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Resumo 

A provisão adequada de serviços de saneamento básico é uma condição essencial para a saúde 

pública e para qualidade de vida da população. A inexistência ou insuficiência da cobertura 

dos serviços de saneamento pode ocasionar várias externalidades que podem prejudicar a 
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saúde pública e o bem-estar da sociedade. Este estudo teve como objetivo elaborar um 

indicador de saúde (IS) por meio da relação entre a taxa de mortalidade infantil, população 

urbana e a cobertura dos serviços de saneamento (compreendido estes como água encanada, 

coleta de resíduos sólidos, abastecimento de água e esgoto sanitário). Foi um estudo 

documental e exploratório que utilizou técnicas de analises multivariadas e critérios de 

eficiência (r², Nash e Sutcliffe e raiz do erro quadrático). A área de abrangência do estudo 

foram os municípios do estado do Pará, divididos nas seis mesorregiões geográficas. Os dados 

relacionados aos indicadores de saneamento, taxa de mortalidade infantil até 5 anos de idade e 

população urbana, foram obtidos por meio do site do Programa das Nações Unidas para o 

Desenvolvimento (PNUD). Os resultados indicam que variável população urbana em 

domicílios sem coleta de resíduos sólidos urbanos (PUDSCRSU) apresentou menor 

significância no indicador de saúde. Verificou-se que associação entre IS e os serviços de 

saneamento básico (variáveis explicativas), em geral, é bem explicada estatisticamente por r² 

e NASH, indicando que os modelos estatísticos são apropriados e eficientes. Conclui-se, que a 

redução de mortalidade infantil está diretamente proporcional a cobertura do saneamento. 

Palavras-chave: Saúde pública; Saneamento básico; Associação; Universalização; Análise 

multivariada.   

 

Abstract 

The adequate provision of basic sanitation services is an essential condition for public health 

and quality of life of the population. The lack or insufficiency of sanitation services coverage 

may cause several externalities that could harm public health and social well-being. The 

purpose of this study was to elaborate a health indicator through the relationship between 

infant mortality rate, urban population and sanitation services coverage (such as piped water, 

solid waste collection, water supply and sewage). This was a documentary and exploratory 

study that utilized multivariate analysis techniques and efficiency criteria (r², Nash-Sutcliffe 

and root mean square error). The area covered by the study were the municipalities of the 

State of Pará, divided into six geographical mesoregions. The data related to the sanitation 

indicators, infant mortality rate until the age of 5 and urban population were obtained through 

the United Nations Development Programme (UNDP) website. The results indicate that the 

urban population variable in households without municipal solid waste collection showed 

lower significance in the health indicator. It was found that association between IS and basic 

sanitation services (explanatory variables), overall, is statistically well explained by r² and 
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NASH, signaling that the statistical models are appropriate and efficient. It is concluded that 

the reduction of infant mortality is directly proportional to sanitation coverage.  

Keywords: Public health; Basic sanitation; Association; Universalization; Multivariate 

analysis. 

 

Resumen 

La prestación adecuada de servicios sanitarios básicos es una condición esencial para la salud 

pública y la calidad de vida de la población. La falta o la insuficiencia de cobertura de los 

servicios de saneamiento puede causar varias externalidades que podrían perjudicar la salud 

pública y el bienestar social. El propósito de este estudio fue elaborar un indicador de salud a 

través de la relación entre la tasa de mortalidad infantil, la población urbana y la cobertura de 

los servicios de saneamiento (como el agua corriente, la recogida de desechos sólidos, el 

abastecimiento de agua y el alcantarillado). Se trataba de un estudio documental y 

exploratorio que utilizaba técnicas de análisis multivariado y criterios de eficiencia (r², Nash-

Sutcliffe y error de media cuadra). El área abarcada por el estudio fueron los municipios del 

Estado de Pará, divididos en seis mesoregiones geográficas. Los datos relativos a los 

indicadores de saneamiento, la tasa de mortalidad infantil hasta los 5 años de edad y la 

población urbana se obtuvieron a través del sitio web del Programa de las Naciones Unidas 

para el Desarrollo (PNUD). Los resultados indican que la variable población urbana en los 

hogares sin recolección de desechos sólidos municipales mostró una menor significación en el 

indicador de salud. Se comprobó que la asociación entre la SI y los servicios de saneamiento 

básico (variables explicativas), en general, está estadísticamente bien explicada por la r² y la 

ENA, lo que indica que los modelos estadísticos son apropiados y eficientes. Se concluye que 

la reducción de la mortalidad infantil es directamente proporcional a la cobertura de 

saneamiento.  

