Results in Engineering 18 (2023) 101153

Contents lists available at ScienceDirect

Results in

Engine

Results in Engineering

o %

ELSEVIER

journal homepage: www.sciencedirect.com/journal/results-in-engineering
Review article ' :.)
Rainwater harvesting and storage systems for domestic supply: An

overview of research for water scarcity management in rural areas

Fernando Garcfa-Avila®™ ", Marcelo Guanoquiza-Sudrez ®, Joseline Guzman-Galarza ?,

Rita Cabello-Torres ¢, Lorgio Valdiviezo-Gonzales ‘

2 Universidad de Cuenca, Facultad de Ciencias Quimicas, Carrera de Ingenieria Ambiental, Cuenca, Ecuador

Y Grupo de Evaluacién de Riesgos Ambientales en Sistemas de Produccion y Servicios (RISKEN), Departamento de Quimica Aplicada y Sistemas de Produccién,
Universidad de Cuenca, Ecuador

¢ Universidad César Vallejo, Escuela de Ingenieria Ambiental, Lima, Peru

d Universidad Tecnologica del Pert, Faculty of Mechanical and Industrial Engineering, Lima, Peru

ARTICLE INFO ABSTRACT

Keywords:

Rainwater

Rainwater storage
Rainwater harvesting
Rural

Water for domestic use
Water scarcity

This article aimed to carry out a systematic review of rainwater harvesting and storage systems (RWHSS) be-
tween 2012 and 2022. This study used the guidelines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement (PRISMA) as reviewing method. The systematic review process involved four
stages: identification, screening, eligibility and inclusion. To carry out this research, the Scopus, ScienceDirect
and Springer Link digital databases were consulted using the keywords “rainwater”, “storage”, “harvesting”,
“rural”, “treatment”; initially obtaining 581 results, after filtering the information through PRISMA, 15 articles
were obtained to carry out the analysis of the results linked to the questions raised in this work. The results
showed that all the RWHSS have four main components: 1) Catchment area, 2) gutters, 3) pipes and 4) storage
system. Regarding the most used material in the system’s catchment area, it is galvanized metal with 25.71% of
the studies and for the construction of the cistern, it is concrete with 41.66%. The quality of the rainwater
collected in the RWHSS varies according to some factors such as the material, maintenance, weather conditions,
etc. The main rainwater quality parameters considered by the authors at the time of implementing and using an
RWHSS were identified, and compliance of the parameters with the WHO standard values was also evaluated.
The main parameters considered by the authors were: pH (66.66%), turbidity (53.33%), E. Coli (53.33%), lead
(40%) and nitrates (40%).

1. Introduction

Guaranteeing universal access to clean water and sanitation consti-
tutes the sixth Sustainable Development Goal (SDG) 6 [1]. Its purpose is
to ensure that water and sanitation are available in a sustainable and
accessible manner for all and to achieve efficient and sustainable man-
agement of water resources throughout the planet [2,3]. The potential
growth of the population, lack of planning of human settlements in rural
areas and anthropogenic contamination of water resources [4,5], make
it difficult to achieve (SDG) 6, so it is necessary to implement new
technologies and concepts to give solutions and thus adapt to the risks
and threats regarding the subject [6,7].

Rainwater harvesting and storage systems (RWHSS) have been
considered and used in some countries as self-supply alternatives, and

even in countries such as China, Brazil, Australia and India it is
mandatory to take into account a RWHSS in the planning stage of cities
for the local authority approval [8]. Opting for rainwater systems in
rural or urban communities where access to quality water is limited by
scarcity, contamination, etc., brings benefits such as economic savings
since rainwater is a free resource [9]. Once the rainwater has been
collected, its use can be used for activities that require or do not require
a purification [10]. These systems have a simple structure and compo-
nents, in general terms a rainwater harvesting system consists of a
catchment, storage and distribution area [11]. Using these systems also
generates environmental benefits since taking advantage of rainwater
through a RWHSS allows water reserves to improve their availability
and minimizes the overexploitation of water sources [12,13].
According to the WHO, RWHSS are a water alternative that can be
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used as long as several conditions are considered: that the system is
designed taking into account factors such as site precipitation, surface
catchment area, runoff coefficient, material of the roof and the losses of
water in the system. In this way, the RWHSS is able to supply sufficient
potable water to meet the domestic needs of users [14]. RWHSS are
classified according to the type of collection surface used. There are two
types of RWHSS, one based on in situ water conservation (small water
bodies, wells, embankments), generally used for agriculture, and
runoff-based systems (capture and/or storage) [15]. The runoff RWHSS
are those used for domestic use; therefore, they are the systems that were
analyzed in this work. This type of RWHSS is characterized by using the
structure of the roofs and/or patios to collect water in tanks, within
which two important factors are considered for efficient operation: 1.
The dimension of the storage system and 2. The area of the capture
system [8,16].

Regarding the quality of the rainwater collected and deposited in the
storage tanks, theoretically it is less contaminated than water from other
supply sources such as underground or surface, therefore, in different
sectors this water after a disinfection process not very complex is used
for drinking [17,18]. However, its quality will depend on the conditions
where the system has been implemented, for example, in the
Netherlands people use the collected water to flush the toilet, as well as
to irrigate gardens or crops because it reduces expenses by not using
potable water from the public system. However, this water is not used
for drinking due to the presence of human pathogens such as
Campylobacter, Cryptosporidium, Giardia, etc. [19,20].

Although this type of self-supply system can be used as a solution to
the scarcity of the resource in rural areas or with scarcity problems, it is
also necessary to overcome some limitations through an investigation of
the possible health risks associated with it. Its use [21]. Thus, for
example, chemical and microbiological contaminants have been found
in rainwater storage tanks, which can compromise the immune system
of the most susceptible people through waterborne diseases [22]. Due to
increasing environmental issues such as climate change, aquifer deple-
tion, groundwater salinity, contamination of surface water with metals,
fertilizers, fats and oils, fecal matter, pathogens, etc. [23,24]; RWHSS
practices continue to meet part of the freshwater need and are attracting
attention as a possible alternative to water scarcity of water [25].

RWHSS continues to be an important and integral part of water
management strategies in societies around the world, especially at the
rural level [26]. Despite the above, the literature lacks a general
approach to investigate the problems and strengths of RWHSS in rural
areas. For this reason, the objective of this work was to analyze the
published literature on the implementation of RWHSS in rural areas
during the last 11 years. Other objectives of this review were to identify
technological and social considerations in RWHSS research. The benefits
and characteristics of the implementation of collection systems applied
in other parts of the world can be considered as an alternative for do-
mestic consumption in rural areas or with problems of water scarcity.

