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ABSTRACT:	 The risks of scarcity have forced several countries to change their water resources management. In Brazil, the 
Paraíba do Sul River has a great importance as it supplies water for many cities of the Southeast region. Thus, the 
management of water and wastewater systems demands a more sustainable and efficient scenario. The study's 
objective was to evaluate, through sustainability indicators, the urban water management system in Volta Redonda 
(Rio de Janeiro state, Brazil). The selection of sustainability indicators was done through Delphi technique: 
a group of eight specialists selected the indicators used to evaluate sustainability, its dimension and level of 
importance. The six criteria for the classification of indicators according to the dimensions of sustainability 
were: (1) Environmental / Ecological, (2) Economic, (3) Social / Cultural, (4) Technological (5) Ethical and (6) 
Political / Institutional. Most of the indicators were considered "very important" or just "important". Regarding 
the dimension of sustainability, 93% of indicators contemplated more than three dimensions. However, 13 
indicators contemplated all the six dimensions as they were multidimensional indicators, analyzed according to 
the municipal data. The chosen method for the indicator's selection was considered quite satisfactory, since they 
were able to generate a set of key indicators to show the current municipal water and wastewater scenario. The 
city has shown satisfactory conditions regarding fresh water supply index. However, some indicators pointed 
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a not sustainable system due to the low wastewater treatment index, precarious state of the river's life and 
divergences between the basin plan and the municipal director plan.

                  	 Keywords: water resources; sustainability assessment; sustainability indicators; Delphi technique.

RESUMO:	 Os riscos de escassez hídrica forçaram diversos países a modificar sua gestão de recursos hídricos. No Brasil, 
o rio Paraíba do Sul tem uma grande importância no abastecimento de vários municípios da Região Sudeste. 
Dessa forma, a gestão do Sistema de abastecimento hídrico e esgotamento sanitário exige um cenário mais 
sustentável e eficiente. O objetivo do estudo foi avaliar, por meio de indicadores de sustentabilidade, o sistema 
de gestão das águas urbanas em Volta Redonda (estado do Rio de Janeiro-Brasil), usando indicadores de 
sustentabilidade. A seleção dos indicadores de sustentabilidade foi realizada através da Técnica Delphi: 
um grupo de oito especialistas selecionaram os indicadores, suas dimensões e seu nível de importância. Os 
seis critérios de classificação dos indicadores, de acordo com as dimensões da sustentabilidade, foram: (1) 
Ambiental / Ecológico; (2) Econômico; (3) Social / Cultural; (4) Tecnológico; (5) Ético; e (6) Político / 
Institucional. A maioria dos indicadores foram considerados “muito importante” ou “importante”. Sobre 
as dimensões da sustentabilidade, 93% dos indicadores contemplaram mais de três dimensões. Porém, 
13 indicadores contemplaram todas as seis dimensões e, por serem indicadores multidimensionais, foram 
analisados de acordo com os dados municipais. O método escolhido para a seleção do indicador foi considerado 
bastante satisfatório, uma vez que foram capazes de gerar um conjunto de indicadores-chave para mostrar o 
cenário atual de água e esgoto municipal. O município apresentou condições satisfatórias quanto ao índice de 
abastecimento hídrico. No entanto, alguns indicadores apontaram um sistema insustentável devido ao baixo 
índice de tratamento do esgoto sanitário, às precárias condições de saúde do rio e a algumas divergências entre 
o plano de bacia e o plano diretor municipal. 

	 Palavras-chave: recursos hídricos; avaliação da Sustentabilidade; indicadores de sustentabilidade; técnica 
Delphi.

1. Introduction 

In urban areas, freshwater bodies are exposed 
to several risks such as impermeability, population 
density, habitat fragmentation and degradation (such 
as rectification and channeling of water bodies) in 
addition to low water quality. Due to this gradual 
loss of quality and the scarcity of resources, the 
concept of sustainability has been strengthened 
and several development models have been pro-
posed in order to guarantee environmental quality, 
highlighting the use of future generations (Lacerda 
& Cândido, 2013; Thornhil et al., 2017).

The Paraíba do Sul River in Brazil was iden-
tified by the National Water Agency (ANA, 2015) 

as a vulnerable area due to the high-water demand 
and the large amount of organic load released in the 
river. The role of Paraíba do Sul River is crucial for 
local water supply (about 80% of the population 
of Rio de Janeiro state). Therefore, quality control 
and consistent management are important issues 
for Rio de Janeiro state, including the municipality 
of Volta Redonda, which is the focus of this study 
(Coelho, 2012).  

The municipality of Volta Redonda is located 
in the Southeastern Region of the state of Rio de 
Janeiro, Brazil (Figure 1). The territorial area of 
the municipality is 182,483 km² and the population 
estimated for 2018 by Brazilian Institute of Geo-
graphy and Statistics (IBGE, 2019) is of 271,998 
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inhabitants. The municipality is also located in the 
Middle Paraíba do Sul region (IBGE, 2015a). The 
main uses of the Middle Paraíba basin are, respecti-
vely, industrial use (63%) and human supply (25%), 
according to Committee for the Integration of the 
Paraíba do Sul River Basin (CEIVAP, 2016).

The municipal GDP (Gross Domestic Pro-
duct) is currently based on services and industry, 
emphasizing the phases of strengthening trade and 
the beginning of Brazilian industrialization (IBGE, 
2015a). According to local administration (PMVR, 
2014), the territory has 49.5% of its area characte-
rized by pasture areas while the urban area takes 
26.4% of the city. 

