Para.

Dalma et al. (2015) also found low IQA values in the Embu-guacu River, metropolitan region of Sao
Paulo. The WQI proved to be a good tool for assessing water quality since it was possible to find the
interactions between the parameters in a spatial and temporal distribution as Quinatto et al. (2019) and

Vieira et al. (2019) recommend.

First steps for the revitalization of the Cavouco stream

The revitalization comprises the preservation, conservation and environmental recovery of rivers,
through integrated actions to improve water quality for multiple uses, offer better environmental conditions
and the sustainable use of natural resources, preserve the natural areas of flooding and prevent any uses
that make it unviable (PICKETT et al., 2011).

The European Union’s Water Framework Directive (WFD) establishes the aim of achieving good water
status, which includes surface waters, good chemical status, good ecological status, and ecological potential.
For changed water bodies that are not technical, financial and ecological workable to return to their original
condition, the ecological potential applies. This aim requires improving the water quality and reducing or
eliminating the anthropic pressures that cause degradation (EC, 2000).

This proposal for integrating watercourses to the urban landscape, creating linear parks on its banks,
has achieved satisfactory results. As much in the urban drainage as in the ecological and environmental
services offered by the hydric courses and in the society’s acceptance. Examples are Germany, with the Isar
River; France, the Sena River; the Cheonggyencheon River in Seoul, Korea; and the Tijuco Preto River in Sdo
Paulo, Brazil (RYU et al., 2016; ROLO et al., 2017).

As the source of Cavouco (PC1) presents better water quality, with greater values of Dissolved
Oxygen, which leads to the understanding that this section is in good chemical status. During the collection,
they verified fish in section PC2, even with a median dissolved oxygen value of 3.7 mg L-1. This shows that
the stream is still alive and highlights the possibility of revitalization.

They have already adopted measures, such as the urbanization of the Cordeiro neighborhood,
constructing slopes with vegetation, bicycle, and car sidewalks and roads. This promoted the river banks
usage by the population for walks and sports and contributed to raising awareness of people to adopt
protective measures for this ecosystem. They installed separate wastewater treatment systems, such as at
UFPE. Moving forward in the revitalization process, they should take measures to make sure the ecological
potential of the Cavouco stream. The chart 1 below describes the proposed interventions, divided into 5
sections, considering the current water quality, land use and occupation, vegetation on the banks, urban

drainage and transport infrastructure and the services they could offer to the population.
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Chart 1: Proposed interventions of the Cavouco stream.

Section Main Problems Description of Structural Measures for Revitalization

Laguinho of | Absence of riparian | Restoration of the riparian forest by planting native species of the Atlantic Forest.

UFPE forest. Revitalization of the dike to contemplate the lake.

Varzea Disordered Expropriation of irregular buildings and relocation of the population. Dredging of

Neighborhood urbanization  with | sediments to extend the perimeter of the canal. Enrichment of the riparian forest with
houses on top of the | native species. Expansion of collection and treatment of domestic sewage.
bed.

Domestic sewage
disposal.

UFPE The release  of | Treatment of chemical and sanitary wastewater from laboratories. Restoration and
chemical enrichment of riparian forest. Creation of a park with sports and leisure infrastructure
wastewater. in the zone between the Technology and Geosciences Center - CTG and the Arts and
Concrete piping. Communication Center - CAC.

Cordeiro Disposal of domestic | Creation of a linear park with sports and leisure equipment, permeable paving of the

Neighborhood sewage and solid | roads on the banks of the stream, in the section between General Vargas and Manoel
waste. Estevdo da Costa Streets. Implementation of a drainage system with a solid waste

retention device. Construction of slopes in the form of a staircase. Restoration and
enrichment of the riparian forest.

Iputinga Disordered Expropriation of irregular buildings and relocation of the population. Dredging of

Neighborhood urbanization  with | sediments to extend the perimeter of the canal. Enrichment of the riparian forest with
houses on top of the | native species. Expansion of collection and treatment of domestic sewage. In the
bed. Caiara Park zone, expand the riparian forest by creating habitats for birds and
Domestic ~ sewage | mammals.
disposal.

