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RESEARCH ARTICLE Open Access

Advantages and limitations for users of
double pit pour-flush latrines: a qualitative
study in rural Bangladesh
Faruqe Hussain1,6*, Thomas Clasen2, Shahinoor Akter1, Victoria Bawel3, Stephen P. Luby1,3, Elli Leontsini5,
Leanne Unicomb1, Milan Kanti Barua4, Brittany Thomas5 and Peter J. Winch5

Abstract

Background: In rural Bangladesh, India and elsewhere, pour-flush pit latrines are the most common sanitation
system. When a single pit latrine becomes full, users must empty it themselves and risk exposure to fresh feces, pay
an emptying service to remove pit contents or build a new latrine. Double pit pour-flush latrines may serve as a
long-term sanitation option including high water table areas because the pits do not need to be emptied
immediately and the excreta decomposes into reusable soil.

Methods: Double pit pour-flush latrines were implemented in rural Bangladesh for ‘hardcore poor’ households by a
national NGO, BRAC. We conducted interviews, focus groups, and spot checks in two low-income, rural areas of
Bangladesh to explore the advantages and limitations of using double pit latrines compared to single pit latrines.

Results: The rural households accepted the double pit pour-flush latrine model and considered it feasible to use
and maintain. This latrine design increased accessibility of a sanitation facility for these low-income residents and
provided privacy, convenience and comfort, compared to open defecation. Although a double pit latrine is more
costly and requires more space than a single pit latrine the households perceived this sanitation system to save
resources, because households did not need to hire service workers to empty pits or remove decomposed
contents themselves. In addition, the excreta decomposition process produced a reusable soil product that some
households used in homestead gardening. The durability of the latrine superstructures was a problem, as most of
the bamboo-pole superstructure broke after 6–18 months of use.

Conclusions: Double pit pour-flush latrines are a long-term improved sanitation option that offers users several
important advantages over single pit pour-flush latrines like in rural Bangladesh which can also be used in areas
with high water table. Further research can provide an understanding of the comparative health impacts and
effectiveness of the model in preventing human excreta from entering the environment.

Keywords: Feasibility, Double pit pour-flush latrine, Rural Bangladesh, Sanitation System

Background
An ongoing debate exists about the role of latrines alone
or in combination sanitation interventions, in improving
sanitation and health outcomes [1–9]. Recent evalua-
tions of latrine installation have not detected the antici-
pated impacts on health or nutrition [2, 3]. However,

some studies have found that sanitation upgrades led to
improvements in child growth [1, 6]. These mixed
results may be due to inadequate latrine coverage, use
and maintenance, in addition to poor systems for
managing fecal sludge [10]. This study explores the
potential role of a double pit pour-flush latrine design in
improving latrine acceptance and use and facilitating safe
removal and treatment or reuse of fecal sludge.
Approximately 1.8 billion people from low-income

countries use pit latrines as their usual form of sanita-
tion [11]. Pit latrines are an improved sanitation option

* Correspondence: faruqe.hussain@icddrb.org
1International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b),
Dhaka, Bangladesh
6Programme for Emerging Infections, Infectious Diseases Division, icddr,b, 68
Shaheed Tajuddin Ahmed Sarani, Mohakhali, Dhaka 1212, Bangladesh
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Hussain et al. BMC Public Health  (2017) 17:515 
DOI 10.1186/s12889-017-4412-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-017-4412-7&domain=pdf
mailto:faruqe.hussain@icddrb.org
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


that have the potential to separate human excreta from
the surrounding household environment and reduce the
transmission of fecal-oral transmitted diseases [9]. In
rural Bangladesh, it is common for households to use
pour-flush pit latrines [12]. Single pit latrines comprise a
latrine pan and pit, which are separated by a water seal
that helps reduce odors and fly contact with feces [13].
Due to the high water table in most areas, pits are shal-
low (1–1.5 m) and fill after 12–24 months of use.
When single pit latrines fill, a new latrine should be built,

or the pit emptied [14]. Single pit latrine users must spend
money to buy new latrine components or hire pit emptying
workers. Manually emptying fresh excreta presents a num-
ber of health risks, including exposure to helminth eggs
[15]. The emptying process also has the potential to
contaminate the household environment and surrounding
areas where the fresh excreta are released.
Double pit latrine systems address many of the prob-

lems inherent in the single pit latrine design. When the
first pit fills, users divert the waste stream to the second
pit and allow the contents of the first pit to decompose
[16]. Users thus move the superstructure from one pit to
another (system evaluated in this study), or redirect the
tube or pipe leading away from the toilet, from the full pit
toward the empty pit (offset double pit latrine) (Fig. 1a).
Pathogens, including helminth eggs, are greatly reduced in
the decomposition process [17–19]. After the excreta in
the first pit decompose, the excreta can be safely emptied
by household members and used as soil amendment in
homestead gardening [13, 16, 20]. The decomposition
process usually takes 12–18 months, and during this time,
household members use the second pit [13].
Given the limitations of single pit latrines and the

