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Abstract: This paper aims to assess the environmental quality of a small urban watershed, located
at a sub-tropical region highly urbanized in Brazil, using water and soil quality, land
cover and terrain characteristics. The proposed methodology was based in physical and
chemical features of 40 soil sampling sites, land cover and slope. Principal Components
Analysis (PCA) was used to define the best variables to the analysis. The soil quality,
land cover and slope data was grouped and categorized in qualitative variables.
Multiple Correspondence Analysis (MCA) was applied to cluster the variables.
Geographic Information System (GIS) tools were used to build the zoning map. During
12 months water was sampled in two sites in the same river at the watershed. PCA was
used again to define water quality and differences between the two sampling sites.
Porosity and carbon rate were the principal soil variables to distinguish three different
soil zones 1, 2 and 3 represent 15,1%; 9,8% e 75,1% of the area, respectively. Zone 1
present condition that must be conserved to maintain environmental services as water
retaining and carbon storage. Related to water quality, the PCA presented differences
between dry and wet season. Besides, sampling site 1, located within a vegetation
region presents better conditions than sampling site 2, located within urban land cover.
The assessment method used multivariate statistics and GIS. The methodology is a
useful tool to environmental planning. The replication of this methodology is
encouraged, in order to assess its suitability in different conditions, i.e. climate and
size.

Keywords: urban soil quality; urban water quality; principal component analysis; multiple
correspondence analysis; environmental planning; environmental zoning.
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INTRODUCTION

Environmental quality, i.e. air, water and land surface,
directly affects human life quality. (Banzhaf et al,
2014; Joseph et al., 2014). Due to the high population
density and diverse environmental conditions, urban
areas represent the most complex interactions between
humanity and environment (Banzhaf et al., 2014).

Soil is an crucial component that influences the
environmental quality in urban areas (De Kimpe &
Morel, 2000) and descriptions related to soil quality aid
the environmental management and guide city planning
(Vrscaj et al., 2008). Urban soil and green spaces are

fundamental for the water storage in urban
environments (Claessens ef al., 2014).
However, soil function and quality in urban

environments are different from those in agricultural
and forest areas, due to different needs for soil use
(Vrscaj et al., 2008). Thus, the studies of soil quality in
urban areas must be carried out with an unusual
perspective, considering its functions for civil
construction, urban crops, green areas, waste disposal,
rainwater filtration (Effland & Pouyat, 1997; Pedron et
al., 2004).

On the other hand, another important feature of
urban environmental quality is water. The urban water
streams are often studied because of the growing need
for water use. Nonetheless, population growth and
expansion of economic activities (urban and rural) cause
changes in the quality of water resources, impacting on
human health and other species (Zeilhofer et al., 2006).

Several studies are conducted to correlate variables
of water quality in urban environments and its
implications for water sources, recreational activities,
consumption, and other uses (Bordallo et al, 2001;
Ouyang, 2005; Ouyang et al., 2006), confirming the
close relations between water cycle and local land
cover, and evidencing that they are essential for the
integrated urban water management (Bach et al., 2015).

Projects that aim to investigate relation among the
variables regarding urban environmental quality usually
demand an array of diverse techniques. Among the
techniques used to perform the analysis of correlation
between variables, multivariate analysis may be
highlighted. This kind of analysis facilitates the
interpretation, since it permits the integration of a large
amount of data. Exemplifying, the technique of
principal component analysis (PCA) is quite used in the
interpretation of several environmental data, including
soil quality (Silva et al., 2015) and water quality
(Parinet et al., 2004; Ma et al., 2010; Aguiar Netto et
al., 2013). Through such technique important
components are identified and usually they explain part
of the variance of the data, reducing the amount of
variables into a smaller number of indices and grouping

variables with greater correlation between them
(Ouyang, 2005; Ouyang et al., 2006; Zimmermann et
al., 2008; Moura et al., 2010). Further, the Multiple
Correspondence Analysis (MCA) can be applied to aid
land use planning (Lavoie ef al., 2013).

