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Water quality parameters, One of the main problems associated with the analysis of water quality parameters (WQPS) in
Landscape characteristics, developing countries is the low number of sampling sites in small watersheds. One of the
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strategies used to solve this problem involves estimating WQPs based on the extrapolation of
measurements carried out in other basins using regionalization methods associated with
landscape characteristics. The objectives of this study were to evaluate the associations
between landscape characteristics and WQPs and to propose a methodology for the
regionalization of WQPs based on landscape characteristic data obtained from basins where
WQP data were sampled. The study area was the upper Piracicaba-Jaguari River basin
located in south-western Brazil. The methodology was based on a survey of 27 environmental
variables and 12 water quality parameters in 44 small sub-basins. The non-parametric k-
nearest neighbour regression (K-NNR) algorithm was used to estimate the WQP values for
the small sub-basins that lacked data. The results showed that the landscape characteristics
of the studied sub-basins related to land use and cover significantly influenced the WQPs. The
mapped regions showed significant differences among the total dissolved solids, chloride,
electric conductivity, pH, salinity, resistivity, dissolved oxygen, and nitrate parameter values.

Highlights:

-Landscape based-approach are efficient for the regionalization of water quality
-Lower water temperatures are associated with larger areas of rainforests
-Lower water temperatures are associated with larger areas of rainforests
-Higher nitrate concentrations are associated with higher areas of pasture

-Land use and cover influence water quality parameters in small river basins
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1. INTRODUCTION

The growth in population, economic activity, industrialization and agriculture has resulted in
an increased demand for water (Qadir et al., 2008). Lakes, reservoirs and rivers are the main
sources of continental water for domestic, industrial and irrigation uses. For this reason, it is
essential to prevent and monitor water pollution and to have access to reliable information
regarding water quality (Varol et al., 2012; Rezaid-Balf et al., 2020).

However, in developing countries such as Brazil, the number of rivers in which water quality
parameters (WQPs) are regularly monitored is very small. WQP analyses can be costly
depending on the temporal frequency of the observations, the amplitude and accessibility of
water bodies and the number of professionals involved in the collection. For this reason, in
Brazil, periodic analyses of WQPs are performed on only a few Brazilian water bodies.

Thus, the use of extrapolation and regionalization methodologies for basins without WQP
data is fundamental for the water quality management of rivers and lakes. One methodological
alternative for estimating WQPs in small sub-basins without in situ measurements involves
the use of regionalization models based on landscape data obtained from the sub-basins. The
physicochemical and microbiological compositions of river waters are influenced by
geomorphological, geological, soil and climatic characteristics as well as by the vegetation
cover, land use and land cover of the contributing sub-basins.

The water quality of a water body is very sensitive to the type of landscape that prevails in
the watershed. Increasing percentages of agricultural areas is the main factor associated with
the degradation of water quality, while increases in forested areas contribute to the
improvement of water quality in hydrographic basins (Linlin et al., 2012; Clément et al., 2017).
The water quality and pollution in reservoirs and lakes are directly associated with land use
(Lee et al., 2009; Li et al., 2016; Pietruszyriski and Ciesliriski, 2018). The use of integrated
spatial approaches based on geographic information systems is an efficient strategy for
mapping and monitoring surface and subsurface water pollution (Tcherkezova et al., 2019).

Sub-basin regionalization can be used to spatialize sub-basin clusters with similar water
gualities based on datasets composed of WQPs measured in other water bodies and
environmental variable values (Larsen et al., 1988; Ravichandran et al., 1996; Pongpetch and
Suwanwaree, 2012).

Data extrapolation techniques allow the indirect inference of WQPs from the environmental,
land use and land cover characteristics of sub-basins. These methods are important because
they make it possible to estimate WQP values for sub-basins without available data using
correlations between environmental characteristics and measured WQP data in other sub-
basins (Lee et al., 2009; Linlin et al., 2012; Chakraborty et al., 2019).

Learning-based methods such as k-nearest neighbour regression (KNN) have been used
to predict and extrapolate the values of water quality variables (Robertson et al., 2003; Dogan
et al., 2009; Wang et al., 2010a; Wang et al., 2010b; Mahmoudi et al., 2016; Sattari et al.,
2016; Li et al., 2019; Chakraborty et al., 2019). The general goals of these methods are to
identify hidden relationships within datasets and build models that reflect the processes that
control these systems (Sattari et al., 2016).

In our study, we considered sub-basin groups as landscape units or geosystems
characterized by the spatial associations among physical, biological and anthropogenic
attributes (Bertrand, 2004). We hypothesized that WQP values are influenced by the
landscape characteristics of the contributing sub-basins.

The objectives of this study were to evaluate the associations between landscape
characteristics and WQPs and to propose an alternative methodology for the regionalization
of WQPs based on environmental sub-basin data and spatial analysis methods for use in sub-
basins without on-site monitoring or data collection.
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2. STUDY AREA

The study area was the upper Piracicaba-Jaguari River basin (PJ River basin), which has an
approximate area of 1,158 km2 and is located in the state of Minas Gerais, Brazil, in the Fernao
Dias Environmental Protection Area (EPA) (Figure 1).

According to the Képpen climate classification method, the PJ River basin is in the Cwb
domain and has a tropical highland climate with dry winters and rainy summers (Sparovek et
al., 2007), average temperatures below 22°C in summer and 15°C in winter, and an average
annual rainfall total of 1,700 mm. The Piracicaba-Jaguari River basin is an important source
of water in south-eastern Brazil and supplies water to part of the metropolitan region of the
Sao Paulo municipality, the most populous metropolis in South America.

Figure 1. Map of the location of the Piracicaba-Jaguari River basin in the south-eastern Brazil.

ST00W ATOW W H00W 6200w 6100w 4600w 257500°W|
L N L N ! L

1A }N\_ C N

1400°S

T
22390°S

18°00'S
L

Minas Gerais

km [ Piracicaba River Basin
T T

1 L 1 L

T
22°490°S

Al

23908

C23 Municipal boundaries Base map: Vector files of municipal limits (IBGE, 1977); Bands
L e 3 0 4 8 2 3,5and 7 of the Landsat 8 satellitc OLI sensor, orbit / point 219/76, of 01/09/2013
[ 0« == BR-38l - Ferndo Dias Highway [ c—] Y Datum: SIRGAS 2000

T T T
462200°W 46°100"W 4600"W

EERITRY

T T
260200 4600W

3. MATERIAL AND METHODS

The methodology used in this work is based on the general systems theory (Bertalanffy, 1973;
Strahler, 1980). Following this theory, we hypothesized that the WQP values (response
variables) of a given hydrographic source are due to the landscape characteristics
(explanatory variables) of the source.

