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Abstract
The water quality is related to the hydrologic and limnologic properties of ground and surface water, and significant 
efforts have been made to monitor water sources to understand the effects of land use changes in agricultural areas, 
with significant socioeconomic activities. The objective of this study was to evaluate the qualitative aspects of surface 
water in subbasins related to land use. Samples were analyzed in terms of physical and chemical parameters on monthly 
discrete water quality sampling in four representative sites at first order subbasin streams, located at the Polo Regional 
Centro Norte, Pindorama County, State of São Paulo, Brazil. The land use classification was made by visual detection 
technique in a multispectral satellite data obtained from LandSat8- spectral bands of the OLI sensor. The watershed 
was classified into major land cover/use classes and overlay maps generated in ArcGIS 10 indicated a significant shift 
from natural vegetation to agriculture activities. Water quality monitoring was according to the brazilian protocol and 
the results were submitted to analysis of variance (ANOVA). The values obtained differ significantly at each sampling 
point - subbasins, reflecting the effects of land use on water quality. Soil conservation management is important to 
optimize soil use in order to contribute to the control of water pollution and the formulation of a public policy is 
necessary for the conservation of water and soil resources.

Keywords: soil management, agroecosystems, land use policy.

Efeito do uso do solo em sub-bacias na qualidade da água: um estudo de caso 
na Bacia do Córrego da Olaria, Estado de São Paulo, Brasil

Resumo
A qualidade da água está relacionada com as propriedades hidrológicas e limnológicas das águas subterrâneas e 
superficiais, e esforços significativos devem ser realizados para monitorar as nascentes no intuito de compreender os 
efeitos das mudanças no uso da terra em áreas agrícolas, com atividades socioeconômicas significativas. O objetivo 
deste estudo foi avaliar os aspectos qualitativos das águas superficiais de bacias hidrográficas e correlacionar com o uso 
do solo. As amostras foram analisadas em termos dos parâmetros físicos e químicos na amostragem mensal discreta 
da qualidade da água, em quatro locais representativos de nascentes em microbacias de primeira ordem, localizadas 
no Polo Regional Centro Norte, Pindorama, Estado de São Paulo, Brasil. A classificação do uso do solo foi feita por 
técnica de detecção visual em uma imagem multiespectral de satélite LandSat8- bandas espectrais, sensor OLI. O uso 
do solo foi classificado nas principais classes de uso e os mapas de sobreposição gerados no ArcGIS 10 indicaram 
uma mudança significativa da vegetação natural para as atividades agrícolas. O monitoramento da qualidade da água 
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1. Introduction

The global development must consider the natural 
resources, managed and conserved based on the orientation 
of technological and institutional change, in such a manner 
as to ensure the attainment and continued satisfaction 
of human needs, for the present and future generations 
and for fighting global hunger (Food and Agriculture 
Organization of The United Nations, 1993; Brasil, 1988; 
Food and Agriculture Organization of The United Nations, 
2015). The sustainability in land uses conserves soil, water, 
plant and animal genetic resources and is environmentally 
non-degrading, technically appropriate, economically viable 
and socially acceptable (Food and Agriculture Organization 
of The United Nations, 1993). To development the economic 
activities in agriculture is necessary to understanding 
the area that occurs the management of those activities 
(Maucieri et al., 2014; Jung et al., 2016).

The watershed is considered as a territorial unit for 
soil and water management (Pissarra, 2002; Tundisi, 
2008; Silvino and Barbosa, 2015). Faustino et al. (2014) 
argue that it’s an area defined topographically, drained 
by a watercourse and interconnected waterways systems 
such where the streams are discharged into a single 
output. It is an important unit in scientific research, 
training, integrated use of information for demonstration, 
experimentation and observation in real field, working as 
a natural laboratory for the short, medium and long-term 
studies, in order to contribute to the search for sustainable 
management criteria (Tundisi, 2008; Carvalho et al., 2015; 
Duarte-dos-Santos et al., 2016).

