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ABSTRACT 

In Zambia, sanitation options are still few and inadequate to effectively 
serve the urban poor in peri-urban settlements. Continued growth of the 
settlement now calls for alternatives to pit latrines, which have become 
difficult to manage given the increasing population. Sanitation is poor 
hence; most people are vulnerable to diarrheal diseases. Decentralised 
Wastewater Treatment Systems (Dewats) provides an opportunity to 
improve sanitation for the urban poor. Whilst Dewats have proved effective 
elsewhere, locally, the concept is new and not fully understood. 

The objectives of the study were firstly, to investigate effectiveness of 
Dewats for peri-urban areas, and the impact of treatment on the 
environment. Secondly, to assess implications of the legal framework on 
promoting Dewats and lastly, to develop design approaches for peri-urban 
areas. The relevance of this study revolved around appreciating the 
applicability and sustainability of Dewats in Zambia within the context of 
the legal and institutional frameworks as they relate to sanitation. The 
methodology was centred on scientific experiments from a case study and 
cross sectional survey on onsite sanitation delivery. Data analyses 
comprised aggregation, direct interpretation and establishing patterns. 
Microsoft Excel and SPSS were used in the analyses of quantitative data. 

Although the desire for Dewats was high, findings also show a wide 
presence of pit latrines characterised with disproportionate use. However, 
only one in every six people had access to a pit latrine. From experimental 
findings, pH of wastewater varied between 6.27 and 6.81, while TSS, COD, 
NO3 and NO2 treatment efficiencies were above 80 percent, except for BOD 
and NH4

+, which measured below 41 percent. Although, high FC removal (91 
percent) was achieved, the 53,000 No/100ml effluent value exceeded the 
5,000 No/100ml limit. Major design outputs for a single Dewats needed to 
serve 3,500 peri-urban users comprises seven-compartment baffled septic 
tank, four-compartment filter, and 3,400m²-constructed wetland. The 
questionnaire survey indicated presence of the legal and institutional 
framework, though it did not adequately provide for onsite sanitation. 
Financial, technical and environment challenges were the main factors 
affecting onsite sanitation delivery. 

Successful removal of TSS, COD, NO3, NO2, and pathogens signalled 
satisfactory performance of the Dewats for domestic treatment. The 
variation for pH between 6.5 to 8.5 limit provided optimum anaerobic 
conditions to degrade organic compounds. High COD removal indicated 
significant chemical oxidation than biological metabolism. However, 
because of higher BOD, NH4

+ and FC effluent values, occasionally, Dewats 
would suffer inadequate treatment owing to low nitrification and 
denitrification. In addition, low temperature conditions and short retention 
times would intermittently reduce anaerobic digestion. Meanwhile, effluent 
water with high BOD, NH4

+ and FCs values is toxic and harmful, thus, could 
deplete dissolved oxygen or cause eutrophication, helminthic infection and 
smells. Disposing such effluent in peri-urban areas with hardly available 
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land and water bodies is an environmental risk likely to render Dewats less 
sustainable. 

Despite the effects of climatic changes, improved efficiency is attainable 
when the reactors have sufficient volumes and retention times to maximise 
digestion. However, land scarcity in peri-urban areas will limit capacity of 
Dewats especially, the wetland, hence; 1.0m² of land per capita is required 
to serve 3,500 users. The design presupposes that 3,500m² of land may be 
available for a single Dewats. Other conditions favourable to Dewats could 
be obtained by enforcing existing legal and policy provisions. Generally, the 
legal framework, although not adequate is enforceable if institutions can 
demonstrate capacity to implement prescribed functions. 

Indeed, Dewats showed significant reduction of most organic compounds 
suggesting capacity for improved performance. Occasionally, the treatment 
will vary depending on temperature and other design factors; hence, 
concerns could arise from low effluent qualities. To mitigate such effects, 
reactors should be designed with longer retention times and low up-flow 
velocities. Overall, the study generated enough evidence to show 
satisfactory performance of Dewats as regards providing treatment for peri-
urban areas. 
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1.0 CHAPTER ONE: INTRODUCTION 

1.1 INTRODUCTION 

Providing access to sanitation to people in rapidly growing cities has 

become one of the greatest development challenges of low-income 

countries. As cities and towns grow, accessing adequate services by the 

population becomes increasingly difficult and critical to service providers 

(Tayler, 2010). While the rapid growth of cities and towns due to 

urbanisation has had a positive bearing on economic performance of the 

nations, its impact on the other hand is deficient infrastructure and poor 

urban management (Tannerfeldt and Ljung, 2007). 

Lack of access to safe and adequate water and sanitation by the urban poor 

has been due to poor infrastructure to meet the increasing demand. About 

565 million people in Sub-Saharan Africa are reported as lacking access to 

improved sanitation and many more lack access to good sanitation (UNDP, 

2006). Zambia like any other affected countries in Sub-Saharan Africa is no 

exception. Since 1991, improvement of urban sanitation in Zambia has 

become critical to the Government, Local Authorities (LAs) and Commercial 

Water Utilities (CUs). 

The centralised conventional sewerage systems used in selected parts of 

some major towns have become limited and inadequate to cater for the 

increasing urban population. The majority of people without access to 

satisfactory sanitation are those in low-income and peri-urban areas, who 

account for over 80 percent of the urban population (Cogswell and 

Ngulube, 2008). The slower sanitation improvements reported in the last 10 

years suggest that Zambia might not meet the target for the United Nations 

Millennium Development Goal (MDG) of halving the number of people 

without improved sanitation. 

The common sanitation technologies used by the majority of the urban 

population are onsite methods; mostly unimproved pit latrines, and septic 

tanks only used on a small scale. Still hygiene and people’s wellbeing is at 
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stake because of poor faecal treatment, management and disposal 

practices. Since 2010, three Commercial Utilities (CUs) have begun 

developing pilot Decentralised Wastewater Treatment Systems (Dewats) in 

selected low-income areas of Livingstone, Ndola and Solwezi towns in order 

to assess the efficacy of adapting the technology in Zambia (DTF, 2007). 

Casey and More (2000) define Dewats as “an onsite system used to treat 

and dispose relatively small volumes of wastewater originating from 

individuals, groups or dwellings and business that are located relatively 

closer.” The concept focuses on treatment of wastewater using high rate 

anaerobic digesters and post treatment processes, and recycling of 

resources from the treated water. 

Whilst Dewats have shown reliability with treatment in Asia and America, 

little is known about their performance in Zambia. Therefore, the purpose 

of this study was to determine the performance and applicability of Dewats 

as a means to provide sustainable sanitation to peri-urban areas in the 

major towns in Zambia. It also sought to recommend design approaches, 

operation and maintenance procedures required to develop the technology. 

1.2 BACKGROUND 

Sub-Saharan Africa is likely to miss the MDGs target on sanitation of 

“halving the proportion of people without improved sanitation” because 

the majority still lack access to improved sanitation (WHO and UNICEF, 

2010). The report indicates that while regions such as Northern Africa, 

South and Eastern Asia continue to make progress, Sub-Saharan Africa and 

Oceania have lagged behind. According to this report, about 170 million 

urban population in Sub-Saharan Africa are in desperate need of improved 

sanitation. 

Despite the increased awareness of sanitation following the International 

Year for Sanitation in 2008, the marginal gains made this far have not 

benefitted most of the rural communities and urban poor in the slums and 

peri-urban settlements. Across the world, people living in rural areas, slums 

and peri-urban areas are the ones who are more affected. Studies have 

shown that only one in every three people in Sub–Saharan African has 
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access to improved sanitation (UNDP, 2006). The disparity in the delivery of 

sanitation is the low coverage with rural population, whereas with the 

urban, though with a slightly higher coverage, high population growth has 

affected strides to improve sanitation. 

With regard to Zambia, the urban population mostly, in peri-urban areas, 

however is more affected than the rural because of high incidence of 

sanitation related diseases and poor service delivery. Old sewerage systems 

are not adequate, and are overwhelmed by effects of rapid urbanisation 

and serious underinvestment within the water and sanitation sector. The 

findings presented in Figure 1.1 consistently show a higher urban 

population without improved sanitation, increasing from 2.41 million 

people in 2001 to 3.5 million in 2009. 

 

Figure 1.1: Urban population with and without access to improved sanitation 

(Source: NWASCO, 2010) 

Generally, the lack of adequate sanitation is related to the slower 

improvement rates at 4 percent average, which has not been proportionate 

with the demand occasioned by 23 percent population increase and the 

backlog of people who remained un-served over the years. Table 1.1 shows 

the improvement trends against the urban growth between 2001 and 2009. 
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Table 1:1:  Annual urban sanitation improvements trends 

Year 

Population in millions 

Population 

increase in 

millions 

Summations 

Coverage 

Total  

(A) 

Served  

(B) 

Not 

Served 

(C) 

Total 

(D) 

Served 

(E) 

Increase 

(AxD) 

Served 

(BxE) 

2001 3.3 0.89 2.41 - - - - 27% 

2002 4.1 1.20 2.90 0.80 0.31 3.28 0.37 29% 

2003 4.4 1.30 3.10 0.30 0.10 1.32 0.13 30% 

2004 4.8 1.40 3.40 0.40 0.10 1.92 0.14 29% 

2005 4.9 1.44 3.46 0.10 0.04 0.49 0.06 29% 

2006 5.0 1.60 3.40 0.10 0.16 0.50 0.26 32% 

2007 5.1 1.50 3.60 0.10 -0.10 0.51 -0.15 29% 

2008 5.2 1.80 3.40 0.10 0.30 0.52 0.54 35% 

2009 5.4 1.90 3.50 0.20 0.10 1.08 0.19 35% 

Total 42.20 13.03 29.17 2.10 1.01 9.62 1.54 
 

Average (2001-9) 31% 69% 
  

23% 4% 31% 

(Source: NWASCO 2001 - 10) 

 

Figure 1.2: Urban sanitation access rates since 2001 

(Source: NWASCO 2010) 

In addition, urban sanitation coverage between 2001 and 2009, as indicated 

in Figure 1.2 was between 27 and 35 percent, indicating inadequate 

treatment of faecal excreta generated by most of the urban population. 
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Just like other countries in Sub-Saharan Africa, the growth of major towns 

in Zambia is adding stress to the poor and inadequate infrastructure needed 

to provide social services. Indeed, the consequence of urban growth has 

been a densification and expansion of formal and informal settlements, 

which are characterised by factors such as lack of space, inadequate or no 

rights of way, flooding and pollution of water sources. Because of such 

challenges, the past community based actions aimed at improving onsite 

sanitation in peri-urban areas have not achieved much because of slow 

uptake of pilot works (Cogswell and Ngulube, 2008). 

To this effect, high urban population growth coupled with persistent 

sanitation problems in peri-urban areas has increased impetus within the 

sector to demonstrate the effectiveness of Dewats in Zambia. The 

Devolution Trust Fund (DTF) in conjunction with Bremen Overseas Research 

and Development Association (BORDA) and Water and Sanitation Association 

of Zambia (WASAZA) have established demonstration projects with three 

CUs in order to assess efficacy of Dewats in the delivery of pro-poor 

sanitation. Although, BORDA (2005) argues that Dewats could provide 

sustainable wastewater treatment on a small scale for densely populated 

communities, the effectiveness of such technologies with regard to 

performance and adaptability under local conditions has not been fully 

established. 

Considering the complex features characterising peri-urban areas in 

Zambia, it is important to understand how Dewats can affect sanitation 

delivery. Therefore, gaining an understanding of the effectiveness of 

Dewats as regards wastewater treatment and its effects on the 

environment given unfavourable peri-urban conditions becomes very 

important. In addition, the implications of the legal and regulatory 

framework on the development of Dewats, and pro-poor incentives for the 

promotion of the technology, also present additional challenge that should 

be understood. 
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1.3 PROBLEM STATEMENT 

The increased growth of peri-urban areas in the major cities and towns is 

resulting in demand for more and better options for the treatment and 

disposal of faecal waste especially in areas without public services. The 

unhygienic means that of using pit latrines have failed to serve the rapid 

urban population growth, which has affected the peri-urban areas. Access 

to sanitation by most of the households remains poor and people are 

vulnerable to a high incidence of diarrheal disease and typhoid. The 

improvement, even development of onsite sanitation is made more difficult 

because of weak pro-poor conditions within the sector. 