3.1 Mapping of the PJ River Sub-Basins

The PJ River basin was divided into sub-basins with catchment areas greater than 2 km?2 using
the Strahler method (Strahler, 1952). The sub-basins that did not meet these specifications
were considered inter-basin areas. We used the following materials to delimit the sub-basins:
a drainage network map of the Ottocodified Hydrographic Base (ANA, 2015), topographic
maps at a 1:50,000 scale and a shaded relief image generated from ASTER GDEM-2 sensor
data. Following this procedure, 44 sub-basins were mapped in the PJ River basin (Figure 2).
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Figure 2. Map of the sub-basins in the PJ River basin, classified according to the drainage network
hierarchy (order).
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3.2 Landscape Characteristics Data Collection

The environmental database was composed of 27 variables related to land use and land
cover, road density, slope, terrain shape and the morphometry of the sub-basins. The
landscape characteristic values were calculated for the 44 sub-basins of the PJ River basin.

3.2.1 Land use and cover

The land use and land cover of the sub-basins were mapped using digital image classification
techniques and Landsat-8-OLI multispectral images from 09/01/2013. The multispectral bands
were pre-processed using the FLAASH atmospheric correction method (Felde et al., 2003).
Then, the multispectral bands with 30-m spatial resolutions were merged with the
panchromatic band (at a 15-m resolution).

A land use map was created using object-oriented classification techniques in ENVI 5.4
software (Exelis Visual Information Solutions, 2010) by applying the Feature Extraction and
Support Vector Machine (SVM) classifier tools (Vapnik, 1995). The following land use and
cover classes were mapped: rainforests, shrub forests, forestry lands, pasture lands,
agricultural lands, urban lands, rock outcrops and water bodies. The land use and cover map
was validated in the field using the Kappa index (Landis and Koch, 1977). Then, the proportion
of the area of each land use and cover class was calculated for all 44 analysed sub-basins.

3.2.2 Road density

Road density mapping in the sub-basins was conducted using topographic maps at a 1:50,000
scale (IBGE, 1977) and an R3G5B7 colour composition multispectral image from the Landsat-
8 OLI product. The road density was considered to be the ratio of the total length of roads in
each sub-basin to the sub-basin area.

3.2.3 Relief shape

To calculate the terrain shape of each sub-basin, we used the vertical curvature (VN) and
horizontal curvature (HN) of the terrain data obtained from the Topodata Project of the National
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Institute for Space Research (INPE) (Valeriano et al., 2008). The Topodata digital elevation
model was clipped to a vector file of the geographical boundaries of the PJ River basin (IGAM,
2010).

3.2.4 Slope

A slope map was created with ArcGIS 10.5 (ESRI, 2016) and ASTER GDEM2 data (ASTER
GDEM, 2014) and represented in percentage units in six classes, according to the
methodology used by Embrapa (2006). Then, the average slope values were calculated for
the 44 sub-basins.

3.2.5 Morphometric variables of the sub basins

The morphometric variables of the sub-basins were calculated using data from vector-format
topographic charts of the upper Piracicaba-Jaguari River basin (ANA, 2015) and ASTER
GDEM-2 images. Table 1 shows the equations used to calculate the morphometric variables.
The morphometric variable maps were classified into six classes using the Sturges method,
and the class intervals were defined by applying the Jenks classification method.

3.3 Water Quality Parameter Data
3.3.1 Sampling of WQPs

A sample of 12 sub-basins representing 53.04% of the total area of the PJ River basin was
used to collect WQP data (Figure 3). Systematic stratified sampling was used with the
objective of selecting representative sub-basins of landscape units in the PJ River basin
(Moretti and Ferreira, 2017). The sub-basins for which the WQPs were sampled were selected
according to the hierarchy of the sub-basins and the accessibility of the sub-basins to their
main channels. Priority was given to the 4th-order sub-basins covering most of each
landscape unit area, which had accessible sampling points. The WQP sampling was carried
out in August-September (dry season) and December (wet season).

Table 1. Morphometric variables used in the characterization of the sub-basins.

Morphometric variable Equation

DD—Lt
A

where Lt is the total length of river channels
A is the sub basin area

Drainage Density (DD)

HD—Nt
T A

where N is the total number of river channels
A is the sub basin area

Hydrographic Density (HD)

1
Maintenance Coefficient (MC =—
(MC) Mc Dd.1000
Superficial Path Extension (SPE) SPE = 0.5Dd.1000
Topographic Texture (TT) Log (TT) = 0.219649 + 1.115.log(Dd)
Roughness Index (RI) Rl = AH.DD

European Journal of Geography - ISSN 1792-1341 51


https://www.eurogeography.eu/

egreo. Garofalo & Ferreira , 2022

Figure 3. Map of the sampled sub-basins and landscape units of the PJ River basin.
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3.3.2 Analysis of the WQP data

The analytical tests employed herein followed the procedures established for physicochemical
and microbiological surface water variables and were described in the standard methods for
the examination of water and wastewater published by the American Public Health Association
(APHA, 1998) and the National Guide for Sample Collection and Preservation published by
the National Water Agency (ANA, 2011). The physical, chemical and microbiological
parameters used in this study are presented in Table 2.

The physicochemical data collection conducted in the main river channel of each sampled
sub-basin was performed in triplicate using the multiparameter device model HI9829 (HANNA,
2013). Sampling was performed at 10-minute intervals at the same point in each river. The
equipment calibration followed the manufacturer's technical recommendations (HANNA,
2013).

The microbiological analyses of the total coliforms and E. coli were performed in the
laboratory by serial dilution with a chromogenic test. An iIMPNplateTM-1600 device and
chromogenic substrate ONPG-MUG were used to count the microorganisms (CPI, 2012). A
Termobac Microprocess portable oven was used to incubate the devices with the samples,
and measurements of the variables were taken after 24 hours of incubation at 36 +0.5°C. The
WQP values were sampled in triplicate in the dry and rainy periods for a total of 72 samples.

