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Influence of urbanisation on water quality in the basin of the 
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Abstract: Aim: The main objective of the study was to evaluate the limnological 
characteristics of rivers flowing through urban and rural areas in the upper Uruguay River 
basin in western Santa Catarina (SC), Brazil. Methods: Sampling sites in the tributaries 
were selected along the longitudinal gradient and the different use of the soil in adjacent 
areas. Samples were collected bimonthly from March 2005 to August 2006. The following 
were analysed: depth, pH, electrical conductivity, dissolved oxygen concentration (DO), 
water temperature, chemical oxygen demand (COD), total alkalinity, ammonia, nitrite, 
nitrate and phosphorus were analysed. Results: In most of the rivers analysed, we found a 
continuum from the spring to the river mouth that was characterised by a gradual increase 
in electrical conductivity, COD, phosphorus, alkalinity, nitrite and nitrate. However, 
an alteration from this pattern was found in rivers passing through urban areas. This 
deviation was due to high organic matter input poured into the rivers from these areas. 
Conclusions: Degraded riparian forest was observed along most of the bodies of water, 
which facilitates the entry of pollutants. Although the studied area suffers from intense 
farming activity (agriculture and livestock) and has the highest concentration of swine 
livestock in the country, the rivers that were most altered from their natural state were 
those that were influenced by sewage and industrial effluents from urban development. 

keywords: fluvial limnology, pollution, phosphorus.

Resumo: Objetivo: O objetivo desta pesquisa foi avaliar as características limnológicas 
de rios que atravessam áreas rurais e urbanas na bacia do alto Rio Uruguai no oeste de 
Santa Catarina, Brasil. Métodos: Foram selecionados pontos nos afluentes, obedecendo 
ao gradiente longitudinal e diferente uso do solo das áreas adjacentes. As amostragens 
foram bimestrais de março de 2005 a agosto de 2006. Foram analisadas as variáveis 
profundidade, pH, condutividade elétrica, oxigênio dissolvido (OD), temperatura da 
água, demanda química de oxigênio (DQO), alcalinidade total, amônia, nitrito, nitrato e 
fósforo. Resultados: Os resultados evidenciaram que para a maioria dos rios, da nascente 
até a foz, há um contínuo, caracterizado pelo aumento gradual da condutividade elétrica, 
da DQO, fósforo, alcalinidade, nitrito e nitrato. No entanto, para rios que atravessam 
áreas urbanas, verificou-se desvio desse padrão ocasionado pela elevada entrada de material 
orgânico. Conclusões: Foi observado mata ciliar degradada na maioria dos corpos d’água 
estudados, o que facilita a entrada de poluentes. Embora a região estudada sofra a pressão 
de uma intensa atividade agrícola (agricultura e pecuária) e com a maior concentração de 
criação de suínos do país, foi verificado que os rios mais alterados em suas características 
originais foram aqueles que recebem influência da área urbana com lançamento de esgoto 
e efluente industrial. 

Palavras-chave: limnologia fluvial, poluição, fósforo.
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1998; Mattias  et  al., 2010), and it has a high 
potential to contaminate both shallow and deep 
water (Stone  et  al. 1998; Doblinski  et  al., 2010; 
Mattias et al., 2010). Moreover, urban growth can 
significantly degrade surface water (Rahman and 
Lee, 1997; Karn and Harada, 2001, Ouyang et al., 
2006; Goonetilleke  et  al., 2005; Praus, 2007, 
Cunha  et  al., 2010). In Brazil, urban waste is 
often dumped into natural river systems, which 
creates unsuitable conditions downstream (Lima 
and Zakia, 2004). According to IBGE (2002), 
10.23% of the cities in Santa Catarina have 
sewage treatment systems. However, data from the 
National Information System on Sanitation report 
that in 2008 only two counties in the studied area 
had sewage treatment facilities (SNSA, 2010). 
Several commonly measured features of water 
quality, including nitrite, nitrate, and phosphorus, 
are sensitive to sewage inputs and are recognized 
indicators of poor water quality.

