Revista Ambiente & Agua

' ; 3| ISSN: 1980-993X
A..mm:-e-;u_j Instituto de Pesquisas Ambientais em Bacias
Hidrograficas

Assessment of the water quality and
trophic state of the Ribeirao Guaracau
Watershed, Guarulhos (SP): a comparative
analysis between rural and urban areas

Vargas, Reinaldo Romero; Barros, Marcia da Silva; Saad, Antonio Roberto; Arruda, Regina de Oliveira
Moraes; Azevedo, Fernanda Dall'Ara

Assessment of the water quality and trophic state of the Ribeirdo Guaragau Watershed, Guarulhos (SP): a
comparative analysis between rural and urban areas

Revista Ambiente & Agua, vol. 13, no. 2, 2018

Instituto de Pesquisas Ambientais em Bacias Hidrograficas
Available in: http://www.redalyc.org/articulo.0a?id=92860561014
DOI: 10.4136/ambi-agua.2170

§r@£)a\yc.@“g PDF generated from XML JATS4R by Redalyc

Project academic non-profit, developed under the open access initiative



http://www.redalyc.org/articulo.oa?id=92860561014
http://doi.org/

Revista Ambiente & Agua, vol. 13, no. 2,

2018

Instituto de Pesquisas Ambientais em
Bacias Hidrograficas

Received: 27 July 2017
Accepted: 16 January 2018

DOI: 10.4136/ambi-agua.2170

Funding

Funding source: Sao Paulo Research
Foundation

Contract number: 2015/07406-4

CCBY

ARTICLES

Assessment of the water quality

and trophic state of the Ribeirao
Guaragau Watershed, Guarulhos (SP): a
comparative analysis between rural and
urban areas

Avaliagao da qualidade da 4gua e do estado tréfico da bacia de
Ribeirao Guaragau, Guarulhos (SP): uma andlise comparativa
entre 4reas rurais e urbanas

*

Reinaldo Romero Vargas '~ rei_vargas@terra.com.br
Universidade de Guarulhos, Brazil

Marcia da Silva Barros ? barros.r777@yahoo.com.br
Centro Universitdrio Anhaguera de Siao Paulo, Brazil

Antonio Roberto Saad * asaad@prof.ung.br
Universidade de Guarulhos, Brazil

Regina de Oliveira Moraes Arruda * rarruda@prof.ung.br
Universidade de Guarulhos, Brazil

Fernanda Dall'Ara Azevedo ° fdallara.azevedo@gmail.com
Universidade de Guarulhos, Brazil

Abstract: The urbanization process through which large urban centers have been passing
has affected drastically the availability and especially the quality of water. The Ribeirdo
Guaragau Watershed, located in the northern part of the Guarulhos municipality,
includes rural and urban areas of different land-use classes. The goal of this study is
to assess the water quality and to diagnose the eutrophication stage of the surface
waters of the Ribeirio Guaragau, the main water course of the Ribeirio Guaracau
Watershed. To assess environmental quality, physical-chemical analyses (temperature,
pH, turbidity, conductivity, and total phosphorus) and microbiological analyses (E.
coli) were carried out during a period of 12 months. The Trophic State Index (TSI)
was used to ascertain the environmental degradation conditions of lotic and lentic
environments. The surface waters of the Ribeirao Guaragau in the rural area are already
compromised, with worsening of the water quality upstream indicated by high total
phosphorus and E. co/i caused by fecal contamination due to lack of basic sanitation
in the region. Characteristic sites of the rural areas already present signs of degradation
with trophic levels varying from oligotrophic to hypereutrophic. The need to provide
sewage collectors and sewage treatment systems at the Bonsucesso Sewage Treatment
Station, inaugurated in 2011, and the control of the occupation in areas that produce
good quality water is paramount.

Keywords: eutrophication, Sao Paulo Metropolitan Region, urban waters, water
pollution.