Palabras clave: Salud pública; Saneamiento básico; Asociación; Universalización; Análisis 

multivariado.   

 

1. Introduction 

 

The appropriate supply of basic sanitation services is a fundamental condition for 

public health, since they are important to its promotion (Rossoni, 2016) as well as to the 

quality of life of the population (Teixeira et al., 2012). The precarious situation of sanitary 

infrastructure causes several externalities that may harm public health (Ferreira et al., 2016; 
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Scriptore & Toneto Jr, 2012; Urh et al., 2016), the environment and the well-being of society 

(Scriptore & Toneto Jr, 2012).  

Therefore, investing in sanitation becomes a strategic base for long-term economic and 

social growth of the country, preventing hazards that are resulting from the existence of 

pathogens, toxic substances, residues, among others (Toffoli & Toffoli, 2016).   

The lack or insufficiency of sanitation services provision may cause several problems 

due to inappropriate disposal of human waste and animal manure, such as the contamination 

of headwaters, hydric sources and soils, cooperating with the formation of favorable 

environments for the proliferation of waterborne disease transmission vectors (Saiani et al., 

2013).  

These are responsible for infant morbidity and mortality through the transmission of 

infectious and contagious diseases caused by bacteria, viruses and parasites present in 

excrements and in human and animal urine (Teixeira et al., 2006), representing an 

inconvenience to public health in many developing countries (Uhr, 2016).    

Hu et al. (2016) emphasize that around half of the people inhabiting this planet, mainly 

in developing and in the poorest countries, currently live without safe basic sanitation 

systems, and many do not even have bathrooms with sanitary facilities.  

According to Ferreira et al. (2016), in the poorest and in emerging countries, the 

sanitation thematic is still despised and low public investments are focused on this sector. The 

Joint Program for Monitoring of the World Health Organization (WHO)/UNICEF (2015) 

estimates that around 32% of the people on the planet do not utilize proper sanitary 

installations and 9% do not have access to safe hydric sources. 

Brazil is one of the developing countries that presents deficiencies in this sanitation 

sector, which evidently manifest in municipal scale, directly harming its inhabitants (LISBOA 

et al., 2013). The insufficiency of sanitation services provision in the country is heavily 

centered in rural residences and small-sized municipalities with low per capita income.  

The service deficiency is historic in Brazilian reality, mainly in the North and 

Northeast regions, in which the indicators related to water and sewage services and to proper 

treatment and destination of solid waste present coverage index below the values considered 

satisfactory (Scriptore & Toneto Jr, 2012). 

The Brazilian government actions with regard to planning and managing water supply 

and sanitation services have oscillated, according to historical trends experimented by the 

sector, between state and municipal spheres. This uncertainty causes negative consequences, 

contributing to the country’s failure in providing a universal coverage.  
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It leaves a substantial proportion of the population, mainly the poorest, who live in 

peripheries and rural areas, with access to services or care below the required (Heller et al., 

2014), as well as it directly impacts the indicators that consist in guidelines associated with 

infant mortality (Toffoli & Toffoli, 2015). 

Infant mortality is a relevant health indicator for a country, sate, municipality or 

community, as it is related to elements such as maternal health, food and nutrition, basic 

sanitation (Careti et al., 2014), socioeconomic conditions and public health practices (Freitas 

et al., 2012).  

Several researches have been conducted relating health indicators with sanitation 

services provision in the country, for instance, Buhler et al. (2014), Fonseca & Vasconcelos 

(2011) and Teixeira et al. (2012). 

In this regard, this study aimed at elaborating a health indicator (Indicador de Saúde 

[IS]) through the relation between infant mortality rate, urban population and sanitation 

services coverage (understood as piped water, solid waste collection, water supply and 

sewage) in the mesoregions of the State of Pará. 

 

2. Materials and Methods 

 

2.1 Study área 

 

The state of Pará has an area of 1,247,955.381 km², the second largest in the country 

in terms of territorial extension, according to the Instituto Brasileiro de Geografia e Estatística 

[IBGE] (2010).  

It is situated in the Northern region of the country, constituted by a total of 144 

municipalities, divided in six geographical mesoregions: Lower Amazon, Marajó, 

Metropolitan area of Belém, Northeast Pará, Southwest Pará and Southeast Pará (Figure 1). 