In our study, we assume that urban areas 
negatively influence the water quality of nearby 
aquatic systems, and that riparian vegetation 
contributes to maintaining the environmental 
quality of local rivers. The aim of our study was to 
evaluate the physical and chemical characteristics 
of water in rivers flowing through urban and rural 
areas in the upper Uruguay River basin in western 
Santa Catarina State, Brazil.

1.1.Material and Methods

The studied region is located between the Itá and 
Mondai municipalities (SC) in the upper Uruguay 
River Basin. Samples were collected from nine rivers 
that are tributaries of the upper Uruguay River 
Basin: Irani, Xaxim, Taquaruçu, Lajeado São José, 
Lambedor, Lajeado Bonito, Palmitos, São Domingos 
and Iracema (Figure  1). Field observations were 
conducted to characterise vegetation, land use and 
the environment. We characterised aquatic habitat 
diversity and examined the presence of riparian 
vegetation and its composition (exotic or native 
vegetation). At each sampling site we assessed 
riparian vegetation according to Hannaford et al. 
(1997); a score was assigned to measure the presence 
and integrity of vegetation: good = 3 points (areas 
with more than 90% of native vegetation), sub-
optimal = 2 points (areas with 70-90% of native 
vegetation), moderate = 1 point (areas with 50-70% 
of native vegetation), and poor  = zero points (areas 
with <50% of native vegetation).

Six samples were collected from each river 
bimonthly between March 2005 and August 2006 

1. Introduction

Environmental impacts have significantly 
altered aquatic ecosystems such as rivers and 
streams (Ouyang  et  al., 2006; Cunha  et  al., 
2010). These ecosystems are highly susceptible to 
environmental changes because they constitute an 
open environment where river basins interact with 
their immediate surroundings. Environmental 
changes may thus damage the biodiversity and/or 
the functionality of these ecosystems (Zhang, 2007; 
Zimmermann et al., 2008).

Timber exploitation was the first economic 
activity to atract population settlement in the 
western region of Santa Catarina State (Bellani, 
2006; Renk, 2006; Wentz, 2004; Werlang, 2006). 
In the beginning of the nineteenth century, the 
region was further occupied when cattle breeding 
and, later, mate herb harvesting, began to develop. 
However, an effective occupation of the region 
only occurred after 1917 with the development 
of companies commercialising the region’s land 
and wood (Maestri, 2005). Colonisation, together 
with an intensive exploitation of natural resources, 
livestock farming, the use of fertilisers and 
agrochemicals and urbanisation have increased the 
amount of waste, domestic sewage and industrial 
effluents found in the aquatic ecosystems of this 
region (Denardin and Sulzbach, 2005), causing 
degradation of the water resources (Schuster and 
Souza-Franco, 2003; Dal Pissol and Souza-Franco, 
2003; Bottin  et  al., 2007; Bonai  et  al., 2009). 
Organic pollution is a primary factor associated 
with the loss of diversity and the loss of ecological 
balance in an ecosystem (Meirelles-Pereira  et  al., 
2005; Araújo and Tejerina-Garro, 2007; Schulz 
and Martins-Junior, 2001, McKie et al., 2009). The 
natural characteristics of the Santa Catarina western 
region (Schuster and Souza-Franco, 2003; Dal Pissol 
and Souza-Franco, 2003; Bottin  et  al., 2007; 
Bonai et al., 2009) have changed primarily because 
of pollution and deforestation. Furthermore, in the 
quest for new economic ventures, artificial reservoirs 
for electricity generation have been constructed in 
the upper Uruguay River region and have further 
degraded the region’s water quality. 