However, the spatial visualization of the variables
enhances the comprehension of urban environmental
quality and works and studies involving land use and
urban planning depend of this visualization. In the last
years, potentialities provided by the continuously
expanding Geographic Information Systems (GIS)
technology and by the growing availability of digital
georeferenced data have been greatly advanced
(Borgogno-Mondino et al., 2015), and the GIS become
a powerful tool for urban environmental quality analysis
(Joseph et al., 2014). The combination of statistical
tools and GIS increase the data interpretation
possibilities (Plieninger et al., 2013) and the combined
use of statistical and GIS techniques need to be better
explored. In this sense, this paper aims to evaluate
suitability of the analysis of environmental quality in a
small urban watershed, considering soil and water
quality and terrain characteristics, evaluated under a
combined form of statistical and GIS techniques.

MATERIAL AND METHODS
Site descriptionsmatters

The study was conducted in a small-sized and urbanized
watershed, located at the central region of Sorocaba
City (Fig. 1). The municipality of Sorocaba is located in
the southeast portion of the State of Sao Paulo (Brasil).
It has an area of 450.4 km? and a population of 637.187
inhabitants, being considered that about 99% is urban
(IBGE, 2015).
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Fig. 1 Sorocaba City location in Sao Paulo State (a) and the Lavapés
watershed (b).

The watershed (river network) is characterized as
third order and has an approximate area of 2.88 km?.
Major land cover class is urbanization (69.5%),
followed by fragments of Natural Remnant Vegetation
(10.7%), low vegetation (9.5%), uncovered, bare soil
(8.2%), and lands used of some agricultural use (2.1%).
The lack of riparian vegetation, the dumping of
construction wastes at inadequate sites, and the
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Fig. 2 Integrated environmental analysis methodology flow.

untreated sewage were pointed as the main driving
forces of hydrossedimentological disequilibrium in
small watershed studied (Silva et al., 2013).

Procedures

The overall strategy of the study is depicted in Fig. 2.

Water sample analyses

Water samples and in situ data were collected monthly
over a year, in 2 sampling sites defined considering the
representativeness and accessibility of the sampling
sites (Urban ef al., 2010). The upper sampling site (site
1) is located at 23°29'31" S and 47°26'01"” W and the
lower sampling site (site 2) is located at 23°30'07" S
and 47°25'23" W.

Through in situ incursions, we evaluated the
dissolved oxygen (henceforward DO) and water
temperature. The water sampling followed the
procedures described in the Guide for Collecting and
Preservation of Water Samples (CETESB, 1987). The
samples were delivered to the laboratory for analysis of
the variables described in Table 1. The variables were
chosen because they are classically used in studies as
indicators of water quality and of highly interest for
management of water resources.

Table 1 Physicochemical variables quantified and their procedures
of measurement

Variable Method
TS, TVS, The solids were determined using the
TFS evaporation method (APHA 1999).
Temperature Determined with the use of electronic
thermometer with digital display.
Was  determined using a  benchtop
EC .
conductivity-meter.
DO Determined by an electrometric method using
an oxygen-saturation-meter.
Determined by the electrometric method. With
pH benchtop pH-meter, according to
determinations of APHA (1999).
Determined by neutralization
titration of the acid / base, using
Alkalinity sulfuric acid 0.01  mol/L,
following  the  methodology
adapted from APHA (1999).
Hardness  Determined by titration with
Chemical Mg and reagent kits purchased following
parameters Ca methodology  adapted  from
(ions) APHA (1999).
2-
SO_4 Determined using a
cl spectrophotometer and reagents
K kit purchased following
NOs- methodology  adapted  from
TP APHA (1999).

TS: total solids; TVS: total volatile solids; TFS: total fixed solids; EC:
electrical conductivity; DO: dissolved oxygen; Mg: magnesium; Ca: calcium;
SO,*: sulphate; CI: chlorine; K: potassium; NO;: nitrate; TP: total
phosphorus
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The data were organized in digital worksheets for
analyses of the descriptive statistics and the principal
component analysis (PCA). The PCA was selected
because is a technique used in physic-chemical analysis
of water and enables investigation of the relationships
among the variables (Zimmermann et al., 2008; Moura
et al., 2010). To better represent the differences between
the two sampling sites a PCA was performed for each of
them.