The management of soil use in watersheds is an indicator 
for assessing water and soil quality variations (Sun et al., 
2016; Giri and Qiu, 2016). The study of the physical and 
natural aspects of the ecosystem can elucidate the direct or 
indirect consequences on water, mainly in an agricultural 
ecosystem (Moruzzi et al., 2012). Monitoring water quality 
provides empirical evidence to support decision making on 
health and environmental issues. The water quality can be 
assessed by physical and chemical parameters such as pH, 
dissolved oxygen, temperature, electric conductivity and 
other parameters (Chaves and Santos, 2009; Lopes, 2011; 
Bateni et al., 2013; Valle Junior et al., 2014), and the values 
obtained from ecosystem on basis for a land use planning 
project and implementation of conservation practices. 
According to Mosca (2003), Souza and Gastaldini (2014), 
Giri and Qiu (2016), variations of physical and chemical 
parameters identify the interference of land use in water 
quality, expand ecological knowledge of the ecosystem 
and detect changes in management activities.

The monitoring of surface and groundwater can be 
defined a primary factor in the proper management of 
agroecossystems, as it allows the characterization and 
analysis of trends in river basins (Bortoletto et al., 2015; 
Giri and Qiu, 2016). The National Environmental Council 
- CONAMA (Brasil, 2005), through Resolution 357/2005 
establishes a classification for water bodies and provides 
environmental guidelines for its framework (Agência 
Nacional de Águas, 2005). Therefore, it is extremely 
important to obtain values of water quality to establish 
indicators that can collaborate in proposals for actions 
and new forms of management, and conservation of soil 
and water in watersheds (Bortoletto et al., 2015; Sun et al., 
2016; Yan et al., 2016; Ding et al., 2016).

The objective of this study was to evaluate the qualitative 
aspects of surface water related to land use in subbasins 
located in the Polo Regional Centro Norte, Pindorama 
County, State of São Paulo, Brazil.

2. Material and Methods

2.1. Study area and data collection
The Córrego da Olaria subbasin was located between 

latitudes 21°05’47” S and 21°19’35”S and longitudes 
49°03’02”W and 48°42’52”W at the Polo Regional 
Centro Norte of the Agência Paulista de Tecnologia dos 
Agronegócios (APTA), Pindorama County, São Paulo 
State, Brazil (Instituto Brasileiro de Geografia e Estatística, 
1971) - (Figure 1).

The study area was a subbasin of the São Domingos 
river, belonging to Turvo and Grande Rivers Watershed, 
that supplied water to the cities of Pindorama, Catanduva, 
Catiguá, Tabapuã and Uchoa, and the number of inhabitants 
served by the source is about 150,000. The watershed area 
showed an agricultural land use with significant socioeconomic 
activities (Instituto de Pesquisas Tecnológicas do Estado 
de São Paulo, 2008; Instituto Brasileiro de Geografia e 
Estatística, 2016).

The climate of the watershed area is Aw according to 
the Climatic Classification of Köppen (1948), defined as 
a humid tropical climate with a rainy season in summer 
(Rainy) (also known as a wet season - the time of the 
year where the majority of a country or region’s annual 
precipitation occurs) - from November to April; and the dry 
winter season (Dry) that occurred the minority precipitation 
- from May to October. The average temperature of the 
coldest month is 18ºC. The year rainfall index varied from 
750 mm to 1,800 mm (Centro de Pesquisas Meteorológicas 
e Climáticas Aplicadas à Agricultura, 2016).

foi realizado de acordo com o protocolo brasileiro e os resultados foram submetidos à análise de variância (ANOVA). 
Os valores obtidos diferem significativamente em cada ponto de amostragem, refletindo os efeitos do uso do solo 
sobre a qualidade da água. A gestão do solo e da água é importante para aperfeiçoar as práticas agrícolas, no intuito de 
contribuir para o controle da poluição da água e para a formulação de uma política pública necessária para a conservação 
dos recursos hídricos e do solo.

Palavras-chave: manejo do solo, agroecossistemas, política de uso do solo.
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According to the São Paulo State Pedological Map of 
Oliveira et al. (1999), the soils were classified as Ultisol, 
Red-Yellow - PVA1: Eutrophic Abrupt A moderate, 
sandy/medium texture, undulating and soft undulating 
relief, and PVA 2: Eutrophic or non-abrupt, A moderate, 
sandy/medium texture and medium texture, undulating 
and soft undulating relief.

