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Abstract  
The use of rainwater has become a matter of vital importance in ensuring the sustainability of water 
resources and improving sanitary conditions in particular locations. This study aims to evaluate the 
influence of metal and fiber-cement roof coatings on the quality of rainwater obtained from rainwater 
harvesting systems in Rio de Janeiro. Fifty-seven samples of stored rainwater were collected and 
analyzed from first-flush (FF) and reservoir (RR) points between 2017 and 2019; these complied with the 
NBR 15.527/2019 and NBR 16.783/2019 standards for residual chlorine, total and thermotolerant 
coliforms, conductivity, dissolved organic carbon (COD), pH, and turbidity parameters. Descriptive 
statistics in Excel and R Studio were employed for water quality assessment. The fiber-cement roof 
showed alkaline pH levels, while the metal roof had higher turbidity values. The COD parameter did not 
comply with the NBR 16.783/2019 regulations  in either of the systems. Despite this, both the metal and 
fiber-cement roofs met the principles and guidelines laid down by NBR 15.527/2019, and thus serve as 
a source of non-potable rainwater. 

Keywords: Water Resources, Rainwater, Water Quality, Surface Runoff, Coatings. 

Resumo 
O aproveitamento das águas da chuva tem se tornado um tema fundamental, no sentido de garantir a 
sustentabilidade dos recursos hídricos e a melhoria de condições sanitárias em determinadas 
localidades. Este trabalho visa avaliar a influência de revestimentos de telhados metálicos e de 
fibrocimento na qualidade de águas pluviais obtidas de sistemas de captação e armazenamento de água 
pluvial, no Rio de Janeiro. Foram coletadas e analisadas 57 amostras de volumes armazenados de água 
de chuva nos pontos first-flush (FF) e reservatório (RR), entre 2017 e 2019, em atendimento à NBR 
15.527/2019 e NBR 16.783/2019, dos parâmetros: cloro residual, coliformes totais e termotolerantes, 
condutividade, carbono orgânico dissolvido (COD), pH e turbidez. A metodologia utilizada para a 
avaliação da qualidade das águas pluviais foi a estatística descritiva com os programas Excel e R Studio. 
O telhado de fibrocimento apresentou resultados de pH com um teor alcalino, enquanto o telhado 
metálico apresentou valores maiores de turbidez. O parâmetro COD não atendeu a NBR 16.783/2019 
em ambos os sistemas. Ainda assim, os telhados metálico e de fibrocimento atenderam aos principais 
limites estabelecidos pela NBR 15.527/2019, de modo atender como fonte de uso não potável da água 
da chuva.  
 
Palavras-Chave: Recursos Hídricos, Água Pluvial, Qualidade da Água, Escoamento Superficial, 
Revestimentos. 

Resumen  
El aprovechamiento del agua de lluvia se ha convertido en un tema fundamental para garantizar la 
sostenibilidad de los recursos hídricos y mejorar las condiciones sanitarias en determinadas localidades. 
Este estudio tiene como objetivo evaluar la influencia de revestimientos de techos metálicos y de 
fibrocemento en la calidad del agua pluvial obtenida de sistemas de captación y almacenamiento de 
agua de lluvia en Río de Janeiro. Se recolectaron y analizaron 57 muestras de agua de lluvia almacenada 
en los puntos de primer lavado (FF) y en el depósito (RR) entre 2017 y 2019, cumpliendo con las normas 
NBR 15.527/2019 y NBR 16.783/2019 en relación a los parámetros de cloro residual, coliformes totales 
y termotolerantes, conductividad, carbono orgánico disuelto (COD), pH y turbidez. La metodología 
utilizada para evaluar la calidad del agua de lluvia fue la estadística descriptiva con los programas Excel 
y R Studio. El techo de fibrocemento presentó resultados de pH con un contenido alcalino, mientras que 
el techo metálico mostró valores más altos de turbidez. El parámetro COD no cumplió con la norma NBR 
16.783/2019 en ambos sistemas. Sin embargo, tanto los techos metálicos como los de fibrocemento 
cumplieron con los límites establecidos por la norma NBR 15.527/2019, sirviendo así como fuente de 
uso no potable de agua de lluvia. 

Palabras clave: Recursos hídricos, agua de lluvia, calidad del agua, escorrentía superficial, 
revestimientos.  
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1. Introduction 

Despite the abundance of water in the world, it is a limited resource, insofar as there are clear signs of a 
reduced amount of fresh water and in certain regions only a limited supply. The uncontrolled global 
population growth, which is linked to the question of the availability and quality of water resources, has 
impaired the supply of water for human consumption in a way that has triggered an acute crisis of water 
scarcity and led to conflicts between nations (JORGENSEN et al., 2009). The Paraíba do Sul River Basin, 
a region where there are great conflicts of interest, was affected by the water crisis in the South-East of 
Brazil in the period 2014-15, which had a serious effect on the water supply of a populated region and on 
the greater demand for water in the country (COSTA et al., 2015). Both social and environmental tensions 
rose in intensity as the stocks fell in the reservoirs owing to the low amount of rainfall and outflows which 
were well below the historic average and reached a critical point in 2015 when only 0.33% of its volume 
was available for use (ANA, 2017). These conditions were the cause of growing concern with regard to 
the panorama of the water supply, especially in light of the fact that the National Water and Sanitation 
Agency (ANA, 2019) forecasted an increase of 24% in the pattern of water consumption in Brazil by 2030. 

In recent decades, extreme rainfall events have become increasingly common owing to climate change, 
the spread of urbanization and soil use (SILVA, CRUZ AND AMARAL, 2016). These changes in the 
hydrological cycle have resulted in a combination of factors, the most prominent being the disorderly 
spread of urbanization, particularly in the main cities of Brazil. This phenomenon has a harmful effect on 
the people, such as surface runoff and the appearance of watertight areas  (VASCONCELOS, MIGUEZ 
AND VAZQUEZ, 2016). However, there are alternative ways of mitigating hydrological impacts, 
particularly in metropolitan regions, one of which is to adopt a compensatory urban drainage technique, 
as a means of harvesting and harnessing rainwater. 

 One of the objectives of the Brazilian National Water Resources Policy, enacted by Law No.  9.433/1997 
(BRASIL, 1997) is to ensure the availability of water at levels suitable for present and future generations. 
This Law of Waters established the need to protect the water resources of Brazil to ensure sustainable 
development and the maintenance of a balanced society and environment (MOTA, OLIVEIRA E MEDINA, 
2020). Law 13.501/2017, which was included in the Law of Waters, provided an incentive to make use of 
intake systems, storage and  rainwater utilisation, such as measaures for the use of rain for non-potable 
activities like watering gardens, cleaning floors and agricultural or industrial activities  (BRASIL, 2017).  

In tune with this initiative, the federal government enacted Law 14.546 in 2023, to encourage the use of 
rainwater in new buildings  (BRASIL, 2023). These new systems for the utilisation of water have positive 
social, environmental and economic features  (BENETTI, 2019), and can act as a tool for heightening 
awareness of the need for a rational use of water (SILVA and SANTANA, 2020).  

Systems of harnessing and harvesting rainwater can also lead to the reduction of wastewater disposal. 
The intake and retention of a part of the effective volume of rainwater can assist in reducing the peak flow 
of the drainage system, as was noted in a study by Teston et al. (2018), while making an assessment of 
a condominium of houses in the city of  Curitiba (Parana State). However, a number of factors should be 
taken into account including: the extent of the roof area, the type of material, the storage capacity of the 
tank or cistern, rainfall features and conditions of soil or land use. 

The NBR 15.527/2019 lays down the minimum conditions required for the use of rainwater, with regard 
to the physico-chemical parameters of water quality for non-potable purposes. The quality of the water 
stored depends on a number of factors such as: i) the type of materials and roofing used for the intake 
and storage, ii) the physical and dynamic features of the area of study and iii) the concentration of 
pollutants carried during rainfall events and iv) the surface runoff of the roofing system (ABNT, 2019a). 
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The aim of this study has been to assess the quality of rainwater stored in two rainfall systems situated 
in the north of the city of Rio de Janeiro with regard to the type of materials used for roof covering. 

2. Theoretical Framework 

2.1. The use of water 

In legal terms, water is a natural limited resource endowed with economic value  and an asset in the 
public domain but at the same time, it is an essential resource for the survival of human beings insofar 
as  it makes it easier for mankind to carry out activities that are suited to its sanitary, social and cultural 
needs. (BRASIL, 1997; UNESCO,2021a). 

The attribution of value to water and its benefits is highly subjective when viewed in the cultural sphere.  
The culture of a society, group or individual influences the way that water is regarded and used and in 
light of this, it can be perceived as existing in other realms – for example, playing a role in mental health, 
spiritual well-being, emotional balance and happiness. When water has an aesthetic value in landscapes, 
it benefits mental health. Several cultures like those of indigenous people, form a close bond between 
water and their territory, which means this resource is not just a material asset but a form of symbology 
in which fresh water is related to life, while the water from the sea represents death  (DIEGUES, 2007). 

A failure to recognise the value of this resource leads to its inefficent use with high discharges of pollutants 
and marine or fresh water  ecosystem degradation, both of which cause high levels of hydric stress. This 
phenomenon create a scenario in which the demand for water in a particular region is greater than its 
availability or capacity for renewal. According to UNESCO (2021b), about 2 billion people already live in 
areas subject to hydric stress and by 2030, about 40% of the world population will lack access to a 
sufficient water supply. 

