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Abstract: This study aims to assess the post-installation rainwater management issues associated
with household RWH systems in the southwestern coastal regions of Bangladesh. A face-to-face ques-
tionnaire survey (including free listing) was administered to over 300 households in the Khulna and
Satkhira districts to understand the water consumption behavior of users, operation and maintenance
of the RWH system components, governance and capacity-building needs, and overall perception.
It was found that the current capacity of most household storage tanks is insufficient to meet the
year-round water demands (cited by 151 users; Smith’s Salience Index (SSI) = 0.671), and around 53%
of the users relied on another water source besides the RWH system. The users frequently cleaned
various components of the RWH system, although they did not pay much attention to cleaning the
roof catchment. Most users did not have sufficient knowledge of water treatment methods (cited by
10 users; SSI = 0.033) or water quality testing protocol (cited by 29 users; SSI = 0.084). Proximity to
the house (cited 222 times by the users, SSI = 0.589) is considered the primary benefit of the RWH
system. The absence of adequate functional components (cited by 56 users; SSI = 0.170) and having to
share water with other households (cited by 23 users; SSI = 0.068) were highlighted as the two main
problems associated with the use of the RWH system. The users also highlighted the lack of training
on operation and maintenance (O&M) and the absence of monitoring support. This study provides
clues to strengthening existing RWH system intervention programs in the water-challenged regions
of Bangladesh.

Keywords: rainwater harvesting (RWH) system; free listing; household perception; operation and
maintenance; Smith’s salience index (SSI); questionnaire survey

1. Introduction

The struggle for drinking water in the coastal areas of Bangladesh is well documented,
with the most acute crisis occurring in the southwestern coastal regions, particularly the
Khulna and Satkhira districts [1]. People in these regions experience an extreme shortage of
drinking water because suitable freshwater aquifers at reasonable depths are not available,
and the surface water is highly saline and turbid [2,3]. Rainwater harvesting (RWH) is
considered one of the alternate options for drinking water in coastal and arsenic-affected
areas where surface- and groundwater are scarce, or the existing water supply system is
insufficient to meet the demand for potable water [4,5]. Rooftop RWH at the household level
is increasingly promoted worldwide to reduce the number of people lacking an improved
water supply [6]. As Bangladesh is a tropical country, it receives high seasonal rainfall, with
an average annual rainfall of around 240 cm in most parts of the country [7]. Abundant
rainfall in the southwestern coastal areas and suitable roof catchments and construction
materials make rainwater harvesting (RWH) a reliable water option in these regions [8,9].
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During the last few years, the Department of Public Health Engineering (DPHE) has
undertaken several interventions through various projects to promote household and
community-based RWH systems and Pond Sand Filters (PSF) both in the coastal and
arsenic-affected areas in the country to augment the drinking water supply. In addition
to these, Non-Governmental Organizations (NGOs) and other donor agencies have been
actively promoting the RWH system through several programs. Additionally, Managed
Aquifer Recharge (MAR) is considered a sustainable, cheap, and climate-resilient drinking
water supply option for coastal communities [10,11].

The capacity of the RWH tanks provided by the government or donor agencies was 500
to 5000 Liters [12,13]. However, family size, water demand, catchment types, and rainfall
quantity were not accounted for in prescribing these tanks. Therefore, it was found that
most households could avail water from rainwater tanks for about eight months, and for the
rest of the year, people generally use other unreliable and often unsafe distant sources such
as pond water, tube wells, and PSF during the dry season [12]. Women are affected most
during those dry periods since they are traditionally responsible for collecting water from
distant sources. Although rainwater harvesting can be an attractive drinking water supply
system, potential health risk factors, such as microbial and chemical contamination, cannot
be ignored [14–16]. The lack of knowledge about proper materials, rainwater collection,
conveyance systems, and storage reservoirs can potentially decelerate the adoption of the
RWH systems in water-challenged areas [17–19].

While rainwater harvesting (RWH) systems remain a popular option for potable
use at households in the southwestern coastal regions of Bangladesh, the operation and
maintenance (O&M) of the infrastructure have become a great challenge. Several studies
found that the lack of awareness about the proper O&M of the RWH system adversely
affected its performance [20,21]. A study found that around 24% of RWH systems remained
non-functional due to a lack of proper maintenance [22]. Regular cleaning of the tank,
gutters, downpipes, and rooftops is not performed properly by the household, often due to
the absence of well-defined protocols or a lack of awareness [1]. Since the RWH system is a
decentralized water supply option, it is difficult for the DPHE to set up an institutional O&M
and surveillance service, and the successful operation depends practically on the household.

Previous studies regarding harvested rainwater in the southwestern coastal region
of Bangladesh have focused on the drinking water quality at primary schools and the
household using RWH [2,8,23], potable water scarcity issues [17], people’s perception
of rainwater harvesting before installation [24], and estimating the water collection po-
tential [25]. However, very few of them have explored the sustainability issues of the
RWH system, such as post-installation operation and maintenance challenges, household
perception concerning financing and rainwater management, and social acceptance. The
involvement of NGOs and other institutions in the surveillance of RWH systems, monitor-
ing, and perception regarding the benefits and challenges of the household RWH systems
have rarely been assessed. The main objectives of this study are: (i) to assess the exist-
ing water management practices (consumption behavior, water treatment, operation and
maintenance) of households having RWH systems and the adequacy of existing RWH
system components; and (ii) to explore the household perception of operating a household
RWH system, its expected benefits, and challenges faced in the context of the southwestern
coastal region of Bangladesh.