The estimated population of the state in the year of 2016 was of 8,272,724 inhabitants (IBGE, 

2016), with a demographic density in the year of 2010 of 6.07 inhabitants per square 

kilometer. 
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Figure 1. Mesoregions of the state of Pará map. 

 

Source: Authors (2020). 

 

The Geographical Mesoregions, according to the IBGE definition, are a set of 

contiguous municipalities belonging to the same federation unit (Unidade da Federação [UF]). 

They present forms of organizing the geographical area defined as determinant by the social 

process, as conditioning by the natural framework, and their communication and location 

networks as an element of special articulation. The association of these forms of organization 

enables the space, delimited as mesoregion, to have a regional identity. 

For IBGE, the division of the UF in mesoregions seeks to translate, although in a 

synthetic way, the differences in the national territory organization concerning social and 

political questions, and enables this delimited space to have a specific regional identity.  

 

2.2 Data used in the research 

 

 The methodology utilized was based on a documental and explanatory reseach. The 

data used to construct the model was taken from the United Nations Development Programme 

(UNDP) website, considering the information related to the years of 1991, 2000 and 2010. 

 For the elaboration of the health indicator, some variables were applied on each 

municipality of the mesoregions of the state of Pará. These were: infant mortality rate (IMR) 

until the age of 5; urban population (População Urbana [PU]); urban population in households 
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without piped water (in Portuguese acronym, PUDSAE); urban population in households 

without solid waste collection (PUDSCRSU); and urban population in households without 

water supply and sanitary sewage collection (PUDSAAES).  

 

2.3 Health indicator model 

 

 The health indicator model was built by multiple linear regression and least squares 

method. The multiple linear regression is a mathematical model that correlates the behavior of 

a dependent variable Y according to two or more explanatory variables X1, X2, ..., Xn.  

This relation, according to Haan (1977), can be developed by means of a linear model 

given by (Equation 1): 

Y = β0 + β1.X1 + β2.X2 + ... + βn.Xn + Ɛ (Eq. 1) 
  

In which Ɛ signals regression errors and β0, β1, β2 and βn are regression parameters to 

be estimated by means of least squares method.  

To determine the Infant Mortality Rate x Urban Population (dependent variable), the 

PUDSAE, the PUDSCRSU and the PUDSAAES were applied as explanatory variables (Table 

1): 

 

Table 1. Variables used in the model. 

Health indicator variable (IS) Basic sanitation variables 

IS = Infant Mortality Rate x Urban Population 

PUDSAE 

PUDSCRSU 

PUDSAAES 

Source: Authors. 

 

These variables were chosen from researches developed by Borja & Moraes, (2003), 

Vinagre (2006), Marinho & Nascimento, (2014) and Sousa (2014). 

 

2.4 Model performance evaluation 

 

To evaluate the model performance, a comparison was held between the observed and 

simulated data related to infant mortality and the information studied in the periods of 1991, 
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2000 and 2010, using the determination coefficient (r²), the Nash-Sutcliffe coefficient 

(NASH) and the root mean square error (RMSE), based on Table 2. 

 

Table 2. Coefficients, measure differences, and variations for evaluating the model. 

Coefficient or measure Equation Variable reach 

 

Determination coefficient 

 

 

0 to 1 

 

Efficiency coefficient (Nash-

Sutcliffe, 1970) 

 

 

 

- ∞ to 1 

 

Root Mean Square Error 

 

 

0 to ∞ 

Notes: n = number of observations;  = average observed values;  = average simulated values; , = observed 

and expected values at the time i.  

 

The values classified as great to these parameters were 1 to r² and NASH, and 0 to 

RMSE. The simulation results are usually considered good on values higher than or equal to 

0.75, acceptable to NASH values between 0.75 and 0.36 and unsatisfactory to values lower 

than 0.36 (Van Liew & Garbrecht, 2003). The root mean square error (RMSE) represents the 

difference between the observed and the simulated values from the model in the variable unit 

investigated (Hallak & Pedreira Filho, 2011). 

 

3. Results and Discussion 

 

Table 3 presents the health models that were designed for the mesoregions of the state 

or Pará, by means of the utilization of multivariate analyses, based on the data concerning the 

years used in this research. The product of the infant mortality rate (%) by urban population 

was applied as dependent variable, enabling a better estimative of the reality of the study area 

scenario. 