Soil sampling campaigns

For the soil sampling campaign, we used a stratified
random sampling approach at our study area,
considering four existing land cover categories: urban
area, pasture, vegetation and bare soil (Table 2). In each
land cover category, ten soil samples were collected in
sampling points randomly determined. In each sampling
point one sample (approximately 2 kg) was collected in
the superficial soil layer (0-20 cm). The sample was
placed into a recipient, which was closed and taken to
the laboratory for analyze physical and chemical
variables (Table 3). Hence, we collected a total of 40
superficial soil samples.

In each sampling point, we also collected another
soil sample by means of the cylindrical core method
(metallic ring of approximately 254 cm’), for
determining the soil bulk density, following the
recommendations of USDA (2008). Some centimeter
aside to the sampling point we also analyzed the soil
compression using a metallic penetrometer. All the
sampling points were georeferenced.

Soil variables were organized and analyzed using
descriptive  statistics and Principal Components
Analysis (PCA). The statistics was calculated with 95%
of significance. PCA was used to select the most
important soil variables. The selected variables were
categorized and transformed in qualitative variables,
according to Table 4.

Thematic maps

For completing our analysis we also considered the
slope map that was elaborated trough the vectorization

Table 2 Land cover categories and the respective definitions

Table 3 Summary of the methods for soil quality variables
considered in this study

Variables Method
PR Quantified in situ by using a penetrometer of
impact (Silva et al., 1998).
H,O: it was prepared a solution soil x distilled
water in the proportion 1:2.5 and, passed 30
minutes, the pH was measured with a bench
pH pHmeter KCI: it was prepared a solution soil x
KCI (KCI 1.0 molar) in the proportion 1:2,5 and,
passed 30 minutes, the pH was measured with a
bench pHmeter (Silva et al., 1998).
After collecting, the packaged sample arrived to
w the laboratory. It was taken an aliquot and the
moisture was determined by the mass difference
before and after the drying at 80°C for 48hours
It was measured by using a conductivity-meter
EC after the preparation of a solution soil x distilled
water in the proportion 1:1 Oliveira et al. (2002).
The bulk density was quantified by the
BD. PD volumetric ring method. The particle density was
Por’ > quantified by the volumetric balloon method.
’ The porosity was calculated using the soil
density data (Vieira, 1988).
Mg, Al, Samples sent to the laboratories of University of
K, Ca, P, Sao Paulo (ESALQ and CENA), Piracicaba, Sao
C,N, Paulo
H+AI

PR: penetrometer resistance (kgf cm?); W: moisture (%); ED: electric
conductivity (uS.cm™); BD: bulk density (g cm™); PD: particle density (g cm®
3); Por.: porosity (%); Mg: Magnesium (mmol kg™); Al: aluminum (mmol kg"
1; K: potassium (mmol kg'); Ca: calcium (mmol kg'); P: Phosphorus (mg
kg™); C: carbon (%); N: nitrogen (%); H+Al: potential acidity (mmol kg™).

Table 4 Categories thresholds for soil variables transformation from
quantitative to qualitative type

Category Limits of category

Very high >mean + 2 SD

High mean+ 1 SD : mean + 2 SD
Medium mean - 1 : mean +1 SD
Low mean - 2 SD : mean - 1 SD
Very low <mean — 2 SD

Strata — Category of Definition
land use

Wasteland and field of lowland
football

Urban areas

Grasslands Squares and pasture of bovines

Vegetation Riverbanks and vegetal fragments in
areas with greater slopes

Bare areas Lands prepared for building or for

small crops

SD: standard deviation

of topographic maps at 1:10,000 scale, and the
generation of Digital Elevation Models (DEM). Slope
was divided into the interpretative classes of relief
according to the value of declivity (in percentage): very
low < 6%; low - 6% to 12%; medium: 12% to 20%;
high: 20% to 30% and very high: > 30%.