Resumo: O processo de urbanizagio pelo qual os grandes centros urbanos passaram
afetou drasticamente a disponibilidade e, em especial, a qualidade da 4gua. A bacia
hidrogrifica de Ribeirio Guaragau, localizada na parte norte do municipio de
Guarulhos, inclui 4reas rurais ¢ urbanas de diferentes classes de uso da terra. O objetivo
deste estudo ¢ avaliar a qualidade da 4gua e diagnosticar o estdgio de eutrofizagio das
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dguas superficiais do Ribeirao Guaragau, o principal curso de 4gua da Bacia do Ribeirao
Guaracau. Para avaliar a qualidade ambiental, foram realizadas analises fisico-quimicas
(temperatura, pH, turbidez, condutividade e fésforo total) e analises microbiolégicas (E.
coli) durante um perfodo de 12 meses. O Indice de Estado Tréfico (IET) foi utilizado
para determinar as condi¢oes de degradagio ambiental de ambientes léticos e 1énticos.
As 4guas superficiais do Ribeirdo Guaragau na 4rea rural jé estio comprometidas, com
o piora da qualidade da 4gua a montante indicada pelo alto fésforo total ¢ E. coli
causada por contaminacio fecal devido 4 falta de saneamento bésico na regiao. Os locais
caracteristicos das dreas rurais ja apresentam sinais de degradacio com niveis tréficos que
variam de oligotréficos a hipereutrdficos. A necessidade de fornecer coletores de esgoto
e sistemnas de tratamento de esgoto na Estacio de Tratamento de Esgoto de Bonsucesso,
inaugurada em 2011, ¢ o controle da ocupagio em dreas que produzem dgua de boa

qualidade ¢ primordial.

Palavras-chave: dguas urbanas, eutrofizacio, polui¢io das dguas, Regido Metropolitana

de Sao Paulo.
1.INTRODUCTION

The development of modern society, mainly in the urban areas, has
occurred in a disordered way, devoid of any planning, and with increasing
levels of environmental degradation. As a result of this disequilibrium,
significant impacts can be observed, which put environmental quality
at risk, notably when it comes to great metropolises. The Guarulhos
Municipality, located in the Metropolitan Region of Sao Paulo (MRSP),
is considered the second greatest city of Sio Paulo State. It is in
full urban expansion, characterized by planning problems induced by
industrial development, road, airport, utilities operations and significant
civil works, for example, the construction of the northern segment of the
Mario Covas Ring Highway (Oliveira et al., 2009; Mesquita, 2011).

The environmental impacts caused by deforestation, agricultural,
urban and industrial development, plus the lack of basic sanitation, lead
to an increase of nutrient concentrations in the aquatic ecosystems.
These nutrients, especially phosphorus and nitrogen, lead to the growth
of algae, including potentially toxic cyanobacteria, which endangers the
ecosystem, besides increasing water treatment costs (Esteves, 2011). Such
a process, named eutrophication, can be quantified by means of the
Trophic State Index (TSI), which is used to classify water bodies at
different trophic degrees (Lamparelli, 2004). The index classifies the
water body in six trophic classes, according to the total phosphorus
concentrations in water. The conditions favorable to eutrophication are
those of a lentic environment, characterized by the presence of nutrients,
high temperatures, high radiation levels, low turbidity and high residence
time of the water. Lotic environment water bodies classified as eutrophic,
supereutrophic and hypereutrophic rarely present eutrophication due to
the movement of their waters. However, it is through rivers and brooks
that a great part of nutrient inflow to lakes and reservoirs takes place
(ANA, 2013).

Depending on the land use and occupation, different trophic levels are
observed in the water bodies. Cunha et al. (2010) studied three tropical
rivers with different levels of anthropic interference. These authors
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observed that in more-preserved regions, with 70% of the area covered
by forests, the trophic levels varied from oligotrophic to mesotrophic.
On the other hand, in regions occupied by industry, trophic levels
were hypereutrophic. In another study of a watershed with 65% of
the urbanized area characterized by the presence of stilt houses, where
domestic waste is disposed of iz natura in the water bodies, trophic
levels varied from supereutrophic to hypereutrophic. In the same study,
in another river with the presence of settlements and rural activity, the
trophic levels varied from mesotrophic to supereutrophic (Silva et al,
2014).