The water data collection was made at four main 
geographic subbasin regions (Cacau-C; Onça-O; Usina-U; 
Voçoroca-V) (Figure 1). The location of the sampling points 
was selected to assess the quality of the water taken and 
that to be representative of the water source. Each locality 
was considered individually and uniformly distributed 
at the Córrego da Olaria subbasin and the areas were of 
first order catchment, referred to Strahler (1957), as the 
Strahler stream order used to define stream size based 
on a hierarchy of the tributaries of the São Domingos 
watershed, São Paulo State, Brazil.

The water quality was monitored in the morning, for 
twelve months at the spring of each tributary, in the period of 
October 2013 to September 2014. The measurement of water 
quality followed the Standard Methods for Examination of 
Water & Wastewater (American Public Health Association, 
1999), from Brazilian Protocol. The water temperature (°C) 
was measured at the site using a multiparameter measuring 
instrument (Horiba). Other parameters including total 
nitrogen (mg L-1), total phosphorus (mg L-1), hardeness 
(mg L-1 CaCO3), nitrate (mg L-1 NO3

- – N), total ammonia 
(mg L-1 – N), fecal coliforms (NMP/100ml) were collected 
by water samples and transported in the refrigerated 
state, for later be analyzed at ambient temperature in the 
Laboratory of the International Institute of Ecology, São 
Carlos County, São Paulo State, Brazil.

The data analysis was submitted to descriptive statistics, 
used to describe the basic features of the data and to provide 
simple summaries about the samples and the measures. 

The Shapiro-Wilk test was applied on the significance 
level. The analysis of variance (ANOVA) in a 5% of 
significance level and a Tukey’s post hoc test were used 
to compare the means. The differences between averages 
for the water parameters were evaluated using box plots 
(Massart et al., 2005), with graphical representations of 
data demonstrating an overview and a numerical summary 
of water quality (Ferreira et al., 2016).

The remote sensing techniques interpretation were 
used to complement the field survey based on ground 
observation and enumeration, so the high accuracy for the 
categories of the current land use permitted a detailed data 
storage (Pissarra et al., 2013). The visual interpretation 
was made at the LandSat 8 - sensor OIL satellite image 
(United States Geological Survey, 2017).

The land uses of each subbasin are distributed differently 
(Figure 2, Table 1), with the predominant areas of sugarcane 
and native forest. At the Cacau-C subbasin, the use includes 
sugar cane, citrus, annual crop, eucalyptus, native forest, 
water reservoir and reforestation; at the Onça-O subbasin: 
sugar cane, native forest and wet lands vegetation; at the 
Usina-U subbasin: sugar cane, native forest and wetland 
vegetation, and at the Voçoroca-V subbasin: agroforesty, 
sugar cane, annual crop, native forest, water reservoir, 
pasture and wetland vegetation.

The morphometric parameters of each subbasin were 
directly calculated following the methodology describe on 
Pissarra et al. (2004), from the vector data extracted at the 
topographic map of São Domingos watershed (Instituto 
Brasileiro de Geografia e Estatística, 1971). The data 
includes area (ha), perimeter (km), maximum lenght (km), 
maximum width (km), stream lenght (km), high altitude 
(m), low altitude (m) and slope (%). The slope was obtained 
in the digital elevation model -DEM at ArcGis software. 
For each cell, the Slope tool calculates the maximum rate 
of change in value from that cell to its neighbors. The tool 

Figure 1. Study area location - Córrego da Olaria subbasin, São Paulo State, Brazil.
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Figure 2. Land use of each subbasin at the Córrego da Olaria Basin, Pindorama, São Paulo State.

