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Introduction
In urban centers, basic sanitation represents a social infrastructure 

service whose absence or precariousness is responsible for clear 
and significant negative externalities, given that such insufficiency 
causes several economic, environmental, social and health problems, 
resulting in relevant material and human losses.1 In the broadest sense, 
basic sanitation are the measures adopted with the aim of improving 
the quality of life, promoting the health of citizens and preserving 
natural resources. Basic sanitation consists of four axes: the supply of 
treated water, collection of sewage, urban cleaning and management 
of solid waste (domestic garbage) and the conduction of rainwater 
runoff. The Basic Sanitation system of a municipality has a close 
relationship with the community it serves, being fundamental to the 
environmental health of the municipality and the quality of life of 
the population.2 The almost nonexistent sanitation infrastructure 
in the area covered by the JRB, the release of inadequately treated 
industrial effluents, the inadequate disposal of solid waste, and the 
indiscriminate use of pesticides and chemical fertilizers, mainly 
motivated by temporary sugarcane crops, mean that the water quality 
of the river is compromised in several places along its course. The 
results show that the advances are not very relevant and the country is 

increasingly distant from achieving the main goals of basic sanitation, 
especially those made official by Brazil in the UN - United Nations. 
The sustainable development goal - SDG 6 - has the goal of “ensuring 
the availability and sustainable management of water and sanitation 
for all and everyone by 2030”, but if the low investments of recent 
years are maintained, Brazil will be far from fulfilling this further 
international commitment.3,4 The objective of this study is to make a 
diagnosis of the socio-environmental indicators in the JRB, enabling 
to assess the level of sustainability of public policies related to the area 
of environmental sanitation and correlate it with the main waterborne 
diseases related to the lack of basic sanitation.

Materials and methods
Located in the southern Mata region of the state of Pernambuco, 

the Jaboatão River Hydrographic Basin (JRB) has an area of 442 
km². Part of the group of small coastal rivers (GL2), the JRB drains 
the municipalities of Recife, Jaboatão dos Guararapes, Moreno, São 
Lourenço da Mata, Cabo de Santo Agostinho, and Vitória de Santo 
Antão, and is one of the most important basins in the Metropolitan 
Region of Recife (MRR). According to the Brazilian Institute of 
Geography and Statistics,5 the municipality of Jaboatão dos Guararapes 
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Summary

Located in the Southern Mata region of the state of Pernambuco, the Jaboatão River 
Hydrographic Basin (JRB) has an area of 442 km². Part of the group of small coastal rivers 
(GL2), the JRB drains the municipalities of Recife, Jaboatão dos Guararapes, Moreno, São 
Lourenço da Mata, Cabo de Santo Agostinho, and Vitória de Santo Antão. In addition to 
contributing to the public supply of the Metropolitan Region of Recife, the JRB receives 
domestic, industrial and agro-industrial effluents along its route. The JRB runs through 
densely occupied municipalities with irregular land use and deficiencies in infrastructure, 
reflecting social, economic and environmental problems. The objective of this study is to 
make a diagnosis of the socio-environmental indicators in the JRB and correlate them with 
the main waterborne diseases related to the lack of basic sanitation. The study involved a 
literature review and a survey of secondary data. Regarding the water quality of the JRB, it 
was found to vary between Polluted and Very Polluted during the monitored period. With 
regard to environmental impacts, deforestation, waste dumping and irregular occupation 
of riverbanks were observed, causing problems for the fauna, flora and the population. In 
relation to the basic sanitation indicator in the municipality of Jaboatão dos Guararapes, 
among the obstacles raised was the fact that the municipality does not have a Municipal 
Policy on Basic Sanitation and the Jaboatão dos Guararapes Municipal Administration 
does not have a Municipal Basic Sanitation Plan; There is a scarcity of systematized 
information that supports the process of measuring environmental health; between urban 
and rural areas there are disparities in access to sanitation services, requiring the adoption 
of public policies to expand sanitation services in order to assist these populations and 
thus promote the universalization of sanitation access. The deficiency in basic sanitation 
in the municipality of Jaboatão dos Guararapes hinders local sustainable development, 
causing social, economic and environmental impacts. Regarding the number of hospital 
admissions caused by diseases related to inadequate environmental sanitation (DRIES) in 
the municipalities that are part of the JRB, Recife stood out with 13,191 hospitalizations 
in the study period, and in 2010 had the highest number of hospitalizations (2,204). With 
regard to the number of deaths caused by DRIES, Recife also stood out with 4,208 deaths 
during the study period.
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has the largest area of the JRB (225 km²), while Recife has the largest 
urban population (Figure 1 and Table 1). The study involved a literature 
review and survey of secondary data regarding the indicators treated 
water supply, sanitation (treated water supply, sewage collection, urban 
cleaning and solid waste management (domestic waste), rainwater 
runoff (drainage) and flood risk, health and economy. For information 
regarding demographic and socioeconomic conditions, it was used 
the 2020 Census database, the National Household Sample Survey 
(PNAD) made available by the Brazilian Institute of Geography and 
Statistics (IBGE), the National Sanitation Information System (SNIS) 
of the National Sanitation Department (SNS)/ Ministry of Regional 
Development (MDR) SNS/MDR, Surveillance System for Water 
Quality for Human Consumption (SISAGUA) of the Ministry of 
Health, National System of Information on Solid Waste Management 
(SINIR) of the MMA and the DATASUS website for diarrhea, yellow 
fever, dengue, leptospirosis, malaria and schistosomiasis diseases 
referring to the year 2020. The Sanitation indicators were provided 
by Instituto Trata Brasil (2022). The data referring to the ranking 
of the municipalities in relation to the indicators were provided 
by ABES (2021). To calculate the correlation of the ranking of 
the municipalities with health, a survey of the Diseases Related to 
Inadequate Environmental Sanitation - DRSAI - of the Ministry of 
Health’s DATASUS is done. Based on this data, the hospitalization 
rate for 100 thousand inhabitants is calculated.6 Five indicators related 
to basic sanitation services were used to synthetically represent the 
sanitation conditions in the JRB (Table 2).

Figure 1 Location of the JRB.

Prepared by: Cláudia Oliveira.

Table 1 Municipalities inserted in the JRB with their respective areas

Municipality Area (km²) Area (%)

Cabo de Santo Agostinho 27 6,11

Jaboatão dos Guararapes 225 50,90

Moreno 98 22,17

Recife 4 0,90

São Lourenço da Mata 46 10,41

Vitória de Santo Antão 42 9,50

Total 442 100

Source: GOMES (2005).53

Table 2 Indicators related to basic sanitation, description and respective 
formulas

Indicator Description Indicator formula

Water 
supply

Index of 
attendance 
of the total 
population with 
water mains

(Total population served with 
water supply / Total resident 
population of municipality(ies) 
with water supply, according to 
IBGE) X 100

Sewage 
collection

Index of 
attendance 
of the total 
population with 
sewerage system

(Total population served with 
sanitary sewage/ Total resident 
population of the municipality(ies) 
with water supply, according to 
IBGE) X 100

Sewage 
treatment

Index of treated 
sewage referred 
to water 
consumed

((((Volume of sewage treated 
+ Volume of exported raw 
sewage treated at the importer's 
premises) / (Volume of water 
consumed - Volume of treated 
water exported)) X100)/80) X 
100

Solid waste 
collection

Coverage rate 
of the household 
solid waste 
collection service 
in relation 
to the total 
population of the 
municipality

(Total population served in the 
municipality / Total population 
of the municipality, according to 
IBGE) X 100

Inadequate 
disposal of 
solid waste

Percentage of 
solid waste 
generated by 
the municipality 
disposed of 
properly

(Total waste only read destined 
to processing units considered 
adequate / Total solid waste 
produced by the municipality of 
origin) X 100

Source: ABES (2021).6

Results and discussion
In the JRB there was a 9.44% growth in the urban area between 

the years 1986 and 2018 according to Souza.7 This can be justified in 
the fact of the increased urban integration of the Metropolitan Region 
of Recife (MRR) that was created in the 1970s including Jaboatão, 
Moreno and São Lourenço da Mata since its inception, and the high 
economic growth of the metropolitan region from the 1990s that 
increased the economic importance of municipalities such as Jaboatão 
dos Guararapes and Cabo de Santo Agostinho. This increase in the 
urban area in MRR has not always been accompanied by planning in 
the form of occupation of space which led to serious environmental 
damage.8 In field according to Santos and Hernandes (2012),9 urban 
occupations were verified on the slopes in hillside areas, near the 
river course, among other places at risk of erosion and environmental 
disasters. The problems related to the lack of urban planning are 
mainly related to the way the watershed is occupied, not considering 
respecting the riparian forests and channeling the rivers, thus 
increasing the potential erosion and flooding of urban rivers. The new 
paradigm has as its approach the integrated management of multiple 
use of resources and sectors, aiming at regional development in a 
sustainable way, reducing potential adversities on the social, economic 
and ecological dimensions.10The use of indicators to evaluate the level 
of sustainability of environmental policies and actions began in the 
1990s. This process reflected the very maturation of the theoretical 
and conceptual basis of sustainable development with the United 
Nations Conference on Environment and Development. In that same 

https://doi.org/10.15406/ijh.2022.06.00330


Social and environmental indicators of the Jaboatão river water basin associated with diseases related to 
inadequate environmental sanitation (DRIES)

226
Copyright:

©2022 Marques  et al.