2. Methodology

To carry out this review, the methodology of systematic review of the
scientific literature was used, which seeks evidence on the same topic to
identify, evaluate and simplify the available evidence and also define the
gaps in the existing information to solve them in the future [27]. For a
correct systematic review, the guidelines of the PRISMA statement
(Preferred reporting items for Systematic reviews and Meta- Analyses)
[28]. The PRISMA statement was published in July 2009 and is intended
to help authors improve the presentation of systematic reviews. It in-
cludes information that is essential to properly write, interpret, and use
the results in a systematic review. It is a set of guidelines for submitting
review manuscripts (Page et al., 2021).

The systematic review was carried out based on a strategy that
defined: the main theme through the site to be investigated (rural areas
or places with water scarcity); the intervention carried out (rainwater
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collection) and the expected result (domestic use). Through this strat-
egy, the key questions to be investigated were formulated.

2.1. Research questions

1. What are the main components of the systems used to collect and
store rainwater for domestic use?

2. What is the influence of materials on water quality in rainwater
collection and storage systems?

3. What benefits can be acquired by implementing rainwater collection
and treatment systems?

4. What are the important parameters when assessing the quality of
rainwater as an alternative for domestic use?

2.2. Selection and evaluation of sources based on the PRISMA statement

For the research process, the following process was carried out: limit
the topic, specify the research keywords, choose the databases to apply
the keywords, filter the information to eliminate low-quality informa-
tion and finally analyze the results obtained [29,30].

To start with the searches in the digital databases, the keywords were
used: rainwater, rainwater collection and storage, rainwater harvesting,
rural community and domestic use. This search was carried out in the
Scopus, Springer Link and ScienceDirect databases. For which, AND OR
boolean operators were used as appropriate. With this search, 581 re-
sults were obtained regarding the subject, filters were applied to identify
articles that were in more than one database and other articles that were
not related to the questions posed in this work. The search guidelines
based on the PRISMA methodology are presented in detail below, as well
as the exclusion criteria for some documents.

Scopus, SpringerLink, and ScienceDirect databases. The combination
of keywords that presented the best results in the three databases were:

(TITLE-ABS-KEY (rainwater) AND TITLE-ABS-KEY (rainwater AND
harvesting) AND TITLE-ABS-KEY (rainwater AND storage) AND TITLE-
ABS-KEY (rural))

277 documents were obtained from Scopus, 41 from ScienceDirect
and 263 from Springer Link.

2.2.1. Scopus

Created in 2004 by Elsevier, it is the largest bibliographic database
and abstracts of peer-reviewed literature and high-quality sources on the
Web [31].

2.2.2. ScienceDirect

It is one of the most important sources of information for scientific,
technical and medical research. Offers the full text of scientific journals
and books published by Elsevier [32].

2.2.3. Springer Link

It is one of the main multidisciplinary electronic information plat-
forms used by researchers, professors and students, which provides ac-
cess to all types of documents from Springer publishing academic journals
[33].

Prior to the selection of the articles, some inclusion and exclusion
criteria were defined.

2.3. Inclusion and exclusion criteria
For the inclusion of the articles, it was considered.

e The words used in the search must appear in the title, abstract and/or
keywords of the article.

e The studies must be directly related to the use of rainwater for do-
mestic use.
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e The studies must be related to the use of rainwater collection and
treatment systems intended for rural areas or areas with water
scarcity problems.

The language in which studies are presented limited to English.
Empirical studies related to the topic and published in scientific
articles

That have been published between the year 2012 and 2022

For the exclusion of the articles, it was considered.

Studies related to rainwater collection systems in the field were
excluded due to the scale and complexity of their infrastructure
(agriculture, institutional buildings).

Articles repeated between digital databases were excluded.

Articles that do not contribute to answering the research questions
were excluded.

Applying the aforementioned criteria, the combination of terms was
as follows:

TITLE-ABS-KEY (rainwater) AND TITLE-ABS-KEY (rainwater AND
harvesting) AND TITLE-ABS-KEY (water AND quality) AND TITLE-ABS-
KEY (rainwater AND storage) AND TITLE-ABS-KEY (rural) AND (LIMIT-
TO (LANGUAGE, “English”) AND (LIMIT-TO (DOCTYPE, “ar”) AND
PUBYEAR >2011 AND PUBYEAR <2022.

ScienceDirect and Springer Link digital databases, the structure of
the equation was changed. However, the keywords and criteria were the
same. Scopus, ScienceDirect and SpringerLink were reduced to 51, 18
and 35 respectively. By reading the title of the selected articles, 38
documents were obtained for Scopus, 10 for ScienceDirect and 23 for
Springer Link. Subsequently, the abstract of the articles was read,
resulting in 14 articles for Scopus, 7 for ScienceDirect and 9 for
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SpringerLink.

2.4. Selection of articles

After an in-depth reading, 15 articles were chosen, considering that
they include different situations (contamination, water availability,
water consumption, materials, pathogens, benefits, etc.) of the use of the
basic components of a rainwater collection and storage system.
(RWHSS) (capture-roofs, conduction-pipes and storage-tanks). Likewise,
these articles considered presented in their results quantitative data of
the factors directly related to the use of the RWHSS (type of materials,
physicochemical and biological parameters of the water, environmental
aspects of the place, etc.). In addition, these manuscripts analyze within
their objectives the use of rainwater at the domestic level in rural areas.
Whereas the excluded articles presented information outside the time
period established for the analysis; Likewise, the studies were applied in
industries, schools, agriculture, etc., and likewise their analyzes were on
a pilot scale and their results were not related to the research questions
of this study.

Fig. 1 shows the diagram used for the selection of articles under the
PRISMA statement. The search and filtering of the results was carried
out following the indicated procedure, thus obtaining 15 articles for
their respective review.

3. Results and discussion

Initially, the information obtained from the review process was
selected and organized in Table 1 that includes: article number, author,
place of study, original title of the article, year of publication, and
abstract.

Initial: 581

Records identified in the search

Eliminated after reading the title
n:464

Removed for being duplicates
n:13

Excluded after reading the abstract

n:41
* They were excluded because they were

= Scopus: 277
£ Science Direct: 41
é Springer Link: 263
E
%]
=
Records identified after using inclusion criteria
Overall: 104
Scopus: 51
Science Direct: 18
20 Springer Link: 35
=
D
(3]
1=
9
n l
screened records
n:71
. i
E Records selected to assess your eligibility
) n: 30 —>
- l
s Estudios seleccionados para la revision
g sistematica
E n: 15
(5=

applied to institutional buildings: 32
*They were excluded because they applied
to agriculture: 7

* An article related to the objectives of this

work was excluded for not knowing: 2

Fig. 1. Selection of relevant articles for the systematic review on the use of RWHSS. PRISMA methodology flowchart.