The land cover map was elaborated by digitizing the
polygons features identified in satélite imagery,
avaliable in Google Earth©. The land cover classes
were defined according to the soil sampling classes
(urban areas, grasslands, bare areas and vegetation). The
slope and the land cover maps were used to identify to
which categories each sampling points belonged to.
Thus, it was possible to establish a data bank containing
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the soil quality from the sampling points (Table 4),
relating to the identified categories.

After the data categorizing, a Multiple Correspond
Analysis (MCA) was executed, considering it is more
appropriated for categorical explanatory variables (Abdi
& Valentin, 2007; Abdi & Willians, 2010). Then, the
variables and observations were clustered in three
categories. According to the categorization and the land
cover divisions, three homogeneous zones were defined
and a soil zoning map was elaborated for the watershed.
The combination of the established zones and the water
quality provided an integrated analysis of the
environmental characteristics of Lavapés watershed.

RESULTS AND DISCUSSION
Soil quality and zoning map

In order to restrict the variables, we considered factors
loadings over 0.7, highlighted in Table 5. The variables
may change for other study areas, according to
pedogenesis and climatic conditions. The considered
variables for the study area were: PD, EC, Porosity, C,
N, pH KCI, pH H»0, K e H+Al. This result shows that
particle density is related to land use. However some
build residual were find at some sampling sites, and also
the superficial soils under high vegetation may contain
high levels of organic matter which may affect this
attribute. Porosity is very important, as well, being
directly related to the land cover.

Table 5 Factor loadings of the four principal components of the soil
variables surveyed in the study area, with values higher than 0.7
highlighted according to Kaiser’s criteria

Variable PCl1 PC2 PC3 PC4
PR -0.514 0.163 -0.348 0.598
PD -0.169 0.035 0.816 -0.244
BD -0.682 0.278 -0.146 -0.449
W 0.584 -0.344 -0.129 -0.483
EC 0.907 -0.063 -0.026 0.192
Por. 0.734 -0.243 0.529 0.196
C 0.897 -0.215 -0.095 0.083
N 0.892 -0.219 -0.053 0.113
pH KCl 0.231 0.906 0.038 0.015
pH H,O 0.322 0.893 0.035 0.169
P 0.363 0.491 -0.356 -0.219
K 0.814 -0.007 0.019 -0.019
Ca 0.608 0.596 -0.115 -0.138
Mg 0.659 0.011 -0.284 -0.313
Al -0.523 -0.579 -0.244 -0.097
H+Al 0.332 -0.715 -0.223 0.078
Eigenvalue 6.200 3.442 1.450 1.156
% variance 38.749 21.511 9.061 7.226
Cumulative % 38.749 60.260 69.321 76.548

PR: penetrometer resistance; PD: particle density; BD: bulk density; W:
moisture; EC: electric conductivity; Por.: Porosity; C: carbon; N: nitrogen; P:
Phosphorus; K: potassium; Ca: calcium; Mg: Magnesium; Al: aluminum;
H+AL: potential acidity

The PCA resulted 16 engeinvalues and four were
considered relevant (engeinvalues >1), according to
Kaiser Criteria (Kaiser, 1958). These four principal
components represent 76.55% of total data variance.
Table 5 presents the factor loadings of each variable.

The highly significant correlation between the two
principal components and the values of carbon and
nitrogen indicate that the urban soils can contribute to
the carbon storage, as also argued by Edmondson et al.
(2012). The real and potential acidity was also
important for the variability at the sampling sites. As
well as the electric conductivity represented by the K
ions. The threshold values presented in Table 6 were
used to establish the transformation between the
qualitative and the quantitative data.