3.4 Regionalization of Water Quality Parameters
3.4.1 Regionalization variables

The regionalization of WQPs for all sub-basins, including those without collected data, was
carried out using a model to determine the correlations between the landscape characteristics
(explanatory variables) and WQP values (response variables). The set of explanatory
variables was composed of the data of 27 landscape characteristics, 18 of which
corresponded to geomorphological characteristics and 9 of which corresponded to land use
and vegetation cover characteristics (Table 3), determined for the population of 44 sub-basins
in the PJ River basin.
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The dataset referring to the response variables was composed of data comprising twelve
WQPs, five of which characterized physical properties, five characterized chemical properties
and two characterized microbiological properties (Table 2). The values of these parameters
were obtained in 12 of the 44 sub-basins in the dry and wet seasons in triplicate, totalling 72
samples for each water quality parameter. The regionalization procedure was based on the k-
nearest neighbour regression (k-NNR) extrapolation model.

Table 2. Physical, chemical and microbiological water quality parameters (WQPs).

Parameter Unit
Temperature (TMP) °C
Electric conductivity (uS/cm)
Physical parameters (ECD)
Resistivity (RES) (Q.cm)
Turbidity (TUR) (NTU)
Total dissolved solids (mg/L)
(TDS)
pH -
Dissolved oxygen (DIO) (mg/L)
Chemical Nitrate (NIT) (mg/L)
parameters Chloride (CHL) (mg/L)
Salinity (SAL) PSU
Microbiological Total coliforms (TCL) (most probable number -
parameters MPN)
E. coli (ECO) (most probable number -
MPN)

3.4.2 k-NNR extrapolation model and mapping of the water quality regions

According to the k-NNR model, each object (sub-basin) was represented as a point in an
attribute space, and the distance between each pair of points was calculated using the
Euclidean distance technique (Faceli, 2011). Each sub-basin was extrapolated through the
local interpolation of the sub-basin associated with the nearest neighbours of the training set.
The k-value is defined by the user, and a small and odd value is recommended (Faceli, 2011).

Extrapolation of the WQPs based on the landscape characteristic values was performed
using the entire database, and the weighted averages of the distances among the values were
obtained for the three nearest neighbours (k = 3). This step was performed using the Scikit-
learn package in the Python language (Rossum and Boer, 1991).

The water quality regions were mapped based on a combination of the extrapolated and
measured WQP values and based on the values of the landscape characteristics calculated
for the sub-basins. Ward's hierarchical method (Ward, 1963) was used to analyse the
homogeneous sub-basin groups. Ward's method is an agglomerative hierarchical grouping
method that uses the sum of squares as a criterion to decide which individuals or groups
should be merged at each stage of the procedure (Everitt, 2006).

This method is based on the changes in the variations among groups and within groups
and is implemented during each grouping step (Mingoti, 2005). The Ward method procedure
starts with each object as a single group; then, at each new step in the grouping process, the
algorithm calculates the error based on the sum of squares within the group to determine the
next two groups to be merged at each step of the algorithm (Ferreira and Hitchcock, 2009).

The number of regions formed during the grouping method was estimated using the
silhouette index (Rousseeuw, 1987; Amorim et al., 2015). The silhouette value was calculated
using the Euclidean distance to evaluate the grouping of two to six groups. This step was
performed in Python (Rossum and Boer, 1991) using the Scikit-learn package.
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Table 3. Landscape characteristics used in the k-nearest neighbour regression model and the

respective variables and units of measurement.

Landscape
characteristics

Variables

Morphometry

Drainage Density (Dd)

Hydrographic Density (Dh)

Maintenance Coefficient (Cm)

Superficial Path Extension (Eps)

Topographic Texture (Tt)

Roughness index (Ir)

Slope

0to3%

3t08%

81013 %

13t0 20 %

20t0 45 %

> 45 %

Relief shape
(%)

Straight (STR)

Concave (CCV)

Convex (CVX)

Planar (PLA)

Convergent (CNV)

Divergent (DIV)

Land use and cover
(% of sub basin
area)

Agriculture (AGR)

Pasture (PAS)

Forestry (FOR)

Rain forest (RFR)

Shrub forest (SFR)

Urban area (UBA)

Water (WAT)

Rock outcrop (ROU)

Roads

Road density - ROD (km/km?)

3.4.3 Evaluating the associations between WQPs and landscape characteristics

An analysis of the associations between the WQP values and landscape characteristics
related to morphometry, slope, relief shape, land use and land cover and roads (Table 3)
was performed by calculating the Pearson's correlation coefficient values. To do this, the
free statistical software JASP was used (JASP Team, 2020). Correlation coefficients with
significance levels of p < 0.01 and r = 0.60 were considered statistically significant.
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4. RESULTS AND DISCUSSION

4.1 Environmental variable data

Table 4 presents the proportions of the areas occupied by different land use and land cover
classes. Table 5 presents the proportions of the sub-basins corresponding to each relief shape
class and the values of the morphometric parameters. The area proportions corresponding to
the slope classes and the road density values are presented in Table 6.

4.2 Sampling of water quality parameters

The results obtained for the dry season indicated that all sampled sub-basins presented good
physicochemical conditions according to the water quality standards set by the National
Environment Council (Brasil, 2005) (CONAMA Resolution no. 357, March 17, 2005) for
Classes | and Il in freshwater. With regard to microbiological properties, the CONAMA
standards state that the concentration of E. coli in freshwater Classes | and Il should not
exceed the limit of 200 MPN/100 mL. Among the twelve sub-basins sampled, only the main
sub-basin river channel, which corresponded to points 1, 9, 10, 11 and 12, was in compliance
with this resolution. Table 7 shows the average value of each parameter for the sampled sub-
basins in winter.

During the wet season, the sample collections were carried out on December 14, 16 and
18 of 2015. In the five days prior to the sample collection on December 14, the accumulated
precipitation values were, on average, 10.42 mm in sub-basin 1, 14.61 mm in sub-basin 2,
17.45 mm in sub-basin 3 and 18.56 mm in sub-basin 4. For the sampling on December 16,
the average accumulated rainfall values in sub-basins 5, 6, 7 and 8 were 32.28 mm, 21.37
mm, 12.78 mm and 14.16 mm, respectively.

Table 4. Proportions of areas occupied by land use and land cover classes in the sub-basins of the
PJ River basin.