Table 1. Percentage of land use of the subbasins at the Córrego da Olaria Basin.
Subbasin Land use Area (km) Percent (%)
Cacau (C) Sugar cane 0.173 24.4

Citrus 0.117 16.5
Annual crop 0.088 12.4
Eucalyptus 0.001 0.1

Native forest 0.309 43.6
Water reservoir 0.008 1.2
Reforestation 0.014 1.9

Voçoroca (V) Agroforesty 0.135 19.2
Sugar cane 0.400 56.8

Annual crop 0.119 16.9
Native forest 0.001 0.2

Water reservoir 0.009 1.3
Pasture 0.010 1.4

Varzea vegetation 0.030 4.3
Onça (O) Sugar cane 0.241 60.4

Native forest 0.108 27.2
Varzea vegetation 0.050 12.5

Usina (U) Sugar cane 0.568 83.1
Native forest 0.041 6.0

Varzea vegetation 0.074 10.8

fits a plane to the z-values of a 3 × 3 cell neighborhood 
around the processing or center cell. The slope value of this 
plane is calculated using the average maximum technique 
(Burrough and McDonell, 1998).

3. Results

The analysis of the morphometric characteristics 
provided the quantitative description of the each subbasin 
geometry and the slope of the drainage basin (Table 2).
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Table 2. Morphometric characteristics* of the subbasins at the Córrego da Olaria Basin.

Subbasin Area
(ha)

Perimeter
(km)

L
(km)

W
(km)

Sl
(km)

Ha
(m)

La
(m)

S
(%)

Cacau (C) 70.88 3.33 1.11 0.76 0.82 601 555 6.36
Onça (O) 39.56 2.65 0.94 0.70 0.69 612 570 7.81
Usina (U) 68.08 3.31 1.08 0.93 0.95 615 570 6.99

Voçoroca (V) 71.78 3.63 1.21 0.89 0.84 604 545 5.65
*L = maximum lenght; W = maximum width; Sl = stream lenght; Ha = high altitude; La = low altitude; S = slope.

The data obtained from the dimensional morphometric 
characteristics of each subbasin (Table  2) showed that 
the subbasin (V) has the largest area, followed by (C), 
(U) and (O). The highest perimeter values were found in 
the subbasin (V), followed by (C), (U) and (O), with the 
same sequence for the maximum length. The maximum 
width was identified in the subbasin (U), followed by the 
subbasin (V), (C) and (O). The highest value for stream 
length (spring drainage net) was for the subbasin (U), 
followed by (V), (C) and (O).

The higher altitude was observed at the subbasin (U), 
followed by (O), (V) and (C), and the altimetric amplitude 
was 46 meters for (C); 42 meters to (O), 45 meters to (U) 
and 59 meters to (V). The subbasin with the highest slope 
(7.81%) was (O), followed by (U), (C) and (V). According 
to Oliveira et al. (1999), the subbasins in the Córrego da 
Olaria Basin presented relief soft undulating in their slope 
classes. There is no stepped slopes, and the average slope 
of the subbasins varied from 5.65% to 7.81%.

The percentage of land use for each subbasin can be 
observed at Table 1 and Figure 2.

Land use metrics varied from areas of sugarcane (60.4%) 
to native forest (27.2%), which are the predominant areas. 
The land conversion and the associated impacts throughout 
the watershed is discussed and to characterize the rate of 
each land use, and the measure of the extent and percent 
of each use can be seen on Table 1 and Figure 2.

The surface water quality distribution among the subbasin 
showed significant differences (Table 3; Figures 3 and 4).

These parameters included total nitrogen (mg L-1), 
total phosphorus (mg L-1), nitrate (mg L-1 NO3- – N), 
fecal coliforms (NMP/100ml), hardness (mg L-1 CaCO3), 
ammonium (mg L-1 – N) and temperature (T °C), shown 
on Figures 3 and 4.

To better understanding the natural condition of the 
water flowing in the subbasins streams, the total nitrogen 
(mg L-1) ranged from 0.30 to 1.30 mg L-1 in Cacau; 
0.10 to 1.72 mg L-1 in Onça; 0.30 to 1.72 mg L-1 in Usina 
and 0.20 to 1.72 mg L-1 in Voçoroca (Table 3; Figure 3a). 
The mean concentration was 0.63-0.69 mg L-1. During 
the assessed period, the total phosphorus concentration 
increased slightly from 0.01 to 0.04 mg L-1 in all subbasins 
(Figure 3b).

