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ABSTRACT

The urbanization process through which large urban centers have been passing has
drastically affected the availability and especially the quality of water. The Cachoeirinha
Invernada Watershed (CIW), located in the municipality of Guarulhos (State of Sdo Paulo,
Brazil), includes areas with different land use classes. This paper aims to correlate the spatial
and temporal effects of land use and land cover on the water quality of the Cachoeirinha
Invernada Watershed. In a period of 12 months and at six sampling points along the watershed,
the physicochemical parameters temperature (T), pH, turbidity (TU), total solids (TS), electrical
conductivity (EC), total phosphorus (TP), biochemical oxygen demand (BOD), as well as
microbiological analysis (E. coli) were measured. Water quality was assessed using a modified
version (WQIwm) of the Water Quality Index (WQI) and the Trophic State Index (TSI). The areas
surrounded by urban development presented a marked worsening in water quality, with the
downstream point most affected and ranked as ‘POOR’. From the evaluated parameters, what
contributed most to water quality degradation of the Cachoeirinha Invernada Watershed (CIW)
was E. coli, followed by BOD, and TP, all parameters related to the presence of sewage in the
water. The need for the construction of sewerage and waste treatment, protection and recovery
of riparian forests, and environmental education regarding waste disposal are necessary to
significantly improve the environmental quality of the Cachoeirinha Invernada Watershed.

Keywords: environmental degradation, eutrophication, urban waters, water pollution.

Uso da terra e seus impactos na qualidade da agua da bacia
hidrografica Cachoeirinha Invernada, Guarulhos (SP)

RESUMO

O processo de urbanizacdo pelo qual passaram os grandes centros urbanos afetou
drasticamente a disponibilidade e, em especial, a qualidade da agua. A bacia hidrogréfica
Cachoeirinha Invernada (BHCI), localizada no municipio de Guarulhos (Estado de Sédo Paulo,
Brasil), inclui areas com diferentes classes de uso do solo. Este trabalho tem como objetivo
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correlacionar os efeitos espaciais e temporais do uso da terra e da cobertura do solo na qualidade
da &gua dessa bacia hidrografica.. Foram analisados, em um periodo de 12 meses e em seis
pontos de amostragem na area da bacia hidrogréafica, pardmetros fisico-quimicos como a
temperatura (T), pH, turbidez (TU), solidos totais (ST), condutividade elétrica (CE), fésforo
total (FT), demanda bioquimica de oxigénio (DBO), bem como anélise microbiolégica (E. coli).
A qualidade da &gua foi avaliada usando uma versdo modificada (WQIM) do Indice de
Qualidade da Agua (IQA) e do indice do Estado Tréfico (IET). As areas cercadas pelo
desenvolvimento urbano apresentaram um acentuado agravamento na qualidade da dgua, com
0 ponto a jusante mais afetado e classificado como 'POBRE'. A partir dos parametros avaliados,
0 gque mais contribuiu para a degradacédo da qualidade da agua da BHCI foi E. coli, seguido de
DBO e FT, parametros esses relacionados a presenca de esgoto na agua. A necessidade de
construcdo de esgoto e tratamento de residuos, protecdo e recuperacdo de matas ciliares e
educacdo ambiental com foco na eliminagdo de residuos sdo necessérias para melhorar
significativamente a qualidade ambiental da bacia hidrografica Cachoeirinha Invernada.

Palavras-chave: degradacao ambiental, eutrofizacdo, &guas urbanas, poluicdo da &gua.
1. INTRODUCTION

The rapid growth of urban centers in the last decades has promoted disordered land
occupation and use, resulting in adverse environmental transformations, in particular in large
Brazilian cities (Santos, 2011). According to Ott (2004), this urbanization model, characterized
by bad public and private administration, causes a variety of negative impacts to the
environment, among them the lack of sanitation and consequent pollution of water bodies,
which are impacts associated with urban environments. The search for a place to live, especially
when it comes to the lower-income class, leads to the occupation of fragile areas and
consequently to a decrease in environmental quality (Mueller, 2007). The significant
encroachment of urban areas upon the natural environment have caused countless negative
impacts on the quality of the urban environment, especially impacts concerning the use of water
resources (Braga e Carvalho, 2003).