Sub- Land Use and Cover Classes (%)
basins UBA | ROU | SFR | WAT | AGR PAS FOR RFR
1 405 | 415 | 296 | 0.12 |14.75| 40.84 5.17 27.96
2 491 | 348 | 3.21 | 0.23 |14.73| 43.86 5.66 23.92
3 7.45 | 495 | 552 | 0.11 |13.34| 39.77 2.72 26.14
4 470 | 253 | 7.64 | 050 |21.04| 3258 4.57 26.44
5 1365 | 475 | 7.16 | 0.26 | 9.91 26.81 |11.44| 26.02
6 7.94 | 5.09 | 3.71 | 0.19 | 8.98 34.29 8.08 31.72
7 5.03 | 5.74 | 463 | 0.18 | 5.99 25.90 1.64 | 50.89
8 5.62 | 465 | 3.71 | 0.31 | 5.82 34.73 5.11 | 40.06
9 7.27 | 3.64 | 474 | 0.08 | 6.39 26.50 2.78 | 48.60
10 7.92 | 428 | 420 | 0.01 | 5.95 28.63 3.58 | 45.44
11 6.12 | 5.04 | 434 | 0.15 | 6.92 35.08 3.87 38.47
12 6.73 | 476 | 8.11 | 0.02 | 5.26 47.60 1.75 25.77
13 274 | 439 | 449 | 0.10 | 4.44 47.94 3.22 32.68
14 5.93 | 421 | 3.76 | 0.07 | 7.80 39.77 3.24 | 35.23
15 6.45 | 2.61 | 414 | 0.05 | 6.46 22.85 9.04 | 48.40
16 419 | 586 | 490 | 0.05 | 6.13 45.71 4.75 28.41
17 5,97 | 525 | 439 | 0.12 | 4.62 39.70 2.96 36.98
18 6.69 | 6.88 | 5.02 | 0.23 | 7.41 49.77 2.51 21.47
19 3.70 | 6.92 | 5.09 | 0.05 | 3.94 34.58 4,12 | 41.60
20 5.61 | 5.88 | 2.31 | 0.13 | 6.55 38.88 1.17 39.47
21 7.22 | 6.34 | 447 | 0.21 | 6.60 40.13 3.62 31.42
22 3.44 | 403 | 5.84 | 0.02 | 9.69 36.95 2.99 37.03
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Sub- Land Use and Cover Classes (%)
basins UBA | ROU | SFR | WAT | AGR PAS FOR RFR
23 8.42 |10.70| 5.14 | 0.07 | 8.14 43.40 1.27 22.86
24 3.73 | 477 | 2.86 | 0.07 | 5.92 28.74 5.91 | 47.99
25 3.64 | 6.27 | 406 | 0.07 | 7.81 26.44 4.49 | 47.20
26 0.81 | 4.08 | 236 | 0.02 | 3.11 8.33 1.67 79.62
27 0.12 | 1.38 | 0.33 | 0.00 | 0.51 0.51 14.05| 83.10
28 0.26 | 1.87 | 2.67 | 0.00 | 0.32 1.91 17.04 | 75.93
29 0.68 | 3.54 | 3.11 | 0.00 | 2.00 5.80 9.84 | 75.03
30 3.33 | 5.83 | 237 | 0.26 | 4.70 12.80 6.62 64.08
31 0.67 | 226 | 0.96 | 0.02 | 1.04 1.12 14.78 | 79.15
32 228 | 439 | 1.76 | 0.09 | 1.94 0.99 27.26 | 61.30
33 5.22 | 3.11 | 0.70 | 0.00 | 0.88 0.72 4.05 85.32
34 0.37 | 2.26 | 0.26 | 0.00 | 0.03 0.05 14.01 | 83.02
35 0.78 | 1.64 | 0.71 | 0.03 | 1.21 6.56 19.56 | 69.52
36 3.01 | 6.24 | 3.09 | 0.13 | 4.83 24.45 6.83 51.42
37 221 | 295 | 266 | 0.04 | 5.57 1254 |10.00| 64.02
38 3.11 | 222 | 1.12 | 0.01 | 0.94 0.33 20.12 | 72.15
39 570 | 449 | 185 | 0.03 |1531| 37.37 5.26 29.98
40 2.05 | 2.86 | 0.83 | 0.03 | 4.18 31.49 4.35 54.20
41 5.12 | 4.68 | 466 | 0.08 | 6.36 39.58 5.06 | 34.45
42 456 | 542 | 295 | 0.11 | 6.85 55.11 3.03 21.96
43 591 | 3.57 | 454 | 0.00 | 5.72 51.40 0.98 27.88
44 2.34 | 3.06 | 3.10 | 0.05 | 4.49 22.27 |10.25| 54.45

Table 5. Proportions of the sub-basins corresponding to each relief shape class and the values of the
morphometric parameters of the sub-basins of the PJ River basin.

Sub- Relief Shape (%) Morphometric Parameters
basin |Concave | Convex | Straight| Dd | Dh Cm Eps Tt Ir
1 47.21 40.7 12.10 |1.87| 3.10 | 536.01 | 268.00 | 1.61 | 768.64
2 46.70 35.12 18.17 |1.52| 2.33 | 656.93 | 328.47 | 1.52 | 649.99
3 49.96 36.15 13.87 |1.72| 3.08 | 582.05 | 291.03 | 1.57 | 800.62
4 50.9 38.43 10.68 |1.35| 2.27 |742.28 | 371.14 | 1.46 | 179.18
5 51.88 34.44 13.68 |1.74| 2.83 | 574.58 | 287.29 | 1.58 | 567.37
6 51.97 36.30 11.73 |1.79| 2.76 |557.61 | 278.81 | 1.59 | 882.33
7 44,91 39.62 1545 |1.72| 1.94 | 582.82 | 291.41 | 1.57 | 789.26
8 46.12 38.91 1497 |1.71| 2.81 | 58356 | 291.78 | 1.57 | 944.21
9 47.71 37.39 1490 |1.67 | 1.89 | 600.56 | 300.28 | 1.56 | 954.11
10 50.78 34.69 1455 [1.90| 3.33 | 527.56 | 263.78 | 1.61 | 1177.11
11 50.12 37.33 1255 |1.89| 3.12 |530.19 | 265.10 | 1.61 | 1218.42
12 50.8 35.88 13.33 |2.34| 5.82 | 426.56 | 213.28 | 1.70 | 862.71
13 53.42 37.27 9.32 |1.81| 2.72 |552.13 | 276.07 | 1.59 | 628.47
14 51.42 38.96 9.61 |2.10| 3.47 | 475.92 | 237.96 | 1.66 | 1208.19
15 45.43 39.65 14.91 |2.13| 3.70 | 469.25 | 234.63 | 1.66 | 1321.25
16 53.49 37.94 8.57 |2.14| 3.84 | 466.88 | 233.44 | 1.67 | 1276.56
17 53.15 34.22 12.62 |2.13| 3.74 | 468.75 | 234.37 | 1.66 | 800.00
18 55.54 35.09 9.37 2.14 | 3.18 |466.41 | 233.21 | 1.67 | 870.47
19 54.94 31.43 13.62 |1.75| 2.45 | 569.99 | 285.00 | 1.58 | 752.64
20 56.41 36.98 6.62 |1.86| 3.21 | 537.97 | 268.99 | 1.60 | 622.71
21 58.63 36.02 5.35 1.83| 2.77 | 546.56 | 273.28 | 1.60 | 578.16
22 53.03 29.73 17.24 |1.92 | 3.12 |521.35 | 260.67 | 1.62 | 780.67
23 56.51 33.41 10.08 |1.82 | 2.28 |550.27 | 275.13 | 1.59 | 908.65
24 53.5 39.16 7.35 2.38 | 4.28 | 419.45 | 209.72 | 1.71 | 1866.74
25 53.39 38.47 8.13 2.38 | 4.38 | 420.18 | 210.09 | 1.71 | 2427.52
26 53.33 36.70 9.96 2.95| 4.99 | 339.40 | 169.70 | 1.80 | 1599.90
27 51.29 39.15 9.55 3.44 | 11.51 | 290.56 | 145.28 | 1.87 | 1087.54
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Sub- Relief Shape (%) Morphometric Parameters

