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1. INTRODUCTION 

 

Water is an infinite natural resource, indispensable for the ex-

istence of terrestrial life and has currently undergone intense 

changes in its qualitative characteristics, thus interfering in 

the availability of its different uses (BILGIN; KONANÇ, 2016; 

NAVEEDULLAH et al., 2016; NEISIET al.2018).  

 

According to Braga et al. (2015), both water resources quantity 

and quality are modified as a result of natural or anthropo-

genic causes. Among the natural causes are the processes of 

weathering and sediment transport. For the anthropic factors 

that contribute to the scarcity of water, there is the intense 

consumptive use and the consequent pollution generated 

(BILGIN; KONANÇ, 2016; YANG et al., 2015). 

 

Consumption uses include domestic and industrial supplies, 

and agricultural activities, which are expanding more and 

more due to population and urban growth. The large-scale ap-

plication of fertilizers and the use of pesticides and insecti-

cides for agricultural production have potentially increased 

pollution scenarios in watercourses (VAROL; DAVRAZ, 2014; 

VOZA et al., 2015). Moreover, according to Monica and Choi 

(2016), such disordered consumptive uses can have effects 

not only on the aquatic ecosystem, but also on human health, 

since the water body is the result of activities in a river basin. 
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Abstract  

 

Understanding how and where anthropic activities influence the water quality of an aquifer is extremely important for 

the monitoring and management of these, however the tools used for this purpose are scarce. The objective of this 

study was to create and spatialize a specific groundwater quality index to evaluate the water quality of an aquifer. 

Thus, through a standardization of the data, as well as a scaling according to its concentration or measurement to 

create the sub-indexes and based on the multivariate statistics, we established the weights of each of the variables 

involved in this study. It should be noted that the variables used in this study are secondary data provided by IGAM, 

collected in the year 2017. In addition, after the creation of this index, it was spatialized in order to visualize the zones 

that suffer the greatest anthropic influences. Moreover, based on the spatially created index, it was possible to identify 

that the area in the northern most portion of the map is where the best water quality was found. Thus, it was observed 

that nitrate is the most important variable in this study. Therefore, it was possible to conclude that the index created 

is capable of assisting in the monitoring and management of water resources. 

 

Resumo 

 

Entender como e onde as atividades antrópicas influenciam a qualidade da água de um aquífero é de extrema im-

portância para o monitoramento e manejo destas, porém as ferramentas utilizadas para esse fim são escassas. O 

objetivo deste estudo foi criar e espacializar um índice específico de qualidade da água subterrânea para avaliar a 

qualidade da água de um aquífero. Assim, através de uma padronização dos dados, bem como um dimensionamento 

de acordo com a sua concentração ou medição para criar os sub-índices e com base na estatística multivariada, 

estabeleceu-se os pesos de cada uma das variáveis envolvidas neste estudo. As variáveis utilizadas neste estudo 

são dados secundários fornecidos pelo IGAM, coletados no ano de 2017. Além disso, após a criação deste índice, 

especializou-se o mesmo para visualizar as zonas que sofrem as maiores influências antrópicas. Além disso, com 

base no índice espacialmente criado, foi possível identificar que a área na porção mais ao norte do mapa é onde foi 

encontrada a melhor qualidade da água. Assim, observou-se que o nitrato é a variável mais importante neste estudo. 

Portanto, foi possível concluir que o índice criado é capaz de auxiliar no monitoramento e gestão dos recursos hídri-

cos. 
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All these concerns regarding water quality reflect the essenti-

ality of this renewable resource on our planet, since for each 

classification of fluvial courses can be set parameters to reach 

water quality levels compatible with the classification of the 

source. 

 

In order to assess the impacts generated on water quality, it is 

necessary to analyze their temporal and spatial variations, as 

well as the physical, chemical and biological processes that 

occur dynamically in a river basin (BILGIN; KONANÇ, 2016; LO-

BATO et al., 2015; MONICA; CHOI, 2016).  

 

However, when the physical, chemical and biological parame-

ters are analyzed separately it is not possible to obtain a global 

understanding of the water body, mainly by professionals from 

other areas of knowledge, thus needing tools capable of ana-

lyzing them simultaneously (GOMES et al., 2014). 

