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A B S T R A C T

Urban sanitation is essential for health and well-being, yet provision remains deeply unequal, particularly in 
informal settlements. This study compares lived sanitation experiences across Nairobi's informal and formal 
settlements and examines how water insecurity – too much, too little, too dirty water – intersects with sanitation. 
We combined eight focus group discussions (n = 65 participants) with household surveys (n = 545) to analyse 
disparities across Human Right to Sanitation (HRtS) normative content dimensions of availability, accessibility, 
quality, safety, affordability, and acceptability. Nearly all surveyed households in formal settlements have pri
vate, sewered facilities, whereas in informal settlements, private toilets are rare, often poorly constructed, 
shared, and unsafely managed. Low incomes, insecure land tenure, and user fees constrain infrastructure in
vestment and maintenance, further restricting HRtS realisation. Sanitation systems in informal settlements are 
highly vulnerable to water insecurity, which can compromise waste containment and hygiene, with potential 
implications for exposure to waterborne diseases. In formal settlements, sewered systems limit disruptions, but 
water insecurity can compromise sanitation functionality and maintenance, while excess water can trigger sewer 
overflows and short-term service disruptions. HRtS realisation requires attention to all normative dimensions, 
integrating resilient infrastructure, safe faecal waste management, participatory governance, and community 
involvement, with attention to vulnerable groups, including women, children, and low-income households. 
Climate-resilient, systems-oriented approaches are essential to prevent faecal contamination, maintain service 
continuity, and support equitable health outcomes. By highlighting interactions between sanitation and water 
insecurity, this study provides actionable insights for designing urban sanitation systems that safeguard human 
rights, health, and dignity in rapidly urbanising cities.

1. Introduction

Access to adequate sanitation remains a global challenge and uneven 
across urban populations. Two out of five people worldwide do not have 
access to safely managed sanitation (UNICEF & WHO, 2025). In informal 
settlements, sanitation provision is shaped by multiple interrelated 
challenges (Lebu et al., 2024a; Sprouse et al., 2024). Physical constraints 
include limited space for facilities, unplanned layouts that complicate 
sewer construction, steep or flood-prone terrain, and narrow or unpaved 

access, all of which hinder the construction, emptying, and treatment of 
human waste. The situation is worsened by the insufficient number of 
facilities, poor maintenance, and limited access to clean water (Chumo 
et al., 2023; Lebu et al., 2024a). Financial barriers further restrict ser
vice delivery, as residents’ often lack the capacity or willingness to pay 
for sanitation, while high operational and maintenance costs, particu
larly in water-insecure areas, and shortages of skilled technicians 
impede maintenance (Chumo et al., 2023). Climate change is a 
cross-cutting challenge for water and sanitation services, exacerbating 
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existing challenges through flood-related infrastructure damage and 
declining water availability (Howard et al., 2016).

Legal and systemic barriers, such as insecure or non-existent tenancy 
agreements, and lack of formal recognition discourage investment in 
improved facilities and long-term sanitation solutions (Chumo et al., 
2023; Lebu et al., 2024a; Sprouse et al., 2024). These barriers are 
rooted in broader processes of political exclusion in urban governance, 
through which informal settlements are marginalised in planning, in
vestment, and service provision (McFarlane, 2023). This aggravates 
uneven sanitation infrastructure provision and unequal exposure to 
environmental health risks across urban settlements and populations, 
shaped by differences in sanitation access, use, and responsibilities 
associated with gender, age, and socioeconomic position (Chumo et al., 
2023; Okurut et al., 2015). These inequalities contribute to broader 
urban health inequities in rapidly growing cities, where health outcomes 
are shaped by unequal access to the material conditions that sustain 
health and by the political processes that determine whose voices are 
heard and whose needs are prioritised in urban development (Corburn, 
2017).

In Nairobi, where over half the population lives in informal settle
ments, these structural factors have contributed to widespread reliance 
on unimproved, shared toilets (Tomoi et al., 2025) with inadequate 
faecal sludge management, contributing to faecal contamination and 
public health risks (Sprouse et al., 2024). Open defecation remains 
common, further polluting drinking water sources and spreading dis
ease. Whereas shared sanitation can improve access and reduce open 
defecation when well-designed and maintained (Lebu et al., 2024a; 
Sprouse et al., 2025), poorly managed or unhygienic facilities can 
generate dissatisfaction, conflict, psychological stress, and renewed 
reliance on unsafe practices (Tidwell et al., 2021). Despite growing 
attention to sanitation in informal settlements (Chumo et al., 2023; 
Sprouse et al., 2024), important gaps remain in understanding how 
sanitation provision and lived experiences differ across informal and 
formal urban settlements (Marphatia et al., 2025; Tidwell et al., 2021).

Addressing these challenges requires more than technical solutions. 
Sanitation services must be aligned with local needs and context to 
ensure safe, equitable, and dignified sanitation for all (Okurut et al., 
2015). These principles of universality, equity, and attention to 
vulnerable groups, including women and girls, are reflected in Sus
tainable Development Goal (SDG) 6, which aims to achieve universal 
“access to adequate and equitable sanitation and hygiene for all and end 
open defecation” (United Nations, 2015). The Human Right to Water 
and Sanitation articulates these principles through the normative 
criteria of availability, accessibility, affordability, acceptability, and 
quality and safety (United Nations General Assembly, 2009, 2010b).

Applying the Human Right to Sanitation (HRtS) framework, this 
study examines lived sanitation experiences in informal and formal 
settlements in Nairobi through the normative criteria. It also explores 
how water insecurity, including too much, too little, or too dirty water, 
shapes lived sanitation experiences. Adopting a qualitative-led design, 
our focus group discussions reveal diverse lived experiences across set
tlements (with participants varying in age and gender), while a house
hold survey provides contextualised descriptive indicators. Unlike most 
studies focusing exclusively on informal settlements, a key contribution 
is the application of HRtS normative content across settlement types, 
generating holistic, context-specific insights to inform more equitable 
urban planning and policy.

The following research questions were addressed. 

1. To what extent is the HRtS realised in informal and formal settle
ments in Nairobi, Kenya?

2. How does water insecurity interact with sanitation conditions and 
affect the realisation of the HRtS?

3. How can sanitation be improved in Nairobi's informal settlements?

2. Methodology

2.1. Study sites: informal versus formal settlements in Nairobi, Kenya

This study was conducted in Nairobi, Kenya, across Jericho 
Lumumba and Harambee estates in Harambee ward, Makadara Sub- 
County, and three villages (Grogan A, Korogocho B, Kisumu Ndogo) in 
Korogocho ward, Ruaraka Sub-County (Fig. 1).

Jericho and Harambee estates are spatially planned by the Nairobi 
City County Government, predominantly middle-income neighbour
hoods, characterised by single-storey dwellings with a few multistorey 
housing units, well-developed road networks, and greater access to 
quality services than in informal settlements (Ochako et al., 2016). 
Households have access to piped water and are connected to the sewer 
system (Foellmer et al., 2025).

In contrast, Korogocho is one of the most densely populated areas in 
Nairobi, lacks spatial planning, and is characterised by informal hous
ing, limited infrastructure (Beguy et al., 2015), and chronic poverty 
(Wamukoya et al., 2020). Most residents rely on pit latrines, often 
shared among multiple households (Fig. 1) (Tomoi et al., 2025). Manual 
pit emptying is common, yet, lacks formal recognition or monitoring 
from local authorities (Chumo et al., 2023; Tomoi et al., 2025).

The sites were selected due to their contrasting spatial planning, 
infrastructure provision, and sanitation conditions relevant to the study 
objectives. High-income formal neighbourhoods (e.g. Parklands or 
Westlands) were not included because their high-rise buildings, mixed 
land use, and considerably higher income levels would add structural 
differences beyond the study's informal–formal comparison. Prior 
engagement by the African Population and Health Research Center 
(APHRC) in these communities facilitated community entry and sup
ported trust-building for discussions of sensitive sanitation-related 
experiences.