The watersheds have been used as units of analysis in environmental studies, because
interactions between the characteristics of the physical and biotic systems in these units and a
variety of land use classes are observed, which reflect in the water body quality (Botelho e
Silva, 2004). Therefore, the use of water as a geoindicator of the environmental quality is
possible for a hydrographic basin. The hydrographic basin is a favorable ecosystem for practical
management and by means of indicators obtained from its water courses, the quantification and
the estimate of how much human activity interferes in natural systems is possible (Gama, 2003).

Water quality plays a fundamental role in human life and in ecosystem health. By means
of physicochemical and microbiological parameters, it is possible to estimate the environmental
quality of a certain region, for instance, a hydrographic basin. To analyze water quality, several
indicators are used, such as the Water Quality Index (WQI) and the Trophic State Index (TSI).
WQI is one of the most-used indices in Brazil to estimate the water quality of a water body. It
was developed by the National Sanitation Foundation in 1970 in the USA, and was later adapted
by CETESB (Environmental Company of the State of S&o Paulo). It is an index composed of
nine parameters particularly sensitive to contamination by domestic sewage, which explains its
use, since sewage is the main source of contaminants in Brazil (ANA, 2013). TSI classifies the
water bodies with respect to the trophic grade, that is, nutrient availability in water (Esteves,
2011). The main nutrient that causes eutrophication is phosphorus, which can be found in
natural environments, in phosphate rocks, in the inflow of untreated domestic sewage, and
associated with the use of fertilizers in agriculture (Pantano et al., 2016). TSI classifies a water
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body in six trophic classes, according to the total phosphorus concentrations in the 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 water. Water bodies of lotic environments classified as eutrophic, supereutrophic or
hypereutrophic rarely show eutrophication. However, it is by means of rivers and brooks that a
great part of nutrients reach lakes and reservoirs (ANA, 2013; Vargas et al., 2015).

The Municipality of Guarulhos is in full urban expansion. It is not an exception when it
comes to problems related to planning, which result in degradation of natural environments,
induced by industries, roads, an airport, real estate development, services and significant
construction, such as the installation of the northern segment of the Mario Covas Ring Highway,
now finished (Andrade et al., 2008a; Mesquita, 2011; DERSA, 2016).

In face of this urban expansion, the Cachoeirinha Invernada Watershed (CIW), which is
part of the Baquirivu Guagu River Watershed (BGRW), was selected, with the aim of
correlating the spatial-temporal effects of land use and cover on water quality by means of
physicochemical and microbiological parameters.

2. MATERIALS AND METHODS

2.1. Location and characteristics of the study area

The Municipality of Guarulhos is located in the northern portion of the Sdo Paulo
Metropolitan Region (SPMR). According to the Brazilian Institute of Geography and Statistics,
it is the second major city of the State of Sdo Paulo, with a population of approximately 1.3
million inhabitants distributed in an area of 320 km?2 (IBGE, 2013).

The study area is located in the northern portion of Guarulhos (GRACA, 2007; Figure 1).
The relief in this region is very steep, with expressive elevations represented by the ltaberaba
and Bananal ridges. Metamorphic and igneous rocks predominate and the drainage shows a
dendritic pattern, constituting watershed zones. Regarding land occupation, there is a
predominance of rural classes, and intensive transformation resulting from the implantation of
the northern segment of the Mario Covas Ring Highway and of new neighborhoods (Saad et
al., 2013), characterized by a low-income population and deficiency in urban infrastructure
(Mesquita, 2011).

According to Andrade et al. (2008b) and Miranda et al. (2009), Guarulhos has an average
annual temperature between 18°C and 19°C, the lowest monthly average is below 15°C, and in
the hottest months (summer) the average varies between 23°C and 24°C. The annual rainfall of
the municipality of Guarulhos is between 1,250 and 1,500 mm.
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Figure 1. Location of Cachoeirinha Invernada Watershed, Guarulhos (SP).

2.2. Preparation of the land use and occupation map

The land use and occupation map was prepared in two phases. In the first, remote sensing
techniques were applied, including photo interpretation and recognition of homogeneous land
cover. The second phase involved mapping by means of digitalization of layers on the orbital
image.