 

According to Olsen, Chappell and Loftis (2012), multivariate 

statistical methods can be used in data collected over time 

and at various sites within a river basin to better understand 

the relationships between monitored parameters. 

 

Multivariate statistics make the interpretation process of wa-

ter quality data less complex, allowing decision making, cost 

minimization, laboratory analysis, and sample collection (AL-

MUTAIRI; ABAHUSSAIN; EL-BATTAY, 2014; GOMÉZ et al., 

2014). The multivariate statistical methods most applied in 

environmental studies are Factorial Analysis (FA) and Principal 

Components (PC) (GOMES et al., 2014; HASHEMI et al., 2014; 

OUYANG, 2005; WANG et al., 2015; YANG et al., 2015). 

 

This technique, the FA, provides a means of analyzing the 

structure of the correlations of a sample with numerous varia-

bles, thus making known the sets of highly correlated variables 

that are called factors, which are treated as representing di-

mensions within the data (HAIR et al., 2009; MINGOTI, 2013).  

By finding complex structures that can only be directly ob-

served, the FA aims to simplification, thus allowing a better un-

derstanding of the analyzed data (LANDIM, 2011).  

 

According to Mingoti (2013) after the identification of factors, 

their numerical values (factor scores) can be found for each of 

the variables under analysis. Normally these values serve as a 

basis for the use of other statistical analyzes, as well as to 

compose water quality indices (LIBÂNIO, 2010; MINGOTI, 

2013). 

 

There are also the Water Quality Indexes (WQI), which, like mul-

tivariate statistics, can be used to evaluate pollution reduction 

programs in watercourses and provide information that is easy 

to be interpreted by society. Aiming at the practicality in its use, 

especially about the monitoring of water quality for the pur-

poses of human and animal dredging. 

 

Thus, several authors have been adapting the WQI, developed 

by a group of researchers coordinated by Robert M. Brown in 

1970, with the support of the National Sanitation Foundation 

(NSF) of the United States, called Brown Index (WQINSF); Com-

pound of the parameters: Dissolved oxygen, pH, coliforms, 

specific conductance (TDS), alkalinity, chloride and the extract 

of carbon chloroform  (CEE).  Toledo  and  Nicolella  (2002)  in 

cluded in the WQI for an urban drainage basin in the interior of 

São Paulo other parameters of water quality, such Total and 

dissolved phosphorus, pH, dissolved oxygen, ammonia, ni-

trate, electrical conductivity, turbidity, suspended shadows 

and chlorophyll. Davies-Colley e Smith (2001) based on the 

Delphi methodology and created a raw water quality index 

(WQIB) for recreation with primary contact in New Zealand, and 

the developed WQIB was composed of eight parameters of wa-

ter quality: Manganese, Cyanobacteria, Escherichia coli, Algae, 

Iron, Apparent Color, pH and Turbidity. Moretto et al. (2012) 

adjusted the WQINSF weights based on CONAMA 357/2005, 

for the Pardo river basin, in South Brazil, using multivariate 

statistical analysis.  

 

Naveedullah et al. (2016) developed a WQI to evaluate one of 

Siling's main reservoirs in Zhejiang Province, China. The devel-

oped index was composed of ten parameters of water quality, 

some of these index of water quality of the Environmental 

Company of the State of São Paulo (WQICETESB), and more 

ammonium ion. In addition, it presents a distinction between 

the compounds of coliforms and contains chlorophyll. The dif-

ferential is related to the concentrations of the parameters in-

volved, which were normalized, based on the mass of data in 

each parameter (giving rise to qi), instead of using water qual-

ity curves. The weights of the parameters were obtained based 

on literature reviews. 

 

Zhao et al. (2016) created an WQI to evaluate a reservoir in 

China, using twelve parameters, the index being calculated 

from a series of mathematical expressions, including the fre-

quency, amplitude and number of variables analyzed in each 

parameter. 

 

Jian-Hua, Yue and Hui (2011) assessed the groundwater qual-

ity in Pengyang County based on an improved water quality in-

dex. An information entropy method was introduced to assign 

weight to each parameter. For calculating WQI groundwater 

quality, total 74 groundwater samples to comprehensive phys-

icochemical analysis. WQI 14 parameters were chosen includ-

ing chloride, sulphate, pH, chemical oxygen demand (COD), to-

tal dissolved solid (TDS), total hardness (TH), nitrate, ammonia 

nitrogen, fluoride, total iron (Tf), arsenic, iodine, aluminum, ni-

trite, metal silicic acid and free carbon dioxide. 

