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ABSTRACT 

This study aimed to evaluate the potability of drinking water in ten municipalities of Rio Grande do Sul 

State, Brazil, distributed in rural and urban areas, with three different sources: springs, shallow wells, and 

deep wells. The water quality parameters analyzed from 2017 to 2019 were: pH, temperature, apparent 

and true color, turbidity, electrical conductivity, total alkalinity, total hardness, nitrite, total phosphorus, 

total iron, fluoride, biochemical oxygen demand, total coliforms, and Escherichia coli. A macroscopic 

analysis was also conducted in the surrounding of sampling points. According to the Brazilian and the 

WHO (World Health Organization) guidelines, some of the analyzed variables, in some sampling points, 

were in disagreement with the current both guidelines, which are pH, apparent color, turbidity, total iron, 

total coliforms, and Escherichia coli. The surveillance showed that the deeper the water is abstracted the 

less are natural and anthropogenic interferences in physical, chemical, and microbiological 

characteristics of the water; and the protection of the location where the water is abstracted improves 

its quality. Nonetheless, for the sampled waters it is necessary a disinfection process for posterior human 

consumption. 
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RESUMO 

Este estudo teve como objetivo avaliar a potabilidade da água em dez municípios do Estado do Rio 

Grande do Sul, Brasil, distribuídos nas áreas rural e urbana, com três diferentes origens: nascentes, 

poços rasos e poços profundos. Os parâmetros de qualidade da água analisados de 2017 a 2019 foram: 

pH, temperatura, cor aparente e verdadeira, turbidez, condutividade elétrica, alcalinidade total, dureza 

total, nitrito, fósforo total, ferro total, fluoreto, demanda bioquímica de oxigênio, coliformes totais e 

Escherichia coli. A análise macroscópica também foi realizada no entorno dos pontos de amostragem. 

De acordo com as diretrizes brasileiras e da OMS (Organização Mundial da Saúde), algumas das variáveis 

analisadas, em alguns pontos de amostragem, estavam em desacordo com as duas diretrizes atuais, que 

são pH, cor aparente, turbidez, ferro total, coliformes totais e Escherichia coli. O monitoramento mostrou 

que quanto mais profunda a captação da água, menos interferências naturais e antrópicas nas 

características físicas, químicas e microbiológicas da água; e a proteção do local onde a água é captada 

melhora sua qualidade. Porém, para as águas amostradas é necessário um processo de desinfecção 

para posterior consumo humano. 

Palavras-chave: Consumo humano; Potabilidade; Saúde Pública; Recursos Hídricos 

1 INTRODUCTION 

Brazil is one of the countries that present the largest water availability on 

Earth, according to the Brazilian Water Agency, however, with an unequal 

distribution. In the national scenario, according to information from the Atlas of 

Waters and Wastewaters (ANA, 2015), 38.7 % of the municipalities are supplied 

exclusively by groundwater, in the State of Rio Grande do Sul, this percentage is 

57.6 %. 

There is a major difference in urban and rural coverage of potable water 

services, as well as the sanitation management as a whole (WHO; UNICEF, 2017), it 

is noteworthy that Brazil has a large deficit of basic sanitation in its territory, 

especially in the distribution and quality of the water that reaches customer’s tap 

(Castro et al., 2021). 

As an aggravating circumstance, inadequate sanitation causes millions of 

fecal-oral route infections, mainly diarrhea, worldwide (Speich et al., 2016), which 

can lead to deleterious effects on human health (Wijesiri; Hettiarachchi, 2021). The 

authors estimate that 1.7 million people die every year due to contaminated water, 
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lack of sanitation, and poor hygiene practices, in which 90% of them are children 

under 5 years old and live, mostly, in rural areas of developing countries. 

The lack of financial resources for treatment operation and maintenance of 

treatment systems, inadequate technologies, lack of qualified professionals to 

manage and to supervise it are factors that practically preclude centralized supply 

and treatment systems in poor countries, because they are not accessible to a large 

part of the population, especially in regions with many rural and isolated 

communities (Baig et al., 2011). 

