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Abstract 

 

The sanitation crisis in unsewered urban slums of cities in developing countries is one 

of the challenges that need to be addressed. It is caused by the high rate of 

urbanisation in developing countries and the increasing urban population with limited 

urban infrastructure. The major issues of concern are the collection, treatment and 

safe disposal of excreta, grey water and solid waste. The goal of this study was to 

contribute to the sanitation improvement in urban slums with focus on sanitation 

technologies.  

 

A review of sanitation technology options for urban slums was made followed by a 

baseline study in the slum of Bwaise III in Kampala Uganda. The results from the 

situation assessment and analysis were used to develop a method for selection of 

sustainable sanitation technologies in urban slums. Quantitative microbial risk 

assessment was then carried out based on the sources and concentration of 

pathogens and indicator organisms in the slum environment. The risk of infection and 

the disease burden contribution from various exposure pathways were determined. 

The study then focused on grey water treatment using a low-cost media (sand, 

crushed lava rock) based systems at laboratory scale and household level in the study 

area.  

 

The results showed that existing facilities in Bwaise III are unimproved and do not 

function as elements within a sanitation system. In addition, there is no system in 

place for grey water management. There was also wide spread viral and bacterial 

contamination in the area. The maximum concentration of human adenoviruses F and 

G (HAdV-F and G) rotavirus (RV) was 2.65x101 genomic copies per mL (gc mL-1) and 

1.87 x102 gc mL-1, respectively. The concentration of Escherichia coli and Salmonella 

spp. ranged from 3.77x104 cfu. (100 mL)-1 to 2.05x107 cfu. (100 mL)-1. The disease 

burden from each of the exposure routes in Bwaise III slum was 102 to 105 higher than 

the World Health Organisation (WHO) tolerable risk of 1x10-6 disability-adjusted life 

years (DALYs) per person per year. Grey water generated in Bwaise III amounted to 

85% of the domestic water consumption and was highly polluted with a COD and TN 

concentration range of 3000-8000 mg.L-1 and 30-50 mg.L-1, respectively, and 

Escherichia coli (E. coli) concentration of up to 2.05x107 cfu. (100 mL)-1. Grey water 

treatment with a crushed lava rock filter and using a two-step filtration process, 

resulted in the COD and TSS removal efficiencies of 88% and 90%, respectively, at a 

constant Hydraulic Loading rate (HLR) of 0.39 m.d-1 In addition, the highest removal 

efficiencies of TP and TKN were 59.5% and 69%, respectively, at a HLR of 0.39 m.d-1. A 

log removal of E. coli, Salmonella spp. and total coliforms of more than 3 (99.9%) was 

also achieved under household filter usage conditions.  
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These results show that grey water treatment using a two-step crushed lava rock filter 

at household level in an urban slum has the potential to reduce the grey water 

pollutant loads by 50 % to 85%. However, its impact on public health and the 

environment needs to be assessed after its wide application. The need for advanced 

removal of pathogens and micro-pollutants from grey water warrants further 

research. In addition, the management systems for other waste streams of excreta 

and solid waste need to be in place as well to achieve the desired health impacts in 

urban slums. Integration of quantitative microbial risk assessment (QMRA) in the 

selection process of sustainable sanitation technologies for urban slums is 

recommended for future studies aimed at providing a holistic approach for upgrading 

slum sanitation. This will help to further understand the health impacts and benefits 

of sanitation solutions and also provide support to local authorities in making 

decisions on the measures to reduce the disease burden and environmental pollution. 
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Chapter 1:  General introduction 
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1.1 Sanitation in urban slums of developing countries 

The rates of urbanisation and urban slum growth in developing countries especially in 

sub-Saharan Africa, South America and Asia are estimated to be increasing and higher 

than the rate of urban infrastructure and services provision (Isunju et al., 2011; WHO 

and UNICEF, 2012). Urban slums are characterised by high population density, 

population dynamics, poor urban infrastructure and lack of legal status (Katukiza et 

al., 2010). These factors make the provision of sustainable sanitation services difficult, 

which has also led to the increase in the urban population without access to improved 

sanitation in major urban centres in developing countries (Cairncross, 2006; WHO and 

UNICEF, 2012). In addition, the funds budgeted for the water and sanitation sector for 

example are mainly spent on water supply infrastructure, which has further weakened 

the sanitation sub-sector leading to the sanitation targets not met by most developing 

countries (Moe and Rheingans, 2006; Joyce et al., 2010). 

 

Generally, inadequate collection and treatment of the waste streams (excreta, grey 

water and solid waste) and safe disposal or reuse of the end products is a threat to the 

environment and a risk to public health. In urban slums, soil and water sources (such 

as boreholes, shallow wells, springs and streams) are contaminated with pathogens 

(bacteria, viruses), nutrients (NO3
-, PO4

3-, NH4
+) and micro-pollutants (Howard et al., 

2003; Katukiza et al., 2013; Nyenje et al., 2013). In particular pit latrines in slums 

contaminate ground water sources (Graham and Polizzotto, 2013; Nyenje et al., 2013), 

which may have negative health impacts on the slum dwellers. Moreover, high child 

mortality rate and loss of working days as a result of morbidity in urban poor areas are 

attributed to inadequate sanitation and poor hygiene practices (Genser et al., 2008; 

Rutstein, 2000). Provision of adequate and improved sanitation in slums is thus driven 

by the need to improve the quality of life by protecting the exposed population from 

infectious diseases, to reduce deterioration of water sources, to protect the 

ecosystem downstream the urban slums and to recover waste for economic benefits 

in the form of renewable energy, reclaimed water and recyclable solid materials. 