health hazards associated with emptying fresh excreta,
the double pit pour-flush latrine system may greatly im-
prove sanitation in areas like Bangladesh. Householders
may be less resistant to use latrines that offer a feasible
solution (and a beneficial byproduct) to pit emptying.
Despite these benefits, there are some barriers to scaling
up double pit pour-flush latrines. First, they are more ex-
pensive than single pit latrines (detailed below). Second,
they require sufficient space for the second pit, which is
often unavailable in higher density settings even in rural
villages. An offset double pit latrine where the superstruc-
ture remains in place and the waste stream is diverted to
the second pit also requires careful construction to ensure
proper flow. These barriers may lead governments and
NGOs to hesitate to invest in them.
Double pit pour-flush latrines have been implemented

in Bangladesh by BRAC since 2006 in different regions of
Bangladesh under their WASH (Water, Sanitation and
Hygiene) Programme [21]. We collaborated with BRAC to
conduct a qualitative assessment among households from
the BRAC-WASH Programme intervention. We explored

the advantages and limitations of using double pit pour-
flush latrines compared to single pit latrines in low-
income, rural areas of Bangladesh, from the perspective of
households where the latrines were installed.

Methods
Study site and population
This qualitative study was conducted from October 2010
to April 2011 in Kishoreganj Sadar and Katiadi, rural
sub-districts of Kishoreganj District in northeastern
Bangladesh. These two sub-districts within the BRAC
WASH Programme implementation area share similar
socio-economic and geographical characteristics. The
study was conducted amongst government-designated
‘hardcore poor’ households in these communities. The
Pro-Poor Strategy for Water and Sanitation Sector in
Bangladesh has defined ‘hardcore poor’ as: “landless
households, pavement dwellers/homeless, the main-
earning person or head of family is a day laborer, owning
less than 0.202 hectares (50 decimal) of agriculture land
or residing in a rented premise less than 200 square feet,
and, having no fixed source of income and household is
headed by a disabled person or female or old aged (65+
years) persons” [22]. BRAC staff formed a Village WASH

Fig. 1 a double pit latrine layout (on-set model). b double pit latrine
layout (off-set model)

Hussain et al. BMC Public Health  (2017) 17:515 Page 2 of 9



(Water, Sanitation and Hygiene) Committee comprised
of local government and community leader representatives
to monitor the project’s implementation.

Study design
To understand community acceptance, attitudes and
experiences with use of the double pit pour-flush latrine,
we conducted focus group discussions and in-depth
interviews with adult users, guided by the Integrated
Behavioral Model for Water, Sanitation and Hygiene
(IBM-WASH) [23]. We also captured comments made
by the neighbors during data collection. We observed
the physical condition of the latrines and pattern of la-
trine use in the study households. To capture a broad
range of user experiences, we interviewed households of
various family sizes and geographical locations, as well
as households headed by women and men, to consider
factors influencing latrine use and maintenance beyond
socio-economic influence.

Sampling
Households were selected from the BRAC’s WASH
Programme participants. These participants were classi-
fied as ‘hardcore poor’ population and being hardcore
poor was an eligibility requirement for receiving a double
pit latrine from BRAC. In general, each eligible household
received a double pit pour-flush latrine and had been
using the latrine regularly.
BRAC WASH Programme had preset criteria for eligi-

bility that were not assigned by this study. Participating
households were eligible if they were ‘hardcore poor’,
which BRAC had determined using a survey that col-
lected socio-economic data from household members. In
addition, following BRAC’s criteria participating house-
holds (i) previously lacked improved sanitation facilities
or access to improved latrines and practiced open
defecation, (ii) received and had been using a double pit
pour-flush latrine for at least 3–6 months, (iii) shared
the cost of transporting the latrine’s components, and
(iv) provided the labor to dig two pits and install the
components. To provide ownership and increase value
of the latrine, BRAC motivated the participants to share
the cost of transport which was a basic criterion for a
participating household.
We conducted in depth interviews and focus group

discussions with households during October 2010 to
April 2011. We interviewed members of 18 households,
which had been using the double pit pour-flush latrine
system for varying lengths of time. We expected that at
least five households from each stage should cover the
latrine life-cycle, and based on previous experiences, we
expected that 20 households would be required for data
saturation. Finally, 18 interviews covered the full latrine
life-cycle, and we found data saturation. We included

more households in the first and second stage to under-
stand acceptability, implementation, patterns of use and
maintenance including pit switching. We led five focus
group discussions with households represented a low
income levels within mixed income neighborhoods. In
each focus group, eight to nine members participated.
The groups were assigned by gender (male, female and
mixed) and duration of use (less than 6 month and more
than 6 months) of the double pit latrine.
BRAC had implemented double pit pour-flush latrine

in different phases. We aimed to obtain feedback and
experience from the users on the complete ‘life-cycle’ of
the latrine. Therefore, households were intentionally se-
lected to represent a continuum of users in the latrine
‘life-cycle’ (Table 1). During selection, household size,
geographical location, and gender of the household head
were also considered. Based on the duration of use of
the latrine we classified households into three stages.
Stage 1 households were defined as those using the la-
trine for three to six months prior to being interviewed.
Stage 2 households were those who had recently
switched their superstructure and begun using the
second pit. Stage 3 households had emptied their first
pit and switched pits multiple times (Table 1).

