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Abstract
Changes in the land use and land cover in areas adjacent to water reservoirs directly affect the quality of this
water. This research presents a study on the water quality in the basin of one of the most important public water
supply reservoirs in the city of Juiz de Fora, Minas Gerais. The main objective of this study was to analyze the
behavior of limnological parameters and the correlation with land use and land cover in the contribution basin of
the Doutor João Penido reservoir (CBJPR). The methodology was based on the analysis of water quality
parameters, related to water samples collected from 2012 to 2015. Six sampling points were chosen from
different locations: spring, medium course, main tributaries of the reservoir and the reservoir catchment. The
parameters analyzed were turbidity, total solids (TS), oxygen consumed (OC), dissolved oxygen (DO), electrical
conductivity, total nitrogen (TN), total phosphorus (TP), E. Coli, temperature, pH and total dissolved solids
(TDS). The Kendall’s tau test was used to analyze the correlations between the parameters of water quality, land
use and land cover in the CBJPR. In general, measured parameters showed better results in spring and in
reservoir catchment, showing a worse quality of the water along the tributaries and the dilution power of the
reservoir. The correlations pointed to the need for protection and preservation of forests in strategic locations to
ensure good water quality.
Keywords: environmental monitoring, environmental impact, water resources
1. Introduction
The intensification of the demand for fresh water due to the increase in population, as well as the irregular
distribution between housing and water resources, caused the need to store water in many parts of the planet
(Straskraba & Tundisi, 2013), especially in places close to urban areas. These transformations have a strong
impact on ecosystems and drainage basins (López-Doval et al., 2017; Pickett et al., 2011).
As pointed out by Rebouças et al. (2006), reservoirs are created for a specific primary use, which has a
funreservoirental influence on their morphology, morphometry and limnology. However, many reservoirs, after
their primary use, come to have multiple uses, which leads to a more complex management mechanism.
The water quality of a body of water is impacted, directly or indirectly, by everything that occurs in the drainage
area, especially when there is strong anthropogenic pressure in its surroundings (Nobre et al., 2020). The
presence of untreated sewage and industrial effluents can cause biological and chemical contamination, affecting
the health and life of aquatic species (Brasil, 2014). Erosion and dissipation of water from the surface increase
turbidity and cause water pollution and siltation of the rivers (Pandey et al., 2016). The same occurs with the
pesticides used in agriculture, which can be dragged and cause toxicological risks to aquatic fauna and to people
who use that same water, downstream (Bernhardt, 1990; Carneiro & Andreoli, 2005; Moschet et al., 2014; Palma
et al., 2014).
Water quality is affected by the interaction between natural and anthropogenic factors on a series of temporal and
spatial scales. Among these anthropogenic factors, changes in land cover, for example, can affect the quality of a
watercourse, which makes quality control a challenge due to the complexity of the sources of impact (Nguyen et