basin | Concave | Convex | Straight| Dd | Dh Cm Eps Tt Ir
28 54.20 36.35 9.44 |3.47| 9.70 | 288.07 | 144.04 | 1.88 | 1926.59
29 50.11 40.32 9.57 [3.08] 7.81 |324.56|162.28 | 1.82 | 1451.19
30 54.12 35.06 10.83 |2.80| 6.48 | 356.70 | 178.35 |1.78 | 1239.12
31 53.67 37.99 8.34 [2.62| 541 |382.34|191.17 | 1.75 | 1553.57
32 51.35 41.88 6.78 |2.63| 4.67 | 380.90 | 190.45 |1.75| 850.61
33 54.41 34.91 10.68 |2.31| 3.79 |433.51|216.76 | 1.70 | 1132.61
34 50.49 32.92 16.59 |2.53| 4.93 | 395.52 | 197.76 | 1.74 | 1284.39
35 50.67 38.24 11.09 |2.85]| 6.77 | 350.45|175.22 | 1.79 | 1660.74
36 56.70 36.89 6.42 |2.71| 4.75 | 369.03 | 184.52 | 1.77 | 1032.43
37 52.62 40.89 6.51 [2.59| 6.22 | 386.08 | 193.04 | 1.75 | 1012.75
38 49.41 39.63 10.96 |2.07| 3.63 |483.11|241.55|1.65| 705.85
39 56.03 35.13 8.83 [1.99| 3.14 |503.73 | 251.87 | 1.63 | 1048.17
40 49.32 43.55 7.12 |2.58| 3.92 |387.31|193.65 |1.75| 1368.43
41 54.03 33.94 12.04 |1.73] 2.30 | 578.50 | 289.25 | 1.57 | 1101.12
42 54.78 31.63 13.59 |2.12| 3.62 |471.27 | 235.64 | 1.66 | 1088.55
43 48.74 34.25 17.01 |2.09| 3.10 | 478.95|239.48 | 1.65 | 937.46
44 50.10 31.04 18.86 |1.51| 1.65 | 663.10 | 331.55 | 1.51 | 1048.10

Table 6 - Proportions of the sub-basin areas occupied by slope and road density classes in the sub-
basins of the PJ River basin.

Sub- Slope Classes (%) Road Density
basin <3 3-8 8-13 | 13-20 | 20-45 | >45 (km/km?)
1 3.36 | 6.90 | 11.56 | 20.99 | 50.24 | 6.95 1.58
2 6.09 | 9.07 |12.83| 21.45 | 45.98 | 4.58 1.87
3 6.26 | 8.75 |12.58 | 21.41 | 45.35 | 5.65 191
4 7.58 |11.99 | 15.71 | 24.87 | 38.86 | 1.00 1.61
5 5.85 | 8.97 |12.72 | 20.88 | 44.77 | 6.81 1.88
6 3.37 | 6.86 |10.22 | 18.12 | 51.30 | 10.12 1.59
7 2.92 | 6.54 |10.99 | 20.37 | 52.56 | 6.63 0.68
8 422 | 7.90 | 11.69 | 19.46 | 48.36 | 8.37 1.75
9 462 | 7.58 | 11.68 | 22.32 | 46.75 | 7.06 1.36
10 5.75 | 7.03 |10.99 | 18.78 | 49.24 | 8.21 151
11 3.86 | 6.53 |10.04 | 18.48 | 50.79 | 10.30 1.75
12 4,15 | 8.07 | 12.73 | 23.69 | 45.84 | 5.52 1.85
13 4.68 | 8.20 | 10.38 | 17.03 | 47.82 | 11.88 1.96
14 2.69 | 5.80 | 8.17 | 15.29 | 53.41 | 14.65 1.96
15 2.47 | 6.07 | 8.60 | 15.85 | 51.46 | 15.55 1.94
16 3.34 | 5.97 | 8.72 | 16.29 | 51.12 | 14.56 1.55
17 3.40 | 6.12 | 8.69 | 15.41 | 49.81 | 16.57 1.77
18 423 | 7.73 | 10.21 | 18.14 | 50.63 | 9.06 2.04
19 2.80 | 429 | 7.75 | 16.09 | 56.93 | 12.15 1.29
20 4.42 | 6.56 |10.77 | 18.70 | 51.60 | 7.94 1.78
21 5.09 | 8.21 |11.06 | 17.30 | 47.19 | 11.16 1.60
22 5.89 | 7.23 |11.05| 19.35 | 45.87 | 10.61 1.02
23 3.38 | 6.75 | 9.78 | 17.53 | 46.91 | 15.65 0.69
24 3.51 | 5.35 | 7.81 | 13.96 | 50.04 | 19.32 1.07
25 3.85 | 5.87 | 8.84 | 15.67 | 50.31 | 15.46 1.07
26 2.34 | 3.31 | 558 | 11.77 | 51.34 | 25.65 0.64
27 2.58 | 548 | 8.18 | 15.95 | 50.99 | 16.82 0.77
28 5.24 | 6.77 | 9.07 | 16.23 | 50.11 | 12.59 0.45
29 3.38 | 6.61 | 9.87 | 16.19 | 49.31 | 14.65 1.29
30 455 | 7.80 |11.11| 17.97 | 47.98 | 10.59 1.24
31 3.80 | 5.10 | 7.36 | 13.30 | 50.02 | 20.41 0.66
32 4,05 | 5.38 | 7.30 | 13.10 | 53.04 | 17.12 1.78
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Sub- Slope Classes (%) Road Density