An image taken by Pleiades on August 3", 2014 was used for photo interpretation, with a
spatial resolution of 50 cm. The Object-Oriented Combination technique, which is an important
tool for the effective classification and mapping of land use classes, was adopted in this study
(Duveiller et al., 2008). This phase focused on the characterization of visual aspects of the
observed objects, which allows their recognition and identification. Therefore, the following
parameters of the objects present in the Pleiades scene were considered: color, texture,
geometry (shape), size, orientation and spatial distribution.

The objects were analyzed regarding the occupation pattern by means of parameters related
to occupation density (number of lots per area unit), ordering (street, block and lot layouts), and
stage of occupation (consolidation level), according to criteria established by Tominaga et al.
(2004).

Digitalization was performed after the vectorialization of the objects classified by the
Object-Oriented Combination technique. Considering the scale of the project (1:10,000), the
minimum polygon size was defined adopting the IBGE (2013) criterion of 50 x 50 m?
(5 x 5 mm?). All the procedures were developed using ArcGIS, Version 10 (ESRI, 2013).

2.3. Water sampling and analysis

For the analysis of the CIW water quality, six points were selected for sampling (P1 to P6),
which took place bimonthly from September 2015 to August 2016 (12-month period), resulting
in six sample-collecting campaigns. The selection of sampling points (Figure 2) was based on
the coverage (size of the drainage surface), and of regions distinguished by types of land use.
In the northern part, more preserved and natural areas predominate, whereas in the southern
part, mostly urbanization predominates. Point P1 (23°23°31.55”” S and 46°29°48.22°> W), with
an altitude of 935 m, is located upstream along the Invernada Brook, close to the basin limit in
the northeastern portion, which is also a forested area. Point P2 (23°23°56.94”* S and
46°30°07.53”” W), with an altitude of 791 m, is located in the margin of a small, artificial lake.
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Point P3 (23°24°10.96”” S and 46°30°31.27°* W), with an altitude of 782 m, is located in the
Taquara do Reino Brook (a tributary of the Invernada brook) and is influenced by intensive
residential occupation. Point P4 (23°24°29.48”" S and 46°30°42.93”” W), with an altitude of
778 m, is located in a tributary of the Cachoeirinha Brook, upstream from the intersection with
the Invernada Brook, on the Recreio S&o Jorge road, in an area with more preserved vegetation.
Point P5 (23°24°42.58”* S and 46°30°09.87°> W), with an altitude of 753 m, is located in the
Cachoeirinha Brook, downstream from the intersection with the Invernada Brook, with
predominance of urban occupation and exposed soil. Point P6 (23°25°32.23”> S and
46°29°51.42° W), with altitude of 742 m, is located in the urban area, close to the CIW outlet,
approximately 470 m downstream from the Baquirivu Guacgu River.

The samples were collected according to the National Guide for Collecting and
Preservation of Samples (ANA e CETESB, 2011) and were analyzed in the field and in the
laboratory. The field determinations were hydrogen potential (pH) (portable Digimed DM-2
pHmeter), dissolved oxygen (DO) (Digimed DM-4 oximeter), turbidity (TU) (Quimis Q 279P
turbidity meter), electrical conductivity (EC) and temperature (T) (Digimed DM-3 conductivity
meter coupled to a digital thermometer). In the laboratory total phosphorus (TP), total solids
(TS) and Escherichia coli (E. coli) were analyzed according to the Standard Methods for the
Examination of Water and Wastewater (APHA, 2012). The biochemical oxygen demand
(BOD) was determined using BOD electronic analyzers and the manometric method (VELP,
2016). The results of the analyses made in the field and in the laboratory were checked by
comparing them with standards established by CONAMA Resolution 357/2005 (CONAMA,
2005) and with Class 3 water bodies, according to the classification in State Decree 10755 (Sao
Paulo, 1977). To evaluate the effect of seasonality on the performed analyses, the data were
separated into the dry periods (n = 3), for the months of May, August and September, and the
rainy season (n = 3), for the months of January, March and November. The data were treated
applying descriptive statistics (Box-plot, mean and standard deviation). The method developed
by Posselt and Costa (2010) for Pareto or ABC analysis applied to water quality was used to
classify the parameters analyzed in relation to the decrease in the WQI value. The analyzed
parameters are classified in decreasing order and the higher the percentage of the parameter,
the greater the contribution in the decrease of the WQI.