The United Nations recognized the access to drinking water and sanitation 

as a basic human right, and that the ideal solution to waterborne related diseases 

is that their access is universal, affordable, safe and sufficient (Brow et al., 2016). 

Groundwater is one of the solutions, which according to the Brazilian Groundwater 

Association (ABAS, 2020), can be abstracted from different types of wells, which 

classification depends on its construction method, diameter, and depth.  

Shallow wells present depths no higher than 20 m and diameters of about 1 

m. In Brazil, this type of well do not require government permission to be installed. 

The deep or artesian wells have higher vertical depths, being up to 2,000 m deep, 

and its diameter is from 4 into 36 in (ABAS, 2020). 

Regarding water quality, groundwater physical, chemical, and 

microbiological characteristics are directly liked to its geology, rainfall, runoff, 

infiltration, and vegetation cover (Lerner; Harris, 2009). Moreover, groundwater 

quality is a result of anthropogenic activities developed in the hydrographic basin, 

through land use and land cover, management practices, disposal of wastewater 

in the watercourses and the soil, which are used as work units of water resources 

management (Marmontel et al., 2018).  

In this context, the objective of this study was to evaluate the physical, 

chemical and microbiological characteristics of individual drinking water supply 
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systems in the Northwest and Plateau region of Rio Grande do Sul state, Brazil, and 

relate it to an environmental macroscopic analysis. 

2 MATERIAL AND METHODS 

2.1 Study area 

This study was developed in ten municipalities of Rio Grande do Sul state 

(Brazil), with drinking water samples collected between the years 2017 to 2019. 

Ametista do Sul (12 sampling points), Frederico Westphalen (4 sampling points), 

Palmeira das Missões (3 sampling points), Palmitinho (3 sampling points), 

Pinheirinho do Vale (3 sampling points), Planalto (3 sampling points), Seberi (3 

sampling points), Taquaruçu do Sul (3 sampling points), Três de Maio (4 sampling 

points) and Vista Alegre (12 sampling points) (Figure 1). 

Figure 1 - Location of the municipalities covered in the study 

 

Fonte: Autores (2020) 
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There were fifty sampling points. All water sampled was used for human 

consumption, 12 % (6/50) of sampling points were located in the urban area and 

88 % (44/50) were located in the rural area of the municipalities, which the supply 

of these waters was provided by different sources: springs, shallow wells, and deep 

wells. 

The region studied has a predominance of the Serra Geral I System, formed 

by fractured basaltic rocks, originated from acidic and basic lavas. For these 

reasons, the aquifer has a medium to high classification regarding the 

contamination vulnerability (CPRM, 2005). 

2.2 Sample collection and processing 

The water samples were collected in 500 mL Polyethylene bottles for physical 

and chemical analysis, except for water samples for biochemical oxygen demand 

(DBO5,20) determination, which was stored in amber glass flasks. For microbiologic 

analysis, the samples were collected in 250 mL glass flasks appropriately 

autoclaved. 

After collecting the samples, the flasks were stored in thermal boxes aiming 

to preserve the physical, chemical, and microbiological characteristics of water. 

Afterward, the samples were transported to the Water Resources Laboratory of the 

Federal University of Santa Maria at Frederico Westphalen to be analyzed. The 

variables pH and temperature were performed in loco through a portable pHmeter. 

The methods for physical, chemical, and microbiological analyzes were 

performed according to the Standard Methods for the Examination of Water and 

Wastewater (APHA et al. 2012) (Table 1). 
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Table 1 - Methods used to analyze water quality variables 

