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Sammanfattning 

Bedömning av osäkerhet i enskild vatten- och sanitet - Ett nytt verktyg för att spåra 

universell tillgång, i fallet Mukurus informella bosättningar i Nairobi. 

 

Att borga för universella, säkra, inkluderande och prisvärda vatten- och sanitetstjänster, som riktas 

mot SDG 6 (Sustainable Development Goal), är en utmaning inom urbana miljöer. Särskilt i de 

informella, överbefolkade bosättningarna i Mukuru, Nairobi, belägna i förorenade och utsatta 

områden med oklara ägarförhållanden av marken, utsätts invånarna för ökade sanitära risker 

kopplade till vattenkvaliteten. Policy- och forskningsmetoder för att mäta vatten-och sanitetssäkerhet 

saknar ett standardverktyg för att bedöma de många dimensioner som orsakas av ojämlikhet på 

individnivå. Denna studie syftade till att bedöma individuell vatten- och sanitet osäkerhet hos 

Mukuru SPA (Special Planning Area). Baserat på 21 punkter har en ny vatten- och sanitet 

osäkerhetsskala utvecklats för att undersöka tillgänglighet, tillgång, överkomlighet, upplevd 

vattenkvalitet, sanitet och hygien. Tre områden av Mukuru SPA valdes. Data samlades in från 302 

individer genom en enkätundersökning riktad till hushåll. En statistisk analys utfördes med hjälp av 

SAS University-programvara för att identifiera vatten och sanitetsförhållanden i området, mäta 

nivåer av vatten- och sanitet osäkerhet, undersöka kopplingar mellan graden av sårbarhet och 

socioekonomiska förhållanden, samt testa verktygets validitet. Resultaten visar att de flesta boende 

använde vattenkällor och sanitetsinstallationer vilka anses ha förbättrats med hjälp av internationella 

övervakningsstandarder. Detta till trots hade mer än 50% av invånarna i två av de studerade 

områdena höga nivåer av vatten och sanitet osäkerhet. Kvinnor, tillhörande de områden där 

medelinkomsten var lägst, boende i hushåll med en ung man eller kvinna (<18 år gamla) som 

“husbonde”, visade sig mest sårbara för vatten- och sanitet osäkerhet. Tydliga samband mellan 

vatten-och sanitet osäkerhet och kostnad per dag och tid för att hämta vatten, samt korrelation mellan 

antal resor för att hämta vatten och vattenkostnad per dag, validerar användningen av verktyget. 

Verktyget kan hjälpa lokala myndigheter att snabbt överblicka vatten-och sanitation osäkerhet och 

rikta resurser mot de mest sårbara personerna inför de planerade satsningarna på höjd 

levnadsstandard i Mukuru SPA. Det är önskvärt att ta hänsyn till de olika behov som könsskillnad 

medför, såväl som att säkerställa kostnadsmässigt överkomliga vatten- och sanitetstjänster för de 

mest sårbara grupperna i Mukuru SPA. Ett vattenprov bör åtfölja användningen av verktyget för att 

förstärka tillförlitligheten i mätningar av vattensäkerhet.  
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Abstract  
 

Securing universal, safe, inclusive and affordable water and sanitation services, as targeted by SDG 6, 

is a challenge for urban settings. Particularly in informal settlements of Mukuru, Nairobi, were its 

crowded population, insecure land tenure and location in areas prone to environmental hazards 

places their inhabitants at greater risk of water and sanitation insecurity. Policy and research 

approaches to measure water and sanitation insecurity lack of a standard tool to assess the multiple 

dimensions that account for inequalities at the individual level. This study aimed to assess individual 

water and sanitation insecurity at Mukuru SPA. A novel 21 item insecurity scale was developed 

addressing water and sanitation availability, accessibility, affordability, perceived water quality, 

inadequate sanitation and hygiene. Three segments of the Mukuru SPA were selected. Data was 

collected from 302 individuals through a household survey. Statistical analysis was performed with 

SAS University software to identify water and sanitation conditions in the area, measure levels of 

water and sanitation insecurity, examine associations of insecurity levels and socio-economic 

characteristics and test the validity of the tool. Results indicated that most residents used water 

sources and sanitation facilities considered improved by global monitoring standards. Nonetheless, 

more than 50% of the residents of two of the studied segments had higher levels of water and 

sanitation insecurity. Individuals that were females, belonged to the lowest income ranges and that 

resided in young female or young male (<18 years old) headed-household were found more vulnerable 

to water and sanitation insecurity. Significant correlations of water and sanitation insecurity with 

time spent collecting water and sanitation cost/day, as well as correlations with number of trips to 

collect water and water cost/day validated the use of the tool.  
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1. Introduction 

1.1 Background 

Safe water and sanitation are critical for human health and wellbeing, livelihoods and protecting 

ecosystems from degradation. The importance of these services is highlighted by their inclusion in 

Sustainable Development Goal (SDG) 6 for ‘Clean water and sanitation’, as targets 6.1 and 6.2 that 

aim to ‘achieve universal and equitable access to safe and affordable drinking water’ and ‘adequate 

and equitable sanitation and hygiene for all’ by 2030, with particular consideration to the needs of 

women, girls, and other vulnerable groups (UN General Assembly, 2015). At the heart of achieving 

‘universal’ coverage is the need to realize the human rights to water and sanitation (HRWS), and 

acknowledgment of their crucial role in a dignified life.  

 

The SDG Agenda will thus make important contributions to realizing human rights of all and tackling 

gender and other social inequalities (UN General Assembly, 2015). Water as a human right entitles 

every person “to sufficient, safe, acceptable, physically accessible and affordable water for personal 

and domestic use”; likewise, every person is entitled to sanitation that is “physically accessible, 

affordable, safe, hygienic, secure” but also accepted from a socio-cultural point of view and that 

procures privacy and dignity (De Albuquerque 2014, p. 6). This has been resumed into five normative 

dimensions: accessibility, availability, affordability, quality and acceptability. Moreover, these 

dimensions should consider human rights principles such as non-discrimination and equity, among 

others (De Albuquerque, 2014). 

 

Despite progress over the last few decades, there remain many challenges in securing water and 

sanitation for all. In fact, the WHO-UNICEF Joint Monitoring Programme (JMP) for Water, 

Sanitation and Hygiene (WASH), reports that despite the advancement made in the past 25 years to 

improve people’s access to water and sanitation, 844 million and 2.3 billion people still lack access to 

basic water and sanitation services, respectively. Adding to these challenges, there are increasing 

pressures on water resources driven by population growth and development pathways (Vörösmarty 

et al, 2010) together with climate change (IPCC, 2014), which are creating risks for the provision and 

sustainability of water and sanitation (Howard et al, 2016). For instance, a growing population and 

their increasing consumption patterns are rising the water demand by 1% every year (WWAP/UN-

Water, 2018). Moreover, this growing population is concentrated in urban areas where it is expected 

to augment 2.5 billion by 2050 (UN, 2018).  

 

In addition, inequalities exist at regional, national and smaller scales. As an example, Sub-Saharan 

Africa is the region with less than 75% coverage of these services with countries like Angola having a 

40% gap in basic water coverage between rural and urban sectors. Moreover, the gap increases in 

terms of wealth quintiles, with the poorest quintile having 65% less coverage than the richest. In most 

countries, the gap between wealth quintiles is higher for basic sanitation compared to water or 

hygiene services (WHO-UNICEF, 2017). In addition, gender inequalities are pervasive, driven by 

gender roles that assign hefty unpaid workloads to women as the main water collectors who must 

often travel long distances to fetch water (Pommells et al, 2018). These inequalities are often left 

unreported because collected water and sanitation access data does not include those of people living 

in marginal areas such as informal settlements nor is it disaggregated by gender (Bartram et al, 2014). 

This reveals the narrow scope of existing approaches in the Water, Sanitation and Hygiene (WASH) 

sector to assess progress that leave important dimensions of water, sanitation and hygiene security 

unattended.  
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Several authors noted that previous WASH policy and interventions during the Millennium 

Development Goals (MDGs), focused primarily on providing access to water and sanitation 

infrastructure, omitting aspects of maintenance and dimensions of availability (water is sufficient and 

continuous); accessibility (time and distance for water/privacy, security and dignity for sanitation); 

safety (quality and hygiene); affordability (water and sanitation costs); and acceptability (socio-

cultural considerations in design of sanitation services as well as the differentiated needs of women) 

(Bartram et al, 2014; Satterthwaite, D., 2016; Smiley, S. 2016; Sweetman and Medland, 2017).  

 
Considering these multiple dimensions of water and sanitation services, different groups may 

experience different levels of (in)security, even in the same household or communities sharing the 

same infrastructure. For example, in urban areas of Malawi, individual barriers to accessing water 

and sanitation increase if the individual is a woman and has limited economic resources and 

education (White et al, 2016). In addition, disabled people face more difficulties in accessing 

sanitation and hygiene, even more if they are elderly, compared to people without disabilities within 

households in Guatemala (Kuper et al, 2018). Assessing household access to water and sanitation 

services does not necessarily provide information on how physical conditions, power relations and 

socio-economic status define who gets more access inside the household. This highlights the critical 

need for data disaggregated by gender, age and other social factors to track SDG 6 targets for universal 

coverage.  

 

Particular challenges exist for securing water and sanitation in informal areas 

 

Aiming for inclusive, safe and fair universal access to water and sanitation services under the SDG 6 

targets, will become a real challenge in urban areas, particularly in informal settlements due to their 

complex characteristics. And informal settlement is defined as an area where houses do not follow 

urban planning and construction regulations, lack or have inadequate basic services and are built in 

areas that are geographically or environmentally at risk.  Moreover, people living there do not have 

tenure security of the land or the dwelling they inhabit. Slums are the most common example of 

informal settlements where inhabitants are vulnerable to eviction, health risks and violence (UN-

Habitat, 2015).  

 

For instance, in these type of settlements, land tenure rights and mismatch in its interpretation at 

different policy levels leaves people without the legal right to land and housing, resulting in poor 

access to WASH services (Murthy S., 2012). Thus, dwellers usually resort to illegal water connections 

(Arha et al, 2014). Moreover, lack of space due to high housing density and narrow, unstructured road 

patterns obstruct the installation of traditional sanitation systems. Therefore, dwellers make use of 

inappropriate disposal of wastewater and waste that leads to environmental degradation and risks to 

human health (Arha et al, 2014). 

 

In addition, income differences among dwellers determine the type of water source and sanitation 

they can afford. To illustrate, in some urban informal settlements in Nigeria, low income dwellers 

usually make use of surface water such as rain or nearby rivers, while high income dwellers can afford 

installation of boreholes (Akinola S., 2016). Similarly, in the informal settlements of Nairobi tenants 

pay substantial housing rents but have poorer access conditions to water and sanitation services 

compared to “occupiers1” (Gulyani et al, 2012). Moreover, water expenses for residents in informal 

settlements were estimated to be significantly higher than for residents in other urban areas in 

Nairobi (Undie et al, 2007).  

 

                                                             
1 Occupiers refers to people who were the first to settle and despite not having legal right to the land, claim control over it. Tenants are people 
who came later to the live in the settlements and thus, pay a rent to occupiers. 
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In addition, gender-based violence in these settlements, combined with inadequate sanitation puts 

women’s psychological and physical health at risk. As an example, the threat of sexual assault when 

accessing public toilets during night, stresses women and forces them to find coping mechanisms such 

as avoiding drinking water at night or using a bucket inside the house under unsanitary conditions. 

(Corburn and Hildebrand, 2015; Sahoo et al, 2015). 

 

To add more, there is the risk imposed by the impacts of climate change on water and sanitation in 

urban areas. For example, water quality and adequate sanitation are affected by heavy rainfalls and 

flooding (Miller and Hutchins, 2017). These events will have a greater impact on the people who live 

in informal settlements that are prone to flooding, or where drainage systems are inefficient or non-

existent (Murthy S., 2012). 

 
Therefore, the establishment of new goals for water and sanitation services, together with the 

acknowledgment of challenges and missed realities, demands for a better measure of security; one 

that considers the multidimensional nature of water and sanitation, and ensures progress in reaching 

universal access for everyone can be tracked.  

1.2 Aim and objectives 

The aim of this study is to assess individual water and sanitation insecurity in the Special Planning 

Area (SPA) of Mukuru informal settlements in Nairobi, Kenya. To accomplish this, the objectives were 

the following: 

 

● Identify the water and sanitation conditions in the SPA of Mukuru informal settlements 

● Develop a holistic tool to measure water and sanitation insecurity risks at the individual level 

● Apply the tool to measure levels of individual water and sanitation insecurity risk in the SPA 

of Mukuru informal settlements’ 

● Examine associations of water and sanitation insecurity levels and other social and economic 

characteristics of the population in the SPA of Mukuru informal settlements. 

● Test the validity of the tool  

1.3 State of the art 

Water security has emerged as a central goal in the water sector (GWP, 2000) and a range of authors 

addressed the concept from several perspectives. For instance, Scott et al (2013) analysed water 

security as a dynamic state to be applied in socio-ecological systems; Garrick and Hall (2014), 

reviewed water security from a risk perspective focusing on infrastructure and institutional 

investments; Romero-Lankao and Gnatz, (2016) suggested a scope of socio-demographic, economic, 

ecological and governance indicators to measure urban water security; Srinivasan et al (2017) 

proposed water security as an outcome indicator of coupled human-water systems based on water 

availability, production, consumption and GDP per capita. 

