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ABSTRACT 
Water Quality Indices (WQIs) are based on a small number of variables that establish 

categories for water quality. This method presents some problems with the evaluations, since 

WQIs do not consider the multiple uses of the water or differences in regional characteristics. 

The present study proposes a regional and more appropriate variable group for the definition of 

a Water Quality Index for the Brazilian Federal District, based on water quality monitoring of 

surface waters in the region. The monitoring was carried out monthly between August 2016 

and July 2017, at three points on the Jardim River, Sobradinho Stream and Sarandi Stream, 

where 21 variables were evaluated. Among physical-chemical and microbiological analyses, 

the regional characteristics of these water bodies were noted, as well as their differences, and 

the main anthropogenic interferences that generate changes in water quality. In the urban area, 

the disposal of treated sewage from the wastewater treatment plant of Sobradinho was 

highlighted as the main anthropic interference, and agricultural activities stood out in the rural 

region of the study area. The impacts in the urbanized area were of greater weight. Thus, based 

on the results of the Principal Component Analysis (PCA), two groups of variables were 

selected, one representative of urban areas and the other of rural areas, to compose two probable 

water quality indices (WQIs) for the Federal District. 

Keywords: Brazilian Federal District, regional variables, surface water, WQI. 

Seleção de variáveis na definição de um índice de qualidade de 

água para o Distrito Federal 

RESUMO 
Os Índices de Qualidade da Água – IQAs, baseiam-se em um pequeno número de variáveis 

que estabelecem categorias para a qualidade da água. Esse método apresenta alguns problemas 

quanto às avaliações, pois os IQAs não consideram os usos múltiplos da água, bem como as 

diferenças nas características regionais. O presente estudo tem como objetivo propor um grupo 
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de variáveis regional e mais apropriado para a definição de um Índice de Qualidade de Água 

para o Distrito Federal, baseado no monitoramento da qualidade de água de rios da região. Foi 

realizado monitoramento mensal entre agosto de 2016 a julho de 2017, em três pontos do 

Ribeirão Sobradinho, do Córrego Sarandi e do Rio Jardim, onde foram avaliadas 21 variáveis. 

Dentre análises físico-químicas e microbiológicas, foram observadas as características 

regionais desses corpos hídricos, bem como suas diferenças, e as principais interferências 

antrópicas que geram alteração na qualidade da água. Destacou-se na área urbana como 

principal interferência antrópica o descarte do esgoto tratado da estação de tratamento de esgoto 

de Sobradinho, e as atividades agropecuárias na região rural da área de estudo. Os impactos da 

área urbanizada foram de maior proporção. Dessa forma, baseado nos resultados da Análise de 

Componentes Principais – ACP, foram selecionados dois grupos de variáveis, sendo um 

representativo para a áreas urbanas e outro para áreas rurais, para compor dois prováveis índices 

de qualidade da água para o Distrito Federal. 

Palavras-chave: água superficial, Distrito Federal Brasileiro, IQA, variáveis regionalizadas. 

1. INTRODUCTION 

Knowledge of the environmental characteristics of a given region is a basic tool for its 

sustainable development. In this context, studies on natural resources are included, and water 

appears to be one of the most important (Saad et al., 2007). In conflicts over water use, there is 

a pressing need for the establishment of tools capable of responding with agility and confidence 

to questions related to water use in Brazil. The monitoring and evaluation of surface water 

quality are key factors for the appropriate management of water resources (ANA, 2018). 

Monitoring water quality should be seen as a means of verifying its potability for human 

consumption. Several economic activities carried out in Brazil, such as agribusiness, can 

generate negative socio-environmental impacts for water resources (Medeiros et al., 2016).  

Another important anthropic activity that generates environmental impact is the disposal 

of waste in water systems, as well as the use and occupation of the soil. These aspects have a 

direct relation with water quality, thus reaffirming the need to monitor water quality in a way 

that observes the characteristics of the water resource in the face of anthropic impacts (Costa 

and Ferreira, 2015).  

The Brazilian Federal District (FD) is the Brazilian Federative Unit of the country with the 

third-lowest surface water availability per capita per year. In recent years, the Federal District 

has been experiencing strong population growth. In seven years (2010-2017), the total FD 

population grew 18.2%, more than double the national average (8.1%) (IBGE, 2017). 

Population growth in the FD does not only affect water consumption, but also leads to the 

inadequate use of natural resources, which implies environmental impacts. Thus, effective and 

rapid methods to monitor water quality are often necessary for the FD (Bilich and Lacerda, 

2005). 

In Brazil, the main tools related to the monitoring of water quality are the Water Quality 

Index (WQI) proposed by the São Paulo State Environmental Company (CETESB) (Zagatto et 

al., 1999; ANA, 2018), and the maximum values allowed by Resolution 357/05 of Brazilian 

Environment Council (CONAMA, 2005). Although these tools are important, they do not 

consider the multiple uses of water or regional characteristics, respectively (Passos et al., 2018). 