basin <3 3-8 | 8-13 | 13-20 | 20-45 | >45 (km/km2)
33 428 | 6.11 | 8.72 | 16.46 | 49.63 | 14.80 0.63
34 425 | 6.29 | 8.65 | 14.40 | 50.37 | 16.04 0.14
35 5.53 | 6.76 | 8.81 | 14.96 | 48.06 | 15.88 1.15
36 3.69 | 481 | 834 | 14.12 | 51.68 | 17.37 1.27
37 477 | 4.96 | 7.24 | 14.70 | 54.98 | 13.35 0.79
38 2.67 | 5.72 | 8.07 | 15.56 | 49.85 | 18.12 1.78
39 405 | 6.13 | 8.14 | 15.40 | 48.73 | 17.56 0.85
40 1.07 | 2.01 | 4.60 | 11.33 | 54.74 | 26.25 0.85
41 2.36 | 4.80 | 8.11 | 15.84 | 49.64 | 19.26 0.97
42 277 | 4.06 | 6.97 | 15.81 | 54.94 | 15.46 1.03
43 490 |10.16 | 14.03 | 22.07 | 38.50 | 10.34 0.93
44 3.02 | 449 | 6.37 | 11.93 | 52.45 | 21.74 1.25

Table 7 - Average values of water quality variables in winter by sampled sub-basin.

Sampled Physical parameters Chemical parameters Microb.
point parameters
(sub- | Temp EC |Resist| Turb | TDS Y DO NOs- Cl- Sal TC E. coli
basin) °C | uS/cm | Q.cm | NTU | mg/L P mg/L | mg/L | mg/L | PSU | MPN | MPN
1(2) 14.37| 33 0.030 | 8.9 16,6 | 71| 6.81 | 0.27 | 15 |0.02|1,600| 170
2 (6) 17.28| 30 0.033| 129 | 146 | 7.0| 7.34 | 0.28 | 1.13 | 0.02 | 1,600 | 1,600*
3(11) |15.87| 29.3 | 0.034| 8.3 146 | 7.4 | 7.07 | 0.26 | 0.74 |0.02 | 1,600 | 920*
4(16) |18.25| 52 0.019| 4.1 26.0 | 74| 6.86 | 0.64 | 297 |0.02| 1,600 | 920*
5 (25) 15 26.3 | 0.038|23.13| 13.0 | 7.2 | 6.77 | 0.30 | 0.79 |0.02 | 1,600 | 920*
6(20) |17.01| 44 0.022 | 2.8 220 | 7.2| 6.93 | 0.54 | 3.50 |0.02 | 1,600 | 350*
7(42) |18.52| 76 0.013 | 3.4 380 | 76| 7.32 | 0.70 | 10.87 | 0.03 | 1,600 | 540*
8(41) |14.24| 37 0.027 | 5.3 27.3 | 69| 6.74 | 0.21 | 2.77 |0.02 | 1,600 |1,600*
9(34) |11.63 9 0.111| 0.3 400 | 65| 7.8 | 0.08| 1.67 |0.00| 220 130
10 (31) |11.97 14 0.071| 1.8 700 [ 69| 7.86 | 0.12 | 1.47 |0.01| 350 79
11(29) |11.44 13 0.076 | 3.1 700 {69 7.75 | 0.13 | 1.23 |0.01 | 1,600 46
12 (28) |11.69 12 0.083 | 4.4 6.00 [ 6.9 | 853 | 0.12 | 1.33 |0.01| 920 170

* not in accordance with CONAMA Resolution No. 357 of 2005.

The period of five days preceding the sample collection campaign on December 18
recorded average accumulated rainfall values of 51.42 mm in sub-basin 9, 51.66 mm in sub-
basin 10, 48.32 mm in sub-basin 11 and 42.86 mm in sub-basin 12. Four of the twelve sampled
sub-basins presented nonconformities with the turbidity parameter (Table 6), while the other
physicochemical variables were in good condition according to the water quality standards set
by CONAMA for freshwater Classes | and Il. On average, the physical-chemical variables
showed a 66.7% compliance rate. Regarding the microbiological properties of the sampled
water, only two sub-basins (9 and 11) showed E. coli concentrations below the limit
established by the CONAMA Resolution for freshwater in Classes | and Il (Table 8).
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Table 8 - Average values of WQPs sampled in summer.
. . Microbi.
Sa;nupz)led Physical parameters Chemical parameters parameters
basins Tem EC Resis | Turb. | TDS pH DO | NOs. | CI- | Sal. TC E. coli
p°C |uS/cm| Q.cm | UNT |mg/L mg/L | mg/L | mg/L |PSU| MPN MPN
1 22.27 50 0.02 |187.3* | 25 |6.88|7.31 | 0.78 | 3.9 |0.02| >1,60 >1,600*
2 23.28| 53 ]0.0189| 109.3* | 27 |6.68|6.49 | 0.74 | 3.83 | 0.02| >1,60 >1,600*
3 21.01 46 0.0213| 180* 23 [6.98]| 7.74 | 0.6 29 [0.02| >1,60 >1,600*
4 21.03| 76 |0.0132| 3483 | 38 |6.99| 753 | 0.7 | 3.03 |0.03| >1,60 >1,600*
5 20.40 38 0.0263 | 159.7* | 19 6.9 | 744 | 0.43 | 1.77 | 0.02| >1,60 >1,600*
6 21.84 66 0.0152 15 33 |7.17|7.17 | 0.47 | 253 [0.03| >1,60 540*
7 23.00| 103 [0.0097| 19.3 52 |7.46| 5.6 | 049 | 9.93 |0.05| >1,60 920*
8 23.52 83 0.0121 | 35.9 42 |7.04| 573 | 045 | 2.73 |0.04| >1,60 >1,600*
9 16.39| 10 0.1 2.8 5 [6.27| 7.8 | 0.21 |<0.6|0.00| 1,60 79
10 17.72 15 0.0667 | 10.1 8 6.7 | 7.32 | 0.26 | <0.6 |0.01| >1,60 350*
11 18.27 16 0.0625| 13.4 8 6.91| 7.85 | 0.27 | <0.6 [0.01| 1,600 79
12 18.92 14 0.071 74.5 7 6.75| 795 | 0.2 | <06(0.01| >1,60 1,600*

* not in accordance with CONAMA Resolution No. 357 of 2005.

4.2 Extrapolation of the WQPs using the k-NNR Model

Figures 4 and 5 show the extrapolation of the WQPs by the k-NNR model for the 32 sub-
basins in the dry and wet seasons, respectively, in addition to the WQP values measured in

the main rivers of the 12 sampled sub-basins used to train the model.