 

Furthermore, different academic and policy approaches, as well as scales, have been done to 

operationalize the concept (Cook & Bakker, 2011 cited in Jepson et al, 2017). At a macro-scale, the 

concept was applied to develop cumulative and composite indexes, such as the global index of human 

water security threats (Vörösmarty et al, 2010) and the National Water Security Index (Asian 

Development Bank, 2013), respectively. The first one, through a high-resolution spatial analysis based 

on river networks, and the second by combining five determinant indicators namely: household water 

security, economic water security, urban water security, environmental water security and resilience 

to water-related disasters. These indexes prove water security has been studied extensively at larger 

scales. 
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For the WASH sector, the scale of interest is the micro-scale, pertaining to household and individual 

water, sanitation and hygiene security. For example, standard approaches for monitoring progress on 

water and sanitation policies and interventions, such as the WHO-UNICEF Joint Monitoring 

Program (JMP) collect data from household surveys to derive national and regional indicators 

(Bartram et al, 2014).  

 

Recently, these indicators have been upgraded to comply with the SDG global targets for water and 

sanitation. The Joint Monitoring Programme (JMP) for WASH indicators now include aspects of 

accessibility, availability and quality for safely managed water services; management of wastewater 

and excreta for safely managed sanitation services; and standards for basic hygiene services (available 

handwashing facilities including water and soap) (WHO-UNICEF, 2017). However, these 

standardized indicators fall short in measuring other dimensions of security such as affordability, 

acceptability, including water-related risks that affect accessibility and continuity of the services. 

 

Aside from the policy sphere, several researchers investigated different approaches to measure water 

insecurity at individual or household level. Some authors assessed water security based on subjective 

experiences in different settings. In a rural area of Ethiopia, Stevenson et al (2016, cited in Jepson et 

al, 2017) developed an individual water insecurity scale of 21 items (questions) and examined its 

association with women’s emotional distress. This scale included dimensions of access, availability, 

quality and affordability. Nonetheless, it measured mainly coping experiences, worry and opportunity 

costs of affordability and as the authors pointed, the scale was appropriate only for the local context 

and under high water stress situations. 

 

Similarly, in urban Nepal, Aihara et al (2016, cited in Jepson et al, 2017) adapted the Household Food 

Insecurity Access Scale (HFIAS) to develop a household water insecurity scale based on 6 items 

covering aspects of: worry about water availability and its consequences on childcare, affordability 

(related to water and hygiene) and perceived water quality; however, the scale was applicable only to 

postnatal women. Furthermore, Rosinger, A. (2017, cited in Jepson et al, 2017) used a scale of 7 items 

to assess the individual experience of water insecurity after a flooding in the Bolivian amazon, 

measuring three dimensions: access, quality and lifestyle. Nonetheless, the scale had low internal 

consistency, no measurements were made prior to the flood (for comparison) and the tool was 

designed for the specific rural context of the indigenous people living in the area. 

 

Other authors attempted to measure water insecurity in peri-urban areas. For instance, in an informal 

settlement in Bolivia, Wutich and Ragsdale (2008, cited in Jepson et al, 2017) measured individual 

water insecurity, based on water quantity, accessibility and seasonal water sources. Nonetheless, the 

scale focused on dimensions of emotional distress. In a peri-urban settlement of the U.S. - Mexico 

border, Jepson and Vandewalle, (2016, cited in Jepson et al, 2017) clustered four groups (classes) of 

household water insecurity based on separate scales of water quality, acceptability, accessibility and 

water-related distress. However, the scales were only comparable within peri-urban settlements in 

the region and were not clearly outlined. The authors included affordability aspects in the accessibility 

scale, as well as combined storage, treatment and user’s perceptions of water quality in a single scale 

to measure acceptability. Thus, the authors acknowledged this limitation and suggested refinements 

for the scale. 

 

More recently in Kenya, Boateng et al (2018) designed a 20 items household water insecurity scale 

suitable for pregnant and post-partum women with and without HIV in an impoverished rural area. 

Nevertheless, many items in the scale referred to worry aspects and coping mechanisms due to water 

insufficiency and a few items addressed households with children only, limiting the use of the tool in 

other household types.  
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In addition, a few scholars made attempts to measure sanitation insecurity.  For example, Jenkins et 

al (2014) developed indicators to measure safety and sustainability of on-site sanitation in slums in 

Tanzania, based on design of facilities, management of waste and functionality aspects. However, the 

focus was entirely technical, thus results of some indicators were under-reported by users. A more 

recent study by Caruso et al (2017), built a sanitation insecurity scale to measure the experience of 

women regarding access and safety of sanitation facilities. Nonetheless, the scale was rather 

extensive; it included 50 items based on social, physical and personal constraints to access a 

sanitation facility and these were mostly subjective. 

 

As the literature review shows, the diversity of scales and selected dimensions prove the lack of a clear 

standard to operationalize the concept of water and sanitation insecurity at the household and 

individual level. Moreover, there is a discrepancy between policy and research with respect to which 

indicators better measure water and sanitation insecurity. From a policy perspective, indicators are 

objective (e.g. amount of water used, time spent collecting water, presence of toilet facility) but fail to 

measure other subjective dimensions that are relevant to comply with the human right to water and 

sanitation (HRWS) at the household and individual level. On the contrary, scales developed by 

researchers so far, tend to focus on subjective measurements, and are lengthy and context dependent. 

This limits their applicability as cross-culturally standard tools to track progress on the achievement 

of individual and household universal access to water and sanitation (SDG 6). In addition, many of 

these scales aimed to measure the experiences at the household level and of women only, thus could 

not track individual or intra-household inequalities by comparing the experiences of men and women 

based on disaggregated data.  

 

Furthermore, none of the household or individual water insecurity scales included sanitation aspects 

or vice versa. Although, the need to separate them for deeper analysis can be argued (Albuquerque, 

2014), water and sanitation conditions at the individual level are interrelated, therefore a combined 

measure of water and sanitation insecurity could give decision makers an overview of the main issues 

faced by individuals within a household and prioritize resources towards critical dimensions of 

universal access and to whom is more vulnerable.  

 

Additionally, to the extent of this literature review, a limited number of researches attempted to 

measure the effect of different precipitation patterns (rainy and dry season) in household water 

insecurity (Reyes, 2014). Also, none used a water-related risk assessment approach (e.g. floods) in the 

development of a scale for individual water or sanitation security. 

 

Thus, a standard and practical tool that assesses the multiple dimensions of water and sanitation 

insecurity and accounts for inequalities under uncertainty of water-related risks is needed. If 

successful, this novel tool would not only inform policy and future WASH interventions from a HRWS 

approach but also address the gap between research and policy with respect to the WASH sector.  

1.4 Case study: Mukuru SPA informal settlements 

The city of Nairobi concentrates 60% of its populations in informal settlements that occupy less than 

2.6% of the urban land (Muungano Alliance, 2017). Among this type of settlements, the Special 

Planning Area (SPA) of Mukuru was selected as a case study due to its various characteristics and 

complex dynamics that represent a challenge for water and sanitation security.  

 

Mukuru informal settlements are located southeast of city of Nairobi, Kenya close to an industrial 

zone (Fig. 1). These informal settlements originated during the British colony as camps for farm 

workers and expanded as the industrialization of Nairobi led to a growing rural-urban migration 

accompanied by unplanned urban development.  
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As many informal settlements, they are characterized by an overcrowded population, deprived water 

and sanitation services, lack of space, spatial segregation and exposure to environmental and climatic 

risks (Corburn et al, 2017).  

 

In early 2017, the County Government of Nairobi recognized the challenges faced by Mukuru 

settlements and designated three settlements within Mukuru: Kwa Njenga, Kwa Reuben and 

Viwandani as a Special Planning Area (SPA) (Fig. 1). This to prepare and integrated and inclusive 

development plan for renewal and improvement of the living conditions in these informal settlements 

(Muungano Alliance, 2017).  

 

 
 

Figure 1. Location of the case study: Mukuru informal settlements (based on data from SDI Kenya and Muungano wa 

Wanavijiji, 2017a; Database of Global Administrative areas-GADM, 2015) 

In Nairobi, the lowest political administrative unit is the ward. Mukuru SPA settlements are located 

across four county wards (Kwa Rueben, Kwa Njenga, Imara Daima and Viwandani) (Muungano 

Alliance, 2017). However, these wards include other formal urban settlements and census data might 

not be accurate in describing the specific conditions of people living in Mukuru SPA informal 

settlements. According to a study conducted by a consortium of academics and civil society 

organizations (Corburn et al, 2017), an estimated 100,561 households are located in the SPA of 

Mukuru informal settlements, with a population of 301,683 inhabitants of which 60% are male and 

40% female. 

 

 A great number of the population lives in Kwa Njenga, nonetheless Viwandani is the most densely 

populated among the three settlements (126,762 person/km2) and by 2030 the population is 

projected to increase the double.  
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Moreover, the average population density in these informal settlements surpasses by far the 

population density of the city of Nairobi (4,514 person/km2) in the last national census (Kenya 

National Bureau of Statistics, 2009).  

 

In addition, the same study indicates that houses in the SPA of Mukuru informal settlements are made 

of poor materials (metal sheet walls and dirt floor) and a preliminary survey on access to water and 

sanitation indicated that only 1% of have access to a private water tap or private toilet. The majority 

uses public water points, but access is cumbersome due to how scattered and distant these are. 

Moreover, an estimated average of 234 households share one public tap in Mukuru. 

 

Similarly, for sanitation, most of Mukuru SPA inhabitants share a sanitation facility. Nonetheless, 

density of sanitation facilities varies across the different settlements, these are not accessible during 

the night, are maintained irregularly and prone to overflow in the rainy season. Moreover, a small 

number of toilets is connected to a sewer line. Open defecation and flying toilets (collecting human 

waste in small plastic bags when there is no sanitation facility available) are still practiced in these 

settlements. 

 

Furthermore, most of the households in this settlement follow an unorganized pattern, with little 

space between them. Thus, unpaved footpaths are the common roads for moving across the 

settlements. Primary and secondary roads that allow access to vehicles are also unpaved and usually 

have open drainage and sewer to the sides. Moreover, these settlements are vulnerable to flooding 

due to their location in a low elevation area, proximity to the Ngong river (crossing between the 

settlements of Kwa Njenga and Viwandani) (Appendix B), and an approximate 60 cm top layer of soil 

composed of plastic and glass solid waste.  Moreover, its proximity to industries exposes their 

inhabitants to pollution risks through air, water and soil pathways (Corburn et al, 2017). 

 

2. Methodology 

 
 

Figure 2. Methodological scheme of the study 

For this study, a phased mixed methods approach was used as outlined in figure 2.  
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The first phase involved: a comprehensive conceptual framework and the selection of variables to be 

included in the scale tool to measure water and sanitation insecurity (further details in section 2.1); 

the design of a household survey (explained in section 2.2); definition of the study area and sampling 

approach (details in section 2.3); use of the Open Data Kit (ODK) collect tool and training workshop 

for survey piloting and data collection (explained section 2.4); and the use of SAS® software for 

statistical data analysis (section 2.5). 

 

The second phase involved a statistical analysis to define locally adapted individual water and 

sanitation insecurity levels, describe water and sanitation conditions, examine associations between 

insecurity and socio-economic characteristics and test the validity of the tool (further details in 

section 2.6). 

2.1 Water and sanitation insecurity tool 

Conceptual framework  

Following the methodological approach suggested by Schwemlein et al (2016) a conceptual 

framework was needed in order to select WASH indicators to be included in the tool (scale) to measure 

water and sanitation insecurity. Therefore, a comprehensive risk assessment framework adapted 

from the work of Hall & Borgomeo (2013) and Garrick & Hall (2014) was used in this study and 

complemented with the five normative dimensions of the human right to water and sanitation 

(HRWS): accessibility, availability, affordability, quality and acceptability.  

 

This framework was chosen based on a literature review of existing approaches to understand water 

and sanitation security, monitor WASH conditions, and the notion that informal settlements are 

characterized for their dynamic and uncertain context. Furthermore, to the extent of the revised state 

of the art in this study, none of the previous research used a risk assessment framework to assess 

water and sanitation insecurity. Figure 3 presents the conceptual framework used in this study.  

 

 
 

Figure 3. Risk framework for assessing water and sanitation insecurity (adapted from Garrick and Hall, 2014) 
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As figure 3 shows, water and sanitation insecurity risks are formed when the dimensions of HRWS 

are hindered by interactions of exposure, vulnerability and hazard. Furthermore, these risk 

components are affected by the dynamics of the system (in this case the informal settlements) and the 

uncertainty that is brought by the impacts of climate change and socio-economic changes. Following, 

each risk component is explained in detail to better comprehend this framework.  