2.3.1. The Modified Water Quality Index — WQIm

Besides the water quality index WQI, a modified WQI (WQIw), as proposed by RIBEIRO
(2016), was obtained. No substantial differences were observed in water quality classification
by the WQIm and the WQI (CETESB, 2013). In this manuscript, WQIwm values will be reported
as WQI. According to CETESB (2013), WQI is a number that varies from 0 to 100, classifying
water quality in the following categories: EXCELLENT (79< WQI < 100); GOOD
(51< WQI < 79); AVERAGE (36< WQI < 51); BAD (19< WQI < 36) and POOR (WQI < 19).

2.3.2. Trophic State Index — TSI

To calculate the Trophic State Index (TSI), a method adapted by Lamparelli (2004) was
used, in which only total phosphorus values are used for rivers. IET values are classified
according to trophic state classes established by Lamparelli (2004): Ultra Oligotrophic
(TSI< 47); Oligotrophic (47< TSI < 52); Mesotrophic (52< TSI < 59); Eutrophic

(59< TSI < 63); Supereutrophic (63< TSI <67); and Hypereutrophic (TSI>67).

3. RESULTS AND DISCUSSION

The Cachoeirinha Invernada Watershed encompasses an area of 7.6 km? and includes
zones with both rural and urban characteristics, as can be seen in the land use and occupation
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map (Figure 2). The most representative class is the forested area, covering 40.61% of the total
area. In decreasing order, the classification is as follows: residential urban use — 38.92%;
reforesting — 13.02%; exposed soil — 1.27%; sheds and yards (parking of equipment) — 0.88%j;
grassland — 0.63%; small farms — 0.54%; and unconsolidated residential urban use — 0.88%.

Water samples from the Cachoeirinha Invernada Watershed were collected from
September 2015 to August 2016, and the results of the physical, chemical and microbiological
parameters are presented in Figure 3.

Point P1 is located further upstream along the Invernada Brook, close to the CIW limit in
the northeastern most portion, which is mostly covered by forest. There is a dirty road close to
P1 and signs of anthropic influence are evidenced by the noticeable presence of certain forms
of residues. The best values for the parameters analyzed in this study were found at P1, the
region covered by natural vegetation. Several authors, who also attest that the most well-
preserved areas supply water of good quality (Pereira et al., 2016; Carvalho et al., 2016; Vargas
et al., 2015), obtained similar results. These results indicate good water quality in P1,
corroborating the land use map, which classified this portion of the basin as a forested area.
Despite being in a better-preserved area, high E. coli concentrations were recorded at P1, which
can be explained by the circulation of warm-blooded animals and the easy access of people.

At point P2, which is also located in a vegetated area, the anthropic interference is more
intense when compared to point P1, due to the proximity to the Méario Covas Ring Highway
and to small agricultural farms. E. coli and BOD values were higher than those obtained for
point P1, indicating fecal contamination.

Point P3 was characterized as a site affected by significant anthropic activity. It is located
in the Taquara do Reino Brook (tributary of the Invernada brook) in the Novo Recreio
neighborhood, where residential occupation is intensive, with no proper urban infrastructure
and predominance of dirt roads (Mesquita, 2011; Sato et al., 2011). These characteristics led to
significant variations in the parameters, such as decrease in DO and high E. coli, TP and BOD
concentrations. Of the first three points (Invernada Brook), P3 is the one that presented the
worst water quality.