The permeable paving of marginal roads to watercourses promotes more infiltration and slow
percolation in the soil. Riparian forest restoration by planting large trees intercepts up to 25% of precipitation
and decreases direct soil precipitation and drainage. Staircase-shaped slopes, covered with vegetation,
reduce erosion on the banks while intercepting solids and hanging material (URBEM, 2004).

However, the collection and treatment of domestic sewage is the main measure to promote the
revitalization of the Cavouco stream. The Public-Private Partnership project - PPP for Sanitation in the
Metropolitan Region of Recife - RMR, between the company BRK Ambiental and the Companhia
Pernambucana de Saneamento - Compesa is in progress.

Started in 2013, the forecast was to increase the collection and treatment of sewage to 90% by 2025.
After long delays in the schedule, in 2018 they postponed the deadline to 2037. The contract signed has a
high potential for renegotiations, which can generate negative consequences such as further delays and
renegotiations to follow the project.

The Cavouco Stream basin is part of the Cordeiro and Camaragibe Sanitary Sewerage System.
Nowadays, these systems serve only 18.42% and 4.76% of the region. Served by the Sewage Treatment Plants
- ETE Caxanga Il and Abengoada por Deus. The schedule signed in the 5th additive of the PPP contract expects
expanding the Cordeiro system to 50% in 2021, 55% in 2023 and 96% in 2025 (COMPESA, 2018).

The sanitation works planned for the Cavouco and Capibaribe river basins will serve a large part of
the population and will improve the water quality of the watercourses and health conditions of the
population, such as the Velhas River in Minas Gerais as mentioned by Rollo et al. (2017). However, the great
challenge is the universalization of sanitation, as provided for in the legislation, and the guarantee of the
project completion. Delays in the schedule are a major concern as they may delay the revitalization of the

Cavouco and other watercourses in Recife. It can also cause a lack of credibility among the public authorities.
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Besides the structural measures proposed above for the revitalization of the Cavouco stream, the
non-structural measures are also important. The works cause expropriation, interdiction of roads, among
other disturbances. However, a project to revitalize an urban river must consider them as spaces of
environmental, social, economic and cultural opportunities. Therefore, Reynoso et al. (2010) and Pickett et
al. (2011) suggest that an intersectoral action is necessary for implementing the project to take place under
a synergy of actions and management of public institutions, given the complexity and diversity of the players
involved.

The Water Framework Directive expects popular participation in all phases of watercourse
revitalization projects. The available information, call for action and public consulting are mechanisms used
to govern the project (URBEM, 2004). In this sense, Luymes and Tamminga, suggest that participation should
be a double path that combines popular knowledge with scientific knowledge (LUYMES et al., 1995).
Therefore, the people that will take part in positive and negative ways, direct or indirect affected, in the

decision-making processes are essential to the success of the Cavouco revitalization project.

CONCLUSIONS

The uncontrolled urbanization of Recife over the course of its history until the most recent days has
occupied more and more preserved areas such as the slopes and banks of rivers and streams. The poor urban
drainage infrastructure and the collection and treatment of domestic sewage is the main cause of
deteriorating the water quality of its watercourses, as of the Cavouco stream, which the high concentrations
of Biochemical Oxygen Demand and of thermotolerant coliforms and low concentrations of Dissolved Oxygen
confirm, compromising marine life.

Comparing the results of the climatic periods, the water quality improves in the rainy season when
more water is coming into the basin, diluting the sewage, as described in the literature. Different from what
happens in the non-degraded watercourse, where the rains carry solids to the bed, changing its quality. The
spatial analysis showed that the water quality worsens from upstream to downstream, according to the
increase in urban occupations and the release of fresh domestic sewage along the watercourse.

In the more upstream sections, which include the source (PC1) and the UFPE, the Dissolved Oxygen
is in the stream that is still alive. In this way, its revitalization will become possible with the correct execution
of projects such as the RMR Sanitation PPP and the Capibaribe Park until 2025. They need a project to adopt
the proposed measures, such as the removal of irregular housing, restoration of riparian forest, erosion
control and creation of linear parks, following the model adopted in other cities.