 

Vasanthavigar et al. (2010) applied of water quality index for 

ground water quality assessment: Thirumanimuttar sub-basin, 

Tamilnadu, India to quantify overall water quality for human 

consumption. ˇtambuk-Giljanovic ́(1999) reports the creation 

of aWQI both for surface waters and groundwater and the re-

sults of its application for water evaluation in Dalmatia, Croa-

tia. Soltan (1999) to indicate the quality of ground water from 

ten artesian wells located nearthe Dakhla Oasis in the Egyp-

tian Western. Abessi and Meraji (2010), study a simple meth-

odology based on multivariate analysis is developed to create 

a groundwater quality index (GWQI), with the aim of identifying 

places with best quality for drinking within the. 

  

There are few references to water quality indexes. Brazil has 

the natural index of groundwater quality developed by re-

searchers from the Federal University of Bahia, although until 

has limitations on composition parameters. Therefore, several 

authors have created or adapted a specific one for its source 
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for further details (Oliveira et al, 2006, 2007). As can be men-

tioned also the Groundwater Quality Index (IQAS) (Oliveira et 

al, 2004) and Groundwater Quality of Use Index - e-IQUAS (Al-

meida, 2012). 

 

Oliveira (2018) In order to evidence the concentration of pol-

lutants and contaminants in the groundwater, the methodol-

ogy of water quality index was tested for aquifer areas influ-

enced by industrial organic percolates of the Camaçari region, 

included in the North Recôncavo of Bahia. 

 

However, some indexes are not comprehensive for all aquifer. 

Therefore, this study aims to create a groundwater quality in-

dex of an aquifer belonging to the San Francisco river basin, 

aiming at its use for the purposes of initial environmental mon-

itoring perspectives. The object of this study was the aquifer of 

the São Francisco river, which, today, plays an important role 

in the country's development, depending on its developed eco- 

nomic activities, of the of energy and the significant resident 

population. 

 

2. MATERIAL AND METHODS 

 

2.1. Characterization of the area 

 

The wells (station) used in this study are part of a groundwater 

quality monitoring that has been carried out by a Projeto Águas 

de Minas do Instituto Mineiro de Gestão das Águas (IGAM), 

called Águas de Minas, since 1997. In this work, data for the 

2017 sampling were used as the most recent data available. 

These station belong to the SF6 Rio Jequitaí and SF10 Rio 

Verde Grande sub-basins, both of which are located in the 

mesoregion of Northern Minas Gerais, in the São Francisco 

River Hydrographic Basin, which is located in the hydrogeolog-

ical domain of the Bambuí aquifer (Figure 1). 

 

  Figure 1 - Location map of the study area 

 

It should be noted that the climate of the region is defined as 

hot tropical of the semi-arid subtype, with dry periods equal to 

or greater than six months, with the wettest months being from 

December to February, with an annual rainfall of 800 mm and 

mean annual temperature of 26.6 ° C (PATRUS et al.,2001). 

 

The municipalities of Jaíba and Verdelândia account for about 

40% and 50% of the gross domestic product destined to agri-

culture, and the main culture of the region is banana, but also 

highlight the mango and lemon crops as well as the of sugar-

cane. Therefore, cattle raising predominates, followed by 

chickens and pigs. It is worth mentioning that another im-

portant activity is the vegetal extraction to produce charcoal. 

These activities end up affecting the quality of the water of this 

manancia, in addition these waters are used in a great part for 

human and animal watering. 

 

2.2. Compilation of Data 

 

Secondary data from 53 wells, made available by IGAM, were 

used in this study. The following parameters were considered: 

Electric Conductivity, Alkalinity, Total Chloride, Total Hardness, 

Ionized Fluoride, Total Phosphorus, Nitrate, Total Sulphate, Ox-

ygen consumed, Turbidity, Total Calcium, Total Iron, Lithium, 

Total Potassium, Dissolved Silicon, Dissolved Sodium, Total 

Sodium and Escherichia coli. 