F. Garcia-Avila et al.

Results in Engineering 18 (2023) 101153

Table 1 Table 1 (continued)
(Slelected articles in the Scopus, ScienceDirect and Springer Link digital No.  Author  Place original title Year  Summary
atabases.
No.  Author Place original title Year Summary roof surface and
subsequently
1 [34] Palestine Heavy Metals in 2022  The collected entered the system.
Harvested rainwater is used 4 [37] Greece Effect of first-flush 2017  The water quality
Rainwater Used for domestic device, roofing of two RWHSS,
for Domestic purposes, material, and which had first
Purposes in Rural including human antecedent dry discharge devices,
Areas: Yatta Area, consumption, days on water was analyzed.
Palestine as a Case cooking, baths and quality of Samples were
Study showers, etc. harvested analyzed to
Analysis was rainwater examine the water
performed to test quality of the
for a number of storage tanks and
heavy metals: Pb, first flush devices.
Cr, Mn, Co, Ni, Cu, The samples
Zn, and Cd. For the showed a
metals Pb, Cr, and satisfactory water
Ni, two samples quality (not for
exceeded WHO human
limits. For the consumption) in
metal, Zn, only one the storage tanks,
sample exceeded while the water in
the WHO limit. the first discharge
2 [35] Nigeria Assessment of 2019  The collected device was of poor
potability of rainwater is used quality.
stored rainwater for washing 5 [38] Vietnam Effects of local 2013  In this study, the
and impact of clothes, cooking and spatial quality of the
environmental and human conditions on the collected rainwater
conditions on its consumption. quality of and its relationship
quality Specific harvested with local
environmental Rainwater in the conditions (types
conditions such as Mekong Delta, of roofs, storage
defecation in the Vietnam system and
open, proximity of duration) and
the cistern to the spatial conditions
septic tanks, (proximity to the
manual extraction industry, main
of collected water roads, coast)
and the rearing of Thatched roofs
animals in the open increased COD
affect the optimal (max 23.2 mg/L)
functioning of the and turbidity (max
RWHSS, therefore, 10.1 NTU) while
a control in the galvanized roofs
Selection of caused an increase
collection in Zn (max 2.2 mg/
materials, L). However, lead
appropriate (Pb) (max. 16.9
storage and mg/L) and total
disinfection of coliforms (max.
rainwater help to 102,500 CFU 100/
improve its quality. mL) were recorded
3 [36] Bolivian Arsenic 2019  The sources of in high
contamination in water for human concentrations,
rainwater consumption used due to household
harvesting tanks by the characteristics,
around Lake communities in the such as storage and
Poop6 in Oruro, study area are handling practices.
Bolivia: An mainly affected by of rainwater.
unrecognized mining. 6 [39] Nigeria Rainfall 2013  The aquifers that

health risk

The quality of
rainwater stored in
cisterns was
monitored and
compared to
alternative sources
of surface and
groundwater that
the communities
previously relied
on.

The contaminant
found was arsenic
due to particles
that settled on the

Harvesting as an
Alternative Water
Supply in Water
Stressed
Communities in
Aguata-Awka
Area of
Southeastern
Nigeria

supply the
population in this
study are found at
great depths and
surface waters are
far from homes.
The scarcity of
water has forced
people to adopt
mechanisms for
collecting
rainwater. The
mechanisms
consist of
collecting
rainwater from the

(continued on next page)
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Table 1 (continued)

Table 1 (continued)
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No.  Author  Place original title Year Summary No.  Author  Place original title Year Summary
roofs and consumption and analyze the
transporting it to livelihood performance of the
large underground improvement in RWHSS. Users are
tanks. rural Nepal: satisfied with the
The parameters benefits and risks added benefits they
analyzed, with the obtained with the
exception of pH, in use of RWHSS as is
the aluminum and the case with their
galvanized iron health. The
roofs used, analyzes showed
complied with the that the rainwater
values established presents an
for drinking water acceptable quality,
quality by the but it also shows
WHO. that the correct
7 [40] Australia Quality and 2013  In this study, five practices of
Quantity tanks built to store operation and
Monitoring of Five rainwater and for a maintenance are
Rainwater Tanks specific use were necessary to ensure
in Western analyzed. the collection of
Sydney, Australia The first tank is good quality water.
made of galvanized 10 [43] USA Demographics, 2012  In this study, an
steel, used for practices and analysis of the
shower, toilet and water quality from practices carried
kitchen. Second domestic drinking out by users to
polyethylene tank rainwater harvest rainwater
for toilet use and harvesting was carried out, as
irrigation. The systems well as the quality
third concrete tank of the water
provides water for harvested in the
toilets, showers, RWHSS.
cooking and for The results
human indicated that 64%
consumption. The of the users never
water stored in the carried out an
fourth and fifth analysis of the
tanks made of RWHSS water, so it
galvanized iron was necessary to
were used for carry out periodic
toilets and tests to avoid
irrigation. The iron possible health
tanks presented problems related to
higher values of the presence of
aluminum, copper contaminants such
and zinc, while the as Pb that was
concrete tank present in the pre-
presented high filtration samples
values of hardness, and post filtration,
conductivity and due to the brass
pH. The fittings used on the
temperature of the collection surface.
site directly 11 [44] USA An examination of 2019 In this research, the
affected the water the microbial influence of the
collected in all the community and type of material
tanks. occurrence of used on the roof
8 [41] Italy A Reliability 2016  This study provides potential human and its relationship
Analysis of a an analysis of the pathogens in with the microbial
Rainfall reliability of rainwater community found
Harvesting System implementing a harvested from in the harvested
in Southern Italy RWHSS for toilet different roofing rainwater was
flushing and materials analyzed. The
landscape materials were
irrigation. concrete tile,
The RWHSS can be bituminous
integrated into the membrane, green
conventional roof, galvanized
system for metal, fiberglass
domestic uses, in tiles.
addition to being Variation was
used as the main observed in the
source of supply in microbial
areas where the communities of the
resource is scarce. different materials,
9 [42] Nepal Rainwater 2012 A survey was for example, the
harvesting for conducted in the roof with concrete
human hills of Nepal to tile had the highest

(continued on next page)
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Table 1 (continued)
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Table 1 (continued)