2. Materials and Methods
2.1. Study Area

A survey was conducted in randomly selected households having an RWH system in
the southwestern coastal areas of Bangladesh. The study area included Dacope, Paikgachha,
Batiaghata, Dumuria Upazila (sub-district) of the Khulna district, and Kaliganj, Shyamna-
gar, Assasuni Upazila (sub-district) of the Satkhira district (Figure 1). Geographically, this
area extends from 24◦220′ N to 24◦730′ N latitude and 88◦360′ E to 88◦200′ E longitude, and
the average elevation is less than 10 m above mean sea level. The area has a humid climate
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with three distinct seasons: pre-monsoon (March to June), monsoon (July to October), and
post-monsoon (November to February). This region’s mean annual rainfall varies between
150 and 200 cm, with about 70% of the rainfall occurring in the monsoon season [11].
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2.2. Sampling and Data Collection

A female from each household (responsible for collecting the household drinking
water) was the primary participant in the survey. Sometimes female participants were
unwilling to participate in the interview due to shyness or fear of providing the wrong
information. In such a situation, data were collected from a male family member in
the presence of the female participant. The households were randomly sampled from
approximately 200 villages in the study area. When any household member refused to
participate, the nearest house having an RWH system was considered. The total sample size
was 300. A list of households using RWH in the study area, obtained from the Department
of Public Health Engineering (DPHE), was used to guide the surveyor.

Data were collected using a questionnaire survey and an on-spot assessment of the
RWH. Questions were set regarding socio-demographic characteristics, the household’s
water collection and consumption behavior, operation and maintenance practices (the
cleaning of the tank, gutter, mesh, catchment), household perception of water quality, water
treatment practice, involvement of NGOs and other institutions in the surveillance of the
RWH system, and monitoring and capacity building for the RWH system. Five free listing
questions were designed to collect quantitative data about the respondents’ perceptions of
the various aspects of the rainwater harvesting (RWH) system. Participants were asked to
respond spontaneously to a list of issues in response to the topics, including the benefits of
using RWH, reasons behind the insufficient water, motivational factors for shifting to RWH
from the previous water source, challenges for the users during the use of the RWH system,
and proposed solutions for the problems. Data were entered into Statistical Package for
Social Sciences (SPSS) v26.0 for analysis.
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2.3. Free Listing Analysis

Free listing is a qualitative and methodological tool widely used in various scientific
disciplines [26]. The Smith’s Salience Index (SSI) is calculated for each item registered in a
set of free lists, which are then ranked according to relevance [27]. The SSI is defined as
follows [28]:

SSI = (∑ (L − Rj + 1)/L)/N (1)

where L = the length of the list, Rj = the rank of item j in the list, and N = the number of
lists in the sample.

Smith’s Salience Index (SSI) considers the frequency of a given item across all lists
and the item’s rank in the respondent’s list. For a given respondent, the salience (S) of
item j is calculated through the above formula. Then, the overall SSI is calculated with the
average salience (S) of all respondents for a given item [29]. The interpretation of these
values, however, is entirely subjective. The salience index ranges from 0 to 1 and measures
the global importance of the reasons mentioned across all lists [30]. Items with a higher
salience score were of greater significance [31,32].

3. Results
3.1. Socio-Demographic Characteristics

The socio-demographic characteristics of the respondents are shown in Table 1. Most
of the respondents (82.7%) were more than 25 years old, indicating that they were well
acquainted with their RWH system and could provide reliable and accurate information.
The mean age of the respondents was about 37 years. In the study area, household size
widely varied between 2 to 16, with an average household size of 5.5. The majority of the
surveyed respondents (39.3%) completed secondary education, and a few were found to
be university graduates (8.7%). Most respondents (37%) reported their average monthly
family income to be between Bangladesh Taka (BDT) 5000 to 10,000. The mean length of
the duration of the household RWH system used in the study area was 3.1 years.

Table 1. Socio-demographic characteristics of the surveyed households.

Characteristics Category No. of Households (%)

Age (Years)
18–25 52 (17.3)
26–35 97 (32.3)
>35 151 (50.4)

Family size
1–4 111 (37.0)
5–8 160 (53.3)
≥9 29 (9.7)

Education level

No education 56 (18.7)
Primary 46 (15.3)

Secondary 118 (39.3)
College 54 (18.0)

University 26 (8.7)

Main occupation

Day Labor 3 (1.0)
Employee/Teacher 19 (6.3)

Housewife 250 (83.3)
Farmer 23 (7.7)

Business 5 (1.7)

Average monthly income
(BDT)

<5000 43 (14.3)
5000–10,000 111 (37.0)

10,001–20,000 107 (35.7)
>20,001 39 (13.0)

Duration of RWH system
operation (Years)

1–3 230 (76.7)
4–7 62 (20.7)
≥8 8 (2.6)
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3.2. Source of Funds for RWH System Installation

The financial condition of most households in the coastal areas is poor; as a result, they
need external support to install RWH systems [33]. In total, 2.3% of households installed
the RWH system with support from donor agencies, whereas the DPHE installed most
(55.7% of households) of the RWH systems through various projects (Figure 2a). A typical
household RWH system installed in the southwestern coastal region is shown in Figure 2b.
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NGOs also installed many RWH systems (21% of households). A total of 13.7% of
households installed the RWH systems using personal funds, while 7.3% had cost-sharing
arrangements with NGOs. There was anecdotal evidence of discrimination regarding
allocating the RWH system among the households in the study areas. Some wealthy families
received the RWH system from the authorities, while some low-income families were
deprived. The wealthy people in the community often exert influence during the allocation
of water points through different projects, which can result in an inequitable distribution.