2.2. Availability of water   

Although there is a huge abundance of water, the part that is available for human consumption is unevenly 
distributed. According to ANA (2009), the Asian and American continents hold  about 31.8% and 39.6% 
of the world supply of fresh water respectively.  Brazil has about 12% of this total. As well as this irregular 
pattern regarding the availability of water in different regions of the world, another factor that adds to 
hydric stress is its relation to population density. Latin America has about twelve times more  water per 
inhabitant than Asia. In national terms, Brazil has more water available than it needs for consumption 
while countries in the Middle East are in worse conditions. (DE MELO, 2010). 

According to the International Water Management Institute (IWMI, 2014), almost 20% of the world 
population, or 12 billion people, live in areas where there is a scarcity of water and where the harvesting 
of water for agriculture, industry and other purposes, exceeds 75% of the waterflows from rivers. In 
addition, about 1.6 billion people live in areas where there is an economic shortage of water and where 
although water is available, people have a limited capacity or lack the financial resources to have access 
to it.   It can be concluded from this that even a locality with large water reserves is not enough to 
guarantee that water can be supplied to the whole population (DE MELO, 2010). 

In light of this, the conditions for economic development in a particular region are an essential factor for 
ensuring water security. The shortage of water is aggravated by the problem of social inequality, as well 
as the lack of any management or sustainable use of hydric resources. The world crisis in these resources 
is closely linked to social inequality which is shown by the contrasting records in developed and 
developing countries (CETESB, 2022).  

As was confirmed by evidence revealed during the COVID-19 pandemic, the most vulnerable 
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communities who live in informal settlements and urban favelas (shanty towns) were the hardest hit. 
During the pandemic, the World Health Organization (WHO) took the most stringent protective measures 
which, as well as social isolation, included guidelines for keeping one´s hands clean with soap and water. 
This meant that if there was not suitable access to water and sanitation, people would be at greater risk. 
More than 3 billion people do not have access to sanitary facilities related to hygiene and food security 
and in Brazil alone, there are more than 33 million people without access to water.  (TRATA BRASIL, 
2018).  

2.3. Distribution of drinking water in Brazil   

The consumption of water in Brazil covers the following areas: irrigation, public supply, provision for 
animals, industrial use, thermoelectric power generation and the mining industry (ANA, 2021). In 2020, 
these sectors consumed 61.46 trillion litres of water. A half of this water was used for irrigation, followed 
by 25% for urban supplies, 8% for animal consumption and 9% for industry. 

The demand for water resources in Brazil has increased over time, particularly in three key sectors: 
irrigation, urban requirements and industry. Owing to the great potential for expansion in the irrigation 
sector, in the last 20 years, there has been an increase in consumption of about 50%, and the 
consumption rate has risen from 640 to 965 m³/s (Figure 1). There are forecasts for 2040 of an increase 
of 42% in water withdrawal which corresponds to more than  26 trillion litres in the Brazilian reservoirs. 

Figure 1: Evolutionary pattern of recommended uses in different sectors of Brazil in the period  2000-2040 

 

Source: adapted from ANA, 2021. 

In 2014, the Paraíba do Sul basin underwent a severe crisis (COSTA et al. 2015). The main watercourse 
of the basin is 1,200 km long and flows through the States of Minas Gerais, São Paulo and Rio de Janeiro. 
These States are of extreme importance in the political sphere as they are where one of the main 
industrial hubs and populated areas are concentrated. The principal source of water supply for the city of 
Rio de Janeiro is the Paraíba do Sul basin, which caters for 14 million people (CAVALCANTI and 
MARQUES, 2016). According to the authors, the Paraíba do Sul basin is one of the strategic points for 
the management of water resources in Brazil. This is because its multiple uses for electric power 
generation, human consumption, industrial and agricultural use as well as other factors, have been the 
cause of conflicts and disputes that arise during periods of scarcity, the degradation of the basin or 
irregularities of distribution. 

The predominant use of the basin is for urban supplies which in 2020 accounted for a little more than 
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50% of the water withdrawn from the basin. This was followed by industry and irrigation which accounted 
for nearly 20% and 15%, respectively (ANA, 2021). 

 

2.4. Water consumption in the School Environment  

It is becoming essential to analyse the end uses of water in the school environment because there is a 
tendency for large amounts of water to be wasted by users without any responsibility for paying for the 
service of supplying it. Tomaz (2001 apud Marinoski, 2007) showed that the average rate of consumption  
per capita in schools and universities ranges from 10 to 50 litres per day for each student and on average, 
210 litrres/ per day per employee, with variations depending on the building typology.  

In the case of universities, Vaz (2019) compiled studies that had been carried out on the demand for non-
drinking water in higher education buildings that had different structural features such as whether or not 
there were laboratories, classrooms, administrative offices and cleaning services. According to the 
author, the lowest percentages found for non-drinking uses were in the  SENAI  Technology Center in 
Santa Catarina and in the Technology Center of the Federal University of Santa Catarina (UFSC), which 
represented 63.5% and 69%, respectively. The highest rates of non-potable consumption were in the 
University Library which had 85% and the Socio-Economic Center, UFSC, which had 72%.  

The average rate of water consumption for purposes not requiring potable water  (such as toilet bowls or 
urinals) was 77%. Karlinski (2015) showed that the use of water for non-drinking purposes in academic 
institutions are as follows: toilet bowls and/or urinals, and the requirements for cleaning the building and  
watering the gardens. The cleaning services and watering of gardes need a rate of non-potable water of 
5 litres/m² and 1.5 litres/m², respectively (FERREIRA, 2014).  

2.5. Harnessing Rainwater   

The adoption of systems for harnessing rainwater cannot be regarded as a recent technique. There have 
been reports of this practice going back thousands of years (LIEBMANN, 1979 apud ROCHA and 
DUARTE, 2017). Nonetheless, in light of the threat of a water crisis and the search for alternative systems 
that can reduce dependence on surface and underground springs, the harnessing of rainwater has 
become a matter of great importance  (KARLINSKI, 2015).  

Rainwater can be used for activities that do not require drinking water such as watering gardens, cleaning, 
washing clothes, flushing toilets, and evaporative cooling, all of which reduce water consumption in the 
public system. As well as being a sustainable practice in the use of hydric resources, the harnessing of 
rainwater avoids wasting water which is required for purposes of high quality, as well as making it possible 
to economize  when carrying out tasks that depend on the public supply of water. 

Another benefit from installing a system of rainwater is that it provides a capacity to retain the initial anount 
of rainfall and thus mitigates the effects on the drainage system. In addition, it reduces the risk of flooding 
and damage to health, businesses and residential dwellings, through being able to store water at the 
particular time when extreme rainfall events occur (ROCHA e DUARTE, 2017; BENETTI, 2019).  

Once the scheme has been introduced into the school surroundings, rainwater can open up opportunities 
for teaching and learning through a reflection on the influence of particular activities that involve 
sustainability and a knowledge of the customs and attitudes related to social and environmental services. 
Since teaching institutions in general, are catering for a large number of people, they are in a position to 
spread information about technically sustainable projects in a way that can encourage studies and 
teaching/learning in an institutional and academic environment. In addition, educational buildings usually 
have suitable conditions for installing catchment and harvesting systems of rainwater by exposing large 
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areas of roofing and other covered areas available to the intake of rainfall.   (MARINOSKI, 2007).  

A technical, social and economic feasibility study must be carried out before a rainwater harvesting 
system can be implemented. As a result, the following features should be obtained and analyzed: i) rainfall 
data from the locality, ii) the demand for non-potable water in the locality of the implementation, iii) rainfall 
catchment data, iv) an assessment of the current hydraulic system of the property, v) an evaluation of the 
quality of the rainwater, vi) system sizing and vii)  economic feasibility. These systems cannot only be 
used in residential dwellings but also in hospitals, prisons, airports, universities and other places (ROCHA 
and DUARTE, 2017).  

2.5.1 Features of a rainwater catchment system  

The features of a catchment and harvesting rainwater system can undergo variations depending on its 
planned objectives. However, there are a number of primary constituents in any system such as: 
catchment (roofing area, coverings, terrace or other fittings), transportation in rainwater harvesting,  
(vertical and horizontal conductors), storage, treatment and distribution (FRANÇA, 2011). 

2.5.1.1 Rainwater harvesting from rooftop catchments  

The rooftop is one of the most common ways of carrying out the catchment of rainwater, particularly in 
residential dwellings. The size of the catchment area or rather, the useful space on the roof where the 
rainwater will flow to the transport and fitting devices, is directly related to its potential capacity to  harvest 
the water.  

The Brazilian Standard (NBR 10.884/1989) stipulates the procedures that must be followed for rainwater 
installations on the premises, such as the declivity and divisions of the drainage flow areas. However, it 
makes no mention of the material for the rainwater catchment, although the different types of roof tile 
material for this will influence both the quality and quantity of the water obtained, as well as the losses 
caused by evaporation and surface absorption  (KARLINSKI, 2015).  

Bona (2014) shows that it is easier to drain water from tiles that are smooth and metallic, because they  
tend to be more waterproof than for example ceramic tiles. With regard to quality, the author states that 
metal tiles can remove metal in the water by surface drag and that the green coloration of tiles can leave 
the water turbid when kept in reservoirs. Silva (2019) showed that the metals most often found in rainwater 
(calcium, potassium and sodium) undergo seasonal changes. According to França (2011), the most 
common materials for tiles are those that are galvanized, painted or enamelled with non-toxic paint, 
surface concrete, ceramics, polycarbonate, and fiber-glass. 