Findings from our Human Right to Water (HRtW) study indicate that 
water insecurity persists across both settlement types but is particularly 
severe in Korogocho where residents face frequent service interruptions, 
unreliable supply, long collection times, high costs, and poor water 
quality, which intensify during heavy rains that often cause flooding. 
Water collection imposes physical, emotional, and social burdens, 
disproportionately affecting women, who experience greater time, 
safety, and stress challenges. Coping strategies are varied, but Kor
ogocho residents are more constrained by limited storage and financial 
resources, relying heavily on social networks (Foellmer et al., 2026).

Floods affect both settlements, but are more profound in Korogocho, 
especially near the Nairobi River. During Kenya's long rains, particularly 
in 2024, parts of Korogocho experienced severe flooding (Kimuyu, 
2024), resulting in widespread disruption, including damage and loss 
of homes, economic and emotional impacts, increased exposure to 
health and safety risks, and exacerbating already limited water and 
sanitation services (Foellmer et al., 2025).

In this manuscript, we refer to Jericho Lumumba and Harambee as formal 
settlements, and Korogocho as informal settlements.

2.2. Human right to sanitation as analytical framework

The Human Right to Sanitation (HRtS) is formally recognised as 
distinct from, though closely linked to, the HRtW, following the UN 
General Assembly resolutions in 2010 and 2015 (United Nations General 
Assembly, 2010a, 2010c, 2015). Its normative content is defined by the 
AAAAQ criteria – availability, accessibility, affordability, acceptability, 
and quality (Fig. 2) – alongside cross-cutting principles of 
non-discrimination, participation, accountability, sustainability, and 
impact (Giné-Garriga et al., 2017; United Nations General Assembly, 
2009; 2010b).

Sanitation is commonly assessed through infrastructure-related in
dicators, including the type of facility and hygienic separation of human 
waste from human contact (UNICEF & WHO, 2018). Inadequate 
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Fig. 1. Map and visual characterisation of the study area: Formal (left) and informal (right) settlements in Nairobi, Kenya.

Fig. 2. Normative content of the Human Right to Sanitation (Baquero et al., 2017; Giné-Garriga et al., 2017).
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sanitation describes contexts where access to sanitation infrastructure is 
unreliable or insufficient to support safe management of urination, 
defecation, and menstrual needs (Kimutai et al., 2023). Sanitation 
insecurity research has drawn attention to lived experiences of inade
quate sanitation, highlighting how these differ across population groups 
and urban settings, shaped by gender, age, and broader sociocultural, 
environmental, and temporal contexts (Caruso et al., 2017).

Our study uses the HRtS as its analytical framework, providing 
internationally recognised criteria for assessing adequate sanitation. 
Lived sanitation experiences are foregrounded to understand how these 
standards are experienced or denied across settlement types and identify 
where, for whom, and how sanitation-related inequalities persist. This 
study builds on our related work on the HRtW in Nairobi (Foellmer et al., 
2026), which analysed water insecurity and associated lived experiences 
across informal and formal settlements. It highlighted the interdepen
dence of water and sanitation and the need for an integrated, 
rights-based understanding of urban service provision. The present 
paper extends this analytical approach to sanitation, recognising sani
tation insecurity as a distinct but interconnected dimension of urban 
inequality, particularly in flood-prone and water-insecure 
environments.

2.3. Study design

This study employed a qualitative-led, comparative cross-sectional 
study design across informal and formal settlements to examine sani
tation provision and related lived experiences. It primarily draws on 
focus group discussions, while a household survey provided descriptive 
context. Ethical approval was obtained from the Ethics Review Board at 
the Faculty of Geo-Information Science and Earth Observation at the 
University of Twente (#240656; 20.09.2024) and from the Ethics Sci
entific Review Committee at AMREF Health Africa (ESRC P1713/2024, 
30.09.2024). A research permit was also obtained from the National 
Commission for Science, Technology & Innovation (NACOSTI) 
(NACOSTI/P/24/40935, 20.05.2024).

2.3.1. Focus group discussions
Focus group discussions (FGDs) generate exchange based on guiding 

questions, and encourage communications, exchange of experiences and 
perspectives in specific groups of persons, involving trained in
terviewers/moderators as facilitators (Wong, 2008). FGDs, conducted as 
part of a broader study on water insecurity (Foellmer et al., 2025; 
Foellmer et al., 2026), explored lived experiences of water insecurity, 
flooding, and related well-being impacts across informal and formal 
settlements. The FGD guide (Foellmer et al., 2025) was designed to 
explore how challenges related to water supply and quality, flooding, 
and perceived well-being were experienced in everyday life, through 
which sanitation-related experiences emerged as a cross-cutting theme, 
rather than directly probing predefined HRtS dimensions.

A growing body of literature shows that women and men experience 
WASH differently, as gendered household, community, and occupa
tional roles, socio-cultural norms, and other factors (including age) 
shape unequal access, barriers, and lived experiences (Harris et al., 
2017). Women, especially in sub-Saharan Africa, often bear re
sponsibility for water, sanitation, and related health matters (Dickin and 
Caretta, 2022; Van Houweling, 2016), with inadequate WASH condi
tions further increasing their unpaid care burdens (Musah et al., 2026), 
while also facing higher disease exposure (Cole et al., 2024). Age further 
influences water- and health-related knowledge, attitudes and practices, 
and with that, of sanitation as well (Foellmer et al., 2026).

To capture diverse perspectives from residents across genders and 
ages, separate FGDs were conducted with women and men, and older 
(50+ years) and younger (18–49 years) residents across settlements. 
This approach draws on prior positive research experiences in Kenya 
and Zimbabwe, where participants felt more comfortable and open 
when engaging in discussions with similarly aged peers (Ogutu et al., 

2025).

2.3.2. Household survey
A household survey was administered as part of a broader study on 

water insecurity, flooding, sanitation, and well-being (Foellmer et al., 
2025; Foellmer et al., 2026). For the purpose of this study, we used 
quantitative data on sanitation, including facility type and whether 
toilets were private, shared within a compound, or with the general 
public (UNICEF & WHO, 2018), alongside basic demographic informa
tion. These indicators provided descriptive contextual information 
aligned primarily with the HRtS dimension of availability across set
tlement types. Our analysis primarily draws on FGDs, which we used to 
explore the complexities of residents’ lived sanitation experiences, 
including connections between issues often missed by standardised 
survey instruments (Wong, 2008).

2.4. Data collection

Data were collected by three trained research assistants with prior 
experience in the study sites, familiarity with local contexts, and fluency 
in Swahili, the local language. Before data collection, the research as
sistants completed a 4-day training covering the study objectives, 
design, methods (including the FGD guide and survey tool), ethical 
considerations, and fieldwork procedures. Following training, the sur
vey tool was pretested within the study community by trained field staff 
using a convenience sample of local residents. The pre-test assessed 
comprehension, flow, and feasibility of administration, and adjustments 
were made to improve clarity before the main study. All tools were 
professionally translated from English into Swahili and validated by the 
research assistants to ensure accuracy and cultural appropriateness. 
Both Swahili and English versions were used according to participant 
preference.

Fieldwork took place between January and May 2025. In each set
tlement, FGDs were conducted before the household survey, beginning 
in Korogocho. Survey respondents and FGD participants were recruited 
independently, with no overlap between samples. A one-day refresher 
training was held before data collection in Jericho and Harambee.

Focus group and survey participants were given an informed consent 
form and an information sheet outlining the study purpose, key project 
details, potential risks and benefits, confidentiality and anonymisation 
procedures, data dissemination plans, and contact information. All 
participants were informed that their involvement was voluntary and 
that they could withdraw at any time.

2.4.1. Focus group discussions
FGDs were conducted in collaboration with Community Health 

Promoters (CHPs) at the village level, whose established trust and local 
networks facilitated community entry, participant recruitment, and 
alignment with predefined gender and age groups.