In this study, we examined the influence of 
urbanisation and agriculture in western Santa 
Catarina along tributaries of the Uruguay River. 
According to the IBGE (2008), Santa Catarina 
State is the largest swine producer in Brazil, and 
our studied area is located in the State’s main 
swine producing counties. The danger of pollution 
from swine manure is well-known (Stone  et  al., 



2011, vol. 23, no. 2,  p. 189-199	 Influence of urbanisation on water quality...	 191

34
91

40
39

62
65

30
21

25

70
29

50
8

70
07

47
4

69
85

44
0

N S

W
E

Fi
gu

re
 1

. S
am

pl
e 

sit
es

 a
nd

 th
ei

r g
eo

gr
ap

hi
c 

co
or

di
na

te
s.



192	 Ternus, RZ et al.	 Acta Limnologica Brasiliensia

“urban rivers” the ones crossing cities and “rural 
rivers” the ones crossing rural areas. We classified 
urban river sites as “city” (i.e. inside the city limits), 
“upstream” and “downstream” (i.e. located outside 
the city limits and depending on the location with 
respect to the river stream).

2. Results

Of the nine studied rivers, only Lambedor and 
Lajeado Bonito exclusively cross rural areas. In the 
case of Irani River, all sampling sites are located 
in rural areas. This river can be considered almost 
exclusively rural except only in a small section near 
the small town of Arvoredo (SC) which was not 
sampled (Table  1). The other rivers cross cities; 
Lajeado São José River has most of its stream in the 
city of Chapecó, which is the largest city in western 
Santa Catarina. With regards to the integrity of the 
vegetation, most of the sampling sites were classified 
with zero or 1 point (according to Hannaford et al., 
1997) except in Irani River where in two sampling 
sites the vegetation was scored with 2 points 
(Table 1), indicating a good degree of conservation 
of riparian vegetation. 

(N = 6 for each river). They were collected along 
the longitudinal gradient from the spring to the 
river mouth. Water samples were collected on the 
sub-surface, transferred to polyethylene bottles 
and kept on ice in Styrofoam boxes until they 
arrived at the laboratory. At each site and for each 
sample, we measured sample depth (m), water 
temperature (°C), pH, and dissolved oxygen content 
(DO mg.L–1). In the laboratory we recorded total 
alkalinity (mg.L–1), chemical oxygen demand - 
COD (mg.L–1), ammonia nitrogen (mg.L–1), nitrite 
(mg.L–1), nitrate (mg.L–1) and total phosphorus 
(mg.L–1) of each sample (APHA, 1998). Electrical 
conductivity (µS.cm–1) was also measured in the 
laboratory using a Químis digital conductivity 
meter (model Q405B).

Analysis of the data during the monitoring and 
the sampling periods was conducted using a principal 
components analysis (PCA), the Statistica  6.0 
program (STATSOFT, 2001). Variables were 
standardised through logarithmic transformation 
to make them dimensionless (excluding pH). With 
regard the principal component analysis (PCA), 
we included urban and rural rivers. We considered 

Table 1. Characterisation of sites and rivers sampled between 2005 and 2006. UZ: Urban Zone; RZ: Rural Zone. 
*Classification according to Hannaford et al. (1997).

River Site Region Sediment Riparian florest*
Iracema IRC1 RZ sand 0

IRC2 UZ boulder 1
IRC3 RZ sand 1
IRC4 RZ sand 1

Irani IRN1 RZ boulder 2
IRN2 RZ boulder and organic material 1
IRN3 RZ boulder 1
IRN4 RZ boulder 2
IRN5 RZ boulder 2

Lambedor LAM1 RZ flagstone 0
LAM2 RZ boulder 1

Lajeado Bonito LBO1 RZ organic material 0
LBO2 RZ boulder 1

Lajeado São José LSJ1 RZ flagstone / boulder 0
LSJ2 UZ mud 1
LSJ3 UZ boulder 1
LSJ4 RZ boulder 0

Palmitos PAL1 RZ mud 0
PAL2 RZ boulder 0
PAL3 RZ mud 0

São Domingos SDM1 RZ mud / organic material 1
SDM2 UZ boulder 1
SDM3 RZ sand / boulder 1