In the beginning of 20th century, industrializa-
tion became the main land use activity in the region. 
At this stage, Brazilian Steel Company (CSN, in 
Portuguese) was installed. CSN was the first inte-
grated steel mill in the country, a milestone in the 
history of Brazilian industrialization. The quality of 
the Paraíba do Sul River was decisive for locating 
an industrial center in its basin, despite so many 

damages caused by organic pollution in its basin 
(Coelho, 2012).

This historic Volta Redonda scenario and its 
basin is similar to several other cities in the world. 
The urban occupation and the industrialization im-
pact strongly the water resources. Thus, sustainable 
development was searched as a long-term policy 
that look for a middle term in environmental, econo-
mic and social ambitions from a holistic approach. 
In order to ensure quantity and quality of water 
resources for future generations, it is necessary to 
study and measure how its current use may affect 
their availability in the future (Bluszcz, 2016; Pelli-
cer-Martínez & Martínez-Paz, 2016; Pupphachai & 
Zuidema, 2017; Rantala et al., 2018).

The need to evaluate the sustainability of the 
system from a holistic perspective, which seeks 
an integral understanding of the entire process 
analyzed, has led to several studies with proposed 
multidimensional indicators. They can be applied 
to measure sustainability efforts within the context 
of products and organizational processes (Park & 

FIGURE 1 – Location of the municipality of Volta Redonda-RJ made from ARCGIS.
SOURCE: The authors. 
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Kremer, 2017).
The relationship between sustainability and 

water resources management becomes, from a 
regional perspective, an outlook of extreme im-
portance. Thus, the establishment of indicators that 
may offer a diagnosis of municipal water resources 
management enables the identification and choice of 
measures to improve the system. The optimization 
of natural resources for human use makes the system 
more sustainable.

These indicators can provide a sustainability 
assessment in a municipality. This tool has a role to 
inform the political managers, and also the commu-
nity, about strong and weak points, highlighting 
priority aspects and measuring progress towards 
sustainable development goals. Besides that, it is 
important that indicators be understandable and 
accessible to all those involved in the decision-
-making process (Braulio-Gonzalo et al., 2015; 
Tran, 2016; Pupphachai & Zuidema, 2017; Verma 
& Raghubanshi, 2018).

It is a fact that there is still no theoretical or 
empirical consensus as to which model of hydro-en-
vironmental indicator systems should be followed, 
it is certain, however, that new proposals are being 
developed and applied in river basins (Carvalho et 
al., 2013).

The evaluation of sustainability of public ser-
vices is important, especially at local level, taking 
into account the central role of local governments 
as the main public employers and service providers. 
Analyzing water management from a smaller terri-
torial perspective, such as a municipality or water-
sheds may facilitate the understanding of factors. 
The municipal context becomes management less 
complex from a spatial and temporal point of view 
(Domingues et al., 2015; Carvalho et al., 2015).

Summarizing, the present study has its resear-
ch problem based on the following question: how 
sustainable is the water resources management in 
the municipality of Volta Redonda? The objective 
was to evaluate, through a qualitative selection and 
classification method of sustainability indicators, 
the urban water management system in Volta Re-
donda (Rio de Janeiro state, Brazil). The sustainabi-
lity of the municipal water and wastewater systems 
was also qualitatively evaluated.

2. Methodology

A bibliographic survey was carried out on 
the national and international literature and147 
sustainability indicators about water resources 
management were established.69.4% (102 SI) 
of the 147 indicators found are Brazilians while 
26.5% (39 SI) are internationals, 4.09% (6 SI) are 
repeated in national and international researches. 
The Delphi technique was used to select the most 
suitable indicators to the municipal reality. Experts 
received a spreadsheet with all the indicators found 
in literature. From this list, they should select those 
indicators that best fit features of this municipality, 
identifying its “degree of importance” and “dimen-
sion of sustainability”.

The options of sustainability dimensions were 
presented according to literature: Environmental/
Ecological, Economic, Social/Cultural, Technologi-
cal, Ethical and Political/Institutional. The degrees 
of importance were divided into: Very Important, 
Important, Less Important, Irrelevant and Not Sure 
(UN, 2007; Nascimento, 2012; Cruz & Ferrer, 2015; 
Machado et al., 2015; Hake et al., 2016; Silvestre, 
2016; Spiller, 2016; Rantala et al., 2018). 



Desenvolv. Meio Ambiente, v. 60, p. 613-633, jul./dez. 2022. 617

2.1. Delphi technique

Formulated by Dalkey & Helmer (1963), Del-
phi technique is based on an interactive questionnai-
re applied several times to a group of experts. They 
participate anonymously and do not communicate 
with each other. Each new round, the answers from 
the previous round are exposed to the experts. Then, 
aware of the previous answers given by other ex-
perts, there is a checking. This process is repeated 
until disagreement is reduced to a satisfactory level 
in order to achieve a more consensual opinion (Ro-
zados, 2015; Meijering et al., 2018)1.

