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Abstract: Diarrhea causes 1.6 million deaths annually, including 525,000 children. Further, chronic
diarrhea puts children at risk for mineral deficiencies, malnutrition, and stunting which, in turn,
can result in cognitive deficits, poor performance in school, and decreased disease immunity in
adulthood. Most diarrhea is caused by water contaminated by fecal matter. Interventions to improve
clean water and sanitation can save lives; however, challenges persist in informal settlements. In this
study, we explored the views of residents of informal settlements regarding water and sanitation
in their communities. Focus group interviews were conducted with residents of 6 informal settle-
ments in Kampala, Uganda (n = 165 people), and 6 key informant interviews were conducted with
governmental and nongovernmental organizations that work to improve informal settlements or
provide services to them. The results from this study demonstrate that, although these informal
settlements had many infrastructure “upgrades” such as latrines and toilets, water taps, wells, and
garbage collection and drainage systems, the water, sanitation, and hygiene (WASH) system and its
components largely failed due to point-of-use charges of water taps and toilets and the difficulty of
emptying cesspits. Our results suggest that WASH must be considered a system and that multiple
upgrading efforts are needed for WASH systems to work, including road construction and better
oversight of fecal sludge disposal.

Keywords: WASH; informal settlements; diarrhea; slums; slum upgrading; water-borne infections;
sanitation; solid waste removal

1. Introduction

Diarrhea causes 1.6 million deaths annually, including 525,000 children [1,2]. Further,
chronic diarrhea puts children at risk for mineral deficiencies, malnutrition, and stunting
which, in turn, can result in cognitive deficits, poor performance in school, and decreased
disease immunity in adults [3]. Most diarrhea is caused by water contaminated by fecal
material [4,5]. Interventions to improve clean water and sanitation can save lives. While
this has been known for decades, many challenges persist, particularly in low- and middle-
income countries (LMICs) and rural and informal settlements. In particular, while access to
clean water has improved as a result of the Millennium Development Goals, over 2.5 billion
people do not have access to basic sanitation, and over 1 billion people defecate in the
open [6]. In Uganda, the proportion of people who practice open defecation is estimated to
be 23% in rural and 9.4% in urban areas [7]; sanitation services are particularly lacking in
informal settlements which house over 60% of the urban population [8]. Uganda has the
highest rate of mortality for children under 5 years among all East African countries [9].

The population of LMICs is increasingly urban, placing burdens on housing and
infrastructure resources. Currently, 56% of the world’s population—4.4 billion people—live
in cities [10]. The urban population is expected to double its current size by 2050, at which
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point nearly 70% of the world’s population will live in cities [10]. Approximately 881 million
of the world’s urban residents live in informal settlements, including an estimated 50–70%
in Sub-Saharan Africa [11–13]. Informal settlements are often settled by people migrating
from rural to urban areas in search of employment or to escape conflict [14], although many
residents remain for decades [15]. Informal settlements or slums are defined by the United
Nations Educational Scientific and Cultural Organization (UNESCO) as “a contiguous
settlement where the inhabitants are characterized as having inadequate housing and basic
services” [16] such as access to improved water, access to improved sanitation, sufficient
living space, durability of housing, and security of tenure [14,17].

As a result of the unsafe and unhealthy living environments in informal settlements,
there have been many efforts over the years to improve living conditions. These include
improving or installing basic infrastructure such as water, sanitation, solid waste collec-
tion, electricity, storm water drainage, access roads, footpaths, and street lighting. Other
improvements include improving housing or securing land tenure [18]. Less frequently,
attempts to improve informal settlements have included developing educational and health
services or public transportation in the settlements. However, little research has examined
the effectiveness of these efforts in improving the health or socio-economic conditions
of informal settlement residents. A recent Cochrane review [18] found five studies that
evaluated the effects of efforts to improve informal settlements using a randomized con-
trolled trial or a controlled before-and-after design [19–23]. They found an additional
nine studies that used a control group but had only post-intervention data or that used
an uncontrolled before-and-after design [24–34]. These interventions focused mainly on
infrastructure improvements such as providing paved roads or sewerage systems. The
studies, as a whole, found some improvements in diarrheal infections and other health
outcomes, with mixed results in improving socio-economic status [18]. However, many of
these projects are incremental, improving a single or a few sectors at a time [35].

Given the high burden of diarrheal diseases caused by contaminated water sup-
plies [36,37], many projects have focused on improving water and sanitation [38]. However,
the definition of “improved water” has many limitations, and so figures may exaggerate
the actual extent to which people have access to clean water. For example, distance to
communal water sources has been shown to affect how often people are willing to use taps
or wells with a safer water supply [5]. Access to sanitation services, on the other hand,
has not improved to the same extent as water [6]. Further, there is less evidence showing
that improved water and sanitation infrastructure decreases diarrhea more than behavioral
interventions such as handwashing and point-of-use water sanitation [4,5]. Part of the
disappointing results may be related to the scale at which these services are provided, with
some research suggesting that there may be too few water taps and toilets to accommodate
the population and that they are too far away from households to be practical or are in dis-
repair [39–41]. Other studies have suggested that the price of emptying cesspits is too high
for many residents, and so toilets may overflow [42], and that there are few accessible roads
to toilets for sanitation trucks to empty them [42,43]. Further, research has suggested that
improvements in water will have little impact without improvements in sanitation [4,5].

In this study, we explored the views of residents of informal settlements regarding
water and sanitation in their communities. The results suggest that a more holistic approach
must be planned for such improvements to be successful.

2. Methods

The research was conducted in 2 phases between May and June, 2021. In the first
phase, we identified key stakeholders and conducted key informant interviews with them,
focusing on the following topics: the nature of informal settlements in their countries and
cities including their histories and formation; characteristics of the residents of informal
settlements, including average age and proportion of children; health and other problems
faced by residents; access to education for children in the settlements; different solutions
proposed for informal settlements including past failed actions, current debates, and
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whether any proposed actions are currently being pursued; the best ways of providing
services to existing informal settlements; and their opinions on barriers and the needed
resources to address their cities’ and countries’ settlement crises. Key stakeholders included
members from the Ministry of Settlements, Infrastructure, and Urban Planning; Ministry
of Health; local and international nongovernmental organizations; and leaders/activists
from informal settlements. All key informants were contacted by email followed by phone
to schedule an appointment for a face-to-face interview. The email explained the purpose
of the study, the nature of their participation, that their decision to participate or not was
voluntary and would be kept confidential, and that their interview responses will be kept
confidential. All provided written informed consent. A total of 5 key informant interviews
were conducted.