Double pit pour-flush latrine model and implementation
The double pit pour-flush latrine design included
several components that users could easily assemble
on their own. The components could be switched
between two separate pits, placed three to five feet in
distance from each other without any piped connec-
tion (Fig. 1b). The latrine components included six
concrete rings (three rings for each pit), a concrete
latrine lid, a concrete squatting slab, a plastic pan, a
plastic water seal, four bamboo stability poles, three
fences, a roof and a door, all made of bamboo. The
concrete rings lined the pit and were 0.3 m tall by
0.8 m in inner diameter. The average volume of a
three ring pit was 0.416m3. The latrine lid covered
the pit not in use. The bamboo poles were used to
construct the superstructure with the fencing on three
sides, the door, and the roof.

Table 1 Distribution of participating households by latrine life-
cycle stage

Stage Approximate duration
of use (months)

No. of
households

Description of
life-cycle stage

1 3–6 9 Install latrine and use first pit

2 7–12 6 Switch to second pit and
use second pit

3 13–18+ 3 Recycle decomposed excreta
and switch back to first pit
(or any subsequent switch)
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The physical components of the latrine model cost
approximately $28 USD (based on April 10, 2011
exchange rate; 1 USD = 72.7 BDT). This compared to an
estimated $20 for a single pit latrine, a difference of 40%.
In this case, BRAC provided the components free of
cost. The transportation of supplies, construction of pits,
and assembly of pit components varied in cost from an
estimated $11–14 USD depending on the location of
production centers, households and road conditions.
The households provided all the cost for transportation
and the labor for assembly and installation.

Data analysis
We categorized the interview and group responses
based on themes including: feasibility and patterns of
latrine use, operation and maintenance, perceived
benefits and perceived barriers of using a double pit
pour-flush latrine. Drawing from the three dimensions
in the IBM-WASH model, contextual, technological,
and psychosocial factors were identified which influ-
enced the feasibility and acceptability of double pit
pour-flush latrine use and maintenance at the house-
hold and community level [24].
The IBM-WASH model is a social-ecological model. It

differs from other social-ecological models in having a
level for the household and a level for habit formation
(habitual) due to the importance of household-level
factors and habit formation in WASH behaviors. It has
separate columns or dimensions for contextual, psycho-
social and technology factors. In this case, the context
was the social and physical environment for the la-
trines, and psychosocial factors included knowledge,
social norms and disgust. Technology factors were
specific to the latrine design which affected its use and
maintenance [24].

Results
Of the 18 households with latrines at various stages of
use (Table 1), nine households were still using the first
pit (Stage 1). Six households had filled the first pit and
switched to using the second pit (Stage 2). Three house-
holds had utilized composted excreta from the first pit
and switched pits multiple times (Stage 3). The heads of
households included rickshaw pullers (6), shopkeepers
(4), day laborers (3), small scale farmers (3), a fisherman
(1), and a differently able man (1) (Table 2).

Double pour-flush pit latrine utilization
Prior to the study and acquisition of a latrine, most
study participants had reported that they defecated in
the open; others shared a latrine with neighbors. Upon
installation and use of the new latrines, focus group
participants noticed a reduction in flies, mosquitoes, and
bad odors in the household environment. Households

perceived an increase in environmental cleanliness
with the installation of a double pit pour-flush latrine.
None of the latrines had visible feces around the
latrine pits. The majority of the latrine pans appeared
clean (15/18), and there was no odor (15/18). One of
the participants from the focus groups and owner of
a latrine said,

“Previously we would defecate in the open which
smelled bad. You (referring to researchers) wouldn’t
be able to stay here if you would have come earlier
(before installing this latrine) (female, 55, married,
homemaker)”.

The new latrines also provided users with greater
privacy, convenience, comfort, and social status compared
to practicing open defecation or using unimproved latrines.
Users appreciated that there were no snakes, wild animals
and insects around the latrine. One woman noted:

“Previously I used to defecate in (the) open, in the
bush or in abandoned or waste ponds. I became
frightened (startled) and I stood up when I felt that
someone may notice I am defecating in open. Now I
don’t have that fear (female, 37, married,
homemaker)”.

Prior to latrine ownership, households could not pro-
vide latrine facilities to guests. Participants reported that
after receiving latrines, their social status improved, and
they no longer felt embarrassed when relatives or guests
visited. One of the respondents said,

“Lacking a latrine we had to request our neighbors
to allow latrine access to our visitors and guests. But
now I am happy that I have an improved latrine and
our relatives also appreciate it (female, 32, married,
homemaker)”.