With regard to their microbiological quality, metallic tiles are recommended for the catchment of rainwater 
because they tend to have lower concentrations of biological indicators. This is owning to the fact that 
they become warm on sunny days, and this inactivates the pathogens  and metallic ions released by the 
tiling, which inhibits the growth of these micro-organisms (MENDEZ et al., 2010). 

 

2.5.1.2 Gutters and hydraulic installations in buildings for rainfall 

After the water has been drained from the rooftop, an effective volume of water flows to the gutters and 
vertical and horizontal conductors. Conductor holder sizing is carried out in accordance with  NBR 
10.844/1989 regulations, and based on factors like the catchment capacity of the roof surface area and 
the intensity of rainfall in the region. The materials used for the gutters should be designed to avoid 
contamination by toxic particles in the water  and preferably be made of inert materials like PVC or other 
plastics. In addition, the following are some of the  materials that could be used: cast iron, asbestos 
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cement, hard PVC, and galvanized steel. 

2.5.1.3 Rainwater storage  

After the rainwater has been carried by the conductors (and in certain projects by treatment devices), the 
volume of water reaches the tank. This must be located at a strategic point of the system so that it can 
allow water to be used more efficiently and thus it is recommended that it is placed close to points of 
consumption. With regard to the materials used for the storage tanks, the most important are: plastic 
materials, fiber glass or other inert material.  

2.5.1.4 Water treatment   

The roofwater harvesting can gather dust and soot which in turn can contaminate the water. Account 
should also be taken of the cleanliness of the collection area and the quality of the air where the system 
is located. Thus, before the rainwater can be used, there must be control over its quality and the system 
that is installed must, to a greater or lesser extent, include treatment devices, depending on its intended 
use.  (Table 1). 

Table 1: Different standards of water quality required depending on use   

Uses of Rainwater   Treatment of Water  

Watering plants  Not necessary   

Sprinklers,firefighting The equipment must be kept in a good condition 

Fountains, bathroom, washing clothes and 
car-washing 

Necessary because the water makes physical contact with people 

Source: Adapted from  Group Raindrops, 2002. 

While the rainwater is being drained off the rooftop surface and the gutters, the volume of water can carry 
various materials such as the following: leaves, twigs, seeds, solid residues and even the droppings of 
birds that form deposits on the surface of the roof. This accumulation of waste on the surface is a 
phenomenon that particularly occurs during prolonged periods of dry weather.  

One of the main devices against the depositing of leaves and twigs on the rainwater system is to put nets 
and screens between the vertical conductor and the tank. This can allow leaves to be removed more 
easily when screens are used for the rooftop gutters. 

Another means of lessening the contamination of the rainwater is to make use of the first flush diverter  
which is responsible for the disposal or sealing of the volumes of water in the first minutes of a rainfall 
event (GOLDENFUM, 2006). This is needed because of the impurities that are present in the atmosphere 
and the rooftop collection system through damp or dry waste deposits. Studies like those of   Souza 
(2019) and Jacob et al. (2019) show that the quality of rainwater improves significantly from upstream to 
downstream when  systems are installed for the retention or disposal of sediment during the initial period 
of rainfall, particularly because this can help to dissolve all the deposits of solids and neutralize the 
chemicals in the rain.  

According to Tomaz (2009), the amount of rainfall captured by the first flush system depends on the 
degree of contamination in the locality.  NBR 15.527/2019 recommends a rate of 2 mm for the separation 
or sealing of the initial rainfall. When there is a sufficient frequency of rain to keep the rooftop clean, the 
locality can be regarded as having  low contamination and adopt the rate of  0.5 mm for the initial disposal. 
However, if there is a high level of waste disposal from animals, atmospheric pollution or there are a lot 
of trees in the surrounding area, a rate of up to 8 mm can be found.  
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2.5.2 The legal aspects of a rainwater system  

Drummond et al. (2021) conducted a research study about the legislative standards (both offering 
guidelines and being mandatory in a technical sense) that are related to studies and projects concerned 
with the harvesting of rainwater. Six of the country´s technical norms were selected. The principal  ABNT 
standard  for rainwater is  NBR 15.527/2019, which lays down the conditions for harvesting water in 
rooftops for non-drinkable purposes in urban areas. The study also examines the following norms: (i) 
NBR 5.626/2020 for hot and cold water systems in buildings; (ii) NBR 16.782/2019 – Conservation of 
water in buildings – required conditions, procedures and guidelines; (iii) NBR 16.783/2019 – Use of 
alternative sources of non-drinking water in buildings; (iv) NBR 16.098/2012 – the minimum requirements 
for testing appliances to improve the quality of drinking water and (v) NBR 10.884/1989 which stipulates 
what procedures must be followed for rainwater installations in buildings.  

2.5.2.1 Brazilian Technical Standard ABNT NBR 15.527/2019 

 NBR 15.527 (ABNT, 2019a) stipulates the required conditions for collecting rainwater on rooftops for 
non-drinkable purposes and which is destined for harvesting systems.   

With regard to the standard of rainwater, quality parameters are laid down which must be monitored 
periodically, at least every six months.  Table 2 shows four key parameters used for non-drinkable 
purposes which are as follows: Escherichia coli, pH, Turbidity and  Residual Chlorine. 

Table 2:  NBR 15.527/2019 quality parameters for rainwatrer used for  non-drinkable purposes  

Parameter Standard 

Escherichia coli < 200 em 100 ml 

pH 6 a 9 

Turbidity 5 uT 

 Residual Chlorine 0.5 to 2 mg/L 

Source: ABNT, 2019. 

Thus, the coliform count should be less than 200 organisms for each 100 mL in the sample, which is the 
result whether they are absent or present. The pH should be in the band between  6 and 9, and can be 
characterized as alkaline. The level of turbidity should be below 5 NTU turbidity. If chlorine is used as a 
disinfectant, its residual level must be between 0.5 and 2.0 mg/L, with a maximum of 5 mg/L. 
 
2.5.2.2 Brazilian Technical Standard (ABNT NBR 16.783/2019) 
  
The NBR 16.783 (ABNT, 2019b) was established to meet people´s needs and the demand for 
diversification in the urban supply matrix, encourage good practices and reduce potential risks. It  gives 
directions for the following: characterization, sizing, use, operations and the maintenance of systems for 
alternative sources of non-drinkable water in buildings. 

 NBR 16.783/2019 lays down seven physical, chemical and biological parameters to be adopted when  
monitoring water for non-drinkable purposes, excluding water for cooling. These are as follows: pH, 
Escherichia coli, turbidity, free residual chlorine, BOD5, electric conductivity and total organic carbon  
(TOC). The value for the four first parameters correspond to those of NBR 15.527 (ABNT, 2019a). The 
standards for the other parameters can be found in Table 3. 
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Table 3: NBR 16.783/2019 parameters for non-drinkable water  

Parameter Standard 

DBO5 < 20 mg O2/L 

Electric Conductivity < 3.200 μS/cm 

COT < 4 mg/L 

Source: ABNT, 2019b. 

3. Methodology 

3.1. Characterization of the rainwater system and area of study  

The analysis of the amount of rainwater was carried out through the collection of volumes of water stored 
in two rainwater  catchment systems, referred to as CAP1 and CAP2, which were located in the central-
north region of the city of Rio de Janeiro. Since they cover densely populated urbanized areas of 
commercial activities and residential dwellings, there is heavy traffic in the region which is close to the 
huge Tijuca Forest (Figure 2). The monitoring systems for rainfall can be found on the basis of the 
morphology of a densely populated urban area and the typology of a rooftop surface for the catchment 
and harvesting of rainwater. The pluviometric station of Tijuca was used to obtain data for carrying out 
this study and is located in the district of Tijuca, which is at a distance of 1.60 km from CAP1 and 2.65 
km from CAP2.  

Figure 2: Location of the CAP1 and CAP2 rainfall systems in the city of Rio de Janeiro 
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Figure 3: Components of the rainwater systems - CAP1 (a) and CAP2 (b) 

  

 

The system for the catchment and harvesting of rainwater (CAP1 - Figure 3a) is located in the Rio 
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Comprido district, in the central zone of the city, in the premises of the old Fernando Rodrigues da Silveira 
Laboratory School, of the State University of Rio de Janeiro (CAP-UERJ), close to the ¨elevado 
Engenheiro Freyssinet¨ (or Paulo de Frontin viaduct). This is situated in an area of serious exposure to 
pollutants released by, on average, 20,000 vehicles per working day in the locality (MUNICIPAL 
GOVERNMENT OF RIO DE JANEIRO, 2017). With an area of 80 m² of a partially covered multisports-
court,  CAP1 consists of the following: galvanised steel tiles, a galvanised sheet metal gutter,  PVC vertical 
and horizontal conductors, an initial first flush diverter of 0.2 mm, an overflow syphon, a level gauge, 
collection points and a water tank of  2,460 litros.  