 

Exposure occurs when the context where people or resources/assets reside is unfavourable and prone 

to impacts. Vulnerability is the level to which people or resources/assets are negatively impacted and 

is a function of inherent unfavourable conditions (e.g. gender inequalities) and the inability to cope 

with changes (WWAP, 2012; IPCC, 21014).  

 

A hazard is the possibility of occurrence of a natural or anthropogenic physical event that can harm 

people or resources/assets (IPCC, 2014); floods, droughts, storms, waterborne diseases among 

others, are considered water-related hazards (WWAP, 2012). For this study, as Garrick and Hall 

(2014) pointed out, WASH-related hazards can be interpreted as the threat of floods, unsafe water, 

inadequate sanitation and hygiene, or a combination of all. The occurrence of a flood influences the 

accessibility to water and sanitation, whereas poor sanitation and hygiene influences the quality and 

might indicate lack of acceptability of the services.  

 

As for the dimensions of the HRWS, these are explained according to the monitoring guidelines of the 

UN special rapporteur on the HRWS (Albuquerque, 2014), as well as previous research on the 

experience-based scales for water and sanitation security. Availability is understood as adequate 

water quantity and continuous supply for drinking, personal hygiene and other household uses 

(washing clothes, cooking and house cleaning) (UN-CESCR, 2002). Sanitation is described as 

available, when is provided in an adequate number. Accessibility entails that water and sanitation 

facilities are placed within or in the proximity of the household and there are no threats to the physical 

security of the person accessing them.   

 

Affordability implies that the cost of water and sanitation services should not exceed in a way that 

compromises other indispensable expenses such as food, housing and healthcare. Moreover, quality 

involves that water is safe for drinking and other household uses, without threatening health; whereas 

for sanitation it involves hygienic facilities and the safe management and disposition of wastewater 

and human excreta. Acceptability entails that water and sanitation facilities consider gender-

differentiated needs and social and cultural contexts, and for the case of sanitation guarantee privacy 

and dignity. 

Scale for water and sanitation insecurity 

The scale (tool) to measure water and sanitation insecurity was elaborated based on the method used 

in the Household Food Insecurity Access Scale (HFIAS) (Coates et al, 2007) and the water insecurity 

scale developed by Stevenson et al (2016, cited in Jepson et al, 2017). It is designed as a tool for 

decision makers to get an overview of the water and sanitation insecurity levels and understand 

disparities between individuals. 

 

The scale consisted of 21 questions that represented water and sanitation availability, accessibility, 

affordability, perceived water quality, as well as inadequate sanitation and hygiene (Table 1). Two 

questions addressed the impact of floods on water and sanitation accessibility, based on the 

vulnerability to floods in the study area and the rainy season during which the tool was applied. The 

multiple dimensions were further grouped into components of risk. Each question was stated in a 

YES/NO format. If the response was YES, then a follow up question asking if the situation occurred 

rarely, sometimes, often or always was asked. 

 



Methodology 

10 

 

 
Table 1. Items in the water and sanitation insecurity scale 

 
Component of 

risk 
 

 
Dimension 

 
Questions in the water and sanitation insecurity scale 

 
Exposure 

 
Water quality Q1. In the last 4 weeks, did you use one of these types of (unimproved) water sources? 

Unprotected spring- Unprotected dug well- Small vendor- Tanker-truck -Surface water  

 
Q2. In the last 4 weeks, did you drink water that had an unpleasant taste, odour or looked 
dirty? 
 
Q3. In the last 4 weeks, did you apply any treatment to the water before drinking? 
 

Water 
availability 

Q4. In the last 4 weeks, has your main water supply for household uses been interrupted? 
 
Q5. In the last 4 weeks, due to interrupted or lack of supply, you had insufficient water 
available when needed for household uses? 
 
Q6. In the last 4 weeks, did you worry about not having enough water for all the needs in your 
household? 
 

Vulnerability Affordability Q7. In the last 4 weeks, did you had to reduce the amount of water used for household needs 
because you lacked money? 
 
Q8. In the last 4 weeks, did you have to use an unsafe (unimproved) water source because 
you lacked money? 
 
Q9. In the last 4 weeks, did you lacked money needed to pay for accessing sanitation 
services?  
 
Q10. In the last 4 weeks, did the time spent collecting water prevented you from earning 
money? 
 

Accessibility Q11. In the last 4 weeks, did accessing a water source take more than 30 minutes for one trip 
 
Q12. In the last 4 weeks, did accessing a sanitation facility take more than 30 minutes for one 
trip? 
 
Q13. In the last 4 weeks, did you worry about not having one of these types of (improved) 
toilets?  
 
Private flush toilet- Pit latrine with slab- Composting toilet  
Q14. In the last 4 weeks, did you have security concerns about the safety of the person 
collecting water for your household? 
 
Q15. In the last 4 weeks, did you have security concerns about the safety of the person 
accessing a sanitation facility? 
 
Q16. In the last 4 weeks, did you have problems with water and sanitation that caused 
disagreement with neighbours or within your household?? 
 

Hazard 
 

Flood/ 
accessibility 

Q17. In the last 4 weeks, was there a time when due to flood you could not access one of 
these types of (improved) water sources? 
 
Private tap- Yard shared tap- Public tap- Tube well/borehole-Protected dug well- Protected 
spring- Rainwater collection.  
 
Q18. In the last 4 weeks, was there a time when due to flood you could not use one of these 
types of (improved) sanitation options? 
 
Private flush toilet- Pit latrine with slab- Composting toilet 
 

Inadequate 
sanitation 
and hygiene 
 

Q19. In the last 4 weeks, did you wash your hands with soap after using a sanitation facility? 
 
Q20. In the last 4 weeks, did you had to dispose your children’s faeces somewhere than the 
toilet? 
 
Q21. In the last 4 weeks, did you use one of these types of (unimproved) sanitation options? 
Flush toilet to street/yard or open sewer- Pit latrine without slab- Bucket/Flying toilet- Open 
field defecation 
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Out of the 21 questions, 19 address a situation in the past 4 weeks where the safety of water or 

sanitation was compromised (e.g. “In the last 4 weeks, has your main water supply for household uses 

been interrupted?”) “Yes” answers were codified2 as 1 and “No” answers were interpreted as “never” 

and included in a Likert-type frequency scale of five categories (Table 2), each of them with an 

assigned score: never (= 0), rarely (= 1), sometimes (= 2), often (=3) and always (=4). Never (0) was 

considered as lower risk for safe water and sanitation; on the contrary, a “Yes” answer indicating a 

frequency of “always” (4) was a higher risk.  

 

Only 2 questions (Table 1, Q3 and Q19) addressed situations where individual practices contributed 

to safety of water supply, sanitation and hygiene. “Yes” answers were codified as 1 and “No” answers 

were interpreted as “never”, included in the scale and assigned a score. Nonetheless, the scores were 

assigned inversely so they could add correctly to the overall water and sanitation insecurity score. The 

inversed scores were set as: never (4) rarely (3), sometimes (2), often (1) and always (0). If a person 

responded NO to applying treatment to the water or washing hands after using a toilet facility in the 

last 4 weeks, it was considered as a high risk for safe water and sanitation. On the contrary, if the 

response was affirmative (Yes), and the frequency was always (0) then it was considered that the risk 

was low. All 21 questions were added as a cumulative score of water and sanitation insecurity, with 

the highest score representing higher insecurity.  

 
Table 2. Likert-type frequency scale used to measure individual water and sanitation insecurity 

Categories Criteria Assigned score to other 

items (Q1-Q21) 

Assigned score for items 

Q3 and Q19 

Never  Equals to a NO answer 0 4 

Rarely 1 to 2 times in the last 30 days 1 3 

Sometimes 3 to 10 times in the last 30 days 2 2 

Often 11 to 20 times in the last 30 days 3 1 

Always More than 20 times in the last 30 days 4 0 

Levels of water and sanitation insecurity in the study area 

The water and sanitation insecurity levels were defined locally, adjusted to the context of the study 

area in Mukuru SPA. For this, it was necessary to identify thresholds between the scores. Even though 

the maximum score of the tool was 84 points, the thresholds were set based on the maximum score 

obtained in the study area (49 points). The scores were divided in quartiles to identify thresholds for 

different levels of water and sanitation insecurity. The resulting levels are presented in table 3. 

Assigning locally relevant thresholds to define insecurity categories or levels, is backed up by a few 

studies on tools to measure food insecurity.  In some contexts, the use of globally assigned thresholds 

and levels have proven to poorly assess food insecurity, particularly its prevalence (Coates et al, 2007; 

WFP, 2010; cited in Maxwell et al, 2013). 

 

 

                                                             
2 “Yes” answer was codified as 1, so that final score would not be altered when multiplying the frequency value  
(e.g. “Yes=1 x “sometimes” =2, then water and sanitation insecurity score= 2) 
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Table 3. Water and sanitation insecurity levels in the study area 

Water and sanitation insecurity levels for Mukuru SPA   Assigned score ranges 

Low <8 

Medium 9-13 

High 14-23 

Very high >23 

 

2.2 Survey design  

In this study, a household survey was designed to collect descriptive data about Mukuru informal 

settlements and measure water and sanitation insecurity. For the survey, a comprehensive 

questionnaire was designed based on literature review and the guidelines for household survey of 

WHO-UNICEF (2006). The questionnaire was divided in 3 modules. The first module consisted of 13 

questions (mostly closed-ended), covering general population characteristics such as age, sex, 

education, occupation, income and other household characteristics (e.g. size, type, ownership, years 

lived in the house). The second module concerned 16 questions (also mostly closed-ended) to provide 

context of the WASH conditions in the study area. To conclude, the third module corresponded to the 

21 questions of the water and sanitation insecurity scale that were addressed at the individual level.  

 

The survey questionnaire was transcribed into the ODK XLS form, an excel sheet template for survey 

design that is part of Open Data Kit (ODK), an open-source tools package developed to assist and 

facilitate mobile data collection (explained in further detail in section 2.5). ODK tools assist in 

designing a survey form, collecting the data, storing and retrieving it from a server (Department of 

Computer Science and Engineering, University of Washington, 2018).  A field visit in mid-April 2008 

and a workshop with 10 surveyors was done for piloting the survey and adjusting the questionnaire 

prior to data collection. Appendix A presents the complete survey questionnaire used in this study.  

2.3 Study area and survey sampling design 

According to a scheme developed by the community-based organizations living in Mukuru (SDI 

Kenya and Muungano wa Wanavijiji, 2018), Mukuru Spatial Planning Area is divided into 13 

segments, with each segment representing an equal number of households (8,000). This spatial 

division has served as a reference for defining the study area and survey sampling design. The 

household survey was conducted following a stratified non-random and random sampling.  

 

For the first level of stratification, the sampling purposefully selected three segments of Mukuru 

informal settlement due to their distinct water and sanitation access conditions as reported by 

Corburn et al (2017). The chosen segments were segment I in Kwa Rueben; segment III in Kwa 

Njenga; and segment I, in Viwandani. These segments correspond to the study area. According to 

Corburn et al. (2017, p. 27:40), segment I in Kwa Rueben, has a high density of water points, but low 

density of toilets. Opposite to this, segment III in Kwa Njenga has a low density of water points but 

high density of toilets. Segment I in Viwandani, has both a relatively low density of water and toilet 

access. Figure 4 shows the chosen study area and the spatial division by segments of Mukuru SPA. 
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Figure 4. Study area in Mukuru SPA informal settlements (based on SDI Kenya and Muungano wa Wanavijiji, 2017b) 

For the second stage of stratification, the random sampling was done using Google Earth tools to 

divide the chosen segments into 10 clusters each, and then randomly assigning starting points for the 

survey (Figure 5). Due to safety reasons, the surveys were conducted in households along the main 

road closest to the starting point in the map, following a transect line. To avoid selection bias, a pen 

was spun, and the direction pointed by the head was taken. 10 surveys along each transect line were 

conducted targeting 5 females and 5 males (both considered as principal decision-makers in the 

household). 

 

The sample size was determined to 300 surveys, representing 3.5 % of the total number of households 

in Mukuru SPA informal settlements. This sample size was considered reasonable, given the 

descriptive and exploratory scope of this study. 
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Figure 5. Random survey sampling in segment III Kwa Njenga (or Riara village) in Mukuru SPA (generated with Google 

Earth Pro 7.3.2.5491) 

2.4 Data collection 

To collect the data, the application ODK Collect was installed in tablets supplied by the Stockholm 

Environmental Institute (SEI) office in Nairobi and connected to a Google Drive server, where data 

was stored and retrieved. To connect the ODK collect app with a Google drive server, first a google 

account and consequent google excel sheet for survey submissions were created. The URL direction 

of the google excel sheet was copied and pasted into the ODK XLS form used in a previous step for 

survey design (see section2.3).  

 

Following, the XLS form containing the survey questionnaire and URL direction for submissions, was 

uploaded to the XLSM form online, a format converter tool provided by ODK that converts excel 

sheets into an xml extension file that could be read by the mobile application ODK collect. The final 

xml questionnaire was uploaded to the Google drive server. Then, settings of the ODK collect 

application were configured in the tablets to retrieve the final xml questionnaire and store 

information from the Google drive account. 