However, each one of the main features has 
advantages and disadvantages. Anonymity, for 
example, encourages greater spontaneity of respon-
ses by preventing one expert from influencing the 
other's opinion, but it may fail the discussion since, 
alone, a person who answers may not remember all 
the aspects he would like to address when selecting 
one indicator. The advantage of consulting experts is 
that you may form reliable concepts and opinions on 
sustainability indicators, however, to reach consen-
sus too quickly is a weak point that deserves to be 
highlighted. Interactivity and feedback are positive 
points, since they allow to share the responses of 
the whole group without hierarchy and to exclude 
aspects out of context, but also it contradicts the 
benefit of obtaining more elaborate responses. Fi-
nally, the consensus provides a synergy of opinions 
among the specialists, also allowing the resolution 

of divergences. However, there is a risk of creating 
an artificial consensus since there is no standard for 
that (Oliveira et al., 2008)2.

Thus, like all methodologies, the Delphi 
technique also has its limitations. However, it is 
a legitimate method, validated in the literature in 
several scientific researches such as in Mapar et al. 
(2017) that used Delphi technique to select indica-
tors concerning health, safety and environment in 
the megacities of Iran. In their work, two rounds 
of answers were done in order to choose the best 
indicators. In addition, Musa et al. (2015) also used 
this technique to develop environmental well-being 
indicators in order to evaluate the urban sustaina-
bility in Malaysia. 

The Delphi method is a rich method that 
allows the exploration of opinions, the promotion 
of consensus and the identification of topics of 
disagreement. This technique is widely used by 
different knowledge areas but still little used in 
Brazil (Marques & Freitas, 2018). 

Thus, the technique is widely known and 
applied, being useful in the selection and valida-
tion of indicators as corroborated by Haq & Boz 
(2018) who emphasized that participating expert 
framework is essential for an efficient performance 
in the validation and selection of qualitative and 
quantitative indicators.  

In this work, the Delphi technique was chosen 
because it allows a dialogical approach through 
anonymity among specialists, eliminating the va-

1 The Delphi technique has fundamental characteristics such as: i - the anonymity of the specialists; ii - consultation with specialists; iii - the 
application of interactive rounds with feedback and iv - the search for consensus (Oliveira et al., 2008; Rozados, 2015).
2 There are other ways (forms) of Sustainability assessment such as focus group, multi-criteria analysis technique, analytical hierarchy process 
(AHP), planning-oriented sustainability assessment framework (POSAF) and framework of drivers, pressures, states, impacts, and responses 
(DPSIR) (Nanninga et al., 2012; Starkl et al., 2013).
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riables of influence, conflicts and slants. The use of 
different specialists can gradually form a varied and 
multidimensional set of indicators as well, throu-
gh independent opinions. Besides that, the results 
obtained through Delphi Technique allow greater 
clarity and objectivity, offering a shared space for 
discussion between different actors of the same sys-
tem, and yet, it presents greater flexibility for each 
person who answers the questions (Rozados, 2015). 

In addition, this method seeks a selection of 
non-biased indicators based on the opinion of a 
group related to the theme of sustainability indi-
cators or to the reality of the Volta Redonda water 
and wastewater systems as well. The criterion used 
for experts’ selection was fundamental to ensure the 
evaluation system construction with indicators that 
serve the Volta Redonda peculiarities. It is important 
that evaluate system consider the local features. 

Therefore, the selection of specialists was 
based on their areas of knowledge and experience 
in order to enable a list of indicators structured in 
the municipal water reality. Consequently, the in-
dicators were selected according to their adequacy 
and importance to the city. Eight experts were se-
lected due to their performance in the area of water 
resources management, indicators of sustainability 
and basic sanitation. Seven experts are familiar with 
the reality of Volta Redonda city and/or the Middle 
Paraíba Basin and one expert developed research 
on sustainability indicators for water resources 
management (Table 1)3.

The spreadsheet sent to the specialists was 
composed of 4 columns, the first brought the list of 

147 indicators surveyed in the literature, the second 
column was intended for marking if the respective 
indicator was selected by the specialist, the third 
column corresponded to the dimensionality of the 
chosen indicator, and the fourth column to show 
the degree of importance of the selected indicator. 
In addition to this information, the specialists also 
received instructions and data about the hydrogra-
phic basin of the Middle Paraíba do Sul and the 
municipality of Volta Redonda, the dimensions 
of sustainability placed as alternatives were also 
explained.

The specialists also received instructions for 
filling out the spreadsheet with explanations about 
the six dimensions presented. The environmental, 
economic and social dimensions remain in all con-
sulted literature (Miranda & Teixeira, 2004; UN, 
2007; Nascimento, 2012; Visvaldis et al., 2013; 
Cruz & Ferrer, 2015; IBGE, 2015b; Machado et 
al., 2015; Hake et al., 2016; Silvestre, 2016; Spiller, 
2016; Rantala et al., 2018), however, some authors 
combine them with each other or with other dimen-
sions as in Miranda & Teixeira (2004) with the 
socioeconomic and political-cultural dimensions or 
in Spiller (2016) with the socio-cultural dimension. 
It is also important to highlight the technological 
and institutional dimensions. The ethical dimension 
was only proposed by Machado et al., (2015). From 
the intersections of these dimensions / criteria, from 
the literature, there are six dimensions:

1 - Environmental / Ecological: It is the most 
popular and known dimension, from this dimension 

3 According to Wright & Giovinazzo (2000), this number of specialists may vary a lot from a minimum of three to more than one hundred 
participants.
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it is admitted that the advances in information allow 
to outline actions to minimize the impacts and pres-
sures on the environment (Cruz & Ferrer, 2015).

2 - Economic: This dimension has the role 
of solving the main challenge of sustainability: 
reconcile the increase of income generation in an 
environmentally correct way and its fair distribution 
(Cruz & Ferrer, 2015).