The CAP2 system for the catchment and harvesting of rainwater (Figure 3b) is located in the  district of  
Maracanã, Rio de Janeiro State University campus  in the center-north region of the city of Rio de Janeiro, 
which is completely urbanized and has a heavy flow of traffic in São Francisco Xavier Street  and  Radial 
Oeste Avenue, which is the road that connects the north zone with the center of the city  (BALTAR, 2014). 
CAP2 which has a fiber cement roof and a catchment area of 30 m², also includes the following: vertical 
conductors and PVC gutters, a system involving a first flush diverter of solids (primary and secondary),  
a preliminary treatment system, a Chovechuva filter (limestone and chlorine), a tank with a storage 
capacity of 1,000 litres, an overflow system, a syphon, a level gauge and collection points. The 
Chovechuva equipment (Figure 3b), includes a separating box for leaves and residue, limestone, and a 
chlorinated device with chlorine tablets.  

Table 4 displays the main features of the CAP1 and CAP2 rainwater systems in a way that allows an 
assessment to be made of the ability of the first flush device to remove pollutants as a result of the 
typology of the tiled roof  surface.  For the purposes of assessment in this study, the rainwater samples 
were obtained from the first flush points and the water tank, since the water from the primary first flush 
was assessed in the CAP2 system which has a capacity of 0.5 mm of rainfall. Tomaz (2009) noted that  
0.5 mm of separation from the initial rain would be the minimum adopted in a rainwater system. Despite 
this, on account of the limited space available, the CAP1 system was initially designed to dispose of  0.2 
mm of effective rainfall.  

Table 4:  Features of rainwater systems - CAP1 and CAP2, in City X 

CAP 
Locali
ty 

District Roofing  Area Volume first-flush Volume of tank 

1 CAPa Rio Comprido Metallic 80 m² 0.2 mm 2,460 L 

2 UERJ Maracanã Fiber-cement 30 m² 0.5 mmb 1,000 L 
a Laboratory School; b Primary first flush volume.    

 

3.2 Sampling Procedure   

3.2.1. Samples of catchment systems 

During the collection and analysis of the first flush (FF) points and the water tank (RR), on average, there 
were 9 samples per year of effective amounts of rainfall in each catchment and harvesting system 
between January 2017 and December 2019, as shown in Table 5. It was impossible to collect or   analyse 
the samples in certain months (such as, among others, CAP1 in February, September and December 
2017 and August 2019), because there was not enough storage volume to conduct the analyses. 
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Table 5: Control of the samples analysed in the systems  

Month 

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

CAP1 

2017 x - x x X x x x - x x - 

2018 x X x x X x x x x x x X 

2019 x X x x X x x - x x x - 

CAP2 

2017 x X - x X x x - - x x X 

2018 x - - x X x - x x - x X 

2019 x X x x X x x - x - - X 

Caption:  x  Sample analysed;  - without enough volume of analysis in one of the points. 

The quality of the samples included the following analytical parameters: residual chlorine, electric 
conductivity, dissolved organic carbon (DOC), Escherichia coli, pH and turbidity. The parameters were 
analysed in the Sanitary Engineering Laboratory (SEL-UERJ), at the Engineering Faculty of the State 
University of Rio de Janeiro, in accordance with the methods described in Table 6. 

 NBR 16.783/2019 states that Total Organic Carbon (TOC) should be a parameter, although this 
parameter had to undergo filtration by order of the laboratory before the analysis of the samples could be 
carried out and thus the results refer to dissolved organic carbon (DOC).  

The parameter for Escherichia coli was observed through the analyses of total and thermotolerant 
coliforms.  Total coliforms TC) can be viewed as environmental indicators because their presence in water 
is not necessarily a sign of intestinal bacterial contamination. Thermotolerant coliforms are  predominantly 
indicators of human or animal intestinal origin but can also indicate the presence of free living bacteria 
that only resist the high temperatures of laboratory analyses. (VON SPERLING, 2014). The parameters 
for total and thermotolerant coliforms were obtained from the FF and RR points of the CAP1 system in 
2018, and analysed in the OCEANUS – HIDROQUÍMICA Laboratory located in the  Rio Comprido district 
of RJ. 

Table 6: Methodologies employed for the analysis of the quality of rainwater  

Parameter Method¹ 

 Residual Chlorine Method 4500-Cl B. Iodometric Method I 

Electric Conductivity  Method 2510 B Laboratory Method 

DOC METHOD 5310 B. High-Temperature Combustion Method 

Total Coliforms  MPN – Most Probable Number² 

Thermotolerant coliforms 9223 A and B – Multiple-tube technique² 

pH Method 4500 H+ B Electrometric Method 

Turbidity Method 2130 B Nephelometric Method 
¹ Described by AWWA ²SMEWW. 

 

3.2.2. Characterization of precipitation in the region  

The characterization of the level of rainfall relied on the historic pluviometric station of Tijuca, which is 
situated in the University Studies Center of Sumaré, in the precincts of the Palácio Apostólico, of the Rio 
Early Warning System  (Municipal Authority of  RIO DE JANEIRO, 2020).  
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 Figure 4 shows the average rates of monthly rainfall accumulated in the period 1997-2019 and also 
separately for the respective years analysed in this study. The year 2017, which had an annual total of 
about  863 mm, had the lowest volume of rainfall in the period and corresponded to an average of 69% 
of the whole period, since it represented the lowest volume collected from the samples. The monthly 
average in 2017 was 72 mm, which was the lowest average in the period under study. In 2018, there was 
an increase in the volume of rain  which reached 1.271 mm, and an increase of 47% of the average 
volume of rain compared with  2017. In 2019, there was also an increase in the volume of annual and 
monthly rain compared with 2018, with respective rates of 1.804 mm and 150 mm.  

Figure 4: Historic monthly average of rain, accumulated on a monthly basis in the district of Rio de Janeiro 

 

Source: adapted from ALVES et al., 2021. 

 

3.3. Analysis of results 

The descriptive statistical analysis was prepared by the Excel®, program of the boxplot command in  the 
Program R Studio® language, version 3.4.4. The descriptive analysis by Excel also took account of data 
on consecutive dry days without any rainfall (i.e. zero precipitation) which led to samples that went beyond 
physico-chemical parameters.  

The boxplot analysis made it possible to visualize the discrepancy in the outliers of the data, since the 
information about the variability of the data in the sample indicated atypical values which can influence 
the calculations, such as the arithmetic average of the sample. According to Tukey (1977), an outlier is 
an uncommon value that is at an extreme point from a central value and can be best examined in a 
boxplot graph which can show errors in measurement or the way the analysis was conducted. Apart from 
the outlier, another key factor for the interpretation of the boxplot are the quartiles. These represent 
percentages of 25, 50 and 75, or in other words, in quartile 25, a total of 25% of the samples are either 
less than or equal to it.  Quartile 50, or the second quartile represents the median of the data. The 
dispersion and symmetry of the datasets can be determined while reading the boxplot. 

4. Results and Discussion 

The residual chlorine was not analysed like the other parameters in the statistical analysis, owing to the 
large number of analyses that were conducted throughout the study and only formed two samples in the 
CAP system in 2019.  The results obtained for residual chlorine in these two analyses were 0 and 0.1 
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mg/L.  

De Amorim (2001) stated that after chlorine has been added to the harvesting system of rainwater during 
the analysis, to determine the parameters of quality, its presence can indicate whether the water was 
effectively disinfected or if any organic material had been introduced and there were micro-organisms 
that might have been consumed. In light of this, it is recommended that chlorine tablets should be added 
more often and there should be constant monitoring to check that the regulations of  NBR 15.527/2019 
are being complied with This can be carried out with a level of residual chlorine of between  0.2 and 5 
mg/L obtained from a sample of the harvesting system of rainwater.  

Table 7: Statistical description of the qualitative variables of the rainwater collected in the CAP1 system (metallic)  

  CAP1 system (metallic tiles) 

Point FF² RR³ 

Variables/ Indices Mín Max Av. σ Lim.sup Lim.inf Mín Max Av. Σ Lim.sup Lim.inf 

DSC 0.0 22.0 5.0 5.19 
- 

0.0 22.0 5.0 5.19 
- 

Rainfall 1.0 40.4 9.95 10.89 1.0 40.4 9.95 10.89 

Conductivity 217 589.3 107.25 119.03 238.55 0 8.85 91.2 37.77 19.50 77.62 0.0 

COT 0.0 128.3 10.18 28.11 14.57 0 0.0 97.72 744 21.65 6.52 0.0 

E.Coli¹ 
Coli.Totais Aus 350.0 .127,66 193.25 

- 
Aus 1600 250.87 551.30 514.62 0.0 

Thermo. Aus 8.2 5.33 462 Aus 130.0 20.97 44.78 50.0 0.0 

pH 5.15 7.53 6.42 .48 7.19 5.71 5.14 7.34 6.41 0.38 7.17 5.69 

Turbidity 0.00 140.0 30.95 37.55 122.15 0.0 0.0 2.7 0.62 0.64 1.46 0.0 

CDD: Consecutive dry days; Rainfall: high precipitation (mm); Conductivity (μs/cm); COT (mg/L); Coli. Total: Total Coliforms  
(NMP/100mL); Therm.: Thermotolerant coliforms  (NMP/100mL);  Turbidity (uT); Mín: Minimum; Max: Maximum value: Average; : 
standard deviation; Up. Lim.: Upper limit; Low.Lim: Lower Limit; Abs: Absent.  ¹ Analyses conducted: 3 (FF) e 8 (RR ; ² Average 
number of analyses: 31; ³Average number of analyses: 30. Source: the authors, 2022. 