The hardness parameter (mg L-1 CaCO3) were highest at 
the Onça subbasin, ranging from 54.92 to 72.03 mg L-1 CaCO3 
(Figure  4a). Nitrate (mg L-1 NO3- – N), presented 
the highest value  in Cacau subbasin, ranging 

from 2.70 to 12.29 mg L-1 NO3
- – N, (Table 3; Figure 3c). 

The total ammonia (mg L-1 – N) presented higher value 
and greater variability at the Voçoroca subbasin, increasing 
from 0 to 0.124 mg L-1 – N and higher median value at 
the Usina subbasin, increasing from 0 to 0.037 mg L-1 – N 
(Figure 4b). The fecal coliforms (NMP/100ml) showed 
the highest values at the Usina and Voçoroca subbasins 
(Table 3; Figure 3d). The temperature (T °C) was major 
at Voçoroca subbasin, and showed a value of 28.66 °C, 
differing from the other subbasins that showed an average 
number of 22.6 °C to 18.4 °C (Table 3; Figure 4c).

4. Discussion

The watershed is an open system and offers continuous 
exchange of matter and energy by the pedosphere, the 
atmosphere, the hydrosphere and the biosphere, which 
provides water percolation and the biological processes. 
In this study the subbasins is a structural geologic feature 
within Córrego da Olaria Basin that supplies water to São 
Domingos Watershed. This ecosystem is characterized 
by bodies of water such as the springs that is influenced 
by geochemical soil and rocks that drain as well as the 
interference of the climate and rainfall in their land uses 
(Sun et al., 2016; Yan et al., 2016). The structures of the 
basin ecosystems are interconnected between abiotic and 
biotic materials present in the environment. The integrated 
analysis in land uses and water monitoring in space 
(subbasins) and time (dry season and rainy season) allows 
to evaluate the possible degradation in water quality 
interrelated to land uses and soil management (Tundisi, 
2008; Ding et al., 2016).

The water quality parameters were measured to verify 
the suitability of water for a particular use based on 
selected physical, chemical and biological characteristics. 
The measured and analyzed characteristics of the water 
such as total water temperature (°C), total nitrogen (mg L-1), 
total phosphorus (mg L-1), hardeness (mg L-1 CaCO3), 
nitrate (mg L-1 NO3

- – N), ammonium (mg L-1 – N), fecal 
coliforms (NMP/100ml) (Tables 3 and 4; Figures 3 and 4) 
were compared to numeric standards and guidelines and to 
each subbasin (Figures 1 and 2), considering an ecosystem 
to decide if the water is suitable for a specific use.

Analyzing the water quality standards for surface 
water in each subbasin, the results showed that nitrogen, 
phosphorus, nitrate and fecal coliforms presented values 
higher than those recommended by the nutritional 
criteria used as minimum standards in Brazilian Law 



Simedo, M.B.L. et al.

Braz. J. Biol., 2018 , vol. 78, no. 4, pp. 625-635630   630/635

Ta
bl

e 
3.

 T
he

 v
al

ue
s 

of
 to

ta
l n

itr
og

en
, t

ot
al

 p
ho

sp
ho

ru
s, 

ha
rd

ne
ss

, n
itr

at
e,

 a
m

m
on

iu
m

, f
ec

al
 c

ol
ifo

rm
s 

an
d 

te
m

pe
ra

tu
re

 in
 th

e 
su

bb
as

in
 C

ac
au

 (C
); 

O
nç

a 
(O

); 
U

si
na

 (U
) a

nd
 V

oç
or

oc
a 

(V
), 

ac
co

rd
in

g 
to

 th
e 

lim
it 

va
lu

es
 a

llo
w

ed
 b

y 
C

O
N

A
M

A
 3

57
/2

00
5 

an
d 

C
ET

ES
B

 8
.4

68
/1

97
6.