Table 2 Participant household characteristics

Characteristics N = 18

Occupation of household heads

Farmer/ Sharecropper 3

Wage labor 3

Van/Rickshaw puller 6

Fisherman 1

Shopkeeper 4

Disabled/aged 1

No. of users per double pit latrine

≤ 6 10

7–10 6

≥ 11 2
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Many households noted latrines were easy to con-
struct, but the majority of users (12/18) noted prob-
lems with the latrine superstructure. Household
members reported that within six months of latrine
use, parts of the superstructure started to deteriorate.
The bamboo poles used to stabilize the fences began
to break and decay so that fences no longer main-
tained privacy for users. Five households reported that
their superstructure broke when moving it to the
second pit. Our field team observed fences and doors
were broken in some of the latrines (Table 3). To build
a replacement structure, participants had to purchase
new superstructure materials. Three households men-
tioned that low-income households lack sufficient
space in homesteads and the double pit pour-flush
model requires more space than a single pit pour-flush
model. Despite these limitations, our field team ob-
served that all participant households had functional
latrines with signs of use.

Pit filling and switching
Household members were able to determine when the
pit became full by using their own monitoring methods.
Sound produced by water and feces dropping into the
pit was mentioned as a common method used to ap-
proximate the remaining empty space in the pit. House-
hold members said that they also lifted the concrete slab
to determine the remaining space.
Participants appreciated the ease in switching pits, as

the process required only physical labor to dismantle,
move and set up the superstructure over the second
pit. Many households (12/18) were able to switch be-
tween pits without facing difficulties. Pit shifting was

not arduous, and women performed this task in some
households. One of the users said:

“I faced no problems to move the superstructure
and swap between slab and lid. My son helped me
along with my younger brother. We three people
switched the pit which didn't cost even a Taka
(female, 35, married, homemaker).”

Most households switched pits in a timely manner
when the first pit became full. In most cases, households
did not have feces overflowing from the latrine pan or
pit. A small number (2/18) of households mentioned
that they delayed pit switching and continued to use pits
that were almost completely filled. As a result, the feces
layer rose and submerged the latrine pan in excreta.
After the slab was moved from the filled pit, fresh
excreta were exposed. These households noted that they
were disgusted with the visible fresh feces, which produced
bad odors. One participant said,

“It was only disgusting to remove the slab from
the full pit due to the odor. To continue latrine
use we had nothing to do but switch pit within
the existing circumstances (female, 34, married,
homemaker).”

Users reported pits could fill before the contents of
the previous pit had decomposed. Furthermore, pits
could fill during heavy rainfall, which led users to either
switch pits or to continue using the latrine after it was
full. Areas with high water tables must have shallow pit
depths, and some large households filled their pit within
six months because of the shallow pit depth. One of the
participants said,

“Within 6 months my latrine pit filled up. We have 8
family members and relatives visit us frequently which
hastened the filling (male, 42, married, farmer)”.

The pit depth problem also related to concerns
about the water seal in the latrine. Household mem-
bers reported that greater amounts of water were
required for flushing a latrine with a water seal, and
this added water may contribute to earlier pit filling.
Many of the participants stated that they had previ-
ously removed the water seal because they did not
understand the benefits of the device; BRAC team
members had visited the households early in the inter-
vention to explain that the water seal prevented flies
and mosquitoes from accessing the excreta and re-
duced bad odor and to encourage them to re-install
the water seals. When our field team visited house-
holds later in the intervention, we found that water

Table 3 Spot checks of double pit latrine conditions

Findings N = 18

Latrine installation/no pit switch 9

Pit switched/shifted at least once 9

Pit switched/shifted more than once 3

Latrine functional and in use 18

No odor 16

Latrine pan clean 15

No feces around the latrine pits 18

Water seal functional (water in pot) 18

No broken pit liner 18

Second pit secure 18

Superstructure (same model) 18

Good condition 2

Broken 12

Changed 4
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seals were functional, pit liner was in good condition
and the second pit was secured in the latrines of all 18
study households (Table 3).

Composting excreta and pit emptying
For stage 3 participants, the excreta in the first filled pit
were left to decompose while the second pit was in use.
They said that during the decomposition process, the
surrounding soil absorbed water from the excreta, and
the decline in the liquid level was visible. Approximately
one year after pit switching, the contents of the pit re-
duced in volume, producing a dry, odorless soil product.
We could directly observe this in one of the pits (Fig. 2).
The decomposition process resulted in savings in

several ways. Participants mentioned that with a single
pit latrine model, the pit must be emptied by hiring a pit
emptying service or a new latrine must be constructed;
that the double pit pour-flush latrine model allowed
households to empty composted soil themselves and
reuse latrine materials with the alternating pit system.
The savings were estimated at $ 4 USD. One user who
recognized this cost saving said:

“My brother emptied the pit contents. A methor (pit
emptying service worker) would have charged at least
200-400 Taka! (US $2.75-$5.50) (female, 46, separated,
homemaker)”.