Eight FGDs were held in Swahili, four per settlement and dis
aggregated by gender and age. Discussions took place at a central 
location (partner site office), with one session at a time to ensure a 
comfortable environment to contribute. Each group comprised approx
imately eight participants, lasted 60–90 min, followed a standard pro
tocol, and was audio-recorded with concurrent notetaking.

2.4.2. Household survey
A combination of random and systematic sampling was used in 

informal and formal settlements. In Korogocho ward, three villages 
(Grogan A, Korogocho B, Kisumu Ndogo) were randomly selected from 
the total number of eight villages in the ward. In Harambee ward, two 
neighbourhoods were chosen (Jericho Lumumba and Harambee es
tates). Since conversations with local representatives revealed that parts 
of Jericho Lumumba contained informal developments, three sections 
(AA, AB, AC) were purposively selected to maintain the informal–formal 
comparison.
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The required sample was estimated at 538 households, with an 
additional 20% allowance for potential non-response, resulting in a 
target of 646 households (Foellmer et al., 2026). Household numbers for 
the study areas were obtained through engagement with CHPs, who 
reported a total of 2977 households across Grogan A (638), Korogocho B 
(1,196), and Kisumu Ndogo (1,143). As household lists were unavai
lable, these totals were used to estimate systematic sampling intervals. 
In Korogocho, where the study targeted at least 100 households per 
village, Grogan A, the area with the fewest households, was used to 
determine a conservative sampling interval of every sixth household. In 
Jericho and Harambee, every third household was selected. In each area, 
interviewers identified a random starting household and followed the 
specified sampling interval. Where a household was unavailable or 
declined participation, the next household was approached and the in
terval maintained. The final sample comprised 545 households. Because 
unavailable or declining households were not recorded and were 
replaced during fieldwork, a conventional response rate could not be 
calculated. Fieldwork observations indicated greater access challenges 
in the formal settlements, including absenteeism due to employment 
schedules, restricted access at household gates, and privacy concerns. 
The final sample was therefore smaller than the planned 646 households 
but exceeded the minimum required sample of 538 households. Data 
were collected on tablets via SurveyCTO, uploaded daily to a central 
server, and reviewed daily for quality and completeness.

2.5. Data analysis

To assess disparities in sanitation access from a human rights 
perspective in Nairobi's informal and formal settlements, the analysis 
applied the normative content of the HRtS as an analytical framework. 
Quantitative and qualitative findings were structured around the core 
dimensions of availability, accessibility, quality and safety, afford
ability, and acceptability (Fig. 2).

FGD recordings were transcribed verbatim in Microsoft Word and 
translated into English. The project team checked transcripts for con
sistency and accuracy of transcription and translation. Coding was 
conducted by multiple researchers. Transcripts were coded deductively 
according to the normative HRtS dimensions, while additional themes 
emerging from the data beyond these predefined categories were iden
tified and analysed. These included community recommendations for 
improving sanitation and the interlinkages between sanitation, water 
insecurity, and flooding. A subset of researchers reviewed the analysis to 
ensure consistency, adequacy, and completeness.

Findings are presented with supporting quotations, highlighting 
contrasts between informal and formal settlements. Participants are 
referenced using identifiers denoting settlement type (I = informal, 
F = formal), age (Y = younger, O = older), gender (M = male, 
F = female), and participant number.

Quantitative survey data were analysed descriptively using Python 
3.12.9 and used to complement the qualitative findings by providing 
indicators aligned with HRtS dimensions, particularly facility type and 
whether facilities were shared (availability).

3. Results: human right to sanitation in informal and formal 
settlements

3.1. Participant characteristics

Sixty-five residents (33 informal; 32 formal) participated in eight 
FGDs. A total of 545 households completed the survey (368 informal; 
177 formal), mainly long-term residents and renters, with comparable 
household sizes and compositions. Women were more often re
spondents. Financial hardship was widespread in informal settlements, 
whereas it was relatively uncommon in formal settlements (Table 1).

3.2. Availability and accessibility

Availability of sanitation infrastructure varied greatly between set
tlements. In formal settlements, nearly all survey respondents reportedly 
had private, improved facilities with piped sewer connections, and 
availability of facilities was not raised in FGDs. In informal settlements, 
most survey respondents (82.1%) reportedly used improved facilities – 
mainly pit latrines with slabs, flush systems connected to piped sewers, 
and composting toilets – whereas 18.0% used unimproved sanitation, 
such as pit latrines without slabs or open pits and flush systems leading 
to open drains. Toilets were predominantly shared within compounds 
(79.3%) or accessed publicly (19.6%), whereas private toilets were rare 
(1.1%) (Table 2).

FGD participants in informal settlements, especially women and 
older men, emphasised the insufficient availability of sanitation facil
ities. This was described as being driven by limited space from over
crowding, insecure land tenure, and landlords prioritising rental space 
over sanitation provision to maximise profits. Flooding was described by 
FGD participants as damaging sanitation infrastructure. Participants 
described how flood protection measures, including the demolition of 
structures within flood-prone areas (Foellmer et al., 2025), resulted in 
the removal of sanitation facilities, further reducing availability and 
accessibility of toilets and generating despair. 

Table 1 
Socio-economic characteristics of focus group participants (A) and household 
survey respondents (B) (Foellmer et al., 2026).

A: Focus group participants

Group Gender Age Informal Formal

n

YM Men 18-49 9 8
OM Men 50+ 8 9
YF Women 18-49 8 8
OF Women 50+ 8 7

B: Household survey participants

Informal Formal

Percentage Mean 
(min, max)

Percentage Mean 
(min, max)

Living situation
Years of residence ​ 12 (0, 60) ​ 15 (0, 75)
Occupancy status

Owner paid off 9.5 ​ 5.1 ​
Renter 84.5 ​ 94.4 ​
Free of charge by 
employer/relative

5.7 ​ 0.0 ​

Rent-free 0.3 ​ 0.0 ​
Respondent characteristics
Gender

Male 20.7 ​ 33.3 ​
Female 77.7 ​ 64.4 ​
Unknowna 1.6 ​ 2.3 ​

Household composition
Household size ​ 4 (1, 13) ​ 5 (1, 11)
Number of children ​ 2 (0, 11) ​ 2 (0, 7)
Has members under 18 

years
80.7 ​ 75.7 ​

Has members over 60 
years

16.6 ​ 15.8 ​

Has disabled members 6.8 ​ 5.1 ​
Perceived financial situation
Living comfortably 0.8 ​ 14.1 ​
Doing alright 2.2 ​ 29.9 ​
Just about getting by 46.7 ​ 41.8 ​
Finding it quite difficult 29.6 ​ 11.3 ​
Finding it very difficult 20.7 ​ 2.3 ​

a Respondent gender was derived from household head status, reported sex of 
the household head, and relationship to household head. “Unknown” indicates 
cases where gender could not be inferred.
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“Korogocho has a lot of issues apart from water; we do not have toilets.” 
(I-OF-4)

“A landlord may lack the space to build the toilet because of how plots are 
squeezed. The landlords find it hard to sacrifice one room for a toilet.” (I- 
OM-4)

“[For flood response, the government] demolished houses, destroyed 
water pipes and toilets.” (I-OF-4)

“When the community toilet was demolished, people lost hope.” (I-YF-2)

“We had a biogas [toilet], but during the recent floods, the chief 
demolished it [even though it] was helping the residents here. […] It 
provided good sanitation. It was very painful when it was demolished.” (I- 
OM-4)

Accessibility issues were rarely raised in FGDs. One younger woman 
in an informal settlement noted that distance and user fees can limit 
accessibility at night, illustrating how accessibility intersects with 
affordability and safety in shaping the realisation of the HRtS. 