108

jms.ccsenet.org

Journal of Management and Sustainability

Vol. 11, No. 1; 2021

al., 2017). The type of land use and vegetation cover have a marked effect on the nutrient load added to the
reservoir (Mello et al., 2018; Rodrigues et al., 2018; Straskraba & Tundisi, 2013).
Studies point out three main aspects that lead to the deterioration of the quality of the water in the reservoirs,
from the organic and inorganic elements conserved in the flooded area or introduced, during and after the flood
(Carneiro & Andreoli, 2005): (a) Transport of nutrients, especially phosphorus and nitrogen, from urbanized
areas, by the release of sewage, and from agricultural areas, by the use of fertilizers; (b) Transport of sediments,
such as sand, silt and clay, to the drainage basin, motivated by processes of erosion and decomposition of organic
matter from plants and animals in the reservoir; (c) Introduction of toxic substances, such as pesticides and
heavy metals, and pathogenic organisms through the atmosphere, sewers and rainfall.
Characterizing the relationship between land use and water quality increases the understanding of anthropogenic
influences on aquatic conditions. This knowledge can help decision makers to improve policies related to land
use in drainage basins, as well as improve practical strategies for the control of pollution caused by the land use.
The limnological and ecological study of reservoirs consists of a fundamental databank for management and
sustainable exploration for their multiple uses (Straskraba & Tundisi, 2013). The water supply springs are
environmental assets that need the attention of the society as a whole, and the monitoring of limnological
variables offers indications regarding all natural and anthropogenic dynamics comprised in the drainage basin
(Gu et al., 2019; Rocha et al., 2014; Tundisi, 2018).
Water resources have been in strong demand in large urban centers with high population density. The lack of
sanitation, inefficient drainage systems and the reduction of vegetation around the body of water can,
consequently, cause a considerable worsening in water quality (ANA, 2010; Oliver et al., 2019; Silva & Poleto,
2017; Tasdighi et al., 2017). Machado (2012) states that in Juiz de Fora, where the rapid urban expansion occurs,
in many cases, in the direction of the areas where the water springs for the public supply of the city are located,
the issues concerning the misuse of water resources, lack of planning and inadequate management are very
evident, which creates serious problems for the water springs used for public supply. Urbanization is a
transformation trend that causes variabilities in the hydrological cycle and propagates changes in the water
quality of water resources (Pickett et al., 2011). In this context, there is a need to analyze the procedures
regarding land use and cover and their implications for the aquatic environment.
The present study was carried out in the Contribution Basin of the Dr. João Penido Reservoir (CBJPR), located
in the city of Juiz de Fora (MG), in the southeastern region of Brazil. Due to the importance of the reservoir for
the city of Juiz de Fora, the quality of its water was the subject of investigation by some authors (Rocha &
Branco, 1986; Pereira, 1991; Rocha et al., 2014; Bucci & Oliveira, 2014; Bucci et al., 2015; Rocha & Pereira,
2016; Rocha et al., 2020).
This article aims to analyze the correlation between water quality parameters and land use and land cover in the
CBJPR, in the period between 2012 and 2015. The results presented can contribute to the field of environmental
management, presenting the situation of the CBJPR, and also, it can be a basis of comparison for current and
future works in the area.
2. Method
2.1 Characterization of the Study Area
The contribution basin of the Dr. João Penido reservoir is located in the north of the city of Juiz de Fora, state of
Minas Gerais, southeastern Brazil. The climate of the region has two well-defined seasons, a rainy season, from
October to April, with high temperatures and high average rainfall, and another, a dry season, from May to
September, with less rain and colder (Juiz de Fora, 2004).
The Dr. João Penido reservoir was built through the damming of the Burros stream, also having the Grama
stream and the Vista Alegre stream as important tributaries. The works ended in 1934, with the sole purpose of
serving as a reservoir for the accumulation of water to supply the city of Juiz de Fora. Currently, it supplies about
50% of the city (CESAMA, 2019). Figure 1 presents a map showing the location of the city of Juiz de Fora and
the CBJPR.
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Figure 1.. Location mapp of the contribbution basin off the Dr. João P
Penido reservooir, Juiz de Forra – MG, autho
ors’
own study (adaptedd from Rocha et al., 2019a)
2.2 Sampliing Points
The sampling points were chosen byy the team froom the Geo E
Environmental Analysis Cennter of the Federal
Universityy of Juiz de Fora—FUJF,
F
inn the period pprior to May 2012, meetingg the criteria established by
y the
National G
Guide for Saample Collectiion and Preseervation—CET
TESB (2011).. The study w
was based on
n the
locational criteria and onn the use of thhe tool Googlee Earth to idenntify the area; on-site visits were also made to
assess andd identify differrences in physsiognomy, posssible impacts oon the waters aand the contribbution of tributtaries
to the Dr. João Penido reservoir.
r
The geographical coordinates off the samplingg points, in thee horizontal Datum
WGS-84, w
were obtained with the aid oof a Garmin GP
PSmap 76CSxx model GPS.
The point P1 represents the water witth the minimuum of anthropoogenic interferrence since it iis the spring of
o the
Vargem G
Grande stream. Point P2, locaated in the meedium course oof the Burros sstream, reflectts the conditions of
the water coming from the spring annd subject to thhe effects of lland use and ccover in the ssub-basin. Poin
nt P3
represents the mouth off the Burros sstream in the reservoir, whiich is in a waater passage uunder the High
hway
AMG-30885, opened in 2017
2
and locateed in Barreira do Triunfo. Pooint P4 is locatted next to a pprivate property
y and
is on the ccontinuity of Highway
H
AMG-3085, undeer a triple tubuular culvert m
made of concreete, it is a very
y flat
region, beiing the sectionn that suffers tthe most with the changes rresulting from the constructiion of the high
hway.
The roads reduce conneectivity and floow of materials (García-Moontoya et al., 22016; Pocewiccz & Garcia, 2016;
2
Brejão, 20012; Pringle, 20006), being occcasionally souurces of pollutiion. The operaation and maintenance of the road
facilitates the transport of
o sediments, debris and toxxic elements (ooils and greasees), resulting in the worsenin
ng of
water quallity (Forsyth ett al., 2006; Goodwin et al., 20003). Point P5, like P4, is loocated in a veryy flat region within
w
Enseada C
Condominium and its waters also have a loow speed. Finaally, the data rrelated to poinnt P6 representts the
water that will be treatedd at the Water Treatment Plaant Marechal C
Castelo Brancoo, in view of thhe proximity to the
water catchhment point off the Municipaal Sanitation C
Company - CES
SAMA. Table 1 presents the sampling poin
nts in
the CBJPR
R and Figure 2 illustrates thee main tributariies, as well as the location off the points.
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Table 1. S
Sampling poinnts in the CBJJPR—Coordinnates in the U
UTM system, datum SIRGA
AS2000, zone 23K
(authors’ oown study)
Point
P1
P2
P3
P4
P5
P6

X
667601
668961
665994
668896
668350
665212

Y
7614960
7610333
7607674
7608454
7605570
7601233

Descripption
Spring of the Vargem Grrande stream
Medium
m course of the Buurros stream
Mouth of the Burros streeam
Grama stream
Mouth of the Vista Alegrre stream
Water C
Catchment