 

 

Table 3. Equations obtained by multiple linear regression and statistical criteria utilized to 
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analyze the accuracy of the mesoregions models referring to the studied years. 

IS = β0 + β1 x PUDSAE + β2 x PUDSCRSU + β3 x PUDSAAESA 

Mesoregion Year Model r² NASH RMSE 

Lower Amazon 

1991 Y = 20.0317 + 0.0216 . X1 + 0.0288 . X2 + 0.0234 . X3 1 1 87 

2000 Y = 57.1152 + 0.0259 . X1 + 0.0118 . X2 + 0.0184 . X3 1 1 41 

2010 Y = 44.8956 + 0.0171 . X1 + 0.0243 . X2 + 0.0177 . X3 0.99 0.99 69 

Marajó 

1991 Y = -18.6049 + 0.0403 . X1 + 0.0240 . X2 + 0.0056 . X3 0.98 0.99 39 

2000 Y = 2.5943 + 0.0382 . X1 + 0.0071 . X2 + 0.0041. X3 0.99 0.99 31 

2010 Y = -9.6394 + 0.0073 . X1 + 0.0474 . X2 + 0.0260 . X3 0.82 0.82 100 

Metropolitan  

area of Belém 

1991 Y = -44.0526 + 0.046 . X1 - 0.006 . X2 + 0.0291 . X3 1 1 147 

2000 Y = 432.48 + 0.0037 . X1 - 0.0198 . X2 + 0.0281 . X3 1 1 649 

2010 Y = 45.356 + 0.048 . X1 + 0.0295 . X2 + 0.014 . X3 1 1 68 

Northeast Pará 

1991 Y = -33.8941 + 0.0649 . X1 – 0.014 . X2 + 0.0279 . X3 0.95 0.95 148 

2000 Y = 11.62 + 0.0319 . X1 + 0.0065 . X2 + 0.0236 . X3 0.91 0.91 155 

2010 Y = 34.1009 + 0.0111 . X1 + 0.0243 . X2 + 0.0277 . X3 0.94 0.94 101 

Southeast Pará 

1991 Y = -44.6822 - 0.0192 . X1+ 0.0497. X2 + 0.0417 . X3 0.95 0.95 270 

2000 Y = -182.2656 + 0.0633 . X1 – 0.005 . X2 + 0.0076 . X3 0.98 0.98 148 

2010 Y = 9.3412 + 0.0588 . X1 + 0.0272 . X2 + 0.0169 . X3 0.97 0.97 165 

Southwest Pará 

1991 Y = -19.1974 + 0.0866 . X1 - 0.0276 . X2 + 0.0119 . X3 1 1 24 

2000 Y = -118.0603 + 0.0681 . X1 - 0.0058 . X2 – 0.0035 . X3 0.99 0.99 70 

2010 Y = -33.2655 + 0.0765 . X1 + 0.0191 . X2 + 0.0078 . X3 0.99 0.99 40 

Notes: IS = Y; PUDSAE = X1; PUDSCRSU = X2; PUDSAAESA = X3. 

Source: Research data (2020). 

 

 

On Table 3, it is possible to observe that the PUDSCRSU variable presented negative 

coefficient β2 in almost all of the mesoregions, except Lower Amazon and Marajó. This 

confirmed an expected relation, inversely proportional to mortality under 5 years of age, 

while positive inclination coefficients (β1 e β3) from other explanatory variables demonstrate 

the directly proportional relation with the dependent variable, that is, the increase of the value 

in these variables implies the increase of the IS value. 

Based on the multivariate analysis, it was verified that the association between the IS 

and the three basic sanitation services (explanatory variables), overall, is statistically well 

explained by r² and NASH, which indicates that the statistical models are appropriate and 

efficient. This provides a better understanding on the influence of the absence of basic 

sanitation services on infant mortality, once the values found are superior to 0.75, signaling 

effectiveness of the models and highlighting a linear cause-effect relationship between the 

variables of the models. 

The developed model for the year of 2000 was the one that presented better results 

concerning the efficiency to the Lower Amazon, Marajó and Southeast Pará mesoregions. On 

the other hand, the model elaborated for the year of 2010 obtained a better performance on the 

Metropolitan area of Belém and Northeast mesoregions, and the model designed for the year 

of 1991 presented a better development in the Southeast mesoregion.  