3 - Social / Cultural: This is a dimension about 
a harmonious and integrated society, encompasses 
the protection of cultural diversity and the total 
guarantee of human rights, in addition to universal 
access to sanitation services (Cruz & Ferrer, 2015). 

4 - Technological: This dimension is jus-
tified because technological innovations have 

been strongly recommended as a way of solving 
environmental problems presented in the context 
of sustainability challenges (Rantala et al., 2018).

5 - Ethics: This dimension is based on the 
ethical foundation of sustainable development: intra 
and intergenerational justice (Hake et al., 2016).

6 - Political / Institutional: This dimension is 
related to the competence and commitment inves-
ted by the government and society in order to seek 
changes and effective sustainable development 
(IBGE, 2015b).

Regarding the consensus, the variation of cri-
teria found in the literature is large, but, whatever 
criterion used, it must be established before the 

Expert/Role Justification

Architect and City Planner/ 
Teacher in Higher Education.

Defended in the Ph.D. thesis about the Paraíba do Sul River and the Resende, Barra Mansa, 
Volta Redonda, and Barra do Piraí regions, acting in the area of Environmental and Urbanistic 
Preservation.

Biologist / Teacher in Higher 
Education.

Has experience in Watershed Management working mainly in Water Resources Management 
teaching discipline in this same area.

Oceanographer / Teacher in 
Higher Education

He has a master’s degree in Civil Engineering and Water Resources, works on the theme of water 
quality assessment of the Paraíba do Sul River and has experience in the area of aquatic ecosystems.

Environmental Engineer / Teacher 
in Technical Education.

Has a master’s degree in Agricultural Engineering in the area of Planning and Management of Water 
Resources, with experience in this area and also in water quality, coordinated the Technical Chamber 
of CBH-Middle Paraíba for two years. Ph.D. Student in Environment.

Graduated in Accounting / Teacher 
in Higher Education.

Leader of the Observatory of Management, Accounting and Sustainability (UFCG). Currently, works 
in research lines such as Accounting for Social and Environmental Management as well as Public 
Management (with emphasis on sustainability indicators).

Chemical Engineer / Teacher in 
Higher Education.

Operates in the areas of water pollution, sewage treatment, and basic sanitation.

Municipal autarchy manager for 
water and sewage services.

Civil Engineer. Has experience in municipal water and sewage services.

Municipal autarchy manager for 
water and sewage services.

Civil Engineer. Has experience in municipal water and sewage services

TABLE 1 – Expert panel, their respective roles and the justification for participating in the Delphi Technique.

SOURCE: Prepared by the authors.
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beginning of the study (Silva & Tanaka, 1999). So, 
as there is no standard to establish the so-called 
consensus, in this word the mediator took into ac-
count those indicators selected by 60% or more of 
the experts. Thus, this percentage represented the 
majority of the people who answered based on the 
principle that the opinion of this majority should be 
prioritized. Two rounds were held in which experts 
had access to previous responses (feedback), inclu-
ding the percentages of choice for each indicator 
and also space was given for free comments. After 
two rounds, the indicators with percentages above 
60% were selected to build a list of 40 indicators 
to be applied in Volta Redonda city.

Thus, the list with 40 indicators went through 
another filtering step. This time only indicators 
contemplating all dimensions of sustainability, 
according to Delphi technique, were used for the 
analysis of municipal water sustainability.

According to Bluszcz (2016), sustainable 
development is complex and multidimensional, so 
different methods of measuring are required for data 
to be able to cover all dimensions, offering a com-
prehensive measurement. Therefore, in order to find 
an evaluation that contemplates several dimensions, 
13 indicators considered multidimensional were 
chosen for analysis within the municipal context.

According to Dale et al. (2018), it is important 
that the set of indicators should be specific to each 
municipality analyzed. For this reason, the set of 
indicators reported in this study is totally specific 
of this place. This study proposes a method for a 
convenient selection of indicators specifically for 
Volta Redonda city, taking into account experts 
who know municipal reality. The set of indicators 
may be customized and is not a standard list to be 
applied to other realities.

3. Results and discussion

3.1. Characterization of selected indicators	

According to 60% or more experts, 15 (37%) 
indicators were classified as very important while 
23 (58%) were classified as important and two 
indicators (5%) were considered as less important 
(Figure 2).

FIGURE 3 – Dimensionalities of the 40 indicators selected by the panel 
of experts through the Delphi technique.
SOURCE: Prepared by the authors.

FIGURE 2 –Percentages of indicators assigned to each degree of 
importance by Delphi Technique.
SOURCE: Prepared by the authors.
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Regarding the dimensionality of the indica-
tors, 33% (13 SI) of the indicators included five 
dimensions, 33% (13 SI) of the indicators included 
six dimensions 27% (11 SI) included four dimen-
sions while 7% (3 SI) included three dimensions 
(Figure 3).

In this sense, 93% were considered multidi-
mensional because they encompassed, according 
to experts, more than three of the dimensions 
presented. Although there is a growing interest in 
measurement of sustainability, a majority of stu-
dies have not developed holistic indicators, that is, 
indicators considering all dimensions interacting 
with each other. Most of the researchers evaluated 
individual economic, environmental and social as-
pects. The performance of corporate sustainability 
is a multidimensional concept based on the original 
idea of sustainable development (Docekalová & 
Kocmanová, 2016; Molinos-Senante et al., 2016).