4.2.1 Evaluating the associations between WQPs and landscape characteristics

Table 9 presents the Pearson’s correlation coefficients between the WQPs and landscape
characteristic values. The coefficients that are significant (p<0.01) and higher than r=0.60 are
highlighted in bold in the table.

Figure 4 - Maps of the extrapolated concentrations of WQPs in the sub-basins of the PJ River basin
during the dry season (winter).
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Regarding pH, we observed that the highest values were associated with sub-basins with
larger areas of pasture lands (r = 0.77, p <0.01), rainforests (r = 0.73, p <0.01) and rock
outcrops (r = 0.60, p <0.01). Lower water temperatures were associated with sub-basins with
larger areas of rainforests (r = -0.91, p <0.01) and forestry lands (r = -0.68, p <0.01), higher
drainage density values (r = -0.72, p <0.01), and higher topographic texture values (r = -0.69,
p <0.01).

Higher turbidity values were associated with sub-basins with smaller surface areas and
with slopes above 45% (r = -0.60, p <0.01). Notably, the sub-basins with high dissolved oxygen
values were those that had the highest proportions of rainforest areas (r = 0.78, p <0.01) and
forestry areas (r = 0.62, p <0.01) and lower proportions of pasture areas (r = -0.78, p <0.01).
In addition, dissolved oxygen was higher in sub-basins with higher drainage densities (r = -
0.74, p <0.01) and higher hydrographic densities (r = -0.71, p <0.01).

Figure 5. Maps of the extrapolated concentrations of WQPSs in the sub-basins of the PJ River basin
during the rainy season (summer).
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We noted that the highest nitrate concentrations were associated with sub-basins with higher
proportions of pasture areas (r =0.90, p <0.01), urban areas (r = 0.68, p <0.01) and agricultural
lands (r = -0.63, p<0.01). On the other hand, sub-basins with higher proportions of rainforests
(r =-0.89, p <0.01) and forestry areas (r = -0.69, p <0.01) presented waters with lower nitrate
concentrations. This association was also observed in sub-basins with higher drainage
densities (r = -0.66, p <0.01), river densities (r = -0.60, p<0.01) and topographic textures (r =
-0.62, p <0.01).

Filoso et al. (2003) observed positive correlations between nitrogen concentrations and
agricultural and urban land use types. These authors also found a negative correlation
between forested areas and the nitrate concentrations in sampled waters. A study by Esteves
et al. (2015) confirmed that areas occupied by pasture lands showed high positive correlations
with high values of nitrate and EC, especially during the rainy season. Higher chloride values
were associated with sub-basins with higher proportions of pasture areas (r = 0.73, p <0.01),
while lower chloride values were associated with sub-basins with higher proportions of
rainforests (r =-0.72, p <0.01).

We also observed that the highest total dissolved solids values were associated with sub-
basins that had higher proportions of pasture areas (r = 0.84, p <0.01) and rock outcrops (r =
0.63, p <0.01). On the other hand, lower values of this parameter were associated with sub-
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basins with high proportions of rainforests (r = -0.82, p <0.01) and forestry lands (r = -0.62, p
<0.01). Analysing the electrical conductivity parameter, we identified that the highest values
of this parameter occurred in sub-basins with greater proportions of pasture areas (r = 0.85, p
<0.01) and rock outcrops (r = 0.63, p <0.01). Lower electrical conductivity values were
associated with sub-basins with higher proportions of rainforests (r = -0.82, p <0.01) and
forestry lands (r = -0.62, p <0.01) and with sub-basins with high drainage densities (r = - 0.61,
p <0.01).

Table 9 - Pearson's correlation coefficient (r) values between the landscape characteristics and water
quality parameters of the PJ River basin sub-basins. Statistically significant r-values (p < 0.01) are
highlighted in bold.

pH TMP | TUR | TDS | NIT | CHL | TDS | ECD | RES | SAL | TCL | ECO
UBA 0,44 | 0,70 | 0,52 | -0,54 | 068" | 0,48 | 0,521 | 0,521 | -0,66" | 0,53 | 0,39 | 0,61
ROU 060" | 058 | 0,12 | -057 | 0,56 | 0,49 |0,632"|0,631" | -0,60° | 0,63 | 0,34 | 0,42
SFR 0,46 | 069" | 055 | -0,53 | 0,65 | 0,40 | 0,519 | 0,520 | -0,68" | 0,54 | 0,36 | 0,69
WAT 0,26 | 0,40 | 043 | -0,28 | 043 | 0,26 | 0,236 | 0,234 | -0,41 | 0,27 | 0,23 | 0,26
AGR 0,42 | 063" | 053 | -0,58 | 0,63" | 0,49 | 0,510 | 0,509 | -0,64" | 0,54 | 0,35 | 0,52
PAS 0,77 | 0,91 | 045 | -0,78" | 0,90" | 0,73" | 0,84" | 0,85 | -0,91* | 0,85 | 0,43 | 0,71"
FOR -0,56 | -0,68" | -0,38 | 0,62* | -0,69" | -0,50 | -0,62" | -0,61" | 0,69" | -0,61" | -0,37 | -0,52
RFR -0,73* | -091* | -0,52 | o,78" | -0,89"* | -0,72" | -0,82"* | -0,82" | 0,91" | -0,83" | -0,45 | -0,74"
ROD 039 | 0,48 | 0,42 | -0,20 | 0,54 | 0,17 | 0,268 | 0,265 | -0,49 | 0,29 | 0,48 | 0,34
DD -0,33 | -0,72" | -0,46 | 0,74" | -0,66" | -0,54 | -0,60" | -0,61" | 0,68 | -0,57 | -0,31 | -0,58
HD -0,30 | -0,64" | -0,36 | 0,71* | -0,60" | -0,50 | -0,570|-0,572| 0,61 | -0,52 | -0,27 | -0,51
MC 0,26 | 065" | 0,46 | -0,68°| 0,58 | 0,50 | 0,532 | 0,534 | -0,62" | 0,51 | 0,29 | 0,54
SPE 0,26 | 0,66 | 0,46 | -068"| 058 | 0,50 | 0,532 | 0,534 | -0,62" | 0,51 | 0,29 | 0,54
TT -0,30 | -0,69" | -0,46 | 0,72" | -0,62" | -0,53 | -0,575|-0,578 | 0,65 | -0,55 | -0,31 | -0,56
IR -0,17 | -0,41 | -0,13 | 0,37 | -0,40 | -0,33 |-0,331|-0,330| 0,36 | -0,29 | -0,29 | -0,16
ccv 0,27 | 0,05 | -0,50 | -0,16 | 0,02 | 0,12 | 0,275 | 0,275 | -0,08 | 0,26 | -0,05 | -0,11
CvX -0,10 | -0,31 | 0,07 | 0,47 | -0,19 | -0,45 | -0,434|-0,439| 0,23 | -0,36 | 0,10 | -0,25
STR -0,16 | 0,23 | 0,39 | -0,26 | 0,17 | 0,28 | 0,124 | 0,128 | -0,13 | 0,07 | -0,04 | 0,32
CNV 038 | 0,08 | -0,20 | -0,02 | 0,24 | 0,06 | 0,214 | 0,213 | -0,14 | 0,21 | 0,25 | 0,00
DIV 0,14 | 0,06 | 0,25 | 0,45 | 0,11 | -0,07 |-0,112|-0,117| -0,10 | -0,02 | 0,01 | -0,04