WQIs aim to give a unique value to the quality of the water body, so the formulation and use 

of indices have been strongly defended by agencies responsible for the supply and control of 

water pollution. Since data on water quality are collected through sampling and analysis, the 

need arises to translate the results in a way that is easily understood (Abbasi and Abbasi, 2012). 

It is worth noting that Brazil, as a country with a continental dimension and different 



 

 

3 Selection of variables in the definition of … 

Rev. Ambient. Água vol. 14 n. 4, e2385 - Taubaté 2019 

 

regional conditions, with wide climatic and geomorphological variation, possessing seven 

biomes, three ecotones and 79 ecoregions (Arruda et al., 2008), exemplifies how necessary it 

is to know the characteristics of water (Oliveira-Filho et al., 2014). This is because the impacts 

of any activity on water bodies can only be measured if there is prior knowledge of the natural 

conditions of the resource. 

Variable selection is the first and most important step in the composition of any WQI. In 

an attempt to reduce subjectivity in the selection of variables, statistical analyses such as 

Principal Component Analysis (PCA) have been widely adopted (Abassi and Abassi, 2012). 

For Bollman and Marques (2000), the use of statistical calculations in the selection of variables 

aims to reduce uncertainties and increase the applicability of the indices. In this context, the 

present work aims to select more appropriate variables with the natural configuration of the 

Brazilian Federal District (FD), by means of PCA, to compose a water quality index for FD 

water bodies. According to Lemos (2011), water quality is determined by its physical, chemical 

and microbiological characteristics; however, quality is a very broad term and has as its basis 

the intended use. As in the present study there was no specific direction for the use of water, 

the water in its natural condition was understood as being of standard quality. Therefore, the 

interruption or modification of the natural conditions was considered to represent a change in 

the natural quality, making it possible to characterize variables of regional importance. 

2. MATERIALS AND METHODS 

2.1. Study Areas and Sample Collection  

The Federal District is located in central Brazil, with an area of 5,789.16 km² (Barbosa, 

2010), representing the soil diversity of the Cerrado (savanna) region. It is in the Central Plateau 

ecoregion, with a significant geoenvironmental variety (Arruda et al., 2008), reaching altitudes 

of up to 1,300 meters (Bilich and Lacerda, 2005). About 85% of FD soils are represented by 

the classes of Red Latosol, Yellow Red Latosol and Cambisol (Campos and Silva, 2000). The 

climate is characteristic of the Cerrado biome, with well-defined seasons: rainy summer and 

dry winter. In April, the dry season begins, ending around September; from October to March 

higher rainfall rates can be observed (Muniz et al., 2011). 

In the Federal District, the São Bartolomeu Basin is the one with the largest extension, 

covering approximately 50% of the total area, representing 2,864.05 km2 (Barbosa, 2010). The 

sub-basins belonging to the São Bartolomeu River have significant importance in the activities 

of rural and urban areas. Its area consists of rural training and agricultural activities that 

correspond to approximately 70% of the area, and urbanization corresponds to approximately 

4% of the area (Ferreira, 2006; Sena-Souza et al., 2013). Although urbanization is present in a 

smaller part of this river basin, it presents considerable impacts, since the disorderly urban 

expansion from the 90's generated environmental degradation in the area (Barbosa, 2010). 

In order to identify the characteristics of the surface waters of the Federal District and to 

qualify the variables, one river and two streams were examined: Jardim River, from the Rio 

Preto Basin; and Sobradinho and Sarandi Streams, from the São Bartolomeu Basin (Figure 1). 

The fact that there was a natural area or an area under use, whether urban or agricultural, was 

considered for the selection. The fact that there was both natural or areas under human use, 

either under urban or agricultural, it was a factor taken under consideration for sample selection. 

The water bodies selected in the São Bartolomeu River Basin were Sobradinho and Sarandi 

Streams, an urban and rural water body, respectively. Sobradinho Stream rises in the Canastra 

hill and is the main water body of the Hydrographic Unit of Ribeirão Sobradinho. It presents 

an altimetry amplitude of approximately 350m and average annual temperature around 22°C. 

In relation to land use and occupation, this region is marked by intense subdivision, which has 

increased significantly since the 1990s (Zoby and Duarte, 2001). Sarandi Stream is a tributary 
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of the right bank of the Mestre d'Armas River, both belonging to the Hydrographic Unit of the 

Upper São Bartolomeu River, located in the north of the Federal District, with a drainage area 

of approximately 30 km2. The use and occupation of the soil of this area is characterized by 

agricultural activities and land allotments (Assis et al., 2013; Carvalho, 2005). 