3.3. Usage and Availability of Rainwater for Domestic Use

The coastal people understand the importance of rainwater during the dry season
when drinking water is scarce; hence, they use their harvested rainwater strictly for drink-
ing and cooking purposes. It is shown in Figure 3a that about 32.7% and 64.7% of the
households used rainwater for drinking only and for both drinking and cooking, respec-
tively. Water availability is an essential factor for the sustainability of the RWH system.
A previous study found that in most cases, stored rainwater is available for about 6 to
9 months, depending on reservoir capacity, mainly during and after the rainy season [13].
In this study, it was found that more than one-third of the surveyed households (34.7%)
could use rainwater all year round, including both rainy (4 months) and dry seasons
(8 months), and this was mainly true for those who had rainwater harvesting systems with
a storage tank volume of 3000 Liters (Figure 3b). Around 18.6% of the surveyed households
reported that they could use stored rainwater for only two months after the rainy season.
However, women from some households said that they were not interested in using their
stored rainwater during the winter season (December to February). They preferred to carry
water from a distant source during that time because they wanted to conserve their stored
rainwater for the hot dry season (April to May) when collecting water from a distant source
is more inconvenient.
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3.4. Distance and Time Required for Water Collection from Previous Sources

Before installing the RWH system, households collected the drinking water from a
distant source by themselves or with a hired van. The female members of the household
were mainly engaged in fetching water from distant or nearby sources. They had to spend a
significant amount of time collecting water, preventing them from doing routine household
work. One study found that a decrease in the distance to the water source from 1000 to
10 m was associated with increased per capita water consumption [34]. Figure 4 shows the
distance the respondents need to travel and the time required for water collection from the
other drinking water source in the study area. A majority of the households (44%) used
to obtain drinking water within 0.6–1.5 km from their premises in the study area, while
nearly 4% had no safe drinking water sources within 3.5 km (Figure 4a). The main drinking
water sources for the population in the study area before installing the RWH system were
Pond Sand Filters (PSFs), ponds, tube wells, and filters. Figure 4b shows that the time
required for water collection from the previous drinking water sources was within 30 min
for nearly 39% of the households, while more than 120 min were required for about 17% of
households. A significant amount of time was saved by installing the RWH system at the
household level. Consequently, the households reported having more time to spend on
other productive activities such as children’s care, education, and farming.
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3.5. Drinking Water Options

The struggle for drinking water all year round has become a common scenario among
the coastal population due to the salinity intrusion in surface- and groundwater. Although
the RWH system has attenuated this severity by providing fresh water for several months
a year, the users need to rely on other water sources to meet their yearlong drinking and
cooking water demands. The survey result showed that about 53% of users reported
relying on another source besides rainwater to obtain drinking water throughout the year.
Around 24.3% of households used rainwater and filtered water from local vendors for
drinking purposes (Table 2). A total of 34.7% households responded that they used only
rainwater to meet their yearlong water needs. Around 12% of households depended on
two different water sources besides rainwater to meet their water demands. Choosing
other water options (ponds, PSFs, tube wells, local vendors) depends on the availability
and accessibility of these water sources.

Table 2. Present drinking water options.

Dependency on Source Source Type No. of Households (%)

One option RWH 104 (34.7)

Two options

RWH + Pond 36 (12.0)
RWH + PSF 15 (5.0)

RWH + Tube well 27 (9.0)
RWH + Filter 9 (3.0)

RWH + Buy water 73 (24.3)

Three options

RWH + Pond + Filter 1 (0.3)
RWH + Tube well + Filter 3 (1.0)
RWH + Tube well + Pond 12 (4.0)
RWH + Pond + Buy water 14 (4.7)
RWH + PSF + Buy water 3 (1.0)

RWH + Tube well + Buy water 3 (1.0)

3.6. Current Capacity of Storage Tank for Rainwater Collection

Tank capacity is an important consideration in maximizing rainwater collection. To
determine the optimum tank volume, the amount of rainfall and its yearly distribution,
roof area, and water consumption behavior are critical factors [35]. Table 3 shows the
study area’s storage tank capacity for rainwater collection. Most household RWH systems
(57%) had a storage tank with a capacity of 2500–3000 Liters, whereas larger storage tanks
(>4000 Liters) were used by only 1% of households. The reason for 2500–3000 Liters
being the dominant size is that such tanks were part of the project specifications by the
government or NGOs. The tank size was not customized based on household size, which
could potentially affect the reliability of the system. A previous study showed that a
maximum of 70 to 85% reliability could be achieved under average climate conditions with
the current tank sizes for household RWH systems in the coastal areas of Bangladesh [12].