Variables (units) Method 

pH at 25º  pHmeter / 4500 – H + B 

True color (HU) Spectrophotometric / 2120 B 

Apparent color (HU) Spectrophotometric / 2120 B 

Turbidity (NTU) Nephelometric / 2130 B 

Electrical conductivity (µS cm-1) Conductivimeter / 2510 B 

Total alkalinity (CaCO3) (mg L-1) Titrimetric / 2320 B 

Total hardness  (CaCO3) (mg L-1) Titrimetric / 2340 B 

Nitrite (N-NO2
-) (mg L-1) Spectrophotometric / 4500-NO2

- B 

Total phosphorus (P) (mg L-1) Spectrophotometric  / 4500-P C 

Fluoride (F-) (mg L-1) Spectrophotometric / 4500-F- D 

Total iron (Fe) (mg L-1) Spectrophotometric / 3120-B 

Biochemical Oxygen Demand (BOD5,20) (mg L-1) Titrimetric / 5210-B 

Total coliforms (MPN 100 mL-1)  Multiple Tubes / 9221 F 

Escherichia coli (MPN/100 mL-1) Multiple Tubes / 9221 F 

Source: APHA et al. (2012) 

2.3 Environmental macroscopic analysis 

In addition to the physical, chemical, and microbiological variables, a 

macroscopic analysis was performed in 60% of the sampling points (30/50) 

according to a methodology proposed by Felippe and Magalhães Júnior (2012). The 

quantification considered in the macroscopic analysis can be observed in Table 2.  

Table 2 - Quantification of the macroscopic variable 

Macroscopic variables 
Quantification 

Bad (1) Medium (2) Good (3) 

Water color  Dark Clear Transparent 

Water smells Strong Weak Absent 

Garbage around the supply systems A lot Little Absent 

Floating materials    

(solid waste in water) A lot Little Absent 

Foams  A lot Little Absent 

Oils A lot Little Absent 

Continuation... 
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Conclusion 

Macroscopic variables 
Quantification 

Bad (1) Medium (2) Good (3) 

Wastewater next to the supply system Visible Likely Absent 

Vegetation  
Degraded or 

absent 
Changed Good condition 

Water uses Constant Sporadic There are not 

Access Easy Difficult No access 

Source: Felippe and Magalhães Júnior (2012) 

Regarding the level of protection, Felippe and Magalhães Júnior (2012) 

suggest that water can be classified as Class A – Very Good, Class B – Good, Class 

C – Fair, Class D – Bad, and Class E – Very Bad, according to the range of scores 

(Table 3) obtained by the analysis of the variables (Table 2). 

Table 3 - Water classification according to the level of protection of the sampling 

points surroundings 

Class Level of protection Final score* 

A Very Good Between 31 to 33 points 

B Good Between 28 to 30 points 

C Fair Between 25 to 27 points 

D Bad Between 22 to 24 points 

E Very Bad Below 21 points 

Source: Felippe and Magalhães Júnior (2012) 

In were: * Score obtained by adding the quantified points in the macroscopic analysis 

2.4 Statistical analysis 

The statistical analysis was performed in the software Statistica® 7.0 

(StatSoft, 2004) and PAST® (Hammer et al., 2001). The Shapiro-Wilk test was applied 

to check the normality of data. When parametric, the Tukey test was used for 

multiple comparisons. However, for some data, even after transformation (log (x 

+1); √ x), normality was not achieved; in this case, the Kruskal-Wallis non-
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parametric test was used for independent multiple comparison samples. For all 

tests, significant differences were adopted for p-values (p ≤ 0.05). Also, multivariate 

analysis was performed by principal components (PCA). 

3 RESULTS AND DISCUSSION 

3.1 Water Quality 

In Table 4 are presented the physical, chemical and, microbiological variables 

of individual drinking water supply systems evaluated in springs, shallow wells, and 

deep wells. 