An alternative to unsuccessful onsite sanitation methods in peri-urban areas 

might be low cost sewerage systems such as Dewats, which is a new 

concept locally and has not been developed extensively. Although Dewats 

are said to offer comprehensive benefits in other regions where they have 

been implemented, no study has been conducted locally to understand 

their performance under the local conditions. The knowledge gained from 

the study will be helpful to practitioners, experts and others in the water 

sector who seek to develop the technology for poor urban areas. 

1.4 AIM OF THE STUDY 

The aim of the study is to determine the performance and applicability of 

Dewats in providing improved and sustainable peri-urban sanitation under 

the local conditions in Zambia, and to recommend design approaches, and 

operational procedures to manage the technology. 

1.5 OBJECTIVES OF THE STUDY 

a) To determine the treatment efficiencies of Dewats incorporating 

anaerobic and post treatment processes using high rate reactors and 

constructed wetland. 

b) To determine the effects of wastewater effluent on the environment 

after treatment by the Dewats. 
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c) To determine the implication of the legal and regulatory framework, 

and incentive systems on the development and management of 

Dewats. 

d) To develop and recommend design approaches for the Dewats. 

1.6 RESEARCH QUESTIONS 

a) What is the potential for the removal and containment of pathogens, 

organic and inorganic compounds by the anaerobic reactors for a 

Dewats? 

b) Can Dewats provide sustainable sanitation, which promotes public 

health and avoids environmental degradation under the local 

conditions in Zambia? 

c) Would the institutional and legal frameworks in Zambia be a barrier 

to the wider development and management of Dewats? 

d) What are the design considerations required to develop Dewats into 

a viable option for the peri-urban areas? 

1.7 HYPOTHESES 

Dewats are appropriate wastewater treatment option and are a solution to 

wastewater treatment and management in peri-urban areas of Zambia. 

1.8 SIGNIFICANCE OF THE STUDY 

The importance of improved sanitation is without doubt very critical to 

public health because the benefits accrue not only to a few households, but 

also to the society as whole. It is imperative that several options of 

addressing sanitation challenges are developed and made available because 

not one solution will address different problems with peri-urban areas. 

Therefore, the importance of this study is to appreciate the applicability of 

Dewats, in terms of efficacy of wastewater treatment and the relevance of 

peri-urban institutional arrangement towards the development of Dewats. 

1.9 FORMAT OF THE THESIS 

The thesis is divided into seven chapters. Chapter one deals with the 

problem formulation, research questions and hypotheses of the study. 
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Chapter two is the literature review about the state of sanitation, 

wastewater treatment processes and management systems, design 

principles, legal and regulatory frameworks and community participatory 

assessment. 

Chapter three provides the general research methods used for this study, 

procedures of how the research was conducted, data collection and 

treatment methods and description of case study and other study areas. 

Presentation of research findings is in Chapter four, while the discussion of 

the findings is in Chapter five. Chapter six describes the implication of the 

study for design and planning of Dewats in Zambia, and Chapter seven 

presents the conclusions and recommendations. 

1.10 DEFINITION OF CONCEPTS 

To avoid confusions in the meaning of the terms used in this study, 

reference should be made to the description of the terms below: 

a) Applicability refers to the adaptation of the wastewater treatment 

technology and approaches to the local conditions. 

b) Centralized system refers to a collection and treatment system 

containing collecting sewers and a centralized treatment facility for 

large volumes of wastewater. 

c) Decentralized Wastewater Treatment System (Dewats) refers to 

an onsite wastewater system used to treat and dispose of relatively 

small volumes of wastewater originating from individuals or groups 

or dwellings and business that are located relatively close to each 

other. These are low cost sewerage concepts and approaches to 

treat and dispose wastewater onsite. 

d) Environmental conditions refer to local internal and external 

physical factors, and climatic conditions influencing wastewater 

treatment process in a given location. 

e) Fully Dewats refers to an independent decentralised treatment 

plant consisting of anaerobic treatment units and wetland. 
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f) Low-income areas refer to planned residential area usually with 

yard or house water connections and with or without sanitation 

facilities. They are characterised with poor state of water supply and 

sanitation infrastructure (NWASCO, 2006). 

g) Onsite sanitation system refers to an individual, shared households 

pit latrines, and septic tank facilities contained within a site or plot, 

without the use of community wide sewers or centralised treatment 

facility. 

h) Sanitation refers to the disposal and treatment of human waste or 

faecal matter. 

i) Sanitation coverage refers to the percentage of population with 

access to improved sanitation facilities at domestic level. 

j) Semi Dewats refers to decentralised treatment system comprising 

few anaerobic treatment units providing partial treatment to 

wastewater before the effluent is discharged into other systems to 

complete the treatment process. 

k) Slum implies communities in urban areas, which lack durable housing 

of a permanent nature that protects against extreme climate 

conditions, have insufficient living space and do not have access to 

safe water at an affordable price, no adequate sanitation and lacks 

security of tenure that prevents forced eviction (UN-HABITAT, 2007). 

l) Sustainability refers to the continued viability of a sanitation 

facilities and services well into the future whilst meeting the current 

user needs without damaging the environment. 

m) Wastewater refers to that amount of used water originating from 

the toilets, bathrooms, kitchen after domestic use by either houses 

or trading areas. 
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2.0 CHAPTER TWO: LITERATURE REVIEW  

2.1 INTRODUCTION 

The chapter reviews the literature on Dewats and closely related issues 

such as characteristics of peri-urban areas, including wastewater and 

sanitation management practices in order to understand the context in 

which Dewats can be developed in the major towns of Zambia. 

The chapter is divided into four main parts. The first part is the review of 

literature on peri-urban settlements and sanitation management 

approaches. The second part is an overview wastewater treatment systems 

appropriate for peri-urban areas. The third part presents theory on 

operation processes of Dewats, and on legal and regulatory provisions 

affecting onsite sanitation, while the last part reviews literature on 

community participatory practices in the context of Dewats. 

2.2 PERI URBAN SETTLEMENTS AND WASTEWATER MANAGEMENT 

a) Definition of peri-urban settlements 

The existence of peri-urban areas is not only unique to Zambia, but is also 

common with many Sub-Saharan Africa countries and others in Pacific Asia, 

Middle East and North Africa, etc. The description of a peri-urban area is 

synonymous to the definition of a slum, a term commonly used in the global 

literature. According to Tannerfeldt and Ljung (2007), slums are unplanned 

shantytowns with overcrowded housing, where lack of most basic 

infrastructure renders the provision of social services unsuccessful. The 

authors further relate to the lack of basic services in the slums as the cause 

of miserable living conditions to people. 

The description of slums by Tannerfeldt and Ljung (2007) highlights 

identical features that characterise peri-urban settlements in Zambia. 

Therefore, according to NWASCO (2006), a peri-urban area is an “initially 

unplanned informal or formal settlement within the jurisdiction of the 

local authority, with high population densities and high-density low cost 

housing having in adequate or lacking basic services such as water, 
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sewerage, roads, drainage and solid waste disposal.” In addition, the 

definition by GKW (2006) bears the same description but amplifies the 

issues of rapid increasing population as one of the causes leading to 

establishment of peri-urban settlements. Although a peri-urban area 

literally implies an area outside an urban setting, this perception is 

excluded in the definitions by local authors perhaps due to the fact that 

most of the settlements are no longer in the peripheral but have become 

encircled by new urban development. 

Given the above description, it seems improved sanitation in most peri-

urban settlements is not adequate just like other social services. The 

assertion agrees with WHO and UNICEF (2010) which postulates that the 

problem of sanitation in slums is critical and complex because of high 

population density, poor urban infrastructure, lack of secure tenure, and 

sustained poverty. 

b) Peri urban characteristics 

Slums and peri-urban settlements in developing countries are described in 

different ways, but the explanations provided earlier point to a common 

understanding, whose defining features can be summarised as follows 

(Booth et al., 2001). 

(i) The housing is sub-standard and often made of discarded 

materials that provide some shelter. 

(ii) The residents have limited or no access to municipal services 

such as water, sanitation and electricity. 

(iii) Houses are usually small and crowded together. 

(iv) The occupied land is often without legal tenure. 

The background given above provides descriptive explanations of the 

nature of challenges that are common with the slums or peri-urban areas in 

developing countries. Indeed, according to the findings by WHO and UNICEF 

(2010), the above challenges somehow are construed as a consequence of 

the effects of rural to urban migration that have proved difficult to deal 

with by authorities and service providers. Moreover, at the current 
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population growth rates, these characteristics will become more 

pronounced in future, as it is believed that by 2020, half of the African 

urban population would live in informal settlements (World Bank, 2001). 

With regard to the Zambian situation, the features examined above 

equally, provide descriptions of what comprises a peri-urban area in the 

major towns. Similarly, the population in peri-urban areas has kept growing 

and today these settlements are a home for over 80 percent of the urban 

population (Cogswell and Ngulube, 2008). The assertion by Cogswell and 

Ngulube (2008) agrees with the findings by NWASCO (2006) which indicate 

that majority of the urban population now live in 372 peri-urban areas, of 

which only 191 are legal settlements, the rest are deemed as illegal. Table 

2.1, provides details on peri-urban settlements and size of the urban 

population now living in these areas. 

Table 2:1:  Peri urban settlements and low cost areas in Zambia 

Nr 
Settlement 

% of Urban 
Pop 

Nr not 
legalised 

Nr 
legalised 

% not 
legalised 

% 
legalised 

372 80 181 191 49 51 

(Source: NWASCO 2006) 

Today, the characteristics of a peri-urban settlement as delineated by 

Cogswell and Ngulube (2008) and NWASCO (2006) assume that the quality of 

municipal services, which is inclusive of water and sanitation, is either 

inadequate or poor. Equally, assessment by GRZ (2006) reports that access 

to safe and adequate water by the urban population has been 56 percent; 

whilst as high as 90 percent of the urban population still lack satisfactory or 

improved sanitation. 

c) Wastewater management systems 

Global assessment on wastewater management systems in many developing 

countries report that local authorities and other mandated service 

providers have the responsibility for sanitation, but their institutional 

capacities to offer quality services remain questionable (Tannerfeldt and 

Ljung, 2007). The authors insist that institutional weakness to manage 

water and sanitation services is evident when the population densities are 
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extremely high. The assertion by Tannerfeldt and Ljung (2007) agrees with 

Wright (2005) especially where the latter cites a multiplicity of settlements 

in populous cities as the cause of problems affecting the urban poor. 

With most of the major cities in the developing world, for instance Dakar, 

which is a populous city in India, studies show that public service providers 

are not permitted to service the slums, hence water and sanitation services 

are completely inadequate (Parkinson and Quader, 2008). Likewise, 

sanitation service delivery in peri-urban areas in Zambia might be similar 

with the practise in other countries with common sanitation problem. 

However, a common sanitation management model in peri-urban areas is a 

household level arrangement of using pit latrines, while waterborne 

sewerage or septic tanks service higher income areas (NGO WASH, 2008). 

(i) Management responsibilities 

The work by De-Bruijne et al.,(2007), suggest that depending on the local 

conditions, management of sanitation must be commensurate with the 

responsibilities for different sanitation elements such as toilet, collection 

mechanism, transportation mechanism, treatment and disposal or re-use. 

Five different elements are depicted in a model displayed in Figure 2.1. 

