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Abstract 

The study analyzed the physical-chemical and microbiological parameters carried out by the Autonomous Water and 

Sewage Service (AWSS) of the Municipality of Alvorada D’Oeste, Rondônia, Brazil. The parameters analyzed were: 

pH, turbidity, free residual chlorine, total coliforms (TC), thermotolerant coliforms (TTC) and heterotrophic bacteria. 

The values of hydrogen potential (pH) were obtained with a digital pH meter. The analyzes were carried out the 2013 

to 2019. The turbidity and free residual chlorine values were obtained according to the method of the Practical Manual 

of Water Analysis of the National Health Foundation (FUNASA). To determine the microbiological parameters, 

PetrifilmTM plates (3MTM do Brasil Ltda) were used, following the manufacturer's guidelines. The analyzed values 

were compared with reference values described in Consolidation Ordinance nº. 5, of September 28, 2017, of the 

Ministry of Health (MS) which sets the standards for potability of water intended for human consumption. The results 

varied for all parameters evaluated: pH (3.11 to 8.24), turbidez (0.02 to 3,01), TC (0 to 100%), TTC (0 to 100%) and 

heterotrophic bacteria (85 to 100%). The values obtained for free residual chlorine were the only parameter to follow 

the reference values. The highest contamination for TC and heterotrophic bacteria were reported in 2019, higher the 

limits established in Brazilian legislation. Thus, the water was characterized as unfit for consumption and requires 

severe control for TC and heterotrophic bacteria.   

Keywords: Chlorine; Coliforms; Turbidity; Water treatment. 

 

Resumo  

O estudo analisou os parâmetros físico-químicas e microbiológicas realizadas pelo Serviço Autônomo de Água e 

Esgoto (SAAE) do município de Alvorada D'Oeste, Rondônia, Brasil. Os parâmetros analisados foram: pH, turbidez, 

cloro residual livre, coliformes totais (CT), coliformes termotolerantes (CTT) e bactérias heterotróficas. Os valores do 

potencial de hidrogênio (pH) foram obtidos com um medidor de pH digital. As análises foram realizadas no período 

de 2013 a 2019. Os valores de turbidez e cloro residual livre foram obtidos conforme método do Manual Prático de 

Análise de Água da Fundação Nacional de Saúde (FUNASA). Para determinação dos parâmetros microbiológicos, 

foram utilizadas placas PetrifilmTM (3MTM do Brasil Ltda), seguindo as orientações do fabricante. Os valores 

analisados foram comparados com os valores de referência descritos na Portaria de Consolidação nº. 5, de 28 de 

setembro de 2017 do Ministério da Saúde (MS) que estabelece os padrões de potabilidade da água destinada para 

consumo humano. Os resultados variaram para todos os parâmetros avaliados: pH (3,11 a 8,24), turbidez (0,02 a 

3,01), CT (0 a 100%), CTT (0 a 100%) e bactérias heterotróficas (85 a 100%). Os valores obtidos para cloro residual 

livre foram os únicos a seguir os valores de referência. As maiores contaminações por CT e bactérias heterotróficas 

foram relatadas em 2019, superiores aos limites estabelecidos na legislação brasileira. Assim, a água foi caracterizada 

como imprópria para consumo e requer controle severo para CT e bactérias heterotróficas.   

Palavras-chave: Cloro; Coliformes; Turbidez; Tratamento de água. 
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Resumen  

El estudio analizó los parámetros fisicoquímicos y microbiológicos realizados por el Servicio Autónomo de Agua y 

Alcantarillado (SAAA) del Municipio de Alvorada D'Oeste, Rondônia, Brasil. Los parámetros analizados fueron: pH, 

turbidez, cloro libre de residuos, coliformes totales (CT), coliformes termotolerantes (CTT) y bacterias heterótrofas. 