Taking the concept of watershed as a study unit (Machado and Torres,
2012), the Ribeirio Guaragau Watershed (RGW), mostly located in the
northern part of the Guarulhos municipality, was selected for this study.
Water producing areas are located in watershed zones (Andrade et al.,
2008). Taking the municipal zoning into account, rural and urban zones
arelocated in this watershed, each showingdifferent forms of land use and
representing foci of water quality change. The main objective of this study
is the assessment of water quality and the diagnosis of the eutrophication
stage of the Ribeirao Guaragau surficial waters in rural and urban areas of
the Ribeirao Guaragau Watershed.

1.1. Geoenvironmental characteristics of the study area

The Guarulhos municipality is one of 39 municipalities located in
the northeastern portion Metropolitan Region of Siao Paulo (MRSP),
together with the neighboring Arujd, Itaquaquecetuba, Mairipora,
Nazaré Paulista, Sio Paulo and Santa Isabel municipalities (Figure 1).
The municipality is characterized by a humid, subtropical climate with
annual mean rainfall of 1470 mm. The annual rainfall indices were 1897
mm in 2015 and 1570 mm in 2016 (INMET, 2016). The mean annual

temperatures in the coldest months reached 17-19°C, whereas in the

summer they varied between 23°C and 24°C (Oliveira et al., 2009). The
municipality is divided into five basins, the largest being the Baquirivu-

Guagu Watershed (BGW), 149 km?in area, encompassing the study area.
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Figure 1.
Location of the da Ribeirao Guaragau Watershed (RGW), Guarulhos (SP).

Source: UnG Geoprocessing Laboratory.

The Ribeirio Guaragau Watershed (RGW) is 20.5 km? in area, 8350
m long, maximum 5600 m wide, and 990 m of maximum and 750 m of
minimum altitude (Ribeiro et al., 2013). RGW landforms and rock types
are listed in Table 1.

Table 1.
Characteristics of the Ribeirao Guaragau Watershed (RGW) physical environment.
ZONE CHARACTERISTICS DO PHYSICAL ENVIRONMENT
Landforms Rock types
Mountains and halls higher than 1000 m Predonunant metamorphic rocks
- High halls lugher than 900 m (phvllites: won formation);
RURAL . . .
Hillocks igneous rocks (granites); local
Restricted fluvial plains alluvial sediments,
Low lulls Metasediments (phyllites).
TRBAN Hillocks Clastic sediments (coarse to fine
Small mounds sandstones; argillites); alluvial
Ample and restricted alluvial plains sediments.

Source:Ribeiro et al. (2013).

2. MATERIALS AND METHODS
2.1. Land-use Map

The land-use map was prepared by upgrading the map produced by
Ribeiro et al. (2013). The first step in this upgrade was to export the
vector file (shapefile) of this base map to the format Keyhole Markup
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Language (kml) of the ArcGIS program - Version 10 (ESRI, 2013). The
next step was to import from kml to Google Earth, which was overlain to
an IKONOS II image, Sensor PSM, 1-m resolution, September 28,2016,
where the vertices of the vector were updated. The last step was to import

the updated kml file to ArcGIS and export it to the shapefile format.
2.2. Water sampling and analysis

To assess the water quality along the Ribeirdo Guaragau, five points (P1
to P5) were selected, and six bi-monthly sampling campaigns were carried
out from September 2015 to August 2016. The selection of the sampling
points (Figure 2) was made considering the size of the drained surface
and the different types of land use, so that points P1 to P4 are located
in predominantly rural areas and point P5 in the urban zone. Point P1
(23°21'26.93” Sand 46°24'22.60” W) is located in a more-preserved area,
with the predominance of arboreal formations. Point P2 (23°21°42.98”
S and 46°24°'16.55” W) is located at the exit of Lago Azul. Point P3
(23°22’14.45” Sand 46°24°3.95” W) is located in the northern portion of
the watershed and receives the inflow of the households of the Agua Azul
neighborhood, including a high-density disordered urban occupation
(slums) with no sewerage. Point P4 (23°22’50.74” S and 46°23’44.67”
W), although located in an agricultural area surrounded by vegetated
areas, it gathers the contributions from the upstream points. Point P5
(23°24’3.14” S and 46°24°0.82” W) is located in area characterized by
high-density, ordered urban occupation.