“People are unable to visit the toilet at night because the available toilet is 
far and it is charged a fee.” (I-YF-1)

3.3. Quality and safety

In informal settlements, FGD participants described self-constructed 
toilets as posing structural and hygienic risks. Residents described make
shift pit latrines built by converting rooms within plots, which could 
attract insects, or reinstalling previously demolished facilities. 

“In some plots, one room is converted into a pit latrine. Toilet maggots 
may end up coming into my house. We brought a toilet that was recently 
demolished by the government.” (I-OM-7)

Unsafe disposal of human waste emerged as a persistent challenge in 
FGDs, particularly in informal settlements. Limited sanitation infra
structure, coupled with ineffective faecal sludge management and 
inadequate drainage, was highlighted as leading to waste entering rivers 
or the environment. 

“We don’t have a sewer line. Toilets are full and usually, when they are 
emptied, they are disposed of into the river.” (I-YF-2)

FGD participants described how limited toilet availability forced 
many informal settlement residents to adopt unsafe sanitation practices. 
Whereas no survey respondents self-reported open defecation, FGD 
participants described its occurrence within informal settlements. 

“Most people here are tenants, not landlords. You cannot construct a 
toilet on someone’s land. You sort sanitation out yourself. You even wake 
up to open defecation everywhere.” (I-YF-1)

Water insecurity was noted by FGD participants as constraining safe 
waste management across settlements. In informal settlements, heavy 
rains or floods often spread overflowing waste from full toilets into 
homes and streets. In formal settlements, residents linked population 
pressure on existing infrastructure to sewer blockages and toilet over
flow, particularly in larger households sharing a toilet. 

“When it rains, the drainage gets blocked. Toilets get full and overflow.” 
(I-OM-2)

“Toilets are blocked due to the high population. Sewage […] always 
overflows.” (F-OF-3)

“When flood water blocks the sewer, toilets block. It becomes a challenge. 
Houses are small and big families share the same toilet.” (F-OF-6)

Insufficient water was highlighted as further compromising safety, 
availability, and affordability of sanitation by making toilets unusable, 
increasing costs for water-dependent systems, and thus limiting safe 
waste management. In informal settlements, FGD participants noted 
that open defecation or “flying toilets” become common during water 
shortages. 

“We had to close our toilet because lack of water has rendered it non- 
operational.” (I-YM-1)

“When water is unavailable, the [usage] fee increases. ‘Flying toilets’ 
become common.” (I-YM-5)

Water insecurity was linked to unsanitary conditions across settle
ments by limiting toilet cleaning and flushing, creating additional 
household burdens, particularly for women, and contributing to odour 
concerns and reduced sanitation quality during water shortages, water 
supply disruptions, and flooding. In informal settlements, older women 
described insufficient water for flushing and cleaning toilets as resulting 
in strong odours across the settlement, making surrounding areas nearly 
impassable. In formal settlements, women particularly emphasised the 
household burden of rationing water for flushing, disrupting routine 
toilet cleaning and reducing hygiene, described as leading to unpleasant 
odours within households and generating annoyance, especially during 
high-demand periods like school holidays. Unsanitary conditions were 
further exacerbated by higher water prices and reduced quality of piped 
water during the rainy season or immediately after supply interruptions. 
During these periods, residents across settlements reported coping by 
using multiple water sources (Foellmer et al., 2026), including 
sewerage-contaminated water or rainwater of uncertain quality for 
flushing toilets and cleaning. 

“Korogocho is impassable and smelly when water unavailability renders 
toilets unclean”. (I-OF-8)

“The toilet is dirty because people use it without water. Some use sewerage 
water.” (I-OF-1)

“You will have to use a very small amount of water in the toilet.” (F-OF- 
5)

“Immediately after rationing, water flows with sand particles. This water 
cannot be used for drinking and cooking. It can only be used in the toilet or 
cleaning surfaces.” (F-OF-5)

“Water insecurity is annoying especially during school holidays. You al
ways have to shout in the house because people are not used to fetch water 
with a bucket to flush and leave the toilet as it is, then it starts to smell.” 
(F-YF-3)

Insufficient or unsafe water was also highlighted as affecting hand
washing and personal hygiene across settlements, particularly among 
children, increasing concerns about disease transmission. In informal 

Table 2 
Main sanitation facilities and access type (private, shared, public) reported in 
informal and formal settlements, based on household survey data collected in 
March-May 2025 in Korogocho (n = 368) and Jericho Lumumba and Harambee 
(n = 177), reported in % of respondents per response option.

Informal Formal

Improved sanitation
Pit latrine with slab 42.7 0.0
Flush to piped sewer system 14.7 98.9
Flush to pit (latrine) or drum 5.4 0.6
Flush to septic tank 1.4 0.6
Composting toilet 7.6 0.0
Ventilated improved pit latrine (VIP) 4.9 0.0
Flush to don't know where 5.4 0.0
Unimproved sanitation
Pit latrine without slab/Open pit 9.0 0.0
Flush to open drain 8.7 0.0
Bucket 0.27 0.0

Private facility 1.1 98.3
Shared with compound household 79.3 1.1
Shared with general public 19.6 0.6
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settlements, limited water near sanitation facilities restricted hand
washing, bathing, and diaper changing, which FGD participants across 
ages and genders associated with increased health risks, such as diar
rhoeal disease among children. An older woman noted that water 
scarcity affects children's handwashing and household water use, as 
children may unknowingly use substantial amounts of water for hand
washing, leaving less for other household activities, while sometimes 
still eating without properly cleaning their hands, raising concerns about 
illness. In formal settlements, intermittent water supply was described as 
making it difficult for children to wash their hands after using the toilet, 
particularly when water had to be fetched from elsewhere, reportedly 
increasing the risk of water-washed disease transmission. 

“A parent can be changing diapers and not bathing after due to lack of 
water.” (I-OM-4)

“Because of rationing, someone might not be concerned about hand
washing after using the toilet. You find certain outbreaks of diarrhoea 
among children.” (I-YF-1)

“Children may use a lot of water in cleaning their hands and decrease the 
amount of water in the house. Children may end up eating without 
cleaning hands after playing, this may lead to illnesses.” (I-OF-2)

“When children lack running water after using the washroom, they will 
just walk away without washing their hands. They will grab something to 
eat that they come across without washing their hands. Next day, they 
experience diarrhoea.” (F-YF-8)

Adults in both settlements struggled to maintain personal hygiene 
particularly during water shortages. Younger men in informal settle
ments perceived that difficulties maintaining hygiene could increase 
their risk of infection, including sexually transmitted infections. 
Younger women in informal settlements highlighted the stress of man
aging menstruation during water shortages. 

“It becomes hard for me to maintain my hygiene. You need water to 
maintain hygiene, like water for bathing.” (F-YM-4)

“We might not wash our hands well due to lack of water which causes 
health hazards.” (I-OM-4)

“I engage in sexual activities and I fail to bathe when I lack water. I could 
be infected with some diseases such as gonorrhoea and syphilis because I 
am dirty.” (I-YM-1)

“Water insecurity when we are experiencing the female’s affairs is just 
stressful. You have no peace of mind” (I-YF-3).

3.4. Affordability

In informal settlements, affordability was reflected indirectly in the 
limited availability of sanitation infrastructure, as insecure land tenure 
and low household incomes constrained investment in toilets (see 3.2). 
In formal settlements, discussions of affordability were more directly 
linked to water infrastructure, particularly the ability to afford water 
pumps (Foellmer et al., 2026). FGDs indicated that in households 
without pumps, water availability within bathrooms was limited, 
affecting the practical use of sanitation facilities rather than their 
availability. Participants described relying on buckets for flushing or 
being unable to use showers despite the physical presence of sanitation 
facilities. 