Los valores de potencial de hidrógeno (pH) se obtuvieron con un medidor de pH digital. Los análisis se realizaron 

desde el año 2013 hasta el 2019. Los valores de turbidez y cloro residual libre se obtuvieron según el método del 

Manual Práctico de Análisis de Aguas de la Fundação Nacional de Saúde (FUNASA). Para la determinación de los 

parámetros microbiológicos se utilizaron placas PetrifilmTM (3MTM do Brasil Ltda), siguiendo las instrucciones del 

fabricante. Los valores analizados se compararon con los valores de referencia descritos en la Ordenanza de 

Consolidación n. 5, del 28 de septiembre de 2017, del Ministerio de Salud (MS) que establece los estándares de 

potabilidad del agua destinada al consumo humano. Los resultados variaron para todos los parámetros evaluados: pH 

(3,11 a 8,24), turbidez (0,02 a 3,01), CT (0 a 100%), CTT (0 a 100%) y bacterias heterótrofas (85 a 100%). Los 

valores obtenidos para el cloro residual libre fueron los únicos que siguieron los valores de referencia. Las mayores 

contaminaciones por CT y bacterias heterótrofas se reportaron para el año 2019, superiores a las determinadas en la 

Ordenanza de Consolidación no. 5. Por lo tanto, el agua se caracteriza como no apta para el consumo y requiere un 

control severo de CT y bacterias heterótrofas. 

Palabras clave: Cloro; Coliformes; Turbiedad; Tratamiento de aguas. 

 

1. Introduction 

Water is a fundamental and indispensable component of human survival (Wolkmer, 2012). In Brazil, according to 

Law nº. 9,433 of 8 January 1997, it is right to have access to drinking water without any risk to consumers' health (Brasil, 

1997). Consolidation Ordinance nº. 5 of September 28, 2017, also reports that water destined for human consumption by a 

water supply system must meet the potability standards following physical and biological prerequisites (Brasil, 2017). Thus, 

the water must be free of contaminants, colorless and odorless (Abbasnia et al., 2018; Silva, 2020). 

The biological prerequisites can suffer interference by the process of occupation of hydrographic basins (Duarte et al., 

2020), mainly those related to the urbanization process (domestic sewage, pits), agricultural management (pesticides), and 

livestock (animal feces) developed in a disorderly and irregular manner (Santos et al., 2018). The percolation of rainwater and 

runoff can alter the quality of surface and underground water by the procedure of leaching of microorganisms from the process 

of disordered occupation of hydrographic basins (Moura et al., 2010). Although water does not provide the necessary 

conditions for the multiplication of microorganisms, they can remain in the fluid long enough to guarantee their transmission 

(Reis et al., 2020). In addition, in water treatment plants (WTPs), microorganisms can become resistant to disinfectant actions 

when present for long periods (Tenório, 2016; Silva et al., 2019). 

Coliforms is a group of microorganisms widely distributed in nature, including in water (Yousefi, et al. 2018; 

Rodrigues, et al. 2020). This group includes thermotolerant coliforms (TTC), microorganisms used as a standard to measure 

the quality of surface water intended for supply, recreation and agricultural activities (irrigation and fish farming) (Peres, 2011; 

Ceballos & Diniz, 2017). Escherichia coli is a TTC found naturally in the gut of homeotherms with particular importance. 

Thus, the presence of TTC or Escherichia coli in the water indicates fecal contamination and can be used as an indicator of 

hygienic-sanitary quality (Braga, 2014). When ingested in large quantities, it can cause intestinal and urinary tract infections 

(Buzanello & Martinhago, 2008; Lacerda et al., 2019). 

The present study aimed to evaluate the results of the physical-chemical and microbiological analyzes carried out by 

the water treatment plant (WTP) in the municipality of Alvorada D'Oeste, Rondônia, Brazil, between the years 2013 to 2019, 

comparing with the reference values described in Consolidation Ordinance nº. 5, of September 28, 2017, of the Ministry of 

Health (MS) which sets the standards for potability of water intended for human consumption.  
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2. Methodology 

The data presented in this study were obtained from Autonomous Water and Sewage Service (AWSS) of the 

Municipality of Alvorada D’Oeste, Rondônia, Brazil. The information comprises the monitoring period between the years 

2013 to 2019. AWSS conducts monthly analyzes at 7 sample points located in the urban area of the municipality (Table 1). 