No.  Author  Place original title Year Summary No.  Author  Place original title Year Summary
concentration (3.6 and Domestic some areas, such as
x 10° CFU/100 Toilet supplies the tropical forest,
mL). Among the more than 80% of
roofs with lower the demand can be
concentrations of met with
pathogens was the rainwater.
galvanized metal It is also considered
roof (1.1 x 10° that the use of
CFU/100 mL). RWHSS can serve
12 [45] Vietnam Status of water use 2020 In this study, a as a measure to
and potential of community with reduce runoff and
rainwater water supply thus minimize the
harvesting for problems due to effects of flooding.
replacing failures in the 15 [48] Bangladesh  Feasibility study 2012  Inrural areas of the
centralized supply centralized supply of rainwater study area, the
system in remote system was harvesting system main source of
mountainous evaluated. in Sylhet City water is
areas: a case study Through a underground.
household survey, However, 61 of the
it was found that 64 districts found
86.5% depended arsenic
on sources such as concentrations
rivers and 13.5% higher than 0.05
on RWH systems. mg/L.
In the study, Collecting
methods were rainwater for
applied to drinking use can be
determine the a solution to the
dimensions of the consumption of
storage tanks to contaminated
reduce the water, especially
problems caused due to the
by the dry months. availability of
13 [46] India Assessment of 2021  The study mentions rainwater that is
adoption potential that the population available in the
of rooftop has been area between the
rainwater consuming water months of March
harvesting to contaminated with and October. This
combat water arsenic from its study analyzed the
scarcity: a case sources (shallow possibility of
study of North 24 wells). In order to collecting
Parganas district reduce water rainwater in rural
of West Bengal, stress, an communities and
India assessment of the impact of
aspects such as the implementing a
economic benefit RWHSS with a
of implementing a simple and low-
RWHSS was made. cost technology.
A socio-economic The results showed
study was carried that a family can
out to assess some meet its annual
aspects such as needs with
income, savings, rainwater because
physical the rainfall
availability where measured in the
to implement the last 44 years shows
RWHSS, etc. that it is sufficient.
The results allowed In addition, its
us to observe that implementation is
family size, also feasible
monthly savings, because rainwater
and expensive was between three
assets (television, and five times
cable, car, etc.) cheaper than that
influence the of the conventional
implementation of supply system.
a RWHSS in rural
communities.
14 [47] Nigeria Preliminary 2014 A water balance 3.1. Q1. What are the main components of the RWHSS used to collect
Assessment of was carried out to and store rainwater for domestic use?
Rainwater determine the
Harvesting percentage of

Potential in
Nigeria: Focus on
Flood Mitigation

water demand that
a RWHSS can
satisfy. The results
indicated that in

The components of a RWHSS can vary (dimensions, materials,
quantity) due to factors such as economics or the weather conditions of
the place.

The results of the analyzes indicated in Table 2 showed that all the
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Table 2

Main components of a RWHSS applied in the selected articles.
Components Articles
Capture system — Roof (15) gutter system [34-48].

Piping system storage system

First flush system (7) [36,37,40-43,48].

Filters — meshes (4) [39,41-43].
Overflow pipe (1) [40].
Pumping system (1) [41]

RWHSS used in the 15 articles used at least the following primary
components.

@ Catchment system: It is the surface destined to capture the water
(roofs) and distribute it towards the gutter system.

@ Gutter System: Responsible for receiving and transporting rainwater
from the catchment surface to the pipes.

@ Piping systems: Pipes responsible for transporting the liquid from the
gutters to the storage system.

@ Storage system: It is the structure or set of physical structures
intended to store water.

Fig. 2 shows the aforementioned components within the RWHSS.

In some articles, secondary components that fulfill different func-
tions were also found. For this reason, an analysis of the RWHSS used in
the 15 articles and their components was carried out separately. In
Table 2 it can be seen that the first column indicates the identified
components and the number of articles in which it has been used, in the
second column the item(s) where the component has been used within
the rainwater system is mentioned.

Among the accessories found are:

First flush system: it is a resource used to divert water that contains
undesirable materials accumulated on the roof (Fig. 3) [50]. In general,
before the first rain (once the dry season ends), the catchment area has a
large accumulation of pollutants (particulate matter, rocks, leaves, an-
imal feces, etc.), which causes the first rain to captured is the most
contaminated and therefore represents a potential risk to health and the
optimal functioning of the system [37]. This water can be diverted by
the first flush system. However, the results showed that of the 15 RWHSS
only 46.66% of the cases were implemented. In the study carried out by
Ref. [40] the importance of implementing a first discharge system was
appreciated since turbidity, total phosphorus, total nitrogen, zinc and
Escherichia Coli from the diverted water reached values of 16.6 NTU,
0.34 mg/L, 1.27 mg/L, 59.8 mg/L, and 3860 CFU/100 mL respectively,
while the water subsequently collected in the tank reached an average of
2.96 NTU, 0.179 mg/L, 0.59 mg/L, 2.63 mg/L and 11 CFU/100 mL

Catchment area - roof

Fig. 2. Principal components in a RWHSS. Retrieved from Ref. [49].
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Fig. 3. First Source:

acion-pluvial/.

discharge

system. https://rotoplas.com.mx/capt

respectively.

Filters: These are devices that help remove impurities or sediments
from water through a physical, chemical or biological barrier (Bunch,
2017). The filters used in the articles were metallic and nylon mesh
placed at the entrance of the storage tank. These were applied in 26.66%
of the 15 articles studied.

Overflow pipe: The overflow pipe enables the discharge of the flow
that feeds the cistern when it is full (Fig. 3). The overflow system was
mentioned in 6.67% of the 15 articles.

Pumping system: These are devices whose purpose is to distribute the
liquid from one point to another at a higher altitude. The device was
used in 6.67% of the cases studied.

Table 2 presents the main components of a RWHSS applied in the 15
articles selected for this review.

3.2. P2. What is the influence of materials on water quality in rainwater
collection and storage systems?

The RWHSS and its components were examined to understand the
preference of the most commonly used materials, as well as their in-
fluence on the quality of the collected water. It is important to mention
that according to the articles analyzed, the main components that
contribute to contamination are the collection system and the storage
system; therefore, these two components were mainly analyzed.

During the analysis of the articles, a total of 35 roofs used for rain-
water collection were identified. The reason was that in some articles
like the one by Ref. [44] five types of roofs were analyzed: concrete,
green roof, bituminous membrane, galvanized metal and fiberglass tiles.
The results found are shown in Fig. 4.

The three most used materials for the collection system are galva-
nized metal with 25.71% followed by the roof with concrete tile with
22.86% and finally the roofs made of zinc plates with 20.00%.