Citation: Marques ET, de Oliveira CR, Cardoso AS, et al. Social and environmental indicators of the Jaboatão river water basin associated with diseases related 
to inadequate environmental sanitation (DRIES). Int J Hydro. 2022;6(6):224‒234. DOI: 10.15406/ijh.2022.06.00330

period, Agenda 21 recognized the indicators as appropriate tools for 
sustainability assessment.11

According to the census of the Brazilian Institute of Geography 
and Statistics,5 the population of the JRB is composed of 2,886,228 
inhabitants, with 97.69% corresponding to the urban population and 
2.31% corresponding to the rural population. In the municipalities of 
Recife and Jaboatão dos Guararapes most of the population is urban, 
contrasting with the other municipalities that are part of the basin, 
where the rural population prevails (Table 3). The Municipal Human 
Development Index (MHDI) is a measure composed of indicators 
of three dimensions of human development: longevity, education 
and income. The three components are grouped by means of the 
geometric mean, resulting in the MHDI. The index ranges from 0 to 
1. The closer to 1, the higher the human development. The MHDI 
adjusts the HDI to the reality of the municipalities and reflects the 
regional specificities and challenges in achieving human development 
in Brazil.12 Among the municipalities inserted in the JRB, the one that 
presented the highest HDI for income, longevity and education was 
Recife, followed by Jaboatão dos Guararapes, considered High. The 
other municipalities in the JRB were considered to have a Medium 
HDI.

Table 3 Municipalities within the area of the JRB, population (urban and rural) 
and population density

Municipality Population

Urban % Rural % Total

Cabo de Santo 
Agostinho 189.47 7 19.474 29 208.944

Jaboatão dos 
Guararapes 691.457 25 15.41 23 706.867

Municipality Population
Urban % Rural % Total

Moreno 56.041 2 7.253 11 63.294
Recife 1.653.461 59 0 0 1.653.461

São Lourenço da 
Mata 107.291 4 6.788 10 114.079

Vitória de Santo 
Antão 121.814 4 17.769 27 139.583

Total 2.819.534 100 66.694 100 2.886.228

Source: Atlas Brazil (2010); IBGE (2020); INFOSANBAS, (2022).58,5,30

The Gini Index varies from zero to one, the zero value represents 
the situation of equality (everyone has the same income), while the 
value one is the opposite (only one person has all the wealth). The 
municipalities of the JRB followed the same trend as the HDI. Long 
and healthy life is measured by life expectancy at birth, calculated 
by an indirect method based on data from the IBGE Demographic 
Census. This indicator shows the average number of years that people 
would live from birth, keeping the same mortality patterns observed 
in the reference year. In this indicator, Jaboatão dos Guararapes 
had the highest life expectancy (74.8 years), followed by Recife 
with 74.5 years (Table 4). The water in the JRB is used for public 
supply, reception of domestic effluents and reception of industrial 
and agro-industrial effluents. According to the SNIS (MDR; SNS, 
2019),13 São Lourenço da Mata, Vitória de Santo Antão, and Jaboatão 
dos Guararapes presented the highest percentages of the population 
without access to water in the JRB with 20.55%, 20.34%, and 20.24%, 
respectively. Like the index of population without water, the index 
of water losses in distribution presents great variation among the 
municipalities of the JRB, where São Lourenço da Mata and Recife 
presented the worst performances with 68.14% and 57.49% (Table 4), 
respectively, according to the SNIS14 (Table 4).

Table 4 Municipalities in the JRB area, population indicators and life expectancy

Municipality Income 
(HDHM-R)

Longevity 
(MHDI-L)

Education 
(MHDI-E) HDI -2010 Class Gini Index Life 

expectancy

Cabo de Santo Agostinho 0,65 0,81 0,61 0,69 Medium 0,53 73,7

Jaboatão dos Guararapes 0,69 0,83 0,64 0,72 Upper 0,58 74,8

Moreno 0,61 0,81 0,56 0,65 Medium 0,53 73,2

Recife 0,80 0,83 0,70 0,77 Upper 0,68 74,5

São Lourenço da Mata 0,61 0,79 0,57 0,65 Medium 0,50 72,5

Vitória de Santo Antão 0,63 0,77 0,54 0,64 Medium 0,54 71,0

Average 0,67 0,81 0,60 0,69 Medium 0,56 0,56

Regarding the provider of water and sewage services, in the 
municipalities of the JRB, the services are operated by the State 
Company (COMPESA). As for regulation, all of them are regulated 
by the state regulatory agency (ARPE), which shows a situation of 
uniformity15 (Table 5). According to data from MDR16 it was found 
that 3 municipalities obtained a distribution loss greater than 50%, 
these being: São Lourenço da Mata (68.14%), Recife (57.49%) and 
Moreno (55.36%). From the water quality data published in the Report 
on Monitoring of Watersheds of the State of Pernambuco - 2019,17 a 
compromise in water quality was observed throughout the JRB for 
the evaluated period. Among the monitored parameters, the following 
stand out with a greater number of non-conformities, in relation to 

the Class 2 of fresh water of CONAMA Resolution 35720/05, in 
descending order: Thermotolerant Coliforms, Dissolved Oxygen, 
Total Phosphorus, Biochemical Oxygen Demand and Ammonia. The 
Thermotolerant Coliforms parameter presented 100% of occurrence 
in all stations and evaluated period, evidencing the release of sewage 
of domestic origin throughout the monitored stretch.17 Besides the 
high load of organic pollution (Table 6) due to untreated domestic 
sewage, the Jaboatão River also suffers from the discharge of leachate 
from the Muribeca dump, located at JB-75 station. On its banks were 
also observed large animal farms, such as chickens, oxen, pigs and 
horses, in addition to the accumulation of garbage.18
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Table 5 Population of the JRB without access to water

Municipality Population without access to water Water losses in 
distribution (%)*

Provider of water and 
sewerage services Regulation

N %
Cabo de Santo Agostinho 19.428 9,30 36,88 COMPESA ARPE
Jaboatão dos Guararapes 143.092 20,24 39,07 COMPESA ARPE
Moreno 12.593 19,9 55,36 COMPESA ARPE
Recife 174.425 10,55 57,49 COMPESA ARPE
São Lourenço da Mata 23.438 20,55 68,14 COMPESA ARPE
Vitória de Santo Antão 28.396 20,34 47,01 COMPESA ARPE
Total 401.372 100 - - -

Source: SNIS (MDR; SNS, 2019; *MDR; SNS, 2021).13,14

Table 6 Pollutant load in the JRB by municipality

Municipality Potential organic load

(kg BOD5,20 /day) %
Cabo de Santo Agostinho 51 0,21
Jaboatão dos Guararapes 21.611 89,65
Moreno 883 3,66
Recife 1.329 5,51
São Lourenço da Mata 103 0,43
Vitória de Santo Antão 128 0,53
Total 24.105 100

Source: CPRH/FACEPE (1998)58.

Among the industrial activities in the basin are chemicals, food 
products, metallurgy, textiles, beverages, paper/cardboard, plastics, 
electrical/communication materials, sugar and ethanol, clothing/
artifacts/fabrics, footwear, mechanics, pharmaceuticals/veterinary 
products, and transport materials. The municipality of Jaboatão dos 
Guararapes accounts for most of the pollution load in the JRB, while 
the municipality of Cabo de Santo Agostinho accounts for the least 
(Table 6). Despite its undeniable importance, Brazil has a deficient 
provision of sanitary sewage. According to the National Sanitation 
Information System (SNIS), more than 33 million Brazilians do not 
have access to water supply, and only 55% of the population has its 
sewage collected. In some states, this reality is much more alarming.19 
In the JRB, regarding the population without access to sewage, 
the municipality of Cabo de Santo Agostinho showed the worst 
performance (88.43%), while Recife showed the best performance 
(55.99%), although it is very far from the so desired universalization 
(Table 7).