 
Figure 1. Location of the study area.  

The Rio Preto Basin includes, besides the Federal District (12.94%), the states of Goiás 

(22.01%) and Minas Gerais (65.05%), so it is defined as a federal river. In the Federal District, 

this hydrographic basin corresponds to approximately 23% of the total area, with drainage of 

1,343.75 Km² (Barbosa, 2010). Its use is mainly for agriculture, and it is responsible for about 

80% of the agricultural production of the Federal District. The Rio Preto Basin is a major 

contributor to the São Francisco River, which is an important source of energy generation, 

irrigation and supply of human needs (Oliveira-Filho and Parron, 2007). 

The Jardim River comprises a total drainage area of 141.8 km2. It is located in the 

Hydrographic Unit of the Upper Jardim River, east of the Federal District, framed in the Rio 

Preto Basin, which is an affluent of the Paracatu River, a considerable tributary of the São 

Francisco River (Castro et al., 2016). It is a predominantly rural area with intense agricultural 

activity (Vieira et al., 2018), used for the cultivation of several crops, leaving few areas of its 

natural vegetation bordering the river (Lima, 2010). 

The collection points were defined based on the representativeness of the point in the river 

and the safety of sampling. Previous studies in the basins also helped to define the sampling 

sites (Muniz et al., 2011; Pires et al., 2015), and the surveys carried out at the sites contributed 

information about the characteristics of the areas and the main polluting activities of the region 

(ANA, 2012). The springs were selected to observe the natural characteristics of the rivers, 

without direct anthropogenic interference. The other two points were aimed at assessing the 

impact of different human activities on the river. Samplings occurred monthly between August 

2016 and July 2017, with 12 samplings from each point in each water body, totaling 108 

samples, 36 from each river.  

In the Sobradinho Stream, the collection points were denominated: P1, Sobradinho Spring 

(15°37’59” S and 47°46’21” W); P2, upstream of WWTP (wastewater treatment plant) effluent 

release (15°38’37” S and 47°48’44” W); P3 downstream of WWTP effluent release (15°39’59” 
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S and 47°48’32” W). In the Sarandi Stream, collection points were described as: P1, Sarandi 

Spring (15°35’43.0” S and 47°44’46.4” W); P2, Sarandi bridge (15°35’10.9” S and 47°43’58.7” 

W); P3, Sarandi downstream (15°35’33.9” S and 47°42’17.1” W). The collection points of the 

Jardim River were denominated: P1, Jardim Spring (15°43’51.2” S and 47°34’41.8” W); P2, 

dam upstream (15°45’54.9” S and 47°35’34.80” W); P3, Estanislau confluence upstream 

(15°49’44.3” S and 47°33’28.9” W). 

In the water body, about 40 cm from the river bank, the properly prepared 300 ml 

polyethylene bottles were dipped into the water to a depth of approximately 30 cm. After 

collection, the vial was stored in a cool box under refrigeration and protected from light until it 

reached the laboratory for analysis. For determination of total coliforms and Escherichia coli, 

samples were collected in appropriate sterile containers containing sodium thiosulfate, 0.1 

mg/100 mL sample. All samples were subjected to physical, chemical and microbiological 

analysis. Samples destined for ionic analysis by chromatography were filtered through a 

hydrophilic membrane, consisting of mixtures of cellulose esters with 0.45 μm porosity and 

frozen until the moment of analysis. 

2.2. Laboratory and Statistical Analysis 

For each sample, 21 variables were analyzed: 19 physicochemical and 2 microbiological 

variables: temperature (TEMP), dissolved oxygen (DO), pH, electrical conductivity (EC), total 

dissolved solids (TDS), turbidity (TURB), total hardness (TH), total dissolved phosphorus 

(TDP), sodium (Na+),  potassium (K+), ammonium (NH4
+), calcium (Ca2+), magnesium (Mg2+), 

fluoride (Fˉ),  chloride (Clˉ), nitrite (NO2ˉ), nitrate (NO3ˉ), phosphate (PO4³ˉ), sulfate (SO4²ˉ), 

total coliforms and Escherichia coli (E. coli). 

The variables temperature and dissolved oxygen were obtained in the field with the use of 

a portable multiparameter meter HQ40d Hach, and the other analyses were carried out in the 

Embrapa Cerrados Water Chemistry Laboratory in compliance with the Brazilian Association 

of Technical Standardization (ABNT, 1992) and the 22nd edition of Standard Methods for the 

Examination of Water and Wastewater - SMEWW (APHA, 2012).  

In the statistical analyses, the data matrix of Sobradinho Stream, Sarandi Stream and 

Jardim River were submitted to descriptive statistics (mean and standard deviation), in order to 

synthesize the data to have an overview of the results. 