A percentage of 93% of the indicators fulfilled 
great part of the dimensions, differently than Pires 
et al. (2017) who, in their research, found that 86% 
of indicators did not meet many of the sustainability 
criteria. The authors reported that indicators did not 
provide a holistic and multidimensional perspecti-
ve. In the work of Miranda & Teixeira (2004), the 
analysis of indicators as a way of monitoring public 
policies, therefore, resulted in a very satisfactory 
set of indicators, being able to cover the various 
dimensions, showing its tendency to sustainability. 
Despite the difficulty in considering environmental, 
economic and social variables in studies of this 
nature, these results are satisfactory, since treating 
incommensurability, or even grouping information 
of a different nature from the indicators (Carvalho 
et al., 2013).

When accessing how sustainable a system is, 
indicators should involve as many dimensions as 
possible. Due to the multidimensionality of sustai-
nability, a complete and integrated evaluation is re-
quired. The fact that not all indicators have taken into 
account all the six dimensions should not be seen as 
a limitation, but as a feature to be taken into account 
by the managers responsible for the decision-making 
process (Carvalho et al., 2013; Pires et al., 2017).

The main dimensions (Environmental, Social 
and Economic) covered the largest number of in-
dicators. They are considered the most traditional 
dimensions of sustainable development and should 
include the largest number of indicators as much as 
possible (UN, 2007; Cruz & Ferrer, 2015).

3.2. Analysis of multidimensional 
sustainability indicators in Volta Redonda 
city

From the Delphi Technique, 13 indicators 
characterized as multidimensional were selected for 
the analysis of sustainability in the municipal water 
and wastewater systems. Table 2 shows the multi-
dimensional sustainability indicators according to 
the corresponding parameter. For the analysis of 
each indicator, the municipal data were found in 
the literature or / and documents such as: Middle 
Paraíba Basin Committee, State Environmental 
Institute (INEA). Some data were requested from 
the Autonomous Water and Sewage Service of Vol-
ta Redonda (SAAE-VR) or the Municipal Health 
Department of Volta Redonda.
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TABLE 2 – Multidimensional indicators and their respective municipal data.

SOURCE: Prepared by the authors.

Parameter Multidimensional sustainability 
indicators Reference Municipal data (year)

System Performance 
in Wastewater 
Collection and 
Treatment

Collected waste water treatment 
index

ANZECC (2000); ONU (2007); Carvalho et 
al. (2013); Carvalho & Curi (2013); IBGE 
(2017); Mapar et al. (2017);

18.67% (2017)

Wastewater treatment index in 
relation to the volume of water 
consumed

ANZECC (2000); ONU (2007); Carvalho et 
al. (2013); Carvalho & Curi (2013); IBGE 
(2017); Mapar et al. (2017);

16.89% (2017)

30-35% (2018)

Number of points of release of 
“in natura” sewage in water 
bodies

Miranda & Teixeira (2004) no available data

% sanitation network by river 
or lake Carvalho & Curi (2013) 75% (2018)

% without a sanitary installation Carvalho & Curi (2013) 3% (2018)

Performance of the 
System regarding 
Human Supply

Amount of chemicals used for the 
treatment per 1000m³ of treated 
water

Miranda & Teixeira (2004)

Aluminum sulfate: 52kg 
(2018)

Polymer: 0.04kg 
(2018) 
Geocalcium: 4.2kg (2018)

Chlorine: 2.93kg (2018)

Fluorine: 3.2lts (2018)

Number of cases of waterborne 
diseases / 1000 inhabitants

Miranda & Teixeira (2004); Carvalho et al. 
(2013); Ibrahim et al. (2015) 0.036765 (2017/2018)

System Performance 
in Qualitative and 
Quantitative Water 
Status

Nonconformities with the 
framing of water bodies Miranda & Teixeira (2004) Most parameters 

accordingly (2019)

River flow for catchment Miranda & Teixeira (2004); Vieira & Studart 
(2009)

37.922.565,6 m³/year 
(grantedflow) (2017)

Minimum flows with a given 
duration and given recurrence 
period

Carvalho et al. (2013) no available data

Extraction of surface water 
versus availability ANZECC (2000) 2250 L/s versus good 

availability (2018/2016)

River health ANZECC (2000) Precarious / bad 
(2010/2012)

Management of the 
Basin Does the basin have a basin plan? Carvalho et al. (2013) Yes (2018)
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3.2.1. System performance in sewage 
collection and treatment

The indicator sewage treated in relation to 
water consumed shows the percentage of sewage 
treated. According to Treats Brazil Institute (ITB, 
2017), it is better when this percentage is higher, 
because it means that most of sewage has been 
treated. Although treated sewage rate in relation to 
consumed water increased from 16.89%, in 2017, 
to 30-35%, in 2018, it is still considered low. Ac-
cording to the Middle Paraíba Basin Committee 
(CBHMPS, 2018), municipal reality differs from 
that established by law. The percentage of the ne-
twork by river or lake represents about 75% of the 
sewage discharged directly into the river.

The main use of the basin water is done in 
dilution of sewage. This is one of the main sources 
of pollution of Paraíba do Sul River. This river 
presents a worrying state of degradation, espe-
cially in the range that crosses or touches urban 
areas (ANA, 2017a). In the Middle Paraíba do Sul 
Basin, for example, the municipality of Resende 
has the highest percentage of sewage treatment 
(72%), following by the municipality of Porto Real 
(67.9%), the next municipality is Volta Redonda 
with 18.67% of sewage treatment.