 

Data was collected by 10 surveyors from Mukuru community-based organizations (SDI Kenya and 

Muungano wa Wanavijiji) that were trained during a two-day workshop in both the content of the 

questionnaire, the sampling design and the use of the ODK Collect tool (Appendix B). None of the 

surveyors lived in the segments selected as the study area, to avoid research bias. Additionally, to 

comply with ethical research, a written consent form was elaborated under the framework of an SEI 

study. The consent form, together with a guidance note with detailed sampling instructions were 

handed to the surveyors during the training days prior to data collection (Appendix C). 
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2.5 Data analysis 

The data analysis of the household survey for this study was generated using the Statistical Analysis 

System SAS ® University Edition software, Version 3.6 of the SAS System3. The SAS software, 

elaborated by the North Carolina State University, has been used in many applications from 

information technology (IT), business and market analysis to social media analysis. The University 

Edition package is freely available for academic purposes.  

 

Descriptive and inferential statistical procedures were used in the analysis. As a first step in data 

analysis, the FREQ procedure was computed for categorical variables (e.g. socioeconomic, water and 

sanitation conditions) to obtain their frequency. In addition, MEANS procedure was computed for 

numerical variables (e.g. water quantity, water costs, sanitation costs), to obtain the mean, median 

and standard deviation values. As a second step, various statistical tests were used to analyse the 

association of water and sanitation insecurity scores and different characteristics of the study area 

and its population. For this study, a 0.05 probability value (p-value) of statistical significance was set 

as the cut-off in the tests.  

 

An independent samples TTEST procedure was used to analyse if water and sanitation insecurity 

scores were noticeably different for men and women in the study area of Mukuru. This type of test 

compares the mean values of two groups, if there is a difference between them, and if it is statistically 

significant (not coincidental). The independent variable assumed was gender, with two groups: men 

and women; the dependent variable was the water and sanitation insecurity score. The null hypothesis 

tested was: “There is no statistically significant difference between women and men mean scores of 

water and sanitation insecurity”. If the resulting p value was lower than 0.05, then the null 

hypothesis would be rejected, otherwise it would be accepted. 

 

Another statistical test used was the One-way ANOVA procedure. This procedure was applied to 

determine if water and sanitation insecurity scores were significantly different between categorical 

variables representing characteristics of the study area and its population such as: segments, age, 

education, household income and household type, respectively. A one-way ANOVA compares the 

means of three or more groups (categories), if there is a difference between them, and if it is 

statistically significant.  

 

For this study, the dependent variable was the water and sanitation insecurity score, and the 

independent variables were the different characteristics (e.g. segments, age ranges, education level, 

household income ranges and household type) in the study area of Mukuru SPA.  

 

The null hypothesis tested in the first ANOVA procedure was: “There is no statistically significant 

difference in water and sanitation insecurity mean scores between the segments in the study area”. 

The null hypothesis in the second procedure was “There is no statistically significant difference in 

water and sanitation insecurity mean scores between age categories” and so on for the remaining 

categories of education, household income and household type. Similar to the t-test, if the resulting p 

value was lower than 0.05, the null hypothesis was rejected otherwise it was accepted.

 

 

 

 

 

 

                                                             
3 Copyright © 2016 SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of 

SAS Institute Inc., Cary, NC, USA. 
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In addition, convergent validity of the water and sanitation insecurity scale was tested applying the 

CORR procedure. Pearson product-moment correlation, using Fisher´s z transformation was used to 

identify correlations between the water and sanitation insecurity scores and proxy WASH indicators 

such as water collection time, number of trips in a day for water collection, water costs and sanitation 

cost, each of them separately. Pearson product-moment correlation calculates a linear relationship 

between two variables, its robustness and direction. The correlation values range from -1 to 1 and are 

represented by r. A negative r value indicates a negative relationship, and the opposite if the value is 

positive. A value of 0 indicates no linear relationship. The robustness is measured by the p-value; a 

significant relationship has a p lower than 0.05. 

 

3. Results 

3.1 Water, sanitation and socioeconomic conditions in the study area 

Data from a total number of 302 household surveys was collected out of the three chosen segments: 

106 surveys in segment I Kwa Rueben, 94 in segment III Kwa Njenga, and 102 in segment I 

Viwandani. Results are presented according to relevant findings for the study area.  

Demographic and housing characteristics  

Respondents to the household survey were predominantly females (60%) for all the segments studied 

in Mukuru. The survey demographic outcomes (Table 4), indicate the population was composed 

mostly of young and adults between 17 and 38 years old. In terms of education, 27% completed the 

primary level, 51% the secondary level, and only 14% completed a higher education (university). 

 

According to the results, 30% of the population was unemployed (most of them are women); people 

working under wage represent 12% (most of them are man). Others reported to own a small business 

(40%, most of them women) or have casual or informal work (30%, most of them are man).  

 

Regarding income, the survey results showed that 82% of respondents were almost equally 

distributed between the first three monthly income ranges, most of them below the minimum wage 

for urban areas in Kenya. (12,926 Kenyan Shillings, KES) (Regulation of wages, Amendment, Order 

2017). However, 15% did not disclose this information.  

 

In terms of household conditions (Appendix D, Table 1), 53% of respondents reported to live in a 

household size within the range of 4 to 7 persons; while 42% reported to live in a household of 1 to 3 

persons, only 5% lived in a household with more than 7 persons.  

Household type was categorized based on sex and age of the main household head; results showed 

that 60% of individuals lived in a household with dual male and female adult headed-household (older 

than 18 years old); individuals living in female adult headed-household or male adult headed-

household had similar percentages (16% and 18%, respectively).  
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Table 4. Demographic characteristics in the study area of Mukuru SPA 

 

Variable 

 

Total responses 

 

n 

 

% 

Sex of 

respondent 

Female 194 64 

Male 108 36 

Age 

17-27 years 132 44 

28-38 years 120 40 

39-49 years 40 13 

50-60 years 10 3 

Education 

Not completed 5 2 

Preschool 4 1 

Primary 83 27 

Secondary 153 51 

University 41 14 

Do not know 16 5 

Main occupation 

Waged work 37 12 

Business owner 122 40 

Casual or informal work 42 14 

Unemployed 91 30 

Other 5 2 

Don’t know 5 2 

Income (KES)4 

< 5,000  79 26 

5,000-10,000  92 30 

10,001-20,000  78 26 

20,001-30,000  8 3 

Do not know 45 15 

 

Only 4% and 2% of individuals reported to live in a household with only a young female or a young 

male (less than 18 years old) as household head, respectively. Concerning house ownership, most 

respondents (83%) reported to rent the house to a private owner. When asked about how many years 

they lived in the household, most of respondents (46%) reported to live there between 1 and 5 years 

(Appendix D, Table 1). 

Water source 

Respondents were asked about their water source for drinking and for households uses (mainly: 

cooking, laundry and personal hygiene). Other questions included the amount of water used, time 

and number of round trips to collect water in a day and who is responsible for water collection. Results 

showed that in the study area, a great majority of the people use the same water source for drinking 

and household uses. Public tap (93.7%, n=302) was the predominant water source for drinking and 

household uses. Small differences were found among the studied segments regarding their water 

sources (Fig. 6).  

 

 

 

                                                             
4  Income is presented in Kenyan Shillings (KES) (1 USD= 101 KES).  
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Figure 6. Water sources in the study area of Mukuru SPA 

 

In Viwandani (segment I), 97% of individuals have access or collect water from a public tap for 

drinking and household uses; a small percentage collect water from a tanker truck (3%).  

 

In Kwa Njenga (segment III) approximately 88% of individuals have access or collect water from a 

public tap for drinking and household uses, 6% from a tanker truck, 3% from small vendor, 2% from 

a yard tap and 1% had a piped installed in the house.  

 

In Kwa Rueben (segment I), 95% of individuals collect water from a public tap, while the remaining 

2% accessed water through a small vendor, one person (1%) had a piped installed in the house that 

was used for both drinking and household uses. A small percentage reported to collect water from a 

tube-well (1%) and bottled water (1%) but only for drinking purposes. Only one person (1%) reported 

to use a yard tap for household uses. 

 

When asked about alternative water sources (when the main source is not available), a few people in 

Kwa Njenga (segment III) reported the use of rainwater (3%, n=94) for drinking and for household 

uses; and bottled water (3%, n=94) for drinking only; one person mentioned “waiting for water to 

come back” and other “go to other villages tap” when the main water source was not available. In 

Viwandani only two individuals (2%, n=102) reported the use of a tube-well as an alternative source 

for drinking and household uses. In Kwa Rueben (segment I) no one reported to use an alternative 

water source. 

Water quantity and collection 

Regarding water quantity results indicated that the individuals in the study area used a median (Mdn) 

of 5 litres/person/day for drinking, and 60 litres/person/day for household uses that included 

cooking, laundry and personal hygiene. Nonetheless, amount of water consumed varied by segment. 

The mean (M) amount of drinking water per person per day in Viwandani (segment I) and Kwa 

Rueben (segment I) was lower compared to Kwa Njenga. Opposite to these results, the mean (M) and 

minimum (min) amount of water per person per day for household uses was lower in Kwa Njenga 

(segment III) compared to Viwandani (segment I) and Kwa Rueben (segment I) (Table 5).  
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Table 5. Water quantity for drinking and household uses in Mukuru SPA 

 

 

Segments in Mukuru SPA 

 

Water quantity per person per day (litres) 

Drinking  Household uses  

n  M Mdn SD min max n M Mdn SD min max 

Kwa Rueben (Segment I) 104 6 5 
6 

 

0.5 

 

40 

 
106 

68 

 
60 44 3 200 

Kwa Njenga (Segment III) 92 11 5 17 1 120 94 55 40 40 1 200 

Viwandani (Segment I) 102 5 5 5 0.5 40 102 60 60 45 3 200 

Total sample 298 7 5 11 0.5 120 302 61 60 43 1 200 

 

The median time spent on water collection from the water source and for one trip was 5 minutes. 

Minimum collection time/trip was 1 minute and maximum 60 minutes. The median number of trips 

to collect water per person per day was 3. The minimum was 1 trip and maximum 35 trips (Table 6). 

Thus, the median time a person in Mukuru SPA spends for collecting water in a day is estimated to 

be 15 minutes.  

 

Maximum scores (max) for both collection time per trip and number of trips per day, were found in 

segment III Kwa Njenga and corresponded to female respondents (Table 6). Nevertheless, of the total 

sample some individuals (n=19) could not give an estimate of the time spent collecting water nor the 

number of trips made (8% and 6%, respectively) There was only one case (n=1) that was not applicable 

in Viwandani (segment I), because the respondent (female) had someone else in charge of collecting 

the water.  

 
Table 6. Time spent and number of trips for water collection per day in Mukuru SPA 

 

Segments in Mukuru SPA 

 

 

Time spent for collecting water per 

day  

(round trip)  

Number of trips per day for water 

collection 

n  M Mdn SD min max n M Mdn SD min max 

Kwa Rueben (Segment I) 97 7 5 8 1 50 101 4 3 3 1 20 

Kwa Njenga (Segment III) 87 9 5 10 1 60 89 4 3 4 1 35 

Viwandani (Segment I) 93 7 5 8 1 40 92 4 4 2 1 17 

Total sample 282 8 5 9 1 60 282 4 3 3 1 35 

 

 

Regarding water collection, adult female (64%, n=302) was reported as the main responsible for the 

task in all three segments. As for children, female child was also the main responsible (11%) compared 

to male child (1.7%). Male adult accounted for 23% of the sample. The remaining 0.3% refers to the 

one response that was not applicable (Appendix D, Fig. 1). 
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Water storage and treatment 

Respondents were also asked if they stored and treated water, including what type of container they 

used for water storage and the type of treatment applied to the water.  

 

Most respondents (95%, n=302) indicated to store water in their household using a covered container 

(96.7 %) with no significant difference between the different studied segments. The few respondents 

who mentioned to store water in an uncovered container (3%) belonged to segment I Kwa Rueben 

and segment III Njenga. One respondent from the latter segment could not specify (Don’t know) what 

type of container it used to store water (Appendix D, table 2).  

 

Results differed in the case of water treatment. Only 57% (n=302) of respondents mentioned to treat 

the water before drinking. Out of these (Fig. 7), approximately 70% applied a chemical treatment 

(chlorine tablets) with small differences between the studied segments (Rueben segment I= 73%, 

Njenga segment III=70%, Viwandani segment I=68%). Percentages of individuals reporting to boil 

water varied by segment. Kwa Njenga (segment III) having a larger percent (30%) compared to Kwa 

Rueben (segment I) and Viwandani (segment I) (20% and 21%, respectively).  

 

A small percentage of individuals used a water filter in Viwandani (segment I) and Kwa Rueben 

(segment I) (7% in both cases). Only in Viwandani (segment I) 2% let water stand and settle and 2% 

applied other type of treatment. 