Principal Component Analysis (PCA) was used to rewrite multivariate data (Lattin et al., 

2011). With this analysis, it was possible to observe similar variables that can have the same 

meaning in terms of water quality. PCA provides a smaller view of the data that are in high 

dimensions, and explains as much of the data variance as possible in its first components (axes). 

The results of the PCAs of this study helped to select variables that contributed to the greater 

variability in water quality for the proposal of a water quality index for the DF. The statistical 

treatment of the data was carried out using software R version 3.4.2 (R Core Team, 2017). In 

the PCA analysis, the 'vegan' packages were used (Oksanen et al., 2017) and 'FactoMineR' (Le 

et al., 2008). 

3. RESULTS AND DISCUSSION 

3.1. Physical and Chemical Analyses  

The data of the 19 physical-chemical variables obtained in this study show a significant 

difference between the water quality of Sobradinho Stream and Sarandi Stream and Jardim 

River (Table 1). The change in the values of P1 (spring) to P3 (downstream of the WWTP) of 

Sobradinho Stream occurred in more variables and in a greater proportion than in the other two 

rivers. Observing the averages of each physicochemical parameter of Sobradinho Stream (Table 

1), it is possible to verify that the TDS increased about 90 times from P1 to P3, the hardness 

increased by about 70 times, ammonium showed an increase of about 50 times from the source 
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to the P3, the conductivity increased approximately 40-fold, the chloride had a magnification 

of about 25 times, total dissolved phosphorus and nitrate increased approximately 20-fold and 

potassium and turbidity also increased by about 15 and 10 times, respectively from P1 to P3. 

The TDS is the junction of dissolved chemical compounds in water; its main sources are 

agricultural activities, point sources such as WWTP and industrial outflow (Parron et al., 2011), 

and this would explain its considerable increase in P3, due to the WWTP point of Sobradinho. 

The same applies to the increase in hardness, which indicates contamination in the water, since 

it is a natural characteristic of it to present extremely low values in environments without direct 

anthropogenic interference (Aquino et al., 2009). The main ions that provide hardness in water 

are calcium and magnesium, which are often interconnected with sulfate ions (Di Bernardo and 

Dantas, 2005). 

The variables total dissolved phosphorus (TDP), potassium (K+) and ammonium (NH4
+) 

follow the same pattern, with the highest values found in P3 and the lowest values in P1. These 

variables extrapolated the values allowed in P3 in several months (CONAMA, 2005). 

According to Parron et al. (2011), high values of these variables may indicate contamination of 

raw sewage, transport of fertilizers and industrial effluents. 

Chloride (Cl-) is strongly related to the discharge of sanitary sewage, since human excreta 

contain a high amount of this element (WHO, 2017), which explains its increase in P3. 

However, even though P3 shows the highest value for this parameter, it is still lower than the 

maximum values allowed by CONAMA, which is 250 mg.L-1. In some months, P3 Nitrate NO3
- 

exceeded the values stipulated by CONAMA Resolution 357/2005, with the majority of these 

months in the dry period. It is believed that the reduction in water volume increased NO3
- . The 

NO3
- and Cl- are considered relevant ions in the indication of contamination by urban effluents 

(Muniz et al., 2011). 

The study by Muniz et al. (2011) in Sobradinho Stream also showed considerable changes 

in the water quality as it approached the urban area. Urbanization is strongly connected with 

the decrease in water quality (Silva et al., 2009), with P3 being within an urban environment. 

As in this study, Muniz et al. (2011) found the highest DO values at the spring and their lowest 

values at P3. CONAMA Resolution N° 357/2005 states that Class I fresh water must not have 

DO of less than 6 mg.L-1, Class II must not be less than 5 mg.L-1 and Class III not less than 4 

mg.L-1; that is, the minimum found in the creek is below the value determined for Class IV of 

the CONAMA resolution framework, in which it indicates that the DO should not be less than 

2 mg.L-1. This is probably due to the location of P3, which is downstream of Sobradinho's 

WWTP outflow, at a distance of approximately 600 meters (INPE, 2018). The bacteria that are 

present in large amounts in the WWTP effluent use oxygen in their respiratory processes during 

the stabilization of organic matter, which may contribute to the reduction of DO levels in water 

(Alves et al., 2008). The electrical conductivity (EC) showed a considerable increase 

downstream of the WWTP. Because this parameter is related to the presence of ions in the water 

body, the more inorganic compounds are present in the solution, the greater its conductivity 

(APHA, 2012). 