This critical scenario in many municipalities 
of Middle Paraíba do Sul Basin occurs mainly due 
to the lack of financials and technical resources. 
Regional hydrological studies are necessary, as well 
as technical management and public administrator 
capacitation, for example. The civil society is an im-
portant actor and must participate in discussions in 
order to develop empowerment about their interests 
in the basin. Nevertheless, the financial crisis with 
the lack of planning, monitoring and technical data 

make it more and more difficult to obtain financials 
resources by cities’ managers (Oliveira et al., 2018). 

The problem of low index of wastewater tre-
atment in Volta Redonda goes beyond the impacts 
caused by the discharge “in natura” of effluents 
into the water body. Furthermore, there is a recent 
issue which affects the global sanitation system: the 
dump of emerging contaminants. 

The emerging contaminants are potentially 
toxic substances, the effects of which are still unk-
nown and they aren't included in legislation. They 
are substances like dangerous chemicals products, 
toxic metals and biological residual capable of 
contaminating effluents, medicines and food. The-
se emerging contaminants, such as hormones and 
medicinal drugs bring a new challenge and a new 
concern regarding the search for new technologies 
to solve this problem (Teodosiu et al., 2018; Dha-
rupaneedi et al., 2019). 

3.2.2. Performance of the system regarding 
human supply

3.2.2.1. Amount of chemicals used in 
treatment / 1000m³ of treated water

Aluminum sulfate (Al2(SO4)3) is a coagulant 
added to water after its capture. Several studies 
have pointed a relation between aluminum and 
cases of neurodegenerative diseases. Aluminum 
causes a chronic neurotoxicity on human nervous 
system. Diseases such as Alzheimer's, Parkinson's, 
encephalopathies and neurological disorders may 
be related to human exposure to aluminum through 
contaminated water (Polizzi et al., 2002, Banks et 
al., 2006; Walton, 2013; Lee et al., 2014; Lima-Jú-
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nior & Abreu, 2018).
There is also a concern with environmental 

impacts generated by intense use of these coagulants 
because their residues are rich in non-biodegrada-
ble metal hydroxides. The sludge generated in the 
treatment plants presents ecotoxicological risks due 
to the high concentrations of organic and inorganic 
substances. So, sludge must be properly disposed 
(Lima-Júnior & Abreu, 2018).

Therefore, there is a concern about the impact 
of aluminum sulphate on human health and aquatic 
ecosystems.  So, more scientific researches are 
required, motivated by a search for economically 
viable bio coagulants. The use of substances deri-
ved from non-renewable materials may be reduced. 
Sustainable substances may increase the interest of 
sanitation services. They contribute to the reduction 
of the environmental impact caused by water treat-
ment process and promote sustainability within the 
sanitation system.

The polymer used to help the coagulation pro-
cess by the Water Treatment Station is the FLOPAM 
EM 230 PWG, although FLOPAM EM 230 PWG 
is toxic in certain concentrations, the amount used 
in Volta Redonda is minimal. Furthermore, the po-
tential impacts of this coagulant on the environment 
were not found in the literature (SNF, 2018).

Calcium hydroxide is used to correct pH of 
water. The calcium hydroxide ecotoxicity was 
considered acute in some Chemical Safety Data 
Sheets, but the potential impacts of the calcium 
hydroxide use on the environment were not found 
in the literature (Anidrol, 2014; Labsynth, 2017; 
SAAE-VR, 2018).

Chlorine is used for disinfection due to its 
ability to destroy or inactivate pathogenic organisms 
such as viruses and bacteria, at room temperature, 

in a short period of time. However, the problem of 
the chlorine use is its reaction to natural organic 
matter present in the water. By-products are genera-
ted, specially trihalomethanes (THMs), which may 
increase risk of cancer and have adverse effects on 
the reproductive system. THMs are just some of the 
existing by-products of chlorination. Their control 
in public water supply may help reduce levels of 
other by-products such as haloacetic acids (Oliver 
& Ribeiro, 2014).

Chlorine is also used for the water treatment 
in Volta Redonda city. This is also the problem of 
other Brazilian supply systems, which did not repla-
ce chlorine by another substance. The chlorine use 
for water disinfection is more viable economically. 
However, strategies to reduce the generation of 
THMs and other by-products are required. 

The water fluoridation for consumption is one 
of the actions with greatest impact on the prevention 
of dental caries and has become mandatory since 
1974 (Brazil, 1974). Fluorine is toxic at certain 
concentrations and may cause chronic intoxication, 
dental fluorosis or, in more extreme cases, bone 
diseases such as osteosclerosis. Thus, in case of 
fluorine added to public water supply, the recom-
mended levels are very low, which does not expose 
the population to any of its toxic effects (Garbin et 
al., 2017; Zilbovicius et al., 2017).

According to Autonomous Water and Sewage 
Service of Volta Redonda (SAAE-VR, 2019), the 
average concentration of Chlorine and Fluorine 
added to treated water, in 2018, were, respectively, 
1.94 mg/L and 0.63 mg/L. These concentrations are 
below the maximum values permitted by Brazilian 
legislation: 2.0 and 1.5 mg/L for chorine and fluo-
rine respectively (Brazil, 2017). 
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3.2.2.2. Cases of waterborne diseases / 1,000 
inhabitants

The data provided by the Municipal Health 
Department of Volta Redonda (SMS-VR) are from 
the years 2017 and 2018 (Table 3). They refer to 
cases of the following waterborne diseases: Ame-
biasis; Giardiasis; Gastroenteritis; Typhoid and 
paratyphoid fever; Infectious hepatitis (A and E); 
Cholera and diseases caused by worms (Schisto-
somiasis, Ascariasis, Taeniasis, Rotavirus, Acute 
diarrheal diseases).