The model is synonymous with the management of waterborne sewerage 

that combines the four elements, whereas onsite sanitation is very so often 

limited only to the collection of faecal waste. Between waterborne and 

onsite systems, the latter present challenges which are evident at 

household level as service provision excludes public providers with critical 

responsibilities for the transportation and disposal of the wastes (IWA, 

2008). In Zambia, Commercial Utilities (CUs) and Local Authorities (LAs) 

who are mandated service providers have slowly demonstrated some efforts 

in terms of managing conventional sewerage systems, but not so much is 

known in terms of onsite sanitation (NWASCO 2008). 
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Figure 2.1: Different elements of sanitation required to be managed 

(Source: De-Bruijne and Geurts, 2007) 

Given this background, it seems there are no common approaches as to how 

onsite sanitation is developed and managed in many developing countries. 

Whilst the study by IWA (2008) shows the exclusion of public providers in 

onsite sanitation, on the other hand findings by NWASCO (2008) remain 

unclear on the involvement of CUs and LAs in the management processes. 

(ii) Community based initiatives  

In most parts of Asia, there are some examples where water and sewerage 

systems have been developed and managed through community based 

initiatives by Non-Governmental Organisation (NGOs) and Community Based 

Organisations (CBOs). The Orangi Pilot Project in Pakistan and Indore Slum 

Improvement Project is one example of community projects, which have 

illustrated elements of success outside the spheres of government. Equally, 

in Zambia, most NGOs active in the delivery of sanitation operate as 

intermediary agencies between the communities and local governments or 

funding agencies (GRZ, 2010). 

In spite of the NGOs playing a commendable role in the delivery of 

sanitation as attested by Tayler (2010) and GRZ (2010), the findings by 

WaterAid (2010) however, contend that most of the community-based 
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initiatives have been less sustainable. The assertion by the latter suggests 

little impact from the work of NGOs to improve sanitation partly because of 

the short-term nature of their interventions. In addition, the argument by 

Cogswell and Ngulube (2008) confirms that onsite sanitation is community 

driven, with little or no outside support to address the lack of progress with 

the service delivery. 

It seems little intervention from the governments is a planning issue that 

excludes informal settlements from national programmes. Nonetheless, the 

gap has been bridged by some NGOs collaborating with communities 

(Djonoputo el at., 2010). 

(iii) Institutional responsibilities for sanitation 

According to Wright (1997), the main sanitation related functions for which 

the responsible agencies in most developing countries are tasked to 

perform has been policy formulation and regulation, planning and 

financing, infrastructure development and management. Indeed, these are 

a broad range of functions admittedly, which could demand a mix of 

different institutions within and outside the sector to be delivered. 

Historically, LAs in many developing countries usually take up the bulk of 

sanitation functions especially, providing city and municipal water and 

wastewater services (De-Bruijne et al., 2007).Their strategic importance 

however in the delivery of waterborne and onsite sanitation is weakened 

because of the lack of capacities to effectively discharge their functions 

(Tannerfeldt and Ljung, 2007). 

Whilst the findings by Tannerfeldt and Ljung (2007) identify capacity issues 

with most service providers as a fundamental cause of sanitation problems, 

the arguments by Cotton et al. (2002) on the other hand are that the lack 

of a sound institutional framework in part is the cause of these challenges 

in developing countries. The latter in their findings further reiterate that 

institutional weaknesses are sometimes exacerbated by not having a lead 

institution to galvanise the agencies involved in the direct or indirect 

sanitation development processes. 
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Although the above authors provide some understanding on the institutional 

problems regarding sanitation, recent assessments by GRZ (2010) based on 

the local experience presents a different dimension of the problem that 

relates to the weakness with enforcement and regulatory responsibilities. 

Ultimately, findings from these authors all report that issues with onsite 

sanitation delivery are widespread and may not be unique to a single 

institution. Therefore, as illustrated in Figure 2.2, claims by Nyambe (2006) 

has segmented the various roles pertaining to the delivery of sanitation to 

several institutions vis-à-vis key government ministries and regulatory 

agencies, Development Partners, CUs and LAs and communities. 

 

Policy 
formulation and 

elaboration 

Regulation and 
advisory 

Resource mobilisation 
and financial 
provisional 

Planning, 
implementation 
and mobilisation 

 

 

 Min of Local Govt 
& Housing (DHID) 

 Min of Health 

 National Water and 
Sanitation Council 

 Environmental 
Council of Zambia  

 Min of Health 

 Local Authorities 

 Min of Local & Govt 
Housing 

 Cooperating partners 

 Non Governmental 
organisation 

 Commercial utilities 

 Local authorities 

 Residential 
Development 
Committees 

 

 

Figure 2.2: Sanitation responsibilities for main actors in the sector 

(Source: Nyambe 2006) 

2.3 WASTEWATER TREATMENT SYSTEMS 

a) General definitions 

Uleimat (2006) describes wastewater treatment as “a multi-stage process 

used to renovate wastewater before the effluent re-enters a body of 

water or is reused”. The definition suggests that the goal is to reduce and 

remove organic matter, solids, nutrients, disease-causing organisms and 

other pollutants from wastewater. In addition, the description by BORDA 

(2005) bears the same meaning of reducing pollutants, but adds emphasis 

on stabilising pollutants to a level that will not endanger public health and 

environment. 
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The understanding by Sasse (1998) equally, gives a similar impression as the 

former. According to Sasse (1998), wastewater treatment is simply defined 

as “degradation of organic compounds to a point when chemical and 

biological reactions stop”. The author’s point of view assumes that the 

constituents of organic compounds in wastewater must be oxidized to 

substrates such as carbon dioxide, nitrate, phosphate, sulphate and 

effluent water. Again, the interpretation by the Environmental 

Management Act of 2011 also points to the same understanding except that 

the legislation emphasises on discharging improved effluent quality to avoid 

pollution (GRZ, 2011b). Although this is not explicitly said, it is implied to 

explain the reduction or removal of environmental pollutants to effluent 

standards permitted by the legislation. 

b) DEWATS wastewater treatment 

Treatment mechanisms governing Dewats as explained by Gutterer et al. 

(2010) are not different from the descriptions explained by Sasse (1998) 

and BORDA (2005), except that in this case, treatment depends on the 

natural bio-chemical and physical processes, which include: 

(i) The degradation of organic matter until when chemical or 

biological reactions are stabilised. 

(ii) The physical separation and removal of solids from liquids. 

(iii) The removal and transformation of toxic substances that distort 

sustainable biological cycles. 

This explains that the treatment of wastewater is achieved through a multi 

stage processes incorporating preliminary, secondary and tertiary 

treatment, which are not only unique to Dewats, but also to centralised 

systems (Uleimat, 2006). 

c) Low cost Treatment systems 

As indicated earlier, assertions according to Tannerfeldt and Ljung (2007), 

seem to suggest that wastewater treatment systems in developing countries 

varies from place to place, with sewerage systems in most instances serving 
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high-income areas, whereas peri-urban areas rely on onsite sanitation 

perceived as a low cost option. Therefore, common types of low cost 

system include pit latrines, compost latrines, and wet sanitation facilities 

such as aqua privy, simplified sewerage systems to mention but a few. 

(i) Pit latrines 

a. Traditional pit latrines 

The standard thinking about a latrine is that it is an excavated drop hole 

for the storage and decomposition of excreta and from which the liquid 

infiltrates the ground. The assumption is substantiated by the findings by 

Wright (1997) in which the author argues that the treatment objectives is 

to deposit excreta and anal cleansing materials in a hole underground and 

where the disease causing pathogens are killed within two years during 

decomposition. 

Whilst Wright (1997) has shown well-founded arguments on the potential 

benefits of pit latrines in isolated cases, a recent study by Herron (2007) 

associates the use of pit latrines with health related problems such as 

breeding of mosquitoes and flies in open pits, and emission of bad smells. 

The safety and adequacy of pit latrines is further contended especially in 

overcrowded areas because the quality of service is usually far from the 

norms of basic sanitation (Tannerfeldt and Ljung, 2007). 

b. Ventilated Improvement Pit (VIP) latrines 

Studies by Herron (2007) describe a VIP latrine as an improvement over 

traditional latrines by its functional ability to mitigate odour and reduce 

flies common with traditional latrines. A vent pipe allows the flow of air 

through the latrine to reduce odour and to permit light into the pit that is 

essential in attracting and trapping insects on the fly screen. 

The VIP latrine has been successfully used in Zimbabwe since the mid-1970s 

(Robinson, 2002), but elsewhere it has shown challenges such as extra cost 

of vent pipe, ability of the pit to attract mosquitoes and difficulties by 

design to keep dark the interior of the cubicle (Booth et.al., 2001). 
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(ii) Compost latrines 

Ecological toilets are designed to improve oxidation of stored sludge, and 

to give an opportunity to manage and use sludge (WSSC, 2005). The 

degradation of organic waste is through anaerobic decomposition by micro-

organisms and worms, which in the end generates products such as carbon 

dioxide, heat, water and humus (Krekeler et al., 2008). According to the 

latter, temperatures above 15°C can achieve optimal treatment, although 

higher temperatures above 65°C are suitable to eliminate most organisms. 

Equally, Choi et al., (2003) indicate elevated temperatures more than 35°C 

as critical to stimulate oxidation within short retention times of at least 20 

days. Although compost toilets can achieve improved hygiene like other 

improved pit latrines as claimed by WSCC (2005), Wright (1997) on the 

other hand casts doubt on the realisation of such benefits, unless facilities 

are designed and managed properly. Again, the latter contends that 

compost latrines are not easy to operate, perhaps justifying the reason why 

the facilities are restricted to nations where the practice is customary and 

discipline of operation is observed. 

(iii) Wet Sanitation Methods 

Wet sanitation methods use small volumes of water to treat the waste; 

hence, they are suitable for communities with reasonable water supplies 

(Herron, 2007). Common models used are pour flush latrines, aqua privies, 

and septic tanks, which could form part of decentralised systems. An 

assessment by Herron (2007) indicates that these systems are expensive 

than a VIP latrine, on the other hand, Booth et.al. (2001) argue that the 

cost with pour flush latrine is low and comparable. With these 

technologies, the ability to recycle effluent wastewater and sludge depends 

on land-use patterns at household level (Mara, 1978). 

c. Pour flush toilet 

Booth et al. (2001) compare a pour flush to a pit latrine with a U-water 

trap built in the slab, onto which water is poured to clear the excreta. It 
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appears there is a common agreement between Booth et al. (2001) and 

Herron (2007) that pour flush toilets are especially appropriate to people 

who use water for anal cleansing, mostly in Asia, and the Caribbean. It is 

further established that one to three litres of water is adequate for each 

pour; however, Booth et al. (2001) clarify that, the quantity per flush 

depends on location of the pit. The understanding is that, where a pit is 

directly underneath the cubicle, one litre per flush is required, while three 

litres or more is needed for offset pits. 

In spite of the challenges associated with these toilets, such as cost of 

erection, clogging of pipes, etc., the facilities have proven beneficial 

especially when they are connected to biogas plants (Herron, 2007). 

d. Aqua privy 

Wright (1997) in his findings compares an aqua privy with a simplified 

septic tank with a watertight tank located beneath the cubicle to collect 

human excreta. Overtime, oxidation of organic matter in the tank is 

achieved through anaerobic digestion (Herron, 2007). The advantages of an 

aqua privy include permanency of the structure unlike pit latrines that are 

shifted after they are filled up (Wright, 1997). Other benefits are improved 

household hygiene and ease to manage where facilities are connected to 

sewerage systems because the responsibility for the management of sludge 

is shifted to service providers. 

Although Wright (1997) argues that aqua privy has the potential to connect 

sewerage systems, Wright (Herron) on the other hand contend that the 

facilities is not appropriate for communal or public use because of high cost 

of constructions. Therefore, subject to the claims by the latter, an aqua 

privy can hardly become part of Dewats, obviously because of cost 

implications and possibility of increased management responsibilities. 