In addition, households could use the composted soil
for homestead gardening, and some women in the study
reported using it in their gardens. Many households
appreciated the savings and benefits of the latrine model.
One of the participants said,

“We could have used the contents but we do not have
our own land for agricultural production. I used those
for fruit plants within my courtyard area (female, 34,
married, homemaker).”

Discussion
Latrine Benefits compared to open defecation
Compared to open defecation, single and double pit
latrines (pour-flush model) share many putative benefits
for households including increased convenience, privacy,
safety, social status and reduced environmental contam-
ination with fecal pathogens [23]. Households in our
study also identified similar benefits of latrine use.
Prior to latrine installation, most household members

practiced open defecation. Latrines provided household
members with an enclosed space to defecate so that
they did not have to walk to the fields and search for a
private place. Household members in our study appre-
ciated the convenience, comfort and privacy provided
by a latrine.
In addition, households perceived an increase in social

status with latrine ownership. Participating households
could provide their guests access to a latrine. Other
scholars have found that increased social standing associ-
ated with latrine ownership has influenced latrine adop-
tion in rural Bangladesh communities. Guiteras et al.
evaluated the spillover effects of a subsidized latrine distri-
bution program in 380 rural Bangladesh communities and
discovered that both subsidy recipients and households
neighboring subsidy recipients had increased latrine
ownership due to the program, representing a social
multiplier effect [25]. Routray et al. also noted that high
social networks influenced latrine ownership in rural
Indian households [23].
For a sanitation system to be maintained, latrine

components need to be sustainable. In our study, most
households (12/18) had latrine superstructures which
were broken; the bamboo poles supporting the exter-
nal fences of the latrine were decaying. Problems with
the superstructure design could limit the continued
use of double pit latrines over the longer term. There-
fore, the materials of the superstructure should be im-
proved to withstand long-term use and pit switching.

Pit

Composted excreta

Fig. 2 Composted excreta inside the pit
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Specific benefits of double pit latrines
The specific benefits of double pit technology men-
tioned in the literature, include: ability of the user to
empty the pit, generation of a decomposed soil product,
reduction of environmental contamination, and contin-
ued availability of a pit over the long term [9, 16, 26].
Study participants reported three of these four benefits,
namely the ability of the user to empty the pit, the
generation of a decomposed soil product, and the
continued availability of the pit for future use over a
complete “latrine life-cycle”. However, the perceived
savings from self-emptying the pit were additional
benefits that household users described.
With a single pit latrine, households are faced with five

options upon pit filling. First, they can abandon the
latrine and build a new latrine which has cost implica-
tions. Second, they can stop using the latrine and return
to open defecation. Third, they can hire a pit emptying
service, with its associated costs and health risks. Fourth,
they can make a hole in the side of the pit (pit diver-
sion), and finally, they can empty the pit with a pipe
occasionally (flooding out). The last four options can
contaminate the surrounding water bodies or land with
the pit contents. In a study on improved sanitation in
Dar es Salaam, the most common design was the trad-
itional (single) pit latrine (88%). The study found that
28% of surveyed households had an emptying pipe to
flood out pits [27]. The double pit pour-flush latrine
technology assessed in our study circumvents these
problems.
Furthermore, when single pits fill, their emptying

may contaminate the surrounding environment with
helminth eggs and other pathogens [15]. However, the
composting process in double pit latrine significantly
reduces fecal pathogens and the concentration of
helminth eggs in excreta [17–19]. For these reasons,
the single pit latrine is not a sustainable sanitation
solution nor environmentally safe compared to the
double pit latrine [11]. Ramani et al. describes the
double pit latrine system as closing the “loop” of the
latrine “life cycle” by recycling the excreta and redu-
cing health and environmental risks of excreta dis-
posal [26]. Households in our study appreciated this
long-term technology, but they did not identify this
lowered risk of contamination as a benefit. The ability
to manually empty decomposed pit contents, as op-
posed to hiring a pit emptying service, led to perceived
cost savings among our study households.
Proper and regular maintenance of double pit pour-

flush latrines may produce compost with reduced
pathogen levels and helminth eggs that can be used in
agricultural fields or in gardening. Poorer households
with no agricultural land may sell the compost to the
farmers who realize the benefits.