 

2.3. Statistical analysis of data 

 

The identification of the most important variables, as well as 

the determination of their weights, occurred through a few 

steps: firstly, the water quality data were normalized, later a 

data matrix expressed by X = (xi, j ), where i = 1 ... n samples 

(72) ej = 1 ... p variables (13). Then, the original data matrix 
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was transformed into an array of correlations [R] (pxp), where 

"p" corresponds to the water quality variables. 

 

Through FA / PCA, the original set of observed variables was 

transformed into a new set of variables, called principal com-

ponents (PC). According to Hair et al. (2009), the first three 

components should explain the maximum total variability of 

the data, the first one is not correlated with the second and 

the second is not correlated with the third, and this is not cor-

related neither with the first nor with the second, and so on, 

until the PCs explain more than 70% of the total variance of 

the data. 

 

Therefore, only the parameters with values greater than or 

equal to 0.7 were used. Because of this factorial load, it is pos-

sible to affirm that the parameter in question has a great rele-

vance for that source. Therefore, the parameters that pre-

sented a factorial load lower than 0.7 were disregarded from 

the study. The software R was used for multivariate analyzes 

(R CORE TEAM, 2013). 

 

It should be noted that the selected variables, from FA, were 

used to compose the Water Quality Index of the São Francisco 

River Basin (WQIBHSF). It should be emphasized that the 

methodology developed in this work for the creation of water 

quality indexes was called WQIBHSF. 

 

From the decomposed matrices, the factorial scores (or facto-

rial weights) were also used, which were considered to con-

struct the index, identifying the individual importance of each 

variable in its composition. 

 

4. METHODOLOGY FOR THE CREATION OF WQIBHSF 

 

After the determination of the water quality parameters by the 

FA, the data were normalized through the standard deviation 

and the mean of each data mass (Equation 1), aiming to con-

struct the quality indexes (qi), which were calibrated in func-

tion of its total value, so that the values varied from 0 to 100. 

Thus, these results were similar to the curves established in 

the WQINFS, which simulates the functional relationship be-

tween the water quality note and the value of the parameter 

being represented. It is important to emphasize that there was 

no creation of curves. Thus, the results were obtained only by 

the transformation and application of the main component 

analysis. The WQI was created specifically for this case study, 

following only, after this transformation and definition of the 

weights, the mathematical formulation of the multiplicative ag-

glomeration used in the WQINFS. However, it is possible to 

adapt this index to other studies, both underground and sur-

face resources, as long as they have a consistent historical se-

ries. 

 

𝑋𝑆𝐶 =
𝑋𝑑𝑎𝑡 − (𝑚𝑒𝑎𝑛 − 2𝑠𝑡𝑑)

4𝑠𝑡𝑑
                                             (1) 

 

Where: 

XSC= Value resulting from standardization; 

Xdat= Gross value of the variable; 

mean= Mean of the data mass of the variable; 

std= Standard deviation of the variable data mass. 

 

For the association of the parameters and for the final agglom-

eration the multiplicative agglomeration method was used. 

This method was applied in several developed WQIs (BROWN, 

1970; LIBÂNIO 2010; SPERLING, 2005), calculated according 

to Equation 2, whose values vary from 0 to 100 

𝑊𝑄𝐼𝐵𝐻𝑆𝐹 = ∏ 𝑞𝑖
𝑤𝑖

𝑛

𝑖=1

                                                                  (2) 

 

Where: 

WQIBHSF: Water Quality Index for the aquifer belonging to the 

São Francisco river basin between 0 and 100; 

qi: quality of the i-ésimo parameter, obtained from the stand-

ardization of the data, based on Equation 1, as well as a scal-

ing according to its concentration or measurement, so that the 

number was between 0 and 100; 

wi: factorial weight (factorial score), corresponding to the i-

ésimo parameter, a number between 0 and 1, attributed as a 

function of its importance for the overall conformation of qual-

ity and; 

n: number of variables used in the calculation of WQIBHSF. 

 

It should be noted that the spatialization of the index created 

was performed through QGis software version 2.18.18, for the 

WGS reference system in the UTM projection system, in the 

South 23 spindle. 