Slope and land cover information were also inserted
in the analysis. The occurrence percentage of each slope
class in the watershed was: very high = 2.7%; high =
7.4%; medium = 28.0%; low = 32.3% and very low =
29.6%. The occurrence of each category of land cover
was: vegetation = 10.7%; grassland = 11.6%; bare areas
= 8.2% and urban areas = 69.5%. Therefore, the
watershed is predominantly urban and low/medium
slope. The southeast part of the watershed is steep slope
and has high vegetation land use.

The two main factors of MCA are presented in Fig.
3. In this sense it was possible to split the data into three
groups. The group 1 is composed by soil sampling sites
with high values of C, N, K, EC ¢ H+Al, pH and
porosity. The group 2 is composed by 10 soil sampling
sites, characterized by the low values of C, N, K, EC,
pH, porosity and medium values of H+AL and PD. The
other soil sampling sites correspond to group 3, with
similar characteristics and low data variability. This
group has intermediate characteristics for the presented
variables, except for PD and H+AIl, which is very
disperse for PD and H+Al, probably due to the building
residual found the sampling sites. In this sense, they are
indicators for group.

However the Fig. 3 presents slope and land cover
within some groups, it is not possible to state if they
clearly influences on the described variables. Land
cover categories are located near to the graphic origin
and close to each other. Slope categories are dispersed
and not connected. Even that, the land cover map was
essential for establishing the map zones (Fig. 4). To
elaborate this map, the groups of Fig. 3 were used,
highlighting the groups 1 and 2, which had most distinct
characteristics. External sites to the watershed were
considered for the zoning. Some sites of group 3 were
included in group 1 or 2, in order to provide a
homogenous zoning (Sites 04, 20, 24 e 35).
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Table 6 Categories thresholds for soil variables, highlighted by PCA, transformation from quantitative to qualitative type
Category PD EC Porosity C N pHKCl  pHHO K H+Al
ng’ >2.73 > 455.95 > 68.10 >3.67  >029  >753  >721  >730 > 52
. 247 - 329.90 - 55.85 - 2.59 - 0.20 - 6.88 - 6.29 - 5.19 -
High 2.73 455.95 68.10 3.67 0.29 7.53 721 730  3642-32
. 1.96 - 31.35- 0.43 - 0.03 - 5.58 - 4.46 - 0.99 - 5.28 -
Medium ), 77.80-329.90 “5ggs 2.59 0.20 6.88 6.29 5.19 36.42
1.70 - 19.10 - 0.00 - 0.00 - 4.93 - 3.54 - 0.00 -
Low 1.96 0.00-77.80 31.35 0.43 0.03 5.58 4.46 0.99 0.00-5.28
Very low <1.70 ND <19.10 ND ND <4093 <3.54 ND ND

PD: particle density (g cm?); ED: electric conductivity (uS.cm™); Por.: porosity (%); C: carbon (%); N: nitrogen (%); K: potassium (mmol kg'; H+AL:

potential acidity (mmol kg™'); ND: no data

The presence of fragments of remaining natural
vegetation predominantly in zone 1 is the main
responsible by the definition of most characteristics of
such zone, for example: soils with higher superficial
porosity, due to the action of vegetation in the soil
(Cavernage et al., 1999). The high porosity enhances
the capability to retain water no decrease the water flow
peaks e the floods effects. These are desirable
characteristics for urban soils that are not provided by
means of engineering works (Pedron et al., 2004). High
values of H+Al may be referred exchangeable
aluminum and organic acids, highlighting vegetation
areas characteristics (Silva et al., 2008). Therefore, this
zone has characteristics that indicate its preservation
demand, in order to maintain the environmental quality
at study area.

The West and Southwest of the watershed which has
a restricted access to soil sampling is highly urbanized
and is defined as zone 3. The area share for the
watershed is: zone 1 = 15.1%; zone 2 = 9.8% and zone 3
= 75.1%. Table 7 presents the characteristics and
indications for each zone.

253000
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Fig. 4 Lavapés watershed zoning map derived from the land use, soil
quality and slope analysis.