Table 8: Statistical description of the qualitative variables of rainwater collected in the CAP2 system (fiber-cement) 

  CAP2 system (fiber-cement tiles) 

Point FF1 RR2 

Variables/ 
Indices 

Mín Max Av σ Lim.sup Lim.inf Mín Max Av σ Lim.sup Lim.inf 

DSC 0.0 21.0 5.4 5.0 

- 

0.0 21.0 5.4 5.0 

- 
Rainfall 1.6 40.4 10.15 10.10 1.6 40.4 10.15 10.10 

Conductivity 53.12 222.10 105.11 35.97 180.01 23.85 36.20 150.70 73.57 27.72 126.45 6.05 

COT 0.4 7.07 3.35 1.97 8.27 0.0 0.96 9.76 3.63 2.18 7.70 0.0 

pH 5.77 9.48 7.34 0.77 8.20 6.18 6.07 8.19 7.02 0.51 7.96 6.27 

Turbidity 0.0 101 16.27 26.92 42.12 0.0 0.0 3.70 0.84 0.90 1.97 0.0 

CDD: Consecutive dry days; Rainfall: High precipitation (mm); Conductivity (μs/cm); COT (mg/L); Turbidity (uT); Mín: Minimum 
value; Max: Maximum value; Av: Average; σ: standard deviation; Up.Lim: Upper Limit; Low Lim.Inf.: Lower limit;  1 Average number 
of analyses: 31; 2Average number of analyses: 24. Source : the authors, 2022. 

Table 7 and 8 show the results of the statistical descriptions of the analyses of the rainwater samples 
obtained from the first-flush (FF) points and the water tanks (RR) of the CAP1 and CAP2 systems 
respectively. These provide a comprehensive view of the central features and the dispersion of the data 
on the water quality between the systems. In this way, it makes it possible to determine significant 
diferences between them, as well as to calculate and visualize the atypical values (outliers). For this 
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reason, Figures 5 to 9 show the results of the statistical description without including the values of the    
outliers, but are in accordance with the representation of the boxplot of each of the physico-chemical and 
biological parameters analysed. 

Electric conductivity is the capacity that the water has to conduct an electric current which can vary 
depending on the ionic concentrations present, together with its temperature. The conductivity will also 
be greater, to the extent that there is a greater presence of dissolved solids. This parameter shows the 
amount of salts that are in the water and this information is used as an indirect means of measuring the 
concentration of pollutants. The natural waters have values ranging from 10 to 100 µS/cm, and if the 
water has a value higher than 100 µS/cm, it suggest that pollution is having a serious effect on the 
environment and affecting the water with corrosivity (JAQUES, 2005).  

The outlier values of conductivity led to discrepancies between the systems with regard to the maximum 
indices and standard deviation, as well as to the first flush (FF) point. The upper limit for CAP1 showed a 
value of 238.55 µS/cm and for CAP2 it was 180 µS/cm (Figure 5).  

Figure 5:  Electric conductivity of the rainwater samples at the FF and RR points obtained from the metallic and fiber-
cement tiles 

 

Despite this, the averages for this parameter had similar values and bearing in mind that these values, 
as well as those put forward by Jaques (2005), are higher than 100 µS/cm, it can be assumed that the 
region where the systems are located, was seriously affected by atmospheric pollution. The one exception 
to this is the water tank in the system which had electric conductivity measurements below    100 µS/cm, 
with a value of 37.77 µS/cm for CAP1 and 73.157 µS/cm for CAP2. However, the standard for the 
conductivity parameter is defined by NBR 16.783/2019 for non-potable uses as 3,200 μS/cm, and thus 
the two systems were shown to comply with the regulations in all the features analysed.  

Silva (2018) also conducted a study of rainwater with regard to the roof tile materials of the harvesting 
system. The water in the tanks of two systems was analysed: one tank had zinc metal tiles and the other 
fiber-cement. The metal tiles had less conductivity (between 5 and 23 µS/cm) than the fiber-cement which 
had between 25 and 45 µS/cm. 

The analysis of the DOC parameter indicated the presence of bacteria and algae because carbon 
provides a source of energy for these elements. Although it had the highest values in the CAP1 (metallic 
tile) system, it had values compatible with those of other studies, such as that of Miorando (2017), which 
showed an average of 9.54 mg/L. The CAP2 system (fiber-cement tiles) obtained lower results with 3.35 
mg/L and 3.63 mg/L for the first-flush (FF) and water tank (RR), respectively.  
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Figure 6:  Total Organic Carbon (TOC) in rainwater samples at the FF and RR points obtained from metal tiles and 
fiber-cement  

 

According to Ganem (2019), the analysis of this parameter is not very widespread in studies on the quality 
of rainwater, although the DOC is becoming an indicator for assessing the capacity of water to absorb 
chemical oxidants. In addition, if rainwater undergoes a process of disinfection, such as when chlorine is 
added, this can be important for the monitoring as it can have the potential to form trihalomethane 
(MIORANDO, 2017). 

With regard to NBR 16.783/2019, the standardized value for the COT is 4 mg/L for the non-potable use 
of water. All the 25 and 50 quartiles of the two catchment areas (FF and RR) of the two systems (CAP1 
and CAP2), were found to be below the stipulated value (standard or otherwise) of the 75 quartile of the 
CAP1 tank. The samples analysed in the CAP2 system behaved in a similar manner in the FF and RR 
catchment areas  (Figure 6) 

The analyses of the thermo-tolerant coliforms were conducted in three samples for the FF point of the  
CAP1 system. In this phase, the indicators were only shown as absent in one of the these analyses. This 
fact might be related to the large amount of excrement from birds or small mammals that can be found 
on the rooftop during a period of rainfall (COSTA et al., 2020). In the case of the water tank point  (RR), 
contamination by these organisms also originates from the waste of animals and the leaves that can pass 
through the filtration and initial disposal system.  

The values found had results below those in the literature. Cipriano (2004) found results that were, on 
average, 1,569 ± 1,340,74 and 913,32 ± 925,91, for the total and thermotolerant coliforms at the point of 
the first flush (FF). With regard to the water tank (RR), the values showed a reduction from   1,251.34 ± 
601.15 NMP/100mL total coliforms, to 326.10 ± 535.45 NMP/100mL thermotolerant coliforms. 

The results of the indicators used to represent the E.Coli proved to be appropriate when compared with 
the  NBR 15.527/2019  standard of  de 200 NPM/100 ml, shown by the red line in Figure 7. 

 

 

 

 

 



 Licensed under a Creative Commons 
Attribution International License 

 Cadernos de Arquitetura e Urbanismo | Paranoá 34 
Edição Temática Água e Mudanças Climáticas | Jan/jun de 2023 

 

2023, © Copyright by Authors. DOI: http://doi.org/10.18830/issn.1679-0944.n34.2023.16 18 

Figure 7: Parâmetro E.Coli parameter in samples of rainwater obtained from the tiled roof at the RR point   

 

  

The total coliforms are used as environmental indicators although they are not necessarily an indicator of 
fecal contamination. It can be seen from an analysis of the results obtained that the median of the total 
coliforms is higher for the thermotolerant coliforms which are indicators of organisms originating from the 
intestines of animals or free-living bacteria. Hence, it can be inferred that most of the organisms found 
within the water tank do not originate from the excrement of animals.  

On the question of the pH, the CAP1 (metal tiled roof) system did not show great variations with regard 
to the collection points and had values of 6.42 ± 0.48 for the first flush (FF) and 6.41 ± 0.38 for the water 
tank. Of the two systems, CAP2 (fiber-cement tiled roof) had a slightly more basic concentration of  pH, 
although there were not any big variations between  FF and RR.  

Figure 8: Results of the pH parameter in rainwater samples at points FF and RR obtained from metal and fiber-
cement roofing tiles  

 

Costa et al. (2020) argue that the catchment systems that depend on fiber-cement tiling tend to have 
these higher values of pH because of the chemical compounds of natural alkaline species such as: 
limestone, clay, Ca+2, Mg+2, OH-, HCO-3 e o CO-3. This fact was also demonstrated in the studies carried 
out by Lee et al. (2012), in which the results of pH in the fiber-cement tiles proved to be higher than other 
materials with an average of pH equal to 7.2 that was found in the two points. In Silva (2018), the samples 
of rainwater obtained from the fiber-cement tiles had more basic values of pH. 

NBR 15.527/2019 fixes a standard value for pH between 6 and 9. As seen in Figure 8, the CAP2 (fiber-
cement tiled roof) system falls completely within this standard with a more basic level at the point of the  
first flush (FF), as well as with regard to the  CAP1 (metal tiles) system. 
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All the quartilhes of the CAP1 system were found to be in compliance with the norm although the 
minimums for the two FF and RR points exceeded the minimum limit of 6. 

Acording to Jaques (2005), the presence of these suspended particles that cause turbidity, can be 
dangerous because they can shelter pathogenic micro-organisms, as well as reduce the effeciency of 
chlorination. 

Figura 9: Results of the turbidity parameter in rainwater samples at the FF and RR points obtained from the metal 
and fiber-cement  tiled roof 

 

  

 

The turbidity of the rainwater tank samples (RR) had similar values with an average of  0.62 ± 0.64 uT for 
CAP1 (metal tiles) and 0.84 ± 0.90 uT for  CAP2 (fiber-cement tiles). In contrast, the CAP1 system  had 
better results at the first flush (FF) point with an average of 30.95 ± 37.55 uT compared with the average 
of 16.27 ± 26.92 uT of CAP2 (Figure 9). The results provide evidence of the first flush phenomenon, when 
one bears in mind the difference in the distribution of the data and the values found at the  FF and RR 
points in both systems. 