Table 4 - Results of the physical, chemical and, microbiological variables of the 

individual supply systems analyzed 

Variables MPV 
Springs Shallow wells Deep wells 

n % (Min.-Max.) n % (Min.-Max.) n % (Min.-Max.) 

pH 
6.0 – 9.5 

(Brazil) 

6.0 – 8.5 

(WHO) 
8 87.5 (5.8-8.1) 15 80.0 (4.0-8.2) 27 74.1 (5.5-10.2) 

Turbidity1 5 8 75.0 (0.5-63.1) 15 53.3 (0.1-36.3 27 92.6 (0.1-18.0) 

Nitrite2  1 (Brazil) 3 (WHO) 3 100.0 (<LOD8-0.8) 10 
100.0 (<LOD-

0.9) 
13 100.0 (<LOD) 

Total 

hardness3 
300 (Brazil) 500 (WHO) 3 100.0 (27.3-59.7) 13 

100.0 (13.0-

75.8) 
27 

100.0 (0.9-

150.0) 

Apparent 

color4  
15 2 50.0 (<LOD9-75.3 5 

40.0 (<LOD-

458.74) 
13 

92.3 (<LOD-

68.8) 

Total iron5  0.3 0 - 7 
28.6 (<LOD10-

2.1 
5 

20.0 (<LOD-

1.1) 

Fluoride6 1.5 3 100.0 (<LOD11-0.7) 9 
100.0 (<LOD-

1.2) 
11 

100.0 (<LOD-

1.4) 

Total 

coliforms7 
Absence in 100 mL 8 0.0 (29-8,275) 15 0.0 (2-27,750) 27 0.0 (1-3,980 

Escherichia 

coli7 
Absence in 100 mL 8 0.0 (11-1,360) 15 6.7 (0-5.300) 27 7.4 (0-80) 

In were: MPV = Maximum permissible value according Brazilian Guideline (Brazil, 2021) and World 

Health Organization (WHO, 2017) n= total number of points analyzed; % = Percentage of analyzed 

points that fall within the MPV according to Brazilian guidelines. (Min - Max) = Minimum and maximum 

values found by the study;1NTU; 2mg L-1 of N-NO2-; 3 mg L-1 of CaCO3; 4HU; 5 mg L-1 of Fe; 6 mg L-1 of F-; 

7MPN 100 mL-1; 8<LOD (Limit of Detection): nitrite (Range: 0.01 to 0.1 mg L-1); 9<LOD: apparent color 

(12 to 1500 HU); 10<LOD: total iron (<0.02 mg L-1); 11<LOD: fluoride (<0.02 mg L-1) 
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For pH, it is observed that the major part of analyzed springs, shallow wells, 

and deep wells are in according to the Maximum Permissible Level given by 

Brazilian guidelines (Ordinance GM/MS nr. 888, May 04th, 2021 (Brazil, 2021)) which 

is between 6.0 and 9.5 and with the World Health Organization (WHO, 2017) which 

is between 6.0 and 8.5. For deep wells, there were samples with pH above 10, which 

is related to geologic characteristics of the aquifer (ABAS, 2020). Oliveira and 

Galvão (2019), in deep well waters, corroborate with the here presented study and 

indicated that pH values are in the neutral band and according to the current 

Brazilian and WHO guidelines (Ramos et al., 2018; Portal et al., 2019).  

In the major part of the analyzed points, the turbidity values were according 

to the maximum permissible values of Brazilian and WHO guidelines, as other 

studies exposed it (Oliveira et al., 2017). In this study, deep wells presented better 

turbidity results, because of the difficulty contamination sources have to reach 

waters of confined aquifers. Portal et al. (2019) found turbidity results similar to 

the present study, to shallow wells. 

For the nitrite variable, all the sampling points, independently of the water 

origin, were considered appropriate for human consumption, for the reason that 

they presented values lower than the MPV of Brazilian Guidelines (Brazil, 2021), 

which is of 1 mg L-1 of N-NO2- and WHO guidelines (WHO, 2017), which is of 3 mg L-

1 of N-NO2-. Similar results were also found in literature (Carasek et al., 2020; 

Dragon, 2021; Grumicker et al., 2018; Oliveira; Galvão, 2019; Portal et al., 2019;). 