 

Table 1. Coordinates of sample points. 

Points Coordinates 

1 11°20'24.59"S 62°18'5.61"W 

2 11°20'22.65"S 62°17'59.17" W 

3 11°20'1.24"S 62°16'34.72" W 

4 11°21'16.88"S 62°17'3.33" W 

5 11°21'0.97"S 62°17'47.23" W 

6 11°20'43.45"S 62°17'4.24" W 

7 11°20'58.12"S 62°17'17.44" W 

Source: Authors. 

 

Through the public supply of drinking water, AWSS serves 95% of the municipal population. The water is taken from 

the Ribeirão do Cacau River and pumped to the water treatment plant (WTP) where it is treated and distributed. The region 

presents tropical climatic conditions, it is characterized by a dry and a rainy season (Cavalcanti, et al. 2016; Nogueira, et al. 

2020), with temperatures ranging between 19-33 ºC and annual precipitation around 2500 mm (Krusche et al., 2005). The rainy 

period occurs from October to April, and the period from June to August corresponds to the drought period, May and 

September are considered transition months (Krusche et al., 2005). 

The analyzes performed by AWSS comprise the physical-chemical parameters, which are pH, turbidity, and free 

residual chlorine, and the microbiological parameters, comprising total coliforms (TC), thermotolerant coliforms (TTC), and 

heterotrophic bacteria. The values of hydrogen potential (pH) were obtained with a digital pH meter (ST 2100-F, Ohaus, 

Brazil). To obtain the values of turbidity and free residual chlorine, the method established in the Practical Water Analysis 

Manual of the National Health Foundation (FUNASA) was used, being the nephelometric and determination method, 

respectively (Brasil, 2006). To determine the microbiological parameters, PetrifilmTM plates (3MTM do Brasil Ltda) were used, 

following the manufacturer's guidelines. 

For physical-chemical analyzes, the results are presented as the average of the duplicate analyzes and for 

microbiological analysis, the data are presented in percentage of contamination. Physical-chemical and microbiological 

analyzes were carried out at all points analyzed.  

 

3. Results and Discussion 

For the physical-chemical parameters analyzed by AWSS, only residual free chlorine (1.99 mg/L to 1.33 mg/L) was 

in accordance with the values described in Consolidation Ordinance nº. 5, of September 28, 2017 (0.20 to 2.00 mg/L) for the 

evaluated period. The values for turbidity did not change above that established by the ordinance (<1.0 NTU) in 2014, but for 

the remaining years, at least one month showed values above the established. For pH, in all years evaluated at least in one 

month, the values were not in accordance with those established in legislation (Table 2). 
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Table 2. Physical-chemical analyzes of water from the municipality of Alvorada D'Oeste, between the years 2013 to 2019. 

Reference values described in Consolidation Ordinance nº. 5: pH = 6.0 to 9.0, Turbidity = <1.0 NTU, Residual free chlorine = 0.20 to 2.0 mg 

/ L, * = altered values, - = analysis not performed. Source: Authors. 

 

For microbiological analyzes, in 2013, in the months of January and November, 5 and 2% of the samples were 

positive for TC and TTC, respectively. For the year 2014, the month of January, 21 and 3% of the samples were positive for 

TC and TTC, respectively. In the same year, in the month of May, 14% of the samples were positive for heterotrophic bacteria. 

In 2018, no analyzes were performed in January, in December 1% of the analyzed samples were positive for TC. In 2019, 

bacteriological analyzes were high when compared to previous years. For the months of April, June and August, 14.2% of the 

samples were positive for TC, in March 15% of the samples were positive for TC. In March, April, June, August, November 

and December, all samples analyzed were positive for heterotrophic bacteria, in July, 55.5% (Table 3). 