5. Conclusion 

The quality of the water obtained by the harvesting rainwater system is characterized by a significant 
variability in time and space. This means its physical, chemical and microbiological composition depend 
on factors such as the following: atmospheric pollution, the type of catchment  and surface runoff, soil 
use in the vicinity, local microclimate (proximity to the ocean or ocurrence in seasons of the year) and its 
conservartion and maintenance.  

The material for the roof tile coverage of the building is a key factor in the analysis when it is borne in 
mind that the rainwater system depends on the catchment area and thus can affect and impair the quality 
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of the water stored in the tank. However, there was no significant alteration to the materials of the roof 
surface under study with regard to their potential non-potable use. When the first rainwater was collected 
in the first flush (FF), the metal tiled roofing had higher values for DOC and turbidity parameters. This 
situation can be explained by the location of the CAP1 (metal tiles) system, since it is in a region of heavy 
traffic in the ´elevado Engenheiro Freyssinet´ which as a result of burning fossil fuels can bring about an 
alteration in the parameters. In addition, the accumulation of dust in the area of the catchment system, 
as well as leaves and other residue from birds and animals, leads to an increase in turbidity. The fiber-
cement tiles displayed a larger amount of conductivity and pH, with a higher level of alkaline than the 
metal tiles. This alkaline level can be explained by the presence of alkali chemical compounds in the 
composition of the fiber-cement tiles. 

The characterization and assessment of the parameters of rainwater quality in the CAP1 and CAP2 
systems are of great importance to ensure the health and safety of the users. In accordance with the 
requirements of NBR 15.527/2019, the CAP1 and CAP2 systems proved to suitable for use as a source 
of non-potable water, as a result of the catchment area of rainwater in the tank (RR). Thus, on the question 
of selecting the right type of tiles for harvesting rainwater, both the materials analysed  (ceramics and 
metal) proved to be equally suitable. However, in areas that experienced frequent acid rain, the fiber-
cement tiles might be a more appropriate choice, owing to the evidence that  alkalinization of water occurs 
when they are used. 

In the case of NBR 16.783/2019, which is concerned with alternative sources of non-potable water in 
buildings, the COT parameter did not prove to be suitable for either of the systems analysed. In view of 
this, a periodical inspection is recommended with frequent cleaning of the FF and RR in the harvesting 
system, as suggested by  NBR 15.527/2019. 

When one looks at the systems located in teaching units, these can provide opportunities for 
environmental education with respect to sutainability, the rational use of water and the knowledge of 
environmental services. Encouraging the use of rainwater in this environment can be viewed as essential 
insofar as schools and universities can make use of collected water, with hygienic and sanitary 
adaptations, for purposes of flushing, as well as for watering gardens or cleaning outdoor spaces and 
patios. 

Acknowledgments 

We would like to express our thanks to the National Council of Research and Scientific Development  
(CNPq), for granting a scholarship from the the Scientific Initiation and Technological Institution, as well 
as  to the Foundation Carlos Chagas Filho Research Support of the State of  Rio de Janeiro (FAPERJ) 
and the State University of Rio de Janeiro, for supporting this research study . 

References 

ABNT (a). ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. NBR 15527: Aproveitamento de água 
de chuva de coberturas em áreas urbanas para fins não potáveis – Requisitos. Rio de Janeiro, 2019. 

ABNT (b). ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. NBR 16783: Uso de fontes 
alternativas de água não potável em edificações. Rio de Janeiro, 2019. 

ABNT. ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. NBR 10.844: Instalações prediais de 
águas pluviais. Rio de Janeiro, 1989. 

ALERTA RIO (2019). Sistema de Alerta de Chuvas Intensas e de Deslizamentos em Encostas da Cidade 
do Rio de Janeiro. Disponível em: http://alertario.rio.rj.gov.br/ 



 Licensed under a Creative Commons 
Attribution International License 

 Cadernos de Arquitetura e Urbanismo | Paranoá 34 
Edição Temática Água e Mudanças Climáticas | Jan/jun de 2023 

 

2023, © Copyright by Authors. DOI: http://doi.org/10.18830/issn.1679-0944.n34.2023.16 21 

ALVES, L. D., DE SOUZA, C. M., DE ALMEIDA, J. C. A., BASTOS, G. P., DOMINGOS, R. R., da SILVA, 
G. N., BILA, D. M., & OHNUMA Jr, A. A. (2021). Avaliação da qualidade da água de chuva do fenômeno 
first flush e de volumes armazenados em reservatórios de sistemas de águas pluviais na cidade do Rio 
de Janeiro-RJ. Revista Eletrônica de Gestão e Tecnologias Ambientais, 9(2), 193–204. 
https://doi.org/10.9771/gesta.v9i2.43151.  

ANA (Brasil). Agência Nacional de Águas e Saneamento Básico. Manual dos Usos Consultivos de Água 
do Brasil. [S.l: s.n.], 2019. Disponível em: http://www.snirh.gov.br/portal/snirh/centrais-de-
conteudos/central-de-publicacoes/ana_manual_de_usos_consuntivos_da_agua_no_brasil.pdf. 

ANA (Brasil). Agência Nacional de Águas e Saneamento Básico. Conjuntura Recursos Hídricos no Brasil 
- Capítulo 5: Crise da Água. Brasília - DF, [s.n.], 2017. Disponível em: 
http://conjuntura.ana.gov.br/static/media/conjuntura_completo.caf2236b.pdf. 

ANA (Brasil). Agência Nacional de Águas e Saneamento Básico. No rumo da mudança - Fatos e 
Tendências: Água. 2ª edição. ed. Brasília, Setembro 2009. Disponível em: 
https://arquivos.ana.gov.br/imprensa/publicacoes/fatosetendencias/edicao_2.pdf. 

ANA (Brasil). Agência Nacional de Águas e Saneamento Básico. Usos da Água. In: ANA. Agência 
Nacional de Águas e Saneamento Básico. Conjuntura dos Recursos Hídricos no Brasil . 4º Ciclo. ed. 
Brasília, 2021. Disponível em: https://relatorio-conjuntura-ana-2021.webflow.io/capitulos/usos-da-agua.  

ANA (Brasil). Agência Nacional de Águas e Saneamento Básico; FORATTINI, Gisela. Segurança Hídrica. 
In: CONFERÊNCIA NACIONAL DE SEGURANÇA HÍDRICA – CNSH, 2015, Uberlândia / MG. 
Apresentação [...]. Florianópolis: [s. n.], 2015. Disponível em: 
http://cbharaguari.org.br/uploads/1_o_comite/eventos/2015/conferencia_nacional_seguranca_hidrica/gi
sela.pdf. 

Baltar, M. L. de B. Desenvolvimento de uma metodologia para detecção de incidentes em um túnel 
urbano congestionado. Tese (Mestrado em Engenharia de Transportes) – COPPE, Universidade Federal 
do Rio de Janeiro. Rio de Janeiro, p.83. 2014.  

BENETTI, R. S. Avaliação do impacto socioeconômico da implantação de sistema modelo de reuso de 
águas pluviais em residências no município de Tapejaras-RS. Orientador: Michelle Trevisan. 2019. 66 p. 
Tese de conclusão de curso (Graduação em Engenharia Civil) - IMED Passo Fundo, Passo Fundo, 2019. 
Disponível em: https://www.imed.edu.br/Uploads/RAFAEL BENETTI.pdf. 

BONA, B. de O. Aproveitamento da água de chuva para fins não potáveis em edificação multifamiliar na 
cidade de Carazinho -RS. Orientador: Geomar Machado Martins. 2014. 34 p. Tese de conclusão de 
curso (Pós em eficiência energética aplicada aos processos produtivos) - Universidade Federal de Santa 
Maria, Panambi, 2014. 

BRASIL. Lei nº 13.501, de 30 de outubro de 2017. Altera o art. 2º da Lei nº 9.433, de 8 de janeiro de 
1997, que institui a Política Nacional de Recursos Hídricos, para incluir o aproveitamento de águas 
pluviais como um de seus objetivos. Brasília, 30 out. 2017. Disponível em: 
http://www.planalto.gov.br/ccivil_03/_ato2015-2018/2017/lei/L13501.htm.  

BRASIL. Lei nº 14.546, de 4 de Abril de 2023. Altera a Lei nº 11.445, de 5 de janeiro de 2007 (Lei de 
Saneamento Básico), para estabelecer medidas de prevenção a desperdícios, de aproveitamento das 
águas de chuva e de reúso não potável das águas cinzas. [S. l.], 4 de Abr de 2023. Disponível 
em:https://www2.camara.leg.br/legin/fed/lei/2023/lei-14546-4-abril-2023-794007-publicacaooriginal-
167507-pl.html.  