 

 

Figure 7. Types of water treatment applied in the study area of Mukuru SPA 

Water costs 

Results for the cost of a 20 litres jerry can, indicated that people in the studied area pay a median of 

5 KES for the indicated amount of water (62%, n=302). Additionally, 29% of respondents indicated 

to pay 10 KES; 5% indicated no cost (0 KES) for the jerry can in all three segments; 3% payed 20 KES; 

1 % indicated to pay 3 KES (Appendix D, Fig. 2).  
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Figure 8. Cost of a jerry can (20 l) in the study area of Mukuru SPA 

 

However, there were some differences in the cost of a 20 litres jerry can between segments. For more 

people living in Viwandani (segment I) (Mdn=10, M=8, min=0, max=20, SD=4, n=102) the median 

cost was higher compared to the other segments (Kwa Rueben Mdn=5, M=5, min=0, max=10, SD=2, 

n=106) (Kwa Njenga Mdn=5, M=6, min=0, max=20, SD=4, n=94) and maximum cost was higher for 

Viwandani (segment I) and Kwa Njenga (segment III) (Fig. 8) (Appendix D, table 3). 

 

Considering the median amount of water used per person per day (65 litres) the median monthly 

water cost in Mukuru SPA is estimated to be 450 KES for 62% of the population, 900 KES for 29%, 

1,800 KES for 3%, 270 KES for 1% and no water cost for 5% of the population. Moreover, taking into 

account the average minimum wage (12,000 KES) in Mukuru SPA reported by Corburn et al (2017), 

water costs represent approximately 4% of the average monthly income for more than half of the 

population (62%). For 29% of the population water costs represent 7% but or 3% of the population 

represent 15%. Only for 1% of the population water costs are only 2% of the average monthly income. 

 

In addition, when respondents were asked to compare if this cost was more, less or the same as the 

cost in the past 12 months (Table 7), 37% reported the costs to be more (mainly in segment III Kwa 

Njenga and segment I Viwandani), 35% reported the cost to be the same (mainly in segment I Kwa 

Rueben) and 27% reported the cost was less. Only 1% (in segment I Viwandani) was unable to 

respond. 

 
Table 7. Comparison of water costs in the past 12 months 

Water costs compared  

to the past 12 months 

Total Sample 

 

Kwa Rueben 

 (Segment I) 

Kwa Njenga  

(Segment III) 

Viwandani 

 (Segment I) 

n % n % n % n % 

Less 81 27 31 29 77 23 22 23 

More 112 37 29 27 55 45 41 44 

The same 107 35 46 44 59 41 29 31 

Don't know 2 1 - - - - 2 2 
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When asked if they had additional costs for other water services, a majority (82%, n=302) reported 

not to have any additional costs; 3% did not know the answer to the question. Of the 15% (n=46) that 

reported additional water costs, 46% designated the added costs to water treatment, 21% to repair the 

storage container, 20% to buying a new container, 11% reported paying someone else to fetch the 

water (segment III Kwa Njenga and segment I Viwandani) and 2% reported paying someone else to 

wash clothes (Appendix D, table 4). The average additional cost was 54 KES with a larger number of 

individuals reporting higher additional costs in Kwa Njenga (segment III) (Mdn=50, M=62, min= 20; 

max= 200, SD= 45; n=26) compared to other segments (Appendix D, table 5). 

Sanitation  

Concerning sanitation, the household survey covered aspects such as type of facility, use, number of 

houses sharing the facility, sanitation costs per day and ways to dispose child stools. Results from the 

total sample (n=302) revealed three main types of facilities (Fig. 9) used in the study area: pit latrine 

with safe separation (35%), flush toilet (32.7%) and composting Freshlife toilet (UDDT)  (28%); other 

households reported the use of pit latrines with no safe separation (4%) and one reported not to use 

any type of facilities (0.3%).  

 

Moreover, results indicated differences in the predominant type of sanitation among the studied 

segments (Table 8). On one hand, flush toilet was the main sanitation type in segment I Kwa Rueben 

and segment I Viwandani (39% and 41%, respectively), followed by a composting, Urine Diverting 

Dry Toilet (UDDT) known commercially as Freshlife toilet (36% and 34%, respectively). The Freshlife 

toilet was introduced by a local NGO in the area that sells the facility and maintenance service to 

organized groups of inhabitants in the area. On the other hand, safe pit latrine was the main sanitation 

type in segment III Kwa Njenga (61%) followed by flush toilet (16%) and composting UDDT toilet 

(Freshlife) (14%). This was also the segment with more households reporting the use of unsafe pit 

latrines (without slab) (9%) out of all three segments.  

 

 

Figure 9. Type of sanitation facilities used in the study area of Mukuru SPA 
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Table 8. Sanitation types by segment in the study area of Mukuru SPA. 

Sanitation types 

Kwa Rueben 

(Segment I) 

(n=106) 

Viwandani  

(Segment I) 

(n=102) 

Kwa Njenga  

(Segment III) 

(n=94) 

n % n % n % 

Flush toilet 42 39 42 41 15 16 

Composting toilet (Freshlife) 32 36 35 34 13 14 

Pit latrine (safe separation) 24 23 23 23 58 61 

Pit latrine (no safe separation) 1 1 2 2 8 9 

No facilities 1 1 0 0 0 0 

 

Regarding the use of sanitation facilities, of the total sample (n=302), 68% reported to be public, 

18.7% yard shared, 13% were private and 0.3% was not applicable since one person reported no use 

of sanitation facilities (Appendix D, Fig.3). Furthermore, the median number of houses yard-sharing 

a sanitation facility was 8, with a minimum of 3 houses (in Viwandani segment I) and a maximum of 

30 houses (in Kwa Rueben, segment I) (Appendix D, table 6). 

 

With respect to sanitation costs per day, 44% of the sample (n=301) reported no cost for sanitation 

(mainly in segment III Kwa Njenga), owing to it was included in the rent. The median cost reported 

(21% of the sample, in segment I Kwa Rueben and segment I Viwandani) was 5 KES per person per 

one-time use of toilet (Appendix D, Table 7). Thus, it can be estimated that the median monthly 

sanitation cost per person (for one-time toilet use per day only) in Kwa Rueben (segment I) and 

Viwandani (segment I) is 150 KES. Corburn et al (2017) indicated an average monthly sanitation cost 

of 219 KES.  

 

Individuals in households that reported to have children (n=222) where asked about the customary 

manner to dispose children faeces, based on the JMP guidelines (2006, p.15). General results 

indicated that around half disposed the faeces in a sanitary way (22% put or rinsed the stools into a 

toilet or latrine; and 29% had the child use a toilet or latrine) the remaining individuals disposed them 

in unsanitary ways (13% garbage, 14% put or rinsed into drain or ditch, 22% did not know) (Appendix 

D. Fig.4). Out of the three segments, Kwa Njenga segment I showed a greater percentage (65%) of 

respondents disposing their child’s faeces in a sanitary way (Fig. 10). 
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Figure 10. Disposal of child faeces by segment in the study area of Mukuru SPA 

 

3.2 Levels of water and sanitation insecurity in the study area 

The scale tool was used to investigate water, sanitation and hygiene insecurity across the study area 

in Mukuru SPA. This section presents the water and sanitation insecurity levels obtained in each of 

the studied segments and the survey results for the water and sanitation insecurity scale as well as the 

analysis of associations between water and sanitation insecurity and socio-economic and housing 

characteristics in the study area.   

Risk levels of water and sanitation insecurity by segment 

Following the thresholds and water and sanitation insecurity levels defined for the study area (Low= 

< 8; Medium= 9-13; High= 14-23; Very high= > 23), survey results indicated different water and 

sanitation insecurity levels between the segments. Out of the three segments, segment I in Viwandani 

showed a larger proportion of individuals in the medium (21%), high (28%) and very high (27%) risk 

levels of water and sanitation insecurity (Fig.11), followed by segment III in Kwa Njenga (18%, 23% 

and 28%, respectively) (Fig. 12). Among the three segments, segment I in Kwa Rueben, showed a 

larger proportion of individuals (44%) in the low level of risk for water and sanitation insecurity (Fig. 

13). 
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Figure 11. Water and sanitation insecurity levels in segment I Viwandani 

 
 

Figure 12. Water and sanitation insecurity levels in segment III, Kwa Njenga 

 
 

Figure 13. Water and sanitation insecurity levels in segment I Kwa Rueben 
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Water and sanitation insecurity scale in Mukuru SPA 

This section presents survey results of the water and sanitation insecurity scale based on relevant 

socio-economic and housing characteristics found in the study area (Table 9).  

 
Table 9. Water and sanitation insecurity scores for different characteristics of the study area 

Variable  n  M Mdn SD min max 

Segment  Kwa Rueben (segment I) 106 15 10 12 0 49 

 Kwa Njenga (segment III) 94 17 14 12 0 45 

 Viwandani (segment I) 102 17 16 10 0 45 

Gender  Female 194 17 14 12 0 49 

 Male 108 14 11 10 0 46 

Age  17 to 27 years  132 15 12 10 0 49 

 28 to 38 years 120 17 14 12 1 46 

 39 to 49 years 40 17 16 11 0 40 

 50 to 60 years 10 20 17 14 4 42 

Education  Not completed 21 12 8 9 5 45 

 Preschool 4 13 10 11 4 26 

 Primary 83 20 20 12 0 46 

 Secondary 153 16 13 11 0 49 

 University 41 12 10 9 0 41 

Income (KES)  < 5,000 KES 79 19 16 12 3 49 

 5,000-10,000 KES 92 16 12 11 2 45 

 10,001-20,000 KES 78 12 10 10 0 42 

 20,001-30,000 KES 8 6 6 5 0 12 

 Don’t know 45 20 19 12 1 45 

Type of household  Female young only 11 29 28 13 11 49 

 Male young only 6 27 26 12 14 46 

 Female adult only  50 19 16 12 3 42 

 Male adult only 55 15 12 10 0 37 

 Male and female adults 180 15 12 11 0 45 

 

The minimum score of water and sanitation insecurity in the study area was 0 and the maximum 

score was 49, obtained in segment I of Kwa Rueben (for the other segments the maximum score was 

45). Between the studied segments, segment I in Viwandani had a higher mean and median score 

compared to segment I Kwa Rueben and segment III Kwa Njenga (Appendix D, figure 5).  

 

Women had higher scores of water and sanitation insecurity compared to men. Between age ranges, 

adults of 50 to 60 years old had larger minimum and median scores compared to other age ranges. 

Nonetheless, maximum scores were higher for young individuals of 17 to 27 years old, who 

represented a larger number of the studied sample. Based on results of median and mean scores, 

water and sanitation insecurity appeared to increase with age (Appendix D, figure 6).   
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Results showed no clear trend for the water and sanitation insecurity scores between individuals with 

different educational levels Individuals that completed primary education only, had upper median 

scores of water and sanitation insecurity compared to individuals with other educational levels.  

However, individuals that did not completed any education or completed only preschool had lower 

insecurity scores than scores for individuals that completed primary, secondary or university 

(Appendix D, figure 7) 

 

Regarding income levels, individuals with the lowest income level had higher scores of water and 

sanitation insecurity compared to individuals with other incomes. It is worth mentioning that the 

median score of individuals who did not disclose their income level was larger than the one reported 

by individuals in the lowest income. 

 

Water and sanitation insecurity scores were also different according to household type. Young female 

or young male as headed-household had the highest scores, followed by female adults headed-

household. Male adult headed-household had the lowest ranges of insecurity. Dual male and female 

adults headed-households had scores similar to male adult headed-household, but with larger 

maximum scores, and they represented a larger part of the sample. 

3.3 Associations between water and sanitation insecurity and different characteristics  

Statistical tests were used to analyse associations between water and sanitation insecurity scores and 

different socio-economic and housing characteristics, such as segments, gender, age, household 

income and household type of the individuals living in the study area of Mukuru SPA.  

 

To analyse association between scores and gender, an independent samples t-test was used. The t-

test was used to identify statistically significant differences in the mean scores of water and sanitation 

insecurity between gender groups (e.g. male, female). Results from this test (Table 10), showed a p-

value (0.0362) lower than the defined threshold of statistical significance (0.05), thus rejecting the 

null hypothesis (no difference between the mean scores of male and female groups in the study area) 

and proving statistical significance. In other words, there is a 96.38 % confidence that the observed 

difference between the mean scores of women and men was not due to randomness, or otherwise, 

there is a 3.62% chance that results happen by randomness. This difference is depicted in figure 14. 

The range of scores for women was notoriously larger both in the interquartile range and in general. 

A few men scored higher water and sanitation insecurity (outliers). Thus, results indicate that women 

were more insecure than men with respect to water and sanitation services. 

 

A one-way ANOVA test was used to analyse associations between individual water and sanitation 

insecurity scores with segments, age, household income and household type, respectively. Results of 

the one-way ANOVA tests (Table 10), showed no statistically significant difference between the mean 

individual water and sanitation insecurity scores of segments as shown by a p-value of 0.1606 (> 

0.05).  

Similar results were found for the difference of mean water and sanitation insecurity scores between 

age ranges with a p-value of 0.1788 (> 0.05) indicating no statistical significance for age difference.  

The associations with household income and household type were different. Results showed there 

was a statistically significant difference of mean water and sanitation insecurity scores between 

household income ranges and between household types, with a p-value of <0.0001 in both cases. 