Water analysis in the field was performed using properly calibrated
analytical instruments and obtaining triplicate measurements for the
following physico-chemical parameters: Temperature (Digimed DM-3
conductivity meter), pH (Digimed DM-2 pH meter), Conductivity
(Digimed DM-3 conductivity meter), and Turbidity (Quimis Q279P
turbidimeter). The other samples were collected following the National
Guide for Collecting and Preservation of Samples (ANA, 2011) for Total
Phosphorus and Escherichia coli, analyzed in triplicate, as recommended
by the Standard Methods for Examination of Water and Wastewater
(APHA etal., 2012).
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Figure 2.

Land-use and occupation map for 2016, with the location of the water-sampling points and land-use

classes and their percentages (%) in the Ribeirao Guaragau Watershed (RGW) in 2007 and 2016.
Source: UnG Geoprocessing Laboratory.

The results of these analyses were compared to standards established by
CONAMA Resolution 357/2005 (CONAMA, 2005) and State Decree
#10755, which assigns water bodies to the classification provided by the
State Decree #8468, dated September 8, 1976. The Baquirivu-Guagu
River and all its tributaries up to the confluence with the Tieté River in
the Guarulhos municipality belong to Class 3 (Sao Paulo, 1977). This
class of water is destined for the supply for human consumption, after
conventional or advanced treatment; irrigation of tree and forage crops;
amateur fishing; secondary contact recreation; and animal watering.

2.3. Trophic State Index (TSI)

The calculation of TSI (TP), according to Lamparelli’s (2004)
methodology, took into account total phosphorus (TP) measured at
points P1 to PS5 (ug.L™).

The TSI values are distributed in the six trophic state classes as follows
(CETESB, 2007; Lamparelli, 2004): TSI <47 (ultraoligotrophic); 47
<TSI <52 (oligotrophic); 52 <TSI <59 (mesotrophic); 59 <TSI
<63 (eutrophic); 63 <TSI <67 (supereutrophic), and TSI >67
(hypereutrophic).
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3. RESULTS AND DISCUSSION

The Ribeirao Guaragau Watershed (RGW) contemplates zones with
both rural and urban characteristics. From Point P1 to Point P4,
arboreal formations, grassy vegetation and low-density urban occupations
predominate, which characterizes this region as a rural area (Figure
2). The consolidated urban zone predominantly occupies the southern
portion of the basin. In the surroundings of Point P5, which is the
last sampling point of the Ribeirao Guaragau, there are high-density,
ordered urban occupations, which are essentially of urban characteristics.
During the last ten years, from 2007 to 2016, RGW has undergone little
changes regarding occupation (Figure 2). A negative aspect is that in this
period, despite the minor contribution of the high-density disordered
occupations (slums), there has been an increase of approximately 108%
of this type of occupation along RGW, from the rural to the urban
area. The increase of these areas devoid of sewage collecting systems
has led to the worsening of the quality of the watershed water bodies.
Another relevant change regarding water quality was the 33% decrease
in agricultural areas. The land-use and occupation map shows that the
majority of the agricultural areas were replaced by grassy vegetation in
2007, as reported by Ribeiro et al. (2013). However, there was not an
increase of grassy vegetation areas, due to the 10% increase of low-density
urban occupations in the rural region.

Upstream Point P1, which islocated in alow-density urban occupation
area, a more preserved region is composed of arboreal formations. As
a consequence, all the measured parameters indicate the very good
quality of the surficial waters (Table 2). Only the mean value of the
microbiological parameter (E. coli) is above the established in the
CONAMA Resolution for Class 3 water bodies (CONAMA, 2005).
This high value is explained by the fact that there are small animal farms
surrounding Point 1. The total phosphorus analysis for this point, despite
being below the limit established in the legislation, yielded a mean value
close to the limit and a maximum value above the limit. Even though it
is not high, this corroborates the fecal contamination of the water body,
probably caused by animal feces.