Electrical conductivity expresses the capacity of water to conduct electrical current, and is
dependent on the concentrations of the ions present in it. Several authors have reported the use
of electrical conductivity in the assessment of the impact caused by pollutants in aquatic
environments, such as rivers (Thompson et al., 2012; Uwidia e Ukulu, 2013; Vargas et al.,
2015) and lakes (Das et al., 2006; Costa e Henry, 2010). When measuring the electrical
conductivity values along CIW, it may be observed that, besides being a fast and efficient
method, it is an efficient indicator of contamination caused by domestic effluents. Vargas et al.
(2015) assessed the water quality of the Taquara do Reino hydrographic basin, which is a CIW
sub-basin, using various physicochemical and microbiological parameters. The authors found
out that in the watershed the water quality was excellent, whereas along its course the water
quality worsened with the discharge of in natura sewage. Similar results were obtained for point
P3, significantly affected by anthropic action. It coincides with the outlet of the Taquara do
Reino watershed, yielding high BOD values, decrease in DO, high TP and E. coli values, which
are parameters characteristic of sewage contamination (VVon Sperling, 2005). The high turbidity
and total solids values obtained for point P3 are explained by the discharge of untreated sewage
and the fact that it is a steep region with landslide-prone areas, where erosion and environmental
degradation contribute to the inflow of solids to water bodies (Mesquita, 2011; Sato et al.,
2011).
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Point P4 is located in a tributary of the Cachoeirinha Brook, upstream from the intersection
with the Invernada Brook on the Recreio Sao Jorge road. Differently from point P3, point P4 is
located in a more-preserved area, where vegetation (pasture/riparian forest) and reforestation
(silviculture) predominate, but it is under anthropic influence. It yielded high E. coli and TP
values for a Class 3 water body, but they are lower than those obtained for point P3. DO and
BOD values are below the limits established by CONAMA Resolution 357/05. Located in an
area of both natural riparian forest and reforestation, drainage is influenced by the ring highway
works. However, total solids and turbidity values are also below the limits established by the
legislation in force. The Pareto analysis for point P4 indicates that fecal contamination
contributes with 53% and both TP and BOD with 16% each to the deterioration of the water
quality.

Points P5 and P6, inserted in the most urbanized areas of CIW and downstream from the
intersection between the Invernada and Cachoeirinha Brooks, are sites that underwent major
transformations, in particular point P6. Soil imperviousness caused by urbanization greatly
contributes to the degradation of the water bodies by the discharge of nutrient and organic
matter, as well as diffuse contaminants contained in the surface runoff (Tucci, 2008; Campos,
2011).

Point P6 is the only sampling point of the southern portion of CIW, where urbanization
and anthropic activities predominate. It is located close to the CIW outlet, approximately 470
m upstream from the Baquirivu Guagu River. From points P5 to P6, the land use classes change,
with residential class prevailing on one of the margins of the water body and other classes,
such as agriculture, exposed soil and vegetation (countryside) on the other margin. Point P6
yielded the highest electrical conductivity values, as water percolates both urbanized and
cultivation areas, the latter contributing to the inflow of ionic species via fertilizers. Moura et
al. (2010) explain that high concentrations of ions are related to the characteristics of the
watershed and to the inflow of products used as inputs by industrial and agricultural sectors and
domestic sewage.

The microbiological analyses revealed high E. coli concentrations at points P5 and P6. The
Pareto analysis showed that at point P6 the E.coli concentrations exceeded the maximum limit
of 1.21 x 10%% established by the legislation in force. The results of the microbiological
analyses recorded an increase in the E. coli concentration along the watershed, similarly to the
other parameters, confirming that the deterioration of the water quality is a function of the
different land use classes.

In order to evaluate the effect of seasonality, the results were separated into dry and rainy
seasons (Table 1). The characteristic temperatures of the Guarulhos region, lower temperatures
in the drier periods and higher temperatures in the rainy season, can be observed in Table 1.

The values of pH in the rainy season had a decrease, that is, the waters were more acidic.
Similar results were observed by Grieco et al. (2017), Purandara et al. (2012) and Bayram et al.
(2013) and this decrease in pH is attributed to the increase of organic matter and other wastes
carried by the rains.

The BOD and TP parameters in the areas near points P1, P2 and P4 that have vegetative
cover did not present large differences between the dry and rainy seasons, but the most
urbanized points, such as P3, P5 and P6, show higher values for dry seasons, indicating that in
the rainy season the dilution of the pollutants occurs, due to the waterproofing of the soil.