A total of 10 cases of waterborne diseases we-
re reported between 271,998 inhabitants, in 2018. 
So, there was 0.0000367649 cases/inhabitants, or 
0.0367649 cases/1000 inhabitants.

The cases of waterborne diseases in Volta 
Redonda have been low in the last two years, this 
low number of cases may be explained by the high 
total drinking water supply (99%). The water qua-
lity monitoring provided by SAAE-VR, in 2018, 
showed that all samples were in accordance with 
the potability standards (SAAE-VR, 2019). Thus, 

Volta Redonda does not present major problems 
with waterborne diseases which could be associated 
with ingestion of contaminated water by pathogenic 
organisms.

3.2.3. System performance in qualitative and 
quantitative water status

3.2.3.1. Nonconformities with the framing of 
water bodies

According to National Water Resources Policy 
(Brasil, 1997), the classification of water bodies has 
as objective to ensure water quality compatible with 
its main uses.  The compatible water quality reduces 
costs with pollution control actions by taking pre-
ventive actions. Ordinance of the Interior Ministry 
(1981) classify Paraíba do Sul River, in the range 
from Santa Branca until Campos, as type 2. This 
kind of river is characterized as water for human 
consumption after conventional treatment, protec-
tion of aquatic communities, recreation, irrigation, 
aquaculture and fishing (CONAMA, 2005).

According to the SAAE of Volta Redonda 
(2019), raw water samples are in compliance 
with the parameters established by Resolution Nº 
357/2005 of CONAMA for freshwater type 2. The 
Water Quality Report 2018 (SAAE-VR, 2019) 
evaluated that most of analyzed parameters were in 
accordance with the resolution. Thus, the water can 
be distributed to the population after an appropriate 
treatment.

Therefore, nonconformities about raw water in 
relation to the water body framing standards were 
not observed. However, criticisms about the current 
Brazilian framework model should be considered. 

Diseases
Number of cases

2017 2018

Hepatitis A 0 1

Schistosomiasis 4 5

Typhoidfever 0 0

Cholera 0 0

Rotavirus 0 0

TABLE 3 – Cases of waterborne diseases in the years 2017 and 2018.

SOURCE: SMS-VR, 2018.
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The water framework directive methodology is used 
by the European Union, as an alternative to water 
resources management with emphasis on aquatic 
ecosystems. This methodology encompasses ge-
ological, hydrological, chemical and biological 
features, establishing an ecological standard in 
order to evaluate the state of a water body (Silva 
et al., 2015).

3.2.3.2. River health

From 2002 to 2012, the INEA carried out a 
study about the environmental evaluation in the 
range Funil / Santa Cecília of Paraíba do Sul River. 
Endangered species and / or rare species were found 
in Paraíba do Sul River and some species suffered 
drastic reduction in a certain part of the water body. 
In addition, concerning bioaccumulation of mercury 
and methylmercury, in extreme climatic events such 
as during a drought occurred in 2014, the concen-
tration of these contaminants increased in most of 
fish species (Azevedo et al., 2018).

The intense local population and its industrial 
development, together with the construction of 
dams and the dredging of the riverbed, affected the 
ichthyological fauna of Paraíba do Sul River.  This 
human interference in environment degrades the 
ichthyological fauna refuge, reproduction and food 
areas. However, in relation to the water quality, the 
Paraíba do Sul River has been in good condition, 
mainly due to its self-purification ability (Coelho, 
2012).

Even with a high pollution load that Paraíba do 
Sul River receives from the neighbor state of São 
Paulo, the pollutant load does not reach the river 
mouth so intensively. This is due to the ability of 

biological, chemical and physical self-purification, 
besides the process of dilution by the water supply 
of its effluents. Although this is a positive result, 
there is still a need to minimize the impacts caused 
by pollution and to improve the sewage treatment 
index of the basin (Nunes et al., 2014).

Nevertheless, the sanitary conditions of the 
Paraíba do Sul River are considered precarious and/
or bad due to the fact that status of its environmen-
tal quality is poor. However, the water quality is 
classified as "acceptable" due to its self-purification 
(INEA, 2012).

3.2.3.3. Surface water extraction versus 
availability and river flow for catchment

The efficient water resources management 
should include, among other information, avai-
lability of water sources for different uses and a 
balance between its demand versus its availability. 
The hydrographic Region III, Middle Paraíba do 
Sul, presented high values of current consumption 
versus availability (INEA, 2014).

Volta Redonda city presented one of the largest 
levels of water consumption taken from the basin in 
2010. The urban consumption flow was 0.18 m³/s. 
However, the projection for future years (2030) 
practically remained with a flow rate of 0.19 m³/s 
in both projected scenarios (CEIVAP, 2013).

In addition, Volta Redonda city presents a 
significant water demand regarding the general 
consumption and the municipality of Resende as 
well, in the Middle Paraíba. The CSN industry, 
in Volta Redonda, is the main water consumer of 
Paraíba do Sul in the Middle Paraíba, with almost 
63%. The water supply represents 25% of the basin 
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consumption (CEIVAP, 2016).
The coverage area of the Middle Paraíba do 

Sul also suffers a demand for transposition to the 
Guandu River, responsible for the water supply of 
the metropolitan region of Rio de Janeiro. The water 
availability of the Middle Paraíba do Sul was qua-
litatively evaluated, having been considered good 
for the future, but insufficient to meet the Guandu 
River transposition demands (CEIVAP, 2016).