 

Period Parameters 
Months 

01 02 03 04 05 06 07 08 09 10 11 12 

2013 pH 5.07* 4.93* 5.5* 5.93* 6.4 6.4 6.7 6.81 6.63 5.88* 5.8* 5.7* 

Turbidity (NTU) 3.01* 1.18* 0.97 0.62 0.30 0.20 0.10 0.07 0.23 0.60 0.90 0.96 

Residual free chlorine (mg/L) 1.98 1.99 1.99 1.93 1.6 1.5 1.49 1.45 1.47 1.5 1.9 1.76 

2014 pH 5.68* 5.74* 6.04 6.37 6.3 6.4 6.03 6.03 6.31 5.76* 5.8* 4.99* 

Turbidity NTU) 0.19 0.22 0.06 0.06 0.10 0.30 0.03 0.03 0.27 0.40 0.90 0.19 

Residual free chlorine (mg/L) 1.52 1.5 1.49 1.49 1.5 1.5 1.33 1.33 1.5 1.5 1.5 1.5 

2015 pH 5.47* 5.37* 4.75* 5.5* 5.85* 6.4 6.97 6.79 6.72 6.2 5.84* 5.4* 

Turbidity (NTU) 0.07 0.04 0.16 0.07 0.10 0.20 0.23 0.10 0.17 0.20 1.00 1.45* 

Residual free chlorine (mg/L) 1.5 1.54 1.44 1.48 1.5 1.5 1.5 1.5 1.49 1.5 1.4 1.5 

2016 pH 5.91* 5.37* 4.63* 4.89* 5.89* 5.76* 6.5 6.64 6.11 6.2 6.1 5.58* 

Turbidity (NTU) 0.98 1.48* 0.58 0.30 0.30 0.20 0.16 0.39 0.37 0.70 2.08* 0.45 

Residual free chlorine (mg/L) 1.5 1.56 1.50 1.50 1.50 1.50 1.49 1.49 1.45 1.50 1.80 1.53 

2017 pH 5.52* 5.8* 6.0 6.2 6.1 6.2 6.15 5.96* 5.25* 5.77* 3.11* 3.28* 

Turbidity (NTU) 0.86 0.82 0.67 0.51 0.30 0.50 0.09 0.26 0.99 0.40 1.07* 1.05* 

Residual free chlorine (mg/L) 1.69 1.5 1.48 1.53 1.4 1.4 1.45 1.48 1.57 1.6 1.8 1.75 

2018 pH 4.02* 5.91* - - - - - - - 5.67* 5.67* 5.32 

Turbidity (NTU) 0.45 0.02 0.02 0.17 0.20 0.20 0.05 0.03 0.11 0.50 0.50 1.66* 

Residual free chlorine (mg/L) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.47 1.5 1.5 1.49 

2019 pH 5.38* 5.59* 6.19 8.24 6.6 7.5 7.3 7.56 7.01 6.6 5.48* 3.47* 

Turbidity (NTU) 0.40 0.25 0.30 0.64 0.50 0.10 0.40 0.40 1.57* 2.20* 4.82* 0.94 

Residual free chlorine (mg/L) 1.5 1.5 1.44 1.49 1.5 1.5 1.44 1.49 1.65 1.8 2.00 1.27 
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Table 3. Bacteriological analysis of water from the municipality of Alvorada D'Oeste between the years 2013 to 2019. 

Reference values described in Consolidation Ordinance nº. 5: microbial growth must 100% absent. MAV = maximum allowed value, * = 

changed values, - = analysis not performed. Source: Authors. 

 

According to the results, an increase in turbidity and a decrease in pH during the rainy season were observed. This 

process may be associated with the influence of rain that facilitates the entrance of alien material (solid materials, foliage, 

algae, debris, and organic sediments) into the WTP, making it difficult to control turbidity (Almeida et al., 2017; Buzelli et al., 

2013). Due to the amount of particulate material, the filtration and coagulation process employed by WTP may not be effective 

and may be impaired (Mendes & Ferreira, 2014). 