R
iv

er
 

so
ur

ce

To
ta

l
N

itr
og

en
(m

g 
L

-1
)

To
ta

l
Ph

os
ph

or
us

(m
g 

L
-1
)

H
ar

dn
es

s
(m

g 
L

-1
 C

aC
O

3)
N

itr
at

e
(m

g 
L

-1
 N

O
3- 

– 
N

)
A

m
m

on
iu

m
(m

g 
L

-1
 –

 N
)

Fe
ca

l C
ol

ifo
rm

s
E

. c
ol

i
(N

M
P/

10
0m

l)

Te
m

pe
ra

tu
re

(T
°C

)

C
ac

au
0.

63
4

(n
s)

±
0.

33
0.

03
6

(n
s)

±
0.

02
8

38
.1

25
b*

**
±

5.
85

8
9.

66
1

a*
**

±
2.

42
0

0.
00

64
ab

**
*

±
0.

00
8

23
5.

3
(n

s)
±

28
6.3

20
.9

64
ab

**
*

±
1.

12
3

O
nç

a
0.

74
3

(n
s)

±
0.

47
0.

03
5

(n
s)

±
0.

01
9

63
.6

54
a*

**
±

5.
09

7
1.

33
2

b*
**

±
0.

14
5

0.
00

58
b*

**
±

0.
00

7
49

1.
0

(n
s)

±
39

6.2
20

.6
79

b*
**

±
1.

49
1

U
si

na
0.

68
6

(n
s)

±
0.

40
0.

03
2

(n
s)

±
0.

02
0

35
.6

22
b*

**
±

3.
11

5
1.

27
9

b*
**

±
0.

39
9

0.
01

64
a*

**
±

0.
01

1
77

2.
0

(n
s)

±
89

1.6
20

.6
65

b*
**

±
1.

41
3

Vo
ço

ro
ca

0.
78

6
(n

s)
±

0.
41

0.
03

6
(n

s)
±

0.
01

6
36

.9
09

b*
**

±
4.

85
8

0.
26

4
b*

**
±

0.
13

3
0.

00
93

ab
**

*
±

0.
00

6
79

2.
0

(n
s)

±
70

0.3
24

.2
98

a*
**

±
3.

27
0

D
ec

re
e-

La
w

 
no

. 3
57

/0
5

1.
27

0
0.

02
0

-
10

0.
50

0
20

0
-

D
ec

re
e-

La
w

 
C

ET
ES

B
 

8.
46

8/
19

76
 

St
at

e 
of

 S
ão

 
Pa

ul
o

-
-

-
10

0.
50

0
10

0
-

C
V

 (%
)

31
.6

4
44

.0
8

9.
36

38
.4

0
63

.6
2

11
.8

0
5.

32
**

*p
<0

.0
00

1.
 T

he
 m

ea
ns

 w
ith

 th
e s

am
e l

ett
er

 ar
ea

 n
ot

 si
gn

ifi
ca

nt
ly

 d
iff

er
en

t f
ro

m
 ea

ch
 o

th
er

 (T
uk

ey
 te

st,
 p

 <
 0

.0
5)

; (
ns

) m
ea

ns
 n

ot
 si

gn
ifi

ca
nt

 to
 te

st;
 th

e s
ig

ni
fic

an
ce

 o
f v

al
ue

s i
s i

n 
ke

ep
in

g 
w

ith
 th

e A
N

O
VA

 
on

e-
w

ay
 F

 te
st.



Effect of watershed land use on water quality

Braz. J. Biol., 2018 , vol. 78, no. 4, pp. 625-635 631/635   631

Figure 4. Qualitative values of hardness (mg L-1 CaCO3), ammonium (mg L-1 – N) and temperature (T °C) at the Cacau (C); 
Onça (O); Usina (U) and Voçoroca (V) subbasins.

Figure 3. Qualitative values of total nitrogen (mg L-1), total phosphorus (mg L-1), nitrate (mg L-1 NO3- – N) and fecal 
coliforms (NMP/100ml) at the subbasin Cacau (C); Onça (O); Usina (U) and Voçoroca (V), according to the limit values 
allowed by CONAMA 357/2005 and CETESB 8.468/1976.
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(Figure 3a,b,c,d). These quantitative measurements must be 
constantly monitoring to comprehend the water quality of 
the subbasins, that are the sources of supply water to cities.