In the second phase of the project, we held focus group interviews with members
of informal settlements from Kampala. We purposively sampled residents to match the
demographic characteristics of adult residents of the settlements and held separate focus
groups for men and women, youth, and refugees. In the focus groups, we asked residents to
describe how the settlement was formed and how they came to live there, their perceptions
of the biggest problems facing the community and their children, their perceptions of the
responsiveness of government and nongovernmental organizations in trying to address the
problems or to force them to leave, and the best ways of providing health services to their
community. Inclusion criteria: a person was included in the study if they were 18 years or
older, living in the informal settlement, and able and willing to provide informed consent.

A total of 173 participants were contacted and interviewed. Of these, 8 were key
informants, 165 participated in focus group discussions (83 women, 82 men), and 3 partici-
pated in in-depth interviews, as indicated in Table 1 below. Focus groups were held in six
informal settlements, namely, Bwaise, Kifufumbira in Kawempe division, Namuwongo
in Makindye division, Kinawataka and Naguru in Nakawa division, and Kisenyi in the
Central division.

Table 1. Stratification of study participants by gender and study site for informal settlements project.

Type of Interview Gender Government/NGO Kawempe Makindye Nakawa Central Total

Key Informant
Interviews

Male 4 2 0 2 0 8

Female 0 0 0 0 0

Total 4 0 0 1 0 5

Focus Group
Discussions

Male 0 28 17 20 17 82

Female 0 26 9 28 20 83

Total 0 54 26 48 37 165

Total 0 2 0 1 0 3

Overall total 4 56 26 50 37 173

2.1. Analysis

All interviews were transcribed verbatim and translated into English when necessary.
The analysis started by the reading and rereading of the manuscript by 2–3 people who
developed as many codes as possible (open coding). Then, the codes were cleaned and
collapsed. Then, the lists from different reviewers discussed to develop the final code
sheet. Then, experienced research assistants attached codes to each meaning unit in all
the interviews. Items with similar meanings were collapsed into sub-themes, and then
sub-themes with similar meaning were collapsed into themes. Findings were summarized
using narratives, supported by verbatim quotations from the data.
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2.1.1. The Credibility of the Study

The focus group discussion (FGD) guide and the in-depth interview (IDI) guide were
translated from English to Luganda, and the quality of the translation was assured through
back-translation. Subsequently, the tools were pretested to eliminate ambiguities in the
guides before the actual data collection. The research assistants were given additional
study-specific training, encapsulating the study aim, objectives, procedures, and ethical
issues. Each interview took about 45 min to 1 h to be completed. The presentation of the
findings is through verbatim quotations.

2.1.2. Validity

The information gathered was related to the challenges of accessing and utilizing
WASH services within the informal settlements. The participants expressed their views
on their experiences of WASH challenges in the informal settlements. At the inception,
interview rapport was established, and all participants consented with the autonomy to
decide either to participate, freely express their views, or decline participation.

3. Results
3.1. Water
3.1.1. Improved Water Was Available but Costly

Participants from all communities reported access to “improved” water. Most often,
improved water was provided through public taps that could be accessed and paid for
with electronic “keys”. The cost of access was around UGX 100–200 or approximately USD
0.01–0.02. While very low, some participants reported that this cost discouraged many to
use taps.

I just want to enlighten my friend [number 3] . . . If you see free things next to you and
another that is not, which one will you go with? For example, if you sloped down there
to the chairman’s place . . . . But someone will say no instead of spending my shs100
supposing I buy 6 jerry cans. I will be spending money for food. They do not want to
waste money because now this kind of situation that we are living in is to always be very
cautious in spending. (Men’s focus group, Naguru.)

The economic situation was made more difficult by the COVID-19 pandemic as many
residents were left without work due to government curfews. Added to this, residents also
explained that costs for the taps were raised without explanation during the COVID-19
pandemic.

We would be accessing clean water, but all taps are expensive, the water costs were raised.
To get a jerrycan of water now costs 200 shillings. Remember with corona virus people no
longer have money and some taps charge 300 shillings. Even when you go to the well,
you find so many people and there are also people who have taken charge of the well and
when you go there, they want to sell the water to you at 500 or 1000 shillings a jerrycan.
We do not really have clean water because the costs were raised because of the government
charges we hear but we are really not sure of the reasons why! (Women’s focus group,
Kifumbiera, Kawempe.)

Some residents had tap water accessible from their homes, but this was often unaf-
fordable to many residents.

In terms of water, there are several water sources. We have water where we use sensor
keys, but it is not accessible to everyone because they are few and tap water here is very
expensive. Me myself here, we had tap water, but it was very expensive to sustain so we
had to cut the water off leaving people to move to far distance to find water . . . In terms
of hygiene, it has not been good at all because people are negligent everyone minds their
own business hoping for KCCA to come and clean for them leaving the water to only a
few voluntary people who do not also sometimes have time to do that work. (Youth focus
group, Naguru.)



Int. J. Environ. Res. Public Health 2023, 20, 6181 5 of 13

As mentioned by the participant above, water taps were often located far from people’s
homes. In addition, water supplies from taps are not reliable.

On the issue of water, much as we have national water access, it is on and off like right
now there is scarcity. As we talk now people are roaming with jerry cans. We don’t know
if the roads that are being fixed are causing the supply pipes to be broken. (Men’s focus
groups, Kifumbira.)

Participants also talked of buying jerrycans to purchase water from people with taps
at UGX 100 to 200 a can.

Other water sources people reported using included wells, although people recognized
that water from these sources was not safe to drink without boiling.

