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Abstract: Inadequate access to improved sanitation and water remains a huge factor contributing to increased mortality and 

morbidity rates, especially among children. Despite the growth in economy and recognition of sanitation as a basic right, 

investment in sanitation infrastructure has not yet been achieved, particularly in low- and middle-income area. As such, nearly 

827 000 people die yearly due to inadequate sanitation, water and hygiene. To track the flow of excreta in Nkubu town, Kenya, 

the existing sanitation systems were assessed, the proportion of community with access to safely managed feacal sludge was 

examined, the challenges facing service delivery was assessed. A descriptive cross-sectional survey was employed. The research 

instruments involved included observations for primary data collection and use of key informants’ interviews. The secondary data 

was obtained from existing data.  The Susana platform and the shit flow diagram tools were used for data analysis and generating 

the SFD. The data collected was presented using tables, graphs, charts and a shit flow diagram. The results indicated that only 

28% of the excreta was safely managed. The pit latrines were the most used containment method with 45% and 3% of the 

population practicing open defecation, respectively. Only 40% of the feacal sludge taken to the treatment was properly treated and 

disposed. The challenges experienced in the management of fecal sludge were high water table in the area and high license and 

service fee charged. The findings imply that the unsafely excreta management practices in Nkubu town pose a risk to the health of 

residents in and around the town and the quality of water sources. This study points to the possible areas of interventions such as 

proper planning of the town and creating an enabling environment for feacal sludge management. 

 

INTRODUCTION 

The main goal of FSM is to make sure that untreated FS is deposited, contained, and transported from the community 

hygienically and safely treated, and reused or disposed safely. (Organization, 2020).  In Sub-Saharan Africa  only half of the cities 

in the region  are covered with sewered sanitation which serves less than 10% of the population (Banerjee & Morella, 2011).Due 

to weaknesses in the institutional, legislative, and organizational framework in the entire sanitation sector, many countries lack an 

appropriate enabling environment to plan and implement FSM (Akumuntu, Wehn, Mulenga, & Brdjanovic, 2017). Decentralized 

treatment could be an alternative in addressing the situation where most of the FS cannot be easily transported from low income 

areas and delivered to the centralized treatment locations (Semiyaga et al., 2015). In Kenya, only 11% of Kenyan population 

depends on sewer connection, therefore serving 1.3 million people (Okoth, Ronoh, & Mbalo, 2017). Water and sanitation services 

were devolved to Counties by the Constitution of Kenya hence making the Counties responsible for water supply and sanitation 

service provision (Kenya, 2013). 

The effects of using unsafe toilets in the world endangers 2.6 million people while the population that practices open defecation 

ruin the financial, health and human well-being. Recent analysis reveals that safely managed sanitation saves lives (Nakagiri et 

al., 2015). Various reports shows that in many developing countries, the sanitation target is at risk since all management efforts 

and level of sanitation coverage are unable to keep pace with population growth (El-Gohary, 2007). Sanitation is an important 

matter that is affecting most parts of the world mostly the developing countries. On a global range, the greatly hit hard are 

children who in most cases lose their lives due to illnesses caused by poor sanitation  (Ekong, 2015). Nkubu has been growing 

rapidly and its facing challenges in provision of sustainable infrastructures for sanitation to the residents (Muriithi, 2008). 

The WHO 2018 guidelines on sanitation and health states that the full sanitation system should undergo local health risk 

assessments to safeguard individuals and communities from subjection to excreta – be it from unsafe toilets, leaking storage or 

inadequate treatment. (Organization, 2019c). The 2010 Constitution of Kenya recognizes the right to sanitation in Article 43(1)c  

(Kenya, 2013).Kenya Vision 2030 proposes the promotion of solutions that can provide Total Hygienic Sanitation that includes 

clean toilet, safe sludge removal and effective sludge treatment (Health, 2016).The Kenya big four agenda and vision 2030 for 