“For some of us, the water only comes in the kitchen […] I have never 
flushed water in the toilet” (F-OF-6)

“Another challenge is getting the water up to the tank to enable the supply 
to the washrooms. Without a pump, you can’t supply the toilet. You have 
to pour flush.” (F-YF-8)

“[My niece] had never seen [the shower tap] function. It has affected 
our living standards.” (F-OM-2)

“My parting shot. There is a child that is 19 years old who asked his 
father, ‘Dad, why don’t this bulb up there produce light?’ It is actually not 
a bulb but a shower. It’s because he has never seen that shower dispense 
water, thus he knows it’s a bulb.” (F-OM-9)

Ongoing costs of sanitation use were also highlighted in FGDs, 
particularly in informal settlements where limited water supply 
increased user fees for water-dependent toilets. In formal settlements, 
higher water prices during supply interruptions forced households to 
reduce water use (Foellmer et al., 2026), which could compromise the 
quality and safety of toilets (see 3.3), although participants did not 
explicitly link water affordability to toilet usability. 

“When water is unavailable, the fee for toilet use increases.” (I-YM-5)

Waterless, container-based toilets, such as those provided by Fresh 
Life, a social enterprise offering waterless, container-based toilets and 
waste collection in Nairobi's informal settlements, were discussed in 
FGDs in informal settlements. While these services could enhance toilet 
availability and accessibility, residents highlighted that ongoing service 
fees limited uptake among low-income households who could not afford 
the required payments. Households or landlords typically paid instal
lation and monthly service fees, reported at around KES 800–850 per 
month. Missing payments reportedly resulted in suspended waste 
collection or closure or removal of toilets. 

“The problem [with Fresh Life toilets] comes when contributing the 
monthly fee. If you run out of money, the waste won’t be collected. The 
toilet will be used even when it is full, and eventually taken away.” (I-OF- 
2)

Affordability therefore shapes not only toilet availability and 
accessibility, but also quality and safety, meaning that economic con
straints directly undermine the sustained realisation of the HRtS, 
particularly in informal settlements.

3.5. Acceptability

Acceptability was not directly discussed in FGDs, however, aspects 
related to acceptability emerged indirectly across participants’ accounts 
(see 3.2-3.4) as summarised in the following. In informal settlements, 
reliance on shared toilets, accessibility barriers, and inadequate sanitary 
conditions shaped sanitation practices, with participants describing 
open defecation where available facilities were inaccessible or unaf
fordable. In formal settlements, sanitation facilities were generally pri
vate and sewer-connected, but their use was constrained during periods 
of unreliable water supply. Hygiene practices were also affected across 
both settlement types, as participants described how water shortages 
constrained bathing, handwashing, toilet cleaning, and other everyday 
sanitation practices. Unacceptable gender-specific needs emerged across 
settlements, with women describing challenges related to personal hy
giene, menstruation, and maintaining household hygiene during periods 
of water insecurity.

3.6. Community recommendations

In informal settlements, older women described improving sanita
tion availability as a collective, community-led effort, identifying 
households without toilets and encouraging owners to create space, 
sometimes by demolishing a room, to construct one. Such collaboration 
was reportedly supported through local meetings and agreements before 
seeking assistance from organisations, such as Fresh Life. These initia
tives demonstrate women's leadership and mutual accountability in 
expanding sanitation coverage, yet, they occur alongside perceived 
enforcement pressures, including fear of penalties or arrest for lacking 
toilets. Older men, in contrast, emphasised education and oversight, 
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discussing efforts to raise awareness about sanitation and water issues, 
assess Fresh Life toilets condition or number, and encourage their use. 
These perspectives illustrate how residents collectively contribute to the 
HRtS realisation, while navigating persistent challenges of regulation, 
affordability, and funding. 

“We do not construct [toilets], we come together, talk and agree. After 
the agreement, we call Fresh Life agents to come and set up the toilet for 
us. It is a must to contribute.” (I-OF-2)

“We are trying to see if the number of Fresh [Life] toilets has increased 
since the ones installed in the past have been removed. We try to educate 
the residents on matters of toilets and water.” (I-OM-4)

“When we find one [plot without a toilet], we advise them to demolish at 
least one room and construct a toilet. [ …] We also attend toilet meetings. 
Meetings are held at the chief's camp. There is an organization that heads 
it [ …]. It doesn’t help with anything although they tell people to construct 
toilets in their plots. You can be arrested for not constructing. People are 
afraid of being arrested.” (I-OF-7)

No specific sanitation recommendations emerged from participants 
in formal settlements. Across both informal and formal settlements, 
younger participants primarily raised recommendations related to water 
insecurity (Foellmer et al., 2026). Although not directly articulated as 
sanitation-related, suggested improvements in water infrastructure, 
reliability, affordability, and quality also have implications for HRtS 
realisation.

4. Discussion

Our study indicates that the HRtS remains unmet in informal and 
formal settlements in Nairobi, and that its realisation is undermined by 
the interaction between sanitation conditions, water supply in
terruptions, unsafe water quality, and flooding across settlement types 
(Fig. 3).

4.1. The HRtS in informal and formal settlements of Nairobi and beyond

Across informal and formal settlements in Nairobi, residents 
continue to face substantial barriers to the realisation of the HRtS, 

particularly in relation to the quality and safety, affordability, avail
ability, accessibility, and acceptability of sanitation services. These 
challenges are most pronounced in informal settlements (Fig. 3), where 
the availability of private sanitation infrastructure is very scarce. This 
aligns with previous evidence from Sub-Saharan Africa and South Asia 
highlighting reliance on shared sanitation facilities (Pessoa Colombo 
et al., 2023; Sprouse et al., 2025). Previous evidence suggests that 
shared sanitation facilities are often linked to safety concerns, especially 
related to night-time use and the distance to facilities (Adams et al., 
2016; Aydamo et al., 2024). They are also associated with hygiene 
concerns arising from unsafe waste disposal, resulting environmental 
contamination, and health risks (Okurut and Charles, 2014; 
Satterthwaite et al., 2015).

In informal settlements, persistent sanitation deficiencies stem not 
only from infrastructure deficits due to resource and capacity con
straints, but also from the historical exclusion of these communities from 
urban planning, service delivery, and public investment (Sinharoy et al., 
2019). Community-led initiatives (Chaudhuri, 2017; Lebu et al., 2024b; 
Li, 2024) often emerge to compensate for gaps in sanitation governance 
and financing (Chumo et al., 2023). Whereas such initiatives can 
improve short-term sanitation conditions, they may also reinforce in
equalities, as provision becomes dependent on locally available re
sources, informal coordination, and financial resources instead of being 
consistently secured through state provision, potentially excluding 
households with the fewest resources (Chatterjee and Kundu, 2022; 
Moretto et al., 2023). Beyond household sanitation facilities, safe sani
tation also depends on functioning faecal sludge management systems. 
In Nairobi's informal settlements, informal pit emptiers provide an 
important component of the sanitation service chain, but face challenges 
related to infrastructure, regulation, and working conditions that can 
limit safe waste management (Mallory et al., 2020).