Implementing Double Pit Pour-flush Latrines
When implementing latrine sanitation programs, single
and double pit systems (pour-flush model) are the two
options. Government officials, donor organizations and
NGOs commonly assume that double pit latrines are
more expensive to install than single pit latrines. While
this is true, the additional costs are modest (approximately
$10) and households perceived considerable savings
associated with double pit latrines, and these perceptions
may influence their continued use and maintenance.
These benefits offer strong support for implementing
double pit latrines.
The bamboo poles easily decomposed, leading to the

superstructure breaking during pit switching of on-set
model (Fig. 1a) or continual use. A double pit model in
which the pits are offset instead of being located directly
under the superstructure and squatting slab so that the
superstructure does not need to be moved (Fig. 1b)
would encourage the construction of more durable
superstructures and could prolong the lifespan of
double pit latrine sanitation systems. This design,
would, however, increase costs.
The benefits of the double pit pour-flush latrine system

are limited by the shallow pit depth due to the high water
tables in Bangladesh. Pits should be dug as deep as
possible withinthe constraints of the high water table but
not more than a man’s height considering worker’s safety.
As the manual emptier must enter into the pit, health
risks increase when pits are deeper than 1.5 m, [28, 29],
where low oxygen and toxic gases such as ammonia and
methane may be present. In addition, glass and metal
pieces in the sludge can cause cuts [30]. It is important to
educate household users about water tables rising and
consequent faster pit filling during heavy rainfall. Each pit
should be raised higher than the normal ground level so
that rain water does not enter the pit. Since households
tend to break the water seal to reduce the water volume
needed for flushing so that the pit does not fill as quickly,
the importance of the water seal in reducing environmen-
tal contamination and odors should also be emphasized to
users. It is also important to emphasize shifting to a new
pit before the existing one fills or overflows.
According to the IBM-WASH framework guiding this

study [24], behavior change strategies and educational
campaigns should pay attention to the technological
dimension of sanitation interventions and teach house-
holds the details on how to use and maintain the double
pit latrine system. Researchers should continue to moni-
tor the lifespan of the double pit latrine system and
environmental contamination risks of sanitation systems.

Limitations
The limitations of the study included a specific geo-
graphic location and target population, and free latrine
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provision. In other geographical and high water table
areas, users may experience different difficulties. The
households in the BRAC intervention and our study
were from two rural Bangladesh communities defined as
‘hardcore poor,’ a population that does not represent the
larger rural community population.

Conclusions
Low-income households in rural Bangladesh accepted
and utilized subsidized double pit pour-flush latrines.
The study reinforced the putative benefits of double pit
latrines compared to single pit latrines including: the
ability of the user to empty the pit, the generation of a
decomposed soil product, and the implementation of a
durable sanitation system. Study participants also noted
that manual self-emptying led to savings by not needing
to hire a pit emptying service and the further free
utilization of the soil product. In areas with high water
tables, the double pit pour-flush latrine offers many
benefits as well.
Although double pit pour-flush latrines cost more than

single pit pour-flush latrines, they are a superior sanita-
tion system with a longer lifespan than single pit latrines.
When implementing new sanitation systems, it is im-
portant to note and communicate the many benefits of
double pit latrines compared to single pit latrines.

Abbreviations
BRAC: A national NGO; IBM-WASH: Integrated Behavioral Model for Water,
Sanitation and Hygiene; NGO: Non-governmental Organization; USD: United
States Dollar; WASH: Water, Sanitation and Hygiene

Acknowledgements
This research was conducted as part of WASH Benefits Study that was
financially supported by Grant OPPGD759 from the Bill & Melinda Gates
Foundation to the University of California, Berkeley. icddr,b acknowledges
with gratitude the commitment of Bill & Melinda Gates Foundation to its
research efforts. icddr,b is also grateful to the Governments of Bangladesh,
Canada, Sweden and the UK for providing core/unrestricted support. The
authors gratefully acknowledge the support of the study participants for
providing information to the research team. We specially thank BRAC for the
cooperation and the assistance of field staff for support in enrolling and
visiting households. Thanks to the research team who conducted the
interviews and collected data. We are grateful to Diana DiazGranados for her
guidance and assistance throughout the development of this manuscript.

Funding
This research was conducted as part of WASH Benefits Study that was
financially supported by Grant OPPGD759 from the Bill & Melinda Gates
Foundation to the University of California, Berkeley.

Availability of data and materials
Qualitative data and socio-demographic data can be made available upon
request.

Authors’ contributions
FH (faruqe.hussain@icddrb.org): assisted with the study conception,
design and analysis; supervised qualitative data collection; and drafted
this manuscript. TFC (thomas.f.clasen@emory.edu): assisted in study
conception and design;critically revised the manuscript for substantial
intellectual content;SA (shahinoor.moon@gmail.com): conducted
qualitative interviews and summarized results. VB (tbawel@stanford.edu) and
BT (bthoma55@jhu.edu): assisted revising the manuscript with thoughtful

suggestions. SPL (sluby@stanford.edu): conceived the study and critically
revised the manuscript for substantial intellectual content; was principal
investigator of the WASH Benefits Study.EL (eleontsi@jhu.edu): assisted in
designing the study and revising the draft manuscript. LU (leanne@icddrb.org):
assisted in designing the study; assisted with writing and revising the manuscript.
MKB (milan.kb@brac.net): supported official consent, verbal approval of data
collection and revising the manuscript on behalf of BRAC. PJW (pwinch@outlook.com):
senior author; assisted in designing the study; assisted with writing and
drafting the manuscript. All authors have read and approved the final
version of the manuscript.