To analyze which of the independent variables has the greatest correlation with the 

health indicator, simple linear regression and efficiency criteria were employed, with the 
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purpose of verifying which explanatory variable of sanitation is more significant on the 

decrease in infant mortality (Table 4). 

By means of the application of simple linear regression, the determination coefficients 

were obtained (r²), as observed on Table 4, in which it can be stated that the PUDSCRSU 

variable presented lower significance in the health indicator, designed for mesoregions based 

on the years researched. This result may be related to the percentage of public attendance with 

this service, as the urban solid waste collection covers a larger part when comparing to other 

sanitation variables used in this research. However, the PUDSAAES and PUDSAE variables 

showed, respectively, substantial significance in the model, offering a better, statistical 

explanation of the estimated values for the IS, highlighting that the lower the sanitation 

coverage service, the greater will be the correlation with the health indicator. 

Uhr et al. (2016) conducted a study associating basic sanitation (understood as running 

water supply, sanitary sewage and solid waste management variables) and Brazilian 

population health, under the aspect of hospitalizations caused by waterborne diseases, and 

observed that the population health is related to sanitation conditions, particularly on what 

concerns sewage collection services and solid wastes. According to the authors, the results are 

in conformity with current public policies of expansion of the sewage collection system, still 

inefficient in the country, in detriment of the expansion of the water supply system (which 

reaches a considerable share of households).  

 

Table 4. Correlation of the explanatory variables with the health indicator (by simple 

regression). 

Mesoregion 
Efficiency 

coefficients 

PUDSAE PUDSCRSU PUDSAAES 

1991 2000 2010 1991 2000 2010 1991 2000 2010 

Lower Amazon 

r² 0.99 0.99 0.96 1 0.95 0.67 1 0.98 0.99 

NASH 1 1 1 1 0.95 0.7 1 1 1 

RMSE 167 97 157 140 276 475 156 159 99 

Marajó 

r² 0.98 0.99 0.69 0.93 0.8 0.11 0.79 0.96 0.75 

NASH 0.98 0.99 0.69 0.93 0.8 0.04 0.79 0.96 0.75 

RMSE 55 34 129 97 145 227 168 68 117 

Metropolitan area 

of Belém 

r² 0.99 0.94 0.92 0.92 0.54 0.94 1 0.99 1 

NASH 1 1 1 0.92 0.54 0.94 1 1 1 

RMSE 3 2222 1839 2604 6406 1574 299 682 272 

Northeast Pará 

r² 0.93 0.89 0.68 0.88 0.66 0.35 0.91 0.86 0.92 

NASH 1 1 1 0.88 0.66 0.06 1 1 1 

RMSE 176 171 241 226 307 415 195 197 133 

Southeast Pará 

r² 0.93 0.98 0.89 0.93 0.7 0.62 0.94 0.94 0.93 

NASH 1 1 1 0.93 0.7 0.62 1 1 1 

RMSE 334 156 295 334 574 557 307 262 239 

Southwest Pará 

r² 0.99 0.99 0.98 0.91 0.83 0.68 1 0.82 0.98 

NASH 1 1 1 0.91 0.83 0.68 1 1 1 

RMSE 90 71 63 337 332 267 23 222 47 

Source: Research data (2020). 

 Cheng et al. (2012) conducted a survey quantifying the relationships between water, 
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sanitation, infant and maternal mortality, what the results indicated statistically significant 

relationships between access to water, sanitation, infant and maternal mortality. For the 

municipalities of the state of Pará to be able to effectively meet the Sustainable Development 

Goal 6, subsequently reducing infant and maternal mortality, it will be necessary to 

universalize access to safe water and sanitation for all, since they are key strategies. 

As reported by Teixeira et al. (2012), in a research held in Latin America countries, 

which associated sanitary services coverage and epidemiologic indicators, it was identified 

that the larger the public attendance coverage by sanitary sewage services and water supply 

systems, the lower the infant mortality (until 5 years of age). According to these authors, 

sanitary measures and accessible, efficient services provision may have a beneficial impact on 

decreasing infant mortality. However, expanding these services must be associated, among 

other things, with the increase of the average schooling of the population, the increase of 

municipal per capita, the growth of health education campaigns and the development of 

public policies aiming at basic health care. 