Water temperature (Table 2) varied according to the occupation of
the surroundings, the lowest mean value being obtained at Point P1
and corresponding to the most vegetated area, and the highest at Point
P5, corresponding to the urban area. Several studies indicate that the
presence of a vegetated area in the surroundings of a water body causes
a decrease in water temperatures. Conversely, more urbanized areas with
little vegetation significantly increase water temperature (Fia et al., 2015;
Vargas et al., 2015; Pereira et al., 2016; Carvalho et al., 2016).

For all the analyzed points, pH did not vary significantly along
the watershed, with low coefficient of variation and mean pH values
within the limits established by CONAMA Resolution 357/05, even in
areas characterized by industrial activity, agriculture and lack of basic
sanitation.
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Turbidity values for points P1 to P4 are below the maximum limit
established by CONAMA 357/05. However, turbidity values for Point
PS exceeded the limit, due to the fact that domestic and chemical
industrial wastes are discharged in the Ribeirao Guaracau. The highest
turbidity values were found in the rainy season, which was also observed
by Sardinha et al. (2008), Rios-Villamizar et al. (2011), Fia et al. (2015)
and Andrietti et al. (2016). In this period the dragging of solids in
suspension occurs by means of runoff processes, mainly in regions with
exposed soil in the proximity of water bodies.

Many studies have reported the use of electric conductivity to assess the
impact of pollutants in the aquatic environment, both rivers (Uwidia and
Ukulu, 2013; Thompson et al., 2012; Vargas et al., 2015) and lakes (Das
et al., 2006; Costa and Henry, 2010). The water of each region presents
characteristic electric conductivity, which depends mainly on the rock
types the water permeates (Tong and Chen, 2002). Mean conductivity
values increased from Point P1 to Point PS5 (Table 2), which indicates
an increase of ion concentrations upstream to downstream. It is worth
mentioning the high conductivity value (860 uS/cm) at Point P4, located
in an agricultural area. The use of fertilizers, such as inorganic nitrogen
and phosphorus salts, leads to an increase in conductivity at P4. This can
also be confirmed by the increase in total phosphorus (TP) at this Point
P4 in relation to Point P3 (Table 2). The contribution of other water
bodies between Points P4 and P5 causes the decrease of conductivity
by dilution at Point P5 (671 pS.cm-1). Vargas et al., (2015) obtained
similar results for the Cérrego Taquara do Reino, which belongs to the
homonymous watershed located north of the Guarulhos municipality.
According to the authors, the lack of basic sanitation caused an increase
in electric conductivity.
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Table 2.

Values of the physical-chemical and microbiologic parameters of Ribeirao
Guaragau Watershed waters from September 2015 to August 2016.

Parameter Points  Mean s.d. Min. Max. CV (%) CONAMA 357 Class 3
P1 18.5 42 13.0 243 229
P2 209 43 14.5 26.0 207
T(°C) B3 20.7 4.0 14.0 240 19.5 NE
P4 19.5 42 13.6 239 216
P5 218 4.0 153 25.6 185
P1 6.1 04 5.6 6.6 58
P2 6.9 0.4 6.5 15 5.8
pH (upH) P3 1.3 0.8 5.08 81 114 G0l
P4 7.5 0.6 6.9 84 1.7
P35 7.0 0.7 6.5 8.3 10.7
P1 10 15 2 40 152
P2 22 20 2 55 88
TU (NTU) P3 30 11 12 3o 36 max. 100
P4 14 10 2 30 68
] 206 204 32 332 ag
P1 83 24 51 107 2846
P2 138 23 115 172 16.5
CE (uS.cm) P3 242 107 136 457 444 NE.
P4 860 415 446 1603 483
P35 671 235 411 936 35
Pi 0117 0.197 0.007 0.5 168
P2 0123 0285 0007 071 231 0.05 (lentic)
TP (mg.Lh P3 1.58 21 0.007 5.14 112
P4 154 1.58 0.007 4.18 63 0.15 (lotic)
P 4.54 357 013 832 74
P1 47E+03 22E+03 235E+03 8.0E+03 47
P2 6.3E+03 4.1E+03 24E+03 13E+-4 65
E_ coli (UFC.100 mL™) P3 5.5E+05 1.1E+06 12E+04 28E+06 205 max. 2400
P4 TOE+05 1.1E+06 1.2E+05 3.0E+06 145
P5 12E+07 23E+07 3.0E+06 5A4E+O7 104

P2 lentic body (Lago Azul). The other points: lotic body.