Other limitations according to Herron (2007) are a requirement for water 

supply for the facility is to operate properly and possibility to reduce 

emission of odour. 
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e. Septic tank 

Septic tanks sometimes referred to as conventional septic tanks by Al-

Juaidy et al. (2003) are onsite systems used in many parts of the world for 

domestic wastewater treatment. Their use is not only limited to single 

households, but also to moderately small institutions or housing compounds 

of up to 500 people with a 200 lpcd (Mara, 2004). It seems the high use of 

septic tanks in Sub-Saharan Africa stems from its simplicity to manage and 

comparatively low construction costs. 

Findings by Sasse (1998) show that depending on the required degree of 

treatment, septic tanks can serve as an integral part of Dewats. According 

to Van-Haandel et al. (2006), modification to conventional septic tank is 

becoming more popular with the Dewats using anaerobic baffled septic 

tank and up-flow anaerobic sludge blanket reactor The effluent is disposed 

of onsite, either in a drain or in soak-fields, but where public services exit; 

the effluent could undergo secondary treatment (Mara, 2004). 

However, organic removal efficiency is generally low because of the near 

horizontal flow of wastewater, which reduces purification due to 

inadequate settlement of the solids. In addition, periodical de-sludging is 

another setback especially when the organic removal is low. 

(iv) Simplified Sewerage systems 

Findings according to WHO and UNICEF (2010) show growing interest to 

deliver urban sanitation using options such as small bore sewers and 

condominial systems. Similar findings are contended by WSSC (2005) and 

Wright (1997) were small-scale innovations for the treatment and 

management of wastewater are cited as successful technologies in Asia, 

America and Latin America. Generally, such systems have attracted 

interventions in urban poor areas where water supply is provided through 

house connections. 

For instance, condominial sewerage system in Brazil is being adapted in 

many towns as an alternative to conventional sewerage system (WSSC, 
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2005). Despite the high cost of infrastructure, Wright (1997) in his studies 

insists that a condominial system is a medium cost technology because it 

uses shallow and smaller diameter sewers that keep the costs lower. The 

assumption in this regard is that apart from the reduced size of sewers, 

again costs are avoided by adjoining the network to centralised systems. 

Another simplified sewerage option favoured as an alternative though on a 

small scale is the Dewats (Anh et al., 2002). The authors in their study, 

which looked at efficacy of Dewats in Vietnams, highlighted the potential 

for this technology in smaller communities that find conventional systems 

too expensive to explore. Heerenklage and Stegmann (2003) expressed 

similar optimisms from their experimental findings that, in future, Dewats 

could become more relevant in addressing sanitation problems in cities. 

2.4 DECENTRALISED WASTEWATER TREATMENT SYSTEMS (Dewats) 

According to Casey and Moore, (2000), Dewats are defined as “onsite or 

cluster wastewater system used to treat and dispose of small volumes of 

wastewater from individuals, dwellings or businesses that are located 

relatively close to each other.” It means that the treatment system could 

be independent of a centralised or other collection and treatment systems. 

Another important defining feature of this concept is the low human and 

energy requirement. This is because of the minimal operational needs for 

maintenance and control as compared to centralised systems (GTZ, 2001). 

2.4.1 Treatment elements 

The premise with regard to the operation of Dewats is to treat wastewater 

and sometimes sludge on site using low cost systems, and make use of the 

treated effluent, sludge and biogas for other productive uses (Anh et.al. 

2003). By definition, it means that the wastewater and sometimes sludge 

should receive treatment as close as possible from where the wastes are 

generated. Anh et al. (2003) gave a general idea of the main systems that 

should comprise a Dewats and these are wastewater pre-treatment, 

wastewater collection, wastewater treatment, effluent reuse and disposal 

and biogas and sludge management.  
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2.4.2 Plant capacity 

A recent study by Gutterer et al. (2010) shows that Dewats can offer 

treatment to domestic and industrial wastes with a narrow COD/BOD ratio, 

and daily flows between 1 and 1,000m³. The capacity of this range 

somehow agrees with the findings by Van-Haandel et al. (2006), which 

claim that Dewats is capable of serving between 200 and 1,500 people with 

a demand of 200 lpcd. The recommendations are based on the findings 

carried out at a school, though ideal capacities for informal settlements are 

still not clear. 

2.4.3 Locations for Dewats 

A research conducted in Vietnam by Anh et al. (2003) recommends that 

Dewats can be applied in medium and small cities specifically in locations 

with or without sewer reticulation systems. Similarly, assessments done in 

developing countries by GTZ (2001) identified smaller communities in the 

urban fringes as some of the areas where Dewats could be used. The 

findings by these authors confirm that Dewats can be developed in 

communities with or without a functional faecal disposal means. However, 

the relative flexibility with the use of Dewats as proven above may not 

suggest that the technology is an alternative to centralised sewerage, but 

merely, complementary in nature (Gutterer et al., 2010). 

2.4.4 Conceptual models 

The promotion and subsequent development of any water and wastewater 

services in challenging situations calls for responsible agencies to effect 

catalytic change and make strategic shifts to improve the status quo. A 

reflection at the conceptual frameworks by WSP (2010) and WSSC (2005) 

suggests that in the first instance, before any actions is done, service 

providers and other stakeholders should understand factors affecting water 

and sanitation service delivery either, in the urban or rural areas. 

The conceptual model for effecting change with sanitation delivery is a 

modification of conceptual framework by Water Supply Programme (WSP, 
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2010) depicting three key elements of change, which could influence or 

embrace the development of Dewats in peri-urban areas. Whereas, the 

Hygiene Improvement Framework (HIF) by WSSC (2005) assumes that 

improved hygiene or sanitation is feasible were interventions combine 

social mobilisation, access to hardware and enabling environment. 

a) Conceptual model to effect change with wastewater development 

WSP (2010) model depicted in Figure 2.3 identifies three spheres of change 

deemed as essential in promoting innovative and simplified solutions to 

serve the urban poor. 

 

Figure 2.3: Conceptual model for serving the urban poor 

(Source: modified WSP, 2010). 

The framework is modified from a model describing a strategy by WSP, 

which call on governments and utilities in Africa to recognise urban poor 

consumers. In this regard, WSP believes that the wellbeing of the urban 

poor can improve if change is delivered using simplified and innovative 

solutions, provided they remain appropriate to resolving obstacles to 

service delivery. 

The understanding is that if the solutions so devised are to be attainable 

and sustainable, users for whom change is intended should participate in 
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bringing about change and in managing the action needed to make change 

happen. Another catalyst to change is providing favourable conditions to 

encourage and support innovations with service delivery. In summary, the 

key elements as presented above entail that: 

(i) In order to change the status quo, simplified and cost effective 

sewerage solutions should be introduced. 

(ii) Supporting actions for change require identifying and bringing out 

favourable conditions and incentives. 

(iii) To manage sustainable actions for change, simplified technical 

solutions and approaches relevant to the needs should be promoted. 

b) Conceptual model on hygiene improvement 

According to Figure 2.4, WSSC (2005) provides an illustration of a HIF, 

suggesting three sets of actions necessary for the improvement of 

sanitation and promotion of public health. The framework argues that 

improved hygiene, later on sanitation will accrue to a community most 

likely, when interventions integrate hygiene promotion, infrastructure 

development or access to hardware, and creating enabling environment. 
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 Cross sector and PP partnerships  

 
Figure 2.4: The Hygiene Improvement Framework (HIF) 

(Source: WSSC, 2005) 
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Altogether, consensus from the two models described above entails that 

the preliminary prerequisite for improved and sustainable sanitation is to 

create an enabling environment, which encourages development of 

appropriate and innovative infrastructure. 

2.4.5 Theory and Operation of Dewats 

The premise behind the development of Dewats is that the concept should 

focus on the treatment and recycling of resources produced during and 

after treatment, and these include bio-energy, plant nutrients (Nitrogen 

and Phosphorous) and effluent water (Roeleveld and Zeeman, 2006). It 

means, besides achieving wastewater treatment, Dewats should also aim to 

produce end products which can be recycled for economic gains. 

There is a general understanding that the use of Dewats in developing 

countries with tropical and subtropical climate may have a promising future 

in addressing urban sanitation (Anh Viet et al., 2003). Partly, this is 

attributed to ambient temperatures between 18°C and 35°C believed to be 

suitable for anaerobic digestion and bacterial growth.  

Depending on the required scale of treatment, Dewats for domestic 

treatment would usually consist of high rate anaerobic reactors such as bio-

digester, bio-settler, Anaerobic Baffled Reactor (ABR), Anaerobic Filter (AF) 

and Planted Gravel Filter (PGF) sometimes called a constructed wetland. 

Generally, treatment is by anaerobic digestion using high rate reactors 

often combined with post treatment systems provided with a view of 

adapting the effluent to discharge standards (GTZ, 2001). 

a) Wastewater treatment processes  

Figure 2.5 illustrates the different treatment processes which a Dewats 

would undergo (BORDA, 2005). 

(i) Sedimentation and primary treatment is achieved in biogas 

digesters, anaerobic settler and deep anaerobic ponds. It is 

during this process that most settleable solids are removed from 

raw sewage. 
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(ii) Secondary anaerobic treatment occurs in the fixed bed filters or 

baffled septic tanks. Generally, pollutants such as settleable, 

colloidal and dissolved are removed biologically by micro-

organisms. 

(iii) Secondary and tertiary aerobic/anaerobic treatment occurs in the 

constructed wetlands. This is a post treatment stage via 

biological processes under aerobic and anaerobic conditions. 

(iv) Secondary and tertiary aerobic/anaerobic treatment occurs in 

ponds constructed beyond the wetlands. 
 
 
 

Sedimentation 
& Primary 
treatment 

 Secondary 
anaerobic 
treatment 

 Secondary & 
tertiary 

treatment 

 Secondary & 
tertiary 

treatment 

 

 
 
 

 Biogas digesters 

  septic tanks 

 Deep anaerobic 
ponds 

 fixed bed filters  

 Baffled septic 
tanks  

 Constructed 
wetlands or 
Reed Bed 
filters 

 Aerobic/anaerob
ic treatment in 
ponds 

 
 

Wastewater Treatment 

 

Raw Sewage Effluent 

 

Figure 2.5: Different treatment systems involved in Dewats 

Given the above explanations coupled with arguments by Anh et al. (2003), 

Dewats will employ a combination of physical and biological processes to 

stabilise wastewater. Therefore, combination of the different reactor as 

described in Figure 2.6 entails that each treatment unit removes a 

particular pollutant so that a stabilised effluent is achieved through a multi 

stage process where each treatment step removes the easy part of the 

pollutant, sending the residue to the next stage (Gutterer et al., 2010). 

b) Dewats anaerobic reactors 

(i) Biogas Settler 

A biogas unit is the first treatment step for a Dewats that provides primary 

treatment by reducing suspended solids, large particles and partly organic 

matter through settling and digestion. According to Mang and Li, (2009), 

biogas units are made up of biogas digester and bio-settler providing 
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anaerobic digestion and end products such as biogas, sludge and effluent 

water. Figure 2.6(a) shows an arrangement of a bio settler placed as the 

first reactor in a fully Dewats. Generally, the unit can achieve 65 percent 

TSS removal and 40 percent BOD removal (Mang and Li, 2009). 
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Figure 2.6: Typical Decentralized model for domestic wastewater treatment 

(Source: BORDA, 2005) 

The settled and treated sludge could be used as humus manure, while the 

effluent should be passed into the next reactor for biological elimination of 

organic compounds (Christ and Huber, 2003). 