Slightly acidic values and low pH variation were also observed. The slightly acidic pH is 

a characteristic of Cerrado waters, which reproduce the acidity of the soils of this biome (Pires 

et al., 2015). Sarandi Stream and Jardim River presented fewer variables with large changes 

between P1 and P3 (Table 1). In Sarandi, only nitrate, turbidity and TDS increased 

considerably, even though in much lower proportions than in Sobradinho. The nitrate increased 

about 6 times and the turbidity about 4 times, and the TDS almost doubled. In the Jardim River, 

in addition to the TDS, which also almost doubled from P1 to P3, nitrate increased by 

approximately 23 times, regarding the mean of P1 to the mean of P3, while fluoride increased 

about 5 times, and the potassium, calcium, magnesium and conductivity almost doubled. 
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Table 1.  Descriptive statistics of the physical and chemical variables analyzed at the collection points of Sobradinho Stream, Sarandi stream and Jardim river. 

Variables 

Sobradinho Stream Sarandi Stream Jardim river 

M SD M SD M SD 

P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 

TEMP °C 22.75 21.36 21.40 1.26 1.24 0.93 21.48 23.78 22.64 1.46 1.29 1.41 21.65 21.86 22.18 1.20 1.39 1.16 

DO (mg L-1) 5.56 5.65 3.04 1.07 0.77 1.89 7.65 7.15 6.86 0.54 0.23 0.39 7.17 7.35 7.25 0.66 0.35 0.37 

pH  5.23 6.45 6.80 0.54 0.25 0.48 6.15 5.96 5.56 0.45 0.59 0.47 5.94 5.95 5.98 0.49 0.49 0.50 

EC (µS/cm) 4.57 62.80 170.4 1.61 22.47 77.96 3.88 5.02 5.88 0.81 0.71 1.21 3.98 7.57 7.85 1.03 1.64 4.10 

TDS (mg L-1) 1.81 33.26 90.01 0.73 6.48 36.70 1.37 1.89 2.38 0.44 0.36 0.60 1.89 3.14 3.29 1.74 0.76 1.93 

TH (mg L-1) 0.40 16.25 70.08 0.76 10.28 88.52 2.83 2.50 3.21 1.70 1.31 1.50 3.83 4.83 4.33 2.08 3.33 2.71 

TURB (UNT) 3.80 13.44 35.59 5.57 13.74 33.70 2.63 3.63 10.11 1.94 2.29 15.53 6.12 12.55 9.67 4.68 13.26 6.42 

TDP (mg L-1) 0.024 0.023 0.396 0.02 0.04 0.27 0.002 0.002 0.001 0.001 0.001 0.001 0.007 0.002 0.018 0.001 0.001 0.05 

Na+ (mg L-1) 0.29 0.43 0.74 0.12 0.64 0.98 0.15 0.19 0.15 0.15 0.20 0.14 0.50 0.44 0.55 0.30 0.17 0.19 

K+ (mg L-1) 0.17 3.44 15.92 0.26 2.90 11.53 0.17 0.33 0.22 0.09 0.23 0.20 0.32 0.26 0.58 0.32 0.17 0.82 

NH4
+ (mg L-1) 0.71 16.06 32.20 0.47 8.42 19.72 0.81 1.40 1.03 0.23 0.72 0.74 1.28 1.71 3.09 1.24 3.30 6.86 

Ca2+ (mg L-1) 3.12 9.55 12.74 2.15 4.47 1.95 1.46 1.56 1.78 0.23 0.21 0.39 1.67 2.40 3.00 1.46 2.08 4.21 

Mg2+ (mg L-1) 0.23 0.94 1.74 0.16 0.37 0.43 0.30 0.29 0.26 0.06 0.07 0.10 0.30 0.49 0.57 0.21 0.21 0.49 

Fl- (mg L-1) 0.02 0.05 0.18 0.03 0.09 0.10 0.03 0.02 0.01 0.05 0.04 0.02 0.01 0.03 0.05 0.02 0.03 0.05 

Cl- (mg L-1) 0.96 6.78 22.76 2.07 3.22 13.72 0.47 0.69 0.64 0.19 0.31 0.38 0.57 1.15 1.79 0.31 2.05 4.26 

NO2
- (mg L-1) n.d n.d 12.81 0.01 n.d 29.68 0.03 n.d n.d 0.09 n.d n.d n.d n.d n.d n.d n.d n.d 

NO3
- (mg L-1) 0.79 6.02 14.99 1.70 3.56 24.89 0.06 0.08 0.37 0.09 0.14 0.33 0.08 0.49 1.83 0.08 1.10 5.52 

PO4
3- (mg L-1) n.d n.d 2.25 n.d n.d 2.43 n.d n.d n.d n.d n.d n.d n.d n.d 0.09 n.d n.d 0.30 

SO4
2- (mg L-1) n.d 0.15 0.20 n.d 0.36 0.49 n.d n.d n.d n.d n.d n.d n.d 0.01 0.01 n.d 0.02 0.02 