Table 3. Current storage capacity for rainwater collection in coastal areas.

Storage Tank Capacity No. of Households (%)

500–1000 Liters 21 (7.0)
1500–2000 Liters 92 (30.7)
2500–3000 Liters 171 (57.0)
3500–4000 Liters 13 (4.3)

>4000 Liters 3 (1.0)

3.7. Portion and Size of the Roof Catchment Area Used for Rainwater Collection

The portion and size of the roofs are important factors for rainwater collection. One
study found that water-saving efficiency increases with the roof surface area [36]. Figure 5
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shows the portion of the roof used by respondents as the catchment. Around 48% of
households used half the roof as a catchment for rainwater collection. The main reason for
using half of the roof was that most of the houses in the study areas were made with a pent
roof (a roof consisting of a single sloping surface). It is challenging to catch water from
other roof portions without sufficient piping installed. Around 6% of households used
other options, mainly polyethylene, as catchment due to the lack of proper roofs.
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Table 4 shows the approximate size of the roof catchment used for rainwater collection.
Most households (65.3%) had a roof with an area between 10–30 square meters, while
21% had a roof with less than 10 square meters. Among them, most households used
polyethylene as a temporary catchment. One study showed that a roof catchment area of
about 15 square meters (160 square feet) is sufficient to collect the required water needed
for a family of 6–7 members for domestic water demand during the dry period [8]. It
can be said that most of the households had a sufficient roof surface area for rainwater
collection, but they lacked the piping system to collect water from the entire roof. Therefore,
to maximize water collection, households need large-volume storage tanks.

Table 4. Approximate size of the roof catchment area for rainwater collection.

Approximate Roof Size (Square Meters) No. of Households (%)

<10 63 (21.0)
10–30 196 (65.3)
31–50 26 (8.7)
>50 15 (5.0)

3.8. Components of the RWH System

There is a common perception that the rainwater harvesting (RWH) system is an
environmentally sustainable water supply option. This perception is not always true for
all arrangements of the RWH system and components [37]. Important factors in collecting
and maintaining good quality rainwater include the proper design and installation of
rainwater harvesting systems. Figure 6 shows the various elements present in the RWH
system in the study area. Around 79.7% of the surveyed households had gutters in their
RWH system, while 20.3% of houses were found with no gutter because those households
collected rainwater from the rooftop directly or used polyethylene as a catchment. Of those
with gutters, the majority (94.6%) were made of polyvinyl chloride (PVC) or unplasticized
polyvinyl chloride (uPVC), while 4.2% and 1.2% were metal iron sheets and others (bam-
boo), respectively. A downpipe connecting the gutter with the storage tank was found
in 85.3% of household RWH systems. Most of the downpipes were made of PVC (88.7%)
and flexible plastic (6.6%), and only 0.8% were made of bamboo, as shown in Figure 7a.
Around 78.7% of RWH systems had end cups to pass the rainwater from the gutter to the
downpipe. The majority of households (90%) used end cups made from PVC, and the rest
of the households (10%) used plastic bottles as end cups (Figure 7a). To protect the entry
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of dust, insects, or bird excreta into the storage tank, about 90% of the household RWH
systems had a proper filter/mesh. In the study area, it was also found that about 54.3%
of RWH systems had the first flush device while the rest of the households practiced first
flushing manually. Of those who installed the first flush device, around 90% of the first
flush devices were made of PVC, and only 10% were made of metal.

Water 2022, 14, x FOR PEER REVIEW 9 of 18 
 

 

Table 4. Approximate size of the roof catchment area for rainwater collection. 

Approximate Roof Size (Square Meters) No. of Households (%) 
<10 63 (21.0) 

10–30 196 (65.3) 
31–50 26 (8.7) 

>50 15 (5.0) 

3.8. Components of the RWH System 
There is a common perception that the rainwater harvesting (RWH) system is an en-

vironmentally sustainable water supply option. This perception is not always true for all 
arrangements of the RWH system and components [37]. Important factors in collecting 
and maintaining good quality rainwater include the proper design and installation of rain-
water harvesting systems. Figure 6 shows the various elements present in the RWH sys-
tem in the study area. Around 79.7% of the surveyed households had gutters in their RWH 
system, while 20.3% of houses were found with no gutter because those households col-
lected rainwater from the rooftop directly or used polyethylene as a catchment. Of those 
with gutters, the majority (94.6%) were made of polyvinyl chloride (PVC) or unplasticized 
polyvinyl chloride (uPVC), while 4.2% and 1.2% were metal iron sheets and others (bam-
boo), respectively. A downpipe connecting the gutter with the storage tank was found in 
85.3% of household RWH systems. Most of the downpipes were made of PVC (88.7%) and 
flexible plastic (6.6%), and only 0.8% were made of bamboo, as shown in Figure 7a. 
Around 78.7% of RWH systems had end cups to pass the rainwater from the gutter to the 
downpipe. The majority of households (90%) used end cups made from PVC, and the rest 
of the households (10%) used plastic bottles as end cups (Figure 7a). To protect the entry 
of dust, insects, or bird excreta into the storage tank, about 90% of the household RWH 
systems had a proper filter/mesh. In the study area, it was also found that about 54.3% of 
RWH systems had the first flush device while the rest of the households practiced first 
flushing manually. Of those who installed the first flush device, around 90% of the first 
flush devices were made of PVC, and only 10% were made of metal. 