When national water is off, we rely on underground wells which are very contaminated
due to the nature of our environments. Sometimes someone can pour urine into the open
well. Previously there was a research that was done on the water we use in Kampala and
most of the wells were found extremely contaminated. Due to high population, the water
table must be contaminated because even when you just taste or smell water from wells
here, the water tastes different. (Men’s focus group, Kifumbira.)

3.1.2. Home-Based Practices to Improve Water for Drinking Were Not Widespread

Although participants were clear that boiling water could reduce waterborne illnesses,
it was necessary for residents to buy cooking fuel (most often wood or charcoal) in order
to boil it, incurring an additional expense. Many participants reported only boiling water
they suspected was unclean.

The challenges we get whenever the water is dirty but without rain, the water is clean.
So, when we get that water, we boil water for drinking. (Women, Namuwongo.)

No participants mentioned using chemical water treatment, such as chlorine. Because
of the problems with wells being contaminated, some borehole wells were locked and not
accessible to people at the times they needed it.

The water point is closed since 7 am and opened at 1 pm. Imagine it is you and the
borehole has been closed because that borehole came up as a project, it is a borehole, but
they close it in the morning hours and opened when it is time for prayers now where will
you fetch the water from? Will not you go down and fetch that near the drainage. So that
is the point, get some time pass by and see.

3.2. Toilets
3.2.1. Pit Latrines Are the Dominant Type of Toilet and Are Overcrowded

Most participants attributed problems with water cleanliness to problems associated
with toilets and other sanitation problems.

There used to be just large tree above the well, up until the palace. When we come to the
science aspect of it, the roots of a tree in a way cleanse water, and also, there was no single
latrine between the well up until the palace. But over time, the latrines were constructed
on the slopes and the fecal matter goes down to the soil and yet there are no trees on the
slopes anymore. So, when the water also flows, it mixes with this fecal matter together
with the urine already in the ground down to the well. With that, the taste of the water
changes, together with its coolness. In the past, you would go to the well to fetch water in
the afternoon and you would find it so cool like it was from the fridge unlike now- that is
the bad the new residents came with. (Women’s focus group, Kisenyi.)

The toilets available are largely pit latrines and include both private and public latrines.
Private latrines were built by owners of buildings who sometimes, but not always, allowed
their tenants to use them. As overcrowding is common, with multiple families occupying
just a few rooms, latrines often became overburdened and unclean.
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Toilets are available but they also not clean because in the ghetto you will find that one
room has six people or four. A man, mother, and the children, yet you the landowner
will not tell them that I need three people in my house because you also need the money.
You can wake up early and clean the toilet, then they spoil it, and you will not be always
arguing with each other. You just look over it and keep quiet. Otherwise, sanitation is
very poor. (Men’s focus group, Naguru.)

In addition, not all houses included latrines, and those that are built are not always
well placed.

The main problem is the lack of toilets in my place. People construct houses so close
to each other and there are no toilets. You can find 5 houses with no toilets. KCCA
constructs a toilet in one area, for example, for Nakawa division, you may find a toilet in
Luzira, implying people from Kinawataka or Mbuya 1 miss out. So, our humble cry is
about the toilet. We need toilets. We have only two toilets which are far at the extremes.
There is no toilet in the center. (Women’s focus group, Kinawataka.)

3.2.2. Cesspits Must Be Emptied and Toilets Cleaned, Introducing Costs to Informal
Settlement Residents

As the toilets are pit latrines with many people using them, cesspits fill frequently.
These must be emptied, most often by private companies. In order to recoup these costs,
many landlords charge for the use of the toilets. However, many toilets are inaccessible to
sanitation trucks as the roads are impassable.

On that issue, I suggest that if someone is in a slum, they can’t allow them to construct
toilets for each person because, everyone has a small plot. If you are to construct toilets,
you find rooms so close and you may find toilets are more than houses. And even then,
there are no roads, if the toilets get blocked, there are no roads for the vehicle to go and
open them up. And even those people that work in the public toilets, I support them
because if you allow all children to go to the toilet, it gets full in one week. We had a
“Toilet for Hope”, which was for the children, it gets full in one week. Emptying it was
shs.200, 000 and the responsible person needs money to empty the toilet and pay the
workers and water, so that money couldn’t be raised. That is why they chase the children
and suggest that at least children pay shs. 100 and adults shs.200, so that life goes on,
but also what would work best would be, for low-income earners to get shs. 3000 for a
month. Because the daily payments may not be available. (Women’s focus group, Yoka,
Namuwongo.)

Paying for each use means that when people do not have money, they may have to
resort to open defecation or using plastic bags. Informal settlement residents are often
employed in the informal sector, and so daily income is often variable and uncertain.

Participants also reported that in some areas where toilets are inaccessible to sanitation
trucks, landlords may empty them directly into the drainage canals, eliminating any
sanitation benefit of having the toilets in the first place.

Interviewer: Does that mean that they are functioning well or no?

No, they are not working well but for people to avoid emptying their toilets because trucks
cannot reach down there, they just release it into drainage channels. There is also a time
when the owner here released the sewage in the channels and we the LC were made to
clean the channel because after doing it, went to Mukono then the police and KCCA came
and made us to clean the drainage channel. (Women, Naguru Go Down.)

In addition, as many participants pointed out, the water table in the informal settle-
ments was very high, and toilets were often destroyed by water at the same time as they
contaminated the water supply.

About toilets, they would have been constructed but given that we are in a swampy area,
the moment you dig about two feet underground, you find water. Even those that have
constructed the toilets and cemented them face a problem of water given that the water



Int. J. Environ. Res. Public Health 2023, 20, 6181 7 of 13

table in our area is high, the water penetrated through the cement. (Youth, Namuwongo
Makindye.)

Public toilets often rely on community residents to keep them clean. As many partici-
pants explained, the toilets often became filthy to the extent that people did not want to use
them much less clean them.