Table 7 Population of the JRB without access to sewage

Municipality Population without sewage

N %
Cabo de Santo Agostinho 184.778 88,43
Jaboatão dos Guararapes 552.93 78,22
Moreno 44.846 70,85
Recife 925.805 55,99
São Lourenço da Mata 83.142 72,88
Vitória de Santo Antão 97.926 70,16
Total 1.889.427 -

Source: Instituto Água e Saneamento (2022); IBGE 2020 (2022).59,60

Regarding the indicator of sanitary sewage in the JRB, Recife 
stands out with 258,656 urban households with respect to the general 
sewage network or pluvial, but only 23 rural households, showing 
a mismatch in the investment of sanitary sewage between these two 
populations. The other municipalities follow the same tendency. With 
the exception of the urban areas of Moreno and Vitória de Santo Antão, 
the sanitary sewerage of the rudimentary pit type predominated in the 
JRB. It can be seen that in the rural areas of the JRB the sanitary 
sewage conditions are still very critical (Table 8). The “general sewage 
or rainwater network” type was considered the most appropriate, 
because it presents a higher probability of subsequent treatment of 
the exhausted material. Really adequate conditions would imply not 
only the form of sewage collection, but the guarantee of subsequent 
treatment, avoiding the contamination of water resources and the 
proliferation of diseases.20

Table 8 Forms of sanitary sewage in the JRB

Form of sanitary sewerage

Municipality Cabo de Santo 
Agostinho

Jaboatão dos 
Guararapes Moreno Recife São Lourenço 

da Mata
Vitória de Santo 
Antão

Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural
General sewage 
or rainwater 
network

16.272 548 51.327 171 6.19 304 258.656 23 9.067 415 22.169 904

Septic tank 7.468 2.878 39.647 922 1.692 478 73.266 91 2.19 118 1.517 824
Rudimentary pit 16.914 3.031 77.404 4.831 3.936 1.189 100.942 777 12.1 2.253 4.895 2.785
Ditch 3.123 186 9.159 219 582 55 11.777 44 1.794 96 1.767 550
River, lake or sea 1.207 157 8.38 252 1.182 21 19.228 10 1.403 50 2.193 147
Other outlet 353 189 2.626 137 155 140 3.192 16 321 76 428 536
They didn't have 273 766 1.211 557 169 360 2.445 3 260 264 184 542
Total 45.61 7.755 189.754 7.089 13.906 2.547 469.506 964 27.045 3.272 33.153 6.288

Source: IBGE Census (2010) (2012).61
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In the history of sanitation in Brazil, the demands of more urbanized 
and economically viable areas have always received greater attention 
from public authorities. In rural areas, the demands have been neglected 
in the local context, gaining visibility in programs of other government 
levels, with the predominance of compartmentalized actions, due to 
the fragmentation of the policy. This logic, which perpetuates the 
health exclusion of rural populations in the country, was pointed out 
by the National Basic Sanitation Plan, the Plansab.21 The Plansab 
(BRASIL, 2007)22 aims to assess the degree of future achievement 
of state and regional goals predefined for the short, medium and long 
term (2018, 2023 and 2033, respectively), considering 23 selected 
indicators that cover the various components of basic sanitation, 
in addition to management aspects. The accelerated and disorderly 
growth of Brazilian cities, associated with the large-scale consumption 
of industrialized and disposable products, has caused an excessive 

increase in the amount of household solid waste in urban and rural 
areas. The collection and environmentally appropriate final disposal 
of this waste imply its correct management and, consequently, the 
expansion of access to adequate care and the reduction of the deficit.13 

A relevant indicator in the context of concerns about sanitation, the 
environment, and public health is the final disposal of solid waste. The 
municipality of Recife stands out with 1.45 kg/inhabitant/day with 
regard to the per capita generation rate of solid waste in the JRB, as 
well as in relation to the estimated generation of solid waste in the 
JRB with 836,640 tons/year (Table 9). With regard to the disposal 
of recyclable waste, São Lourenço showed the highest percentage 
of paper/cardboard (10%), glass (3.5%) and metals (2.4%), while 
Moreno stood out in the disposal of plastics (16.6%). The provider 
or agency responsible for the solid waste service in Vitória de Santo 
Antão (PE) did not send information for the diagnosis (N.I.).

Table 9 Municipalities according to the disposal of solid waste

Municipality
Per capita 
generation rate 
(kg/inhab/day)

Estimated 
generation (ton/
year)

Recyclables (%)

Paper/ cardboard Plastics Glazing Metals Total

Cabo de Santo Agostinho 1,76 68.972 1,3 14,9 2,5 0,8 19,5

Jaboatão dos Guararapes 0,70 246.892 7,8 10,2 0,6 1,8 20,4

Moreno 0,59 11.4 2,8 16,6 1,4 1,1 21,9

Recife 1,46 836.64 5,0 11,4 0,7 1,5 18,6

São Lourenço da Mata 1,23 45.31 10,0 8,9 3,5 2,4 24,8

Vitória de Santo Antão N.I. N.I. N.I. N.I. N.I. N.I. N.I.

Source: BDE (GOVERNMENT OF THE STATE OF PERNAMBUCO, 2010; CARUSO JR, 2015).62

The destination of household waste in Brazil is mainly done through 
direct collection by cleaning services.5 The municipalities of the JRB 
send their waste to: the Candeias CTR, private Waste Treatment 
Centers (Table 10), with the exception of the municipality of Vitória 
de Santo Antão, which deposits its waste in a dump, according to the 
Nossa Vitória website (2014). According to the IBGE5 a permanent 
private dwelling was considered to be one that was built exclusively 
for housing and, on the reference date, was intended to serve as a 
home for one or more people. The process of solid waste management 
comprises the collection and public cleaning, as well as the final 

disposal of these wastes. The stages of collection and final disposal 
are considered the most important, since the volume and destination 
of the waste collected interfere directly and indirectly with the 
environment and public health. The types of solid waste destination 
were grouped into three classes: “Adequate”, “Inadequate” and 
“No defined destination,” although the fact that they were collected 
by cleaning services is no guarantee of environmentally adequate 
disposal or final disposal, as defined by the PNRS,23 as shown in Table 
6. In rural areas, most households (63.81%) had inadequate disposal 
of solid waste. 

Table 10 Permanent private households by garbage destination according to household situation

Municipality/ 
Waste 
destination

Population Suitable Inadequate No destination defined

Collected by 
cleaning service

Collected in 
cleaning service 
bucket

Queimado 
(on the 
property)

Buried 
on the 
property

Other 
destination

Discarded in 
a vacant lot 
or street

Thrown into 
a river, lake 
or sea

Cabo de Santo 
Agostinho

Urban 47,287 
Rural 1,996

Urban 2,247 
Rural 287

Urban 693 
Rural 2,056

Urban 751
Rural 437

Urban 39
Rural 6

Urban 47,287 
Rural 1,996

Urban 2,247 
Rural 287

Urban 693 
Rural 2,056

Jaboatão dos 
Guararapes

Urban 182,689
Rural 2,233

Urban 14,435
Rural 369

Urban 1,523
Rural 600

Urban 365
Rural 15

Urban 7,902
Rural 789

Urban 182,689
Rural 2,233

Urban 14,435
Rural 369

Urban 1,523
Rural 600

Moreno Urban 11,886
Rural 24

Urban 967
Rural 24

Urban 238
Rural 1,473

Urban 1,566
Rural 140

Urban 23
Rural 1

Urban 11,886
Rural 24

Urban 967
Rural 24

Urban 238
Rural 1,473

Recife Urban 445,779
Rural -

Urban 14,900
Rural -

Urban 687
Rural -

Urban 7,358
Rural -

Urban 1,310
Rural -

Urban 445,779
Rural -

Urban 14,900
Rural -

Urban 687
Rural -

São Lourenço da 
Mata

Urban 22,612 
Rural 411

Urban 1,944
Rural 49

Urban 1,253
Rural 1,030

Urban 2,543
Rural 210

Urban 125 
Rural 3

Urban 22,612 
Rural 411

Urban 1,944
Rural 49

Urban 1,253
Rural 1,030

Vitória de Santo 
Antão

Urban 32,618
Rural 830

Urban 1,037
Rural 61

Urban 251
Rural 2,895

Urban 824
Rural 758

Urban 64
Rural 7

Urban 32,618
Rural 830

Urban 1,037
Rural 61

Urban 251
Rural 2,895

Source: IBGE Census (2010).
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According to the IBGE, the municipalities are divided into two 
groups: small and medium size - up to 100 thousand inhabitants; 
large size - over 100 thousand. In this context, the municipalities of 
Recife and Jaboatão dos Guararapes are classified as large, while the 
other BRJ municipalities are classified as small or medium-sized6 
(Table 10). The phenomenon of urbanization is usually associated 
with the replacement of natural or semi-natural environments by 
built environments, often bringing great environmental and cultural 
damage. These losses become even more significant when the 
process of land occupation occurs in a disorganized manner.24 The 
tributaries of rivers and flooded areas have been filled in for centuries, 
without any concern with the natural drainage. The canalization of 
urban rivers and streams, in addition to causing a series of damages 
to the environment, by totally mischaracterizing the natural habitat, 
causes the beginning of a recurrent chain of problems: favoring of 
clandestine sewage connections, occupation of the banks and areas of 
flood expansion, problems of downstream flooding and the isolation 
of the hydraulic connection between the aquifer and the river.25

In addition to topographic influence, soil sealing associated with 
climatic dynamics in the municipalities are important factors in 
potential flooding. In addition to river drainage through canalization, 
soil sealing occurs through the construction of residential, commercial 
and industrial structures and paved roads, which reduce infiltration 
areas, increasing the rates of surface runoff in interfluves and, 
consequently, in watercourses. Moreover, the replacement of the 
natural surface by asphalt roads and concrete buildings and houses 
increases the absorption capacity of solar radiation, consequently 
increasing the temperature and humidity, and this increase in humidity 
leads to a greater occurrence of rainfall events.26 The result is an 
increase in surface runoff and the impacts resulting from flooding 
and inundation. This situation is aggravated in coastal plains, as is 
the case in Recife. Storm drainage is also hampered by inefficient 
wastewater treatment and solid waste management, as well as 
planning for environmental education. The coating of the slopes with 
cement in the hillside areas seeks to contain erosion and prevent the 
infiltration of waters that are dangerous for the stability of the slopes, 
but it causes the acceleration of the surface runoff effect, resulting 
in flooding in the lower parts. As a shortcoming of the management 
model implemented, it is cited the dispersion of sanitation services, 
including those provided by different spheres of government, making 
it difficult to integrate them.27