Table 7 Features and indications of each zone established for the
study area

Indications /

Zone Main features
Importance

Soils slightly acidic, high High potential for water
porosity, high electric retention and storage,
conductivity, carbon and as well as carbon

1 nitrogen. Embraces mainly sequestration and
areas covered by fragments storage, maintenance of
of  natural  remaining the local environmental
vegetation. quality.

Soils normally compacted,
medium-high acid, with
low values of electric
conductivity and
insufficient concentrations

. Urban settlements with
of carbon and nitrogen

Soils with intermediary landscaping

level of porosity, pH close

3 to  neutrality, medium
percentages of carbon and
nitrogen

Other evidence of influence of vegetation in the zone
1 is the high carbon value, once this category of land
cover leads the soil to concentrate more organic matter
and consequently more carbon. Zone 2 has lower
percentage of carbon, due to urbanization
characteristics. Once this zone presents soil with lower
porosity, it is a region indicated for constructions.

Zone 3 has soils that may be associated to urban
soils, however it is difficult to categorize this soil type
(Pouyat et al., 2007). Considering the diversity of
characteristics, with intermediate variable values, it is
possible deducing that the soils are composed by diverse
materials and has undergone through land cover
modifications. Commonly vegetation in these areas is
not native and man-induced change soil variables and
decrease its quality (Alberti, 2005). However, zone 3
presents better soil quality than zone 2, due to gardens
and other uses for urban soils. Therefore, it may be used
for landscaping projects and also construction.
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Fig. 3 Soil quality, slope and land use data graphic for the two main MCA factors.

Water quality and integrated analysis

Figure 5 presents the water sampling sites location. Site
1 is within zone 3 and site 2 is within zone 1. Before
introducing the water quality analysis, it is important
mention that the results do not refer to extreme rainfall
events. The survey refers to the minimum quality values
obtained in monthly collections. The discussion was
focused on the results of studied that considered water
quality relatively of surrounding regions of the study
area.

The PCA was performed for all variables and both
sampling sites. The PCA resulted in 16 eigenvalues, two
of them were not considered because they did not
represent any percentage of the variance. From the 14
remaining eigenvalues, 5 were considered relevant,
according to Kaiser’s criterion (Kaiser, 1958). From the
selected eigenvalues 5 principal components of data
were selected and analyzed, representing 80.72% of the
total variance. The top two principal components
explained 57.26% of the total variance. The factor
loadings for each variable for each major component
can be observed in Table 8, as well as their eigenvalues
and the variance.

Regarding the relationships observed in the PCA, the
temperature influences the electrical conductivity and

alkalinity and changes the solubility of elements. Solids
can be influenced by several variables. For improving
the visualization of data, scores and factor loadings
obtained from PCA of the two principal components
that represent most of the variance (57.26%) were
plotted. The interpretation of the graph and its values
followed the directions of the work of Zimermman et al.
(2008) (Fig. 5).

The first principal component (PC1) shown some
potential to differentiate samples of point 1 and point 2,
with some exceptions. Samples of sampling point 1
(numbered 1-12) are mostly on the right side of PCl
along the variables Ca, Cl, hardness, alkalinity, EC, Mg,
K, solids, SO4*, NOs and TP. Hence it can be assumed
that these variables represent samples of the sampling
point 1 (zone 3), after receiving loads of diffuse
pollutants in your course. The left side of PCI1 is
constituted predominantly by the samples for the
sampling point 2 (numbered 13-24), represented by the
variables OD and pH, indicating that characteristics are
most influential in this sampling point.

The second principal component (PC2) represents
seasonal differences. At the top of the graphic are
located the samples for the dry season (April —
September). At the bottom are located the wet season
samples (October — March). There are 5 groups in the
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Table 8 Factorial loads, highlighting the values higher than 0.5 on the five first principal components of the variables related to water quality