PLA -0,34 | -0,10 | -0,23 | -0,24 | -0,28 | 0,04 |-0,010|-0,005| 0,17 | -0,10 | -0,24 | 0,04
SLO>4

-0,25 | -0,46 | -0,60" | 0,19 | -0,47 | -0,27 |-0,191|-0,190| 0,42 | -0,24 | -0,18 | -0,35

Higher resistivity values were associated with sub-basins with low proportions of pasture
areas (r = -0.91, p <0.01), shrub forests (r=-0.68, p<0.01), agricultural lands (r=-0.64, p<0.01)
and urban areas (r=-0.66, p<0.01). On the other hand, lower resistivity values were associated
with sub-basins with higher proportions of rainforests (r=0.91, p<0.01) and forestry lands
(r=0.69, p<0.01) as well as sub-basins with higher drainage densities (r=0.68, p<0.01) and
topographic textures (r=0.65, p<0.01).

Higher salinity values were associated with high proportions of pasture lands (r=0.85, p<0.01)
and rock outcrops (r=0.63, p<0.01) and with lower proportions of rainforests (r=-0.83, p<0.01)
and forestry areas (r=-0.61, p<0.01). E. coli values were positively associated with the
proportion of pasture areas (r=0.71, p<0.01) and shrub forests (0.69, p<0.01) and negatively
associated with the proportion of rainforests (r=-0.74, p<0.01). The total faecal coliforms did
not show a statistically significant association with any landscape characteristic. Studies
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carried out by Haddad et al. (2010) and Souza et al. (2014) found high positive correlations
between E. coli and basins occupied by urban areas and pasture lands.

4.2.2 Regions based on the WQPs and landscape characteristics

According to the silhouette analysis and Ward methods, it was possible to classify the sub-
basins of the PJ River basin into three regions based on the WQPs and landscape
characteristics of the sub-basins (Figure 6).

Figure 6. Map of the water quality regions of the Piracicaba-Jaguari River basin.
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Region | was located in high-elevation areas, generally above 1,300 metres, formed by hills
and mountain reliefs. The largest rainforest areas in the PJ River basin were located in this
region. This region comprised the sub-basins with the highest drainage densities in the PJ
River basin. Additionally, Region | was composed of the sub-basins with the best water quality
among the entire basin. We observed lower temperature, total dissolved solids, chloride,
nitrate, salinity and pH values in this region compared to the other regions as well as higher
resistivity and dissolved oxygen values (Figure 7).

Region Il

The elevations in Region Il varied from 900 to 1,300 metres, with a predominance of wide and
small hills and large flood plains. In this region, agricultural and livestock activities are well-
developed, and the main agricultural crops in this region are corn, potatoes, beans, tomatoes,
cassava and cabbage; these agricultural activities make use of pesticides and nitrogen
fertilizers. The pasture areas are mainly used for cattle for commercial and family purposes.
In both cases, these activities occur extensively without great care for the pastures, which
have been degraded in several areas in this region.

The urban Toledo, Camanducaia and Extrema municipality areas are located in Region II.
The sub-basins that comprised Region Il presented the highest number of WQPs in non-
compliance with the standards established by CONAMA Resolution No. 357. Even when the
parameter values were in compliance, they were generally of lower quality than those
presented by the sub-basins that formed Region I.
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Region I

Region IlIl was located along the Ferndo Dias highway corridor and comprised reliefs with
elevations predominantly varying from 800 to 900 m. In the sub-basins of Region Ill, industrial
areas, rural neighbourhoods and urban areas are predominant, and these land types are
associated with pasture areas. Due to the lower flows of rivers in the dry season, the effluents
discharged into rivers presented higher concentrations in this season, contributing to the great
variability observed in the EC, TDS, pH, DO, Cl-, salinity and E. coli values (Figure 8).
Assessing the effect of land use on lake water quality, Pietruszyriski and Cieslinski (2018)
related the highest observed concentration of ions to the proximity of farms that generate
wastewater.

We noted that there were non-significant differences in the total coliform counts among the
three regions (p = 0.969), a non-significant turbidity difference between regions | and Il (p =
0.127), a non-significant E. coli difference between regions Il and Ill (p = 0.140), and a non-
significant temperature difference between regions Il and Ill (p = 0.313). On the other hand,
for all other WQPs, significant differences were observed between regions | and Il and
between regions I and 11l (p <0.05).

Figure 7. Boxplot charts showing the WQPs variabilities in the water quality regions of the PJ River
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5. CONCLUSIONS

Landscape characteristics related to land use type and occupation significantly influenced the
water quality parameters of the sub-basins in the study area. On the other hand, landscape
characteristics related to the shape of the relief and slope did not influence the water quality
parameter values.

The geosystemic approach used in this research, which integrated elements of the spatial
structure of the landscape with physicochemical and microbiological parameter
measurements of the sub-basins, may be used as a complementary strategy for the
regionalization of water quality in basins in which no collected data in the streams are
available.

The regionalization methodology allowed the extrapolation of water quality variable values

collected in the sampled sub-basins to those in the sub-basins without data based on the
similarities defined by the land use and land cover types and the environmental parameters.
The regions defined according to the proposed methodology showed significant differences
among the corresponding total dissolved solids, chloride, electric conductivity, pH, salinity,
resistivity, dissolved oxygen, and nitrate parameter values.
However, these regions did not show significant differences among the corresponding E. coli,
temperature or turbidity parameter values. We recommend that it is necessary to increase the
guantity of samples in future research to assess the significance of the homogeneity of water
guality regions.
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