As stated in the sanitation atlas (IBGE, 2011), the sanitation services provision 

progressed from 2000 to 2008 in all regions of the country. Thus, many municipalities had a 

raise on their services coverage. In the meantime, the existence of a trend to universalization 

was verified in relation to solid waste collection and water distribution services, by means of 

supply networks. In these authors’ view, the greater the coverage and the more effective these 

services are, the lower will be the hospitalization register in hospital units due to waterborne 

diseases or lack of sanitation. Although the water supply service has increased its coverage in 

the municipalities of the country, the scope of residences assisted by the sewage collection 

system, so far, is small, around 40% in the year of 2011 (UHR et al., 2016). 

The model developed does not have the objective of making predictions, but to guide 

decision-making, basing on projections of modifications in the situations observed, with the 

purpose of assisting the conduction and the fomentation of public policies by means of the 

establishment of priorities on delivering a determined sanitation service. Thereby, the model 

can be employed as criterion and support instrument to the chiefs of executive power in the 

decisions to be made for determining the utilization of financial resources in relation to the 

explanatory variables, aiming at infant mortality reduction in the mesoregions researched. 

In possession of population information for each variable (PUDSAE, PUDSCRSU and 

PUDSAAES), the use of the equation (for a specific year) results in an IS value. If, for 

instance, the municipal public manager, in 2010, had invested in expanding basic sanitation 

services, only by weight analysis (r²) it becomes clear that investing in the reduction of the 



Research, Society and Development, v. 9, n. 7, e635973531, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i7.3531 

12 

most significant variable implies a greater reduction of IS and, therefore, of the number of 

dead children in the first year of life. 

The differential in this behavioral model is the possibility of providing responses 

based on the weight analysis and level distinction. For instance, hypothetically, in a 

municipality in the year of 2010, a financial amount would allow investing 6% on piped water 

assistance, or 15% on solid waste collection, or 2% on water supply and sanitary sewage 

collection coverage. Which would be the best investment? The model outlined is able to 

clarify that, although a variable has the greatest weight on the model, in terms of numerical 

quantity, the variable improvement implies greater IS reduction efficiency and, consequently, 

greater infant mortality reduction. 

Barbieri et al. (2016) conducted a study that analyzed the relation between investing in 

basic sanitation and infant mortality rates, and stated the existence of a linear correlation 

between the application of financial resources on basic sanitation and infant mortality rate on 

the municipalities researched. However, they highlighted that the infant mortality indicators 

consist in the relation of a set of significant variables, for instance, socioeconomic condition, 

education and health services coverage.  

 

4. Conclusion 

 

The health indicator (IS) designed in this study shows analytical and implementation 

facility, employing secondary data and multivariate analysis. Thereby, the methodology used 

can be developed on other areas of study, serving as a tool to guide decision-making and to 

increment public policies by means of criteria settling and provision priorities in a specific 

sanitation service. 

The sanitation variables used in this research presented good correlation with infant 

mortality, responding to the proposition that basic sanitation is linked with infant mortality. 

This study suggests that the infant mortality rate (until 5 years of age) may reduce with the 

increase in the percentage of assisted population with piped water, water supply and sewage 

collection services.   

It is general consent that basic sanitation investments optimize public health services. 

Therefore, behavioral (or oversight) models, even though they do not estimate future 

projections, may help with the comprehension on how the dependent variable behaves 

according to changes in explanatory variables, becoming an effective tool for public 

management by enabling to orient investments in a less subjective way, with subsidy of 
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statistical and mathematical criteria, when these present strong correlation. 

A suggestion for future research with the objective of making the health indicator 

more robust is the inclusion of social, economic, environmental and institutional indicators, in 

order to identify which ones may have the highest correlation with infant mortality. In 

addition, to observe which explanatory variables need priority in the implementation of public 

policies by the State aiming to reduce infant mortality, based on statistical and mathematical 

criteria. 

 

Acknowledgements 

 

The authors would like to thank the Coordination for the Improvement of Higher 

Education Personnel - Brasil (CAPES) - for granting an academic scholarship under Process 

n. º 1848167. 

 

References 

 

 

Barbieri JC, Gimenes RMT, Favero MB, Gimenes FMP & Borsatto Jr JL. (2016). 

Investimentos em saneamento básico e taxas de mortalidade infantil nos municípios da região 

da AMUSEP. Rev. Ciênc. Empres., 16(2), 245-82. 

 

Borja PC & Moraes LRS. (2003). Indicadores de Saúde Ambiental com enfoque para a área 

de Saneamento básico. Revista Engenharia Sanitária e Ambiental, 8(1), 13-25.  