Water and sanitation insecurity ranges were higher for individuals that belong to the lowest 

household income level (Fig. 15) and live in a young female (less than 18 years old) headed-household 

(Fig. 16). 
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Table 10. Results of statistical tests (t-test and one-way ANOVA) 

Variable Statistical 

test 

p-value 

Gender t-test 0.0362 
Household income One-way 

ANOVA 

<.0001 
Household type <.0001 
Segments 0.1606 
Age 0.1788 

 

 

 

Figure 14. Water and sanitation insecurity scores based on gender in the study area  

 

Figure 15. Water and sanitation insecurity scores based on income ranges in the study area 

Mean score      X 
Median score  

 

 

Mean score      X 
Median score  
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Figure 16. Water and sanitation insecurity scores based on household type in the study area 

 

3.4 Validation of water and sanitation insecurity scale  

A Pearson product-moment correlation was done to test the convergent validity of the water and 

sanitation insecurity scale with proxy WASH indicators such as number of trips in a day for water 

collection, time spent collecting water per day (commonly used by the JMP) and water costs (resumed 

in expenses of a 20 litres jerry can). Results from the test showed positive correlations (r > 0) between 

the scale and all proxy indicators (Table 11), with p-values significantly lower than the cut off 0.05.  

Out of the three proxy indicators used in the correlation, the water and sanitation insecurity scale had 

a higher statistical significance with sanitation cost per day and time spent collecting water 

(p=0.0001, p= 0.0014, respectively). This evidence that the scale developed measured water and 

sanitation insecurity, since results for both the tool and proxy measures of accessibility and 

affordability of water services are similar. 

 

Table 11. Results for Pearson correlation of water and sanitation insecurity scores and proxy WASH indicators 

 

 

 

   With variable n  Correlation 

coefficient   

(r)   

Confidence 

Interval 

95% 

p-value 

 

 

Water and 

sanitation 

insecurity 

score 

Number of trips in a day 292 0.1628 0.0469 - 0.2744 0.0060 

Time spent collecting water 302 0.1826 0.0712 - 0.2895 0.0014 

Cost of a 20 litres jerry can 302 0.1580 0.0460 - 0.2661 0.0058 

Sanitation cost per day 301 0.2178 0.1070 - 0.3235 0.0001 

 

 

 

 

 

 

 

Mean score      X 
Median score  
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4. Discussion 

This study aimed to assess water and sanitation insecurity at the individual level selecting Mukuru 

SPA as a case study. For that, the study sought to identify water and sanitation conditions in the study 

area, develop a holistic tool to measure different risk levels of water and sanitation insecurity at the 

individual level, test the tool by measuring water and sanitation insecurity risks of people living in 

Mukuru SPA, examine associations between water and sanitation insecurity and socio-economic 

characteristics of the studied population and finally, test the validity of the tool. In this section, the 

findings in Mukuru SPA are discussed, as well as the use of the water and sanitation insecurity scale, 

concluding with remarks on limitations of this study. 

Water and sanitation in Mukuru SPA: challenges in the informal settlement 

The conditions of water and sanitation in the study area of Mukuru SPA are complex. Some aspects 

are common to those found in other informal settlements. Others, though they seem to comply with 

global standards of WASH services still face challenges in securing universal safe water and 

sanitation.  

Costs of water and sanitation services for residents in the study area of Mukuru SPA differ from those 

in other urban areas of Nairobi. 62% of the people pay approximately an average of 450 

KES/month/2000 litres. This is more than the price of the flat tariff (408 KES/month/2000 litres) 

charged by the service provider (including sewage costs) for other urban areas that fall under the 

lowest consumption block (NCWSC, 2018). Moreover, if sanitation costs are added, the total costs 

increase to 600 KES/month, and it is limited to water provision and toilet use services only. These 

findings support the argument that people in informal settlements do pay more to obtain poorer water 

and sanitation services in comparison to their neighbours in other urban areas. In addition, 

considering the average monthly household expenditure reported by Corburn et al (2017) in Mukuru 

SPA (6, 679 KES), water and sanitation costs represent 9% of the monthly household expenditure, 

which exceeds the affordability threshold (2 to 6% of household expenditure) estimated for global 

monitoring standards (Hutton, 2015 cited in WHO-UNICEF, 2017). 

Despite most residents in the study area have access to improved water sources and sanitation 

facilities as per the JMP standards, challenges remain to achieve safe water and sanitation services. 

These residents must share the available public water taps and improved sanitation facilities (Flush 

toilet, UDDT and Pit latrine with safe separation) with more than 200 and two households, 

respectively. Thus, WASH services are considered limited. Moreover, not all flush toilets are 

connected to a sewer line and for the people who reported to be connected, the information might not 

be as accurate as what was observed on field. In addition, some residents do use unimproved water 

and sanitation facilities (tanker trunks and pit latrine with no safe separation). What is more, half of 

the population dispose their child faeces in unsanitary ways, which might be an indication of lack of 

accessibility/poor use of sanitation facilities (probably due to behavioural practices or safety 

concerns). 

The sufficiency of the amount of water used by residents is arguable. The average amount of 

water/person/day for drinking and other household uses (5 litres and 60 litres, respectively) falls 

above the standard WHO guidelines for minimum water consumption in an emergency context (20 

litres/person/day) and is close to the minimum amount considered enough for the full 

accomplishment of the human right to water (at least 50 litres/person/day). Therefore, it can be 

inferred that residents in the study area of Mukuru SPA are vulnerable to changes in the availability 

of water if the source and sufficiency of water are compromised.  
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Safety of water is also questionable since only half of the people reported to treat the water before 

drinking, and most of them applied a chlorine treatment only. Considering the proximity of Mukuru 

SPA to the industrial are, the risk of pollution is higher and thus, further deeper analysis should be 

made to identify the exact quality conditions of the drinking water in the area. 

Therefore, the challenges for universal and safe water and sanitation services in the study area of 

Mukuru SPA are how multi-dimensional. These deal with how to provide affordable services, 

accessible to everyone, that are adequate in terms of sanitation (e.g. encourage its use and more 

sanitary behaviours) and not only sufficient and safe in terms of minimum quantity and quality of 

water, but also resilient to risks of changes in the availability and quality of the water source.  

 

Advancing the use of water and sanitation insecurity tools 

The use of a cumulative scale that incorporates multiple dimensions of WASH services, proved to be 

a useful tool to obtain an overview of the level of water and sanitation insecurity faced by the residents 

in the study area of Mukuru SPA. This tool, which was easy to apply and not lengthy as a thorough 

survey on WASH conditions, can point to characteristics that otherwise would be left unattended. 

How residents in the study area of Mukuru SPA experience water and sanitation insecurity indicated 

differences within the area that should be carefully revised and considered for the planning of 

improvements in the WASH services. Viwandani (segment I) and Kwa Njenga (segment III) showed 

a larger number of residents in the higher water and sanitation insecurity levels. This is expected since 

some people in Viwandani (segment I) and Kwa Njenga (segment III) use unimproved tanker trucks 

as their main water source. In Viwandani (segment I) people do not have access to alternative 

improved sources such as rainwater or bottled water. Moreover, water costs are higher in this segment 

(10 KES) compared to their neighbours in the other studied segments (5 KES).  

In Kwa Njenga (segment III), a larger percentage uses unsafe sanitation compared to the other 

segments, which according to Corburn et al (2017) was the segment that had a higher density of 

toilets. Therefore, as pointed by Bartram et al (2014) adequacy of sanitation cannot only be measured 

by the density of sanitation infrastructure in an area, aspects of quality and use should also be 

considered. Nonetheless, results of the one-way ANOVA test, indicated that these differences were 

not statistically significant with a p-value 0.1606. Thus, a 16% chance of results being due to 

randomness discards the reasoning of geographical differences for water and sanitation insecurity in 

the study area. 

Water and sanitation insecurity in Mukuru SPA seem to deal more with social and economic 

characteristics. Women, and household types with young females or young males (< than 18 years 

old) as head of household, had higher insecurity scores. Moreover, the associations between water 

and sanitation insecurity scores and gender and household type, respectively, were statistically 

significant (p-value of 0.0362 and <.0001, respectively), proving the differentiated gender 

experiences of water and sanitation insecurity. Although the median time spent on water collection 

(5 minutes) in the study area is below the threshold of 30 minutes and complies with the JMP 

standards, individuals who spend more than 30 minutes and more than 3 trips a day to collect water 

were mostly women (who also happened to be the main responsible for the task). This could be 

interpreted as an indicator of inequity in the access to water, and partly explains why water and 

sanitation insecurity scores were higher for women compared to men in the study area.  Thus, 

supporting the argument made by Sweetman and Medland (2017) on the need to address the different 

needs/experiences women have with respect to WASH services.  
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In addition, water and sanitation insecurity had statistically significant associations with low income 

levels in Mukuru. This partly supports the reasoning that if a person is female and poor it is more 

likely to be insecure with respect to WASH services in the study area. These results are in line with 

the ones found by White et al (2016) in other urban areas of Malawi. These findings represent a 

challenge for the equity of access to WASH services in the study area, and ought to be considered in 

the planning and policies to be formulated for WASH services in Mukuru SPA.  

The scale developed in this study to measure individual risk to water and sanitation insecurity 

contributes to the existing approaches to monitor progress towards achieving target 6.1 and 6.2 of 

universal access to water and sanitation (SDG 6). The cumulative attribute of the scale, including 

different dimensions of water and sanitation security provides an overview of the situation of WASH 

services in a certain context rather than looking into a single dimension. As shown with the case study 

of Mukuru SPA, a multidimensional focus is more suitable to account for complex realities of WASH 

services, since the use of proxy indicators might be misleading in what critical aspects to consider 

when implementing water and sanitation services.  

Furthermore, the individual approach of the scale targets more on characteristics of the groups within 

a given area rather than spatial characteristics (more focused on infrastructure access), thus it is a 

useful tool to the purpose of disaggregated data and account for inequalities in WASH services. This 

scale comes as a complementary and necessary tool given the predominant approach in the WASH 

sector to count number of facilities as outcome indicators. 

 

Thresholds of water and sanitation insecurity are context specific as proven in this study, and many 

other scale attempts to measure water security (Jepson et al, 2017). The application of the scale 

required to rethink and adjust the thresholds based on the context of the study area. Although this 

opposes the idea of a cross-culturally standard tool to measure water and sanitation security, it does 

provide evidence that the nature of water and sanitation insecurity is complex and thus demands local 

understanding of the conditions before determining how vulnerable a population is to the risk of 

water and sanitation insecurity. 

 

Results from the correlation test to validate the water and sanitation insecurity scale (with time spent 

collecting water and cost of water, respectively) were similar to the correlation tests of the household 

water insecurity scale developed by Boateng et al (2018) in Kenya. Nonetheless, in this study, 

sanitation cost per day had a higher significant correlation with the scale in comparison with proxy 

indicators of water conditions.  

 

Limitations of the study 

There are a few uncertainties to be considered in this study. First, despite the previous training and 

collaboration with the surveyors it is uncertain if, at the time of conducting the survey, the translation 

of the concepts to the local language (Swahili) by the surveyors could have changed their meaning. 

Thus, respondents might have misunderstood the questions, leading to misclassification of the level 

of water and sanitation insecurity in the study area of Mukuru SPA.  

 

Second, the scale, though useful for an overview of WASH services, is not a sound measure of water 

safety since it measures individual perception of water quality and standard treatment practices that 

do not consider other pollution risks other than microbial.  

 

Last, the tool does have some limitations. The scale did not include the dimension of acceptability in 

WASH services, and this could provide more insight into the adequacy of sanitation facilities and 

water services, including aspects of menstrual hygiene for the differentiated needs of women. 

Additionally, this study did not test for internal consistency of the scale items as other household 

water insecurity scales did (Tsai et al, 2016 cited in Jepson et al, Boateng et al, 2018). 
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Therefore, further studies that would want to apply this scale should perform this test. Additionally, 

setting thresholds of low-high water and sanitation insecurity is context dependent, therefore these 

would have to be determined if the tool is applied in another context. Thus, the tool cannot be 

considered a tool to be applied cross-culturally. 

 

5. Conclusions 

Residents of the study area in Mukuru SPA were mainly tenants (83%), most of them young adults 

(around 80% between 17 and 38 years old). A majority reported public taps (93.7%) as the water 

source for drinking and household uses. Adult women were reported as the main water collectors 

(64%).  The residents reported a median of 5 minutes as the time spent to collect water and 3 as the 

median number of trips a day.   

 

Most of the residents (95%) reported storing water in a covered container but only half (57%) treated 

the water before drinking. Chlorine treatment was the most common way of treatment (70%). The 

median cost for a 20 litres jerry can was 5 KES, although residents of Viwandani (segment I) reported 

a cost of 10 KES. The average amount of water reported was 5 litres for drinking and 60 litres for 

household uses.  

 

The main types of sanitation reported were pit latrine with safe separation (35%), flush toilet (32.7%), 

composting toilet (UDDT) (28%). The median sanitation cost per day was 5 KES per day for toilet use. 

Residents in Kwa Njenga (segment III) reported that the cost of sanitation was included in the rent. 