 

5. RESULTS AND DISCUSSION 

 

5.1. Extraction of the springs for the parameters that compose 

the WQI 

 

The number of factors to be extracted was determined by an-

alyzing the percentage of variance explained (MINGOTTI, 

2013). The first five factors were extracted for the aquifer stud-

ied, which together explained 73.79% of the total data vari-

ance (Table 1). It should be noted that according to Hair et al. 

(2009), the selection of the variance used to represent a total 

set of data should be above 70%, to provide a variance repre-

sentative. 

 

 

Table 1- Factors found and the explanation of the sample variance containing the 18 variables of water quality  

Factors Total Explained Variance (%) Total Cumulative Variance (%) 

1 35.13 35.13 

2 14.26 49.39 

3 11.78 61.18 

4 7.48 68.66 

5 5.14 73.79 
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Belkhiri and Narany (2015) used analysis of the percentage of 

explained variance, to extract the main components of their 

study in groundwater in the Ain Azel plane, in Argélia, and re-

quired two components to explain 85% of the total data vari-

ance and thus to identify sources of pollution. Already Yang el 

at. (2015) required three main components to assess and 

identify sources of pollution in a coastal aquifer in southern 

China. Furthermore, the two authors mentioned above used a 

smaller number of parameters than the one employed in this 

study. 

 

However, through the five factors generated, it was possible to 

obtain a systemic view of the representativeness of each water 

quality parameters involved in this study. Table 2 shows the 

factorial scores extracted from the factorial analysis, contain-

ing the 18 parameters of groundwater quality. 

 
Table 2 - Factor scores extracted from FA, containing the 18 parameters of water quality 

 

Parameters 

Score fator 

1.00 2.00 3.00 4.00 5.00 

Electric Conductivity 0.14 -0.04 -0.04 0.10 0.02 

Alkalinity -0.05 -0.01 0.08 -0.21 0.28 

Total Chloride 0.09 -0.09 0.04 0.31 -0.18 

Total Hardness 0.13 0.05 -0.05 -0.15 0.01 

Ionized Fluoride 0.12 -0.17 -0.06 0.09 0.03 

Total Phosphorus 0.04 0.26 0.14 0.14 0.11 

Nitrate -0.07 0.01 -0.11 -0.14 0.48 

Total Sulphate 0.11 0.02 -0.04 -0.32 -0.05 

Oxygen consumed 0.07 -0.09 -0.05 0.23 0.34 

Turbidity -0.03 0.11 -0.30 0.04 -0.02 

Total Calcium -0.04 0.10 -0.33 0.09 -0.08 

Total Iron 0.10 -0.20 -0.05 0.10 0.03 

Lithium -0.03 0.09 -0.34 0.14 -0.04 

Total Potassium 0.04 0.26 0.13 0.20 0.08 

Dissolved Silicon 0.11 0.03 -0.07 -0.24 0.06 

Dissolved Sodium 0.09 -0.01 -0.10 -0.25 -0.13 

Total Sodium 0.11 0.19 0.02 0.00 0.08 

Escherichia coli 0.11 0.19 0.01 -0.01 0.08 

 

After the extraction of the factorial scores, the score with the 

highest factorial load was selected for each parameter of 

groundwater quality, which are highlighted in red in Table 2. 

After the selection of the highest factorial scores, the calibra-

tion was done so that they varied from 0 to 1, as required for 

the multiplicative agglomeration method established by WQI 

NSF. The results found can be seen in Table 3. 

 

Table 3 - Calibrated factorial scores containing the 18 parameters of water quality  

Parameters Calibrated 

Electric Conductivity 0.14 0.03 
Alkalinity 0.28 0.06 

Total Chloride 0.31 0.06 
Total Hardness 0.15 0.03 

Ionized Fluoride 0.17 0.04 
Total Phosphorus 0.26 0.06 

Nitrate 0.48 0.10 
Total Sulphate 0.32 0.07 

Oxygen consumed 0.34 0.07 
Turbidity 0.30 0.06 

Total Calcium 0.33 0.07 
Total Iron 0.20 0.04 

Lithium 0.34 0.07 
Total Potassium 0.26 0.06 

Dissolved Silicon 0.24 0.05 
Dissolved Sodium 0.25 0.05 

Total Sodium 0.19 0.04 
Escherichia coli 0.19 0.04 

Sum 4.75 1.00 
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When observing Table 3, it is verified that according to the es-

tablished scores for each water quality parameter, nitrate is 

the most important parameter for this aquifer, since its facto-

rial score is the one of the highest factorial load, the other, we 

have the parameters total sulfate, oxygen consumed, lytic and 

total calcium as parameters of second importance. 