 

Buhler HF, Ignotti E, Neves SMADS & Hacon, SS. (2014). Análise espacial de indicadores 

integrados determinantes da mortalidade por diarreia aguda em crianças menores de 1 ano em 

regiões geográficas. Revista Ciência e saúde coletiva, 19(10), 413-414. 

  

Careti CM, Scarpelini AHP & Furtado MCC. (2014). Perfil da mortalidade infantil a partir da 

investigação de óbitos. Revista Eletrônica de Enfermagem, 16(2), 352-60. Disponível em: 

http://dx.doi.org/10.5216/ree.v16i2.20321. Acesso em: 27 jan. 2020. 

 



Research, Society and Development, v. 9, n. 7, e635973531, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i7.3531 

14 

Cheng JJ, Schuster-Wallace CJ, Watt S, Newbold BK & Mente, A. (2012). An ecological 

quantification of the relationships between water, sanitation and infant, child, and maternal 

mortality. Environmental Health, 11(1), 4. 

 

Ferreira PSF, Motta PC, Souza, TC, Silva TP, Oliveira JF & Santos ASP. (2016). Avaliação 

preliminar dos efeitos da ineficiência dos serviços de saneamento na saúde pública brasileira. 

Revista Internacional de Ciências, 6(2), 214 – 29.  

 

Fonseca FR & Vasconcelos CH. (2011). Análise espacial das Doenças Relacionadas ao 

Saneamento Ambiental Inadequado no Brasil. Cad. Saúde Colet., 19(4), 448-53. 

 

Freitas BAC, Gonçalves MR & Ribeiro RDCL. (2012). Mortalidade infantil, segundo 

critérios de evitabilidade e componentes Viçosa-MG, 1998-2010. Revista Pediatria Moderna, 

48(6), 237 – 45. 

 

Haan CT. (1977). Statistical methods in hydrology. 2.ed. Ames, Iowa: The Iowa State 

University Press/Ames. 378 p. 

 

Hallak R & Pereira Filho AJ. (2011). Metodologia para análise de desempenho de simulações 

de sistemas convectivos na região metropolitana de São Paulo com o modelo ARPS: 

sensibilidade a variações com os esquemas de advecção e assimilação de dados. Revista 

Brasileira de Meteorologia, 26(4), 591–608. 

 

Heller L, Rezende SC & Cairncross S. (2014). Water and sanitation in Brazil: the public-

private pendulum. Municipal Engineer, 167, 137-45. 

 

Hu M, Fan B, Sun W & Wang H, Qu B & Zhu S (2016). Corrigendum to Constructing the 

ecological sanitation: A review on technology and methods. Journal of Cleaner Production, 

139, 1-21. Doi: http://dx.doi.org/10.1016/j.jclepro.2016.03.012. 

 

IBGE. (2010a). Censo Demográfico 2010. Instituto Brasileiro de Geografia e Estatística. Rio 

de Janeiro: IBGE. Disponível em: http://www.cidades.ibge.gov.br/xtras/temas 

.phpphp.?lang=&codmun=150450&idtema=16&search=para|melgaco|sintesedasinformacoes. 

Acesso em: 20 jan. 2020. 



Research, Society and Development, v. 9, n. 7, e635973531, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i7.3531 

15 

 

IBGE. (2010b). Atlas saneamento 2011: saneamento básico melhora em todas as regiões do 

país, mas diferenças ainda existem. Censo Demográfico 2010. Instituto Brasileiro de 

Geografia e Estatística. Rio de Janeiro: IBGE. Disponível em: 

http://www.ibge.gov.br/home/presidencia/noticias/noticiavisualiza.php?id_no 

ticia=1998&id_pagina=1. Acesso em: 20 jan. 2020. 

 

IBGE. (2016). Estimativas de população para 1º de julho de 2016. Instituto Brasileiro de 

Geografia e Estatística. Rio de Janeiro: IBGE. Disponível 

em:http://www.ibge.gov.br/estadoSat/perfil.php?sigla=pa. Acesso em: 20 jan. 2020. 

 

Lisboa SS, Heller L & Silveira RB. (2013). Desafios do planejamento municipal de 

saneamento básico em municípios de pequeno porte: a percepção dos gestores. Revista 

Sanitária e Ambiental, 18(4), 341-8. 

 

Marinho IMRS & Nascimento IG. (2014). Avaliação do saneamento urbano de Macapá 

através do índice de qualidade do saneamento ambiental. 2014. 61f. Trabalho de Conclusão 

de Curso (Graduação em Ciências Ambientais) - Departamento de Meio Ambiente e 

Desenvolvimento, Universidade Federal do Amapá, Amapá. 