Urban drainage and stormwater management services (DMAPU) 
are more recent, so they have not yet reached the degree of organization 
and consolidation of the other components. There is no population 
coverage index for these services, either because they are not properly 
organized, which makes it difficult to provide information, or because 
there is no agreement among experts on how to define and calculate 
indexes, or because the way to measure coverage is not the same as 
for the other components.28 Regarding the percentage of the types 
of drainage systems in the municipalities of the JRB, it was found 
that in the set of municipalities that participated in the SNIS-AP 
(2017),29 in Jaboatão dos Guararapes, Moreno and Recife, 100% is 
exclusive for drainage and in Vitória de santo Antão the combined 
system prevails with 100% and in São Lourenço da Mata 100% 
corresponds to there are no drainage systems (Table 11). The floods, 
inundations, mudslides, flooding and landslides that occur during 
rainy periods show the precariousness of the urban drainage system 
due to the lack of management and socio-environmental analysis 
of the risks and vulnerabilities of each location.30 According to the 
Trata Brasil Institute (2010),1 diseases related to inadequate water 
and sewage systems cause the death of millions of people every year, 
and the neediest are the most affected in this perverse relationship 

between lack of sanitation and diseases. Thus, the deficiency and or 
inefficiency of these services cause negative impacts on education, 
work, economy, biodiversity, among others.31,32

Table 11 Percentage of the types of drainage systems in the municipalities of 
the JRB in 2017

Municipality
Doesn't 
exist.

Exclusive for 
drainage

Combined
Unitary**
Other

Cabo de Santo 
Agostinho

0% 0% 100% 0%

Jaboatão dos 
Guararapes

0% 100% 0% 0%

Moreno 0% 100% 0% 0%

Recife 0% 100% 0% 0%

São Lourenço 
da Mata

100% 0% 0% 0%

Vitória de Santo 
Antão

0% 0% 100% 0%

*When 100% of the drainage system is exclusively for stormwater; **When 
part of the drainage system is exclusive and part is unitary; ***Mixed with 
sanitary sewer.

Public health risks are linked to some possible and undesirable 
factors that may occur in urban and rural areas, which can be minimised 
or eliminated with the appropriate use of sanitation services. The 
use of potable water, for example, is seen as a safe food supply for 
the population. The sewage system promotes the interruption of the 
chain of human contamination. Improved solid waste management 
(garbage) reduces environmental impact and eliminates or hinders 
the proliferation of disease vectors.33 The World Health Organization 
(WHO) and the United Nations Children’s Fund (UNICEF) mention 
poor basic sanitation as a serious threat to human health, and state 
that the second leading cause of death in children under five years of 
age is related to water contamination, the biggest one being diarrhea. 
According to these institutions, this scenario of global incidence 
has remained stable over the past two decades.34 Considering its 
importance, still at the global level, sanitation is incorporated into goal 
6 of the Sustainable Development Goals (SDGs), which is to ensure 
availability and sustainable management of water and sanitation for 
all.28 The official SDG indicators are considered an important tool 
to ensure the implementation of the goals, giving them a central and 
political role within the Agenda’s governance structure. There are, 
however, a number of challenges that need to be overcome for this 
instrument to reach its full potential.35

According to the National Policy of Basic Sanitation (PNSB),36 
Law No. 11,445/2007, basic sanitation services should be universal, 
i.e., have their access extended to all occupied households in the 
country. Universalization is, therefore, one of its guiding principles. 
Despite the investments made in recent years, there is still no universal 
access to basic sanitation services in Brazil. The universalization of 
access to sanitation would imply a reduction in hospitalizations and, 
consequently, in public spending on health.37 Some of the possible 
causes for this scenario in the provision of sanitary sewage services 
in the country are the discontinuity of public policies in the different 
governments, the lack of planning, the inefficiency in the management 
of service providers, the lack of financial resources (federal, state 
and municipal governments), the weak supervision, the incipient 
regulation sector, the existence of feasible connections, among 
others.28 Furthermore, the existence of households in irregular areas 
makes the construction of sewage networks unfeasible, i.e., there 
is a disarticulation of housing, urban planning and urban mobility 
policies with sanitation policies.38 With the consolidation of this new 
paradigm, a classification of diseases whose transmission occurs 
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via sanitation, or even due to the complete absence of it, emerged. 
With this classification model that considers sanitation systems, the 
concept of Diseases Related to Inadequate Environmental Sanitation 
(DRIES) emerges.39 The term “inadequate environmental sanitation” 
is associated with different risk factors, such as: poor water supply, 
inadequate sanitary sewage, contamination by solid waste, or 
precarious housing conditions.40

The lack of basic sanitation negatively affects the quality of life of 
citizens and increases the susceptibility of the population to waterborne 
diseases.41 The degradation of springs such as water pollution can lead 
to diseases like cholera, infectious diarrhea, hepatitis, schistosomiasis, 
leptospirosis, dengue, among others, with direct effects on the quality 
of life and health of human populations.42 According to Tundisi,43 “the 
contamination and increase of toxic substances in water and vectors 
of waterborne diseases are directly related to basic sanitation and 
inadequate treatment conditions of water contaminated by various 
processes”. The absence of adequate solutions for the collection 
and treatment of sanitary sewage results in precarious sanitation 
conditions, favors the proliferation of parasitic and infectious diseases 
and causes the degradation of water bodies. Thus, the removal and 
treatment of sanitary sewage are essential to safeguard public health 
and preserve the environment, thus improving the quality of life of 
the population.13 The Diseases Related to Inadequate Environmental 
Sanitation (DRIES) are reported in countries considered poor and 
underdeveloped, with precarious sanitation services, lack of public 
policies and lack of health education of the population. These factors 
favor a scenario conducive to the development of these diseases and 
the worsening of the unfavorable picture regarding public health in 
the country.41 

The Ranking on the Universalization of Sanitation prepared 
by the Brazilian Association of Sanitary Engineering (ABES)6 was 

developed to analyze the situation of the universalization of access 
to sanitation in Brazilian cities with more than 100,000 inhabitants, 
correlating sanitation data with those of DRIES. The municipalities 
that presented the information to calculate the indicators that make up 
the ranking were classified into four categories according to the total 
score obtained by adding the performance of each indicator (Table 
12). The maximum possible score is 500 points, achieved when the 
municipality reaches 100% in all five indicators. The ranking makes it 
evident that the greater the access to sanitation, the lower the incidence 
of hospitalizations due to DRIES.6 With regard to water supply, the 
municipalities in the JRB obtained scores ranging from 77.77% to 
89.33%. Regarding sewage collection in the JRB, the values varied 
between 11.63% and 43.96%. With regard to sewage treatment, the 
values varied between 4.86% and 93.36%. Regarding the collection 
of solid waste, the values varied between 70.65% and 98.24%. All the 
municipalities in the JRB provide adequate disposal of solid waste 
(100%). With the exception of Vitória de Santo Antão, which did not 
have the data informed, the other municipalities inserted in the JRB 
presented a score ranging between 298.44 and 426.65, situated in the 
category “Commitment to universalization” (Table 13).

Table 12 Scores and categories in the Sanitation Universalization ranking 
prepared by ABES6

Score Category

Under 200,00 First steps towards universalisation

From 200.00 - 499.99 Commitment to universalisation

From 450.00 - 489.00 Commitment to universalisation

Over 489.00 Towards universalisation

Table 13 Score of the municipalities in the JRB in relation to water supply and basic sanitation

Municipality Score

Supply 
water

Sewage 
collection

Sewage 
treatment

Solid waste 
collection

Appropriate 
disposal of solid 
waste

Total 
score

Rate of 
hospitalizations for 
DRIES

Cabo de Santo 
Agostinho 87,88 11,63 4,86 97,2 100 301,57 46,8

Moreno 80,58 29,39 42,1 89,22 100 341,29 66,9

Jaboatão dos 
Guararapes 79,47 18,94 19,14 98,24 100 315,79 48,4

Recife 89,33 43,96 93,36 100 100 426,65 60,9

São Lourenço da 
Mata 77,77 19,51 30,51 70,65 100 298,44 47,7

Vitória de Santo 
Antão N.I. N.I. N.I. N.I. N.I. N.I. N.I.

Average 83,01 24,69 37,99 91,06 100,00 336,75 54,14

Source: ABES (2021).6 The data refer to 2019, due to the two-year lag between data collection and disclosure by the Ministry of Regional Development through 
the SNIS.