The DO parameter presented higher values in the rainy season, with the only exception
being point P1, which did not have significant alteration. This increase of DO in the rainy season
is justified by increased of the velocity of the water flow due to the rains, which exerts an
influence on the concentration of DO in the water. The increase of water flow causes the
increase of the turbulence, of aeration and, consequently, the solubility of the oxygen (Krupek
et al., 2008).
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The total solids (TS) in the rainy season presented higher values, with more significant
differences for the points P2, P3, P5 and P6. The most preserved points, P1 and P4, presented
small variation between the rainy and dry periods. Point P2, due to the works of the Mério
Covas Ring Highway and constant mass movement in the region, led to the silting process near
the point of collection. The other points in urban areas (P3, P5 and P6) presented higher values
in rainy season due to soil sealing and surface runoff. Rios-Villamizar et al. (2011), De Azevedo
Lopes and Magalhées Janior. (2010), also observed these higher values of total solids in the
rainy season.

Regarding the analysis of water quality in terms of the water quality index, the inflow of
pollutants due to the lack of basic sanitation is evident. The modified water quality index (WQI)
along the basin, calculated as shown in Figure 4, shows that the mean water quality during the
12-month sampling period was GOOD only at point P1. At point P2, also located in a well-
preserved region, the mean water quality was AVERAGE, and WQI oscillated from GOOD to
BAD, indicating the beginning of the environmental degradation process.
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Table 1. Mean values and standard deviation of the physicochemical and microbiological water parameters in the dry and rainy periods in the Cachoeirinha Invernada
Watershed from September 2015 to August 2016 and CONAMA 357/05 limit.

Dry season
. . Log (Ec) DO BOD EC )
Sampl t H (upH T(°C TP (mg.L™ TU(NTU) TS (mg.L*
ampling points  pH (upH) () MeLD) UrcioomLy  (mgld (mgonLY (usemy) o NTY) TSmO
P1 74+£06 132+23  0.04+0.05 42+4.2 10.3+1.7 2+2 57+6 1+£1 68 + 48
P2 7.3+£08 144+31  0.02+0.02 39+4.1 91+21 9+38 110+ 9 4+3 100 + 80
P3 7.3+£08 168+21  1.69+1.18 6.0£6.0 41+16 67 + 22 459 + 8 98 + 65 253 £ 189
P4 7.0£06 152+33 0.34+0.19 55+55 6.8+2.0 6+5 243 +50 44 + 41 189 + 96
P5 72+07 166+34  0.67+0.70 55+55 59+21 42 +13 329+34 74+ 80 249 + 190
P6 74+06 183+41  3.33+0.86 71+6.9 24+19 122 + 64 557+56 106+ 77 506 + 322
Rainy season
i i Log (Ec) DO BOD EC )
Sampl t H (upH T(°C TP (mg.L* 2 TU(NTU) TS (mg.L*
ampling points - pH (upH) () MILD)  (UrcaoomL®y  (mgL?) (mgOpL?) (usemdy O NTUY TSmOl
P1 6.7+£05 204+03 0.01+0.00 35+34 10.0+45 71 52+9 2+2 132 + 150
P2 6.3+04 220+04  0.01+0.00 6.1+6.4 10.3+5.2 11+1 124 +14 107 +114 240 + 178
P3 6.6+04 221+12 040+0.68 6.5+5.3 7.0+£23 58+ 6 493 + 47 44 + 15 564 + 440
P4 62+04 216+11 042+0.72 51+45 7.6 +3.6 10+5 239+21 276 216 + 194
P5 64+04 222+12  0.01+0.00 51+4.6 6.4+1.8 28 + 14 306 + 30 37+16 672 + 349
P6 6.6+04 235+22 237+325 76176 40+19 86+1 508 + 17 69 + 19 1702 + 1626
C?gl;ll,g\é\/lf 6.0t09.0 n.e. max. 0.15 max 3.4 min. 4.0 max. 10 n.e. max. 100 n.e.

Legend: pH = Hydrogen lonic potential, T- Temperature, TP = Total Phosphorus, log(E.c) = log(Escherichia coli), DO = dissolved oxygen, BOD = biochemical oxygen
demand, EC = electrical conductivity, TU = turbidity, TS = Total Solids, n.e.- not established. * Class 3.
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The presence of a natural riparian forest close to point P4 does not lessen the impacts
caused by anthropic activity, as the mean water quality given by WQI was BAD, varying from
AVERAGE to BAD. For points P3 and P5, the mean classification was BAD, oscillating
between BAD to POOR. Point P6, which is the CIW outlet to the Baquirivu-Guacu River, and
has water classified as POOR, reflecting the disordered urban occupation and lack of basic
sanitation in CIW.