M = Mean / DP = Standard Deviation / P1 = Point 1/ P2 = Point 2/ P3 = Point 3/ TEMP = Temperature/ DO = Dissolved oxygen / EC = Electrical conductivity 

/ TDS = Total dissolved solids / TH = Total hardness / TURB = Turbidity / TDP = Total Dissolved Phosphorus/ n.d = non detected. 
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In the rivers of the rural area the parameter with the greatest variation was nitrate. This 

increase can be explained by the agricultural activity of the region (Aquino et al., 2009). Both 

rivers presented values lower than those found in Sobradinho Stream, and the anthropogenic 

interference is different. This was because in Sobradinho Stream, the wastewater treatment 

plant (WWTP) was observed as clearly being the main source of water quality changes, whereas 

in Sarandi Stream and Jardim River, which are located in rural environments, the main 

interference is agriculture and livestock. The widespread agricultural activity in the Jardim 

River region, which leads to intense use of agrochemicals, can cause water contamination 

(Muniz et al., 2011), which is the possible explanation for the increase of nitrate at P3 of this 

river. 

A common feature observed in the three monitored water bodies is the low values detected 

in their springs for the hardness, and it is natural for these waters to always have low hardness 

(Aquino et al., 2009; Muniz et al., 2011; Oliveira-Filho et al., 2014); thus, it is believed that 

when this parameter changes, resulting in higher values, it signals the point at which anthropic 

interference occurs. 

3.2. Total Coliforms and E. coli  

In the results of the microbiological analyses of Sobradinho Stream, high values were 

observed for Total Coliforms (TC) at P2 and P3 for all samples taken. With the exception of P2 

in June, all samples were detected with values > 2,419.6 MPN (Most Probable Number) / 100 

mL. According to CONAMA Resolution No. 357/2005, total coliforms are acceptable up to the 

value of 5,000 MPN / 100 mL. Also according to this standard, Class III waters used in 

recreation of secondary contact should not exceed the limit of 2,500 MPN / 100 mL in 80% or 

more of at least 6 samples, and for the watering of animals raised in confinement the limit is 

1,000 NMP / 100 mL in 80% or more of at least 6 samples. E. coli showed the lowest values at 

P1 and the highest values at P3, as well as TC. P1 and P2 presented acceptable values for the 

use of secondary-contact recreation, as well as for watering animals in confinement. In contrast, 

P3 exceeded all limits determined by CONAMA throughout the E. coli sampling for the use of 

the stipulated activities. The main explanation for the high values of TC and mainly of E. coli 

at P3 of Sobradinho is the release of WWTP effluents. The presence of E. coli in the water 

bodies means there is fecal contamination through these microorganisms (Silva and Bringuel, 

2007). 

At P1 of Sarandi Stream the TC value was the highest among the three rivers. In some 

months, the P2 of both Sarandi and Jardim presented values  > 2,419.6 MPN / 100 mL, and in 

Jardim this value was found more frequently at P2 and Sarandi at P3. The values found in these 

two water bodies are within the allowed limits (CONAMA, 2005). 

The E. coli amounts found in these water bodies are probably associated with animal feces 

(cattle ranching) and a small amount of untreated sewage (Aquino et al., 2009; Muniz et al., 

2011). 

CONAMA Resolution No. 357/2005 (CONAMA, 2005) was used throughout the research, 

with the minimum and maximum values stipulated as the basis for qualifying each parameter. 

3.3. Principal Component Analysis 

Before the principal component analyses (PCA) took place, Kaiser-Meyer-Olkin index 

(KMO) and Bartlet Sphericity Test (BST) measurements were carried out. For Hair et al. 

(2009), KMO values greater than 0.5 to 1.0 are considered acceptable for PCA application. The 

result of the KMO index obtained in the first study matrix was 0.79 and the BST was considered 

significant (<0.000, p <0.05). 

Principal component analysis (PCA) was performed on the total set of normalized data (21 

variables) for the 9 sampling points in order to observe the dispersion diagram of the three water 

bodies (Figure 2). 
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Figure 2. Dispersion diagram of water bodies sampled in main components 1 and 2. 

It is possible to observe how the general characteristics of Sobradinho differ from Sarandi 

and Jardim, and how the latter two are similar. The probable explanation for this is that 

Sobradinho Stream is an urban water body, with a specific source of pollution provided by 

Sobradinho’s WWTP, while the similarity between Sarandi and Jardim is possibly due to the 

fact that both are in rural areas, with agriculture and livestock as a source of anthropogenic 

contamination. 

After the result of the dispersion diagram (Figure 2), showing the difference between 

Sobradinho and the other two rivers, a PCA was generated from Sobradinho Stream and a PCA 

with Sarandi Stream and Jardim River together (Table 2), in order to observe the ordered 

variables. 