Zinc

Plasticlight

Green roof
Galvanized Metal

Fiberglass roof tile

Concrete tile

]
Clay tile | ]
]

Ceramic tile

Bituminous membrane
Asbestos tile
Straw

5 10 15 20 25 %
Percentage of articles

S

Fig. 4. Materials used to make the roof in a RWHSS system.
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The cistern is a deposit whose function is to store water for later use,
they are generally used in times of scarcity. In a RWHSS that is intended
to provide water for domestic uses, it is necessary for the water quality to
meet certain requirements, so it is important to monitor it. For this
reason, the material used for its construction must be adjusted to the
needs of the users and to the characteristic conditions of the environ-
ment where it is to be implemented. Fig. 5 shows the materials used to
make the storage system.

The storage system is a complex component due to the cost of
implementation and the maintenance required for long-term efficient
use of the RWHSS system. The preferred material for the construction of
the cistern was concrete with 41.66%, followed by polypropylene tanks
with 25%.

This review has revealed that the components with the greatest
impact in terms of the quality of the collected rainwater are the catch-
ment system (Roof) and the storage system (Storage tanks or cisterns).
The results also show that these components are characterized by being
composed mostly of materials such as galvanized metal and concrete,
respectively.

3.2.1. Collection system materials

The results of the RWHSS review establish that the catchment area is
the main source of contamination of collected rainwater. This is due to
the fact that various materials are deposited on the roof, which, when
they come into contact with rainwater, cause the leaching of substances
from the roof and enter the storage system. In the studies carried out by
Refs. [36,37]; found arsenic and gypsum in the storage tank. Through
the analysis of samples taken from the runoff from the roofs, it was
possible to rule out that the contamination was related to the material in
the cistern, but rather that it was the result of the leaching of dust
deposited on the roof originating from the surroundings due to activities
such as construction and industries. These events in the catchment
system are corroborated by some authors who mention other forms of
contamination on the roof, such as from the excrement of animals, ro-
dents, birds, lizards, and dry lichens that can release ammoniacal ni-
trogen, phosphates, and pathogens in the air. runoff water [37,41].

The catchment surface is very susceptible to contamination, how-
ever, the type of material used can also contribute [34]. According to
Ref. [44] the type of roof material selected is an important factor
because it has been proven that the concentrations of pathogens (Bac-
teroides, Enterococci, Legionella, Actinobacteria, etc.) change between
different roofs (metallic, green, concrete), which is You can check with
what [34]; who conclude that the type of roofing material exerts benefits
or disadvantages on the microbial community and in the same way
causes alteration to the physical or chemical parameters of rainwater.

As observed in the results of Fig. 4, the most used materials for the
catchment surface are galvanized metal (25.71%) and concrete tile
(22.86%), which when interacting with rainwater can cause corrosion of
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Fig. 5. Materials used to build the storage system in a RWHSS.
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the material and drag of substances. In the studies carried out by Refs.
[39,45] it has been possible to identify the release of substances from
this type of roof such as iron, arsenic, zinc, microorganisms (E. Coli,
Enterococci), putting the operation of the RWHSS and the health of the
person at risk, this is corroborated by other studies such as those carried
out by Refs. [35,38,40,42] and [45]; where the roofing material, inap-
propriate storage and environmental conditions affect the operation of
the RWHSS due to contamination with lead, iron, fecal coliforms, etc.

The accessories used to implement the materials in the catchment
system can also be a source of rainwater contamination, this is evi-
denced in the study carried out by Ref. [43]; where lead concentrations
were found in rainwater runoff from the roof. After an analysis of the
zinc sheets used and the storage cistern, the authors concluded that the
flashings (nails) to fix the zinc sheets on the roof would be responsible
for releasing lead into rainwater, this because these materials were
composed of 8% lead.

The material least recommended by authors such as [38] is straw,
since, despite the ease of implementation, it is a material that affects the
quality of rainwater since it can change its color to yellowish, increase
turbidity, COD, phosphates, manganese, sodium, pH and total hardness,
this was also observed in the studies carried out by Refs. [40,45,46]. The
aforementioned authors indicated that the quality of the water collected
and analyzed in the runoff from this type of roof was worse compared to
that of concrete and that of zinc sheet.

3.2.2. Storage system materials

The use of certain materials and conditions such as: years of use,
maintenance and environmental conditions, influence the quality of
rainwater within a storage system. It is necessary that prior to storing the
water in the cistern, measures are used (cleaning the catchment area and
gutters, use of filters), to prevent the passage of particulate material,
animal excreta and plant matter [39], which makes it possible to ensure
that the water has an acceptable quality inside the cistern. However,
once the water is in the cistern it is important to monitor (smell, color,
plant matter, and if possible, parameters such as pH, Turbidity, Co-
liforms) and maintain the material (fix possible cracks and leaks) of the
which the cistern is constituted, since it could become a source of
contamination [41].

This investigation determined that the cisterns built with concrete
are the most used, representing 41.66% of the results (Fig. 5). These
types of tanks are generally composed of cement, water, aggregate
materials, and additives [38,40]. It is important to mention that rain-
water comes into contact with pollutants in the air (carbon dioxide
forming carbonic acid) which causes chemical reactions and changes its
pH below 5.6, which is why it is considered acid rainwater [51]. When
this water comes into contact with the cistern, it is susceptible to
releasing minerals into the water and consequently altering parameters
such as total hardness, conductivity, bicarbonates, total alkalinity, cal-
cium, nitrates, zinc, sulfates and magnesium; which can be harmful to
health [34,35,39-41,43] and [45]. [42] indicated that a lack of planning
in the construction of the concrete tank can cause cracks and with it the
proliferation of mosquitoes, representing a health risk for users suffering
from vector-borne diseases such as chikungunya, zika, yellow fever, etc.
[52].

3.3. Q3. What benefits can be acquired by implementing rainwater
collection and treatment systems?

The search allowed to observe different benefits for the users of a
RWHSS system. Fig. 6 shows the benefits commented by authors where
it is observed that the benefits most commented by RWHSS users are
those related to health (20%) and the reduction in the use of contami-
nated sources (20%).

A RWHSS encompasses a set of interrelated components, which by
complying with the quality requirements under international norms and
standards allow benefits such as safe water supply [41]. The benefits
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Fig. 6. Benefits related to the use of RWHSS in areas with water scarcity.

have been divided into four categories: 1. Economic, 2. Health, 3.
Sanitation and Hygiene, 4. Time saved.

3.3.1. Economic benefits

[38] conducted surveys of a population that obtained the resource
for domestic consumption from underground and surface sources, the
results of the study indicated that 60% of households use rainwater for
potable use since it was better in terms of color, odor and taste unlike
other potential sources (river water, groundwater) which had a strong
saline taste. In this study it was revealed that the inhabitants acquired
economic benefits, because the drilling costs to obtain groundwater
were high, therefore, the RWHSS system was an alternative source to
reduce the difficulties inherent to the scarcity of the resource in the
study area. Something similar was manifested in the study carried out by
Ref. [43]; where 44% of the households surveyed decided to purchase a
rainwater system because it was the least expensive way to obtain
drinking water for their homes. In the same way [45], mention that for
those surveyed, the use of groundwater is not viable because it is at a
deep level and the material to be drilled is hard stone, so the costs of the
perforation are high.