Figuure 2. Main tribbutaries of the CBJPR and saampling pointss, Juiz de Fora – MG (authorrs’ own study)
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2.3 Data Concerning Water Quality
The water quality data were provided by GEAC and refer to collections performed monthly between May 2012
and October 2014; in December 2014; in March 2015 and two collections in the month of April 2015, totaling 34
(thirty-four) collections. The time span concerning the analysis of water quality favors the understanding of the
relationship with land use and avoids distortions caused by seasonal variations and occasional discharges that
may occur (Mello et al., 2018). The samples were collected at 6 (six) sampling points distributed throughout the
CBJPR. The field procedures were guided by the National Guide for Sample Collection and Preservation
(CETESB, 2011). At each sampling point, 5 liters of water were collected for further analysis of the parameters.
The analyzes were carried out at DLEA—Dynamic Laboratory of Environmental Analysis—and at
LAE—Laboratory of Aquatic Ecology, both from FUJF. The laboratory procedures adopted followed those
described in the APHA (2012). As for coliform analyzes, these were performed in a private laboratory.
The databank provided by GEAC is composed of 17 water quality parameters, namely: temperature, pH, total
solids, electrical conductivity, turbidity, silicate, dissolved oxygen, oxygen consumed, chemical oxygen demand,
biochemical oxygen demand, nitrate, nitrite, ammonia, organic nitrogen, total nitrogen, total phosphorus and E.
Coli. From the data provided, the number of water quality parameters to be used in this study was reduced, these
being listed in Table 2. The table also informs the number of observations (N° obs.) recorded for each water
quality parameter, per sampling point, as not all collections present analysis of all parameters.
Table 2. Quality parameters of the water of the CBJPR – 2012 to 2015 (authors’ own study)
Parameter

Unit

Nº obs
P1
28
31

Nº obs P2

Nº obs P3

Nº obs P4

Nº obs
P5
27
32

Nº obs P6

Total solids (TS)
mg.L-1
28
28
28
28
Electrical conductivity
µS.cm-1
32
30
31
31
(Cond)
Turbidity (Turb)
UNT
32
32
32
32
32
32
OD
mg.L-1
32
32
28
24
30
30
28
28
28
28
28
26
OC
mg.L-1
Total nitrogen (TN)
mg.L-1
32
32
32
32
32
32
Total phosphorus (TP)
mg.L-1
31
32
32
31
32
32
15
15
16
15
15
16
E. Coli
NPM.100ml-1
Note. pH: potential of hydrogen; DO: dissolved oxygen; OC: oxygen consumed; COD: chemical oxygen demand; BOD: biochemical oxygen
demand; E. Coli: Escherichia Coli

2.4 Land Use and Land Cover in the CBJPR
The data to analyze the associations between the percentages of the classes land use and land cover in the
sub-basins of each sampling point and the results of the water quality parameters were derived from the map of
land use and land cover of the CBJPR, for the year 2013.
The classes were defined from an observation of the landscape through images of the region studied, using the
Google Earth Pro, other related works (Ribeiro, 2012; Casquin, 2016; Oliveira, 2018; Rocha et al., 2019a; Rocha
et al., 2020) and the study of the land use and land cover manual published by the IBGE (2013). Several studies
use the identification of the different uses of land located around the area of a reservoir to assess the impact on
water quality (Clément et al., 2017; Mehdi et al., 2015; Nguyen et al., 2017). Table 3 presents the classes used in
this research and their descriptions.

112

jms.ccsenet.org

Journal of Management and Sustainability

Vol. 11, No. 1; 2021

Table 3. Classes of land use and land cover (authors’ own study)
Class
1. Urbanized area

2. Pasture

3. Exposed land

4. Dirty pasture

5. Arboreal
vegetation

6. Wetland

7. Reservoir

Description
“They comprise areas of intensive use, structured by buildings and road systems, where non-agricultural artificial
surfaces predominate.” (IBGE, 2013). In addition to residences, infrastructure works were considered in this research
(paved roads and impermeable areas).
In the CBJPR, the soil covered with grassy vegetation was included in this class. In general, it is used for pasture, and,
according to IBGE (2013), this class corresponds to “the area for cattle grazing, formed by planting perennial forages
or using and improving natural pastures. In these areas, the soil is covered by grasses and/or leguminous vegetation,
the height of which can vary from a few decimeters to a few meters”.
The areas of exposed land are characterized by not presenting any type of cover, that is, they are bare (Ribeiro, 2012).
The areas without vegetation cover or building and those that are not flooded were considered in this class. In the
CBJPR, an unpaved road was also considered as exposed land.
The areas of the class dirty pasture correspond to those that are in a state of regeneration and are occupied by
herbaceous and shrubby species, probably due to the abandonment of the pasture area (Ribeiro, 2012). It is an
intermediate class between pasture and arboreal vegetation. They are located both in the high regions of the local
relief as well as in the low areas subject to flooding.
The class “areas of natural vegetation”, proposed by the IBGE (2013), comprises a “set of forest and field structures,
ranging from original (primary) and altered forests and fields to secondary spontaneous forest, shrubby, herbaceous
and/or grassy-woody formations, in different successional stages of development, distributed across different
environments and geographical situations.” In the studied area, it was considered as a remnant of the Atlantic Forest.
Through the image, it was not possible to separate the different successional stages, nor the phytosociological
variations. Therefore, in this class, eucalyptus plantations were also considered.
This class corresponds to “areas that are generally close to water reservoirs and the natural courses of the rivers or
following the drainage network. They are usually located in the lower parts” (Ribeiro, 2012). In the CBJPR, they are
the wetland regions of the watercourses. It is associated with the presence of bodies of water.
With regard to the class “waters” proposed by the IBGE (2013), these include “all classes of inland and coastal
waters, such as watercourses and channels, naturally closed bodies of water, with no movement, and artificial
reservoirs, in addition to coastal lagoons or ponds, estuaries and bays.” In the case of the studied area, there is the Dr.
João Penido reservoir.