Kenya’s SDG, focuses on development of good infrastructure in both rural and urban areas which include sanitation services 

especially in slums and urban centers (Muigua, 2019). 
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  In Sub-Saharan Africa, over 80% of the people in urban areas are served by on-site sanitation technologies (Semiyaga et al., 

2015).For poor people living in urban areas of most low-income countries it’s very common for them to either use onsite 

sanitation facilities or defecate in the open. In Meru County, only Meru town is served by a sewerage system. The major 

sanitation facilities in Meru County are pit latrines which are used by over 69 per cent of the population (County, 

2018)Worldwide 4.2 billion people lack safely managed sanitation while  (Organization, 2019a). Less than 50% of the daily 

produced FS is collected in several urban centers of low- and middle-income countries with only about half of it being properly 

treated (Semiyaga et al., 2015). In 2017, 45% of the world population used a safely managed sanitation service (Organization, 

2019b). The Constitution of Kenya 2010 guarantees the right of every person to the highest attainable standards of health, a clean 

and healthy environment; sanitation, water and other related rights (Kenya, 2013). In Kenya, the Kenya Environmental Sanitation 

and Hygiene Policy (KESHP) 2016-2030, proposes a clean, healthy and economically prosperous Kenya free from sanitation and 

hygiene related diseases (Health, 2016). 

The high service charges for FS containment, emptying and transportation force most peri-urban dwellers to discharge FS into 

immediate environment or seek services of informal manual emptiers (Gitonga et al., 2021). Many treatment plants currently 

operate without adequate capacity (Narayan et al., 2021).Less than 50% of the daily produced FS is collected in several urban 

centers due to too; long transportation distances, traffic congestion, lack of designated disposal sites and avoidance of fees 

charged at treatment sites. Poor disposal of FS is worsened by increased urbanization and high density of housing units which 

restrict access to emptying facilities (Semiyaga et al., 2015). 

In order to assess urban sanitation service delivery several methodologies have been developed through SFD which gives 

immediate cues of the situation about where system failures may be occurring (Berendes, Sumner, & Brown, 2017). SFD is a tool 

used to inform stakeholders from a range of backgrounds on city wide sanitation conditions (Panesar et al., 2018).  

 

MATERIALS AND METHODS 

Nkubu town is located on the eastern slopes of Mount Kenya within Meru County 211 Kilometers from Nairobi on the Nairobi-

Meru road. The total population of Nkubu town was 7,675 as per the 2019 Census(Statistics, 2019). A mixed research method 

was used so as to incorporate both the qualitative and quantitative approaches. Open ended questions were used where also 

emerging questions were answered on sanitation. Observation method was used to observe the type of sanitation system in use. 

Close ended questions. The target population for this study was the 314 developed plots or land parcels within Nkubu town and 

ten (10) stakeholders who acted has key informants. Nkubu town and the stakeholders were purposively selected for this study. 

The SusanA platform and the shit flow diagram tools were used to collect data. A shit flow diagram matrix was created and a 

check list of possible technologies available was developed. The data that was collected from this study was fed to the SFD 

generator available in https://sfd.susana.org/ to generate a shit flow diagram for Nkubu town. The SFD tool generated yielded 

downloadable graphics for use. A report was also done to address the data that was not shown in the generated SFD. The rest of 

the data was summarized in a data summary sheet and presented inform of figures, pie charts and tables.  

 

RESULTS 

The performance attributes of sanitation systems in Nkubu town.  

 From the survey the proportion of the population using pit latrine was 45%. The percentage of people using septic tank from the 

survey was 40%. While those that were using fully lined tanks were 12%. For open defecation 3% of the population were found 

to be defecating in the open. The depth of the water table varied in different areas with some areas that were swampy going to as 

low as 5m. More than 10% of pit latrines were found uphill of ground water sources. Also, there were more than 10% of buildings 

were sited less than 10m from water bodies. There were eight visible sites of human feaces which indicated practice of open 

defecation. Hence the risk of ground and water contamination. The town consisted of eight learning institutions with 85% using 

the pit latrine and 15% using the septic tank. It also has two major hospitals that use the septic tank has a way of managing their 

feacal sludge. 