for the study area

Variable PC1 pPC2 PC3 PC4 PC5
DO -0.282 0.547 -0.173 -0.177 0.567
TS 0.892 -0.177 0.164 -0.150 -0.181
TFS 0.744 -0.110 -0.325 0.229 -0.132
TVS 0.607 -0.155 0.536 -0.428 -0.140
pH -0.111 0.543 -0.460 -0.415 -0.407
T 0.532 0.359 -0.225 0.477 -0.299
EC 0.888 0.082 0.065 -0.150 0.080
Hardness 0.829 0.421 -0.220 -0.067 0.153
Ca 0.558 0.668 0.069 -0.188 -0.002
Mg 0.726 -0.023 -0.414 0.088 0.241
Alkalinity 0.840 0.264 -0.014 -0.097 0.105
NOs” 0.502 -0.474 -0.533 0.095 -0.014
Cr 0.424 0.414 0.484 0.479 -0.030
K 0.613 -0.086 0.365 0.154 0.385
SO4* 0.825 -0.341 0.155 -0.124 -0.190
TP 0.383 -0.638 -0.263 -0.149 0.262
Eigenvalue 6.746 2416 1.685 1.069 1.001
Variance (%) 42.160 15.102 10.534 6.679 6.253
Cumulative variance (%) 42.160 57.261 67.795 74.475 80.728

DO: dissolved oxygen (mg L™); TS: total solids (mg L™); TVS: total volatile solids (mg L™"); TFS: total fixed solids (mg L"); T: temperature (°C); EC:
electrical conductivity (uS em™); Hardness (mg L); Ca: calcium (mg L'); Mg: magnesium (mg L); Alkalinity (mg L); NO;™: nitrate (mg L™); CI': chlorine
(mg L); K: potassium (mg L™); SO,: sulphate (mg L'); TP: total phosphorus (mg L™).

Fig. 5 Graph biplot of scores and factor loadings for the first two principal components of the 2 sampling points in the study area.
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biplot graphic of the scores and factor loadings of PCl
and PC2. The leftmost group presents samples 14, 15,
16, 17 and 18, which are those representing the dry
season (May-September) at the sampling point 2,
indicating similar characteristics. The top group shows
samples 7, 8, 19, 20 and 21, which are representative of
the rainy season in both sites (September-November in
point 2 and October-November in point 1) indicating
similarities in water quality during this period. The
central group presents samples of December and
January at the sampling point 2, suggesting that the OD
and pH are the variables that best describe them. The
group sited in the left presents the remaining variables,
indicating its relationship to water quality. The bottom
group presents samples 3, 5 and 6 representatives of the
dry period at the sampling point 1.

The sample 12 (March - sampling point 1) deserves
attention highlighted by presenting higher values of
nitrate and phosphorus, indicating the presence of
punctual pollution loads in the stream.

Taking into account the high association between
electrical conductivity and the evaluated ions, and also
aiming to reduce the variables for individual study of
the sampling points (fewer samples) we excluded some
variables (ions) from the analysis of the differences
among the sampling points. The analysis of both
sampling points resulted in 7 eigenvalues, where 1 was
disregarded for not presenting relevant data variance.
From the 6 remaining eigenvalues, 2 were considered
relevant to the sampling point 1 and three relevant to the
sampling point 2. The relevance was determined by the
Kaiser’s criterion (Kaiser, 1958). Selected eigenvalues
resulted in their principal components, representing
64.77% of the variance of the data for point 1 and
76.49% of the data variance of point 2. Varimax
rotational approach (Kaiser, 1958) was used to
maximize simplification of factor loadings to facilitate
interpretation. The factor loadings, eigenvalues and
variances of each component, for points 1 and 2 can be
observed in Table 9.

The amount of principal components and relevant
variables are different among the sample sites. This
indicates a differentiation of the interrelationship of
quality variables in both sites. However, all the
variables are appropriate for the data wvariance.
Soil quality, presented in Fig. 4 illustrates the difference
of the water sampling sites. The first principal
component of the sampling point 1 suggesting that
increased volatile solids indicate increased organic
matter and consequent decrease in dissolved oxygen
content. It was observed that the relations presented for
point 1 and point 2 are different, and the relationships of
volatile solids with dissolved oxygen are present in
sampling point 1 and indicate a decrease in water

quality from one point to another, confirming the
expectations for the presented zones. Average and
average thresholds are presented in Table 10.