In the study carried out by Ref. [42] called “Rainwater collection for
human consumption and livelihood improvement in rural Nepal: Risks
and Benefits” multiple benefits were reported with the use of RWHSS
and a total satisfaction of 78.3% of its population. In this study, the
respondents mentioned benefits such as: 1. convenience due to the
availability of water on site, 2. saving time and effort, 3. reduction in
accidents and injuries during water collection.

3.3.2. Health benefits

The second benefit reported by Ref. [42] on health, users now avoid
worries of suffering from diseases such as cholera, diarrhea, hepatitis A,
dysentery, typhoid fever, etc. [53] related to the consumption of
contaminated water, as presented in the results of the socioeconomic
survey where it was mentioned that 81.5% of users no longer suffer from
diarrhea after the implementation of the RWHSS. This was also verified
in the study carried out by Ref. [43] where 75% of the respondents
alluded to the fact that rainwater is healthier than well water since it
helped reduce the gastrointestinal diseases they suffered.

Those surveyed by Ref. [36] mentioned that their main source of
water is underground, however, after a quality analysis, the water
showed arsenic concentrations that exceed Bolivian and WHO limits by
25 times; therefore, adopting a RWHSS would benefit the health of the
users with the consumption of the resource without the presence of
arsenic. Similarly, in the study carried out in the 24th district of West
Bengal, India by Ref. [46] it is mentioned that 95% of the population
depends on water wells, which present unsanitary conditions where
concentrations of arsenic and iron were found that caused skin disorders
and diseases such as frequent diarrhea, dysentery, frequent jaundice,
fever typhoid, gastrointestinal problems, and vector-borne diseases,
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therefore, the author concluded that implementing a RWHSS would help
meet users’ water needs safely.

3.3.3. Hygiene and sanitation

Regarding the hygiene and sanitation category [42], reports that
RWHSS users can carry out activities such as washing and showering
more frequently since they can do it within the home facilities, elimi-
nating the effort of traveling long distances; It also reports that more
than 90% of the population wash their hands more frequently
(approximately six times a day) and also 85% of households were also
able to use the latrine more frequently after implementing the RWHSS.

3.3.4. Time saving

[42] mentioned that the respondents dedicate 6.4 h a day of their
time to collect water to meet domestic needs. After the implementation
of the RWHSS, advantages were obtained, as stated by 89% of the re-
spondents with school-age children. An increase in classroom atten-
dance was achieved due to greater availability over time and a decrease
in illnesses among children and women. Another situation related to
time was expressed by those surveyed by Refs. [39,40]; where water
sources such as rivers, streams and springs were far from their homes, so
people had to spend effort and time collecting water, putting them in
dangerous situations. Implementing a RWHSS allowed safe supply
during the dry season and allowed them to carry out activities other than
transporting water to their homes.

3.4. Q4. What are the important parameters when assessing the quality of
rainwater as an alternative for domestic use?

In this investigation, some parameters used to determine the quality
of rainwater collected in a RWHSS were identified. The samples taken
were analyzed for general parameters, nutrients, microbial indicators
and metals. Table 3 lists the parameters found in the review and their
respective references.

The most used parameters to evaluate the quality of the collected
rainwater was the pH cited in ten of the fifteen articles (66.66% of the
total), followed by turbidity and E. Coli cited in eight of the fifteen ar-
ticles (53.33%) and lead and nitrates cited in six of the fifteen articles
(40%) (Fig. 7).

The authors [39] in their study Rainfall Harvesting as an Alternative
Water Supply in Water stressed Communities in Aguata- Awka Area of
southeastern Nigeria the pH (6.4) did not meet the standard values
established by the WHO for the quality of water for human consumption
(6.5-8.5), this is due to the fact that the water used for the analysis is
acidic in nature, even so, this value does not represents a health risk.

In the bacteriological analysis carried out in the study by Ref. [35];
the value for Escherichia coli (62.6 CFU/100 mL) did not meet the value
recommended by the WHO (0 CFU/100 mL). This is because 40% of the
population practices open defecation and also approximately 35% of
cisterns are located near trees, which increases the risk of fecal
contamination. Similarly [36,38,40], for total coliforms, they reached
values higher than those recommended by the WHO (0 CFU/100 mL),
these being 1600, 426 and 0.31 CFU/100 mL respectively. The causes
would be the type of material used for the roof, the water storage
location (interior or exterior), poor hygiene practices and the frequency
of cleaning the cisterns and catchment surface.

Authors like [40,48] found lead values (0.011 and 0.029 respec-
tively) that exceeded what is suggested by the WHO (0.01 mg/L). This
would be caused by factors such as the use of intermittent lead in roofing
(waterproofing), use of lead-containing materials, general atmospheric
deposition, or resuspension of lead from sediment in the tank.

The authors [36]; in their study, they obtained samples that reached
values for arsenic of 0.02 mg/L, which exceeds the WHO value (0.01
mg/L), putting the health of consumers at risk. This concentration was
caused by the mineral dust particles generated in the system’s envi-
ronment and which subsequently settled on the roof and entered the
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Table 3

Parameters analyzed in the case studies.