The public’s participation in the entire process is essential for the success of the Cavouco stream
revitalization. From the project conceiving, with the choice of sports and leisure equipment for the linear
parks, to a good social communication program to solve conflicts to move housing and environmental
awareness. They recommend the search for governance mechanisms for urban rivers, in which the local
people can take part in the decisions and actions proposed to recover the quality of water and revitalize the

streams of Recife.

Revista Ibero-Americana de Ciéncias Ambientais Page | 292
v.11-n.5 ¢ Agoa Set 2020



Water quality and prospects for revitalization of an urban stream in Recife, Brazil

REFERENCES

ALVES, W. S.; SANTOS, L. N. S.; MEDEIROS, V. S.; AQUINO, D.
S.; MORAIS, W. A,; SALEH, B. B.; PEREIRA, V. C.; MOURA, D.
M. B.. Avaliagdo da qualidade da agua e estado tréfico do
ribeirdo das Abdboras, em Rio Verde — GO, Brasil.
Geociéncias, v.36, n.1, p.13-29, 2017.

APHA. American Public Health Association. Standard
Methods for the Examination of Water and Wastewater. 22
ed. Washington: APHA, 2012.

ARAUJO, M. C.; OLIVEIRA, M. B. M.. Monitoramento da

qualidade das dguas de um riacho da Universidade Federal
de Pernambuco, Brasil. Rev. Ambient. Agua, Taubaté, v.8,
n.3, 2013. DOI: http://dx.doi.org/10.4136/ambi-agua.1192

CABRAL, J. J. S. P.; PREUSS, S. L. C.; FONSECA NETO, G. C..
Capibaribe e seus afluentes na planicie de recife: visdo
multidisciplinar de um rio urbano e sua importancia para o
sistema de drenagem das aguas pluviais. In: SIMPOSIO DE
RECURSOS HiDRICOS DO NORDESTE, 12. Anais. Natal:
Associagdo Brasileira de Recursos Hidricos, 2014.

CETESB. Companhia Ambiental do Estado de Sdo Paulo. Guia
nacional de coleta e preservacdo de amostras: agua,
sedimento, comunidades aquaticas e efluentes liquidas. Sdo
Paulo: CETESB; Brasilia: ANA, 2011.

COMPESA. Companhia Pernambucana de Saneamento.
Compesa anuncia mudangas no contrato da PPP do
Saneamento da Regido Metropolitana do Recife. Recife:
COMPESA, 2018.

COSTA, R.; CALADO, S.; SIQUEIRA, G.; MARTINS, G.; RIBEIRO,
A. M.; MINERVINO, H.; PAVAO, D.. Caracteristicas fisico-
quimicas dos esgotos e das aguas do Riacho do Cavouco no
percurso dentro do campus da UFPE. In: CONGRESSO
BRASILEIRO DE QUIMICA, 53. Anais. Rio de Janeiro, 2013.

DALMAS, F. B.; VARGAS, R. R.; SAAD, A. R.; ANDRADE, M. R.
M.; ANDRADE, J. A.; ARRUDA, R. O. M.. Reflexos do uso e
ocupacao do solo na qualidade da agua do rio Embu-Guagu,
regido metropolitana de S3o Paulo. Geociéncias, v.34, n.1,
p.130-144, 2015.

DODDS, W. K.. Eutrophication and trophic state in rivers and
streams. American Society of Limnology and
Oceanography, v.51, n.1, p.671-680, 2006. DOI:
http://dx.doi.org/10.4319/10.2006.51.1 part 2.0671

EC. European Commission. Directive 2000D 60D EC of the
European Parliament and of the Council of 23 October 2000
Establishing a Framework for Community Action in the
Field of Water Policy. Oflcial Journal 22 December 2000 L
327D 1. Brussels: European Commission, 2000.