Our results further highlight that the normative dimensions of the 
HRtS do not operate independently but are closely interrelated. De
ficiencies in one dimension can constrain the realisation of others, 
creating cascading effects on health and well-being, as limited sanitation 
availability and accessibility, combined with constraints on afford
ability, safety, and quality, can compromise safe sanitation conditions 
and practices, contribute to increased exposure to faecal contamination 
and WASH-related health risks, and affect safety, dignity, and 

Fig. 3. The Human Right to Sanitation in Nairobi informal and formal settlements and interactions with water insecurity (too much, too little, and too dirty water) 
based on focus group discussions (n = 8 with 65 participants) and household survey data (n = 545) collected in Korogocho and Jericho Lumumba and Harambee in 
January-May 2025.
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psychosocial well-being (Corburn and Hildebrand, 2015; Kimutai et al., 
2023; Winter et al., 2019b). For instance, women in our informal set
tlements reported that at night, longer distances and user fees limited 
sanitation access, highlighting how accessibility intersects with afford
ability and safety. Inaccessibility of sanitation can lead to risky behav
iour, such as open defecation and resulting environmental 
contamination and increased risk of exposure to disease, both for the 
person practicing such behaviour and the entire community (Winter 
et al., 2019b). Beyond these immediate access barriers, our findings 
suggest that affordability also influences the ability to sustain sanitation 
services over time, with implications for sanitation quality, safety, and 
acceptability. This is consistent with previous research from Korogocho 
showing that recurring pit emptying costs can represent an affordability 
barrier for shared sanitation facilities, potentially contributing to 
delayed emptying and unsafe sanitation conditions, with implications 
for environmental contamination and health risks (Tomoi et al., 2025). 
Although acceptability was less prominently and directly brought up 
than other HRtS dimensions, its relevance emerges in accounts of 
adverse well-being effects, and residents’ frustration with persistent and 
cross-cutting challenges in HRtS realisation. The continued use of unsafe 
sanitation practices, such as flying toilets, particularly during water 
shortages, reflects difficult trade-offs when alternatives involve risks of 
violence, unsafe facilities, inaccessible routes, long waiting times, or 
unaffordable costs, despite awareness of associated health and envi
ronmental risks (Lusambili, 2011). This illustrates that sanitation prac
tices are shaped not only by the availability of infrastructure, but also by 
the social, economic, and physical conditions under which residents 
access and use sanitation services.

Challenges related to (shared) sanitation voiced in our study are a 
major concern, particularly for extra vulnerable population sub-groups 
in informal settlements, such as women and girls (Chaplin, 2017; 
Corburn and Hildebrand, 2015; Kulkarni et al., 2017; Vogel et al., 2022), 
older adults, and people with disabilities (Nawaz et al., 2026), who are 
particularly vulnerable and more susceptible to adverse health and 
well-being consequences. Women and girls are disproportionately 
affected by shortcomings across multiple HRtS dimensions, particularly 
where deficiencies in availability, accessibility, quality and safety, 
affordability, and acceptability interact, while also most vulnerable to 
the adverse health effects due to their biology (e.g. menstruation and 
pregnancy) and often lower socioeconomic status. Lack of access can 
result in the use of unsafe facilities, or in walking long distances to find a 
place, which especially during the night can expose women and girls to 
physical and sexual violence (Corburn and Hildebrand, 2015). Inac
cessibility of facilities, and the resulting extra time required to access 
sanitation, adds to gendered time and care burdens that disproportion
ally constrain women's productivity and opportunities (Tilley et al., 
2013). Beyond the time spent accessing sanitation facilities, inade
quate WASH services can increase women's unpaid domestic and care 
work, including maintaining household hygiene and caring for children 
when limited water availability compromises hygiene practices, such as 
handwashing, or contributes to sanitation-related illnesses, including 
diarrhoea. Such additional demands can negatively affect women's and 
girls' physical and mental health and constrain their opportunities for 
paid work and personal development (Musah et al., 2026).

Where sanitation remains unavailable, inaccessible, unaffordable, 
unsafe, or unacceptable, residents may resort to unsafe sanitation 
practices, including open defecation. Previous studies in Nairobi's 
informal settlements suggest that women's sanitation practices are 
driven by the cleanliness and privacy of toilet facilities, fear of victim
isation, neighbourhood disorganisation (Winter et al., 2019a; Winter 
et al., 2018), and time of day, meaning that access to a toilet does not 
necessarily translate into its consistent use (Winter et al., 2019b). These 
unsafe coping strategies can contribute to environmental contamination 
(Winter et al., 2019b), while also adversely affecting mental and social 
health through stigmatisation, exclusion, and loss of dignity. This un
derlines how deficiencies across multiple HRtS dimensions can lead to 

unsafe coping strategies that extend risks beyond individual users, 
reinforcing the wider public health and environmental implications of 
inadequate sanitation provision.

4.2. Interactions between unsafe sanitation and water insecurity in 
undermining the realisation of the HRtS

A key finding of this study is that water insecurity shapes the uneven 
realisation of sanitation rights by influencing whether sanitation facil
ities remain available, accessible, safe, acceptable, and affordable dur
ing both normal conditions and environmental shocks (Fig. 3). Although 
households may have nominal access to sanitation facilities, their ability 
to use, maintain, and benefit from those facilities is compromised when 
water is scarce or unreliable. More specifically, water insecurity can 
undermine the functioning of sanitation systems by limiting water for 
flushing, cleaning, and hydraulic conveyance of human waste in sani
tary sewers (Hyde-Smith et al., 2022), compromising hygiene practices 
such as handwashing and menstrual hygiene management (Sommer 
et al., 2013), increasing exposure to faecal contamination, and 
creating additional financial burdens associated with accessing water 
and maintaining sanitation services. As a result, water insecurity affects 
both the performance of sanitation infrastructure and the dignity, safety, 
and well-being dimensions of sanitation rights.

Environmental shocks often magnify existing water insecurity, 
exposing weaknesses in water and sanitation systems that may be less 
apparent under normal conditions and further compromising house
holds' ability to safely manage human waste and maintain hygiene. 
Flooding can damage sanitation infrastructure, mobilise faecal waste 
into homes, public spaces, and water sources, and interrupt desludging 
and other sanitation services (Berendes et al., 2019; Lebu et al., 2024a). 
These disruptions can reduce the availability, quality and safety, 
accessibility, and acceptability of sanitation services, increasing expo
sure to faecal contamination (Jenkins et al., 2015) and intensifying 
existing vulnerabilities related to dignity, privacy, and well-being.

Importantly, water insecurity and its impacts on lived sanitation 
experiences vary across urban settings, shaped by differences in gover
nance arrangements, investment, and climate vulnerabilities. Specif
ically, in informal settlements, insecure tenure, limited public 
investment, fragmented service responsibilities, and reliance on 
informal service providers constrain households' ability to prepare for, 
respond to, and recover from flooding events (Howard et al., 2010; 
Hyde-Smith et al., 2022). Flood mitigation measures such as demolitions 
and relocations can further disrupt access to water and sanitation ser
vices. In some cases, interventions intended to reduce environmental 
risks have damaged existing infrastructure and reduced service avail
ability (Hyde-Smith et al., 2022; Owusu-Ansah, 2016) and imposed 
additional financial burdens on households required to rebuild infra
structure (Foellmer et al., 2025). These findings reflect broader concerns 
raised in the climate and green gentrification literature that adaptation 
initiatives can generate new forms of exclusion by unintentionally dis
placing vulnerable populations or shifting them to areas with poorer 
services (Anguelovski and Connolly, 2024). By contrast, households in 
formal settlements generally benefit from more reliable infrastructure, 
stronger institutional mandates, and greater capacity for emergency 
response and service restoration (Howard et al., 2016). Water insecurity 
therefore amplifies the effects of pre-existing inequalities in infrastruc
ture and service provision, contributing to unequal sanitation outcomes 
and realisation of the HRtS.

4.3. Policy implications for improving sanitation in Nairobi's informal 
settlements

Improving sanitation in Nairobi's informal settlements will likely 
require a transition from infrastructure-focused interventions towards 
systems-oriented, rights-based and climate-resilient interventions that 
are affordable, space-efficient, and sensitive to the needs of vulnerable 
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groups, including women and girls, older persons, and people with 
disabilities. This section discusses key policy implications arising from 
the sanitation challenges identified in our findings, and draws on rele
vant literature to identify potential directions for intervention.

Solutions should go beyond toilet availability to address all norma
tive HRtS dimensions. Our finding that all HRtS dimensions are simul
taneously challenged and closely interlinked reinforces the need for 
integrated approaches. However, additional context-specific evidence is 
needed to assess the feasibility, acceptability, and effectiveness of such 
approaches in Nairobi's informal settlements.