For the elaboration of the land use and land cover map, an image of the region studied was obtained from the
Landsat 8 satellite, on 02/02/2013, this date being chosen because it is within the period of collection of water
samples. Through the Impact toolbox program, an automatic classification was performed, grouping into classes
objects that present similarity in their spectral responses. This tool offers a pixel-based classification product to
be used in processing steps, such as segmentation and mapping of land cover, resulting in a thematic map, in
which each group of pixels of the original image was classified into one of the classes previously defined. Then,
a review of the automatic classification by groups of pixels was carried out, manually, through the observation of
a georeferenced image from Google Earth taken on the same date, in order to correct any errors. For this purpose,
the ESRI ArcGIS 10.3 software was used.
2.5 Statistical Analysis of the Data
Regarding the CBJPR, in order to reduce the number of water quality parameters to be analyzed, a cluster
analysis was carried out. The grouping of the variables was based on a degree of similarity, sufficient to bring
them together in the same set. Thus, based on the results of this study, the analysis of the water quality of the
CBJPR can become simpler and have a lower cost. From the dendrogram, the parameters that best represented
certain groups of variables were selected. This analysis, with the respective graphical result, was performed in
the R software. This technique was also used by Sabino et al. (2017) and by Oliveira (2018) to select water
quality parameters to be used in their research, from a larger set of data. Bufon and Landim (2007) used this
technique to group the same water quality parameters in the dry season and in the rainy season to analyze
whether there was a different behavior between seasons.
To investigate whether there is a relationship between land use and land cover and water quality, an analysis was
made regarding the percentages of land use and land cover in each sub-basin of the 6 sampling points, which was
related to the data of the water quality parameters selected at each sampling point. The water quality parameters
presented in Table 2 did not show a normal distribution, requiring the application of a non-parametric correlation
test. Kendall’s tau test was used. This same test was also used by Jia et al. (2018) to correlate groundwater
pollution rates with land use.
In addition to Kendall’s tau, p-values (with a significance level of 5%) were calculated for each combination of
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land use and land cover and water quality parameters, using the R software. Rocha et al. (2020) used a method
similar to this, in which they calculated the Spearman’s “ρ” to analyze the dynamics of limnological parameters
and land use and cover. This method is also similar to Pearson’s “R”, used by Vanzela et al. (2010) and Buck et
al. (2004) to correlate land use with surface water quality.
3. Results and Discussion
3.1 Land Use and Cover in the CBJPR
The classes of use and cover of the land encompassed in the CBJPR, in 2013, are shown in Figure 3. The
contribution basin has a total area of 59.482 km². The area occupied by class and the percentage that each
represents in the total area of the CBJPR are shown in Table 4.
The map shows the classes of land use and land cover, the delimitation of the contribution basin, the location of
the sampling points in the basin and the sub-basins of each point. The delimitation of the contribution basin was
obtained through the databank provided by the City Hall of Juiz de Fora (aerophotogrammetric flight performed
in June 2007). The sub-basins of each sampling point were generated using the ESRI ArcGIS 10.3 software, with
the use of the Hydrology tool, from the level curves of the Light Detection And Ranging (LIDAR) of the City
Hall of Juiz de Fora. The hydrographic network was obtained from the Spatial Data Infrastructure of the State
System of Environment and Water Resources (SDI-Sisema).
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Figure 3. Map
M of land uuse and land coover of the CBJJPR – 2013 (auuthors’ own sttudy)
Classes of landd use and land cover in the C
CBJPR – absoolute area and ppercentage areea – 2013 (autthors’
Table 4. C
own studyy)
Class
TOTAL
Pasture
Dirty pastuure
Arboreal vvegetation
Reservoir
Wetland
Urbanized area
Exposed laand

Area (km²)
59.482
36.089
10.638
6.296
2.671
2.316
0.977
0.495

115

Area (%)
100.00
60.672
17.884
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4.490
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Table 5 shows the percentage that each class of land use and land cover occupies in the total area of each
sub-basin of the sampling points. In order to carry out statistical analyzes of the correlation of water quality with
land use and land cover, a section of the area of the sub-basins of points P2, P3 and P6 was considered,
excluding the sub-basins located upstream of the point, as shown in Figure 3.
Table 5. Area, as a percentage, of each class of land use and land cover in the sub-basins of each sampling point
(authors’ own study)
Class

Pasture
Dirty pasture
Arboreal vegetation
Reservoir
Wetland
Urbanized area
Exposed land