The total hardness, in all sampling points, is according to the current 

Brazilian (Brazil, 2021) and WHO guidelines (WHO, 2017); the values were lower 

than 300 and 500 mg L-1 of CaCO3. The geologic nature of the basin can be one 

interfering factor, being elevated in limestone regions and less significant in sand 

or clay terrains (Da Silva et al., 2018; Rossi et al., 2015). Other studies in the same 

region also present values similar to the here presented study, e.g., spring waters 

(Koch et al., 2017), drinking water supply to municipal schools (Da Silva et al., 2018). 
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To the apparent color, it is evident that the hardest is the access to the water 

the lower interference in color, with almost all the results of deep wells presenting 

values lower than the MPV of 15 HU according to Brazilian and WHO guidelines 

(Brazil, 2021; WHO, 2017). This result corroborates with other findings (Grumicker 

et al., 2018; Macedo et al., 2018). Consequently, natural and anthropogenic factors, 

especially those related to the use and occupation of soil, modify water properties 

and can make waters unacceptable for human consumption. These observations 

might be related to the values found in springs and shallow wells, which are similar 

to the results described by Koch et al. (2017). 

Total iron in spring water was not analyzed. However, regarding shallow and 

deep wells, less than 30% were classified as acceptable to human consumption, 

according Brazilian and WHO guidelines (Brazil, 2021; WHO, 2017). The result is 

similar to other studies (Dragon 2021; Grumicker et al., 2018; Oliveira; Galvão, 

2019). 

To fluoride ion, all sampling points, in the present study, independently of 

water origin, are framed as appropriate to human consumption (Brazil, 2021; WHO, 

2017), collaborating with Dragon (2021) and Oliveira and Galvão (2019) and 

analogous to the work of Grumicker et al. (2018).  

Concerning the total coliforms, no water sample – independently of the type 

of individual water supply system – was adequate to human consumption, since 

the guidelines impose the absence of total coliforms and Escherichia coli in 100 mL-

1 (Brazil, 2021; WHO, 2017). Figure 2 presents the concentrations of fecal 

contamination indicators found in the individual drinking water supply systems. 

Similar results were found by different authors (Portal et al., 2019; Oliveira; Galvão, 

2019). 

Galvan et al. (2020) highlight that total coliforms are microorganisms that are 

naturally present in the soil; therefore, they can be detected in groundwater. 
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Moreover, the rainfall regime is a factor to be considered and there is a strong 

relationship between runoff and groundwater flow (Macedo et al., 2018). 

Concerning microorganisms with exclusive fecal origin (E. coli), no spring is 

suitable for human consumption. However, some shallow and deep wells 

presented values within the limits established by the guidelines (Brazil, 2021; WHO, 

2017). The samples of deep wells presented lower concentrations of total coliforms 

and E. coli statically different in comparison with the other two individual drinking 

water supply systems, according to figure 2. 

The depth of the well is presumably a factor preventing contamination 

(Grumicker et al., 2018), to which is seemingly related to mainly domestic sewage 

and management of animal manure in rural properties (Galvan et al., 2020). 

The effect of different use and occupation of soil and the conservation of 

riparian vegetation on water quality of headwater springs were also reported 

(Marmontel et al., 2018). Thus, the successful management and conservation of the 

various individual supply systems must take into account the quality and quantity 

of water (Rossi et al., 2015). 

In this context, a way to improve water quality in rural communities could 

focus on water treatment at the domestic level and improvements in local 

sanitation (Brown et al., 2016; Martínez-Santos et al., 2017). 

Brazilian law (Brazil, 2021) and the World Health Organization (WHO, 2017) 

do not establish MPVs for some variables namely: temperature, electrical 

conductivity, total alkalinity, true color, phosphorus, and BOD. In this sense, Table 

5 shows an oscillation between the values found for these variables, according to 

the origin of the water. 
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Table 5 - Values of the variables of the individual supply systems analyzed that do not 

have VMP by the Brazilian (Brazil, 2021) and World Health Organization Guidelines 

(WHO 2017) 