parameters Item Author  Average Complies with
No. value WHO standard
pH WHO:6.5-8.5 10 [35] 6.4 Fails
[36] 7.36 Complies
[371 6.62 Complies
[38] 7.1 Complies
[39] 6.4 Fails
[40] 6.60 Complies
[42] 8.4 Complies
[48] 7.4 Complies
[43] 6.9 Complies
[45] 7.3 Complies
turbidity WHO: 5 NTU 8 [35] 0.3 Complies
[36] 2.13 Complies
[38] 2 Complies
[39] 2.06 Complies
[40] 2.96 Complies
[42] 5 Complies
[45] 0.8 Complies
[48] 0.49 Complies
E. coli WHO: 0 CFU/100 8 [35] 62.6 Fails
mL [36] 0.25 Fails
[38] 0 Complies
[40] eleven Fails
[42] 0 Complies
[43] 0 Complies
[39] 0 Complies
[45] 0 Complies
Lead WHO: 0.01 mg/L 6 [34] 0.0018 Complies
[35] 0 Complies
[38] 0.005 Complies
[40] 0.011 Fails
[43] 0.00379 Complies
[48] 0.029 Fails
total iron WHO: 0.3mg/ 4 [35] 0.1 Complies
L [38] 0.0132 Complies
[39] 0.1 Complies
[43] 0.0483 Complies
Nitrates WHO: 50 mg/L 6 [35] 3.7 Complies
[37] 0.65 Complies
[38] 0.7 Complies
[39] 0 Complies
[45] 2.5 Complies
[43] 0.3 Complies
Arsenic WHO: 0.01 mg/ 4 [35] 0.007 Complies
L [36] 0.02 Fails
[38] 0.002 Complies
[43] 0.00065 Complies
Zinc WHO: 3 mg/L 5 [34] 0.00234 Complies
[35] 0.3 Complies
[38] 0.0838 Complies
[40] 2.63 Complies
[43] 0.381 Complies
Copper WHO: 2000 pg/ 4 [34] 8.18 Complies
L [38] 0.9 Complies
[40] 221 Complies
[43] 261.60 Complies
Cadmium WHO: 3 pg/L 3 [34] 0.1 Complies
[35] 0 Complies
[38] 0.2 Complies
Chrome WHO: 50 pg/L 3 [34] 4.31 Complies
[35] 0 Complies
[38] 0.5 Complies
Chloride WHO: 250 mg/ 3 [35] 1 Complies
L [37]1 5.50 Complies
[39] 0.3 Complies
Aluminum WHO: 200 2 [40] 0.115 Complies
ng/L [43] 0.017 Complies
Nickel WHO: 70 pg/L 1 [38] 0.4 Complies
Color WHO: 15 PCU 1 [39]. 2.33 Complies
total coliforms WHO: 0 4 [36] 0.31 Fails
CFU/100 mL [38]. 1600 Fails
[40]. 426 Fails
[39]. 0 Complies
Mercury WHO: 0.001 1 [38]. 0.0012 Fails
mg/L
fluorides DWS: 1.5 mg/L 1 [37]. 0.11 Complies
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Fig. 7. Main physicochemical and microbiological parameters monitored in
the RWHSs.

system when rainwater came into contact with the catchment surface.

3.5. Main findings found in the review

Water scarcity is a problem that affects all continents, therefore,
opting for the use of RWHSS would help to improve this situation
because they are easy to adapt to the existing structures of a house. In
Canada, for example, there are approximately 5000 households in
communities that do not have access to potable water or sewerage and
are 90% more likely to run out of potable water [54].

In Asia, mainly in the south, there are critical problems regarding the
overexploitation of water resources due to overpopulation, climate
change, poor water management, destruction and contamination of
freshwater systems [55]. In India, the availability of potable water is
threatened by population growth which increases the demand for
potable water. For example, the residents of New Delhi currently have
water supply problems since the demand is approximately 1236 million
gallons per day, however, they are only provided with 935 million
gallons per day [56].

In sub-Saharan Africa there is low population density but high
growth, and in this region there is also endemic poverty, limited infra-
structure and an uncertain climate future [57]. Nigeria is one of the 46
countries most affected by the global water crisis, having a supply of 9 L
per day, while the WHO recommends 100 L per day [58].

It is important to take into account some considerations prior to
implementing a RWHSS to get the most out of it during system opera-
tion. In the studio called Preliminary Assessment of Rainwater Har-
vesting Potential in Nigeria: Focus on flood Mitigation and Domestic
Toilet supplies [47], factors are examined to determine the percentage
of water demand that can be met by a RWHSS. Among these we have:
The roof area, Consumption level, Average annual precipitation.

Also, the study Feasibility study of rainwater harvesting system in
Sylhet City mentions that the implementation of a RWHSS can imply an
investment of 3-4 times cheaper than the conventional system [48].
Regarding the demand that can be supplied, in this study a reliability
analysis was carried out that allowed us to observe that a system with a
catchment area of 5.3 m? can supply a family of 5 people with a per
capita demand of 5 L/day for drinking and cooking activities. A similar
calculation was made in the study called Status of water use and po-
tential of rainwater harvesting for replacing centralized supplies system
in remote mountainous areas: a case study: in which it was determined
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that for a family of 5 people with a per capita demand of 14 L/day the
average area should be 60 m? allowing a water supply for the whole year
[45].

In the world there are many neglected areas with respect to drinking
water, especially in rural areas where the population does not have
access to vital liquid; however, some of these places have high rainfall,
which allows the implementation of a RWHSS as an alternative source of
water for domestic use [59,60].

3.6. Practical applications, limitations and challenges

Rainwater collection and storage systems are becoming increasingly
popular around the world as a solution to combat water scarcity. More
and more countries are adopting this technology to capture and store
rainwater for later use in various applications.

Handia et al. (2003) and Fisher-Jeffes (2015) indicate that in Africa,
the RWHSS could provide a substantial water source across the conti-
nent. This has led to the expansion of RWHSS in Africa and the formation
of rainwater harvesting associations in several countries. In many parts
of the African continent, RWHSS are implemented as a result of water
scarcity, but the infrastructure to store, treat and transport it to where it
is needed is lacking. Small-scale community RWHSS (i.e. where a pond/
tank is used to collect rainwater for a series of homes or a large public
building) is probably the most widespread level of RWHSS application in
Africa [61,62].

In Asia specifically in Japan, since the early 1980s, local govern-
ments began to promote the introduction of water recycling systems as
an effective mitigation countermeasure for large cities facing water
scarcity problems and urban flooding [63]. Since then, RWHSS has been
actively introduced into large public and private buildings thanks to
local municipalities’ support for promoting special financial programs.
The number of RWHSS increases significantly after the introduction of
government financial support, with 10 times more facilities registered at
the end of 2012 compared to 1990 (MLIT, 2014; [62]. In Gansu Prov-
ince, China, until the year 2000, a RWHSS demonstration project
enabled the construction of more than 2 million rainwater tanks sup-
plying drinking water to nearly 2 million people. Following the example
of Gansu province, seventeen provinces have adopted RWHSS since
2001 and have built more than 5.5 million tanks for drinking water and
supplemental irrigation throughout China (Gould et al., 2014; [62].

The Australian Bureau of Statistics found that around 1.7 million
Australian households installed rainwater tanks, providing about 8% of
domestic water use. Between 2007 and 2013 approximately 34% of
Australian households installed a rainwater tank. The increase in tank
installation is attributed to water restrictions, favorable regulations and
price factors. Households outside of state capitals had the highest rate of
implementation. The primary motivation for installing a RWHSS system
was to save drinking water. 77% of households had no problems
implementing the RWHSS (ABS, 2015; [62]. In New Zealand the
installation of RWHSS has been made mandatory, which had positive
effects, mandatory rainwater collection could increase social welfare
[64].