Sub-basin P1
Area
%
32.741
15.228
51.777
0.000
0.000
0.254
0.000

Sub-basin P2
Area
%
62.036
23.427
13.493
0.000
0.256
0.707
0.082

Sub-basin P3
Area
%
61.288
21.144
10.503
0.000
5.535
0.575
0.955

Sub-basin P4
Area
%
72.352
15.750
8.232
0.000
0.155
0.217
3.293

Sub-basin P5
Area
%
68.110
22.324
8.526
0.000
0.269
0.355
0.416

Sub-basin P6
Area
%
56.438
13.079
9.827
10.450
6.181
3.129
0.896

Analyzing the map in Figure 3 and Tables 4 and 5, it is possible to verify that the basin is occupied, for the most
part, by pasture areas and that most of the urbanized area is in the sub-basin of point P6, especially on the banks
of the reservoir, occupying, in some cases, riverside areas, a situation also observed by Rocha et al. (2019b). The
riverside area is the interface between terrestrial and aquatic ecosystems, playing an important role in the transfer
of nutrients and sediments (Kuglerová et al., 2014). The riparian forest can contribute to the protection of water
quality, however, it is one of the most degraded ecosystems in the world (Kuglerová et al., 2014; Nilsson &
Berggren, 2000). It is also observed that the sub-basin at point P1 is the one with the highest proportion of
arboreal vegetation.
3.2 Selection of Water Quality Parameters
From the group of data provided by GEAC, a cluster analysis was carried out in order to select the parameters
used in this study, and make an association between these and the classes of land use and land cover in the
studied basin. Cluster analysis is an agglomerative hierarchical multivariate technique, the result of which
presents maximum homogeneity of objects within groups and, at the same time, maximum heterogeneity
between groups (Rong, 2011). By reducing the number of variables to be monitored and analyzed, the costs
related to field activities and analysis of collected samples can also be reduced.
Regarding the choice of parameters, those that could prove the hypothesis of this research were chosen, that is,
that the land use and land cover in the CBJPR can degrade water quality. Figure 4 presents the identified groups.
The response variables that were selected are those presented in Table 2, namely: TS, Cond, Turb, DO, OC, TN,
TP and E. Coli.
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Figure 4. Cluster analysiss of water quallity variables – dendrogram ((authors’ own study)
Note. TS: tottal solids; OC: oxxygen consumed; T
TN: total nitrogenn; NH4: ammoniaa; NO2: nitrite; TP
P: total phosphoruus; NO3: nitrate; Norgt:
N
organic nitroogen; turb: turbiditty; SiO3: silicate; Ph: potential of hhydrogen; DO: dissolved oxygen; C
COD: chemical oxxygen demand; E. Coli:
Escherichia C
Coli; temp: temperature; cond: electtrical conductivityy; BOD: biochemiical oxygen demannd.