Variables 
Springs Shallow wells Deep wells 

n Min - Max n Min - Max n Min - Max 

Temperature1 3 20.0 – 25.0 10 14.7 – 31.0 13 14.0 – 31.0 

Eletrical 

conductivity2 
3 74.0 – 136.2 13 69.0 – 197.0 22 48.5 – 470.6 

Total 

alkalinity3 
3 17.1 – 62.1 11 8.0 – 142.0 21 12.2 – 268.0 

True Color4 2 <LOD-37.9 5 <LOD – 100.8 8 <LOD – 27.7 

Total 

phosphorus5 
5 0.01 – 0.05 3 0.01 – 0.60 2 0.10 

BOD5,20
6 5 0.06 – 2.7 2 0.1 – 3.9 0 - 

In were: n= total number of points analyzed. Min - Max = minimum and maximum results found in each 

variable.1°C; 2µS cm-1; 3mg L-1 of CaCO3; 4HU; <LOD (Limit of Detection): True color (12-1500 HU); 5mg L-1 

of P; 6mg L-1 of BOD5,20; 

Regarding temperature, the values found in the present study were close to 

those of the springs assessed by Ramos et al., (2018) and deep wells (Macedo et al., 

2018; Oliveira; Galvão, 2019; Shehab et al., 2021). 

The electrical conductivity values are similar to those found by Ramos et al. 

(2018) and Dragon (2021). Eletrical condutivity values may have a connection with 

soil characteristics and geological structure. In deep wells, waters with low ion 

concentrations may indicate the water residence time in the aquifer, contributing 

to a context of an aquifer being recharged locally by rainwater and/or nearby rivers 

(Oliveira; Galvão, 2019). However, in shallow wells, values higher than the present 

study may indicate impacted environment or waters with corrosive properties, 

being also influenced by mineral composition, recharge rates or even saline 

intrusion (Portal et al., 2019). 

Regarding the total alkalinity, the concentrations presented great variation, 

especially in the deep wells. Nwankwoala and Peterside (2019) evaluating calcium 
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ions (Ca2+) in water from shallow wells, found values similar to those of the springs 

of the present work and showing for total alkalinity and other analyzed variables, 

a considerable variation with the local geology, geomorphology, and degree of use 

of waters. 

The true color variable also does not have a MPV according to current 

Brazilian and WHO guidelines, however, it is possible to assume that the less the 

access to the water, the lower are the physical changes caused by natural and 

anthropogenic interventions. Oscillation in the true color values of shallow wells 

similar to the present study, was justified by the presence of pasture and natural 

vegetation close to the sampling site (Saling et al., 2017), which might also be 

caused by humic compounds, algae, minerals, protozoa and the presence of 

colloids, e.g., Fe and Mn, which need to be removed for water through 

precipitation. The variability of the obtained values for this variable is mainly 

attributed to the spatial distribution in which the wells are found, being influenced 

by the local geology (Amorim et al., 2010). 

For the BOD variable the values, for springs and shallow wells, were similar 

to Shehab et al. (2021), Nwankwoala and Peterside (2019) and Gupta et al., (2017). 

In regards to total phosphorus, the rainy periods and eutrophication of springs 

with close agriculture use are possible interferents (Lerner; Harris, 2009; 

Marmontel et al., 2018). Moreover, the presence of phosphorus and BOD can be 

related to sewage discharged close to water resources. Nwankwoala and Peterside 

(2019) checked values similar to the present study, in shallow wells waters, with 

higher values obtained in those in absence of conservation in their surroundings.  

Figure 3 provides a better interpretation of the four variables analyzed at all 

collection points (pH, turbidity, total coliforms, and E. coli) with the final result of 

the principal components analysis (PCA). 
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Figure 3 – Principal Components Analysis (PCA), where the blue dots are springs, the 

red dots are shallow wells, and the black dots are deep wells 

 

Source: Authors (2020) 