Abbreviations: s.d. (standard deviation); CV (coefficient of variation); T (temperature); TU (turbidity);
CE (electric conductivity); TP (total phosphorus); E. coli (Escherichia coli); N.E (Not established).

Ribeirao Guaragau reaches other water courses that flow towards the
Lago Azul, which was an old open pit for sand exploitation (Mesquita,
2011). At present, the lake is used for recreation, such as swimming
and fishing. At Point P2, total phosphorus values for lentic bodies and
especially the microbiologic parameter exceeded the values established
by the legislation. Fecal contamination from regular and irregular
occupations, plus the lack of sewerage and farminglead to the values above
those permitted by legislation and certainly this demands attention from
municipal authorities, given that the use of Lago Azul for recreational
activities is encouraged by them. Point P3, in the northern portion of
the watershed, is the confluence of contributions from households of
the Agua Azul neighborhood, in particular the high-density disordered
urban occupation (slums) with no sewerage. Such a degradation scenario
is confirmed when comparing Point P2 to Point P3. There is an increase of
15 times in total phosphorus mean concentration and 87 times in E. coli
mean values. These values continuously increase along the basin, and the
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highest values are found at Point PS5, which receives the inflow of urban
area located in neighborhoods Chacara Recreio Rober and Vila Carmela.

The behavior of total phosphorus and E. co/i was distinct during rainy
periods. Total phosphorus values were higher during dry periods, with
the exception of Point P4, indicating that in rainy periods dilution of
phosphorus concentrations takes place in the surficial waters. The mean
total phosphorus values and standard deviations for the dry and rainy
periods were respectively at P1: 0.176 + 0.281 and 0.059 + 0.089; at
P2: 0.240 + 0.403 and 0.007 + 0.000; at P3: 2.577 + 2.335 and 1.175
+ 2.023; at P4: 2.463 + 1.056 and 2.607 + 2.268, and at PS: 5.350 +
3.838 and 4.329 + 4.035. The very close phosphorus values at Point P4
can be related to the constant use of fertilizers in the agricultural area
(Figure 2). Saad et al. (2013) also observed the dilution effect in total
phosphorus concentrations during rainy periods and, according to the
authors, this effect was more pronounced in the consolidated urban area
and impervious soil. Peldez-Rodriguez (2001) also observed an increase
in the concentration of nutrients during the dry season and attributed
this fact to the increase in nutrient concentration due to decrease in
water flow. Similarly, Stacciarini (2002), when assessing the quality of
the water resources in Paulinia (State of Sio Paulo), observed that in
the majority of the points he analyzed phosphorus concentrations were
higher in the dry period. Cruz (2003), assessing the quality of the Uberaba
River waters (State of Minas Gerais), obtained the same trends regarding
total phosphorus in rainy and dry periods.

Farage et al. (2010) observed in the region of the Pombas River (State
of Minas Gerais) that during the rainy period, runoft in anthropized
areas contributed to a higher discharge of phosphorus, increasing its
concentration, even with higher river flows. The authors attributed this
increase in total phosphorus to runoff occurring in the rainy periods
mainly on soils devoid of vegetation or with predominant grassy cover,
as on the margins of the Pomba River. According to Prada and Oliveira
(2006), the increase in phosphorus in river waters during the rainy period
can also be related to the re-suspension of bottom sediments as the river
flow increases.