I also want to talk about the toilet problem. I want to support what she said but also
the people with toilets which would have been clean and well, given that we have people
from various backgrounds Kisoro, Arua, Buganda and so on, so people just do not care
about cleaning the toilets . . . There are also houses that do not have toilets but because
when you come to the community and rent a room at 50,000 shillings, they tell you to
find means of disposing of human waste and in the end, you adopt using a bucket during
the day then in the evening you pour everything in the drainage channel. That is why
people have been talking about the water at the well! It is because of this drainage channel.
Sometimes, there are people also who open their toilets and release sewage through the
drainage channels which affects water. But about cleaning toilets, we are a mixed culture,
so every tribe comes with their own practices. There are individuals that tell you that
their culture does not permit them to dump human waste in the toilet holes so, when they
enter them, they dump on the sides and if someone else comes and finds that mess, they
also dump on the other side. So, people are unruly, and people do not care for their lives
be it male or female.

3.2.3. Toilet Problems Lead to Pollution of Drainage Canals

In cases in which toilets were too dirty to tolerate, participants reported using other
means such as buckets or polythene bags which they would then throw onto roofs or dump
in the drainage canals.

Interviewer: So, for those that are full, where do the community members go to ease
themselves?

People then resort to using polythene bags and then dump it anyhow because they do not
have where to go. One day I visited a friend within our community and nature called, I
had to use the nearest toilet that was near but when I got inside, for sure it was full with
maggots but people were still using it to an extent that they sought for the slightest space
to place their waste. It is actually a raised toilet but also cracked because I would look
through the cracks. When I got there, I just lost the appetite and had to go elsewhere.

Others resorted to polythene bags because the per-use cost charged by landlords to use
private toilets and, occasionally, public toilets was too expensive, particularly for families
with many children.

We have challenges with toilets. In one way or another, majority people do not use toilets
because mostly toilets are at a cost yet most of the children cannot get that money say
100 shillings to go to the toilet. What most people do is, they defecate in the polythene
bags, and they throw them in open areas. You may find some places stuffed with feces.
That is the challenge of poverty because people cannot afford to pay for toilets. (Youth,
Namuwongo Makindye.)

Some settlements have rules that allow children and people with diarrheal infections
to use the toilets for free. However, many times people are still charged to use the toilets,
resulting in people defecating in the open or using polythene bags precisely when sanitation
is most needed to prevent the spread of waterborne illnesses.

Adding on the points of [other respondent] cleanliness in this area has two points: we are
from various walks of life, people here might make up to 11 tribes, you find someone who
can say going to a toilet I would rather buy my polythene bags of 1500 shillings and use
them the entire moth instead of paying for the toilet. The local council put a law that if
they get you, you pay a fine or clean the drainage. We have people who have their issues
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like diarrhea, if someone goes to the toilet more than twice in a short time then it becomes
free. Also, we don’t charge those who come with water and toilet paper. Young children
do not pay, we basically charge those who do not come with their own water and toilet
paper. (Youth, Katanga.)

Ha, some people are dishonest! One time I had diarrhea and I had to pay 2000 shillings,
the person I found told me to pay at once since he was tired of collecting money from me
every after a few minutes. (Youth, Katanga.)

3.3. Garbage
3.3.1. Collection Points for Garbage Were Few and Often Inaccessible

The collection of solid waste, while it exists, has many system failures that cause trash
to accumulate and eventually end up in drainage canals. Participants complained that
there were few collection points for garbage which meant that many dumped garbage in
the canals. This was particularly the case for people who lived away from main roads
where trucks cannot pass.

We shall go back to our community (Naguru), still communication, you find those who
bring garbage are the ones close to the road but the rest just dispose of into the drainage
channels, yet the very channels connect to lake Victoria. You will find that people from
here put it in the channels and wait for the rain but those that are near here they take it to
the collection site . . . . If there are no roads in a slum of this kind, no work done really. Let
us leave it as that because what we put in up here in terms garbage collection, it is very
little. Without roads garbage, it is very hard carrying garbage from here up to the tarmac
even if you go to Kasokoso our neighbors, it is a big slum like ours. (Men, Naguru.)

3.3.2. Current Financing Models for Garbage Collection Were Not Sustainable

In some communities, residents paid private companies to collect trash. However, if
one household does not pay for garbage collection, often these companies discontinued
garbage collection for the whole neighborhood.

Sometimes there are groups where members subscribe or even people can decide on a
day to clean the community, but we currently have women groups that sometimes come
together and agree to go and do general cleaning in communities . . . but the challenge
is that KCCA is the main cause of this problem because you cannot get a car from them.
Their cars are never at station, when you go to them, they always say, “The vehicles do
not have fuel, they are not available”. There is an organization that was willing to provide
the service by providing us with a car to collect garbage from the community, but KCCA
frustrated them and told them that, “If you bring a truck, you have to give it to us” and
the organization also refused and said, “If we bring a truck, it belongs to us!” So, they
disagreed and the organization pulled out but the whole problem is with KCCA. You
can collect garbage and it takes a long time without the cars coming to pick it until it
even starts to get back to peoples’ homesteads. That is the challenge that we are facing.
(Women, Kifumbira.)

Interviewer: [Number 8], you mentioned that you are part of the area leadership, is there
a way that the local council can deal with the garbage here?

We failed to find a way due to the following reasons, they started charging a fee so people
can’t afford, they decide to dump into the drainage channel. In my opinion the division is
the one responsible for such a big role. You see even the landlords have few toilets, when
people dirty the toilet they do not want to clean so they stop using the toilet. Then they
resort to kaveera (polythene bag). We have really tried on the garbage issue but we have
failed. That three thousand shillings is too much. (Women, Bwaise.)

As the participant above comments, polythene bags full of feces due to the lack of
toilets are part of the garbage that blocks the drainage canals. While the KCCA does have
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garbage collection points in informal settlements, they are often located far from some
residents, and pick-up times are infrequent and unpredictable.

3.3.3. Poor Garbage Collection Exacerbates Flooding: Garbage and Fecal Materials End up
in Homes

As garbage and trash are often dumped into drainage canals, they are often blocked.
During the rainy season, this means that many of the homes become flooded, and feces
and garbage that are dumped into the canals end up in people’s homes.