In the denndrogram (Figgure 4), from left to right, the first grouup is formed oonly by the pparameter TS. This
represents the presence of solids in thhe water, whetther they are ssuspended, disssolved or collloidal. The imp
pacts
related to human action can intensify the erosive prrocesses in thee drainage basiin, carry solidss into the bodiies of
water and lead to the diischarge of eff
ffluents into thhe bodies of w
water (Tasdighii et al., 2017).. In the case of
o the
CBJPR, thhe works on the Highway AMG-3085 tthat involve soil movementt and the disccharge of efflu
uents
without prrevious treatment may causee changes in thhis parameter iin the water. A
According to M
Mello et al. (2018),
most Brazzilian rivers haave a high inciidence of orgaanic waste, feccal coliforms, phosphorus annd nitrogen, due to
the lack off sanitation.
The seconnd group contains the param
meters OC, TN
N, NH4, NO22, NO3, TP aand Norg. Thiis group represents
indicators of organic loaad and nutrientts present in thhe water. Withiin the group, cconsidering thee availability of
o the
readings, tthe parameterss OC, TN and T
TP were choseen. The parameeter OC was chhosen becausee it is considere
ed an
effective iindicator of thhe presence off organic mattter, as it indicates the oxygen consumed in its degrada
ation.
Accordingg to Valente et
e al. (1997), the term “oxyygen consumeed” chemicallyy has the sam
me meaning as the
chemical ddemand for oxxygen, which is an indicatoor of organic matter based on the concenntration of ox
xygen
required too oxidize orgaanic matter. On the other haand, the choice of TN and T
TP was due too the fact that they
represent important nutrients for the growth of alggae and aquattic plants, whhich, in high cconcentrations, can
degrade thhe multiple usees of these waaters, comprom
mising the quaality of the waater for publicc supply or cau
using
eutrophicaation and deathh of aquatic orgganisms (Santoos et al., 2017; Shi et al., 2017; Wang & Y
Yin, 1997; CET
TESB,
2016). In tthe case of thee CBJPR, theyy can be associiated with dom
mestic sewage dumps and ferrtilizers used in the
soil, whichh can be carrieed into the boddies of water. In the case off the supply reservoirs, anothher consequence of
the presennce of nutrientss is the increasse in water treeatment costs, due to the toxxicity of many algae, the rem
moval
of the algaae itself and thee removal of ccolor, taste andd odor.
The third ggroup is formeed by the paraameters turbidiity, SiO3, pH aand DO. These variables maay be related to the
presence oof organic mattter in the water and materiaal carried into the watercourrses from soil erosion. From
m this
group, the turbidity variable was chossen, since channges in the deggree of turbiditty require operrational maneu
uvers
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at Water Treatment Plants, such as changes in the dosages of coagulants and auxiliaries, and the treatment of
turbid waters for human consumption is expensive (CETESB, 2016). The parameter DO was chosen because it is
an important parameter with regard to water quality and fundamental for maintaining the dynamics of aquatic
ecosystems, furthermore, it shows the balance between the processes that produce and consume oxygen in the
body of water (Ahmed, 2017), being one of the main ones regarding the monitoring of water quality (Kisi et al.,
2020). An adequate supply of DO is essential for the maintenance of self-depuration processes in natural aquatic
systems (CETESB, 2016). According to Rocha et al. (2019a), DO is a fundamental parameter for aquatic life,
and an environment with low dissolved oxygen can be considered polluted. In the case of the CBJPR, the factors
that can reduce the concentration of DO are the presence of organic matter and nutrients.
In the fourth group are the parameters COD, E. Coli, temperature, Cond and BOD. This group represents
indicators of organic matter, from sewage discharge without prior treatment. The parameter E. Coli was chosen
because it is a bacterium that does not reproduce in water or in the soil, but exclusively inside the intestines of
homeothermic animals (CETESB, 2016). The detection of E. Coli in the body of water is indicative of
contamination by fecal waste, and is used by several countries to monitor water quality (WHO, 2016). Electrical
conductivity was chosen because, according to Oliveira (2018), it shows the change in the quality of a body of
water, so, in the case of the CBJPR, it can be a good indicator of pollution at specific points or at the same point
over time. Electrical conductivity correlates to numerous water quality variables. Wang and Yin (1997) found 60
variables that were significantly correlated to it. It should be noted that the parameter COD was not chosen, since
DO was chosen in the second group, and it has a behavior similar to that. Finally, although BOD is an indirect
indicator of the amount of organic matter present in the water, being important for the control of water and
sewage treatment plants, this parameter was not chosen due to the fact that there are some outliers in the
database, in addition to some months in which this parameter was not included, which could compromise the
analyzes and correlations made in this study.
3.3 Kendall’s Tau Correlating Land Use and Land Cover in the CBJPR with Monitored Water Quality
Parameters
In order to statistically analyze how the association between land use and land cover and water quality occurs,
this section of the paper presents a discussion regarding tau values, the result of the Kendall’s tau nonparametric
test, which correlated the data regarding the water quality parameters presented in Table 2 with the percentages
of land use and land cover classes in the CBJPR, presented in Table 5. The p-values (with a significance level of
5%) were also calculated for each combination of land use and land cover and water quality parameters. Table 6
shows the Kendall’s tau values. The values marked with * indicate a p-value less than 0.05 (with a significance
level of 5%), which were then analyzed.
Table 6. Kendall’s tau correlating water quality parameters with land use and land cover in the CBJPR (authors’
own study)
Pasture

Dirty
Arboreal
Reservoir
Floodplain
Urbanized area Exposed
pasture
vegetation
land
Turbidity
0.38*
0.22*
-0.32*
0.07
0.22*
0.13
0.32*
TS
0.19*
0.04
-0.19*
0.02
0.06
-0.07
0.19*
OC
0.23*
0.14
-0.19*
0.06
0.14
0.06
0.21*
DO
-0.33*
-0.21*
0.31*
0.11
-0.05
0.27*
-0.27*
TN
0.32*
0.29*
-0.17*
-0.09
0.04
-0.02
0.21*
TP
0.23*
0.06
-0.18*
-0.01
0.01
-0.04
0.26
Cond.
-0.07
-0.10
0.02
0.04
-0.01
-0.07
0.03
E. Coli
0.42*
0.33*
-0.22*
-0.14*
0.03
-0.01
0.20
Note. TS: total solids; OC: oxygen consumed; DO: dissolved oxygen; TN: total nitrogen; TP: total phosphorus; Cond.: electrical conductivity;
E. Coli: Escherichia Coli.