 

A 21 item, scale tool developed to measure individual water and sanitation insecurity covered aspects 

of availability, accessibility, affordability, water quality and adequacy of sanitation and hygiene, and 

was tested in the informal settlements of Mukuru SPA in Nairobi, Kenya. 

 

The application of the water and sanitation insecurity tool in three segments of Mukuru SPA revealed 

that more than 50% of residents in segment I Viwandani and segment III Kwa Njenga scored higher 

levels of water and sanitation insecurity (High= 14-23; Very high= > 23) compared to residents in 

segment I Kwa Rueben. This is consistent with the conditions of water and sanitation found in the 

area, were some residents still resort to unimproved water sources for both drinking and household 

uses. Moreover, segment I in Kwa Njenga has a larger percentage of residents (9%) using unsafe 

sanitation compared to other segments; and Viwandani pays more for water (20 litres jerry can). 

 

 

Associations of water and sanitation insecurity scores and socio-economic characteristics of the 

population in the study area of Mukuru SPA, revealed that individuals who are more vulnerable to 

water and sanitation insecurity were females, individuals in the lowest income range and those who 

live in household types with young females or young males (< 18 years old) as head of household. 

Water and sanitation insecurity scores were significantly correlated with sanitation cost per day, and 

time spent collecting water, as well as correlated with number of trips to collect water and water cost. 

Thus, validating the use of the scale as an appropriate tool to measure water and sanitation insecurity.  

 

The tool is a time-efficient way of assessing water and sanitation insecurity from a holistic perspective. 

It outlines aspects that could guide were to target best resources to achieve universal, inclusive, safe 

water and sanitation services. Local authorities and non-governmental organizations could make use 

of this tool to assess WASH situations, better target the interventions and monitor progress towards 

achieving SDG targets 6.1 and 6.
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6. Recommendations for future work 

For Mukuru SPA 

 

• Gender differentiated needs should be taken into consideration in the future plans for water 

and sanitation services in Mukuru SPA 

 

• Attention should be payed to ways of ensuring affordability of WASH services for the most 

vulnerable groups in Mukuru SPA. 

 

• Water quality test are required to have a better understanding of the pollution risks existent 

in the area that could lead to refine local treatment methods in Mukuru SPA. 

 

• Deeper analysis into the acceptability/adequacy of sanitation facilities to get a better picture 

of water and sanitation insecurity in the area. 

 

• Acceptable conditions for menstrual hygiene should also be considered in future 

assessments and interventions for WASH services in Mukuru SPA. 

For the water and sanitation insecurity tool 

• It is recommended to refine the scale tool by applying weighted scores to the items. This could 

be done based on expert and local knowledge about contextual water and sanitation 

conditions. 

• Further studies that would want to apply this scale should perform an internal consistency 

test of the weighted items. 

• A water-sampling test should accompany the use of the tool to reinforce the 

reliability/accuracy in measures of water safety.
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Appendix A: Household survey 

HOUSEHOLD SURVEY: WATER AND SANITATION SECURITY - MUKURU SPA 
 

Interview details 

01. Name of interviewer 

 

02. Start time of interview: 

      End time of interview: 
03. Date: 

04. Ability to be interviewed alone Check item that applies 

Alone  

With female adults present  

With male adults present  

With children present  

With adults mixed sex and children present  
 

 
MODULE A. SOCIO-ECONOMIC CHARACTERISTICS AND HOUSEHOLD IDENTIFICATION 
 

“I’d like to start this interview by asking you some general questions about yourself and the 

household.” 

 

Demographic characteristics 

A01. Segment name Check item that applies 

Segment I Kwa Rueben   

Segment III Kwa Njenga  

Segment I Viwandani  

A02. Age of respondent being interviewed Check item that applies 

17-27    

28-38  

39-49   

50-60  

A03. Sex of respondent Check item that applies 

Male  

Female   

A04. Main language Check item that applies 

English  

Swahili  

Other  
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Demographic characteristics 

A05 What is the highest level of education you completed*?  

[the person attended all courses and completed the level of 

education] 

Check item that applies 

Did not complete any formal education  

Preschool education  

Primary education  

Secondary education  

University or College  

A06. What is your main occupation? Check item that applies 

Waged work  

Business owner   

Casual /informal worker  

Unemployed  

Other (specify)  

A07. Could you give an approximation of the household average 

monthly income? 

[Kenyan Shillings- KES] 

Check item that applies 

< 5,000 KES   

5,000-10,000 KES   

10,001-20,000 KES   

20,001-30,000 KES  

Don’t know  
 

Household identification 

A08. Type of household Check item that applies 

Male and female adults  

Female adult only (no males over 18)   

Female young only (no males over 18)   

Male adult only (no females over 18)  

Male young only (no females over 18)   

A09. Household size Check item that applies 

1-3 persons   

4-6 persons  

More than 7  

A10. How many elderly adults, adults and children live in the 

household? 

Report in number of 

persons 

N° elderly adults (> 60 years old)   

N° adults (More than 18 years and <60)  

N° children (5-18 years old)  

N° children under 5 years old  

A11. How long have you lived in this house? Check item that applies 

Less than 1 year   

1-5   

6-10   

11- 15   

More than 15  

A12. Previously you lived in: Check item that applies 

Mukuru Kwa Njenga   
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Household identification 

Mukuru Kwa Reuben   

Viwandani  

Rural area  

Other (specify)  

A13. Ownership of the house Check item that applies 

Rented from private owner  

Owned by relative  

Owned by male household head  

Owned by female household head  

 
MODULE B. CONTEXTUAL WASH INFORMATION 
 

Code 1: Water Source 

Piped water into dwelling (private tap) ..…1 

Piped water to yard …………………....…..2 

Public tap/standpipe……….. .……....….....3 

Tube well/borehole………………………....4 

Protected dug well ………….……………...5 

Unprotected dug well ……………...……....6 

Protected spring………….…………………7 

Unprotected spring ………………………...8 

Rainwater collection …………………….....9 

Small vendor…………….…………….......10 

Tanker-truck………………….………...….11 

Bottled water……………………...……….12 

Surface water (river, stream, pond) ...…..13 

Other (specify).……………….…….…..…14 

N/A………………………………………….98 

 
 
 

“Now I’d like to ask you some questions about what kind of water and sanitation facilities you 

use”. “I’d like you to think about the answers in terms of the situation in the last 30 days.” 

 

Water source  

B01. What is the main water source you use for drinking? Report according to Code 1 

 

B02. When the main water source is not available, what is 

the alternative water source you use for drinking? 

 

Report according to Code 1 

 

B03. What is the main water source you use for household 

needs?  

 

Report according to Code 1 

 

B04.When the main water source is not available, what is 

the alternative water source you use for another household 

needs*? 

[*cooking, laundry, personal hygiene] 

Report according to Code 1 

 

 

Water quantity 

B05. How much water do you use in a day for drinking? 

 

Report in number of jerry cans 

(20L) 

 

B06. How much water do you use in a day for other 

household needs*? 

[*cooking, laundry, personal hygiene] 

Report in number of jerry cans 

(20L) 
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Water collection 

B07. How much time does it take you to collect water for 

household uses in one trip*? 

[*go to the water source, get the water including queuing time 

and returning home] 

Report time in minutes 

 (if possible) 

 

B08. Who is primarily responsible for collecting water for 

household uses? 

Check item that applies 

Female adult   

Male adult   

Female child (less than 18 years old)   

Male child (less than 18 years old)  

Not applicable  

B09. How many trips you make to collect water in a day? Report number of trips 

 

Storage and treatment 

B10. Do you store water for household uses? Check item that applies 

Yes  

No   

B11. If yes, how do your store the water? Check item that applies 

Covered container  

Uncovered container  

B12. Do you apply any treatment to the water used for drinking? Check item that applies 

Yes  

No   

B13. If yes, how do you treat the water before drinking it? Check item that applies 

Boiling   

Use water filter  

Adding bleach/chlorine  

Solar disinfection   

Let it stand and settle  

Other (please specify)  

Cost of water 

B14. How much money do you spend for a 20 litres jerry can for 

household water? 

Report in KES 

 

B15. If you compare this to the situation in the last 12 

months, is this amount more or less, than what you have paid 

for a jerry can for household water? 

Check item that applies 

Less   

The same   

More  

B16. In addition to the cost per jerry can, do you pay any other 

costs for water services? 

Check item that applies 

Yes  

No  

B17. If yes, how much? Report in KES 

 

B18. What are these other costs of water for? 

Open question: report according to the participant response 
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Type of sanitation 

B16. What type of sanitation facility do you (and your household 

members) use? 

Check item that 

applies 

Flush/pour flush toilet 

to: 

Piped sewer system  

Septic tank  

Pit latrine  

Elsewhere  

Don’t know  

Pit latrine with slab (safe separation)  

Pit latrine without slab (no safe separation)  

Freshlife toilet* 

[*Urine Diverting Dry Toilet] 

 

Bucket   

No facilities* 

[*flying toilet, open field defection near railway or river] 

 

Other (specify)   

Use of sanitation facilities 

B17. Is the facility private, public or do you share it with other 

households? 

Check item that 

applies 

Private   

Public   

Yard (shared with other households)   

B18. How many households share the toilet facility? Report in number 

 

 

B19. [If household reports having children proceed with the 

following question]:  

The last time the youngest child passed stools, what was done to 

dispose of the stools? 

Check item that 

applies 

Child used toilet/latrine  

Put/rinsed into toilet or latrine   

Put/rinsed into drain or ditch   

Thrown into garbage   

Buried   

Left in the open   

Don’t know  

Not applicable  

Cost of sanitation 

B20. How much money do you spend per day to use a toilet facility? Check item that 

applies 
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MODULE C. WATER AND SANITATION SECURITY TOOL  
 

Code 2: Scale for water 

and sanitation insecurity 

(Q1 to Q21) 

Code 3. Scale for water  

and sanitation insecurity  

(Q3 and Q19) 

Scale criteria 

Never (No).…………………….0 

Rarely…….…………….………1 

Sometimes…………….……….2 

Often….……………….……….3 

Always......…………….……....4 

Never (No)....…………….4 

Rarely…….……………….3 

Sometimes………….…….2 

Often….………………. ….1 

Always........…….……. ….0 

Never (equal to a NO answer) 

Rare (1 to 2 times in the last 30 days) 

Sometimes (3 to 10 times in the last 30 days) 

Often (11 to 20 times in the last 30 days) 

Always (More than 20 times in the last 30 

days) 

 
 
 

“Now I’d like to ask you some questions about how frequently you encounter water and 
sanitation issues”. 

 

 Water quality  

Q1. In the last 4 weeks, did you use one of these types of 
water sources? 

 

Unprotected spring - Unprotected dug well - Cart with small 
tank/drum -Tanker truck - Surface water  

 

YES (1)                        NO (0) 

If YES, How often? 

(Report according to code 2) 

 

Q2. In the last 4 weeks, did you drink water that had an 
unpleasant taste, odour or looked dirty? 

 

YES (1)                   NO (0) 

If YES, How often? 

(Report according to code 2) 

 

Q3. In the last 4 weeks, did you apply any treatment to the 
water before drinking? 

 

YES (1)                    NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

Availability 

Q4. In the last 4 weeks, has your main water supply for 
household uses been interrupted? 

 

YES (1)              NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

Q5. In the last 4 weeks, due to interrupted or lack of supply, 
did you had insufficient water available when needed for 
household uses? 

 

YES (1)            NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

 

Q6. In the last 4 weeks, did you worry about not having 
enough water for all the needs in your household? 

 

 YES (1)               NO (0) 

 

If YES, How often? 

(Report according to code 2) 
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Affordability 

Q7. In the last 4 weeks, did you had to reduce the amount of 
water used for household needs because you lacked money? 

 

YES (1)             NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

 

Q9. In the last 4 weeks, did you lacked money needed to pay 
for accessing sanitation services?  

 

YES (1)             NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

 

Q10. In the last 4 weeks, did the time spent collecting water 
prevented you from earning money? 

 

YES (1)             NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

 

 Accessibility 

Q11. In the last 4 weeks, did accessing a water source take 
more than 30 minutes for one trip? 

 

   YES (1)           NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 
 

Q12. In the last 4 weeks, did accessing a sanitation facility 
take more than 30 minutes for one trip? 

 

YES (1)           NO (0) 
 

If YES, How often? 

(Report according to code 2) 

 

 

Q13. In the last 4 weeks, did you worry about not having one 
of these types of toilets?  

 

Private flush toilet - Pit latrine with slab - Composting toilet  

 

YES (1)        NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

 

 
 

Q14. In the last 4 weeks, did you have security concerns 
about the safety of the person collecting water for your 
household? 

 

   YES (1)        NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

 

Q15. In the last 4 weeks, did you have security concerns 
about the safety of the person accessing a sanitation facility? 

 

YES (1)         NO (1) 

If YES, How often? 

(Report according to code 2) 

 

 

Q16. In the last 4 weeks, did you have problems with water 
and sanitation that caused disagreement with neighbours or 
within your household? 

 

YES (1)      NO (0) 

If YES, How often? 

(Report according to code 2) 
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 Accessibility (Flood)  

Q17. In the last 4 weeks, was there a time when due to flood 
you could not access one of this type of (improved) water 
sources? 