There are drainage channels for water, but because people are reckless, sometimes they
pour garbage there. So, the channels are messed and when it rains what others do is to
release fecal matter into the water channel. Sometimes you find the rains are light and do
not drain off the fecal matter and it stinks for people. Like [other participant] said that
some time people have garbage at their door, in most cases they don’t take the garbage to
the right place. Even the people that are paid shs.1000 because it is what they want, but
just empty the garbage into the drainage channel. So, they remove garbage from here and
through it into the water channel and they don’t care. (Women, Yoka.)

4. Discussion

The results from this study demonstrate that, although these informal settlements had
many infrastructure “upgrades” such as latrines and toilets, water taps, wells, and garbage
collection and drainage systems, the WASH system and its components largely failed.
Participants in our study were very clear about the interconnection of different components
of WASH and other infrastructure such as roads and recognized that the failure of some
components, such as clean latrines or trash collection, led to the failure of other systems
such as drainage. Some of these failures may have come from piecemeal approaches, for
example by constructing toilets without consideration for roads that are needed to empty
cesspits. These results help explain why some meta-analyses have found that improved
water has no effect on diarrhea disease unless it is accompanied by improvements in
sanitation [44].

Some research has suggested that upgrading slum settlements is preferable to con-
structing new affordable housing developments [35,45]. However, the results from this
research suggest that there is a lack of space in informal settlements to upgrade in a way
that will avoid these failure points in the WASH system. Respondents reported that settle-
ments were already crowded with latrines that could not meet the demand of the number
of people in the settlements. They also complained that water tables are high, and cesspits
must be emptied frequently; however, cesspit emptying is best performed mechanically
with trucks which cannot access the latrines due to the lack of roads. Constructing roads,
on the other hand, would require the displacement of some residences as existing paths are
widened. In other words, some amount of displacement seems inevitable for the system to
work as it is.

As pit latrines cause a number of problems in the settlements, other forms of toilet
should be explored. Many researchers have argued that flush toilets connected to a sew-
erage system is economically out of reach for most residents of slum settlements and for
LMIC governments [6]. Wittington and colleagues estimate that the costs of operating
flush toilets to be over USD 50 to 100 per person, significantly more than most families
can afford [46]. Further, such systems require water treatment plants which are expensive
to construct and to maintain. Finally, such systems use enormous amounts of water, also
in short supply in informal settlements and in LMICs. They suggest, as solutions, that
sanitation services empty cesspits as a business; however, as they also point out, many
pits must be emptied by hand, exposing workers to health risks, and many times fecal
sludge, whether emptied manually or mechanically, is not emptied properly and ends up
in landfills or drainage canals [6]. Indeed, research on the sanitation markets in East Africa
has suggested that services to empty cesspits are too expensive, and the poor maintenance
of trucks, poor quality vacuum pumps and pipes, and poor maintenance of pit latrines
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are considerable bottlenecks to sludge removal [42,47,48], although Kenya found a social
enterprise, Sanergy, to be effective in emptying pits [49].

As in other research, participants in this study mentioned that the cost for using toilets
was often too high, particularly as it was charged per use. Participants in our study weighed
the costs and benefits when asked to pay for each use of water tap or toilet. Often for these
participants, it was a choice between paying for water from the tap or to use the toilet or
paying for food. Residents’ precarious economic situation may have been exacerbated
by the COVID-19 situation, but environmental disasters or other shocks occur frequently
in some LMICs, and informal settlement residents are the most vulnerable to shocks. In
extreme vulnerability, and with other free if not ideal ways to obtain water or defecate,
people will most often choose to hold on to their money to pay for food. The likelihood of
choosing not to pay for toilet or tap use seems to be exacerbated by point-of-use charging.
In the urgency of the need to use the toilet, people short of money will be forced to defecate
outside the toilet.

Another solution is the replacement of pit latrines with composting toilets that would
use biological processes to decompose human waste that could then be safely used for
other purposes such as fertilizer or fuel. There are several such toilets along the spectrum
of proof of concept to prototype. Such systems would be water-saving and thus may be
more environmentally sustainable in our changing climate. There is an urgent need to pilot
these reinvented new toilets in low-resource settings [6].

Some research has suggested that behavioral interventions may be more effective than
changes in infrastructure to reduce diarrheal infections [4–6,50]. These include point-of-
use water treatment and handwashing which have been found to substantially decrease
diarrhea incidence [4,5]. Many social and behavioral change strategies for WASH improve-
ments have been successfully implemented. For example, community-led total sanitation
(CLTS) uses collective behavioral change to create “open defecation free” communities [51].
However, our results suggest that open defecation is not always a choice. Further, the
extent to which such behavioral change can be sustained is unclear, and improvements
often dissipate over time. Residents reported that various organizations had come to teach
people about hygiene, and people generally seemed to be aware that boiling water would
make it safe to drink; however, they did not always take the time or use the fuel to do
so as boiling water also incurred a cost. No participants mentioned chemically treating
water or receiving chlorine or other chemicals to do so. Receiving free or highly subsidized
chlorine has been attempted in some communities [4]. Further, some residents considered
some of their water sources “safe”. Some research has suggested that providing dispensers
at the point of water collection could overcome the low uptake of such methods [4,50].
However, this may allow water to be contaminated en route to the point of use. Although
such approaches may decrease diarrheal infections, residents themselves prioritized fixing
their toilet system.

Contributions in the form of work to keep wells or public toilets maintained often
failed according to participants. Research has found that maintenance of rural water
infrastructure has been a continuing problem, with up to 50% of systems in disrepair [52].
Little research has tested different ways to manage water infrastructure such as community
organizations; local, municipal, or federal management; or private management, and what
little research has been conducted has often not compared different methods, making
conclusions difficult [4,5]. To our knowledge, no research has tested different management
systems for public toilets or communal water supplies in informal settlements. However,
our results suggest that various methods are used including private owner control, private
emptying services, the KCCA, and community volunteers. People complained that those
assigned to maintaining these services did not do so. In one case, after failing to raise
money for emptying the cesspit, those in charge of managing a public toilet resorted to
charging per use which brought its own difficulties. The problems of free riding were also
evident for people who paid for trash collection but received no services as others were not
willing or able to pay for the services.
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5. Future Research

Future research to compare different ways of managing water and sanitation in infor-
mal settlements is needed. In particular, research regarding what is affordable and what
residents are willing to pay for water and sanitation is needed. Willingness to pay studies
may not give an accurate picture of what is affordable to residents; water and sanitation
are seen as necessities to informal settlement residents, and they may over-estimate what
they are able to pay without sacrificing other necessities such as food, shelter, and health
care. Rather, research should measure people’s actual use of water and sanitation facilities
and pilot tests of new technologies for sanitation, such as waterless toilets to replace pit
latrines in real-life settings.