 

The concentration of nitrate is possibly related to the agricul-

tural activities in the basin, which influence through the appli-

cation of fertilizers rich in nitrogen, therefore the other param-

eters were already expected as important variables, since they 

are strongly related to the geological formation of the soil. 

 

Although in this study the weight of E Coli was not considered 

to be the most statistically significant, this parameter is im-

portant for the quality of a water resource because, once pre-

sent in the water, it can cause problems such as gastroenteri-

tis or urinary tract infections to humans. Therefore,  this  para- 

meter is important in this study and it is therefore pertinent to 

maintain it. 

 

Thus, after applying the multivariate statistics it was possible 

to calculate the WQIBHSF that can be observed in Table 4. 

 

However, to obtain an integrated view of WQIBHSF, the indexes 

created were spacialized (Figure 2). 

 

 
Table 4 - Result of the water quality index created (WQIBHSF) 

ID UTM X UTM Y WQI ID UTM X UTM Y WQI 

1 627415 8109613 48 27 644243 8149024 67 

2 617179 8064287 52 28 544546 8122538 48 

3 651091 8219830 60 29 726348 8309078 75 

4 564099 8184072 39 30 615854 8137257 43 

5 544230 8155233 63 31 627665 8153391 54 

6 574580 8151937 44 32 621969 8130298 45 

7 582445 8175596 43 33 598508 8152769 43 

8 585892 8111144 60 34 633601 8130344 41 

9 608770 8091241 50 35 591753 8196236 43 

10 734381 8349242 100 36 583122 8216055 47 

11 702902 8376191 70 37 643391 8342281 50 

12 719574 8372953 68 38 616377 8370883 57 

13 581308 8085567 37 39 653495 8366723 54 

14 595259 8099234 46 40 707795 8275213 85 

15 639030 8162139 50 41 697121 8295916 64 

16 662195 8177189 72 42 706986 8282887 59 

17 638135 8181454 62 43 661569 8229839 51 

18 691652 8346336 49 44 572146 8129260 44 

19 613129 8328286 50 45 606345 8246944 51 

20 628767 8328198 66 46 633994 8230132 62 

21 633270 8323859 56 47 614258 8228969 49 

22 669604 8327023 60 48 630018 8261749 52 

23 588368 8036066 42 49 653665 8271476 65 

24 601989 8054160 53 50 659135 8294480 65 

25 678013 8244533 66 51 654892 8264918 62 

26 572701 8099327 55 52 669262 8288738 66 

27 554215 8108889 62 53 607374 8280673 55 

28 551084 8084243 49         
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     Figure 2 - Spatial variability of the WQIBHSF 

 

Based on Figure 2, it is possible to observe the spatial varia-

bility of the WQIBHSF, thus the places where the water quality 

presents with a better quality is in the northernmost part of the 

map. 

 

Being that it tends to diminish the quality as it approaches 

more of the central portion of the map what can be related to 

agriculture and extraction of coal in the region, so this activity 

diminishes more to the south what makes the quality of this 

water has more time to self-purify and consequently meets a 

slightly better quality. 

 

6. CONCLUSION 

 

Based on this study it was possible to conclude that the multi-

variate statistical tools can help in the creation of a groundwa-

ter quality index since it is possible to know a little of the inte-

raction between the   variables   of   water  quality and  thus to  

know the influence of each variable on the same aquifer. 

 

Besides the creation of the index was required, as there is in 

the literature an index able to cover the specific parameters of 

this study. Also suitable weights for each parameter should be 

set so that it represents more realistically the overall ground-

water situation. 

 

The practicality of the method and ease of use have resulted 

in a data index model developed for each groundwater, but 

this requires a historical series of consistent and reliable water 

quality data. 

 

Finally, based on the specialized index created, it was possible 

to identify the areas where the quality of the water is better or 

lower quality, which is useful when managing and monitoring  

an aquifer. 
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