(ii) Bio Settler  

The settler is the next treatment step downstream of the Bio digester 

where settled sludge is stabilised by anaerobic digestion. There are mixed 

opinions among authors on the quality of treatment achieved by this 

reactor. Whilst GTZ (2001) agrees that the reactor can treat a substrate 

with high amounts of settled solids, the findings by Sasse (1998) on the 

other hand dispute this assertion claiming that dissolved and suspended 

matter leaves the reactor almost untreated. However, both authors agree 

with the core purpose of the reactor, which is to reduce suspended matter. 

Figure 2.6(b) shows the settler as an integral unit of a baffled septic tank. 
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According to Hoffmann and Platzer (2010), BOD treatment efficiency can 

be as low as 30 percent, but Roeleveld and Zeeman (2006) contend that 

sometime high removal rate of up to 50 percent is achievable. The common 

areas of consensus between Hoffmann and Platzer (2010), and Roeleveld 

and Zeeman (2006) is on the retentions times, as both authors agree that 

periods between 24 and 48 hours can achieve satisfactory treatment. 

(iii) Anaerobic Baffled Reactors (ABR) 

Recent studies by Hoffmann and Platzer (2010) describe the baffled reactor 

as an improvement of septic tank capable of treating different types of 

domestic wastewater for 200 to 2,500 people. Figure 2.6(b) illustrates the 

location of the reactor and its combination relative to other units. As 

regards its structural configuration, the reactor comprises a series of up 

and down flow baffles directing influent flow through a series of 

compartments (Mang and Li, 2009). The principle is to achieve improved 

treatment through contact of the influent and settled sludge. Consensus 

between Hoffmann and Platzer (2010)  and Mang and Li (2009) is on the 

treatment efficiency, were the authors agree that removal rates for TSS is 

in the order of 37 to 97 percent, and 47 to 89 percent for BOD. 

According to the findings by Hoffmann and Platzer, (2010), it seems varying 

climatic conditions will tend to influence differently the degree of 

treatment with the baffled tank. For instance, the authors claim that the 

treatment efficiency in winter is about 40 percent, while up to 60 percent 

is attainable during warm climate. In contrast, Sasse (1998) claims higher 

BOD and COD removal rates in the order of 75 and 95 percent, and 65 to 90 

percent respectively in warm climates.  

In addition to the impressive achievements during warm climate, the 

reactor is known to be very effective on substrates with high non-settleable 

solids content and low COD/BOD ratio. Incidentally, reactor can operate 

with or without a filter because of improved treatment, which it provides 

(Anh et al., 2003). 
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(iv) Anaerobic filters (AF) 

A common understanding on the purpose of a filter is to provide treatment 

to non-settleable and dissolved solids to ensure there is contact between 

the substrate and the bacteria in the filter media. As illustrated in Figure 

2.6 (c), the filter is positioned downstream of the baffled septic tank and 

of upstream the constructed wetland. The potential to maximise treatment 

is attained when the reactor is positioned downstream of the baffled tank 

to offer post treatment purposes (Van Haandel et al., 2006). 

Similarly, findings by Gutterer et al. (2010) indicate that wastewater with a 

low TSS content is a suitable influent for a filter. The justification by GTZ 

(2001) suggests that influent for the filter is that substrate which should 

have received primary treatment and has a narrow COD/BOD ratio. In other 

words, the influent should be diluted wastewater with a low content of 

suspended matter.  

The advantages of the filter include high BOD removal between 70 and 90 

percent (Hoffmann and Platzer, 2010), ability to handle high toxic or 

organic load (Rajeshwari et al., 2000), and easy to construct. Despite such 

proven advantages, the filter could present challenges such as clogging of 

the filtration media from increased biomass and high concentrations of 

suspended solids. 

(v) Constructed wetland  

The general understanding on the constructed wetland suggests that the 

reactor is designed as end process facility for a Dewats to provide tertiary 

treatment. The wetland also known as Planted Gravel Filter (PGF) is used 

to complete degradation of organic matter for anaerobic effluent by 

ensuring there is a further elimination of BOD and COD, including 

nitrification and denitrification of remaining nitrogen (Luederitz et al., 

2001). Figure 2.7 illustrates a horizontal flow wetland. In terms of 

providing treatment, it seems the wetland is flexible with the type and 

quality of influent it can handle. 
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Figure 2.7: Structure of the constructed wetland (or planted gravel filter) 

Source http://www.unep.org/yearbook/2003/fig40.htm [Assessed July 2010] 

Assertions by El-Khateeb and El-Gohary (2003) contend that the facility is 

best suited to provide treatment to a variety of effluent quality both from 

primary and secondary treatment. Another influent quality considered 

suitable for a wetland is the organic load of less than 500mg/l COD, based 

on the premise that the capacity to provide treatment will tend to reduce 

proportionately as the organic loading increases (Sasse, 1998). 

According to Ayaz and Akca, (2001), the wetland provides treatment by a 

combination of biological, physical, and chemical processes through the soil 

and among the micro-organisms. Basically, treatment combines 

sedimentation, filtration, and microbial activities, all taking place 

simultaneously during degradation of organic load. Again, Hoffmann and 

Platzer, (2010), provide an explanation on how treatment is achieved. The 

authors argue that purification of organic and nitrogen compounds is driven 

by bacteria held around gravel particles, as well by plants providing oxygen 

via their root zones. The limited aeration around the roots ensures 

anaerobic conditions predominate during treatment, unless when the 

organic load is low and wetland is shallow (Luederitz et al. (2001). Given 

this understanding, it is clear that anaerobic conditions are critical to the 

post treatment of the remaining BOD and COD. Common types of the plants 

used for the vegetated wetland are deep rhizome and root systems and 

phragmites australis (El-Khateeb and El-Gohary, 2003). 

http://www.unep.org/yearbook/2003/070.htm
http://www.unep.org/yearbook/2003/fig40.htm
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The advantage of the wetland is its relative low maintenance cost, which 

makes it suitable for developing countries (Luederitz et al., 2001). On the 

other hand, the problem echoed by the author is low nitrogen removal from 

ammonium rich influent. 

c) Summary treatment efficiency  

An assessment of treatment efficiencies for the reactors shown in Table 2.2 

is provided in detail later in section 2.4.4. 

Table 2:2:  Treatment efficiencies for the different Dewats reactors 

SN Treatment Unit 
Treatment efficiency (%) 

COD BOD 

a) 

 Biogas digester 

 Biogas settler 

 Septic tank 

60%-80% 25%-50% 

b) 
 Baffled septic tank 

 Anaerobic filter 
65%-90% 70%-90% 

c)  Constructed wetland  65%-90% 70%-95% 

(Source GTZ, 2001) 

Generally, treatment efficiency is a critical parameter for measuring 

performance of a treatment plant (Van-Handel et al., 2006). It is expressed 

as the removal rate of influent organic compounds after the substrate has 

received some treatment from a reactor arranged in series. 

d) Areas for applications 

The claim according to Gutterer et al. (2010) assumes that Dewats can be 

constructed and operated anywhere because of its reliance on natural 

climatic conditions, which excludes influence from equipment, chemicals, 

or energy to providing treatment. There is a general understanding that 

subject to certain environmental and physical conditions of a particular 

area, Dewats are suitable where mechanisation is not a factor. 
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2.4.6 Design approaches 

Design approaches for a wastewater treatment plant comprises a set of 

criteria for selecting different treatment units required to achieve the 

desired treatment objectives. Prior to designing a wastewater treatment 

plant, Gutterer et al. (2010) in their theory recommend that planners 

should have top line ideas about the quality and flow of wastewater, local 

conditions, and lastly, statutory standards governing effluent discharge. 

The above considerations become essential to planners in ensuring that 

different and potential treatment options are explored before deciding on 

which methods would be suitable to resolve the problem. Therefore, the 

procedure for design of Dewats could follow the steps given below: 

a) Dewats design steps 

Stage 1: Understand type of wastewater 

According to Sasse (1998), the first step is to understand the source of 

wastewater (domestic or industrial) and the purpose for which treatment is 

intended. The rationale behind is to choose a model relevant to the local 

conditions, as well as a combination of reactors required to achieve the 

desired treatment objectives. 

With regard to industrial wastewater with a high content of fat, grease or 

toxic substances, special provisions incorporating pre-treatment units such 

as open settler, buffer tank, grease traps etc., becomes critical in ensuring 

the desired treatment is achieved. 

Stage 2: Environmental Considerations 

Environmental consideration for an area chosen for a Dewats is one 

important factor not to be overlooked in the design process (Sasse, 1998) 

because it is central to mitigating risks to health and safety of the public 

and environment. Equally, during planning, site assessments on the 

topography, soil conditions, hydrogeology, etc., should be carried out (EPA, 

2005), to ensure negative impacts and probable risks from the proposed 

interventions are understood and mitigated at the earliest stage possible. 
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GRZ (2011b) provides conditions for the approval process which any design 

process should aim to satisfy prior to developing a plant. In this regard, the 

Environmental Management Act of 2011, Section 36 (1) stipulates that “any 

person intending to erect, install or develop a new industrial or trade 

plant, an agricultural scheme or an undertaking likely to discharge 

effluent shall inform the inspectorate of his intention during the early 

planning stage”. The statutory provisions aim at seeking expert opinion 

during planning to ensure approval is granted only for those interventions, 

which will not endanger public health or the environment. 

Stage 3: Derivation of design parameters 

The theory by Sasse (1998) recommends deriving preliminary design 

parameters by estimating wastewater volumes and organic characteristics. 

At this stage, design parameters include daily volume, hours of major 

wastewater flow, peak factor values, average COD and BOD values, 

COD/BOD ratio, TSS, pH and ambient temperature of wastewater. 

Further to the assertions by Sasse (1998), recent findings by Gutterer et al. 

(2010) recommend that design estimates should be determined based on 

the number of users and average per capita water consumption of a 

particular locality to be served. Therefore, the theory on derivation of 

design parameters is described below: 

a) Daily wastewater flow 

This is an estimate of the daily water needs for a specific number of users 

contributing to a plant. The theory by Mara (1978) suggests that water 

demand patterns are different from place to place and will vary depending 

on peoples’ lifestyles and water supply levels. 

For instance, the estimated average water needs for a low-income area in 

Zambia is between 75 and 100 lpcd, falling below the demand for medium 

and high cost areas (GRZ, 2006). In essence, it is believed that peri-urban 

areas selected for Dewats would equally demand the least piped water 

supply service level of a stand tap similar with what is provided for low-
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income areas. Another key design parameter is BOD per capita computed 

using similar principles as per capita water demand. Mara (1978) 

recommends average value between 50 and 55g BOD per day as. 

b) Hours of major flow  

In designing Dewats, the maximum daily flow becomes an important 

parameter than the daily average flow derived from the per capita 

consumption. The maximum flow reaching a plant depends on peak factor, 

of which a value between1.5 and 2.0 is recommended as appropriate for a 

small treatment plant (Mara, 1978). 

c) COD and BOD 

COD and BOD are common parameters used to describe the strength of 

wastewater. Equally, the parameters are used to measure the treatment 

efficiency of a given treatment process. When expressed as COD/BOD ratio, 

the parameters describe a relationship of total oxidisable organic matter in 

the wastewater (GTZ, 2001). In theory, the author suggests that a substrate 

that is easily degradable has a COD/BOD ratio of about 2, but later it falls 

below 2 after anaerobic oxidation has taken place, the ratio falls below 2. 

d) Suspended Solids (SS) 

SS is a measure of how much of organic or inorganic matter is not dissolved 

in water. By reducing SS from wastewater through sedimentation process, a 

significant amount of un-dissolved organic compounds is correspondingly, 

removed too. In fact, Sasse (1998) theorizes that 33 percent BOD in 

wastewater is from SS, while 50 percent is from dissolved solids, and 17 

percent from non-settleable SS (Sasse 1998). In terms of the per capita 

contribution, 55g SS value is considered appropriate for design purpose. 