6. Limitations

The results of this research are limited to residents living in the informal settlements in-
cluded in this study and may not be generalizable to residents of other informal settlements
in Kampala or in other countries.

7. Conclusions

The results from this study suggest that WASH upgrading has been inadequate to meet
the demands of informal settlement residents. Further, point-of-use charges for toilets and
water taps made them economically out of reach for many residents. Water and sanitation
services need to be more heavily subsidized to provide informal settlement residents with
access. Our results suggest that WASH must be considered a system and that multiple
upgrading efforts are needed for WASH systems to work, including road construction and
better oversight of fecal sludge disposal. Alternatives to latrines or flush toilets are urgently
needed to address the sanitation problems in informal settlements.

Author Contributions: Conceptualization, J.D.-G., A.N. and J.S.; data collection A.N. and J.S.; analy-
sis J.D.-G., A.N., J.S. and A.R.; paper draft J.D.-G.; editing and feedback J.D.-G., A.N., J.S., A.R., A.K.
and R.W.M. All authors have read and agreed to the published version of the manuscript.

Funding: This project received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of the Medical College of Wisconsin
(PRO00047685, 7/8/2020), Makerere University School of Public Health, (PRO 907, 1/27/2021) and
the Uganda National Council for Science and Technology.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Data are available from the first author by request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Diarrhoeal Disease; WHO: Geneva, Switzerland, 2017.
2. Dadonaite, B.; Ritchie, H.; Roser, M. Diarrheal Diseases. In Our World in Data; 2019; Available online: https://ourworldindata.org/

(accessed on 15 June 2023).
3. Niehaus, M.; Moore, S.; Patrick, P.; Derr, L.L.; Lorntz, B.; Lima, A.A.; Guerrant, R.L. Early childhood diarrhea is associated with

diminished cognitive function 4 to 7 years later in children in a northeast Brazilian shantytown. Am. J. Trop. Hyg. Med. 2002, 66,
590–593. [CrossRef] [PubMed]

4. Kremer, M.; Ahuja, A.; Zwane, A.P. (Eds.) Providing Safe Water: Evidence from Randomized Evaluations; Discussion Paper 2010-23;
Harvard Environmental Economics Program: Cambridge, MA, USA, 2010.

5. Zwane, A.P.; Kremer, M. What Works in Fighting Diarrheal Diseases in Developing Countries? A Critical Review; CID Working Paper
No.140; Harvard University, Center for International Development: Cambridge, MA, USA, 2007.

6. Rijsberman, F.; Zwane, A.P. Water and Sanitation. In Global Problems, Smart Solutions; Lomborg, B., Ed.; Cambridge University
Press: Cambridge, UK, 2013.

7. Brown, A. Uganda’s emerging urban policy environment: Implications for urban food security and urban migrants. Urban Forum
2014, 25, 253–264. [CrossRef]

https://ourworldindata.org/
https://doi.org/10.4269/ajtmh.2002.66.590
https://www.ncbi.nlm.nih.gov/pubmed/12201596
https://doi.org/10.1007/s12132-014-9224-6


Int. J. Environ. Res. Public Health 2023, 20, 6181 12 of 13

8. Omona, S.; Malinga, G.; Opoke, R.; Openy, G.; Opiro, R. Prevalence of diarrhoea and associated risk factors among children under
5 years old in Pader District, northern Uganda. BMC Infect. Dis. 2020, 20, 37. [CrossRef]

9. World Bank. World Development Report: Making Services Work for Poor People; World Bank: Washington, DC, USA, 2004.
10. World Health Organization; United Nations Children’s Fund. Progress on Drinking Water, Sanitation and Hygiene: 2017 Update and

SDG Baselines; UNICEF: New York, NY, USA, 2017.
11. World Bank. Urban Development; World Bank: Washington, DC, USA, 2022.
12. Riley, L.W.; Ko, A.; Unger, A.; Mitermayer, G.R. Slum health: Diseases of neglected populations. BMC Int. Health Hum. Rights

2007, 7, 2. [CrossRef]
13. Unge, C.; Sodergard, B.; Marrone, G.; Thorson, A.; Lukhwaro, A.; Carter, J.; Ilako, F.; Ekstrm, A.M. Long-term adherence to

antiretroviral treatment and program drop-out in a high-risk urban setting in Sub-Saharan Africa: A prospective cohort study.
PLoS ONE 2010, 5, E13613. [CrossRef] [PubMed]

14. Unger, A.; Riley, L.W. Slum health: From understanding to action. PLoS Med. 2007, 4, 1561–1566. [CrossRef]
15. Ezeh, A.; Oyebode, O.; Satterthwaite, D.; Chen, Y.-F.; Ndugwa, R.; Sartori, J.; Mberu, B.; Melendez-Torrez, G.J.; Haregu, T.; Watson,

S.I.; et al. The history, geography, and sociology of slums and the health problems of people who live in slums. Lancet 2017, 389,
547–558. [CrossRef]

16. Emina, J.; Beguy, D.; Zulu, E.M.; Ezeh, A.; Muindi, K.; Elung’ata, P.; Otsola, J.K.; Ye, Y. Monitoring of health and demographic
outcomes in poor urban settlements: Evidence from the Nairobi Urban Health and Demogrpahic Surveillance System. J. Urban
Health 2011, 88, 200–218. [CrossRef]