In the ABES Ranking, the correlation between these two variables 
(health and sanitation) are addressed through the DRIES - Diseases 
Related to Inadequate Environmental Sanitation, defined in a research 
financed by FUNASA in 2001 and 2002. Most of them are typical of 
precarious environments, without basic sanitation or with inadequate 
sanitation. For this study, among the DRIES, we used the fecal-
oral transmission diseases (diarrhea, enteric fevers, hepatitis A). On 
them, the average hospitalization rate per 100,000 was calculated. 
The selected diseases are: Cholera, Typhoid and paratyphoid fevers, 
Other Salmonella infections, Shiguelosis, Other bacterial intestinal 
infections, Amebiasis, Other intestinal diseases by protozoa, Viral 

intestinal infections, other and unspecified, Diarrhea and gastroenteritis 
of presumptive infectious origin.44 Population growth associated 
with low capacity to create social and environmental infrastructure 
can be a risk factor to health, since a higher concentration of people 
in areas with poor infrastructure leads to greater exposure to an 
unhealthy environment (inadequate disposal of solid waste, untreated 
water supply, poor or nonexistent sanitation, among others).45 In 
countries like Brazil, this scenario is present mainly in peripheral 
zones of urban areas that lack essential services to meet the demand 
of a rapidly growing population, also causing a strong pressure on the 
environmental situation.46
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The lack of sanitation has immediate implications on the health 
and quality of life of the population living in environmentally 
degraded areas. The lack of treated water has a direct impact on 
health, especially among the young and the elderly, as it increases 
the incidence of waterborne and respiratory diseases. The lack of 
sewage collection and treatment services, even when there is access 
to treated water, also has a decisive impact on the incidence of 
gastrointestinal infections and diseases transmitted by mosquitoes 
and animals. The recurrence of these diseases harms society because 
it causes unrecoverable costs. There are two immediate channels 
linking poor sanitation to these costs: i. By increasing the incidence 
of these diseases, poor sanitation causes people to take time off work, 

costing society in hours not worked; and ii. Society incurs public and 
private expenses for the treatment of infected persons. The lack of 
basic sanitation also impairs the performance of children who suffer 
from DRIES, who have weakened health and, as a consequence, 
their education is impaired due to the missed classes.47 According to 
DATASUS48 presented in Table 14 and Figure 2, diarrhea, followed 
by dengue, had the highest prevalence in Recife, corresponding to 
57% and 45% of the occurrences of water veiculated diseases.48 Most 
hospitalizations for diarrhea occur in the age group under 5 years.49 
The other diseases had the highest number of cases in Recife. When 
comparing the basic sanitation conditions among the municipalities of 
the JRB, inequalities are observed.

Table 14 Municipalities and occurrences of DRIES

Municipality Population 
(N) Diarrhea(A) Yellow 

Fever (B)
Dengue
(C) Leptospirosis (D) Malaria

(E)
Schistosomiasis
(F)

Cabo de Santo Agostinho 208.944 80 0 17 5 1 0

Jaboatão dos Guararapes 706.867 243 1 29 10 0 0

Moreno 63.792 s.d. s.d. s.d. s.d. s.d. s.d.

Recife 1.653.461 651 2 45 18 2 2

São Lourenço da Mata 114.079 s.d. s.d. s.d. s.d. s.d. s.d.

Vitória de Santo Antão 139.583 168 0 8 1 0 0

Total 2.886.726 1.142 3 99 34 3 2

Source: DATASUS (2020);30 INSTITUTO TRATA BRASIL (2022).63

Figure 2 Number of cases in the JRB.

CAB, Cabo de Santo Agostinho; JAB, Jaboatão dos Guararapes; MOR, Moreno; 
REC, Recife; SLM, São Lourenço da Mata; VSA, Vitória de Santo Antão

Regarding the number of hospitalizations caused by DRIES in the 
municipalities that are part of the JRB, Recife stood out with 13,191 
hospitalizations between 2007 and 2021, and in 2010 had the highest 
number of hospitalizations (2,204). With regard to the number of deaths 
caused by DRIES, Recife also stood out with 4,208 deaths in the study 

period, and there was no record of death by DRIES in the range of 0 
to 4 years. The analysis of indicators associated with environmental 
factors, such as the quality of water consumed or distributed in the 
municipalities and the diseases resulting from these supplies, can 
show important evidence.50 Regarding health indicators, according to 
DATASUS (2020),51 Vitória de Santo Antão had the highest incidence 
of hospitalizations for waterborne diseases and total hospitalizations 
for waterborne diseases among the municipalities in the JRB (Table 
15). Recife stood out with respect to hospitalization costs due to 
DRIES. There was no record of deaths in the municipalities inserted in 
the JRB in the range of 0 to 4 years. There were 1,283 hospitalizations 
due to DRIES. Vasconcelos and Pimentel highlight that the results 
denote the urgency for measures to improve the municipal sewage 
systems of Pernambuco, given not only the low rates of collection and 
treatment, but also the high rates of DRIES and the need to achieve 
universal access with a view to achieving the sustainability of local 
development. Aguiar, Cecconello and Centeno (2019)52 emphasize the 
need for greater investment by the responsible agencies in providing a 
good quality environmental sanitation to the population, as it is one of 
the main ways to avoid contracting waterborne diseases. 

Table 15 Incidence of total hospitalizations, expenditures, death rates and total hospitalizations by DRIES in the JRB

Municipality Incidence of total 
hospitalizations for DRIES

Expenses with 
hospitalizations for DRIES

Death rate by DRIES 
0 to 4 years

Total hospitalizations 
for DRIES

Cabo de Santo 
Agostinho 4.93 93.405 0 103

Jaboatão dos Guararapes 4 315,402 0 283
Moreno s.d. s.d. s.d. s.d.
Recife 4.36 651,632 0 720
São Lourenço da Mata s.d. s.d. s.d. s.d.
Vitória de Santo Antão 12.68 89,161 0 177
Total 25.97 1,149,600 0 1,283

Source: DATASUS (2020).30
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According to Ferreira et al.41 the inefficiency of these services 
directly implies increased spending on public health to treat the 
symptoms of waterborne diseases, generating an unsatisfactory 
management model. Thus, the study affirms the importance of 
sanitation, as a preventive and effective form, in improving public 
health indices in Brazil. The JRB is an example of how the poor 
management of natural resources and the disorderly occupation and 
use of the soil can affect the environmental balance of a watershed. 
Several environmental problems are associated with the lack 
or precariousness of sanitation in the JRB, such as: pollution or 
contamination in water abstraction for human supply, pollution of 
rivers, lakes, ponds, aquifers, diseases, accelerated erosion, silting, 
frequent flooding, with the consequent human and material losses, to 
mention just a few examples.53 It was possible to verify the discrepancy 
that exists between planning and government action, concerning the 
projects that contemplate operations in basic sanitation.54 A good 
Municipal Sanitation Plan contributes to the improvement of social 
and economic indicators of the municipalities, avoiding problems 
of water shortage, disease proliferation and reducing environmental 
pollution. Despite the improvement in economic and social indicators 
for most municipalities in the JRB, this was not reflected in good 
water quality, pointing to the urgency of increasing investments in 
the area of water resources infrastructure, especially basic sanitation.55

Analyzed globally, it is observed that the mismatch between 
the planning techniques, the available resources and the pace of 
occupation, allowed the occurrence of aggressions, in varying 
degrees, to the environment. The most striking are the reduction 
of the original Atlantic Forest cover to only 3.5% (1035 ha), the 
environmental problems resulting from sugar cane industrialization, 
the pollution of Jaboatão River and Olho D’Água Lagoon, the 
destruction of mangroves, the invasion of historical sites and the 
landslides and landslides caused by irregular settlements in risk 
areas.56 Once they have access to water suitable for consumption, 
proper sewage disposal, solid waste management and disposal, and 
an adequate and well-dimensioned drainage system, there will be 
a reduction in the susceptibility to contracting diseases related to 
inadequate environmental sanitation, indicating that basic sanitation 
can be a policy for the prevention of waterborne diseases.57,64–72

Conclusion
With regard to socioeconomic indicators, among the municipalities 

inserted in the JRB, the one that presented the highest HDI for 
income, longevity and Education was Recife, followed by Jaboatão 
dos Guararapes, considered High. The other municipalities of the 
JRB were considered to have a Medium HDI. The municipalities of 
the JRB followed the same trend as the HDI with respect to the Gini 
Index. Jaboatão dos Guararapes had the highest life expectancy (74.8 
years), followed by Recife with 74.5 years among the municipalities 
of the JRB. Regarding the water supply indicator, it was observed 
that São Lourenço da Mata, Vitória de Santo Antão and Jaboatão 
dos Guararapes presented the highest percentages of the population 
without access to water in the JRB with 20.55%, 20.34% and 20.24%, 
respectively. Like the index of population without water, the index 
of water losses in distribution showed great variation among the 
municipalities of the JRB, where São Lourenço da Mata and Recife 
presented the worst performances with 68.14% and 57.49%. The 
indicators related to basic sanitation revealed inefficiency in the 
sanitation system of the municipalities inserted in the JRB. With the 
exception of the urban areas of Moreno and Vitória de Santo Antão, 
the rudimentary pit-type sanitary sewage system predominated in the 
JRB. It can be seen that in the rural areas of the JRB the sanitary 

sewage conditions are still very critical. The most critical problem 
regarding sanitation in the JRB was the lack of sewage treatment. 