In our informal settlements, shared sanitation facilities were com
mon and are, as shown in the literature, considered a practical option in 
overcrowded informal settlements with insecure land tenure (Sprouse 
et al., 2025). This highlights the importance of ensuring that design 
and management of shared facilities align with HRtS principles, 
particularly dignity, safety, accessibility, and acceptability. For 
example, adequate lighting around sanitation facilities may improve 
perceived safety and increase usability at night (Sprouse et al., 2024), 
particularly for women, children, and older residents.

Climate resilience is increasingly critical for sanitation planning 
amid growing environmental stressors. Our findings show that flooding 
and water insecurity can severely disrupt sanitation access and func
tionality, compounding challenges in realising HRtS, aligning with calls 
for solutions that remain functional under intensifying climate risks 
(Lebu et al., 2024a). Climate-sensitive dry sanitation solutions, such as 
composting toilets, have been proposed as potential options for reducing 
reliance on unreliable water supply and improving resilience in 
flood-prone environments (Dickson-Gomez et al., 2023). Similarly, 
raised and sealed containment systems of sanitation facilities, and 
decentralised treatment options adapted to dense and flood-prone en
vironments have been identified as promising strategies for reducing 
contamination risks and maintaining service continuity during extreme 
weather events (Borges Pedro et al., 2020). Nature-based flood mitiga
tion strategies, such as vegetated waterways or drainage corridors (Dalu 
et al., 2018), may also offer opportunities to manage floodwaters while 
reducing damage to sanitation infrastructure.

The importance of improving sanitation across the entire service 
chain – including emptying, transport, treatment, and final disposal – to 
prevent human exposure to faecal waste (Hyde-Smith et al., 2022) is 
underscored by our findings, showing that flooding and water insecurity 
exacerbate challenges in the safe management and disposal of human 
waste. For example, studies emphasise the values of linking sanitation 
infrastructure improvements with safely managed service components, 
such as routine maintenance, timely emptying, and behaviour change 
interventions, to support the quality and safety dimensions of the HRtS 
under both normal and flood conditions (Lebu and Cronk, 2026). The 
importance of coordinated cross-sectoral investments across sanitation, 
water supply, drainage, transport, solid waste management, and flood 
control systems has also been highlighted (Dickson-Gomez et al., 2023; 
Howard et al., 2010; Hyde-Smith et al., 2022). Such integration may be 
particularly important in informal settlements, where deficiencies in one 
service can undermine the performance and resilience of others, limiting 
the effectiveness of sanitation improvements alone (Narayan et al., 
2021).

Affordability constraints and insecure tenure were consistently 
identified as barriers to sustainable sanitation improvements. Potential 
approaches discussed in the literature include co-investment or cost- 
sharing agreements between landlords and tenants, whereby tenants 
could contribute to facility construction and landlords provide in
centives such as reduced rent or long-term tenancy agreements. More 
broadly, rights-based approaches may require stronger public financing 
mechanisms and pro-poor subsidies to reduce dependence on house
holds’ ability to pay at the point of use (Acey et al., 2019). Recognising 
informal settlements as legitimate urban neighbourhoods is also essen
tial, with implications for integrating them into citywide sanitation and 
climate adaptation planning, rather than relying on temporary or 

project-based initiatives (Bateganya et al., 2023). Finally, community 
action is most effective when communities are engaged as co-producers 
and monitors of services, rather than as substitutes for public provision 
(Bateganya et al., 2023; Nelson et al., 2021).

4.4. Methodological discussions and limitations, and future research 
directions

Several methodological considerations should be considered when 
interpreting our findings. First, the study was conducted in selected 
informal and formal settlements of Nairobi and therefore may have 
limited generalisability. Although the analysis compares informal and 
formal settlements, this classification may mask substantial heteroge
neity in HRtS realisation at settlement and household levels. Informal 
settlements differ in infrastructure density, tenure arrangements, service 
access, and flood exposure, and households’ adaptive capacity further 
varies by income, housing stability, and social networks. Additionally, 
some vulnerable groups, such as people with disabilities, adolescents, 
children, or unhoused people, were not included in the FGDs, limiting 
insight into their (potentially extra challenging) lived experiences. 
Future research should examine intra-settlement, intra-household, and 
intra-resident group variation in sanitation vulnerability and HRtS 
realisation to inform targeted interventions, including through spatial 
analyses that can identify geographic disparities and populations most 
in need of targeted support (Kim et al., 2022).

The HRtS framework was applied as an analytical framework rather 
than as a predefined structure for data collection. This approach enabled 
exploration of lived sanitation experiences beyond predefined cate
gories, including the interlinkages between sanitation and water inse
curity. However, because HRtS dimensions were not directly probed as 
separate topics, some dimensions, such as acceptability, were less 
explicitly represented in participant accounts. Future research could 
integrate HRtS dimensions more explicitly into data collection and 
further explore similarities and differences in sanitation coping strate
gies across informal and formal settlements, including how these prac
tices influence human and environmental health outcomes.

The cross-sectional design provides only a snapshot, without 
capturing seasonal or event-based variations, limiting causal inference 
between water insecurity and sanitation outcomes. Although data 
collection occurred shortly after a period of prolonged heavy rainfall 
and severe flooding, which likely enhanced participants’ recall of these 
experiences, longitudinal data collection could improve recall accuracy 
and strengthen attribution of health and service impacts to water inse
curity. Social desirability bias may have influenced self-reported sani
tation practices in the household survey, particularly for sensitive 
behaviours such as open defecation, potentially leading to under
reporting, though this was partly mitigated through triangulation with 
qualitative findings.

Our analysis did not include environmental or microbiological 
measurements of faecal contamination in household environments, 
around sanitation infrastructure, or water sources, preventing quantifi
cation of exposure and direct links between sanitation failures and dis
ease outcomes. Non-climate-related causes of sanitation failure were 
also not systematically assessed. Nevertheless, the qualitative and sur
vey findings align with established contamination pathways reported in 
comparable urban, flood-prone settings.

Finally, the study focused primarily on household-level experiences 
and did not systematically capture perspectives from and roles of utili
ties, local authorities, private sanitation providers, or civil society or
ganisations in sanitation service provision and in promoting respective 
solutions (Curty Pereira, 2025). Accordingly, structural and institutional 
barriers to (climate-resilient) sanitation delivery were inferred rather 
than directly observed. Future research integrating service-provider and 
governance perspectives could strengthen understanding of how urban 
sanitation systems in the context of informality can be restructured and 
facilitate the co-creation of solutions to support progressive realisation 
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of the HRtS, generally and under increasing climate risk.

5. Conclusions

This study demonstrates that sanitation inequalities are shaped not 
only by infrastructure gaps but also by systemic vulnerabilities to water 
insecurity. Informal settlements face disproportionate risks due to 
poorly maintained facilities and unsafe waste management practices. 
Failing sanitation infrastructure increases vulnerability to environ
mental contamination and creates conditions associated with health 
risks, disproportionately affecting women and children. Risks are 
amplified by insecure tenure, low household incomes, and inadequate 
guidance for integrating climate resilience into sanitation planning and 
service provision.

Formal settlements face far lower risks due to more robust infra
structure and clearly defined institutional mandates ensuring timely 
maintenance and service restoration, which help mitigate flooding im
pacts such as sewer overflows and backflow. Nevertheless, formal set
tlements residents still experience sanitation challenges despite 
widespread access to private, sewered facilities, as intermittent, costly, 
and sometimes poor-quality water supplies affect flushing, toilet 
cleaning, handwashing, and personal hygiene. Further, population 
pressure on existing infrastructure contribute to sewer blockages and 
toilet overflows. Informal settlements lack the infrastructure, institu
tional support, and service mechanisms available in formal settlements, 
leaving residents disproportionately vulnerable to sanitation-related 
risks.