Changes in pH can also be associated with the addition of a coagulant agent, ferrous aluminum sulfate, a chemical 

applied to reduce water turbidity (Lemos et al., 2020). However, the use of alkalinized products reduces the pH of the water, 

resulting in incrustations in the pipes (Asghari et al., 2018), corrosion in the drains and algae growth in the water distribution 

systems, allowing the growth of microorganisms (total coliforms, heterotrophic bacteria, mesophiles) (Silva et al., 2016). 

Carvalho et al. (2020) relates the presence of heterotrophic bacteria and acidic pH with the increase of nitrite in the water in the 

rainy season. Mata and Campos (2020) associate the growth of TC and heterotrophic bacteria with the lack of maintenance in 

outdated reservoirs, old pipes or infiltrations in the distribution systems. Oliveira et al. (2018), attributes the growth of TC and 

heterotrophic bacteria to poor pipe conservation.  

According to Freire and Lima (2012) the growth of bacteria occurs under conditions of deterioration of free residual 

chlorine in the water distribution networks. This degradation process may explain the high bacteriological incidence. Another 

fact that can influence this result is the natural evaporation process, which can interfere with biological, physical and chemical 

Period  Parameters (MAV) 
Months 

01 02 03 04 05 06 07 08 09 10 11 12 

2013 Total coliforms 95%* 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Thermotolerant coliforms 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 98%* 100% 

Heterotrophic bactéria - - - - - - - - - - - - 

2014 Total coliforms 79%* 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Thermotolerant coliforms 97%* 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Heterotrophic bactéria 100% 100% 100% 100% 86%* 100% 100% 100% 100% 100% 100% 100% 

2015 Total coliforms 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Thermotolerant coliforms 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Heterotrophic bactéria 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

2016 Total coliforms 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Thermotolerant coliforms 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Heterotrophic bactéria 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

2017 Total coliforms - - 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Thermotolerant coliforms - - 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Heterotrophic bactéria - - 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

2018 Total coliforms - 100% 100% 100% 100% 100% 100% 100% 100% 100% 99%* 100% 

Thermotolerant coliforms - 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Heterotrophic bactéria - 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

2019 Total coliforms 100% - 85%* 85.8%* 100% 85.8%* 100% 85.8%* 100% 100% 100% 100% 

Thermotolerant coliforms 100% - 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Heterotrophic bactéria 100% - 0%* 0%* 100% 0%* 44.5%* 0%* 100% 100% 0%* 0%* 
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characteristics, increasing the concentration of nutrients, salinity, and conductivity, contributing to the high turbidity values in 

the period with the lowest rainfall (Nagata et al., 2015; Shuangchen et al., 2016; Diniz, 2017). According to Mendonça et al. 

(2017), the temperature influences the residual loss and evaporation of free residual chlorine in the water present during the 

distribution process, increasing bacterial growth in WTPs. This increase also contributes to the formation of biofilms in 

plumbing. 

The correlation between the parameters evaluated where it was evidenced a decrease in pH, an increase in turbidity 

and bacterial growth can be related to several factors. Especially those associated with the integrity of the filters used by 

AWSS, as well as the maintenance of the distribution systems, which may have contributed to the physical-chemical and 

microbiological deviations. In this way, it is demonstrated the need for reforms and maintenance (maintenance and 

replacement of sand, fine and medium gravel, medium and coarse gravel) of the AWSS system during the periods from 

January 2012 to November 2019. The lack of maintenance decreases performance and affects the integrity of the WTP, 

changing the quality of the water distributed in distribution networks (Hachem et al., 2020). 

 

4. Conclusion 

The only physical-chemical parameter following the values described in Consolidation Ordinance nº. 5, of September 

28, 2017 of the water distributed by the WTP in the municipality of Alvorada D'Oeste was the residual free chlorine. The 

bacteriological analyzes carried out in 2015, 2016, 2017 and 2018 were within the parameters described in Consolidation 

Ordinance nº. 5, of September 28, 2017. In 2019, 100% of the samples showed contamination by heterotrophic bacteria and 

total coliforms, thus, water was characterized as unfit for consumption. 
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