17. United Nations Educational Scientific and Cultural Organization. Slum Profile in Human Settlements; UNESCO: Paris, France, 2009.
18. UN-Habitat. The Challenge of the Slums: Global Report on Human Settlements; Earthscan Publications: London, UK, 2003.
19. Turley, R.; Saith, R.; Bhan, N.; Rehfuess, E.; Carter, B. Slum upgrading strategies involving physical environment and infrastructure

interventions and their effects on health and socio-economic outcomes (Review). Cochrane Database Syst. Rev. 2013, CD010067.
[CrossRef]

20. Butala, N.M.; VanRooyen, M.J.; Patel, R.B. Improved health outcomes in urban slums through infrastructure upgrading. Soc. Sci.
Med. 2010, 71, 935–940. [CrossRef]

21. Galiani, S.; Gonzalez-Rozada, M.; Schargrodsky, E. Water Expansions in Shantytowns: Health and Savings; Inter-American Develop-
ment Bank: Washington, DC, USA, 2007.

22. Gonzalez-Navarro, M.; Quintana-Domeque, C. Infrastructure and Economic Development: Experimental Evidence from Street Pavement;
Institute for the Study of Labor, University of Bonn: Bonn, Germany, 2010.

23. Soares, F.; Soares, Y. The Socio-Economic Impact of Favela-Bairro: What Do the Data Say? Inter-American Development Bank:
Washington, DC, USA, 2005.

24. Taylor, J.L. Evaluation of the Jakarta kampung improvement programme. In Shelter Upgrading for the Urban Poor: Evaluation of
Third World Experience; Skinner, R.J., Taylor, J.L., Wegelin, E.A., Eds.; Island Publishing House: Manila, Philippines, 1987.

25. Aiga, H.; Arai, Y.; Marui, E.; Umenai, T. Impact of improvement of water supply on reduction of diarrheal incidence in a squatter
area of Manila. Environ. Health Prev. Med. 1999, 4, 111–116. [CrossRef] [PubMed]

26. Aiga, H.; Umenai, T. Impact of improvement on water supply on household economy in a squatter area of Manila. Soc. Sci. Med.
2002, 55, 627–641. [CrossRef] [PubMed]

27. Cattaneo, M.D.; Galiani, S.; Gertler, P.J.; Martinez, S.; Titiunik, R. Housing, health and happiness. Am. Econ. J. Econ. Policy 2009, 1,
75–105. [CrossRef]

28. De Leon, L.T. Barrio Escopa. J. Archit. Plan. Res. 1986, 3, 93–116.
29. Joshi, R. Integrated slum development in the slums of Pravinagar-Guptanagar, Ahmedabad. In Poverty and Vulerability in a

Globalising Metropolis; Kundu, A., Mahadevia, D., Eds.; Manak: Dehli, India, 2002.
30. Milone, P. Kampung improvement in the small and medium sized cities of central Java. Rev. Urban Reg. Dev. Stud. 1993, 5, 74–94.

[CrossRef]
31. Moitra, M.K.; Samajdar, S. Evaluation of the slum improvement program of Calcutta Bustees. In Shelter Upgrading for the Urban

Poor: Evaluation of Third World Experience; Skinner, R.J., Taylor, J.L., Eds.; Island Publishing House: Manila, Philippines, 1987.
32. Moraes, L.R.S.; Cairncross, S. Environmental interventions and the pattern of geogelminth infections in Salvador, Brazil.

Parasitology 2004, 129, 223–232. [CrossRef]
33. Moraes, L.R.S.; Cancio, J.A.; Cairncross, S. Impact of drainage and sewerage on intestinal nematode infections in poor urban

areas in Salvador, Brazil. Trans. R. Soc. Trop. Med. Hyg. 2004, 98, 153–158. [CrossRef]
34. Moraes, L.R.S.; Cancio, J.A.; Cairncross, S.; Huttly, S. Impact of drainage and sewerage on diarrhoea in poor urban areas in

Salvador, Brazil. Trans. R. Soc. Trop. Med. Hyg. 2003, 97, 153–158. [CrossRef]
35. Parikh, P.; McRobie, A. Engineering as a tool for improving human habitat. Int. J. Manag. Decis. Mak. 2009, 10, 270–281. [CrossRef]
36. Corburn, J.; Sverdlik, A. Slum upgrading and health equity. Int. J. Environ. Res. Public Health 2017, 14, 342. [CrossRef] [PubMed]
37. Patel, R.; Stoklosa, H.; Shitole, S.; Shitole, T.; Sawant, K.; Nanarker, M.; Subbaraman, R.; Ridpath, A.; Patil-Deshmuk, A. The high

cost of diarrhoeal illness for urban slum households—A cost-recovery approach: A cohort study. BMJ Open 2013, 3, e002251.
[CrossRef]

38. Gupta, N.; Jain, S.K.; Ratnesh; Chawla, U.; Hossain, S.; Venkatesh, S. An evaluation of diarrheal diseases and acute respiratory
infections control programmes in a Dehli slum. Indian J. Pediatr. 2007, 74, 471–476. [CrossRef]

https://doi.org/10.1186/s12879-020-4770-0
https://doi.org/10.1186/1472-698X-7-2
https://doi.org/10.1371/journal.pone.0013613
https://www.ncbi.nlm.nih.gov/pubmed/21049045
https://doi.org/10.1371/journal.pmed.0040295
https://doi.org/10.1016/S0140-6736(16)31650-6
https://doi.org/10.1007/s11524-011-9594-1
https://doi.org/10.1002/14651858.CD010067.pub2
https://doi.org/10.1016/j.socscimed.2010.05.037
https://doi.org/10.1007/BF02932265
https://www.ncbi.nlm.nih.gov/pubmed/21432182
https://doi.org/10.1016/S0277-9536(01)00192-7
https://www.ncbi.nlm.nih.gov/pubmed/12188468
https://doi.org/10.1257/pol.1.1.75
https://doi.org/10.1111/j.1467-940X.1993.tb00124.x
https://doi.org/10.1017/S0031182004005463
https://doi.org/10.1016/S0035-9203(03)00043-9
https://doi.org/10.1016/S0035-9203(03)90104-0
https://doi.org/10.1504/IJMDM.2009.024993
https://doi.org/10.3390/ijerph14040342
https://www.ncbi.nlm.nih.gov/pubmed/28338613
https://doi.org/10.1136/bmjopen-2012-002251
https://doi.org/10.1007/s12098-007-0080-4


Int. J. Environ. Res. Public Health 2023, 20, 6181 13 of 13

39. Heller, L. WASH services and health: Syntheses and contexts. Lancet 2022, 400, 5–7. [CrossRef]
40. Wolf, J.; Pruss-Ustun, A.; Cumming, O.; Bartram, J.; Bonjour, S.; Cairncross, S.; Clasen, T.; Jr, J.M.C.; Curtis, V.; De France, J.; et al.