 
Figure 6. Presence of different components of the RWH system. 

Figure 7b shows that the roof of most houses was made of asbestos–cement sheets 
(43%), while the rest had iron sheet/tin (36%), concrete (13%), and polyethylene (8%) as 
the roofing materials. One study concluded that metal roofs are commonly recommended 
for rainwater harvesting, as the water collected from metal roofs has lower concentrations 
of fecal bacteria than other roofing materials (concrete tiles, asphalt shingle, etc.) [38]. 

Figure 6. Presence of different components of the RWH system.

Water 2022, 14, x FOR PEER REVIEW 10 of 18 
 

 

 
Figure 7. (a) Materials used for the different components of the RWH system; (b) nature of the roof 
catchment. The values in percentages indicate the proportion of households. 

3.9. Rainwater Management Practices 
Table 5 shows the existing practices for rainwater management by the households. 

Rainwater is not suitable for direct use as drinking water due to contamination by micro-
organisms, heavy metals, and organic matter [39–41]. This could be due to the poor 
maintenance of the collection system, which includes catchment roofs, gutters, down-
pipes, first-flush devices, and storage tanks. Cleaning is one of the most important aspects 
of maintenance. Almost all the surveyed households (98%) cleaned the tanks yearly, while 
households not cleaning the tanks at all were marginal (2%). More than 85% of the house-
holds cleaned the gutter and downpipes at least once a year. Around 13.3% of the house-
holds reported that they did not clean the downpipe. The lack of knowledge on how to 
fix the downpipe after the cleaning might be a reason for not cleaning the downpipe fre-
quently. Around 55% of respondents having a mesh/filter in their RWH system practiced 
cleaning. A total of 21.1% of households cleaned the mesh several times a year, while the 
rest (43%) preferred replacing their mesh when it was dirty. Approximately three-fourths 
(78.7%) of the surveyed households relied on the first rain of the season to wash the roofs 
instead of purposefully cleaning them. Overhanging vegetation is another important fac-
tor that could significantly influence rainwater quality. An on-spot assessment showed no 
overhanging vegetation on the roof in 79% of the surveyed houses, indicating that users 
were aware of the importance of cutting or trimming trees. 

First-flush diversion involves discarding the initial, dirtiest flush of runoff from a 
rainfall event [42]. Many studies found that long dry periods often increased the pollutant 
load from the catchment roofs [39]. Therefore, eliminating the first flush helps increase the 
quality of harvesting water. Around 51% of the surveyed households waited more than 
25 min, while 22% waited 16–24 min before collecting water. A few households (5%) were 
not discarding the first flush. Water collection using a tap and transportation using a jar 
or pitcher were common amongst the surveyed households (97%); only about 3% with-
drew the water directly from the tank without a tap. Most household RWH system users 
(48.3%) spent less than 50 BDT for O&M purposes. 

  

Figure 7. (a) Materials used for the different components of the RWH system; (b) nature of the roof
catchment. The values in percentages indicate the proportion of households.

Figure 7b shows that the roof of most houses was made of asbestos–cement sheets
(43%), while the rest had iron sheet/tin (36%), concrete (13%), and polyethylene (8%) as the
roofing materials. One study concluded that metal roofs are commonly recommended for
rainwater harvesting, as the water collected from metal roofs has lower concentrations of
fecal bacteria than other roofing materials (concrete tiles, asphalt shingle, etc.) [38].

3.9. Rainwater Management Practices

Table 5 shows the existing practices for rainwater management by the households.
Rainwater is not suitable for direct use as drinking water due to contamination by mi-
croorganisms, heavy metals, and organic matter [39–41]. This could be due to the poor
maintenance of the collection system, which includes catchment roofs, gutters, down-
pipes, first-flush devices, and storage tanks. Cleaning is one of the most important aspects
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of maintenance. Almost all the surveyed households (98%) cleaned the tanks yearly,
while households not cleaning the tanks at all were marginal (2%). More than 85% of the
households cleaned the gutter and downpipes at least once a year. Around 13.3% of the
households reported that they did not clean the downpipe. The lack of knowledge on how
to fix the downpipe after the cleaning might be a reason for not cleaning the downpipe
frequently. Around 55% of respondents having a mesh/filter in their RWH system practiced
cleaning. A total of 21.1% of households cleaned the mesh several times a year, while the
rest (43%) preferred replacing their mesh when it was dirty. Approximately three-fourths
(78.7%) of the surveyed households relied on the first rain of the season to wash the roofs
instead of purposefully cleaning them. Overhanging vegetation is another important factor
that could significantly influence rainwater quality. An on-spot assessment showed no
overhanging vegetation on the roof in 79% of the surveyed houses, indicating that users
were aware of the importance of cutting or trimming trees.

Table 5. Rainwater management practices of the households.