In this regard, the municipality of Recife had the “best” index, 
with 55.99% of the population without access to sewage, although far 
from an ideal situation; however, the other municipalities had indexes 
above 70%, revealing a critical situation, compromising the quality of 
water and the health of the population of the JRB, requiring greater 
investments in the sector. With regard to the solid waste indicator, 
it was found that the municipality of Recife stood out with 1.45 kg/
inhabitant/day with respect to the per capita generation rate of solid 
waste in the JRB, as well as in relation to the estimated generation of 
solid waste in the JRB with 836,640 tons/year. All the municipalities 
in the JRB provide adequate disposal of solid waste (100%), with the 
exception of Vitória de Santo Antão, whose data was not available. 
Regarding the disposal of recyclable waste, it was found a great waste 
of resources, since only a small portion with potential for recycling is 
collected in the municipalities of the JRB. Regarding the percentage 
of the types of drainage systems in the municipalities of the JRB, it 
was found that in the set of municipalities that participated in the 
SNIS-AP (2017), in Jaboatão dos Guararapes, Moreno and Recife, 
100% is exclusive for drainage and in Vitória de santo Antão the 
combined system prevails with 100% and in São Lourenço da Mata 
100% belongs to the category does not exist. Regarding the score of 
the municipalities of the JRB in relation to water supply and basic 
sanitation, with the exception of Vitória de Santo Antão, which did not 
have the data informed, the other municipalities inserted in the JRB 
presented a score ranging between 298.44 and 426.65, situated in the 
category “Commitment to universalization”. 

As for Diarrhea, Recife presented the highest number of cases in 
relation to the other municipalities of the JRB, especially diarrhea, 
followed by dengue. A total of 1,283 hospitalizations due to DRIES 
were identified. With regard to the number of deaths caused by DRIES, 
Recife also stood out with 4,208 deaths in the study period, and there 
was no record of death by waterborne diseases in the range of 0 to 
4 years. The municipalities Moreno and São Lourenço da Mata did 
not disclose the data regarding the incidence of total hospitalizations, 
expenses, death rates and total hospitalizations for DRIES. Regarding 
health indicators, in the period analyzed, Vitória de Santo Antão had 
the highest incidence of hospitalizations for waterborne diseases and 
total hospitalizations for DRIES among the municipalities of the 
JRB. Recife stood out with respect to hospitalization costs due to 
DRIES. Regarding the expenses with hospitalizations for DRIES, R$ 
1,149,600 were spent for the treatment of victims in the municipalities 
of the JRB. When comparing the basic sanitation conditions among the 
municipalities of the JRB, inequalities are observed, especially in the 
rural area of the municipalities. Sanitation is a right of the population 
and is closely related to public health. Although in recent years there 
has been investment in environmental sanitation, it is clear that it is 
far from an ideal situation and the population of the municipalities is 
the one that has suffered the most from the impacts on public health. 
In this sense, the Union, States and Municipalities should join efforts 
to overcome the bureaucratic obstacles pertaining to basic sanitation 
and make agreements in the financing and implementation of these 
instruments, ensuring citizens decent conditions and quality of life.

Acknowledgments
CAPES - Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior (Higher Education Personnel Improvement Coordination).

Conflcits of interest
The author declares there is no conflcit of interest.

https://doi.org/10.15406/ijh.2022.06.00330


Social and environmental indicators of the Jaboatão river water basin associated with diseases related to 
inadequate environmental sanitation (DRIES)

233
Copyright:

©2022 Marques  et al.

Citation: Marques ET, de Oliveira CR, Cardoso AS, et al. Social and environmental indicators of the Jaboatão river water basin associated with diseases related 
to inadequate environmental sanitation (DRIES). Int J Hydro. 2022;6(6):224‒234. DOI: 10.15406/ijh.2022.06.00330

References
1.	 Instituto Trata Brasil, Instituto Brasileiro de Economia (IBRE), Funda-

ção Getúlio Vargas (FGV). Economic benefits of the expansion of Bra-
zilian sanitation. Pesquisa. Rio de Janeiro, 2010. p. 32.

2.	 Fundação Apolônio Sales; Prefeitura Municipal do Jaaboatão dos Gua-
rarapes. Municipal Basic Sanitation Plan. Solid Waste, water supply, 
sewage and drainage. 2022.

3.	 JC Online. Jaboatão dos Guararapes is highlighted negative in sanitation 
in Brazil. City is in 94th place in the sanitation ranking that takes into 
account the 100 largest Brazilian municipalities. 24.07.2019a.

4.	 JC Online. Jaboatão has seventh worst sanitation index of the country. 
Levantamento do Instituto Trata Brasil avaliou situação do saneamento 
básico das cem maiores cidades brasileiras. 24.07.2019b.

5.	 IBGE. Brazilian Institute of Geography and Statistics. Diretoria de Pes-
quisas, Coordenação de Trabalho e Rendimento. Pesquisa Nacional por 
Amostra de Domicílios Contínua 2012/2019. 2020. 

6.	 ABES. Associação Brasileira de Saneamento. Ranking ABES da Uni-
versalização do Saneamento. ed. 2021.

7.	 Souza DRR. Análise espaço-temporal do uso da terra da Bacia Hidrográ-
fica do rio Jaboatão-PE. Trabalho de Conclusão de Curso (Graduação 
em Geografia). Recife: Instituto Federal de Educação, Ciência e Tecno-
logia de Pernambuco, 2019. p. 56.

8.	 Ramalho AMF, Mello GMS de, Cavalcanti MA. de H. A vez do oeste 
metropolitano: planejamento ou oportunidade? Breve leitura sobre o 
planejamento oeste da Região Metropolitana do Recife. SOUZA, Maria 
Ângela de Almeida; BITOUN, Jan (Orgs.), 2015.

9.	 Santos GO, Hernandez FB. Uso do solo e monitoramento dos recursos 
hídricos no córrego do Ipê, Ilha Solteira, SP. Brazilian Journal of Agri-
cultural and Environmental Engineering. 2012;60–68.

10.	 Nakamura T. Ecosystem-based river basin management: its approach and 
policy-level application. Hydrological Processes. 2003;17(14):2711–
2725. 

11.	 Cavalcante AJBD. Indicadores de gestão hídrica para a região hidrográ-
fica Guandu (RHII), RJ. III Simpósio de Recursos Hídricos da Bacia 
do Rio Paraíba do Sul. Proceedings. Juiz de Fora, 27 e 29 de agosto de 
2018.

12.	 Pnud Brasil. Programa Nacional das Nações Unidas para o Desenvol-
vimento. Atlas Brasil, 2013.

13.	 MDR - Ministry of Regional Development. SNS - National Sanitation 
Secretariat National Basic Sanitation Plan. Document under review sub-
mitted for consideration by the national health, water resources and en-
vironment councils. Brasília: MDR/SNS, 2019. p. 240.

14.	 MDR- Ministry of Regional Development. Panorama of Basic Sanita-
tion in Brazil 2021. Brasília: MDR, 2021. p. 223.

15.	 Instituto Trata Brasil. What is basic sanitation? Ex Ante Consultoria 
Econômica, May 2020.

16.	 MDR- Ministry of Regional Development. Sanitation Panel SNIS. 2020.

17.	 CPRH. State Environmental Agency. Relatório de Monitoramento de 
Bacias Hidrográficas do Estado de Pernambuco - 2019. Recife: CPRH. 
2019. p. 200.

18.	 EMLURB. Empresa de Manutenção e Limpeza Urbana. Plano de Mo-
nitoramento Ambiental dos Recursos Hídricos Superficiais – Bacia do 
rio Jaboatão, 2000.

19.	 Abcon Sindicon. Association and National Union of Private Concessio-
naires of Public Services of Water and Sewerage; CNI - National Confe-
deration of Industry. Economic impacts of universalization in Alagoas. 
Análises Conjunturais n. 07. 25.08.2022. 

20.	 EMBRAPA. Empresa Brasileira de Pesquisa Agropecuária. Elena Char-
lotte Landau; Larissa Moura (ed.). Brasília-DF: EMBRAPA, 2016. p. 
977.

21.	 FUNASA. National Health Foundation. Programa Nacional do Sanea-
mento Rural PNSR. Ministério da Saúde, Fundação Nacional de Saúde. 
– Brasília: Funasa, 2019. p. 260.

22.	 Brasil. Ministério das Cidades. Secretaria Nacional de Saneamento Am-
biental. Plano Nacional de Saneamento Básico PLANSAB. Pacto pelo 
Saneamento Básico Mais Saúde, Qualidade de Vida e Cidadania. Reso-
lução recomendada nº 62, de 3 de dezembro de 2008. Brasília: Ministé-
rio das Cidades; SNSA, 2008. Parte 1. p. 49.

23.	 Brasil. Política Nacional de Resíduos Sólidos. Lei no 12.305, de 2 de 
agosto de 2010. Presidência da República, Departamento da Casa Civil. 
Brasília, 2010.

24.	 Guimarães Neto EA, Cabral L, Vieira M, et al. Urbanização no Recife e 
as consequências para a drenagem urbana. X ENCONTRO NACIONAL 
DE ÁGUAS URBANAS. Proceedings. São Paulo-SP, 16, 17 e 18 de 
setembro de 2014.

25.	 Cabral JJSP, Silva TC, Nobrega TMQ, et al. “A problemática da drena-
gem urbana em áreas planas costeiras no nordeste brasileiro” In Anais do 
V Seminário Nacional de Drenagem Urbana e I Seminário de Drenagem 
Urbana do MERCOSUL, Porto Alegre, 2004;1:18–34.