Assessing the impact of drinking water and sanitation on diarrhoeal disease in low- and middle-income settings: Systematic
review and meta-regression. Trop. Med. Int. Health 2014, 19, 928–942. [CrossRef]

41. Clasen, T.F.; Bostoen, K.; Schmidt, W.P.; Boisson, S.; Fung, I.C.H.; Jenkins, M.W.; Scott, B.; Sugden, S.; Cairncross, S. Interventions
to improve disposal of human excreta for preventing diarrhea. Cochrane Database Syst. Rev. 2010, 6, CD007180.

42. Fewtrell, L.; Kaufmann, R.B.; Kay, D.; Enanoria, W.; Haller, L.; Colford, J.M.J. Water, sanitation, and hygiene interventions to
reduce diarrhoea in less developed countries: A systematic review and meta-analysis. Lancet Infect. Dis. 2005, 5, 42–52. [CrossRef]

43. Murungi, C.; van Dijk, M.P. Emptying, transportation and disposal of feacal sludge in informal settlements of Kampala Uganda:
The economics of sanitation. Habitat Int. 2014, 42, 69–75. [CrossRef]

44. Mikhael, G.; Robbins, D.M.; Ramsay, J.E.; Mbeguere, M. Methods and means for collecting and transport of faecal sludge. In
Faecal Sludge Management; Strande, L., Ronteltap, M., Brdjanovic, D., Eds.; International Water Association: London, UK, 2014.

45. Esrey, S.A. Water, waste, and well being: A multicountry study. Am. J. Epidemiol. 1996, 143, 608–623. [CrossRef] [PubMed]
46. Lilford, R.J.; Oyebode, O.; Satterthwaite, D.; Melendez-Torrex, G.J.; Chen, Y.-F.; Mberu, B.; Watson, S.I.; Sartori, J.; Ndugwa, R.;

Caiaffa, W.T.; et al. The health of people who live in slums 2: Improving the health and welfare of people who live in slums.
Lancet 2017, 389, 559–569. [CrossRef] [PubMed]

47. Whittington, D.; Hanemann, W.M.; Sadoff, C.; Jeuland, M. Copenhagen Consensus 2008 Challenge Papers: Sanitation and Water.
2008. Available online: https://copenhagenconsensus.com/sites/default/files/CP_Sanitation_and_Water_-_Whittington.pdf
(accessed on 15 June 2023).

48. Tsinda, A.; Abbott, P.; Chenoweth, J. Sanitation markets in urban informal settlements of East Africa. Habitat Int. 2015, 49, 21–29.
[CrossRef]

49. Tsinda, A.; Abbott, P.; Pedley, S.; Charles, K.; Adogo, J.; Okurut, K.; Chenoweth, J. Challenges to achieving sustainable sanitation
in informal settlements of Kigali, Rwanda. Int. J. Environ. Res. Public Health 2013, 10, 6939–6954. [CrossRef] [PubMed]

50. O’Keefe, M.; Luthi, C.; Tumwebaze, I.K.; Tobias, R. Opportunities and limits to market-driven sanitation services: Evidence from
urban informal settlements in East Africa. Environ. Urban. 2015, 27, 421–440. [CrossRef]

51. Coville, A.; Orozco, V. Moving from efficacy to effectiveness: Using behavioural economics to improve the impact of WASH
interventions. Waterlines 2014, 33, 12–28. [CrossRef]

52. Kar, K.; Milward, K. Digging in, Spreading Out and Growing Up: Introducing CLTS in Africa; IDS: Brighton, UK, 2011.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/S0140-6736(22)01108-4
https://doi.org/10.1111/tmi.12331
https://doi.org/10.1016/S1473-3099(04)01253-8
https://doi.org/10.1016/j.habitatint.2013.10.011
https://doi.org/10.1093/oxfordjournals.aje.a008791
https://www.ncbi.nlm.nih.gov/pubmed/8610678
https://doi.org/10.1016/S0140-6736(16)31848-7
https://www.ncbi.nlm.nih.gov/pubmed/27760702
https://copenhagenconsensus.com/sites/default/files/CP_Sanitation_and_Water_-_Whittington.pdf
https://doi.org/10.1016/j.habitatint.2015.05.005
https://doi.org/10.3390/ijerph10126939
https://www.ncbi.nlm.nih.gov/pubmed/24336021
https://doi.org/10.1177/0956247815581758
https://doi.org/10.3362/1756-3488.2014.004

	Introduction 
	Methods 
	Analysis 
	The Credibility of the Study 
	Validity 


	Results 
	Water 
	Improved Water Was Available but Costly 
	Home-Based Practices to Improve Water for Drinking Were Not Widespread 

	Toilets 
	Pit Latrines Are the Dominant Type of Toilet and Are Overcrowded 
	Cesspits Must Be Emptied and Toilets Cleaned, Introducing Costs to Informal Settlement Residents 
	Toilet Problems Lead to Pollution of Drainage Canals 

	Garbage 
	Collection Points for Garbage Were Few and Often Inaccessible 
	Current Financing Models for Garbage Collection Were Not Sustainable 
	Poor Garbage Collection Exacerbates Flooding: Garbage and Fecal Materials End up in Homes 


	Discussion 
	Future Research 
	Limitations 
	Conclusions 
	References