Taquaruçú TAQ1 RZ mud / boulder 1
TAQ2 UZ boulder 0

Xaxim XAX1 RZ mud / organic material 0
XAX2 UZ boulder 0
XAX1 RZ sand 1
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Nitrite concentrations ranged from 0.005 mg.L–1 
to 0.070 mg.L–1 in the São Domingos River and 
the Taquaruçu River, respectively. High nitrate 
values were observed in the majority of the 
samples collected from the Taquaruçu River, while 
low mean nitrate values were found in samples 
collected from the Irani River. The highest mean 
nitrite concentrations were recorded in the Xaxim, 
Taquaruçu and Lajeado São José Rivers, whereas the 
highest mean nitrate concentrations were recorded 
in these rivers as well as in the São Domingos River. 
The phosphorus concentrations recorded were high 
for most sampling sites. The highest concentrations 
were recorded in the Lajeado São José River. 

Figure 2 shows the scores and weights associated 
with urban and rural rivers. The PCA revealed 
that axes 1 and 2 had values greater than 1. These 
axes explained 44.66% of the sample variability; 
29.96% of sample variability was contributed 
by component 1 and 14.70% was contributed 
by component 2. The first principal component 
(PC1) could discriminate between the rural and 
urban rivers; left of PC1 are the urban rivers 
characterised by high electrical conductivity, total 
alkalinity, ammonia, nitrite and total phosphorus. 
The second principal component (PC2) described 
the separation of the rivers as a function of dissolved 
oxygen concentration, COD and depth.

The values of the physical and chemical variables 
for the sampling sites are summarized in Table 2. 
The rivers we analysed were generally shallow, 
the deepest mean depth was recorded in the São 
Domingos River and the shallowest mean depth 
was recorded in the Lambedor River. The mean 
water temperature was 18.17  °C. The pH values 
of the rivers were generally close to neutrality. A 
trend in electrical conductivity was observed and 
was related to spatial gradient; the lowest values 
were recorded in the Irani River, whereas the highest 
values were obtained in the Lajeado São José River, 
especially at the mouth (RLSJ4). A similar trend 
was observed for total alkalinity, the mean values 
ranged from 16.93 mg.L–1 to 39.53 mg.L–1 in the 
Irani and Xaxim Rivers, respectively, and the highest 
spatial range was recorded in the Lajeado São José 
River. Dissolved oxygen concentrations (DO) varied 
among rivers and among sites within each river. The 
highest mean DO values were recorded in the Irani 
and Palmitos Rivers, whereas the lowest values were 
recorded in the Lajeado Bonito River, (site RLB1) 
and Iracema River (site RIC1). COD values’ mean 
was 16.02 mg.L–1, and ranged from 4.05 mg.L–1 in 
the Lajeado Bonito River to 52.10 mg.L–1 in the 
São Domingos River. 

Ammonia concentrations were highest in the 
Lajeado São José River, especially in the site RLSJ4. 

Figure 2. Ordination diagram by Principal Component Analysis (PCA) of scores and weights associated with urban 
and rural rivers. 
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3. Discussion

In the majority of the rivers we examined 
(from spring to river mouth), the trend is a 
gradual increase in electrical conductivity, COD, 
phosphorus, alkalinity, nitrite and nitrate. However, 
we noticed an alteration from this pattern in rivers 
passing through urban areas (e.g., Lajeado São José, 
São Domingos, Iracema, Taquaruçu and Xaxim); a 
high input of organic matter from human activities 
increased the values of these variables. This change 
has also been documented in other subtropical rivers 
(Mirande et al., 1999; Salomoni et al., 2007).