26.	 França RS, Girão O, Miranda MRB. Identificação de áreas inundáveis 
no município de Jaboatão dos Guararapes - Região Metropolitana do 
Recife/PE. OKARA Journal: Geografia em Debate. 2020;10(1):3–22. 

27.	 Preuss SLC, Silva AA, Braga RAP, et al. Estructural and environmental 
adjustment for sustainable urban drainage: the case of Recife, Pernam-
buco. XIX Brazilian Symposium on Water Resources. Annals... Maceió-
-AL, 2011.

28.	 MDR. Ministério do Desenvolvimento Regional. Secretaria Nacional 
de Desenvolvimento. Sistema Nacional de Informações sobre Sanea-
mento. Diagnóstico de Drenagem e Manejo das Águas Pluviais Urbanas 
– 2017. Brasília: MDR, 2019. p. 264.

29.	 Infosanbas. Sanitation in municipalities. 2022.

30.	 Oliveira JPM, Oliveira JMO, Barreto ES, et al. Saúde/Doença: As Con-
sequências Da Falta De Saneamento Básico - INTESA - Informativo 
Técnico Do Semiárido (Pombal-PB). 2015;9(2):23–29. 

31.	 Garcia MSD, Ferreira M de P. Saneamento Básico: Meio Ambiente e 
Dignidade Humana. Dignidade Revista. 2017;2(3):12.

32.	 FUNASA. National Health Foundation. Sanitation for Health Promo-
tion. 2022.

33.	 UNICEF/WHO. Diarrhoea: Why children are still dying and what can 
be done, 2009. p. 68.

34.	 Martins ALJ, Silveira F, Souza AA, et al. Potentialities and challenges 
of health monitoring in the 2030 Agenda in Brazil. Ciência & Saúde 
Coletiva. 2022;27(7):2519–2529.

35.	 Brasil. Lei n.11.445, de 5 de janeiro de 2007 [Lei Nacional de Sanea-
mento Básico]. Estabelece diretrizes nacionais para o saneamento bá-
sico; altera as leis n.6.766, de 19 de dezembro de 1979, n.8.036, de 11 
de maio de 1990, n.8.666, de 21 de junho de 1993, n.8.987, de 13 de 
fevereiro de 1995; revoga a lei n.6.528, de 11 de maio de 1978; e dá 
outras providências. Diário Oficial da União, Seção 1, p.3. 5 jan. 2007.

36.	 Vasconcelos G, Pimentel MS. Desempenho dos sistemas de esgotamento 
sanitário de Pernambuco: uma perspectiva sustentável. III SIMPCONT 
- Symposium of Controllership of UFRPE. Annals... Recife, August 31 
to September 1, 2018.

37.	 Fonseca AR. “Tecnologias sociais e ecológicas aplicadas ao tratamento 
de esgotos no Brasil”. Dissertação (Mestrado em Ciências). Rio de Ja-
neiro: FIOCRUZ, nov. 2008. p. 192.

https://doi.org/10.15406/ijh.2022.06.00330
https://www.abes-dn.org.br/wp-content/uuploads/2021/06/Ranking_2021_1917_7_compressed.pdf
https://www.abes-dn.org.br/wp-content/uuploads/2021/06/Ranking_2021_1917_7_compressed.pdf
https://www.scielo.br/j/rbeaa/a/xjs6bNDzqySpCqJNrC6TmCL/?format=pdf&lang=pt
https://www.scielo.br/j/rbeaa/a/xjs6bNDzqySpCqJNrC6TmCL/?format=pdf&lang=pt
https://www.scielo.br/j/rbeaa/a/xjs6bNDzqySpCqJNrC6TmCL/?format=pdf&lang=pt
https://onlinelibrary.wiley.com/doi/abs/10.1002/hyp.1429
https://onlinelibrary.wiley.com/doi/abs/10.1002/hyp.1429
https://onlinelibrary.wiley.com/doi/abs/10.1002/hyp.1429
https://files.abrhidro.org.br/Eventos/Trabalhos/76/B1002.pdf
https://files.abrhidro.org.br/Eventos/Trabalhos/76/B1002.pdf
https://files.abrhidro.org.br/Eventos/Trabalhos/76/B1002.pdf
https://files.abrhidro.org.br/Eventos/Trabalhos/76/B1002.pdf
http://www.atlasbrasil.org.br/
http://www.atlasbrasil.org.br/
http://www2.cprh.pe.gov.br/wp-content/uploads/2021/02/quali_agua_2019.pdf
http://www2.cprh.pe.gov.br/wp-content/uploads/2021/02/quali_agua_2019.pdf
http://www2.cprh.pe.gov.br/wp-content/uploads/2021/02/quali_agua_2019.pdf
http://www.funasa.gov.br/documents/20182/38564/MNL_PNSR_2019.pdf
http://www.funasa.gov.br/documents/20182/38564/MNL_PNSR_2019.pdf
http://www.funasa.gov.br/documents/20182/38564/MNL_PNSR_2019.pdf
https://infosanbas.org.br/municipio/
https://www.gvaa.com.br/revista/index.php/INTESA/article/view/3592
https://www.gvaa.com.br/revista/index.php/INTESA/article/view/3592
https://www.gvaa.com.br/revista/index.php/INTESA/article/view/3592
http://periodicos.puc-rio.br/index.php/dignidaderevista/article/view/393
http://periodicos.puc-rio.br/index.php/dignidaderevista/article/view/393
http://www.funasa.gov.br/saneamento-para-promocao-da-saude
http://www.funasa.gov.br/saneamento-para-promocao-da-saude
https://pubmed.ncbi.nlm.nih.gov/35730824/
https://pubmed.ncbi.nlm.nih.gov/35730824/
https://pubmed.ncbi.nlm.nih.gov/35730824/


Social and environmental indicators of the Jaboatão river water basin associated with diseases related to 
inadequate environmental sanitation (DRIES)

234
Copyright:

©2022 Marques  et al.

Citation: Marques ET, de Oliveira CR, Cardoso AS, et al. Social and environmental indicators of the Jaboatão river water basin associated with diseases related 
to inadequate environmental sanitation (DRIES). Int J Hydro. 2022;6(6):224‒234. DOI: 10.15406/ijh.2022.06.00330

38.	 Milagres VR, Sayago DAV. Water Quality and Diseases Related to Ina-
dequate Environmental Sanitation (DRSAI): a Perceptual Approach 
with the Residents of the Taquaruçu District, Palmas (TO), Brazil. Bra-
zilian Journal of Physical Geography. 2012;06:1317–1332.

39.	 Monteiro A. Classification of diseases related to inadequate environ-
mental sanitation (DRSAI) and health information systems in Brazil: 
possibilities and limitations of epidemiological analysis in environmen-
tal health. In: CONGRESSO INTERAMERICANO DE ENGENHA-
RIA SANITÁRIA E AMBIENTAL, 28. Proceedings. Cancún, 27 de 
outubro de 2002. 

40.	 Preuss SLC, Silva AA, Braga RAP. ADEQUAÇÃO ESTRUTURAL E 
AMBIENTAL PARA A DRENAGEM URBANA SUSTENTÁVEL: o 
caso do Recife, Pernambuco. XIX Simpósio Brasileiro de Recursos Hí-
dricos. Proceedings... Maceió-AL, 27 de novembro a 01 de dezembro 
de 2011.

41.	 Vila Nova FV, Tenório NB. Doenças de veiculação hídrica associadas à 
degradação dos recursos hídricos, município de Caruaru-PE. Caminhos 
da Geografia, Uberlândia-MG. 2019;20(71):250–264.

42.	 Tundisi JG. Novas perspectivas para a gestão de recursos hídricos. Re-
vista USP. 2006;70:24–35.

43.	 MS- Ministry of Health. Impactos na saúde e no Sistema Único de Saú-
de decorrentes de agravos relacionados ao saneamento ambiental ina-
dequado. Brasília: MS, 2010. p. 248.

44.	 Ministério da saúde; secretaria de vigilância em saúde; departamento 
de vigilância em saúde ambiental e saúde do trabalhador. Análise de 
indicadores relacionados à água para consumo humano e doenças de 
veiculação hídrica no Brasil, ano 2013, utilizando a metodologia da 
matriz de indicadores da Organização Mundial da Saúde (OMS). Brasí-
lia: Ministério da Saúde, 2015. p. 37.

45.	 OPAS. Organização Pan-Americana da Saúde. Sustentabilidade am-
biental e de saúde na Amazônia Legal, Brasil: uma análise através de 
indicadores. Brasília, 2010.

46.	 Instituto Trata Brasil. Economic benefits from the expansion of sanita-
tion in the State of Pernambuco. Ex Ante Consultoria Econômica, 2022.

47.	 Brazil. Ministry of Health. DATASUS. Sistema de Informação de Agra-
vos de Notificação: doenças eagravos de notificação. 2020.

48.	 Funasa. National Health Foundation. 1º Caderno de Pesquisa em Enge-
nharia de Saúde Pública. Brasília: Funasa, 2013. p. 244.

49.	 MS- Ministry of Health; SVS - Secretaria de Vigilância em Saúde. De-
partamento de Vigilância em Saúde Ambiental e Saúde do Trabalhador. 
Análise de indicadores relacionados à água para consumo humano e 
doenças de veiculação hídrica no Brasil, ano 2013, utilizando a me-
todologia da matriz de indicadores da Organização Mundial da Saúde 
(OMS). Brasília-DF, 2015.