Stage 4: Review the control parameters 

The key parameters used as design inputs as well as validating design 

outputs are as follows (GTZ, 2001): 
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a) Septic tank or anaerobic settler 

(i) Hydraulic Retention Time (HRT): 12-24 hours 

(ii) SS/COD: 0.35-0.45 

(iii) Treatment efficiency: 25-50 percent  

(iv) Wastewater generation: 80 to 100lcpd 

b) Baffled Septic Tank 

(i) Up flow velocity (UFV): 1.4-2.0m/h, but not more than 

2m/h 

(ii) HRT: 8-12 hours, but not less than 8 hours 

(iii) Organic load: below 3.0Kg COD/m³xd 

(iv) Efficiency: 65-90 percent COD, and 70-95 percent BOD 

(v) Length of compartment: ≤ 50 percent of the height 

c) Anaerobic filter 

(i) Surface area of filter material: 90-300m²/m³ of the 

reactor volume 

(ii) Treatment efficiency: 70-90 percent BOD 

(iii) Organic load limit: 4-5Kg COD/m³xd 

(iv) HRT: 1.5-2 days 

d) Anaerobic Baffled Reactor  

(i) UFV: not more than 2.0m/h 

(ii) Treatment efficiency: 70-95 percent BOD removal, and 65 

-90 percent COD removal 

(iii) Sludge storage: 4l/m³ BOD inflow 

(iv) HRT: 8-12hours, but not less than 8 hours 

e) The Constructed Wetland  

(i) COD content: less than 500mg/l 

(ii) Mean hydraulic loading rate: 30l/m² 

(iii) Organic loading rate: 4-10g BOD/m²xd 
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Stage 5-Develop technical Spreadsheet. 

At present, Microsoft Excel Technical Spread sheet adopted from Sasse 

(1998) is the overriding package used to design anaerobic digesters and 

constructed wetland. Equally, the recent design theory by Gutterer et al. 

(2010) has just contributed to the old package developed by Sasse (1998). 

In both cases, the capacity of each reactor to provide treatment is 

validated by ensuring treatment efficiencies comply with theoretical 

thresholds. 

The design package for computing volumes is developed from different 

formulae generated from several curves describing the relationship 

between various parameters influencing certain treatment processes. In 

this respect, inputs to the design spreadsheet are parameters computed 

according to stage 3 above. The design outputs (i.e. volumes of the 

treatment units) are chosen based on the satisfactory removal of BOD and 

COD compounds. 

2.4.7 Process and performance characteristics 

Anaerobic digestion of wastewater is the major treatment technology used 

in decentralised systems especially when the objective incorporates 

production of bioenergy and sludge, as well as recycling effluent water 

(Roeleveld and Zeeman, 2006). In this case, anaerobic digestion is achieved 

through a series of high rate reactors, incorporating a wetland. The 

performance of each reactor is measured in terms of the treatment 

efficiency between the influent and effluent wastewater. 

a) Anaerobic digestion 

Metcalf and Eddy (1991) define anaerobic digestion as “a biological process 

that happens naturally when bacteria breaks down organic matter with 

little or no molecular oxygen”. The underlying principle is to exclude 

oxygen (O2) during the treatment process, whereby the organic mixtures of 

primary settled sludge are converted biologically to end products such as 

methane (CH4) and Carbon Dioxide (CO2). Another explanation by Slater 
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(2007) describes anaerobic digestion as a four-stage process, the first being 

a chemical reaction called hydrolysis, where enzymes breakdown complex 

organic molecules into simple sugars, amino acids, and fatty acids with an 

addition of hydroxyl, while the other three are biological processes 

explained below: 

(i) Acidogenesis-which is a further breakdown of organic compounds by 

acidogenic bacteria into simpler molecules and fatty acids, 

producing CO2, ammonia (NH4
+ ), and Hydrogen sulphide (H2S) as by-

products 

(ii) Acetogenesis-this is where simple molecules from acidogenesis are 

further digested by bacteria called acetogens to produce CO2, 

Hydrogen (H) and mainly acetic acid 

(iii) Methanogenesis-CH4, CO2 and water (H2O) are produced by bacteria 

called methanogens. 

The explanation by Metcalf and Eddy, (1991) claims that biological 

organism will work together to convert organic sludge and wastes in a 

digester according to the following treatment processes. 

(i) One group of organism is responsible for hydrolysing organic 

polymers and lipids to amino acids, fatty acids, monosaccharides 

and other related compounds. 

(ii) A second group of anaerobic bacteria (acidogens or acid formers) 

ferments the broken down products to simple organic acids, the 

common one being acetic acid. For example amino acid cysteine 

is degraded as follows: 

 

4C3H7O2NS + 8H2O            4CH3COOH + 4CO2 + 4NH3 + 4H2S + 8H 

(Cysteine)          (Acetic acid) 

 

(iii) A third group of micro-organisms converts the H and acetic acid 

formed by the acid former to CH4 and CO2. CH4 producing 

bacteria are sensitive to acid conditions and sludge liquor should 

have a minimum alkalinity of 1000mg/l as COCOs.  
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4CH3COOH + 8H   5CH4 + 3CO2 + 2H2O 

 

In order to optimise anaerobic under the chemical reactions described 

above, pH values of wastewater should be in the order of 5.5 to 8.5, while 

temperature values should fell between 30°C and 60°C. Related to the 

theory by Metcalf and Eddy (1991), Mara (1978) suggests that a reactor 

should keep pH for the sludge to more than 7, as a value near 6 indicates 

imminent process failure. 

b) Other chemical illustrations 

Sasse (1998) suggests that Dewats will oxidise organic compounds 

anaerobically without oxygen (O2) from outside the degrading molecules. As 

there is no O2 available, anoxic respiration and anaerobic fermentation get 

O2 from compounds within the substrate. The author further claims that in 

anoxic digestion, bacteria use O2 from organic substances such as nitric 

oxides present in wastewater, while anaerobic digestion breaks up 

carbohydrate molecules composed of O2 and Carbon (C) into CO2, H2O and 

Nitrogen (N). Sasse (1998), illustrated these processes as follows  

(i) Decomposition via anaerobic fermentation 

C6H12O6   3CH4 + 3CO2 

 
(ii) Decomposition via anoxic respiration 

C6H12O6 + 4NO3  6CO + 6H20 + 2N2 

 
c) Microbial characteristics 

There is consensus between Sasse (1998) and Mara (1978) that bacteria, 

algae and protozoa are the main micro-organisms responsible for biological 

treatment processes. Some bacteria such as bacilli are responsible for 

degradation of organic compounds, while others are highly infective 

pathogens causing diseases such as cholera, dysentery, typhoid and 

diarrhoea (Mara, 1978). Because of their hazardous nature, bacteria should 

be removed significantly before the effluent water is disposed of. 



40 

The assertions by Sasse (1998) indicate that the bacteria grow when 

conditions are favourable such as adequate nutrients, absence of toxic 

compounds and suitable environments to nature their growth. Other factors 

include presence of C, N, H and oxygen, and with smaller amounts of 

phosphorus, sulphur, potassium, calcium, iron and magnesium. 

d) Performance characteristics 

(i) Biogas settler, septic or anaerobic settler 

BOD and COD removal rates with a biogas or bio-settler have identical 

performance trends, because of similar design characteristics and common 

functions which the reactors are expected to achieve. In terms of BOD 

removal, findings according to Hoffmann and Platzer (2010) shows that, a 

bio settler can achieve 25 percent BOD removal, although Van Haandel et 

al. (2006) report higher efficiencies between 30 to 50 percent. However, 

arguments by these authors suggest a range between 25 and 50 percent for 

the BOD and COD removal respectively. 

(ii) Anaerobic filter and baffled septic tank 

The literature by GTZ (2001) claims that a filter and baffled reactor can 

achieve between 70 and 90 percent COD and BOD removal rates, higher 

than a bio settler,. However, the impact of climatic variations show low 

BOD removal of around 40 percent in cold climate, while high efficiencies 

of about 60 percent in warm climate (Hoffmann and Platzer, 2010). Given 

the above findings, average treatment efficiency for these reactors would 

fell between 60 and 90 percent respectively. 

(iii) Constructed wetland and pond systems 

The findings by GTZ (2001) show that BOD treatment efficiency for the 

constructed wetlands; both surface and free wastewater flow is between 

70 and 95 percent. The findings somehow agree with the arguments by El-

Khateeb and El-Gohary (2003) which established a near similar removal 

trends falling between 67 and 88 percent, with 78 percent as the average. 
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2.4.8 Benefits of DEWATS 

Unlike centralised systems, generally, Dewats are believed to be a simple 

and low cost sanitation option demanding minimal management. The 

aspect of low cost becomes a factor because treatment usually excludes 

energy. Other benefits of using Dewats treatment are shown in Table 2.2. 

Table 2:3:  Advantages of Dewats 

Type  Kind of Treatment Advantages 

Bio digester 
Sedimentation, sludge 
stabilization 

Simple, durable, little space because 
of being underground 

Anaerobic Settler 

or Septic Tank 
Sedimentation, sludge 
stabilization 

Simple, durable, little space because 

of being underground 

Baffled 

Septic tank 

Anaerobic 

degradation of 

suspended and 

dissolved solids 

Simple and durable, high treatment 

efficiency, little permanent space 

required because of being 

underground, relatively cheap 

compared to the filter 

Anaerobic 

Filter 

Anaerobic 

degradation of 

suspended and 

dissolved solids 

Simple and fairly durable if well-

constructed and wastewater has 

been properly pre-treated, high 

treatment efficiency, little 

permanent space 

Horizontal 

Gravel 

Filter 

Aerobic-facultative-

anaerobic 

degradation of 

dissolved and 

fine suspended solids, 

pathogen 

High treatment efficiency when 

properly constructed, pleasant 

landscaping possible, no wastewater 

above ground, can be cheap in 

construction if filter material is 

available at site, no nuisance of 

odour 

(Source: Sasse, 1998) 

2.4.9 Policy, Legal and regulatory framework in relation to 

onsite sanitation 

a) Legal and regulatory framework 

(i) Global perspective 

Most countries in Sub-Saharan Africa have had some policy frameworks 

since 1990s to direct the use and management of both water and 

wastewater resources (Khosla, 2007). The author agrees that attempts to 
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initiate policies and legislative reforms, and to resource sector institutions 

stem from a few years of efforts between 10 and 15 years. Despite the 

initiatives, which these countries have made so far, Khosla (2007) however, 

insists that the gap still exists with the operationalization of new and 

existing policy and legal frameworks, to an extent were sanitation delivery 

is more affected in the slums and informal settlements. 

In addition, the study by Cotton et al. (2002) adds to agree with the 

arguments by Khosla (2007), especially were the former argues that 

sanitation has been a low priority in the formation of national policy, often 

neglected by governments in favour of water supply. Perhaps the key issue 

as contended by Gutterer et al. (2010) is that sanitation service delivery is 

more affected where there is inefficiency with the legal framework and law 

enforcement, lack of institutional capacity, financial resources, and 

inadequate awareness on sanitation at household or enterprise level. 

(ii) Local context  

The legal instruments governing water and sanitation service delivery in 

Zambia are displayed in Table 2.4. Assessments by Nyambe (2006) suggest 

that the legal framework combines both old and new instruments, and it 

does provides for a general mandate among different institutions on the 

delivery of water and sanitation services. In the recent work by GRZ 

(2011a), the Water Supply and Sanitation Act of 1997, Local Government 

Act of 1991 and Public Health Act of 1995 in particular are singled out as 

delegating water and sanitation functions to LAs. Recently, the sector has 

enacted the Water Resources Management Act of 2011, and revised the 

National Water Policy of 1994 to open reforms for the management of 

water resources (Grontmij, 2011)). 

b) Institutional framework 

(i) Wider context 

The studies according to Gutterer et al. (2010) draw a linkage between a 

successful or sustainable sanitation programmes to a presence of well-
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coordinated and streamlined stakeholders and resources for investment. In 

this case, the authors argue that the involvement of different stakeholders 

in a well-streamlined development processes will brings about improved 

sustainability of particular service provided. In complementing the 

arguments by Gutterer et al. (2010), lessons from Booth et al. (2001) 

equally shows that, were efficiency, cost effective and sustainable 

sanitation programme has been development, different groups of 

stakeholders are involved comprising the following: 

(i) Primary stakeholders, as residents or  direct users of the actions 

provided 

(ii) Secondary stakeholders, as groups or lead agencies with a direct 

or indirect responsibility in the programme, such as public, 

planning, and health and environmental authorities, NGOs, etc. 