 

The proportion of safely managed excreta in Nkubu town along the sanitation service chain.  

From the survey the proportion of safely managed excreta was 28% whereas that of unsafely managed excreta was 78%. From the 

study 90% of feacal sludge contained in septic tanks and fully lined tank connected to a soakage pit was emptied once it was filled 

up while only 45% of feacal sludge contained in septic tank was emptied. It was noted that 100% of all the feacal sludge that was 

emptied was transported to the treatment plant. This was ensured by use of a tracking document which was issued by (National 

Environment Management Authority) NEMA to every vacuum truck. This document helped in monitoring the operations of the 

vacuum trucks. Of all the feacal sludge that was taken to the treatment plant, only 40% of it was treated to the required standards.  

Challenges hindering sanitation service delivery  

From the study various challenges were highlighted at various stages of the sanitation service chain. The challenges reported 

were; high water table in the area making it difficult to dig the pits, leading to flooding of the pits during rainy seasons hence 

increasing the frequency of pit filling rate. High license fee and service charged. At the containment they were charged a service 

fee of Ksh. 8,000 ($69) for emptying. Vacuum Track Operators were charged by NEMA an application fee of Ksh 3,000 ($ 26) 

and license fee of Ksh 5,000 ($ 43) per year. At the treatment plant the vacuum truck operators paid a service fee of Ksh 1500 ($ 

13) per trip. The NEMA office also issued a license to the treatment plant at a fee of Ksh. 100,000 ($867) per year. The treatment 

plant was located a distance of 17Km. Disposal of FS at the treatment plant was only twice per week which were non-market days 

since the plant was located near the Gakoromone which was the major market in the county. Some pits were located far away 

from a point where they could be easily accessed while in other area there were no service lanes or they were inaccessible. 

Disposal of non feacal waste in the pits like diapers was also experienced. Lastly the treatment plant was no able to handle the 

waste that is disposed there since it was designed for a small town.  
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SFD for Nkubu town 

A SFD graphic for Nkubu town was generated from the data collected has shown in figure 1 below 

 

Figure 1: A shit flow diagram for Nkubu town 

 

DISCUSSION 

Performance attributes of sanitation systems in Nkubu town. 

Nkubu town did not have an existing sewer line or a treatment plant  hence the residents were forced to transport their FS from 

Nkubu to Meru town where treatment plant was located a distance of 17km.Vacuum trucks were used in the transportation of the 

FS once the pit latrines and septic tanks were filled up. A  study carried out previously showed similarity in transportation of FS 

has it indicated that with the need for transporting of sludge, FSM was often handled by truck operators of the informal or formal 

private sector or a mix of public and private operators (Rao et al., 2016). From the study the pit latrine and the septic tank were 

the major containment systems used in Nkubu with 45% and 40%. KESHP  acknowledges that onsite-based sanitation facilities in 

urban areas as a temporary solution with sewer networks being the most preferred (Health, 2016).It was noted that 82.6% of pit 

latrines were located uphill from underground water sources and even more than 10% of buildings being located less than 10 

meters from surface water source or water bodies. The Kenya Countywide Inclusive Sanitation Strategic Planning attempts to 

incorporate sanitation services planning along the rural/small town/peri-urban/urban continuum to address such issues(Gambrill, 

Gilsdorf, & Kotwal, 2020). The water table for Nkubu town was between 7-10 meters with some areas which were swampy going 

to as low as 5 meters. This increased the risk of both ground and surface water contamination. The high-water table would lead to 

flooding of pits during the rainy seasons. From the key informant interview with the Public Health Officer it was reported that the 

results received from the water samples from rivers around the town from the National Public Health Laboratory (NPHL), they 

indicated that the water was contaminated with coliforms and also Escherichia coli. The same was echoed by the IMETHA water 

utility officer who said that during the random water quality analysis they identify coliforms, E. coli and sometimes Salmonella 

typhi. In a study by (Diener et al., 2014) it stated that globally, access to sanitation in urban areas was estimated at 65–100% with 

a negligible safe disposal of fecal matter posing a groundwater quality risk and water-borne diseases.  