The WQI in the dry period for points P1 (60), P2 (56) and P4 (35) were higher than those
observed in the rainy season, P1 (56), P2 (37) and P4 (33). However, the WQIs in the rainy
season for points P3 (22), P5 (27) and P6 (15) were higher than the WQIs in the dry period, P3
(16), P5 (20) and P6 (11). For the most urbanized points, P3, P5 and P6, the WQI values were
better in the rainy season, due to the effect of soil sealing and dilution of pollutants. Andrietti
et al. (2016) studying the waters of the Caiabi River (MT, Brazil) described that the presence
of riparian forest and vegetation cover aid in the improvement of the WQI and do not present
great variation with the seasonality.

80
[ 79<WQl =100

Good 51 <WQl <79
Average 36 <Wal =51

70 |

: Bad 19 <WQI <36
“F os8 Poor wal <19
50 |
i 47
Sy L
2 10 |
: [ 34
30 |
20 [ 19 [[]23
— 13
10 F
0
P1 P2 P3 P4 PS5 P6

Sampling points

Figure 4. WQI of the Cachoeirinha Invernada Watershed from September 2015
to August 2016.

The main sources of phosphorus to the aquatic environment are rocks, domestic sewage
and nonpoint agricultural sources (Pompéo and Moschini-Carlos, 2003). The presence of
phosphorus in high quantities leads to the eutrophication of water bodies (Esteves, 2011). In
lotic environments, high phosphorus and low chlorophyll concentrations can be found, but
chlorophyll may not even be detected, due to the great relation between the water volume and
the region of the margins, as well as the high water flow (Farage et al., 2010; Saad et al., 2013).
Therefore, the Trophic State Index (TSI), because of the steep relief and high water flow in
CIW, was calculated using the total phosphorus concentration only.

The conditions of the CIW brooks can be characterized as oligotrophic at points P1 and P2
during the 12-month sampling period, which correspond to the most favorable environmental
conditions in CIW, with clean water bodies and with no undesirable interferences (presence of
nutrients) when it comes to the use of the water. Point P3 is characterized by a super eutrophic
condition, as obtained by Vargas et al. (2015), indicating anthropic activity with undesirable
impacts on water quality. A eutrophic state class was obtained for point P4, with traces of
anthropic interferences in the vicinity, but still preserving good environmental conditions. The
trophic index at point P5 was favorable, because, even if located in an urbanized region, a
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mesotrophic state class was indicated. The great number of springs on the left margin helped
maintain nutrient concentrations at acceptable levels, enabling the development of small fish
species. Point P6 was classified as hypereutrophic, because the CIW waters cross large areas of
the consolidated urban region, contributing with water contaminated by high concentrations of
organic matter and nutrients to the Baquirivu Guagu River.

4. CONCLUSION

In face of the water crisis that occurred in Southeastern Brazil from 2014 to 2016, the
Municipality of Guarulhos, because of its significant volumes of water for consumption, could
contribute in a more effective way to the production and supply of water of quality to the Sdo
Paulo Metropolitan Region. However, when assessing the quality of the CIW waters, the
present study detected a considerable water decrease, as the natural water system undergoes
anthropic interferences.

It became evident in this study that the high E. coli, BOD and TP concentrations, resulting
from the lack of sewerage and sewage disposal either on soil or directly into water bodies, are
predominant factors leading to the degradation of water quality. Regarding the limits
established by CONAMA 357/05 (CONAMA, 2005), even for Class 3 water bodies, several
physicochemical and microbiological parameters exceeded such limits, in particular the
microbiological parameter.

Temporal influence on water quality was observed in a more significant way for the
urbanized areas. The preserved areas that present a riparian forest and vegetation cover were
very close values for the analyzed parameters and consequently the WQI values.

Preventive measures, such as protection and recovery of natural riparian forests, sewage
collecting and treatment in the CIW urban areas by means of wastewater treatment plants, and
environmental education focusing on disposal of urban waste, will certainly contribute to a
significant improvement of the CIW environmental quality.
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