Competing interests
The authors declare that they have no competing interest.

Consent for publication
Participants provided consent to publish their quotes anonymously.

Ethics approval and consent to participate
This study was conducted under the WASH Benefits Study protocol [31],
which was reviewed and approved by The Ethical Review Committee (ERC)
and Research Review Committee (RRC) as Institutional Review Board (IRB) of
icddr,b. Verbal informed consent was obtained from all study participants
prior to conducting interviews, focus group discussions, and spot checks.
The study was conducted among low literacy population. While it is possible
for people to sign with thumbprints icddr,b IRB does not ask us to do this
for minimal risk studies where no personal information is collected. In this
study, the questions concerned the use and condition of the latrines. We did
not elicit personal information. The study team [31] collaborated with BRAC,
and the BRAC WASH program gave verbal approval to collect data from
their intervention households.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b),
Dhaka, Bangladesh. 2Rollins School of Public Health, Emory University, 1518
Clifton Road, NE, Atlanta, GA 30322, USA. 3Stanford University, Stanford,
California, USA. 4BRAC WASH Programme, BRAC Centre, 75 Mohakhali, Dhaka,
Bangladesh. 5Department of International Health, Johns Hopkins Bloomberg
School of Public Health, Baltimore, MD, USA. 6Programme for Emerging
Infections, Infectious Diseases Division, icddr,b, 68 Shaheed Tajuddin Ahmed
Sarani, Mohakhali, Dhaka 1212, Bangladesh.

Received: 29 December 2016 Accepted: 11 May 2017

References
1. Pickering AJ, Djebbari H, Lopez C, Coulibaly M, Alzua ML. Effect of a community-

led sanitation intervention on child diarrhoea and child growth in rural Mali:
a cluster-randomised controlled trial. Lancet Glob Health. 2015;3(11):e701–11.

2. Clasen T, Boisson S, Routray P, Torondel B, Bell M, Cumming O, Ensink J,
Freeman M, Jenkins M, Odagiri M, et al. Effectiveness of a rural sanitation
programme on diarrhoea, soil-transmitted helminth infection, and child
malnutrition in Odisha, India: a cluster-randomised trial. Lancet Glob Health.
2014;2(11):e645–53.

3. Patil SR, Arnold BF, Salvatore AL, Briceno B, Ganguly S, Colford JM Jr, Gertler PJ.
The effect of India's total sanitation campaign on defecation behaviors and
child health in rural Madhya Pradesh: a cluster randomized controlled trial.
PLoS Med. 2014;11(8):e1001709.

4. Schmidt WP. The elusive effect of water and sanitation on the global
burden of disease. Trop Med Int Health. 2014;19(5):522–7.

5. Strunz EC, Addiss DG, Stocks ME, Ogden S, Utzinger J, Freeman MC.
Water, sanitation, hygiene, and soil-transmitted helminth infection:
a systematic review and meta-analysis. PLoS Med. 2014;11(3):e1001620.

6. Hammer JS, Spears D. Village sanitation and children’s human capital:
evidence from a randomized experiment by the Maharashtra government.
World Bank Policy Res Work Pap (6580). 2013.

Hussain et al. BMC Public Health  (2017) 17:515 Page 8 of 9



7. Cameron LA, Shah M, Olivia S. Impact evaluation of a large-scale
rural sanitation project in Indonesia. World Bank Policy Res Work Pap
(6360). 2013.

8. Ziegelbauer K, Speich B, Mausezahl D, Bos R, Keiser J, Utzinger J. Effect of
sanitation on soil-transmitted helminth infection: systematic review and
meta-analysis. PLoS Med. 2012;9(1):e1001162.

9. Clasen TF, Bostoen K, Schmidt W-P, Boisson S, Fung ICH, Jenkins MW, Scott B,
Sugden S, Cairncross S. Interventions to improve disposal of human excreta for
preventing diarrhoea. Cochrane Database Syst Rev. 2010;6

10. Peal A, Evans B, Blackett I, Hawkins P, Heymans C. Fecal sludge
management: a comparative analysis of 12 cities. J Water Sanit Hyg Dev.
2014;4(4):563–75.

11. Graham JP, Polizzotto ML. Pit latrines and their impacts on groundwater
quality: a systematic review. Environ Health Perspect. 2013;121(5):521–30.

12. Team WR. WASH programme of BRAC: Towards attaining the MDG targets:
Baseline findings. Dhaka: BRAC; 2008.

13. Mara DD. The design of pour-flush latrines (TAG Technical Note No. 15).
Washington: The World Bank; 1985.

14. Nelson KL, Murray A. Sanitation for Unserved Populations: Technologies,
Implementation Challenges, and Opportunities. Annu Rev Environ Resour.
2008;33(1):119–51.