The first two axes of the PCA explained 67.70% of the total variation of the 

analyzed data. The first canonical axis explained 46.41% of the variation and 

distinguished the variables E. coli, total coliforms, and turbidity (positive loading) 

from the pH variable. The water quality variables with the greatest contribution in 

the first axis were total coliforms and turbidity. Although not so clear, could be 

noticed a tendency to separate the collection points of deep wells in relation to 

springs and shallow wells, possibly, due to the greater vulnerability to the 

contamination of the more superficial waters. The pH was associated with water 

samples from deep wells. The second canonical axis explained 21.29% of the data 

variation, and the water quality variables with the greatest contribution were pH, 

and E. coli. Similarly, could be observed the relationship between the pH of the 

water and the deep wells, probably related to the composition of the local rocks 

and soil. 
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3.2 Environmental Macroscopic Analysis 

Figure 4 shows the results, in percentage, of the classification according to 

the macroscopic analysis performed in each point, as well  as average score, as an 

effect of comparison, of the different individual water supply systems. 

Figure 4 - Macroscopic analysis classification (I) and the average score obtained by 

individual supply systems (II) 

 
Source: Authors (2020) 

The largest number of sampling points was framed in class B. It should be 

noted the absence of a class E. However, only 13 % (4/30) of the sampling points 

were considered class A – very good – due to the good conservation of the location, 

making it difficult the access to water by people and animals, presenting a good 

area of vegetation surrounding the spring, absence of solid waste, sewage, oils, 

foams, and smells in the water. In class B, considered good, there are 

approximately 37 % (11/30) of the analyzed points. Also, half of the points were 

considered in class C and D, fair and bad, respectively. 

The results obtained in this study corroborate to others (Galvan et al., 2020), 

with a lower percentage of conserved springs, while the majority are highly 

degraded due to the lack of protection and the proximity to housings (Martínez-
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Santos et al., 2017). Santos and dos Santos (2021) verified the classification C (fair) 

and D (bad) in their sampling points. 

When compared to different supply systems, the anthropogenic 

interferences from environmental macroscopic analysis were similar, 

independently of the depth of individual supply systems (p > 0.05). The springs 

obtained an average score of 26.9 ± 2.0, the shallow wells of 27.4 ± 3.2, and the 

deep wells of 27.7 ± 3.5. 

The groundwater quality is related to the outside, land use and land cover, 

due to point and nonpoint sources of contamination (Lerner; Harris, 2009; 

Marmontel et al., 2018; Carasek et al., 2020). It is important to highlight that shallow 

and deep wells are drilled, many of them without authorization and the proper 

protections, creating a direct environmental contamination pathway from the 

surface to groundwater, affecting its potability (Lerner; Harris, 2009; Martínez-

Santos et al., 2017). 

In this scenario, in the matter of public health, there is evidence of a serious 

threat situation, by the presence of springs and wells that, vulnerable to 

contamination, offer poor quality water to consumption, as it is demonstrated to 

the elevated contamination of total coliforms and E. coli. Besides there is the need 

of periodic monitoring and treatment of these waters, at least, disinfection, thus 

adopting better practices that provide protection and contamination risk reduction 

of well waters (Oliveira et al., 2017; Schuitema et al., 2020). 

4 CONCLUSION 

This paper evidenced that groundwater in the Northwest and Plateau region 

of Rio Grande do Sul state, Brazil, is vulnerable to contamination. However, some 

aspects, e.g., individual supply system depth, are able to facilitate the access to 

water, but also cause the interferences, natural or anthropogenic, that influence 

physical, chemical and, microbiological characteristics of water quality.  
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Besides, the environmental conditions, e.g., conservation of water source 

location, through vegetation, the difficulty of access, absence of solid waste and 

wastewater in the surroundings of these systems protect water quality.  

Concerning water quality, due to higher values than the current Brazilian and 

WHO guidelines, the individual supply systems presented fecal contamination, with 

the presence of Escherichia coli; therefore, posing as a risk to human health. 

A trend towards greater contamination in shallower waters is related to the 

ease of possible entry of rainwater, transport of solid and liquid waste, and lack of 

protection in its surroundings. 

Independently of origin of water, spring, shallow well or deep well, it is 

necessary the disinfection treatment for pathogens elimination and later the 

destination to human consumption. 
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