FIA, R.; TADEU, H. C.; MENEZES, J. P. C.; FIA, F.R. L.;
OLIVEIRA, L. F. C.. Qualidade da dgua de um ecossistema
|6tico urbano. Revista Brasileira de Recursos Hidricos, v.20,
n.1, p.267-275, 2015. DOI:
http://dx.doi.org/10.21168/rbrh.v20n1.p267-275

FONSECA, B. M.; MENDONGCA-GALVAO L.; PADOVESI-
FONSECA, C.; ABREU L. M.; FERNANDES, A. C.. Nutrient
baselines of cerrado low-order streams: comparing natural

Revista Ibero-Americana de Ciéncias Ambientais
v.11-n.5 ¢ Agoa Set 2020

COMETTI, J. L. S.; CABRAL, J. J. S. P.; CONCEIGAO, T. M.

and impacted sites in central Brazil. Environmental
monitoring and Assessment, v.186, n.1, p. 19-33, 2014. DOI:
http://dx.doi.org/10.1007/s10661-013-3351-8

INMET. Instituto Nacional de Meteorologia. Tempo Graficos
Recife 2016 E 2017. INMET, 2018.

KANG, J. H.; LEE, S. W.; CHO, K. H.; KI, S. J.; CHA, S. M.; KIM, J.
H.. Linking land-use type and stream water quality using
spatial data of fecal indicator bacteria and heavy metals in
the Yeongsan river basin. Water Research, v.44, p.4.143-
4,157, 2010. DOI:
https://doi.org/10.1016/j.watres.2010.05.009

LARSON, R.; FARBER, B.. Estatistica Aplicada. 4 ed. Sdo
Paulo: Pearson, 2010.

LIBANIO, M.. Fundamentos de qualidade e tratamento de
4gua. 4 ed. Campinas: Atomo, 2016.

LUYMES, D. T.; TAMMINGA, K.. Integrating public safety and
use into planning urban greenways. Landscape and Urban
Planning, Greenways, v.33, n.1-3, 1995. DOI:
https://doi.org/10.1016/0169-2046(94)02030-J

MONACO, P. A. V. L.; MATOS, A. T.; RIBEIRO, I. C. A;
BATISTA, A. P.S.; MIRANDA, S. T.; EUSTAQUIO JUNIOR, V..
Tratamento de esgoto sanitario utilizando coagulante
natural seguido de filtro organico. Rev. Caatinga, Mossoro,
v.27,n.1, p.28-40, 2014.

PICKETT, S. T. A.; CADENASSO, M. L.; GROVEC, J. M.; BOONE,
C. G.; GROFFMANA, P. M.; IRWINE, E.; KAUSHALF, S. S.;
MARSHALL, V.; MCGRATH, B. P.; NILON, C. H.; POUYAT, R. V.;
SZLAVECZ, K.; TROY, A.; WARRENM, P.. Urban ecological
systems: scientific foundations and a decade of progress. J.
Environ. Manage., v.92, p.331-362, 2011. DOI:
http://doi.org/10.1016/j.jenvman.2010.08.022

PIRATOBA, A. R. A.; RIBEIRO, H. M. C.; MORALES, G. P.;
GONCALVES, W. G. E.. Caracterizagdo de parametros de
qualidade da agua na area portudria de Barcarena, PA,
Brasil. Rev. Ambient. Agua, Taubaté, v.12, n.3, 2017. DOI:
http://doi.org/10.4136/ambi-agua.1910

PIVELI, R. P.; KATO, M. T.. Qualidade das Aguas e Poluigdo:
Aspectos Fisicos- Quimicos. Rio de Janeiro: ABES, 2006.

QUINATTO, J.; ZAMBELLI, N. L. DE N.; SOUZA, D. H.; RAFAELI
NETO, S. L.; CARDOSO, J. T.; SKORONSKI, E.. Using the
pollutant load concept to assess water quality in an urban
river: the case of Caraha River (Lages, Brazil). Rev. Ambient.
Agua, Taubaté, v.14, n.1, 2019. DOI:
http://doi.org/10.4136/ambi-agua.2252

RAMIREZ, A.; ROSAS, K. G.; LUGO, A. E.; RAMOS-GONZALEZ,
0. M. R.. Spatio-temporal variation in stream water
chemistry in a tropical urban watershed. Ecology and
Society, v.19, p.1-1, 2014. DOI:
http://dx.doi.org/10.5751/ES-06481-190245

REYNOSO, A. E. G.; MUNOZ, L. H.; CHEN, M. P.; SAENZ, I. Z..
Rescate de rios urbanos. propuestas conceptuales y
metodoldgicas para la restauracion y rehabilitacion de rios.