Characteristics Category No. of Households (%)

Roof cleaning Yes 64 (21.3)
No 236 (78.7)

Storage tank cleaning (n = 300)

1 time/year 211 (70.3)
2 times/year 77 (25.7)
3 times/year 6 (2.0)
Do not clean 6 (2.0)

Gutter cleaning (n = 239)

1 time/year 97 (40.6)
2 times/year 62 (25.9)
3 times/year 33 (13.8)

>3 times/year 23 (9.6)
Do not clean 24 (10.1)

Downpipe cleaning (n = 256)

1 time/year 117 (45.8)
2 times/year 65 (25.4)
3 times/year 23 (9.0)

>3 times/year 17 (6.5)
Do not clean 34 (13.3)

Filter media/mesh cleaning (n = 270)

Replace the mesh 116 (43.0)
1 time/year 20 (7.4)
2 times/year 39 (14.4)
3 times/year 35 (13.0)

>3 times/year 57 (21.1)
Do not clean 3 (1.1)

Overhanging vegetation cleaning (n = 62) Yes 5 (8.1)
No 57 (91.9)

Duration of first flush (n = 300)

5–15 min 66 (22.0)
16–24 min 66 (22.0)
>25 min 153 (51.0)

No first flush 15 (5.0)

Water collection from the tank (n = 300)
Manual abstraction 10 (3.0)

Using tap 290 (97.0)

Annual O&M expenditure (n = 300)

<50 BDT 145 (48.3)
50–100 BDT 107 (35.7)

101–300 BDT 35 (11.7)
>300 BDT 13 (4.3)

First-flush diversion involves discarding the initial, dirtiest flush of runoff from a
rainfall event [42]. Many studies found that long dry periods often increased the pollutant
load from the catchment roofs [39]. Therefore, eliminating the first flush helps increase the
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quality of harvesting water. Around 51% of the surveyed households waited more than
25 min, while 22% waited 16–24 min before collecting water. A few households (5%) were
not discarding the first flush. Water collection using a tap and transportation using a jar or
pitcher were common amongst the surveyed households (97%); only about 3% withdrew
the water directly from the tank without a tap. Most household RWH system users (48.3%)
spent less than 50 BDT for O&M purposes.

3.10. Rainwater Quality Monitoring and Treatment Practices

Long-term storage and preserving of the quality of harvested rainwater are challenging
without proper knowledge of water preservation [13]. It was found that around 59.3% of
the respondents did not know that rainwater should be tested regularly. About 83.7% of
the households said they did not know what test was needed for their harvested rainwater.
Around 97% of the users reported that they did not test harvested rainwater (Figure 8a).
There was a general lack of awareness regarding monitoring water quality from the user’s
perspective. There were also no laboratories in the vicinity of the households or testing kits
available in case the user wanted to test the water quality.
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As mentioned in Section 3.9, the collection system is the main source of rainwater
contamination. However, there is growing evidence that rainwater can get contaminated
before reaching the collection system [43]. It is often recommended to carry out treatment
for harvested rainwater before drinking [44]. The treatment can be through filtration,
adding chemicals (alum, disinfectant), or other processes. Figure 8b shows the rainwater
treatment practices carried out by the users in the study areas. More than two-thirds (72%)
mentioned they drank rainwater without any treatment, while around 28% of households
reported using the in-house method to purify their harvested rainwater for drinking.
Among them, nearly 10% and 9% of the households who used the in-house purifying
process used home filtration and alum, respectively. Boiling (6%) was also practiced for
water treatment in the study area.

3.11. Operation and Maintenance, Monitoring Support, and Capacity Building

The lack of knowledge and poor maintenance behavior influence the functionality
of the RWH system and rainwater quality. Thus, it is necessary to not only install the
RWH system, but also to build the capacity to operate the systems, which can be achieved
through arranging various training programs to capacitate the users. Table 6 shows that
most of the respondents (91%) did not receive training on O&M for the RWH system,
while the users received other training on nutrition, arsenic, etc. Around 81% and 89.3% of
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the RWH system users reported not receiving monitoring support and usage instruction,
respectively. Such shortcomings in capacity can significantly influence the performance
and sustainability of the installed RWH system.

Table 6. Various surveillance activities carried out by government/NGOs.

Characteristics Category No. of Households (%)

Training on O&M conducted Yes 27 (9.0)
No 273 (91.0)

Monitoring support Yes 57 (19.0)
No 243 (81.0)

Usage instruction provided Yes 32 (10.7)
No 268 (89.3)

3.12. Household Perception by Salience Index

The RWH system has gained popularity because it has numerous benefits. A free
listing question about the beneficial impact of the RWH system was asked to explore some
essential advantages of using it (Table 7). ‘Proximity to the household’ showed the highest
SSI (0.589) with 222 citations, indicating that this is the most significant benefit to the users.
SSI values of the ‘RWH system reduces the waterborne diseases’, ‘Rainwater is safe for
drinking’, and ‘Quality of rainwater is acceptable’ were 0.277, 0.180, and 0.179 with 143, 76,
and 102 citations, respectively.

Table 7. Free listing results by salience.