The Middle Paraíba do Sul basin requires 
greater attention due to its probable transposition 
to Guandu River, even though Volta Redonda city 
presents a sufficient flow rate until 2030 (INEA, 
2014). Nevertheless, there is no alternative of water 
supply for Volta Redonda city, in case its water is 
driven into Guandu River. So, the environmental 
education is necessary for a more rational use of 
water.

Regarding the river flow for abstraction, the 
data is the abstraction flow granted to Volta Re-
donda in 2017, which was 37,922,565.6 m³ / year 
(ANA, 2017b). The bestowal is made based on the 
assessment of water availability with the analysis 
of the minimum reference flows. From these flows, 
the maximum percentage to be allocated for the 
different uses of the basin is determined. Thus, 
the calculation performed to determine the flow 
granted provides the water security, so that, even 
at minimum flows, users or priority uses maintain 
their water withdrawals (ANA, 2011).

Even though water availability of the Middle 
Paraíba basin is considered good, this fact is taken 
for granted only in periods of water abundance or 
even during the rainy season. In periods of water 
shortage, it is important to drive water use to the 
priority uses determined by law. In the case of Au-
tonomous Water and Sewage Service (SAAE-VR), 

the use for public supply is a priority in situations 
of scarcity (Ambrosio et al., 2017).

3.2.4. Management

3.2.4.1. Does the basin have a basin plan?

The Hydrographic Basin Plans (PBHs) are 
important because they act as a reference tool for 
water resources management. They outline and 
guide the actions that must be considered in order 
to maintain water availability and quality, besides 
establishing actions that aim the water protection 
and conservation (ANA, 2013).

In addition, the Hydrographic Basin Plans can 
be used as a guide to the Municipal Management 
Plans. They point out guidelines for land use and 
occupation, integrating sanitation, urban growth and 
other sectors. Thus, the Hydrographic Basin Plans 
act as a strategic tool for articulation between wa-
ter resources management and urban management 
(Peres & Silva, 2013).

However, the Basin Plan of the Hydrographic 
Region of the Middle Paraíba has not yet been 
elaborated. The Water Resources Plan of CEIVAP 
(Committee for the Integration of the Paraíba do Sul 
River Basin) is the guiding document for the appli-
cation of financial resources from the collection for 
the use of water (CBHMPS, 2019). The Middle 
Paraíba do Sul stock book is part of the CEIVAP 
Basin Plan, made in 2006.This document presents 
the features of the municipalities, such as land use 
and occupation data, situation of basic sanitation 
systems, water uses and demands, classification of 
water in types of use and others.

The Master Plan of Volta Redonda city (PM-
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VR, 2008) contemplates some guidelines that are 
connected with the acting strategies of the Basin 
Plan (2006). Although the Master Plan did not ad-
dress the participative and integrated management 
of water resources and did not define the concept of 
water basin, the river basin should be adopted as an 
ideal unit for implementation of the National Water 
Resources Policy. Both plans require a revision as 
they are more than ten years old. In addition, they 
should guide more specific and integrated strategies 
in the municipal context and also in the basin river. 
The water-related approaches in the Master Plan, 
for example, only indicates general guidelines for 
the protection of water sources. In spite of the fact 
that they involve marginal areas and water pollu-
tion control, they do not contain guidelines neither 
practical tools of intervention nor control of land 
use (Peres & Silva, 2013).

4. Final considerations

Some important critical points characterized 
an unsustainable water supply and sewage system in 
Volta Redonda. Initially, the low rates of wastewater 
treatment contributed strongly to the deterioration 
of the water body. A new wastewater treatment 
plant should be implemented in order to increase 
the capacity of the existing stations. The committee 
deliberates about strategic action plans in which 
the financial resources from the water use will be 
allocated. Thus, investments done by the committee 
itself are important.

The river health also deserves greater atten-
tion. Although Paraíba do Sul River has a good 
self-purification capacity, impacts suffered by the 
aquatic fauna are significant. Thus, a more integra-

ted management of the river basin is recommended, 
with a greater effective action to be taken by the 
committee. Control measures should be taken, such 
as an inspection in the institutions of state and their 
responsibility of water users.

The studied system cannot be considered 
sustainable yet due to the aspects mentioned above, 
but positive aspects, such as the low occurrence of 
waterborne diseases despite the high rate of total 
water supply service were observed.

Thus, actions to make the municipal water 
resources management more sustainable are requi-
red. These actions need to attend all sustainability 
dimensions, including environmental preservation, 
social justice and economic viability.

This work faced difficulties to classify the data, 
since the literature does not establish sustainability 
standards due to the specificities of each system. 
Everything depends on the specific features of each 
municipality / company or basin to be evaluated. It 
is important to consider that the list of indicators is 
not closed and may be modified in the future. The 
development of indicators is a continuous process. 

Thus, regarding future works, the importance 
to evaluate the indicators not selected by the experts, 
including those related to industry, is highlighted. 
In this research only the indicators considered mul-
tidimensional, according to the panel of experts, 
were analyzed. In addition, an approach about the 
ethical principles applied to the management of 
water resources, questioning their application in the 
context of this basin, is recommended.
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