The class “pasture” showed expected correlations with water quality parameters. The positive correlation with
OC (tau = 0.23) may indicate the consequence of livestock activities in the transport of organic matter to bodies
of water, which is evidenced by the negative correlation with DO (tau = -0.33). Vanzela et al. (2010) also found a
positive correlation between DO and pasture. The positive correlation with the nutrients TN (tau = 0.32) and TP
(tau = 0.23) can also point to the effect of the transport of nutrients from these activities to bodies of water
(Rocha et al., 2019a). Similar results with the nutrients TN and TP were observed by Buck et al. (2004). These
results are in line with what Oliveira (2018) points out, namely that the impact of the class pasture on water
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quality is related to the transport of nutrients, especially TN and TP, which result from the use of fertilizers used
to enrich the pasture. E. Coli is related to the excrement of animals, thus presenting a positive correlation (tau =
0.42). Finally, the positive correlation with turbidity (tau = 0.38) and TS (tau = 0.19) shows that there is a
transport of material to the bodies of water. When there is less soil coverage and less protection against the
erosive action of rain, the generation of material to be eroded and transported to the watercourse bed is more
likely.
The correlations between the class “dirty pasture” and the parameters DO (tau = -0.21), TN (tau = 0.29), E. Coli
(tau = 0.33) and turbidity (tau = 0.22) presented tau values similar to those of the correlation of these parameters
with the class “pasture”, however, with lower values. The class “dirty pasture” was considered in this research as
representing those areas that are in a state of regeneration, probably due to the abandonment of the pasture area.
The class “arboreal vegetation” showed negative correlations with the parameters TS (tau = -0.19) and turbidity
(tau = -0.32), which can be explained by the ability of vegetation to prevent water dissipation from the surface,
therefore making it difficult to carry materials. According to Nunes et al. (2019), the forest is extremely
important for the maintenance of the integrity of a drainage sub-basin, due to its diverse functions, such as, for
example, the filter function, filtering all the water coming from the adjacent areas that drain into the waterways.
With this “filter”, many sediments, toxic products and nutrients are retained, mainly TP and TN, which, in excess,
cause the water eutrophication process. This statement may explain the negative correlations with TN (tau =
-0.17) and TP (tau = -0.18). The class “arboreal vegetation” also showed a negative correlation with E. Coli (tau
= -0.22), which shows less human presence and animal husbandry. The same class showed a positive correlation
with the parameter DO (tau = 0.31) and a negative one with the OC (tau = -0.19). These correlations point to the
importance of preserving and protecting vegetation in strategic areas, such as riverside areas, for the availability
and quality of the water of springs. Similar results were found by Casquin (2016) and Rocha et al. (2020). Rocha
et al. (2019b) point out that, of the entire permanent preservation area (PPA) of the water bodies of the CBJPR,
only 17% is occupied by forest and, with regard to the PPA of the reservoir banks, this number is only 15%. If
the rest of the APP were reforested, in the long term there could be a significant improvement in the availability
and quality of water. According to Vanzela et al. (2010), the areas occupied by forests favor the increase of the
specific flow due to the greater coverage, promoting the stability and infiltration of water in the soil, as they
provide a reduction in the intensity of the dissipation of water from the surface. The conservation of the forest in
the springs is an important factor in terms of preventing the degradation of water quality in streams. The
preservation of riparian forests is necessary to protect the streams and conserve water quality. The restoration of
the riparian forests, by increasing forest cover and decreasing agriculture and pastures, can decrease the loads of
sediment, nitrogen and phosphorus in the drainage basin (Mello et al., 2018; Taniwaki et al., 2017).
Analyzing the tau values for the correlations between water quality parameters and the classes “pasture”, “dirty
pasture” and “arboreal vegetation”, it can be observed that the values for the class “dirty pasture” are between
the values for the classes “pasture” and “arboreal vegetation” regarding the parameters DO, E. Coli, turbidity,
TN and TP. These values are consistent with the description of the classes, since “dirty pasture” can be
considered an intermediate class between “pasture” and “arboreal vegetation”. If the areas of “dirty pasture”
remain abandoned, they tend to become an area of “arboreal vegetation” at an early stage of succession.
The class “reservoir” showed a negative correlation with the E. Coli (tau = -0.14) and the class “Floodplain”
showed a positive correlation with turbidity (tau = 0.22). This class corresponds to the vegetation of the flooded
areas, rich in mineral and organic sediments, which may explain this association.
The class “urbanized area” showed a positive correlation with DO (tau = 0.27). This result is contradictory from
the environmental point of view. The following facts may explain this positive correlation: the highest values of
DO were at point P6, the point of water collection by the Cesama, in which there is a greater volume of water
and, consequently, a greater dilution. The sub-basin at this point is the one with the highest percentage of the
class “urbanized area” (3.129%) and, through the land use and occupation map, it can be seen that the
anthropogenic occupation is greater on the banks of the reservoir. This correlation was also presented by Rocha
et al. (2020), which claim that this result needs to be further investigated. As a limitation of the statistical method
used, there is the fact that the classes of land use and land cover are not independent (as they were considered),
that is, an increase in the percentage of the class “urbanized area” causes a decrease in the other classes.
The correlations with the class “exposed land” presented the expected results. The positive correlation with
turbidity (tau = 0.32) indicates that material is carried into the bodies of water, which is corroborated by the other
correlations, namely those positive with the OC (tau = 0.21) and with the nutrient TN (tau = 0.21) and negative
with the DO (tau = -0.27). The areas of exposed land are those considered in this research as bare. According to
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Peña-Arancibia et al. (2019), the deforestation of areas with vegetation, especially the riparian areas, as well as
the incorrect use of the soil, reduce the infiltration rate, increase the dissipation of water from the surface and
may cause the reduction of groundwater recharge. As a consequence of the removal of the vegetal covering from