Page | 293



Water quality and prospects for revitalization of an urban stream in Recife, Brazil

Universidad Nacional Autonéma de México. Coordinacion de
Humanidades. Cidade do México: Programa Universitario de
Estudios sobre la Ciudad, 2010.

ROLO, D. A. O. M.; GALLARDO, A. L. C. F.; RIBEIRO, A. P..
Revitalizagdo de rios urbanos promovendo adaptagdo as
mudangas climaticas baseada em ecossistemas: quais sdo os
entraves e as oportunidades?. In: ENCONTRO NACIONAL DA
ASSOCIACAO NACIONAL DE POS-GRADUACAO E PESQUISA
EM PLANEJAMENTO URBANO E REGIONAL, 8. Anais. Sao
Paulo: Faculdade de Arquitetura e Urbanismo da
Universidade de Sao Paulo, 2017. p.1-21.

RYU, C.; KWON, Y.. How do mega projects alter the city to be
more sustainable? Spatial changes following the Seoul
Cheonggyecheon restoration project in South Korea.
Sustainability, v.8, p.1178, 2016. DOI:
http://doi.org/10.3390/su8111178

SILVA, P. T.S.; SILVA, V. L.; SILVA, A. M. R. B.; CALADO, S..
Aplicagdo do indice de qualidade da dagua em um trecho do
riacho Cavouco no campus da UFPE. Rio de Janeiro. In:
CONGRESSO BRASILEIRO DE ENGENHARIA SANITARIA E
AMBIENTAL, 21. Anais. Rio de janeiro: ABES, 2001.

COMIETTI, J. L. S.; CABRAL, J. J. S. P.; CONCEICAO, T. M.

TUCCI, C. E. M.. Hidrologia: ciéncia e aplicagdo. 3 ed. Porto
Alegre: UFRGS, 2013.

URBEM. Urban River Basin Enhancement Methods. New
techniques for urban river rehabilitation: How to re-
naturalise flow regimes Recommendations. Work Package 8,
2004.

VIEIRA, B. M.; NADALETI, W. C.; VALENTINI, M. H K.; SANTOS,
G.; VIANA, F. V.; CORREA, M. G.. Avaliagdo e comparagdo da
qualidade das aguas entre o canal Sdo Gongalo e a Lagoa
Mirim. Revista Ibero-Americana de Ciéncias Ambientais;
v.10, n.2, p.185-196, 2019. DOI:
http://doi.org/10.6008/CBPC2179-6858.2019.002.0016

VON SPERLING, M.. Introdugdo a qualidade das aguas e ao
tratamento de esgotos. 4 ed. Belo Horizonte: UFMG, 2014.

ZHANG, Y.; CHEN, X.; LIAN, Y.; HE, Y.; CHEN, L.; DING, H..
Characteristics on Tempo-Spatial Distribution of Water
Quality and Identification of Relevant Influential Factors in
Small-Scale Basins of South China. Fresenius Environmental
Bulletin, v.27, n.9, p.6245-6254, 2018.

A CBPC - Companhia Brasileira de Produgdo Cientifica (CNPJ: 11.221.422/0001-03) detém os direitos materiais desta publicagdo. Os direitos referem-se a publicagdo do trabalho em qualquer parte
do mundo, incluindo os direitos as renovagdes, expansdes e disseminages da contribuicdo, bem como outros direitos subsididrios. Todos os trabalhos publicados eletronicamente poderdo
posteriormente ser publicados em coletaneas impressas sob coordenagdo da Sustenere Publishing, da Companhia Brasileira de Produgdo Cientifica e seus parceiros autorizados. Os (as) autores (as)
preservam os direitos autorais, mas ndo tém permissdo para a publicagdo da contribuigdo em outro meio, impresso ou digital, em portugués ou em tradugdo.

Revista Ibero-Americana de Ciéncias Ambientais
v.11-n.5 ¢ Agoa Set 2020

Page | 294