BRASIL. Lei nº 9.433, de 8 de janeiro de 1997. Institui a Política Nacional de Recursos Hídricos, cria o 
Sistema Nacional de Gerenciamento de Recursos Hídricos, regulamenta o inciso XIX do art. 21 da 



 Licensed under a Creative Commons 
Attribution International License 

 Cadernos de Arquitetura e Urbanismo | Paranoá 34 
Edição Temática Água e Mudanças Climáticas | Jan/jun de 2023 

 

2023, © Copyright by Authors. DOI: http://doi.org/10.18830/issn.1679-0944.n34.2023.16 22 

Constituição Federal, e altera o art. 1º da Lei nº 8.001, de 13 de março de 1990, que modificou a Lei nº 
7.990, de 28 de dezembro de 1989. [S. l.], 8 jan. 1997. Disponível 
em:http://www.planalto.gov.br/ccivil_03/leis/l9433.html.  

CAVALCANTI, B. S.; MARQUES, G. R. G. Recursos hídricos e gestão de conflitos: A bacia hidrográfica 
do rio Paraíba do Sul a partir da crise hídrica de 2014-2015. Revista de Gestão dos Países de Língua 
Portuguesa, v. 15, n. 1, p. 4-16, 2016. Disponível em: 
https://bibliotecadigital.fgv.br/ojs/index.php/rgplp/article/view/78411 

CIPRIANO, R. F. P.  Tratamento das águas de chuva escoadas sobre telhado e avaliação do uso. 
Blumenau:  Universidade Regional de Blumenau, 2004. 89p.  Dissertação de Mestrado de Engenharia 
Ambiental. Disponível em:https://bu.furb.br//docs/TE/293211_1_1.pdf 

COSTA, K. A. D.; CARVALHO, F. I. M.; FERREIRA, F. D. P. B.; NASCIMENTO, T. V.; MELLO, R. F. A.; 
SERRA, I. S. D.; SILVA, J. M. S.; LOPES, M. S. B.; SOUZA, C. M. N.; DANTAS, K. G. F.; DANTAS 
FILHO, H. A.. Influência do tipo de telhado na qualidade da água de chuva coletada em comunidades 
ribeirinhas. Revista Ibero Americana de Ciências Ambientais , v.11, n.3, p.384-391, 2020.  

COSTA, L. F. et al. Crise hídrica na Bacia do Rio Paraíba do Sul: enfrentando a pior estiagem dosúltimos 
85 anos. Revista Ineana, Rio de Janeiro, v. 3, n. 1, p. 26-47, 2015  

DE AMORIM, M. C. C.; PORTO, E. R. Avaliação da qualidade bacteriológica das águas de cisternas: 
estudo de caso no municipio de Petrolina-PE. In: Embrapa Semiárido-Artigo em anais de congresso 
(ALICE). In: SIMPÓSIO BRASILEIRO DE CAPTAÇÃO DE AGUA DE CHUVA NO SEMI-ARIDO, 3., 
2001, Campina Grande. Anais... Campina Grande: Embrapa Algodão; Petrolina: Embrapa Semi-Árido, 
2001., 2001. Disponível em:https://www.embrapa.br/busca-de-publicacoes/-
/publicacao/134452/avaliacao-da-qualidade-bacteriologica-das-aguas-de-cisternas-estudo-de-caso-no-
municipio-de-petrolina-pe 

DIEGUES, A. C. Água E Cultura Nas Populações Tradicionais Brasileiras. In: I ENCONTRO 
INTERNACIONAL GOVERNANÇA DA ÁGUA NA AMÉRICA LATINA, 2007, São Paulo. 2007. Disponível 
em: https://nupaub.fflch.usp.br/sites/nupaub.fflch.usp.br/files/color/simbolagua.pdf.. 

DRUMOND, A.S.P., AREAS DE ALMEIDA, J.C.; DOMINGOS, R.R.; NUNES, D.M.; SOALHEIRO, L.; 
CUNHA, P.M.; OBRACZKA, M.; OHNUMA JR, A. A. Análise de requisitos de artigos científicos e de 
categorias da legislação brasileira sobre sistemas de aproveitamento de água de chuva. In: 6. Simpósio 
Sobre Sistemas Sustentáveis. Gestão e Planejamento de Recursos Hídricos, 2021. ISBN 978-65-87570-
17-4. Toledo-PR. 2021. v. 3. p. 361-377. 

FERREIRA, E. P. et al. Abastecimento de água para consumo humano em comunidades quilombolas 
no município de Santana do Mundaú-AL. Revista Brasileira de Geografia Física, v. 7, n. 6, p. 1119-1125, 
2014. Disponível em: 
<https://pdfs.semanticscholar.org/1b22/f63c4313937259698495da46c64de27ff189.pdf>.  

FRANÇA, A. M. de. Análise da viabilidade econômica para o aproveitamento de água de chuva em uma 
residência na cidade de Goiânia. Orientador: Marcus André Siqueira Campos. 2011. 37 p. Tese de 
conclusão de curso (Graduação em Engenharia Civil) - Universidade Federal de Goiás, Goiânia, 2011. 
Disponível em: 
<https://files.cercomp.ufg.br/weby/up/140/o/AN%C3%81LISE_DA_VIABILIDADE_ECON%C3%94MICA
_PARA_O_APROVEITAMENTO_DE_%C3%81GUA_DE_CHUVA_EM_UMA_RESID%C3%8ANCIA_N
A_CIDA_0.pdf.  

GANEM, L. de O. Sistemas de aproveitamento de águas pluviais em comunidades de assentamentos 
informais. Orientador: Alfredo Akira Ohnuma Júnior. 2019. 191 p. Dissertação de Mestrado (Mestrado 



 Licensed under a Creative Commons 
Attribution International License 

 Cadernos de Arquitetura e Urbanismo | Paranoá 34 
Edição Temática Água e Mudanças Climáticas | Jan/jun de 2023 

 

2023, © Copyright by Authors. DOI: http://doi.org/10.18830/issn.1679-0944.n34.2023.16 23 

em Engenharia Ambiental) - Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2019. 

GOLDENFUM, J. Reaproveitamento de águas pluviais. 2006. IPH, Universidade Federal do Rio Grande 
do Sul. Disponível em: 
http://cbhpf.upf.br/phocadownload/2seminario/reaproveitamentoaguaspluviaisii.pdf.  

GROUP RAINDROPS. Aproveitamento da Água de Chuva. Editora Organic Trading, 1ª Edição, Curitiba, 
2002. 

IWMI. International Water Management Institute. Digital Data and Tools: Water Data Portal. [S. l.], 2014. 
Disponível em: http://waterdata.iwmi.org/.  

JACOB, R. V. B. et al. Análise de sistemas de águas pluviais urbanas na cidade do Rio de Janeiro. In: 
CONGRESSO BRASILEIRO DE ENGENHARIA AMBIENTAL E SANITÁRIA, 30., 2019, Natal. Anais [...]. 
Brasil: [s. n.], 2019. Tema: IX - Irrigação, drenagem urbana, Controle de erosão, Água subterrânea e 
Águas pluviais: hidrologia urbana, tratamento e gestão, Disponível em: 
https://abesnacional.com.br/XP/XP-EasyArtigos/Site/Uploads/Evento45/TrabalhosCompletosPDF/IX-
061.pdf.  

JAQUES, R. C. Qualidade da água de chuva no município de Florianópolis e sua potencialidade para 
aproveitamento em edificações. 2005, 102 p. Dissertação (Mestrado em Engenharia Ambiental) 
Universidade Federal de Santa Catarina. Florianópolis, 2005. Disponível em: < 
https://repositorio.ufsc.br/bitstream/handle/123456789/102214/221552.pdf?sequence=1&isAllowed=y>.  

JORGENSEN, B.; GRAYMORE, M.; O’TOOLE, K. Household water use behavior: An integrated model. 
J. Environ. Manag. 2009, 91, 227–236. 

KARLINSKI, T. Aproveitamento da água da chuva para fins não potáveis em edificações de ensino: 
estudo de caso em são Luiz Gonzaga – Rio Grande do Sul. Orientador: Adriana Gindri Salbego. 2015. 
68 p. Tese de conclusão de curso (Graduação em Engenharia Civil) - Universidade Federal do Pampa, 
Alegrete, 2015. Disponível em: < https://dspace.unipampa.edu.br/handle/riu/1685>.  

MARINOSKI , A. K. Aproveitamento de água pluvial para fins não potáveis em instituição de ensino: 
estudo de caso em Florianópolis – SC. Orientador: Enedir Ghisi, PhD. 2007. 118 p. Tese de conclusão 
de curso (Graduação em Engenharia Civil) - Universidade Federal De Santa Catarina, Florianópolis, 
2007. 

MIORANDO, TAIZI et al. Potabilização de água da chuva por ultrafiltração. Engenharia Sanitaria e 
Ambiental [online]. 2017, v. 22, n. 03, pp. 481-490. Disponível em: <https://doi.org/10.1590/S1413-
41522017146765>. Epub 10 Jul 2017. ISSN 1809-4457.  

MOTA, L. L. C. de.; OLIVEIRA, G. P. T. de C.; MEDINA, P. A gestão dos recursos hídricos no Brasil: 
educação ambiental e democracia participativa na promoção do desenvolvimento sustentável. Revista 
Humanidades e Inovação v.7, n.20 – 2020. ISSN 2358-8322  

PREFEITURA DO RIO DE JANEIRO (2017). Fluxo Veicular Médio em Dias Úteis. Rio de Janeiro. 
Disponível em: http://www.rio.rj.gov.br/documents/7033801/aaa5c245-2533-4bec-b475-494f64b92c35  

ROCHA, A. C. T.; DUARTE, N. de F. Avaliação do aproveitamento de águas pluviais através de uma 
análise sistemática da literatura. ForScience: revista científica do IFMG, Formiga, v. 5, n. 2, e00307, out. 
2017. Edição especial. 