For the Sobradinho Stream data set (KMO = 0.82 and BST = p <0.000) and the Sarandi 

Stream and Jardim River (KMO = 0.77 and BST = p <0.000) the first two components (PC1 

and PC2) were selected, because they presented eigenvalues> 1, based on the Kaiser criterion, 

and the total percentage explained between 70 and 90% according to the criterion adopted by 

Jolliffe (Kaiser, 1958; Jolliffe, 2002). In studies that use PCA in water quality assessment, the 

first two or three major components generated account for much of the variation in the original 

data. In most cases these components are sufficient to describe the entire data matrices without 

significant loss of information (Simeonov et al., 2003). A Varimax normalization was applied 

as a rotation method in the analysis of the main components for better interpretation of the 

results. For Sobradinho Stream, the two components explained 75.06% of the original data 

variation, while in Sarandi Stream and Jardim River the total variation explained by the three 

components was 80.77% (Table 2). 

Loads greater than 0.75 were established to consider the variable with an important load 

in the main component. Liu et al. (2003) classified values of absolute load> 0.75, 0.75-0.5 and 

0.5-0.3 as strong, moderate and weak, respectively. For the Sobradinho Stream data set, the 

variables DO, EC, TDS, potassium, ammonium, magnesium, fluoride, chloride, phosphate and 

E. coli presented loads above 0.75 for PC1 and the sodium and sulfate variables likewise in 

PC2. In the data set of Sarandi Stream and Jardim River, TDP, potassium, ammonium, calcium, 

magnesium, chloride, nitrate and phosphate presented strong loads in PC1, while EC, TDS and 

sulfate had loads > 0.75 in PC2 (Table 2). 
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Table 2. Loadings of the main components, eigenvalues, percentage of variation and total percentage 

explained by the monitoring of the sampled water bodies. 

 Variables 
Sobradinho Stream Sarandi Stream and Jardim River 

PC1 PC2 PC1 PC2 

Temperature (TEMP) -0.397 -0.391 -0.008 -0.000 

Dissolved Oxygen (DO) -0.832 0.021 -0.126 -0.116 

pH 0.743 0.118 -0.014 0.316 

Electrical Conductivity (EC)  0.918 0.047 0.248 0.873 

Total Dissolved Solids (TDS) 0.965 -0.013 0.232 0.831 

Total Hardness (TH) 0.756 0.069 0.228 0.528 

Turbidity (TURB) 0.636 0.347 0.006 0.065 

Total Dissolved Phosphorus (TDP) 0.321 0.337 0.934 -0.170 

Sodium (Na+) 0.093 0.869 0.042 0.165 

Potassium (K+) 0.881 -0.218 0.876 -0.096 

Ammonium (NH4
+) 0.852 -0.342 0.958 -0.120 

Calcium (Ca2+) 0.721 0.253 0.948 -0.034 

Magnesium (Mg2+) 0.904 0.114 0.891 -0.001 

Fluoride (F-) 0.813 -0.261 0.392 0.104 

Chloride (Cl-) 0.928 -0.245 0.961 -0.074 

Nitrite (NO2
-) 0.448 -0.248 -0.038 -0.050 

Nitrate (NO3
-) 0.456 -0.294 0.973 -0.103 

Phosphate (PO4
3-) 0.798 -0.168 0.939 -0.160 

Sulfate (SO4
2-) -0.019 0.946 0.007 0.780 

Total Coliforms (TC) 0.599 0.359 0.093 0.132 

Escherichia coli (E. coli) 0.801 0.404 0.152 0.471 

Eigenvalue 9.610 2.400 7.199 2.494 

% of Variation 60.06 15.00 59.99 20.78 

% Explained total 75.06 80.77 

3.4. Proposal of variables for a regional WQI 

The differences observed in all the analyses of this work demonstrate the necessity of two 

separate groups of variables to constitute the FD Water Quality Index, one being an index for 

rivers in the urban environment and the other for rivers in the rural environment. For the 

proposal of these two groups of variables in the formation of WQIs for FD, the results of the 

PCA of Sobradinho Stream (Table 2) and PCA of Sarandi Stream and Jardim River together 

(Table 2) were considered, and the data of the physical and microbiological analyses (Table 1). 

Electrical conductivity is a very significant variable in the analysis of water quality, since 

it can warn about high levels of many inorganic variables in the rivers. Besides the inorganic 

ions, it also shows good correlation with other variables. The conductivity showed a correlation 

with several inorganic ions in Sobradinho Stream, which can be interpreted as a warning for 

river pollution. This parameter was incorporated in the quality index of the urban and rural 

rivers, since its high values can signal the presence of possible contaminations and impacts 

undergone by rivers (Wanick et al., 2011) and mainly modifications in their mineral 

concentration (CETESB, 2009). 