(iii) Tertiary stakeholders, as providers of special services for 

construction, maintenance and sludge management 

In the quest to create sustainable institutional frameworks, some African 

countries have introduced reforms affecting institutions active within the 

water sector (Khosla, 2007). Whilst this is seen as an indicator of enhanced 

institutional capacity, the concern however, remains with unresolved 

sanitation problems in peri-urban areas despite such efforts. For instance, 

the work by Cotton et al. (2002) argue that the cause of sanitation problem 

is inadequate institutional frameworks resulting in the lack of a clear 

institutional “home” for planning and management aspects.  

The other consequence according to the latter is the limited capacity with 

the institutions responsible for the coordination and management of 

sanitation interventions. 

(ii) Local perspective 

In Zambia, institutional framework for the sanitation subsector resembles 

many developing countries in Africa in terms of stakeholder participation, 

and effectiveness and weakness with the service delivery. Within the 

sector, sanitation responsibilities generally, span from policy and legal 
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formulation to service delivery (NGO WASH, 2008). It seems institutions 

with such responsibilities are line government ministries and departments, 

Local Authorities (LAs), Commercial Utilities (CUs) and regulatory agencies 

such as NWASCO and Zambia Environmental Management Agency. 

a. Government Ministries 

The ministries responsible for policy formulation for the sector are the 

Ministry of Mines, Energy and Water Development (MMEWD) and Ministry of 

Local Government and Housing (MLGH). The former is the lead ministry 

responsible for water resources management, while the latter is tasked 

with the planning, development and management of water supply and 

sanitation infrastructure in the country (Nyambe, 2006). 

b. Local Authorities  

The Water Supply and Sanitation Act of 1997 is the major legislation that 

anchors the legal frameworks within the sector. It permits LAs, acting by 

themselves or through CUs or private sector to take responsibility for water 

and sanitation. According to GRZ (1997), the powers regarding service 

provisions are devolved from central government to LAs, whose capacity to 

deliver has been questioned by recent claims by USAID (2009). While LAs 

are obliged to serve all areas of their jurisdiction, both rural and peri-urban 

areas, policies on service provisions however are restricted mostly to 

legalized areas (Khosla, 2007). 

c. National Water Supply and Sanitation Council (NWASCO) 

The Water Supply and Sanitation Act of 1997 establishes NWASCO as the 

regulator for the delivery of water and sanitation services. (Refer to Table 

2.4) NWASCO is responsible for formulation of policies, setting standards 

and guidelines, licensing CUs, monitoring their performance, and taking any 

actions necessary to ensure service delivery is sustainable. Since its 

establishment in 2001, some of the progress achieved so far includes 

development and implementation of guidelines on improving quality of 

water supply services (NWASCO, 2005). 
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Table 2:4:  Legal framework for the water and sanitation sub sector 

SN Legislation Jurisdiction or mandate 

(i)  
Local 
Government Act 
No. 22 of 1991 

It gives Local Authorities (LAs) responsibility to provide water 
and sanitation within areas of their jurisdiction. LAs are also 
empowered to make by-laws, set standards and guidelines for 
provision of services. The Act support measures to prevent 
pollution of supplies of water. 

(ii) (
i
i
) 

Water Supply 
and Sanitation 
Act No. 28 of 
1997 

It specifies how LAs may provide water and sanitation 
services, and establishes NWASCO, the regulator, as well as, 
DTF to channel funds for pro urban poor interventions. LAs 
may provide services by themselves or through CUs regulated 
by NWASCO.  

(iii)  

Water Resources 
Management 
(WRM) Act of 
2011 

It provides for the development and management of water 
resources. The Act was enacted to replace the Water Act of 
1990. It will address deficiencies that exist with Water Act of 
1990 by providing a framework that would promote integrated 
water resources management. 

(iv)  

The Town and 
Country 
Planning Act 
Cap 283 of 1991 

It regulates urban planning and demarcation of areas for 
development, preparation, approval and revocation of 
development plans, the control of development of land. This 
Act delegates powers to LAs to enforce planning control on 
any physical development in their area of jurisdiction. 

(v)  

The Housing 
(Statutory 
Improvement 
Areas) Act Cap 
194 of 1994 

This Act provides for the control and improvement of housing 
in certain areas. It provides the framework for regularization 
of unplanned settlements not covered by the regular planning 
process set out in the Town and Country Planning Act.  

(vi)  

The 
Environmental 
Management Act 
of 2011: 

It provides for the establishment of the Environmental 
Management Authority, which is an advisory and regulatory 
body for environmental protection and pollution control. It 
sets provisions for the delegation of inspectorate and 
enforcement of laid out conditions by LAs. 

(vii)  
The Public 
Health Act Cap 
295 of 1995 

It provides for the prevention and suppression of diseases and 
generally, regulates public health in Zambia. It is responsible 
for monitoring sanitation, health education, monitoring of 
drinking water quality, setting standards and general sanitary 
supervision across the country. The act confers powers and 
imposes duties on LAs regarding the disposal of solid and 
liquid waste. 

(Source: Nyambe, 2006) 

d. Zambia Environmental Management Agency (ZEMA) 

The Environmental Management Act of 2011 provides for the establishment 

of the Zambia Environmental Management Authority, which is an advisory 

and regulatory body for environmental protection and pollution control. At 
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the local level, the agency delegates inspectorate and enforcement 

functions to LAs for implementation purposes. 

e. Devolution Trust Fund (DTF) 

DTF operates under NWASCO as an innovative funding instrument 

established to support CUs to undertake pro-urban poor water and 

sanitation programmes for low cost areas (DTF, 2005). Since 2002, DTF has 

been supporting CUs to develop demonstration projects aimed at piloting 

and assessing efficacy of a few sanitation approaches in low-income 

townships falling within the CU service areas. 

f. Commercial Utilities  

Since 1994, CUs have been established as part of the sector reform process 

to improve service delivery and institutional framework (DTF, 2005). The 

sector opted to commercialize urban water supply and sanitation services 

by encouraging LAs as shareholders to establish CUs to manage water 

supply function on their behalf. Again, DTF (2005) reports that by 2011, 11 

CUs had been formed and were operating as regional utilities across the 

country. The strategic importance of the CUs in the delivery pro poor 

services is echoed by the finding according to NWASCO (2011) were CUs are 

believed to be servicing a significant proportion of urban population in peri-

urban areas largely, with communal water services. 

c) Dewats and Pro-poor Sanitation 

Over the last two decades, some developing countries in Asia and Latin 

America have transformed simplified sewerage systems into successful pro-

poor sanitation options (Wright, 1997). These options have included low 

cost sewerage systems, condominial and Dewats. It seems the demand for 

reliable and cost effective systems is mostly expressed in densely 

populated urban regions with inadequate sanitation and where uncontrolled 

wastewater effluents have endangered environmental health and water 

resources (BORDA, 2005). 
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There been other lessons learnt from the findings by Anh et al. (2002) on 

the prospects for Dewats in developing countries such as Vietnam, where 

the technology has shown potential to provide and achieve sustainable 

wastewater treatment. The argument is based on a study conducted on 

baffled septic tank and anaerobic filter serving a residential area, which 

showed strong indications of successful treatment processes. 

Indeed, the impetus to adapt simplified technologies over centralized 

systems has increased because latter is at times not feasible due to high 

costs of investment (WSSC, 2005). In addition, recent work by GRZ (2011) 

on the analysis of sector performance in Zambia admits that centralized 

systems may not be attainable within the current planning periods for most 

urban population in low-income areas, citing financial limitation. The 

author thus recommends exploring other options that might be practical.  

Notwithstanding this notion, assessment by DTF (2005) on the other hand 

reports that people using facilities falling at lower rung of sanitation ladder 

could easily express reluctance for low cost options in preference for 

centralized system. Such concerns however can be dealt with through 

social awareness programmes. Other limitation according to WSSC (2005) is 

the requirement for steady recurrent revenue for operation expenditures. 

2.5  Community Participatory Assessment 

The findings by Gutterer et al. (2010) argue that successful sanitation 

programmes depend on the participation and involvement of community as 

users in the planning and implementation processes. In their findings, the 

authors assume that communities will participate differently, either, 

through using the facilities if they meet their needs, or will contribute 

financially or in kind or participate in management processes. Equally, 

Cotton et al. (2002) and Booth et al. (2001) give overwhelming approval of 

the benefits for sanitation delivery from people participation, citing 

potential outcomes such as sustainable services and good management 

practices. 
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Although the benefits with regard to people participation in community-

based activities are well founded, especially by the previous authors, the 

experience by WSSC (2005) on the other hand, indicates less sense of 

togetherness and interest in improving the surrounding because of insecure 

land tenure. In Zambia, challenges with community participation in urban 

areas as highlighted by GRZ (2010) agree with the findings by WSSC (2005) 

which insist that problems tend to rise when individuals are required to 

volunteer in community work. The assertions by these authors point to the 

low social cohesion to an extent were some residents feel not to belong to 

the community. However, Cogsewll and Ngulube (2008) contend that there 

are there is still a proportion of people in urban areas, though not the 

majority who would participate in community activities. 

Altogether, the literature on different aspects surrounding onsite sanitation 

development and management was important in understanding the context 

in which Dewats can be developed with a view to improving sanitation in 

the peri-urban areas of Zambia. 

.
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3.0 CHAPTER THREE: RESEARCH DESIGN AND METHODS 

3.1 INTRODUCTION 

This chapter shows how the research was conducted and includes the 

research methodology and research design, general research methods, and 

methods of sampling, data collection and analyses. To achieve the 

objectives of the research, the study used both qualitative and quantitative 

research methodologies to obtain primary and secondary data. 

According to Letts et al. (2007), qualitative method refers “to the research 

which produces descriptive data through the written and or spoken word, 

using methods such as case studies, in-depth interviews, participant 

observations and perusal of personal documents.” whereas quantitative 

research method is associated with analytical research, and its purpose is 

to arrive at a universal statement from an analysis of the collected data 

(MANCOSA, 2007). In addition to the above, quantitative methodology was 

used to collect primary data. 

The data collection methods, which underpinned this study, comprised desk 

analyses of relevant literature, semi structured interviews, field 

observations, questionnaire survey, and periodic wastewater sampling on 

the Dewats in a case study. 

3.2 RATIONALE 

In order to achieve the objectives of this study a combination of both 

qualitative and quantitative research methodologies were used. The 

methodologies and methods of data collection were designed to be 

complementary to ensure results obtained from field experiments and 

observations from the case study was supported by qualitative evidence 

from interviews discussions, as well as from the field observations. 

For the purpose of this study, qualitative methodology was considered 

suitable because it provided an in depth understanding and description 

required from respondents in the exploration of a topic or an issue, with 
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emphasis on seeking information from people who had some experience of 

urban sanitation. 

On the other hand, quantitative methodology also provided primary data 

because the research method is associated with analytical research, and its 

purpose is to arrive at a universal statement from the analysis of the data 

that is collected (MANCOSA, 2007). It provided an analysis of data collected 

via a questionnaire survey, and quasi experiments from the case study.  

The combination of different methods in the study design was to allow for 

triangulation of data collection methods in order to generate reliable 

evidence needed to address the research questions and test hypothesis in a 

holistic manner. 