15. Buckley C, Foxon K, Brouckaert C, Rodda N, Nwaneri C, Balboni E, Couderc A,
Magagna D. Scientific Support for the Design and Operation of Ventilated
Improved Pit Latrines (VIPs) and the Efficacy of Pit Latrine Additives. In: WRC
Report No. TT 357/08. Pretoria: Water Research Commission; 2008.

16. Still D. After the pit latrine is full… What then? Effective options for
pit latrine management. In: WISA Biennial Conference, vol. 2002; 2002.
p. 19–23.

17. Kone D, Cofie O, Zurbrugg C, Gallizzi K, Moser D, Drescher S, Strauss M.
Helminth eggs inactivation efficiency by faecal sludge dewatering and
co-composting in tropical climates. Water Res. 2007;41(19):4397–402.

18. Jensen PK, Phuc PD, Konradsen F, Klank LT, Dalsgaard A. Survival of Ascaris
eggs and hygienic quality of human excreta in Vietnamese composting
latrines. Env Health Global Access Sci Source. 2009;8:57.

19. Yajima A, Jouquet P, Do TD, Dang TC, Tran CD, Orange D, Montresor A.
High latrine coverage is not reducing the prevalence of soil-transmitted
helminthiasis in Hoa Binh province, Vietnam. Trans R Soc Trop Med Hyg.
2009;103(3):237–41.

20. Mnkeni P, Austin L. Fertiliser value of human manure from pilot urine-
diversion toilets. Water SA. 2009;35(1):133–8.

21. Akter T, Ali AM. Factors influencing knowledge and practice of hygiene
in Water, Sanitation and Hygiene (WASH) programme areas of
Bangladesh Rural Advancement Committee. Rural Remote Health.
2014;14(3):2628.

22. Unit for Policy Implementation (UPI) LGD, Ministry of Local Government,
Rural Development & Cooperatives. Pro Poor Strategy for Water and
Sanitation Sector in Banglades. Bangladesh: Government of People’s
Republic; 2005.

23. Routray P, Schmidt WP, Boisson S, Clasen T, Jenkins MW. Socio-cultural and
behavioural factors constraining latrine adoption in rural coastal Odisha:
an exploratory qualitative study. BMC Public Health. 2015;15:880.

24. Dreibelbis R, Winch PJ, Leontsini E, Hulland KR, Ram PK, Unicomb L, Luby SP.
The Integrated Behavioural Model for Water, Sanitation, and Hygiene:
a systematic review of behavioural models and a framework for designing and
evaluating behaviour change interventions in infrastructure-restricted settings.
BMC Public Health. 2013;13:1015.

25. Guiteras R, Levinsohn J, Mobarak AM. Sanitation subsidies. Encouraging
sanitation investment in the developing world: a cluster-randomized trial.
Science (New York, NY). 2015;348(6237):903–6.

26. Ramani SV, Sadre Ghazi S, Duysters G. On the diffusion of toilets as bottom
of the pyramid innovation: Lessons from sanitation entrepreneurs.
Technol Forecast Soc Chang. 2012;79(4):676–87.

27. Jenkins M, Cumming O, Cairncross S. Pit Latrine Emptying Behavior and Demand
for Sanitation Services in Dar Es Salaam, Tanzania. Int J Environ Res Public Health.
2015;12(3):2588.

28. Bhagwan J, Still D, Buckley C, Foxon K. When last did we look down the
pits. In: WISA Paper. Midrand: Water Institute of South Africa; 2008. p. 11.

29. Bhagwan JN, Still D, Buckley C, Foxon K. Challenges with up-scaling dry
sanitation technologies. Water Sci Technol. 2008;58(1):21–7.

30. Eales K. Bringing pit emptying out of the darkness: A comparison of
approaches in Durban, South Africa, and Kibera, Kenya. In: BPD Sanitation
Partnerships Series. Houston: BPD Water and Sanitation; 2005.

31. Arnold BF, Null C, Luby SP, Unicomb L, Stewart CP, Dewey KG, Ahmed T,
Ashraf S, Christensen G, Clasen T, et al. Cluster-randomised controlled trials
of individual and combined water, sanitation, hygiene and nutritional
interventions in rural Bangladesh and Kenya: the WASH Benefits study
design and rationale. BMJ Open. 2013;3(8):e003476.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Hussain et al. BMC Public Health  (2017) 17:515 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study site and population
	Study design
	Sampling
	Double pit pour-flush latrine model and implementation
	Data analysis

	Results
	Double pour-flush pit latrine utilization
	Pit filling and switching
	Composting excreta and pit emptying

	Discussion
	Latrine Benefits compared to open defecation
	Specific benefits of double pit latrines
	Implementing Double Pit Pour-flush Latrines
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