Addressing these disparities requires preparing the entire sanitation 
service chain to withstand extreme weather events and establishing 
rapid, coordinated response mechanisms after severe rainfall or flood
ing. Resilient dry sanitation systems, together with flood mitigation 
strategies, can enhance the safety, usability, and sustainability of sani
tation infrastructure in informal settlements. These efforts should be 
integrated with road and drainage development, solid waste manage
ment, and measures to strengthen tenure security. Importantly, resilient 
and rights-based sanitation cannot be achieved through technical solu
tions alone. Interventions must be co-designed with residents to ensure 
that they reflect local priorities, practices, and needs, particularly those 
of groups most affected by sanitation inequalities. Affected communities 
possess critical knowledge of the social and spatial contexts shaping 
sanitation needs, making their involvement essential for developing 
acceptable, gender-responsive, sustainable, and context-specific solu
tions (Karuga et al., 2023). Achieving this requires continuous collabo
ration between communities, service providers, and authorities 
(Foellmer et al., 2026) through co-production approaches that integrate 
resident knowledge and priorities into sanitation planning and 
decision-making (Musah et al., 2026).
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Foguet, A., 2017. The influence of the human rights to water and sanitation 
normative content in measuring the level of service. Soc. Indic. Res. 133 (2), 
763–786. https://doi.org/10.1007/s11205-016-1374-6.

J. Foellmer et al.                                                                                                                                                                                                                                Social Science & Medicine 407 (2026) 119779 

11 

https://www.flaticon.com
https://doi.org/10.1016/j.worlddev.2018.11.006
http://refhub.elsevier.com/S0277-9536(26)00856-7/sref2
http://refhub.elsevier.com/S0277-9536(26)00856-7/sref2
http://refhub.elsevier.com/S0277-9536(26)00856-7/sref2
https://doi.org/10.1177/08854122241227804
https://doi.org/10.1177/08854122241227804
https://doi.org/10.2166/wh.2024.026
https://doi.org/10.2166/wh.2024.026
https://doi.org/10.1007/s11205-016-1374-6


Bateganya, N.L., Beardsley, R., Lebu, S., Atim, J., Lilian, K.S., Lahai, F., Madeira, M.M., 
Mulenga, O.C., Manga, M., 2023. Shifting from traditional infrastructure planning to 
a collaborative approach: lessons from the freetown sanitation master plan. J. Water, 
Sanit. Hyg. Dev. 13 (12), 974–985. https://doi.org/10.2166/washdev.2023.171.

Beguy, D., Elung’ata, P., Mberu, B., Oduor, C., Wamukoya, M., Nganyi, B., Ezeh, A., 
2015. Health & demographic surveillance system profile: the Nairobi urban health 
and demographic surveillance System (NUHDSS). Int. J. Epidemiol. 44 (2), 462–471. 
https://doi.org/10.1093/ije/dyu251.

Berendes, D.M., Leon, J.S., Kirby, A.E., Clennon, J.A., Raj, S.J., Yakubu, H., Robb, K.A., 
Kartikeyan, A., Hemavathy, P., Gunasekaran, A., Roy, S., Ghale, B.C., Kumar, J.S., 
Mohan, V.R., Kang, G., Moe, C.L., 2019. Associations between open drain flooding 
and pediatric enteric infections in the MAL-ED cohort in a low-income, urban 
neighborhood in vellore, India. BMC Public Health 19, 926. https://doi.org/ 
10.1186/s12889-019-7268-1.

Borges Pedro, J.P., Oliveira, C.A. da S., de Lima, S.C.R.B., von Sperling, M., 2020. 
A review of sanitation technologies for flood-prone areas. J. Water, Sanit. Hyg. Dev. 
10 (3), 397–412. https://doi.org/10.2166/washdev.2020.019.

Caruso, B.A., Clasen, T.F., Hadley, C., Yount, K.M., Haardörfer, R., Rout, M., 
Dasmohapatra, M., Cooper, H.L., 2017. Understanding and defining sanitation 
insecurity: women's gendered experiences of urination, defecation and menstruation 
in rural Odisha, India. BMJ Glob. Health 2 (4). https://doi.org/10.1136/bmjgh- 
2017-000414.

Chaplin, S., 2017. Gender, Urban Sanitation Inequalities and Everyday Lives: a Literature 
Review and Annotated Bibliography. Centre for Policy Research. https://doi.org/ 
10.13140/RG.2.2.15348.86407.

Chatterjee, S., Kundu, R., 2022. Co-Production or contested production? Complex 
arrangements of actors, infrastructure, and practices in everyday water provisioning 
in a small town in India. Int. J. Urban Sustain. Dev. 14 (1), 196–208. https://doi.org/ 
10.1080/19463138.2020.1852408.

Chaudhuri, I.N., 2017. Community mobilization for slum upgrading through sanitation 
in roma informal settlements in the paris region. Front. Public Health 5. https://doi. 
org/10.3389/fpubh.2017.00213.

Chumo, I., Mberu, B., Wainaina, C., Murigi, W., Sumba, L., Kabaria, C., 2023. Sanitation 
services for the urban poor: a social capital approach to sanitation challenges in 
informal settlements. PLOS Water 2 (12), e0000086. https://doi.org/10.1371/ 
journal.pwat.0000086.

Cole, S., Tallman, P., Salmon-Mulanovich, G., Rusyidi, B., 2024. Water insecurity is 
associated with gender-based violence: a mixed-methods study in Indonesia. Soc. 
Sci. Med. 344, 116507. https://doi.org/10.1016/j.socscimed.2023.116507.

Corburn, J., 2017. Urban place and health equity: critical issues and practices. Int. J. 
Environ. Res. Publ. Health 14 (2), 117. https://doi.org/10.3390/ijerph14020117.

Corburn, J., Hildebrand, C., 2015. Slum sanitation and the social determinants of 
women's health in Nairobi, Kenya. J. Environ. Public Health 2015 (1), 209505. 
https://doi.org/10.1155/2015/209505.

Curty Pereira, R., 2025. A political ecology of wellbeing: the role of civil society 
organizations in supporting communities with limited access to water, sanitation, 
and hygiene in Brazil. https://hdl.handle.net/10012/22422.

Dalu, M.T.B., Shackleton, C.M., Dalu, T., 2018. Influence of land cover, proximity to 
streams and household topographical location on flooding impact in informal 
settlements in the Eastern Cape, South Africa. Int. J. Disaster Risk Reduct. 28, 
481–490. https://doi.org/10.1016/j.ijdrr.2017.12.009.

Dickin, S., Caretta, M.A., 2022. Examining water and gender narratives and realities. 
WIREs Water 9 (5), e1602. https://doi.org/10.1002/wat2.1602.

Dickson-Gomez, J., Nyabigambo, A., Rudd, A., Ssentongo, J., Kiconco, A., Mayega, R.W., 
2023. Water, sanitation, and hygiene challenges in informal settlements in Kampala, 
Uganda: a qualitative study. Int. J. Environ. Res. Publ. Health 20 (12), 6181. https:// 
doi.org/10.3390/ijerph20126181.

Foellmer, J., Musyoka, D., Owaga, D., Bockarjova, M., Janeka, P., Kabaria, C., 
Anthonj, C., 2025. The effect of water (in)security on perceived well-being and 
productivity growth in urban populations of Nairobi, Kenya (Well-Being in a 
Sustainable Economy Revisited (WISER). https://www.wiserhorizons.eu/fileadmin/ 
files_to_download/DELIVERABLES/D4.3_The_effect_of_water__in_security_on_percei 
ved_well-being_and_productivity_growth._The_case_of_African_cities_28112025_r.pdf
[Project Deliverable]). 

Foellmer, J., Musyoka, D., Owaga, D., Kabaria, C., Janeka, P., Anthonj, C., 2026. Water 
insecurity and lived experiences in Nairobi, Kenya: a comparative mixed-methods 
study of informal and formal settlements through the lens of the Human Right to 
Water. Wellbeing Space Soc. 10, 100419. https://doi.org/10.1016/j. 
wss.2026.100419.
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