Items Frequency Percent SSI

Benefits of rainwater harvesting systems
Proximity to the household 222 74.0 0.589
Relief from carrying water from a large distance 196 65.3 0.438
It reduces waterborne disease 143 47.7 0.277
It is safe to drink 76 25.3 0.180
Acceptable quality 102 34.0 0.179
It is good for cooking 67 22.3 0.144
Lesser need to purchase water 75 25.0 0.141
It saves time for women for other works 45 15.0 0.082
Acceptable taste 28 9.3 0.050
Visitors are provided drinking water 23 7.7 0.035
It gives psychological satisfaction 12 4.0 0.028
It is easy to store 9 3.0 0.019
Rainwater may be exploited for various purposes 8 2.7 0.015
Women need not go out (religious context) 3 1.0 0.005
Relief for older people from carrying water 2 0.7 0.004
Causes of insufficient drinking/cooking water
Tank storage volume is inadequate 151 77.0 0.671
Have to share water with other people (visitors, other households, guests, school-going
children, customers of shops) 66 33.7 0.324

Lack of rainfall 17 8.7 0.087
High water demand due to large household size 11 5.6 0.036
The pipe is blocked due to a lack of maintenance 4 2.0 0.020
Using up limited water for cooking 3 1.5 0.009
Wastage of water 2 1.0 0.005
Motivation for shifting to RWH systems
RWH system has many benefits (proximity to house, relief from carrying water from
considerable distances, safe for drinking purposes) 151 50.3 0.502
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Table 7. Cont.

Items Frequency Percent SSI

Pond water is getting saline 33 11.0 0.103
Waterborne illnesses are less common when drinking rainwater 26 8.7 0.080
Presence of an enormous amount of arsenic and iron in tube-well water 25 8.3 0.077
Pond water appeared to be spoiled due to storms, bathing, garbage dumping,
and dishwashing 22 7.3 0.073

Pond water quality is poor 24 8.0 0.071
The pond is dried up in the dry season 17 5.7 0.055
Water is not available all the time in the previous source 8 2.7 0.024
The government provided other water options that are not operational 5 1.7 0.015
The pond owner is not willing to share the water 5 1.7 0.011
Problems for the users during the use of RWH systems
Insufficient water throughout the year due to an inadequate storage volume 86 28.7 0.263
There is no problem 64 21.3 0.213
Facing difficulty in collecting water due to inadequate RWH components 56 18.7 0.170
Inadequate rainwater testing facilities 29 9.7 0.084
Feel compelled to share water with other households who do not have suitable
water options 23 7.7 0.068

High water demand due to large household size 14 4.7 0.047
Absence of a suitable catchment 15 5.0 0.044
There is a lack of knowledge about treatment methods 10 3.3 0.033
The tank is improperly placed due to the absence of a base 6 2.0 0.018
Worried about roof catchment materials (asbestos) 5 1.7 0.015
Tank height is higher than the level of the roof 5 1.7 0.013
Difficulty in installing mesh filters 4 1.3 0.012
A crack in the bottom of the tank 3 1.0 0.010
The tank lid is missing/stolen 1 0.3 0.003
Solutions to various problems during the use of RWH
A sufficient storage volume tank is needed 100 33.3 0.310
Nothing is needed 64 21.3 0.213
Adequate RWH components should be placed correctly with proper sizes (mesh, pipes,
gutter, filter, tap) 37 12.3 0.113

Need to set up a rainwater testing facility 36 12.0 0.104
Need proper catchment with a sufficient area and materials 27 9.0 0.079
Financial support is needed for O&M 25 8.3 0.075
Need to arrange the tank for other households who do not have suitable water options 23 7.7 0.068
Need reliable instruction regarding water treatment methods 9 3.0 0.030
Water-purifying chemical is needed 7 2.3 0.018

There were many reasons behind the insufficient yearlong water demands, including
the inadequate volume of the storage tank. There were at least seven reasons why the
users thought they did not obtain sufficient rainwater throughout the year. The most
significant cause behind the insufficient water was ‘Inadequate storage volume’ (cited
by 151 respondents, SSI = 0.671). About 66 users of the RWH system said they had to
share water with individuals other than those belonging to different households, such as
visitors, guests, school-going children, and customers of shops, especially in dry periods
(SSI = 0.324).

The most significant motivating factor for choosing RWH as their main drinking water
source over the previous water source was ‘Rainwater has many benefits’, cited by 151 users
(SSI = 0.502). The benefits they stated were the source of water being close to the household,
relief from carrying water from a distant source, and rainwater being safe for drinking and
cooking. ‘Presence of high arsenic and iron in tube-well water’ was mentioned by 25 users
(SSI = 0.077), and ‘Pond water appeared to be spoiled due to storm, bathing, garbage
dumping, and dishwashing’ was cited by 22 users (SSI = 0.073). Sometimes pond owners
were not interested in sharing water with other households, and this reason was mentioned
by five respondents (SSI = 0.011).
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The most frequent problem that the users faced was a ‘Low-volume storage tank’,
mentioned by 86 respondents (SSI = 0.263). In addition, ‘Facing difficulties in water collec-
tion’ due to inadequate RWH components (cited by 56 users, SSI = 0.170) and ‘Inadequate
rainwater testing facilities’ (cited by 29 users, SSI = 0.084) were the significant problems that
the users faced during the use of RWH. The users had to share water with other households
that did not have suitable water options (cited by 23 users, SSI = 0.068).