the spring areas, there is an increase in the volume and speed of the dissipation of water and erosion, which
directly affects the quality and hydrodynamics of the bodies of water.
It is interesting to mention a study carried out in Juiz de Fora, in which part of the databank regarding water
quality parameters used in that study is the same used in this research. Rocha et al. (2020) correlated the
limnological parameters of the main tributaries of the Dr. João Penido and São Pedro reservoirs, also located in
the city of Juiz de Fora, with land use in the drainage basins of these springs, using Spearman’s “ρ” correlation
coefficient. Water samples were collected monthly between May 2012 and December 2013, at 6 points in the
CBJPR and at 4 points in the contribution basin of the São Pedro reservoir, totaling 10 sampling points.
Regarding the results, they demonstrated that the class Forest brought a significant increase in DO and a
significant decrease in TN, TP and TS. The pasture caused a significant increase in coliforms, TS and TP, being
possible to notice, on the other hand, a decrease in DO, corroborating the results found by Rocha et al. (2019a) in
work carried out in that same area. The class Urbanization caused a significant increase in DO, coliforms,
turbidity, conductivity and a significant decrease in TN. The results presented are similar to those of this research.
They also point out, in relation to the Highway AMG-3085, that it may boost the densification of urban
expansion, which is not desirable regarding water quality. The protection of native vegetation in the areas
adjacent to the springs is essential for the management of the drainage basins and for the maintenance of water
quality (Mello et al., 2018).
Literature has been linking water quality with land use and the state of conservation of the vegetation cover in
the drainage basins, reporting that the higher the level of preservation in the basin, the better the quality of its
water (Rabelo et al., 2009; Menezes et al., 2014; Kändler et al., 2017; White et al., 2013).
3.4 Discussions and Recommendations
In a current study conducted in the CBJPR and developed between the years 2019 and 2020, Lana (2020)
performed readings of water quality parameters with a multiparametric probe at the same six sampling points
and observed that some qualitative parameters of water show significant differences by sampling point and by
season, namely dry and rainy. Among the parameters analyzed by Lana (2020) are DO and Cond., which are
parameters in common with those of this research. At points P1, spring, where there is a fragment of forest that is
better preserved, and P6, catchment of the reservoir, readings indicate better water quality. At intermediate points
(P2, P3, P4, P5), readings indicate a drop in water quality, with point P4 showing the worst results. This behavior
is similar to that observed with regard to data for the years 2012 to 2015. As pointed out by Lana (2020), point
P1 (spring) presents the lowest level of anthropogenic interference, and point P6 (catchment) presents a greater
dilution capacity and can be characterized as a recovery zone.
However, it is necessary to continue monitoring the water quality of the CBJPR, so that the impacts caused by
anthropogenic interference addressed in this research can be monitored and evaluated. This monitoring is a
fundamental tool, providing assistance in decision-making to prevent problems resulting from the deterioration
of water quality from causing damage to the normal use of the spring, making it impossible or significantly more
expensive its use for public supply.
There are municipal laws that regulate the use of the basin to protect the reservoir. However, there is the
occurrence of anthropogenic occupations on the banks of the reservoir, which demands the need for greater
inspection regarding land use and land cover in the CBJPR. Protection of riverside areas is recommended, with
the recovery of those areas through riparian vegetation. Riparian vegetation is essential for the protection of
watercourses.
Regarding the sampling points P2, P3, P4 and P5, there are culverts that break the connectivity of the
hydrological network and impair the flow of matter, energy and organisms, which promotes the proliferation of
aquatic macrophytes. Their roots hinder the flow of water and the lack of maintenance is reflected in the siltation
of the watercourses and the water reservoirs, which ultimately reduces their storage capacity. Attention is
recommended to these places in order to perform continuous maintenance to avoid the accumulation of materials
and the proliferation of macrophytes.
Regarding the land use and land cover in the CBJPR, it is worth mentioning the installation of the Highway
AMG-3085, which, when crossing the contribution basin, poses risks to the reservoir. Traffic accidents can
release substances that will cause water pollution. Regular use of the highway itself generates an environmental
impact due to emissions from vehicles. The road was released for use in 2017, which induces anthropogenic
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occupation in its adjacent areas. Thus, a control action and good management of the basin are necessary, aiming
to preserve the water quality of the reservoir for public supply. The control action is important both to avoid the
growth of occupations in the area of the basin, such as the urbanized area and pasture, and to ensure that there
are requirements for sewage treatment, in view of the fact that untreated domestic effluents are discharged into
the bodies of water.
4. Conclusion
This study aimed to analyze the associations between water quality parameters and land use and land cover in
the CBJPR, between 2012 and 2015. The correlations between the percentages of the classes of land use and
land cover and the results of water quality parameters pointed to the need to protect and preserve the arboreal
vegetation, highlighting its importance for the quality and quantity of water in the springs. Changing the data
series or choosing another correlation variable can change the associations that were observed, considering that
other factors, in addition to land use and land cover, influence water quality, such as, for example, morphology,
geology and soils, which were not taken into account in this research.
Among the limitations identified during the research, it can be highlighted that, in order to obtain more
significant conclusions and more reliable results regarding the association between the variables analyzed using
the Kendall tau test, it is pertinent to have increasingly frequent periods of monitoring of water quality and land
use and land cover.
In general, it is evident, from the content presented, that the contribution basin of the Dr. João Penido reservoir
requires urgent measures for the environmental management of the area, in order to preserve the water of the
reservoir, which is used for public supply.
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