Proportion of safely managed excreta in Nkubu town 

The safely managed excreta across the sanitation service chain from this study was 28% while the unsafely managed excreta was 

72%. This contrast with the Constitution of Kenya 2010 which guarantees the right of every person to the highest attainable 

standards of health, a clean and healthy environment; sanitation, water and other related rights. It also disagrees with Kenya 

Environmental Sanitation and Hygiene Policy, which proposes a clean, healthy and economically prosperous Kenya free from 

sanitation and hygiene related diseases. It proposes a range of complimentary activities including the provision of sanitary 

facilities for proper collection, treatment and environmentally sound disposal of liquid waste (Health, 2016).Open defecation was 

practiced by 3% of the population. During the transit walk eight (8) open defecation sites were observed. This findings agrees  

with  findings from a previous study which stated that  it was very common for poor people living in urban areas of most low-

income countries to either use onsite sanitation facilities or defecate in the open (Ross et al., 2016).From this study it was noted 

that, of all the feacal sludge that was taken to the treatment plant only 40% of it was treated to the required standards. This 

differed with the EMCA Regulation (Water Quality 2006) which states that all the effluents from a treatment plant should be 

treated to the set standards. Some of the effluent from the treatment plant was seen flowing along the public road which 

contravened the Public Health Act Cap 242 which states that no waste water should be discharged in to a storm water drains, 

public road or street (Ngetich et al., 2014).   

Challenges hindering sanitation service delivery in Nkubu 

The truck operators experienced high license and service fee in the course offering their service. A past study carried out by (Rao 

et al., 2016) stated that there was a need not only for sustained efforts to ensure households used the latrines and created a 

community free of open defecation but also for the provision of sustainable services to empty pits and transport the waste 

generated for safe disposal or treatment. The two days that are allowed for disposal at the treatment plant, differed with National 

Sanitation Management Policy (NSMP) which intends to establish an enabling policy framework to ensure universal access to 

equitable and sustainable safely managed sanitation services across the service chain (Mboga, 2021). These findings  also agrees 

with a past study which stated that  many countries lack an adequate enabling environment to plan and implement FSM due to 

weaknesses in the institutional, legislative, and organizational framework in the entire sanitation sector (Akumuntu et al., 2017). 
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Generating a shit flow diagram 
The findings from the generated SFD found out that only 28% of excreta was safely managed while 72% of excreta was unsafely 

managed across the sanitation service chain. SFD produced for Kisumu City and Nakuru Town in Kenya indicated that over 65% 

of excreta produced ended up in the environment untreated, due to inefficient transport and treatment services (Mansour et al. 

2017).The Nkubu Town SFD presents a picture of how fecal sludge management (FSM) services are delivered in the town and 

resultant challenges, to diagnose the areas that need improvement across the sanitation service chain, it will help the stake holders 

in decision making on urban sanitation planning. Panesar et al., (2018) stated that SFD brings out an understanding of the 

different sanitation and FSM system available, percentage usage, efficiency and overall service delivery conditions including 

regulation and legislation. 

CONCLUSION 

The town uses the onsite sanitation systems to manage the FS. The findings imply that the unsafely feacal sludge management 

practices in Nkubu town pose a risk to the health of residents in and around the town and also compromises the quality of water 

sources. The highlighted challenges serve as an entry point to effective FSM thereby contributing to County, national and global 

tracking systems as well as planning and monitoring initiatives. Due to lack of local context data from this town to inform 

stakeholders on interventions and planning, this study provides a qualitative and quantitative assessment of FSM in the town. 

RECOMMENDATIONS 

Since management of feacal sludge is a devolved function, the County Governments of Meru should ensure that the FS is 

managed safely and smoothly across the sanitation service chain by building on existing sanitation sector structures. This study 

points to the possible areas of interventions such as proper planning of the town to ensure that service lanes are easily accessible 

and also decentralizing the treatment plant so that an offsite sanitation system can be used by the residents of Nkubu town. 
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