SILVA, E. G.; SANTANA, O. A. Captação e reutilização da água como estratégia sustentável. Divers@ 
Revista Eletrônica Interdisciplinar, Matinhos, v. 13, n. 2, p. 240-253, jul./dez. 2020. ISSN 1983-8921. 
Disponível em: https://revistas.ufpr.br/diver/article/view/76645/42994 



 Licensed under a Creative Commons 
Attribution International License 

 Cadernos de Arquitetura e Urbanismo | Paranoá 34 
Edição Temática Água e Mudanças Climáticas | Jan/jun de 2023 

 

2023, © Copyright by Authors. DOI: http://doi.org/10.18830/issn.1679-0944.n34.2023.16 24 

SILVA, G. N. da. Avaliação localizada de metais em águas pluviais na cidade do Rio de Janeiro. 
Orientador: Alfredo Akira Ohnuma Jr. 2019. 116 f. Dissertação de Mestrado (Mestrado em Engenharia 
Ambiental) - Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2019. Disponível em: 
http://www.peamb.eng.uerj.br/trabalhosconclusao/2019/Dissert2019-GabrielleNunes.pdf.  

SILVA, K. C. da. Qualidade da água pluvial coletado em telhados de edificações para consumo 
residencial. Orientadora: Paula Cristina Souza. 2018. 44 f. Trabalho de Conclusão de Curso (Graduação 
em Engenharia Civil) - UNIVERSIDADE TECNOLÓGICA FEDERAL DO PARANÁ, CAMPO MOURÃO, 
2018. Disponível em: http://riut.utfpr.edu.br/jspui/bitstream/1/6175/1/aguapluvialconsumoresidencial.pdf. 

SILVA, N. N. da; CRUZ, J. A. da; AMARAL, L. G. H do. Dimensionamento de reservatórios de lote para 
redução do volume de escoamento superficial na cidade de Barreiras-BA. In: SIMPÓSIO DE 
RECURSOS HÍDRICOS DO NORDESTE. 13., 2016, Aracaju, SE. Anais [...]. Porto Alegre: Associação 
Brasileira de Recursos Hídricos, 2016. Disponível em: 
http://abrh.s3.amazonaws.com/Eventos/Trabalhos/27/PAP021849.pdf .  

SOUZA, R. S. de. Avaliação do sistema de armazenamento de águas pluviais na UERJ, campus 
maracanã. Orientador: Alfredo Akira Ohnuma Júnior. 2019. 80 f. Trabalho de conclusão de curso 
(Graduação em Engenharia Ambiental e Sanitária) - Universidade do Estado do Rio de Janeiro, Rio de 
Janeiro, 2019. Disponível em: https://projetosapuerj.files.wordpress.com/2020/06/roberta-tcc-
compressed.pdf.  

TESTON, A.; TEIXEIRA, C.A.; GHISI, E.; CARDOSO, E.B. Impact of Rainwater Harvesting on the 
Drainage System: Case Study of a Condominium of Houses in Curitiba, Southern Brazil. Water 2018, 10, 
1100. https://doi.org/10.3390/w11071389.  

TOMAZ, P. Qualidade da Água da Chuva. In: TOMAZ, Plínio. Aproveitamento de água de chuva em 
áreas urbanas para fins não potáveis. [S. l.: s. n.], 2009. v. 1, cap. Capítulo 2. 

TRATA BRASIL (Brasil). Instituto Trata Brasil. Painel do Saneamento: Brasil. [S. l.], 2018. Disponível em: 
https://www. painelsaneamento.org.br/site/index.  

TUKEY, J.W., 1977. Exploratory Data Analysis. Addison-Wesley, Reading, MA. UNESCO (a). 
Organização das Nações Unidas para a Educação, a Ciência e a Cultura. UN World Water Development  

Report 2021: Valuing Water. [S. l.], 18 mar. 2021. Disponível em: 
https://www.unesco.org/reports/wwdr/2021/en.  

UNESCO (b). Organização das Nações Unidas para a Educação, a Ciência e a Cultura. The United 
Nations world water development report 2021: valuing water. Paris: UNESCO World Water Assessment 
Programme, 2021. 187 p. ISBN 978-92-3-100434-6. Disponível em: 
https://unesdoc.unesco.org/ark:/48223/pf0000375724 

VASCONCELOS, A. F.; MIGUEZ, M. G.; VAZQUEZ, E. G. Critérios de projeto e benefícios esperados 
da implantação de técnicas compensatórias em drenagem urbana para controle de escoamentos na 
fonte, com base em modelagem computacional aplicada a um estudo de caso na zona oeste do Rio de 
Janeiro. Engenharia Sanitária e Ambiental, Rio de Janeiro, n. 21(4), p. 655-662, 2016. Disponível em: 
https://doi.org/10.1590/S1413-41522016146469. 

VON SPERLING, M. Introdução à qualidade das águas e ao tratamento de Esgotos / Marcos von 
Sperling. 4° ed. - Belo Horizonte: Editora UFMG, 2014. ISBN: 978-85-423-0053-6.

https://projetosapuerj.files.wordpress.com/2020/06/roberta-tcc-compressed.pdf
https://projetosapuerj.files.wordpress.com/2020/06/roberta-tcc-compressed.pdf
https://doi.org/10.3390/w11071389
https://www/
https://unesdoc.unesco.org/ark:/48223/pf0000375724


 Licensed under a Creative Commons 
Attribution International License 

 Cadernos de Arquitetura e Urbanismo | Paranoá 34 
Edição Temática Água e Mudanças Climáticas | Jan/jun de 2023 

 

2023, © Copyright by Authors. DOI: http://doi.org/10.18830/issn.1679-0944.n34.2023.16 25 

Leticia Delduque Alves 
Graduated in Environmental and Sanitary Engineering from the State University of Rio de Janeiro, 
Scientific Initiation Scholarship from FAPERJ (2020). 

Caroline Moreira de Souza 
Graduated in Environmental and Sanitary Engineering from the State University of Rio de Janeiro, 
Scientific Initiation Scholarship from FAPERJ (2020). 

Jaqueline Costa Areas de Almeida 
Graduated in Environmental and Sanitary Engineering from the State University of Rio de Janeiro, from 
the State University of Rio de Janeiro, Scientific Initiation Scholarship by FAPERJ (2019) and CNPq 
(2021). 

Ana Beatriz Almeida de Souza 
Graduating in Environmental and Sanitary Engineering from the State University of Rio de Janeiro, 
Scientific Initiation Scholarship from CNPq (2022). 

Rosane Cristina de Andrade 
Holds a degree in dairy technology from the Federal University of Viçosa (2000), a degree in 
Environmental Engineering from the Federal University of Viçosa (2007), a Master's degree in Civil 
Engineering from the Federal University of Viçosa (2010) and a PhD in Civil Engineering from the Federal 
University of Viçosa in the sandwich modality at the University of Brighton - UK (2015). She served as a 
technical consultant at the Ministry of Health, at the Environmental Surveillance Secretariat, at the Water 
Quality Surveillance Program for Human Consumption (Vigiagua). She is currently an adjunct professor 
at the State University of Rio de Janeiro, Faculty of Engineering, Department of Sanitary Engineering and 
the Environment. 

Alena Torres Netto 
Bachelor's degree in Agronomic Engineering from Universidade Estadual do Norte Fluminense Darcy 
Ribeiro (1998), master's and doctorate in Plant Production from UENF (2001 and 2005 respectively) with 
emphasis on water savings and productivity. She completed her Postdoctoral studies with a 
multidisciplinary project involving soil microbiology, plant physiology, soil biochemistry in 
micropropagated plants. She served as coordinator of the Environmental and Sanitary Engineering 
Course at Estácio de Sá University. She is currently an adjunct professor at UERJ in the Environmental 
and Sanitary Engineering course. 

Alfredo Akira Ohnum Jr. 
Civil Eng graduated from UFSCar - Federal University of São Carlos (2000), Master's (2005) and 
Doctorate in Environmental Engineering Sciences from USP / EESC - University of São Paulo (2008), 
School of Eng. de São Carlos, Department of Hydraulics and Sanitation. He is an Associate Professor at 
the State University of Rio de Janeiro (UERJ), in the Department of Sanitary Engineering and the 
Environment. He teaches courses in Civil Engineering and Environmental and Sanitary Engineering, at 
the Postgraduate Professional Master's Program in Environmental Engineering (PEAMB) and Doctorate 
in Environmental Engineering (DEAMB), at UERJ. 

How to cite: Delduque Alves, L.; Moreira de Souza, C.; Costa Areas de Almeida, J.; Almeida de Souza, 
A. B.; Cristina de Andrade, R.; Torres Netto, A.; Akira Ohnuma Jr, A. (2023). Influence of roof covering 
on the quality of rainwater in the central north region of the city of Rio de Janeiro. Paranoá (34) p. 1–24. 
https://doi.org/10.18830/issn.1679-0944.n34.2023.16.  

Editors: Daniel Sant’Ana (UnB), Livia Santana (IFG), Ronaldo Lopes Rodrigues Mendes (UFPA), Sílvio 
Roberto Magalhães Orrico (UEFS) e Thiago Alberto da Silva Pereira (UFAL). 

 

https://doi.org/10.18830/issn.1679-0944.n34.2023.16