 

PNUD. Programa das Nações Unidas para o Desenvolvimento. (2013). Ranking IDHM 

Municípios 2010. Disponível em: http://www.pnud.org.br/atlas/ranking/Ranking-IDHM-

Municipios-2010.aspx. Acesso em: 20 jan. 2020. 

 

Rossoni H, Faria MTS, Ribeiro NRS & Heller L. (2015). Condicionantes envolvidos na 

presença de diferentes modelos de prestação de serviços de abastecimento de água no Brasil. 

Revista AIDIS de Ingeniería y Ciencias Ambientales, 8, 26-43. 

 

Saiani CCS, Toneto Jr R & Dourado, JA. (2013). Déficit de acesso a serviços de saneamento 

ambiental: evidências de uma Curva Ambiental de Kuznets para o caso dos municípios 

brasileiros? Revista Economia e Sociedade, 22(3), 791-824. 

 



Research, Society and Development, v. 9, n. 7, e635973531, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i7.3531 

16 

Santos AMA, Jacinto PDA & Tejada, CAO. (2012). Causalidade entre renda e saúde: uma 

análise através da abordagem de dados em painel com os estados do Brasil. Estudos de 

Economia, 42(2), 229–261. 

 

Scriptore, JS & Toneto Jr, R. (2012). A estrutura de provisão dos serviços de saneamento 

básico no Brasil: uma análise comparativa do desempenho dos provedores públicos e 

privados. Revista de Administração Pública, 46(6), 1479-504. 

 

Sousa, A. P. de. (2014). Influência da mudança institucional na formação e organização da 

estrutura de governança e accountability do saneamento básico: um olhar para Goiás. 2014. 

201f. Tese (Doutorado em Políticas públicas, estratégias e desenvolvimento) - Universidade 

Federal do Rio de Janeiro, Instituto de Economia, Rio de Janeiro. 

 

Teixeira, J. C., Gomes, M. H. R., & Souza, J. A. D. (2012). Associação entre cobertura por 

serviços de saneamento e indicadores epidemiológicos nos países da América Latina: estudo 

com dados secundários. Revista Panamericana de Saúde Pública, 32(6), 419- 425. 

 

Teixeira, J.C., Oliveira G.S., Mello Viali, A.M., & Muniz, S.S. (2013). Estudo do impacto das 

deficiências de saneamento básico sobre a saúde pública no Brasil no período de 2001 a 2009. 

Eng. sanit. Ambient., 19(1), 87-96. 

 

Toffoli, D., & Toffoli, F. (2015). A saúde infantil no litoral norte de São Paulo: um recorte 

sob o olhar da epidemiologia e do acesso ao saneamento básico. Congresso Internacional da 

Gestão da Água e Monitoramento Ambiental, 2., 2015, Aracaju. Anais[...]. Aracaju: RESAG. 

 

Uhr, J. G. Z., Schmechel, M., & Uhr, D. D. A. P. (2016). Relação entre saneamento básico no 

Brasil e saúde da população sob a ótica das internações hospitalares por doenças de 

veiculação hídrica.  Revista de Administração, Contabilidade e Economia da Fundace, 7(2), 

01-16. 

 

Van Liew, M.W., & Garbrecht, J. (2003). Hydrologic simulation of the Little Washita River 

experimental watershed using SWAT. Journal of the American Water Resources Association, 

39, 413–426. 

 



Research, Society and Development, v. 9, n. 7, e635973531, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i7.3531 

17 

Vinagre, M. V. de A. (2006). Objetivos de desenvolvimento do milênio da ONU: redução da 

mortalidade na infância e saneamento básico no estado do Pará. 115f. Dissertação (Mestrado 

em Engenharia Civil) - Universidade Federal do Pará, Centro Tecnológico, Belém. 

 

WHO/UNICEF. (2015). Progress on Drinking Water and Sanitation: 2015 Update. WHO 

with UNICEF, Geneva. 

 

 

Percentage of contribution of each author in the manuscript  

Diêgo Lima Crispim – 20% 

Rodrigo Silvano Silva Rodrigues – 20% 

Artur Sales de Abreu Vieira – 20% 

Francisco Carlos Lira Pessoa – 20% 

Lindemberg Lima Fernandes – 20% 