The TDS were also ordered in all PCAs, but the correlation between TDS and conductivity 

is high, so that only the conductivity will be proposed for the WQI of FD. Chloride was also 

selected in all PCAs, and is part of the proposal in the group of variables for urban and rural 
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WQIs. Calcium was selected in the rural area, since this variable presented high loading and 

being very sensitive to changes in the rural environments studied. 

Potassium, ammonium and magnesium variables were also ordered in the PCA of 

Sobradinho Stream, and of Sarandi Stream and Jardim River. These variables presented changes 

from P1 to P3 in the analyzed water bodies, and they were therefore suggested for the urban 

and rural WQIs of the FD. 

Phosphate and sulfate appeared in low amounts in all water bodies in this study. The 

selection of them by PCA must have occurred because they presented a variation. Indeed, at 

many points their presence was not detected, and at some points in a few months, they were 

found. However, because they were detected in a few months and in low amounts throughout 

the monitoring, phosphate and sulfate are not proposed in the urban and rural WQIs of FD. 

Nitrate and total dissolved phosphorus were selected only in the PCA of the rural water bodies, 

and both variables are thus suggested in the rural WQI. 

The variables that were selected only in the PCA of Sobradinho Stream were DO, total 

hardness, sodium, fluoride and E. coli. DO presented a negative correlation with several 

variables, but it was important in the evaluation of the urban water quality of FD.  

The total hardness had an increase of about 70 times from P1 to P3 in this river. The water 

hardness, according to the results of the monitoring of this study, is low in natural waters, such 

as at a spring, but with the increase of anthropic intervention the values tend to get higher, 

making this parameter a sign of contamination in the water body. Sodium and fluoride are 

significant variables, since they may present increased values in water due to effluents from 

wastewater treatment plants (CETESB, 2009; Parron et al., 2011). 

E. coli is the main indicator of fecal contamination and the possible presence of pathogenic 

organisms (Brasil, 2017); the presence of this bacterium in high concentrations leaves water 

unfit for various activities (Silva and Bringuel, 2007). Although E. coli was not ordered in the 

PCA of the rural rivers, but it is an important microbiological parameter, as mentioned above, 

which meant that it was also incorporated in the rural WQI, mainly due to the potential presence 

of livestock in those areas. 

Thus, among the 21 initial variables analyzed, it was proposed to select 10 variables for 

the definition of a WQI for urban areas, and 9 variables for a WQI for rural areas of the Brazilian 

FD. The variables selected for the urbanized regions and the rural regions in the FD are shown 

in Table 3, in comparison with the original variables from CETESB-WQI (Zagatto et al., 1999). 

Table 3. Comparison among variables from original WQI CETESB and proposed 

by the present study for urban WQI and rural WQI to be defined for FD. 

WQI CETESB Urban WQI Rural WQI 

Dissolved Oxygen Dissolved Oxygen Electrical Conductivity 

pH Electrical Conductivity Total Dissolved 

Turbidity Total Hardness Phosphorus 

Biological Oxygen Demand Sodium Potassium 

Total Nitrogen Potassium Ammonium 

Total Phosphorus Ammonium Calcium 

Total Residues Magnesium Magnesium 

Temperature Fluoride Chloride 

Escherichia coli Chloride Nitrate 

 Escherichia coli Escherichia coli 

 



 

 

Rev. Ambient. Água vol. 14 n. 4, e2385 - Taubaté 2019 

 

12 Ana Luiza Litz Passos et al. 

4. CONCLUSIONS 

The data obtained in this study from the monitoring of the rivers and the characterization 

of the water quality variables evidenced the differences between the water bodies. 

Sobradinho Stream is a water body that is considered urban, because it crosses the town of 

Sobradinho and receives effluent from the wastewater treatment plant of this town, which 

considerably changes the quality variables. Sarandi Stream and Jardim River are considered 

rural water bodies, since both run mainly through an agricultural area. The main non-point 

source of changes in the water quality of these surface waters is the agricultural activities 

present near the watercourses. 

Thus, based on the regional characteristics of the FD and on quality as meaning the 

maintenance of the natural condition, the present study evidenced the urgent need to establish 

two different WQIs for FD water quality. One can be exclusively for the definition of an urban 

WQI, composed of: DO, electrical conductivity, total hardness, sodium, potassium, ammonium, 

magnesium, fluoride, chloride and E. coli; and the other for the construction of an eminently 

rural WQI, consisting of electrical conductivity, total dissolved phosphorus, potassium, 

ammonium, calcium, magnesium, chloride, nitrate and E. coli. The definition of the weights for 

each parameter may be objects of other studies, when there is a need to define the respective 

use of waters. 

The use of these variables divided into two groups could minimize water quality conflicts 

and help with planning and framing issues aiming at better management of water resources in 

the Brazilian Federal District. 
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