 

Private tap- Yard shared tap- Public tap- Tube well/borehole-
Protected dug well- Protected spring- Rainwater collection.  

 

YES (1)           NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

 

 

 

Q18. In the last 4 weeks, was there a time when due to flood 
you could not use one of this type of (basic) sanitation 
options? 

 

Private flush toilet - Pit latrine with slab - Composting toilet 

 

YES (1)            NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

 

 

 

 Unsafe sanitation and hygiene  

Q19. In the last 4 weeks, did you wash your hands with soap 
after using a sanitation facility? 

 

   YES (1)          NO (0) 

If YES, How often? 

(Report according to code 2) 

 

 

Q20. In the last 4 weeks, did you had to dispose your 
children’s faeces somewhere than the toilet? 

 

 YES (1)             NO (4) 

If YES, How often? 

(Report according to code 3) 

 

 

 Unsafe sanitation and hygiene  

Q21. In the last 4 weeks, did you use one of these types of 
sanitation options? 

 

Flush toilet to street/yard or open sewer - Pit latrine without 
slab - Bucket/Flying toilet- Open field defecation 

 

YES (1)         NO (4) 

If YES, How often? 

(Report according to code 3) 

 

 
THANK YOU. 

 
(To be marked by the interviewer/enumerator) 

 Outcome of survey Check item that 
applies 

Complete  

Incomplete  

Absent  
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Appendix B: Pictures  

 
      

B1. Open sewage and waste between households 
in Mukuru SPA 

B2. Ngong river crossing between Kwa Rueben and 
Viwandani segments 

B3. Woman carrying water in jerry cans  
in Mukuru SPA 

B4. Water tank  in Mukuru SPA 
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B5. Training surveyors on the use of ODK collect mobile app for the 
household survey  

in Mukuru SPA 

B5. Piloting of household survey in Mukuru SPA 
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Appendix C: Guidance note for surveyors and consent form 

MUKURU WATER AND SANITATION SURVEY 

INTERVIEWER GUIDANCE NOTES 

The following are guidance notes about relevant aspects of the Water and Sanitation Survey that will be conducted 

in Mukuru between late April and early May 2018. It is very important that you read them carefully before 

starting the data collection! 

 

1. Aim of the survey and scope 

The objective of this survey is to analyse the water and sanitation conditions present in 3 segments of Mukuru and 

how this influences the individual well-being. The results of the survey will be shared to assist the Spatial Planning 

Area process that is being conducted by the local government, so that the development in these areas takes into 

consideration the information on trends of water and sanitation issues. 

 

2. Instructions for the survey 

 

A. CONSENT FORM 

Before starting the survey please read the consent form to the person you are about to interview. If he/she agrees 

with participating in the survey, ask them to sign in the consent form. Remember to keep this document safe as 

you will be giving it to your supervisor at the end of the day. 

 

B. ODK COLLECT 

The data will be collected using the app ODK collect that will be installed and set up in your tablet by the supervisor. 

Please, do not touch or change any of the settings of the tool. Just follow these instructions: 

I. Open the ODK collect on the tablet  

II. Retrieve the form 

• From the Main Menu select “Fill Blank Form” 

 

• Select the file “Mukuru_WASH_security_final” (NOTE: you will see only that file on the menu, if by 

any chance you happen to have more than one, DO NOT PROCEED WITH THE SURVEY and report this 

to your supervisor) 

• Collect the GPS coordinates: In the form, one of the first questions is to collect the GPS coordinates 

of the household you are interviewing. You can leave that for the end of the survey. But do not forget 

to collect the GPS points!. 

To do that, you will have to first enable “mobile data” (in the upper menu of the tablet), then 

go to the ODK collect app and click on “Start GeoPoint”. 

 

The GPS coordinates should be collected as close as possible to the household (if is not possible to 

collect them inside the house make sure you take them outside of the main door) 

 

To confirm the GPS coordinates have been recorded you should be able to 

see it on the screen like this:      

 

Remember to disable “mobile data” in the tablet after points have been 

successfully collected.   

 

• Once the GPS have been collected and you have included your 

observations (if any) at the end of the survey you should check on the 

box “Mark form as finalized” and click on “Save Form and Exit”. OBS! 

You do not need to send the survey, this will be done by the supervisor 

once you hand in the tablet at the end of the day. 
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C. METHODOLOGY 

The survey will be conducted in three different segments of Mukuru:  

• Segment I in Kwa Rueben 

• Segment III in Kwa Njenga  

• Segment I in Viwandani 

You are required to conduct a total of 30 surveys for this study. You will conduct 10 surveys in each segment. From 

these 10 surveys, you will target 5 men respondents and 5 female respondents. From these at least 2 interviews 

should be done to single headed households (1 male single headed and 1 female single headed households), if 

possible. Have in mind that respondents must be ‘principal’ female or male decision-makers for the household 

(based on social or economic issues), not just anyone who is home. It is quite important that the person is alone 

at the moment of taking the survey. This means mainly not having an adult person (husband, wife or adult 

son/daughter) present at the interview, since they may interfere with the individual response of the person being 

interviewed. There is no problem if children are accompanying the respondent. 

 

The survey is divided in 5 sections (A, B, C, D, E, and F). Sections A, B, and C refer to the household, whereas sections 

D, E and F address the individual experience. Therefore, it is s quite important that when asking the questions for 

sections D, E and F you remind the respondent to answer about his/her own situation and not that of the 

whole household. 

 

You will start the survey on the closest safe main road to the point in the map that will be assigned to you by 

the supervisor. The survey will be conducted on a transect line (straight line) along the main road.  

To decide on the direction you will walk (from the starting point) spin a pen on your notebook and take the 

direction pointed by the head (the direction should be parallel to the main road, if is not, then you should spin the 

pen a number of times until it points to a parallel direction).  

 

Select the first house (to your right side) in that direction. If your point is closer to the limits of the segment and 

your right side happens to belong to another segment you can switch to the other side. If the transect is too short 

and you reach the end without completing your 10-household quota, then you can turn to the left side and continue 

a straight line (in this case you select houses that are also to your left side). 

 

Remember to never leave the segment! all your surveys must be conducted within the segment area.  

 

Target first the male decision-maker respondents in your survey since they may be harder to find. This means 

that you first try to reach your target of 5 male respondents. If there is no male decision-maker respondent 

present in the household at the moment of the survey, then ask for a female decision-maker respondent 

(unless you have already met the female target of 5), then continue to the next one until you meet the five males 

you are targeting for. Remember to continue with the houses along the transect line until you reach the equal 

number of male and female respondents.  

 

If you have any doubts or questions, ask your supervisor for clarification before conducting the survey! 

 

THANK YOU FOR YOUR COLLABORATION, AND GOOD LUCK! 
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WATER AND SANITATION SECURITY SURVEY 

CONSENT FORM 
 

Before beginning the survey, it is necessary to obtain consent from the person that will be interviewed. 
It is important to make it clear that the participation in the survey is voluntary and anonymous. Please 
read the following statement: 
 
"Thank you for the opportunity to speak with you. We are a research team from Stockholm 
Environmental Institute (SEI). We are conducting a survey to learn more about the water and 
sanitation issues of households in this area. You have been selected to participate in the survey. The 
survey includes a section with general questions about household characteristics in addition to 
sections which will be asked to a primary adult male and female in your household, if applicable. 
This section cover questions about the types of water and sanitation used in the household and the 
frequency with which you face water and sanitation issues. The last section includes questions about 
access to information, resources and time used for everyday activities in the household.  The survey 
will take approximately 45 minutes and your participation is completely voluntary. If you agree to 
participate you can choose to stop at any time or to skip any questions you do not want to answer. 
Your answers will be completely confidential. The results on trends of water and sanitation issues 
will be shared to assist the Spatial Planning Area process that is being conducted by the local 
government, so that the development in these areas takes into consideration these information" 

 

I have understood the information given above □ 
I agree I would like to take part in the survey □ 
I understand my taking part is voluntary and I can withdraw at any time (although 

anything you have contributed to that point may still be used). □ 
I would like my name to be mentioned in reports and other publications made 

available outside the research team  □ 
I would not like my name, or anything else that could identify me, to be mentioned 

in reports or any other publications □ 
 
 

 
 

 
 

Name of Participant Signature Date 

  
 

 

Researcher Signature Date 
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Appendix D: Detailed results of household survey 

Table 1. Housing characteristics of the study area 
 

Variable 
 

Total responses 

n 
 

% 

Household Size5 
 

1 to 3 persons 128 42 

4 to 7 persons 159 53 

> 7 persons 15 5 

Household type Female young6 only 
 

11 4 

Male young only 
 

6 2 

Female adult only 
 

50 16 

Male adult only 
 

55 18 

Male and female adults 
 

180 60 

Ownership of 
the house 

Rented from private owner 250 83 

Owned by relative 16 5 

Owned by male household head 26 8 

Owned by female household head 8 3 

Other 2 1 

Years lived in 
Household 
 
 

< 1 year 
 

59 
 

19 
 

1-5 years 
 

138 
 

46 
 

6-10 years 
 

51 
 

17 
 

11-15 years 
 

22 
 

7 
 

> 15 years 
 
 

32 
 

11 
 

 

 

Figure 1.  Main responsible of water collection in the study area 

 

                                                             
5 Number of persons included elderly adults, adults, children and children under 5 years old. 
6 A female or male young was a person less than 18 years old 
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Table 2. Water storage and treatment in the study area 

Variable 

Total 
Sample 

Kwa Rueben 
(Segment I) 

Kwa Njenga 
(Segment III) 

Viwandani 
(Segment I) 

n % n % n % n % 

Storage 
Yes 287 95 102 96 90 96 95 93 

No 15 5 4 4 4 4 7 7 

Storage type 

Covered 
container 

277 96.7 98 96 84 93 95 100 

Uncovered 
container 

9 3 4 4 5 6 0 0 

Don't know 1 0.3 - - 1 1 - - 

Treatment 
Yes 171 57 60 57 54 57 57 56 

No 131 43 46 43 40 43 45 44 

Type of 
treatment 

Let it stand and 
settle 

1 0.5 - - - - 1 2 

Boiling 40 23 12 20 16 30 12 21 

Chemical 121 71 44 73 38 70 39 68 

Water filter 8 5 4 7 - - 4 7 

Other 1 0.5 - - - - 1 2 

 

 

Figure 2. Water costs (20 litres jerry can) in the study area (n=302) 

Table 3. Cost of a 20 litres jerry can per segment in the study area 

 
Segments in Mukuru SPA 

 

Cost of a 20 litres jerry can (KES) 
 

n M Mdn SD min max 

Kwa Rueben (Segment I) 106 5 5 2 0 10 

Kwa Njenga (Segment III) 94 
 
6 

5 4 0 20 

Viwandani (Segment I) 102 8 10 4 0 20 

Total of the sample 302 7 5 3 0 20 
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Table 4. Reasons for added water costs in the study area 

Reasons for added water 
costs 

Total 
Sample 

 

Kwa Rueben 
(Segment I) 

Kwa Njenga 
(Segment III) 

Viwandani 
(Segment I) 

n % n % n % n % 

Buying a new jerry can 9 20 2 29 6 23 1 8 

Paying someone to fetch 
water for me 

5 11 0 0 2 8 3 23 

Repair storage container 10 21 1 14 6 23 3 23 

Treatment 21 46 4 57 11 42 6 46 

Paying someone to wash 
clothes 

1 2 0 0 1 4 0 0 

 

Table 5. Added water costs (KES) by segment in the study area 

Added water costs n M Mdn SD min max 

Kwa Rueben (Segment I) 7 64 35 53 10 150 

Kwa Njenga (Segment III) 26 62 50 45 20 200 

Viwandani (Segment I) 13 34 30 23 10 100 

Total sample 46 54 38 42 10 200 

 

 

Figure 3. Use of sanitation facilities in the study area 
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Table 6. Houses yard-sharing a sanitation facility by segment in the study area 

 

Segments in Mukuru SPA 

 

Number of houses sharing a sanitation facility (yard shared) 

 

n M Mdn SD min max 

Kwa Rueben (Segment I) 
16 10 8 8 4 30 

Kwa Njenga (Segment III) 
20 12 10 5 6 25 

Viwandani (Segment I) 

20 10 8 5 3 22 

Total of the sample 
56 11 8 6 3 30 

 

Table 7. Sanitation costs per day by segment in the study area 

Segments in Mukuru SPA Sanitation cost per day (KES) 

n M Mdn SD min max 

Kwa Rueben (Segment I) 105 11 5 14 0 60 

Kwa Njenga (Segment III) 94 4 0 10 0 60 

Viwandani (Segment I) 102 11 5 11 0 50 

Total of the sample 301 9 5 12 0 60 

 

 

Figure 4. Disposal of child faeces in the study area 
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Figure 5. Water and sanitation insecurity scores by studied segment in Mukuru SPA 

 
Figure 6. Water and sanitation insecurity scores by age ranges in the study area 

 
Figure 7. Water and sanitation insecurity scores by educational levels in the study area. 

Mean score      X 
Median score  

 

 

Mean score      X 
Median score  
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Median score  
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