The entry of organic matter and nutrients from 
natural allochthonous and/or anthropogenic sources 
into aquatic ecosystems may influence the water’s 
pH values and dissolved oxygen concentrations. 
However, in this study, despite the existence of input 
of organic matter and nutrients close to various 
sampling sites (site RXX2 of the Xaxim River, site 
RTQ2 of the Taquaruçu River and site RLSJ3 of 
the Lajeado São José River), we did not notice any 
changes in the water’s pH values or dissolved organic 
concentrations at these locations. The stability of the 
pH may be associated with the high total alkalinity 
values recorded in these rivers and, consequently, 
with a high buffering capacity. With respect to DO, 

Figure 3 shows the scores and weights assigned 
to sampling sites in the urban rivers categorised 
as upstream and downstream of the urban area. 
The PCA revealed that axes 1 and 2 had values 
greater than 1. These axes explained 46.82% of the 
sample variability; 31.75% of sample variability 
was contributed by component 1 and 15.07% was 
contributed by component 2. PC1 discriminated the 
sample site RLSJ4, which was located downstream 
of the Chapeco River and was characterised as 
having high electrical conductivity, total alkalinity, 
ammonia, nitrite and total phosphorus. PC2 
described the separation of sample sites as a function 
of pH, dissolved oxygen, COD and depth. 

The Figure 3 shows the graphical biplot of scores 
and weights assigned to sites located in urban rivers, 
categorized as upstream and downstream of the 
urban area. The PCA revealed that axes 1 and 2 
exhibited values greater than 1. These axes explained 
38.34% of the sample variability; 24.21% of sample 
variability was contributed by component 1 and 
14.13% was contributed by component 2. PC1 
discriminated between the samples from the Irani 
River, which was characterised by having high levels 
of dissolved oxygen and low values of conductivity 
and total alkalinity. PC2 described the separation 
of samples as a function of pH and temperature.

Figure 3. Ordination diagram by Principal Component Analysis (PCA) of scores and weights categorised the sites 
as upstream, city and downstream to urban rivers.
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where stretches of the main stream of the Jacaré-
Guaçu River were protected by a high degree of 
riparian forest than where there was no vegetation. 
We want to draw attention to the fact that the 
highest concentrations of swine farming in Brazil 
are found in the micro-basin region along the 
Irani River; it is likely that the presence of riparian 
vegetation contributes to the protection of the river’s 
limnological characteristics.

COD, nitrogen and phosphorus are important 
parameters for analysing water pollution. In this 
study, we observed that these variables may have 
been influenced by soil use and human activity. 
Higher COD values were recorded in the São 
Domingos and Lajeado São José Rivers than in 
the other rivers we examined. This may be related 
to higher levels of organic matter being inputted 
into these rivers; both rivers are linked to urban 
areas. Silva and Sacomani (2000) found high COD 
values in sites with sewage sources. Chapman and 
Kimstach (1996) reported that superficial water 
may reach COD values of 20 mg.L–1; when COD 
values reach 200 mg.L–1 they are considered to be 
receptors of pollution sources. These results support 
other studies that demonstrate that urbanization 
interferes with water quality (Karn and Harada, 
2001, Ouyang et al, 2006, Salomoni et al., 2007, 
Machado et al., 2009).

Regarding nitrogen compounds, ammonia was 
only found in high concentration in the Lajeado 
São José River (site RLSJ4) and originated from 
both diffused (farming areas that use fertilisers) 
and concentrated sources (domestic and industrial 
sewage dumps). The dominant inorganic nitrogen 
form in the rivers we examined was nitrate, as 
also observed by Domingos (2002) and Bubel 
(1998). The main nitrate sources in the water are 
nitrogen fertilisers (used in crops), which enter 
aquatic ecosystems through leaching (Baird, 2002) 
and tend to be concentrated because they are 
resistant to microbial degradation (Brigante et al., 
2003). Arauzo  et  al. (2008) found that nitrogen 
concentrations in rivers were linked to the location’s 
proximity to Madrid, Spain. Nitrite, an intermediate 
oxidation phase between ammonia and nitrate, is 
a consequence of recent pollution. Indeed, high 
nitrite concentrations have been observed in the 
Lajeado São José River, this latter being subjected 
to urban development and consequently to effluents 
from treatment stations.

The high phosphorus concentrations we 
observed in the Lajeado São José River, were 
related to urban effluents. Sampling sites located 

physical characteristics (e.g., river slope, waterfalls) 
explain the oxygenation of water.