The implementation of RWHSS has varied implementation in Euro-
pean countries. In the UK, people have traditionally collected and stored
rainwater for domestic use; however, incentive mechanisms to charge
for collected rainwater have not been received from regulatory and
management authorities in the UK (Ward et al., 2014).

Germany leads the way in promoting the RWHSS for domestic use,
with almost a third of new buildings equipped with RWHSS thanks to
government subsidies. Due to industrial pollution and strict drinking
water regulations, rainwater is mainly used for non-potable purposes in
Germany (Schuetze, 2013). Spain has launched a similar incentive
program and France has enacted a regulatory framework [65]; De
Gouvello et al., 2014). Italy has also issued technical guidelines and
other countries such as Austria, Switzerland, Belgium and Denmark are
adopting RWHSS due to the price of drinking water) (UNI, 2012; e
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Godskesen et al., 2013; Ringelstein, 2015).

The use of RWHSS in the Americas varies by country and state. In the
US, there are over 100,000 residential RWHSS in use, ranging from
simple landscape irrigation rain barrels to large-scale complex multi-use
systems (Lye, 2002). Texas has the highest level of RWHSS imple-
mentation and offers financial incentives and local subsidy tools to
encourage its construction and water conservation (Texas Water
Development Board, 2005). Other states such as Oregon and New
Mexico allow rainwater harvesting with strict requirements [62].

In South America, rainwater harvesting programs have been evalu-
ated and implemented in several locations, such as the “One Million
Cisterns” program in Brazil, which benefited around two million people
(De Moraes and Rocha, 2013). Studies indicate that households with
access to rainwater have a lower risk of infections (Marcynuk et al.,
2013). However, there is still debate on how to incentivize and charge
for the use of these techniques in Brazil (Ward et al., 2014). In Mexico
City, the Isla Urbana initiative collects rainwater from roofs to alleviate
water scarcity and local flooding problems [66].

The behavior of rainwater harvesting and storage systems (RWHSS)
at the building scale has been extensively studied [62], but there is still a
lack of knowledge about the impacts at a larger scale. Precise simula-
tions have been carried out at the urban scale but limited to blocks of
multiple units or neighborhoods [65]. Some studies have considered
entire cities, demonstrating that the potential water savings vary
significantly between different cities, ranging from 34% to 92% (average
69%) [67]. Different methodologies have been proposed to assess the
potential for rainwater harvesting at the urban scale, taking into account
the characteristics and consumption patterns of buildings, and the effect
of climate change on the performance of an RWHSS in a specific com-
munity in Bangladesh has also been analyzed (Lucio et al., 2020; [68].
Government policies and regulations have a significant influence on the
effectiveness and acceptance of the system, and further research is
needed to improve institutional and sociopolitical support.

3.7. Knowledge gaps regarding RWHSS

Below are some of the gaps that can be analyzed after the preparation
of this research.

In almost all the studies selected for the systematic review, sampling
was done on the quality of the water harvested in the cistern or storage
tank, however, the results in some study cases show contamination
outside the component examined, so it should be considered carry out an
analysis of the rainwater coming from the roof, followed by the analysis
in the cistern to make a comparison of the quality between both com-
ponents. This process would help to identify potential sources of
contamination and leaks throughout the stormwater journey.

The application of the RWHSS has the objective of improving the
quality of life of people by providing them with a safe water supply with
different practices from the conventional system, however, the quality of
the rainwater collected in all the case studies was not suitable. for direct
consumption, so in the future it is necessary to adapt mechanisms to
retain or divert pollutants and capture better quality rainwater. Firstly,
it is recommended that RWHSS have a first discharge system because
this would avoid the storage of polluting substances, however, in the
studies this mechanism is not used regularly because, being manually
controlled, its use is restricted to the availability of users. To use it or
not. Therefore, including electronic systems that allow the diversion of
the first rain in an automated way would improve the quality conditions
of the rainwater in the cistern.

The position and distance of the RWHSS components in relation to
the dwelling was not specified by users in any of the studies. Only, it is
mentioned that the cistern must be far from the latrines (at least 15 m) or
in the case that the cistern is underground it must be above the level of
the latrine. In the future, the influence of the position of the components
should be analyzed, as well as the angle of inclination of the roof to be
used in relation to the prevailing winds in the area and its possible effect
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as a cleaning mechanism.

Another suggestion for future work is the use of barriers and disin-
fection systems. In the cases analyzed, the barrier mechanisms were
mesh filters; however, they were rarely applied by the users, and the
results were not clear regarding the benefits associated with their use.
Applying filtration processes (slow or fast) or chlorination should be
considered and analyzed to integrate the RWHSS and observe their ef-
fect on rainwater quality.

Rainwater harvesting and storage systems require regular mainte-
nance to ensure their proper functioning and durability. Research is
needed to develop technologies that are durable and require less
maintenance.

The calculations to estimate the size of some components such as the
cistern were made based on data collected from precipitation in certain
periods of time, however, the current phenomenon of climate change
should also be considered due to the fluctuations that could cause in the
estimates of component dimensions. Also, the impact of the use of
RWHSS on a large scale for the mitigation of floods due to climate
change should be analyzed.

4. Conclusions

The PRISMA statement appears to be a useful method for conducting
a systematic review. The main components of the RWHSSs for domestic
use include: a collection surface, a system of gutters and tubes, and a
storage system, but it is important to integrate a first discharge system in
the event that its use is intended for human consumption, due to that
serves as a barrier to protect the quality of the rainwater that is going to
be stored in the cistern. The materials used in roofs can have a significant
influence on the quality of the water; such is the case of galvanized metal
or zinc, which through UV radiation help control the diversity of path-
ogenic microorganisms. It is better to use tanks made of polypropylene
for storage, since it hardly cracks, preventing the infiltration of polluting
substances into the collected rainwater. The implementation of RWHSSs
can provide several benefits, such as saving drinking water by using
rainwater for domestic activities such as garden watering, cleaning or
laundry. Reduced runoff by collecting it at home, which decreases the
amount of water flowing into storm drainage systems and prevents the
risk of flooding. In addition, the use of locally collected rainwater saves
energy by reducing the need to transport and treat potable water. The
important parameters when evaluating the quality of rainwater as an
alternative for domestic use include pH, E. Coli, lead and nitrates.
RWHSSs can be an effective solution for water supply in rural or water-
scarce areas, provided they are properly implemented and properly
maintained.

All these findings have implications for future research that can
range from the life cycle of RWHSSs to water quality assessment, design
and implementation, cost-benefit analysis, development of more effi-
cient technologies.
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