The water analysis identifies that the parameters 
analised is associated to impacts throughout the subbasins, 
characterized by the rate of crop uses, forest and wetland. 
The measure of the extent and rate of change in impervious 
surface coverage and quantifying the potential impacts of 
land conversion to water quality.

The results of multiple comparisons indicated that 
there were variations in all of the water quality parameters 
between the subbasins (Table  3; Figures  3  and  4). 
Nitrogen, in the form of nitrate, nitrite or ammonia, is a 
necessary nutrient for plant growth (Food and Agriculture 
Organization of The United Nations, 1993) and is used 
in agricultural practices. Nitrogen can be found in the 
aquatic environment, and is present with low values in 
water, instead of Onça that exhibited values greater than 
the limit stipulated by Brazilian legislation (Figure 3a). 
This is due to the accumulation of nutrients derived from 
agricultural activities. The results were also related to the 
high period of precipitation (Table 4), showed significant 
differences between dry and rainy seaons for this parameter.

The subbasins that present differet crops (Cacau) 
presented high values of nitrate (Table  3; Figure  3c;), 
due to those pesticide compounds that are already used 
in agriculture. The concentration of nitrate was high in 
agricultural areas, and this fact can be justified by the 
intensive use of fertilizers and pesticides in citrus and 
annual crops. The same process is reported in studies 
developed by Ding et al. (2016) and Moruzzi et al. (2012). 
If excess nitrate are found in the crop fields, the drained 
water introduces the element into the water courses 
(Ding et al., 2016), which will drain into other rivers and 
reach the São Domingos basin. Nutrients such as nitrogen, 
nitrate and phosphorus are essential for plant and animal 
growth, but the excess of certain nutrients in water can 

cause a number of adverse ecological and health effects 
(Maucieri et al., 2014).

The excess of phosphorus was shown in almost all 
the subbasins. The average values were higher than the 
limit value allowed by CONAMA (Figure 3b) and can 
cause the development of eutrophication of rivers and 
reservoirs (Tundisi, 2008). The phosphorus element 
in nature comes from the dissolution of the soil and 
the decomposition of organic matter. The parameter is 
present in all subbasins (Table 3; Figure 2b), with a higher 
value at the Cacau 0.105 mg L-1 and Usina 0.076 mg L-1. 
Considering that the subbasin is essentially rural and has 
many agricultural crops (Figure 2), this fact confirms that 
the land use and management activities have increased 
the concentration of phosphorus, which resulted in higher 
levels at the water sampled sites, even in dry and rainy 
season (Table 4).

Fecal contamination by fecal coliform parameter was 
identified at all sampling points (Figure 3d), with highest 
values in the water of Usina and Voçoroca subbasins, both 
with 2419.6 NMP/100ml. The presence of fecal coliform 
bacteria in aquatic environments indicates that the water 
has been contaminated with the fecal material of man or 
other animals. In those areas have warm-blooded animals 
of the local fauna, such as an expressive population of 
Hydrochoerus hydrochaeris (capybaras) that come into 
contact with water, and at the time this occurred, the source 
water may have been contaminated by pathogens or disease 
producing bacteria or viruses which can also exist in fecal 
material, even in dry or rainy seasons (Table 4). The presence 
of Escherichia coli bacteria in food and water is an indicator 
of fecal contamination, that is, of human waste or of 
warm-blooded animals (Ponath et al., 2016). The presence 
of fecal contamination is an indicator that a potential health 
risk exists for individuals exposed to this water.

The hardness parameter does not present detection limit 
values established by CONAMA Resolution 357/2005 and 

Table 4. Values of total nitrogen, total phosphorus, hardness, nitrate, ammonium, fecal coliforms in Rainy and Dry Seasons.
Clima Variable Mean Std. Dev. Minimum Maximum
Rainy Total Nitrogen 0.7828 a 0.46 0.10 1.72
Dry mg L-1 0.5713 b 0.19 0.30 1.01

Rainy Total Phosphorus 0.0371 a 0.02 0.01 0.11
Dry mg L-1 0.0340 a 0.02 0.01 0.08