The conductivity values we recorded are relevant 
in the case of rivers passing through urban areas (e.g., 
the Xaxim, the Taquaruçu and the Lajeado São José 
Rivers) and/or rivers which are not characterised 
by marginal vegetation. Electrical conductivity 
values are more influenced by physical (climate, 
hydrology) and chemical factors (local geology, 
mineral solubility) and by human impacts (e.g., the 
use of fertilisers, changes in vegetation) than they are 
by biological factors (Pedrosa and Rezende, 1999). 
Besides the impact of organic matter and nutrients 
from urban areas, organic residues and chemical 
fertilisers from agricultural activities can change the 
chemical attributes of soil, which may contribute to 
an increased electrical conductivity. These electrical 
conductivity values may be up to four times higher 
in soils from areas cultivated with annual crops than 
in soils with native vegetation (Corrêa et al. 2009). 

In the studied area, forests have been fragmented 
in recent years due to the clearing of land for crop 
farming. Farmland expansion intensely fragmented 
forests in southern Brazil (Martins, 2001). This 
gradual degradation of forests has an impact 
on water resources throughout the leaching of 
contaminated soils and waste from urban areas 
(domestic sewage, wastewater, garbage). This is 
accelerated by the lack of riparian forests, which can 
filter contaminants (Lima and Zakia 2004). Rivers 
with riparian vegetation have a better limnological 
quality (Lima and Zakia 2004).

In addition to serving a protective function, 
riparian forests lower water temperatures by 
providing shade. Lower water temperatures were 
recorded in the Irani River where a greater amount 
of forest provided shade, particularly closer to the 
headwaters. Silva and Sacomani (2000) recorded the 
influence of riparian forest on water temperature 
in the Pardo River and showed that it was always 
lower at locations that were protected by dense 
forest. Arcova and Ciccio (1999) also reported that 
differences in water temperature are more noticeable 
in micro-basins that are characterised by forest than 
in areas characterised by farming.

In this study, we found oxygenated aquatic 
environments, especially in the Irani River. In 
stretches of the river where physical energy was more 
intense, we observed higher DO concentrations. 
In addition, DO concentrations were higher in 
stretches of the river that had preserved banks. 
Souza and Tundisi (2000) found that the aquatic 
parameters were influenced to a lesser degree 
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LM. 2009. Synchrony among limnological variables 
in a lotic system (Meia Ponte River, Goiás, Brazil). 

downstream of urban areas had higher phosphorus 
concentrations than sampling sites located upstream, 
suggesting that urban discharge are the greatest 
source of phosphorus, as also reported by Salamoni 
et al. (2007), Calijuri et al. (2008), Carneiro et al. 
(2009) and Cunha et al. (2010). This also provides 
support for the conclusion that there is a connection 
between high phosphorus concentrations and 
reductions in environmental quality (Simões 2003, 
Donadio  et  al. 2005, Cunico  et  al. 2006, and 
Machado et al. 2009).

The PCA results allowed us to extract relevant 
information. The groupings, that comprise both 
physical and chemical variables, show different 
ways of using the soils and separate urban and rural 
rivers. The parameters responsible for that division 
are, mainly, electrical conductivity, total alkalinity 
and concentrations of total phosphorus, nitrite, 
nitrate and ammonia.

Samples from the Taquaruçu (RTQ2), Xaxim 
(RXX2) and Lajeado São José (RLJ4) Rivers 
were influenced by anthropogenic factors more 
than the other sites we examined. These sites had 
greater urban occupation and deeper riparian forest 
degradation than in all other sites we sampled. Our 
results are similar to those results found in studies 
from other regions (Mota, 1995; Sabater  et  al., 
1996; Agatz  et  al., 1999; Sonnemann  et  al., 
2001; Brito  et  al., 2005; Salomoni  et  al., 2007; 
Marotta  et  al., 2008; Machado  et  al., 2009, 
Cunha et al., 2010). 
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