 

The dominant type of sanitation facilities in urban slums in developing countries is 

mainly pit latrines used for excreta disposal (Thye et al., 2011; Howard et al., 2003). 

They require low capital and operating costs, are non-waterborne and can be easily 

built and maintained locally. Pit latrines are usually elevated in high water table areas 

(Katukiza et al., 2010). The high filling rate due to higher user-load and disposal of 

non-biodegradable solids in the pit latrine chamber is a challenge to the sustainability 

of pit latrines in urban slums. In addition, there is lack of access for pit emptying with 

cesspool emptiers whose cost may not be affordable by the slum dweller. Manual pit 

latrine emptying from the chamber to the adjacent excavated hole is therefore 

commonly practiced because it is the cheapest option, despite its negative health and 

environmental consequences. Alternative options in form of Vacutug MK1, Vacutug 

MK 2 and the MAPET have been used in some parts of Africa and Asia (Thye et al., 

2011). Sanitation technology innovations in form of urine diversion dehydrating toilet 
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(UDDT), community sanitation blocks, Sulabh flush compost toilet and biogas toilets 

have also been implemented in Asia and Africa with the aim of improving sanitation in 

slums. They provide additional benefits in form of biogas and manure or soil 

conditioner. However, there are still questions on the categorisation of sanitation 

facilities as improved and unimproved by the Joint Monitoring Program (JMP) of 

UNICEF and the World Health Organization (WHO) based on technology approach 

rather than function based approach (Kvarnström et al., 2011).  Moreover, this 

categorisation by UNICEF and WHO needs to include sanitation technologies for 

management of solid waste and grey water as well. 

 

Simplified sewerage has been implemented for off-site treatment of combined 

sewage and grey water in South Africa, Sri Lanka, Brazil and other countries in the 

same regions (Mara, 2003; Paterson et al., 2007). Although it is considered cheaper 

based on the economies of scale (Paterson et al., 2007), its feasibility in densely 

populated urban slums is hampered by limited space, low affordability for waterborne 

systems and lack of reliable piped water supply. Off-site treatment of excreta and grey 

water does not offer opportunities for source separation of the waste and resource (in 

form of nutrients and energy) recovery. It is therefore critical to be able select 

appropriate technologies for a given geographical location or practical situation and to 

make technologies function within a system and acceptable by the beneficiaries. In 

addition, sustainability of sanitation systems is affected by inter-linked technical and 

non-technical factors including institutional arrangements for up-scaling and 

replication by practitioners (Jenkins and Sugden, 2006).  
 

1.2 Research scope and objectives 

This study was carried out in the framework of the interdisciplinary research project 

SCUSA (Sanitation Crisis in Unsewered Slum Areas in African mega-cities). It was 

comprised of three PhD sub-projects of Sanitation technologies (this research), 

hydrology and socio-economic aspects of sanitation in urban slums. The aim of the 

SCUSA project was to contribute to sanitation improvement in urban slums by 

integrating the technical, socio-economic and hydrological aspects of sanitation in 

slums. The study area of the SCUSA project was Bwaise III in Kampala (Uganda).   

 

The specific objectives of this study based on the aim of the SCUSA research project 

were: 

 To assess the sanitation situation in an urban slum of Bwaise III in Kampala 

(Uganda) and develop a method for selection of sustainable sanitation 

technologies. 

 To provide an insight of the magnitude of microbial risks to public health 

caused by pathogens through various exposure pathways in typical urban 

slums such as Bwaise III in Kampala (Uganda). 
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 To design, implement and evaluate the performance of a grey water treatment 

technology (prototype) in an urban slum. 

 

1.3 Thesis outline 

The thesis consists of nine chapters. This first chapter gives a brief introduction of the 

study. Chapter 2 is based on literature review of technologies for urban slums and 

Chapter 3 presents a method for Selection of sustainable sanitation technologies for 

urban slums based on a baseline study in Bwaise III in Kampala (Uganda). Chapter 4 

shows the results of genomic copy concentrations of selected waterborne viruses, 

while in Chapter 5 the magnitude of microbial risks from waterborne pathogens in a 

typical urban slum of Bwaise III in Kampala (Uganda) are presented. Chapters 6, 7 and 

8, respectively, deal with the grey water characterisation and pollutant loads, 

laboratory-scale grey water treatment with a filter system and application of a two-

step crushed lava rock filter system for grey water treatment at household level in the 

study area. The last chapter consists of general discussion, conclusions and 

recommendations for future research. 
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Abstract 

Poor sanitation in urban slums results in increased prevalence of diseases and 

pollution of the environment. Excreta, grey water and solid wastes are the major 

contributors to the pollution load into the slum environment and pose risk on public 

health. The high rates of urbanization and population growth, poor accessibility and 

lack of legal status in urban slums make it difficult to improve their level of sanitation. 

New approaches may help to achieve the sanitation target of the Millennium 

Development Goal (MDG) 7; ensuring environmental sustainability. This paper reviews 

the characteristics of waste streams and the potential treatment processes and 

technologies that can be adopted and applied in urban slums in a sustainable way. 

Resource recovery oriented technologies minimise health risks and negative 

environmental impacts. In particular, there has been increasing recognition of the 

potential of anaerobic co-digestion for treatment of excreta and organic solid waste 

for energy recovery as an alternative to composting. Soil and sand filters coupled with 

a tertiary treatment step are suitable for removal of organic matter, pathogens, 

nutrients and micro-pollutants from grey water. 
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