50.	 OPAS - Pan American Health Organization. Environmental and health 
sustainability in the Legal Amazon, Brazil: an analysis through indica-
tors. Brasília, 2010. p. 46.

51.	 Aguiar MF, Cecconello ST, Centeno LN. Basic Sanitation ver-
sus Waterborne Disease in the municipality of Pelotas/RS. Holos. 
2019;35(3)::e7940.

52.	 Gomes SC. Diagnóstico ambiental do meio físico da Bacia Hidrográ-
fica do rio Jaboatão-PE. Master’s Dissertation in Geosciences. Recife: 
UFPE, 2005. p. 99.

53.	 Miranda GCA. Saneamento básico na cidade do Recife: entre a ideali-
dade do planejamento e realidade da execução. Master’s Dissertation in 
Urban Development. Recife: UFPE, 2014. p. 172.

54.	 Silva HBL, Barbosa IMBR, Silva RS, et al. Avaliação de indicadores 
de desempenho hidroambiental no Grupo de Bacias de pequenos rios 
litorâneos 2, em Pernambuco. Course Conclusion Paper of Civil Engi-
neering. Recife: IFPE, 2019. p. 19.

55.	 CPRM. Geological Service of Brazil. Atlas of the physical environment 
of the municipality of Jaboatão dos Guararapes. Basic Information Pro-
gram for Territorial Management - GATE. Recife: CPRM, 1997. p. 45.

56.	 Lima JS, Santos GCS, Rodrigues RSS. Morbidity and mortality from 
diseases related to inadequate environmental sanitation in Belém, Pará. 
Ciência e Sustentabilidade. 2018;4(2):115–132.

57.	 UNDP BRAZIL. United Nations National Programme for Develop-
ment. Atlas Brazil, 2013. [s.d.]. 2019.

58.	 CPRH. State Environmental Agency. Monitoring of the basins. UP 15 
Basin - GL2 - Littoral Small Basins Group 2. 2022.

59.	 Instituto Água E Saneamento. Municípios e Saneamento. 2022.

60.	 IBGE – Instituto Brasileiro de Geografia e Estatística. Pesquisa de In-
formações Básicas Municipais. MUNIC - Perfil dos Municípios Brasi-
leiros. 2022.

61.	 IBGE. Instituto Brasileiro de Geografia e Estatística. Censo Demográ-
fico 2010. Resultados gerais da amostra. Rio de Janeiro: IBGE, 2012.

62.	 Government of Pernambuco; Secretary of Cities; Caruso Jr. Plano de 
Resíduos Sólidos da Região Metropolitana de Pernambuco, incluindo 
Programa de Coleta Seletiva. Metropolitan Development Region of Per-
nambuco. Recife: May 2015. p. 489.

63.	 Instituto Trata Brasil. Economic benefits from the expansion of sanita-
tion in the State of Pernambuco. Ex Ante Consultoria Econômica, 2022.

64.	 Barracho JM, Lima NB, Costa APR. Incidence of human leptospirosis 
cases in Pernambuco: an analysis of 2015 epidemiological data. Biolo-
gical and Health Sciences. 2017;3(2):19–32.

65.	 Brazil. Ministry of Health. DATASUS. Sistema de Informação de Agra-
vos de Notificação: doenças eagravos de notificação. 2019. p. 1–80.

66.	 Fonseca AR. Social and ecological technologies applied to sewage treat-
ment in Brazil. Dissertation (Master’s Degree). Escola Nacional de Saú-
de Pública Sergio Arouca, Rio de Janeiro, 2008.

67.	 Government of the state of Pernambuco. BDE - State Database. Perma-
nent private households by garbage destination according to the situa-
tion of the household. Reference period: 2010.

68.	 Instituto Trata Brasil. Economic Benefits of Brazilian Sanitation Expan-
sion 2018. Ex Ante Consultoria Econômica, maio 2022.

69.	 MDR- Ministry of Regional Development; SNS - National Sanitation 
Secretariat. National Sanitation Information System. Thematic Diag-
nostic of Water and Sewerage Services. Technical Water Management. 
Brasília: MDR/SNS, 2022. p. 56.

70.	 MDR - Ministry of Regional Development; National Sanitation Secre-
tariat - SNS. National Sanitation Information System - SNIS. 24th Diag-
nosis of water and sewerage services 2018. MDR; SNS: Brasília. 2019.

71.	 MDR - Ministry of Regional Development; National Sanitation Secre-
tariat - SNS. National Sanitation Information System - SNIS. Brasília, 
December 2021. Water and Sewage Services Thematic Diagnosis Over-
view. Brasília. 2021. 

72.	 Paiva RSPS. Internações por Doenças Relacionadas ao saneamento Am-
biental Inadequado (DRSAI) e o Acesso ao Saneamento Ambiental em 
Municípios do Sul Fluminense, 2010-2017. Revista Brasileira de Ciên-
cias da Saúde. 2020;24(Suplemento):45–46.

https://doi.org/10.15406/ijh.2022.06.00330
https://seer.ufu.br/index.php/caminhosdegeografia/article/view/45545
https://seer.ufu.br/index.php/caminhosdegeografia/article/view/45545
https://seer.ufu.br/index.php/caminhosdegeografia/article/view/45545
https://www.revistas.usp.br/revusp/article/view/13529
https://www.revistas.usp.br/revusp/article/view/13529
https://tratabrasil.org.br/wp-content/uploads/2022/09/Relatorio_Completo_beneficios-completos-da-expansao-do-saneamento-pernambuco.pdf
https://tratabrasil.org.br/wp-content/uploads/2022/09/Relatorio_Completo_beneficios-completos-da-expansao-do-saneamento-pernambuco.pdf
https://repositorio.ufpe.br/handle/123456789/6554
https://repositorio.ufpe.br/handle/123456789/6554
https://repositorio.ufpe.br/handle/123456789/6554
https://repositorio.ufpe.br/bitstream/123456789/23855/1/Disserta%C3%A7%C3%A3o%20-%20Saneamento%20B%C3%A1sico%20na%20Cidade%20do%20Recife_%20entre%20a%20idealidade%20do%20planejamento%20e%20a%20realidade%20da%20execu%C3%A7%C3%A3o-Georgia~1.pdf
https://repositorio.ufpe.br/bitstream/123456789/23855/1/Disserta%C3%A7%C3%A3o%20-%20Saneamento%20B%C3%A1sico%20na%20Cidade%20do%20Recife_%20entre%20a%20idealidade%20do%20planejamento%20e%20a%20realidade%20da%20execu%C3%A7%C3%A3o-Georgia~1.pdf
https://repositorio.ufpe.br/bitstream/123456789/23855/1/Disserta%C3%A7%C3%A3o%20-%20Saneamento%20B%C3%A1sico%20na%20Cidade%20do%20Recife_%20entre%20a%20idealidade%20do%20planejamento%20e%20a%20realidade%20da%20execu%C3%A7%C3%A3o-Georgia~1.pdf
https://rigeo.cprm.gov.br/xmlui/handle/doc/9038?show=full
https://rigeo.cprm.gov.br/xmlui/handle/doc/9038?show=full
https://rigeo.cprm.gov.br/xmlui/handle/doc/9038?show=full
https://www.aguaesaneamento.org.br/municipios-e-saneamento/pe/
https://cidades.ibge.gov.br/brasil/df/brasilia/pesquisa/1/74454?ano=2022
https://cidades.ibge.gov.br/brasil/df/brasilia/pesquisa/1/74454?ano=2022
https://cidades.ibge.gov.br/brasil/df/brasilia/pesquisa/1/74454?ano=2022
https://tratabrasil.org.br/wp-content/uploads/2022/09/Relatorio_Completo_beneficios-completos-da-expansao-do-saneamento-pernambuco.pdf
https://tratabrasil.org.br/wp-content/uploads/2022/09/Relatorio_Completo_beneficios-completos-da-expansao-do-saneamento-pernambuco.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/sistema_informacao_agravos_notificacao_sinan.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/sistema_informacao_agravos_notificacao_sinan.pdf
https://tratabrasil.org.br/wp-content/uploads/2022/09/Relatorio_Completo_beneficios-completos-da-expansao-do-saneamento-pernambuco.pdf
https://tratabrasil.org.br/wp-content/uploads/2022/09/Relatorio_Completo_beneficios-completos-da-expansao-do-saneamento-pernambuco.pdf
https://periodicos.ufpb.br/ojs2/index.php/rbcs/article/view/46404
https://periodicos.ufpb.br/ojs2/index.php/rbcs/article/view/46404
https://periodicos.ufpb.br/ojs2/index.php/rbcs/article/view/46404
https://periodicos.ufpb.br/ojs2/index.php/rbcs/article/view/46404

	Title
	Summary 
	Keywords
	Introduction 
	Materials and methods 
	Results and discussion 
	Conclusion 
	Acknowledgments 
	Conflcits of interest 
	References
	Figure 1
	Figure 2
	Table 1
	Table 2 
	Table 3 
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9
	Table 10
	Table 11
	Table 12
	Table 13
	Table 14
	Table 15 