Most surveyed households suggested one or two solutions for solving their issues.
According to users, providing a larger capacity storage tank was the most effective solution
(cited by 100 users, SSI = 0.310), indicating that the capacity of the tank is an important
limitation for getting sufficient water. The users mentioned that properly placing the RWH
components (mesh, pipes, gutter, filter, tap) is crucial for rainwater collection (cited by
37 users; SSI = 0.113). Taking the necessary steps to set up dedicated rainwater testing
laboratories was also cited by 36 users (SSI = 0.104) as the possible solution to the rainwater
testing facility problem.

4. Discussion and Conclusion

Although RWH has been made popular in the water-challenged southwestern coastal
region of Bangladesh through government and donor agency interventions, its proper
functioning has been found to be lacking in many areas. This study explored the post-
installation rainwater management issues associated with household RWH systems in the
southwestern coastal regions of Bangladesh. Critical aspects explored were the socioeco-
nomic conditions of the household, usage behavior, water treatment practices, operational
features, maintenance practice, and governance issues.

The households use their harvested rainwater for drinking and cooking, but the stor-
age tank capacity has been found to be insufficient to ensure yearlong water availability.
Therefore, most households still have not become completely independent of their previ-
ous water options (PSF, tube well, pond), and some are located large distances from the
household. Larger family sizes and low-volume storage tanks are the most cited causes of
insufficient water throughout the year. The roof portion used as a catchment, as well as
the size of the roof, can also be a factor that affects the quantities of water being collected.
Many families could not use the entire roof as a catchment due to a lack of gutters and
pipes. The RWH systems installed by different projects did not customize the storage tank
capacity based on such factors, which could be responsible for the inadequate quantity
of water throughout the year. The findings emphasize the need for having a storage tank
commensurate with the size of the family and a proper collection system to receive water
from the entire catchment to ensure year-round water demands.

The users in the region generally followed a good practice of frequently cleaning
the storage tanks, gutters, downpipes, and filter media/mesh, although they did not pay
much attention to the roof cleaning. Most of the roofs of the surveyed households did
not have overhanging vegetation in the study area. Most households waited for more
than 25 min before collecting rainwater after the dry period, indicating that they knew
the importance of first flushing to maintain the quality of the collected rainwater. Even
after good cleaning practices, there is a risk of microbial contamination in the harvested
rainwater, which cannot be ignored. The lack of properly functioning RWH components
and the use of makeshift arrangements for missing or damaged RWH components could
also be the potential cause of microbial contamination. This risk has to be minimized by
post-storage treatment practices, and the regular monitoring of rainwater quality.

Most users drank rainwater without treatment, and almost all did not test the quality
of their stored water. This is because they lacked adequate knowledge of water treatment,
preservation methods, and water quality testing protocols for harvested rainwater. The
usage instructions accompanied by the RWH units were not communicated properly to
the households, and in some cases the instructions were not provided at all. Therefore, the
users should be sensitized of the need for post-storage treatment (e.g., boiling, filtration,
disinfection) before drinking rainwater to minimize the health risk from microbial con-
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tamination. This study also emphasizes the need for providing water quality monitoring
support to households using RWH by the related agencies. This can be conducted by
establishing laboratories at the Upazila level and encouraging the users to have their water
tested at certain intervals.

The material used for the different components of the RWH system could be responsi-
ble for introducing chemical contaminants in harvested rainwater. PVC or un-plasticized
polyvinyl chloride (uPVC) material is typically used for gutters and downpipes due to
its high strength, long-term durability, and low cost. A recent study found the presence
of heavy metal (Pb) in stored rainwater due to uPVC gutters and downpipes [23]. The
main reason behind this contamination is that uPVC pipes may contain Pb due to using
lead compounds as the stabilizer during manufacturing [23]. Our survey results show that
most households use gutter and downpipes made from PVC/uPVC, and these households
are more likely to have Pb content in their stored rainwater. Recent studies suggest that
contaminants such as Polycyclic aromatic hydrocarbons and trace metals, which are present
in the air due to various anthropogenic activities, can appear in stormwater runoff [45–47].
Therefore, it is suggested that the collected water should be occasionally tested for lead
(Pb) and other contaminants.

The lack of training on O&M and institutional monitoring support for the RWH sys-
tems is another finding from the study. Many households did not receive training and
monitoring support from the organizations providing the RWH units. The design aspects
of the RWH system and its operation and maintenance are technical issues, which the
households need to be sensitized to run the system properly. This is where the govern-
ment institutions (DPHE), NGOs, and donor agencies can play a crucial role in providing
post-installation support and building capacity at the household level. Increasing public
awareness regarding the beneficial effects of good O&M practices through various capacity-
building programs is essential. A national O&M guideline for small-scale water supplies
(including RWH systems) with the allocation of resources for O&M should help RWH
systems run fruitfully. It is also important to adopt water safety plans for RWH systems to
reduce water quality risk from microbial and chemical contamination. The southwestern
coastal region of Bangladesh is one of the most water-challenged areas in the country, and
RWH is an important source of water supply in the area. This study suggests a strong
need for monitoring the performance of RWH systems and provides clues to strengthening
existing RWH intervention programs.
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