The amount of microorganisms present in surficial waters was higher in
the rainy period, in special at the least-preserved points, as indicated by the
E. colilogarithmic values during the rainy and dry periods, respectively for
P3:5.36 + 1.20 and 4.46 + 0.14; for P4: 5.96 + 0.55 and 5.14 + 0.10, and
for PS: 7.25 + 0.41 and 6.92 + 0.70. Saad et al. (2013) obtained similar
results for the Ribeirdao Tanque Grande Watershed, which presents
geomorphological characteristics similar to those of RGW. Due to the
higher declivity, runoff takes place with the transport of microorganisms
to the water bodies, preventing water infiltration in the soil (Chaves and
Santos, 2009; De Azevedo Lopes and Magalhaes Junior, 2010; Andrietti
etal., 2016).

The Trophic State Index was calculated using total phosphorus (TP)

values. Figure 3 shows that TSI values increase from rural to urban zones.
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P2 P3 P4 PS

Figure 3.

Trophic State Index behavior along Ribeirao Guaragau

Watershed from September 2015 to August 2016.

In Points P1 and P2, which are the most-preserved, trophic state
levels vary from oligotrophic to mesotrophic, indicating the presence
of clean water bodies, in which unwanted interferences resulting from
the presence of nutrients, in special phosphorus, do not occur. For
the other points, progressive worsening of the water body trophic state
is observed (Figure 3). In the rainy periods, TSI (TP) values were
favorably lower, thanks to the dilution of the nutrients. For Point P3,
the supereutrophic level predominates, but with ample variation from
oligotrophic to hypereutrophic. The presence of small farms and the
irregular occupation in the surroundings of Point P3, plus the temporal
effect, besides the paving works during the sampling period, caused
such variations in the trophic level. Similar results were obtained by
Saad et al. (2013) and Vargas et al. (2015) for other watersheds of the
Guarulhos municipality. The trophic levels at Point P4 got worse, varying
from eutrophic to hypereutrophic. Agricultural activities close to this
point cause the worsening of the trophic level, due to contamination by
fertilizers used in plantations (Farage et al., 2010; Gongalves and Rocha,
2016; Zhou et al., 2016). Point P5 reached hypereutrophic levels in all
determinations, indicating a water body significantly affected by high
organic matter and nutrient concentrations, compromising the use of the
water at that point.

4. CONCLUSIONS

The recent hydric crisis that affected the southeastern region of Brazil
from 2014 to 2016 and that still affects a large part of the Brazilian
northeastern region calls attention to preservation policies and control of
watershed areas. The expansion of urban areas towards these watershed
areas directly affects the quality of surficial and underground waters,
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in particular in developing countries due mainly to the lack of sewage
treatment, which is directly discharged in rivers, causing pollution and
impacts on the environment. Urbanization favors impermeabilization
of the soil, leading to flooding and making aquifer recharge difficult.
Several areas in the northern part of the Guarulhos municipality
produce water but unfortunately the studies of the watersheds, in
particular of the Baquirivu-Guagu River Watershed, have pointed to
the degradation of the water bodies. The present study of the Ribeirao
Guaragau Watershed shows that the Ribeirao Guaragau surficial waters
in the rural area are already compromised in the surroundings of
the Lago Azul (point P2). The other points, P3 to PS5, reveal the
worsening of the water quality in respect to total phosphorus and E.
coli, indicating fecal contamination due to the lack of basic sanitation.
The increase of disordered developments close to Lago Azul has
contributed to the worsening of the water quality. The values of both
parameters at these sampling points exceeded the limit established by
CONAMA Resolution 357/05 for Class 3 water bodies. Points P3 and
P4 in the rural zone present signs of degradation, with trophic levels
varying from oligotrophic to hypereutrophic and predominance of the
supereutrophic level at Point P3, and worse conditions at Point P4,
with the predominance of the hypereutrophic level and variations from
eutrophic to hypereutrophic.

The Bonsucesso Sewage Treatment Station, located downstream from
the Ribeirao Guaragau Watershed, was inaugurated in December 2011
to attend to a sewage treatment demand for 260 thousand inhabitants
(SAAE, 2013). The necessity to build a collecting net and sewage
treatment installations in the Bonsucesso Station is herein emphasized
(Vargas et al,, 2017).
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