Also in Table 10, a significant difference between
the DO values was observed. There is a decrease from
the point 2 to point 1. DO amount may decrease due to
urbanization (Carvalho ef al., 2004).

The results of the total, fixed and volatile solids in
the stream Lavapés also showed significant differences
between point 2 and point 1. Nonetheless, the values in
both sampling sites were very high. It is noteworthy that
the APHA (1999) indicates that the determinations of
fixed and volatile solids not exactly distinguish between
organic and inorganic materials, because of the presence
of some minerals, as carbonates, chlorides, sulfates, can
be volatilized at the same temperatures that organic
compounds.

Also according to Table 10, the increasing of the
values of electrical conductivity between point 1 and
point 2 indicate the decline in water quality. The highest
values of the stream Lavapés are possibly related to the
excessive amount of total solids.

CONCLUSIONS

The proposed methodology for environmental quality
assessment is powerful and generated suitable outcome
to the objective of the study, being an interesting tool
for helping the regional environmental planning. The
main strength of this model concerning the potential of
be replicable to other watershed in the region and may
help the local environmental planning. The three
presented zones have different land uses, highlighting
the zone 1 which must remain mostly conserved to
guarantee or improve the environmental quality indexes
for the region. The use of PCA to restrict the soil
samples variables was adequate. The replication of this
variables set must be validate according to the study
area. The application and adaptation of the methodology

Table 10 Comparison of physicochemical variables of water quality
between the two sampling points in the stream Lavapés - Sorocaba

Mean and mean limits with 95% significance

Variables Sampling Point 1 Sampling Point 2
DO (mgL") 2.04(1.53-2.56) 429 (2.79 - 5.81)
L. 224269 (1885.32-  1418.97 (1264.34 -
1
TS gL 5600.07) 1573.61)
L. 1535.90(1273.05-  1067.18 (953.31 -
1
TES (g L) 798 74 1181.04)
L 706.79 (424.43 - 351.79 (186.36 -
1
TVS (mg L) 9g9 16) 517.23)
pH 7.52 (7.38 - 7.65) 7.46 (7.34 - 7.58)
T (°C) 24.31(22.19-26.43)  22.62 (20.78 - 24.46)
Lo 300.08 (249.23 - 211.75 (189.17 -
1
ECQUSem™) 350,04 234.34)
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Table 9 Factor loadings, eigenvalues and variance of 2 principal components of the sampling point 1 and three principal components of the

sampling point 2 of the studied stream

. Sampling Pointl Sampling Point 2
Variables PCI PC2 PCI PC2 PC3
DO -0.541 0.437 0.130 0.798 -0.117
TS 0.715 0.641 0.949 0.025 -0.068
TFS 0.066 0.814 -0.286 0.010 -0.854
TVS 0.856 0.082 0.895 0.014 0.423
pH -0.735 0.039 -0.244 0.850 0.141
T -0.085 0.695 0.092 0.085 -0.812
EC 0.584 0.592 0.395 0.540 -0.252
Eigenvalue 2.891 1.643 2227 1.816 1.312
Variance (%) 34.685 30.082 28912 23.710 23.873
Cumulative variance (%) 34.685 64.767 28.912 52.622 76.495

DO: dissolved oxygen; TS: total solids; TFS: Total fixed solids; TVS: total volatile solids; T: temperature; EC: electric conductivity

in urban areas with different climatic conditions and
different sizes is encouraged in order to validate the
method in different situations.

Slope did not affect the MCA results. However such
environmental factor should be used to aid the zoning
map. The analysis of the water sampling sites together
did not produce good results for evaluating the
degradation of studied region. Despite being made with
a smaller number of variables, separate sampling points
analysis allowed a better assessment of quality.
Sampling points 1 and 2 constitute different scenarios in
relation to water quality variables. Sampling site 1 (zone
3) is more impacted than sampling site 2 (zone 1),
highlighting the urbanization at Lavapés watershed,
confirming the zoning proposition.
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