Rainy Hardness 43.8128 a 13.60 24.30 72.03
Dry 43.1069 a 10.88 34.01 66.82

Rainy Nitrate 2.9213 a 3.90 0.10 11.26
Dry mg L-1 3.8231 b 4.32 0.33 12.29

NO3- – N
Rainy Amononia 0.0094 a 0.01 0.00 0.04
Dry mg L-1 – N 0.0134 b 0.01 0.00 0.03

Rainy Phecal Coliform 691.3031 a 621.70 23.80 2419.60
Dry NMP/100ml 367.7660 a 629.04 2.00 2419.60

Rainy Temperature 22.35 a 2.64 19.00 28.66
Dry T °C 20.51 b 1.33 18.39 23.82
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CETESB 8.468/1976 (Companhia Ambiental do Estado de 
São Paulo, 1976), however it is important for the evaluation 
of the concentration of alkaline earth metals ions, especially 
calcium and magnesium. The Onça subbasin showed the 
highest hardness value of 72.03 mg-CaCO3 (Figure 4a), 
differing statistically from the others areas (Table 3). 
This water samples can be explained due to the geology of 
the site and nutrients from forest areas, and the dissolution 
of rocks and minerals. Oliveira et al. (2014) found high 
values of hardness in waters where there was a higher 
concentration of rocks containing calcium and magnesium.

The concentration of ammonium (NH4
+) or ammonium 

ion is the ionized form of Ammonia (NH3) in streams. 
The ammonia content may be present in surface or groundwater, 
usually by the decomposition of residual materials of plant 
or animal origin. The parameter was found at the sampling 
points, with highest values in water at Voçoroca and Usina 
subbasins (Table 3, Figure 4b) and on dry season, and those 
subbasins have a remarkable presence of diversified fauna 
of mammals and agricultural crops. Ammonium levels in 
the water may be related to the use of ammonia sulfate 
(NH4)2SO4 in agricultural practices in the fields in the basin, 
in addition to the presence of urine and animal feces that 
approach the water bodies. Similar contaminations were 
identified by Delatore da Silva et al. (2014).

The temperature of the water is not a parameter in 
CONAMA Resolution 357/2005 and CETESB 8.468/1976, 
but it is considered very important because it reflects the 
seasonal variations of the physical-chemical parameters of 
the water. The highest value of temperature was observed at 
the Voçoroca subbasin 28.66 °C in rainy season (Figure 4c; 
Table  4), which presents an agricultural area in its 
surroundings and an unconsolidated reforestation, differing 
from other subbasins that are located in areas of native 
forest. The forested basins present lower water temperature 
levels (Arcova and Cicco, 1999). Marmontel and Rodrigues 
(2015) confirm that springs located in shading areas of 
riparian forest areas presented a lower mean temperature 
and lower amplitude.

The parameters used in the monitoring of the basin (total 
nitrogen, total phosphorus, hardness, nitrate, ammonium, 
fecal coliforms and temperature) indicated that the values 
obtained differ at each sampling point, reflecting the effects 
of land use on water quality. The results indicated that 
there was significant correlation between land uses and 
dry and rainy seasons to water pollution, and the subbasin 
that had the natural forest areas had less impacts on the 
water quality, while the influence of the cultivated land 
on the water quality was very high and remains a complex 
correlation, what confirm the need of more studies related 
to land uses changes. Besides, the impacts of the landscape 
diversity on the indicators of water quality within the 
watershed were also analyzed, the result of which indicated 
there was a significant positive relationship between them. 
The analyses of the water related to land uses changes are 
necessary to legislation. The National Land Use Policy is 
a necessary law, and the policy should cover land use and 
land management, and should be brought into line with 

international norms and standard operating procedures, 
in order to reflect the political changes in Watershed 
Management Plan. The use of land by the people must be 
supervised to preserve the natural resources.

4. Conclusions

Water quality differs at each subbasin and is linked 
to land uses or the conservation status of river basins.

The evaluated parameters of total nitrogen, total 
phosphorus, hardness, nitrate, ammonium, fecal coliforms 
and temperature indicated that upstream soil use is altering 
the water quality of the Córrego da Olaria Basin.
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