3.3 RESEARCH DESIGN 

The research design used for the study was a combination of scientific 

experiments, case studies and cross section study, whose methods of data 

collection are shown in Figure 3.1. 

a) Scientific experiment and case study 

As indicated in Figure 3.1, scientific experiment and the case study were 

essential in understanding the effectiveness of Dewats in terms of its 

operation and management. Both design types were conducted on a fully 

operational Dewats at a School in Lusaka. The purpose was to collect data 

on its performance as regards treatment, with a view to assess factors, 

which could influence the management processes of Dewats locally in 

Zambia. 

b) Cross-section survey research 

A cross-section survey research, combining quantitative and qualitative 

methods, in addition, provided an understanding on the conditions and 

management practices affecting onsite sanitation delivery. Refer to Figure 

3.1. In this case, a questionnaire survey was conducted to capture 

respondents’ opinion on onsite sanitation delivery in selected peri-urban 

areas of Kitwe, Lusaka, Ndola and Livingstone Towns. 
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Figure 3.1: Illustration of the relationship of the research design and the methods 

c) Research process 

The process used in addressing the research objectives is summarised in 

Figure 3.2. The starting point was testing the theory, which sought to 

assess the reasons why sanitation is a major problem to most people in 

peri-urban areas. From the theory, research questions and a single 

hypothesis were deduced, thus, setting the extents and limits of the study. 

Deducing the research theory required systematic testing of the collected 

data in order to evaluate how well the explanation holds in addressing the 

research questions. Scientific experiments, case study methods and survey 

were used to guide the data collection methods thought to have been 

appropriate for the study. Respondents for the survey were identified using 

stratified purposeful sampling, largely based on their experience and 

understanding of the phenomenon under investigation. 
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Figure 3.2: The logic of the research process 

3.3.1 General research data collection methods 

The data collections methods that underpinned the study comprised desk 

analyses of relevant literature, semi structured interviews, field 

observations and questionnaire survey. Expert and practitioner opinion 

survey was conducted within the sector to inform the state of sanitation in 

peri-urban areas, and to evaluate factors influencing onsite sanitation 

delivery in Zambia. To gather users’ perceptions about low cost sewerage 

systems, interviews were conducted in four peri-urban communities. The 

above were complemented with quantitative methodologies, which sought 

to assess the effectiveness of Dewats for peri-urban areas. 

3.3.2 Methods of sampling 

A stratified purposeful sampling method was used to arrive at the type and 

category of respondents for the survey, particularly, targeting those with 

experience in the peri-urban context. Since part of this study involved a 

qualitative research methodology, purposeful sampling was used to select 

the respondents (Letts et al., 2007), while convenience sampling was 

essential in defining the category of peri-urban respondents to be targeted 
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at the time of conducting the survey. The wastewater-sampling plan for the 

case study was developed using criterion sampling. 

Data collected from purposeful sampling was analysed using both 

qualitative and quantitative methodologies, whereas quantitative 

methodologies were useful in the analysis of data collected from criterion 

sampling. 

a) Purposeful sampling 

Purposeful stratified sampling was applied as follow: firstly, the researcher 

inquired from the water utilities on the areas which where suitable for 

generating data needed to address the research objectives. The areas 

chosen for this study were major peri-urban areas i.e. Chawama, Kanyama 

and Kalingalinga in Lusaka, Kabushi Township in Ndola, and in Kitwe, 

Kapoto and Musonda peri-urban settlement. Secondly, respondents 

comprising experts from the sector as well as residents from the above 

settlements were identified from different interest groups, which had 

enough experience or knowledge of onsite sanitation delivery. 

b) Convenience sampling 

Convenience sampling was used considering the fact that the design is 

useful when the sampled population is selected according to its availability 

(Mugo, 2002). The method was used to administer the questionnaire to 

respondents who were available during the survey, and had lived for more 

than three years within the same locality or in the township. 

c) Criterion Sampling 

Wastewater monitoring was used to collect water quality data for the 

experimental research conducted for the case study. In this case, criterion 

sampling proved useful in formulating wastewater monitoring plan, more 

especially, deciding the sampling frequency. This was based on the longest 

time spent to test, analyse and produce laboratory results. Generally, 

criterion sampling is used for example where the researcher sets a criterion 
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and picks cases that meet that criterion (Mugo, 2002). The method is very 

strong in sampling control. 

a) Sample size 

Owing to practical difficulties normally associated with responses from 

most surveys, a meaningful sample size was designed to take care of such 

concerns. The design required a total combination of 75 (N=75) respondents 

comprising residents from targeted peri-urban communities, water and 

environmental practitioners with Local Authorities (LAs), Commercial 

Utilities (CUs), Non-Governmental Organisations (NGOs), line government 

ministries, and experts from regulatory agencies, all with sanitation related 

responsibilities. However, the actual number of respondents available for 

survey was 45 (n=45), indicating a 60 percent response rate. 

To understand the confidence of the survey, a desired sample size was 

determined using a web based sample size calculator from website portal 

by Creative Research Systems (http://www.surveysystem.com/sscalc.htm). 

Given the population size of 75 respondents, a 5 percent margin of error, 

and 95 percent confidence interval, the calculator generated a sample size 

of 63 respondents. This implies that 63 respondents would have been the 

lowest acceptable number of responses to maintain a 95 percent 

confidence level and a 5 percent margin of error.  

However, the actual sample size of 45 responses used for this survey was 

statistically rigorous considering the fact that, at 95 percent confidence 

interval, the error was 9.3 percent, below the 10 percent allowable limit. 

3.3.3 Data Collection 

a) Desk review of relevant literature 

The researcher used literature review to gather in-depth data relating to 

the scope and objectives of this study. The purpose was to collect evidence 

of the characteristics of peri-urban areas and conditions influencing 

sanitation service delivery, decentralized and low cost sewerage 

approaches and concepts currently used in other regions. 

http://www.surveysystem.com/sscalc.htm
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Data was generated by evaluating different publications such as scholarly 

scientific research and article publications, WASH study reports and 

publications by different international organizations, and local WASH sector 

reports authored by different researchers, consultants and organizations 

active in environmental engineering. 

b) Interviews and discussions 

Semi structured interviews, also, were used to collect data on the state of 

sanitation and general conditions affecting peri-urban sanitation in the 

major towns. This was achieved through a closed questionnaire survey that 

was used to collect general qualitative data on peri-urban characteristics 

and sanitation conditions. Data pertaining to factors influencing onsite 

sanitation development was obtained from open responses administered 

through discussions with the respondents. 

For the purpose of this study, semi structured interviews were considered 

appropriate because they provided in-depth information to scope the state 

of sanitation and the extent of problems affecting the service delivery. The 

method was used because it allowed probing further the fundamental 

reasons behind some answers provided by the respondents. As indicated 

earlier, respondents were academicians, water and environmental 

practitioners within the sector, and community members from selected 

peri-urban areas. 

c) Case study on the Dewats at Pestalozzi School 

(i) Relevance 

To get a better understanding of the performance of Dewats, an 

instrumental case study was conducted on a fully Dewats plant in Ibex Hill 

Township of Lusaka. According to Rap and Ahlers (2008), an instrumental 

case study is examined to give insight into an issue, or to refine a theory. 

Therefore, this approach was effective because it provided evidence on 

how Dewats would perform locally in Zambia. The location of the study 

area is shown in Figure 3.3. 
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During data collection phase, observations were carried out through regular 

monitoring visits to the school. These included: (i) sampling wastewater 

along and after treatment, (ii) daily management and operation of the 

plant, and (iii) general observations on physical factors, which showed 

some influence on the performance of the plant. 

 

 
 

Pestalozzi 
Sch, Lusaka 
 

 

Figure 3.3:  Location map for Pestalozzi Secondary School 

The degree of treatment monitored during the case study, coupled with 

findings on the peri-urban characteristics were useful in building a 

relationship that tested the applicability of Dewats under local conditions. 

(ii) General information of the area 

Pestalozzi School is a private boarding secondary school built in 2008 to 

provide secondary education to poor children with not many opportunities 

to advance their education. It is surrounded by farmlands and generally, 

the area is not inhabited. The site has a bare vegetated land sloping 

towards a perennial stream bordering another farmland in the east. The 

gradient is adequate for a self-cleansing velocity for sewers. 

Water supply is independent of the water utility, and is continuous and 

consistent. The system comprises a deep borehole equipped with a 
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submersible pump, lifting water into an elevated reservoir, which later 

supplies the kitchen, hostels, classes and offices. The borehole is 115m 

away and uphill the Dewats. 

(iii) Composition of Dewats  

The plant is a complete Dewats with a design capacity of 0.25m³/d per 

person. It is supposed to cater for 300 boarding pupils and 70 daytime 

workers. During data collection, the plant operated at 20 percent capacity 

serving 60 pupils and 10 workers, altogether boarding in the campus, and 

30 daytime workers. Figure 3.4 shows the top view of the digester and 

other anaerobic reactors, and a near complete view of the wetland. 

 

Figure 3.4: Anaerobic reactors and wetland at Pestalozzi School, Lusaka 

It comprises (i) 56m³-dome shaped bio-settler, (ii) 7m³-two compartment 

bio settler, (iii) 12m³-four compartment baffled septic tank, (iv) 12m³-four 

compartment filter and, (v) 38m³-constructed wetland. Treated effluent is 

discharged to the environment with very little reuse applications. Figure 

3.5 illustrates the layout of the treatment units described above. 
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Figure 3.5: Layout of the reactors for a Dewats at Pestalozzi School 

ABR  Anaerobic Baffled Reactor; AF  Anaerobic Filter; PGF  Planted Gravel Filter 

d) Wastewater quality monitoring 

The frequency of collecting water samples for experiments in the case 

study was designed using purposeful criterion sampling. The purpose was to 

assess performance of the technology with view to understanding its 

efficiency and effectiveness of treatment as well effects of discharged 

effluent on the environment. The wastewater monitoring was achieved 

within the data collection phase set for this study. 

Samples were collected twice per month in a space of two weeks, while 

taking into account the shortest possible time required to test and validate 

BOD results. Since a BOD test takes five days minimum to complete, the 

sampling interval was determined based on the shortest possible time the 

laboratory would take to generate the test results. However, an allowance 

of five more days was added bring the sampling and testing period to 10 

days, essentially to carter for the validation and reporting of test results. 

Twelve (12) samples collected as prescribed in Table 3.1 were examined by 

the Environmental Laboratory of the University of Zambia according to the 

“Standard Methods for the Examination of Water and Wastewater APHA, 
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1998”. For the purpose of this study, the key parameters analysed were 

Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Total 

Suspended Solid (TSS), Ammonia (NH4
+), Nitrite (NO2), and Nitrate (NO3), 

Nitrogen (N), Phosphates (P) and Faecal Coliforms (FC). Wastewater quality 

was analyzed from influent flows of each treatment unit as well as the 

effluent from the wetland before disposal. 

Table 3:1;  Wastewater monitoring plan for the case study-Dewats 

No Month Dates for Sampling 

1 April 2010 
10

th
  

24
th

 

2 May 2010 
1

st
  

20
th

 

3 June 2010 
10

th
  

15
th

 

4 August 2010 
10

th
  

19
th

 

5 September 2010 
10

th
  

24
th

 

6 November 2010  15
th

  

e) Description of pilot project sites 

An assessment on the Semi-Dewats in Kabushi Township of Ndola was made 

through site observations and discussions with the communities. The plant 

once completed will comprise two bio digesters discharging partially 

treated effluent into a centralised sewer network. Similar methods of data 

collection were employed in Libuyu Township, Livingstone, where a fully 

Dewats was to be constructed. 

(i) Kabushi Township 

For the purpose of this study, the sanitation project in Kabushi Township of 

Ndola, on the Copperbelt Province was chosen to provide lessons on the 

efficacy of Semi Dewats in addressing urban sanitation. The project was 

financed by the Devolution Trust Fund (DTF) as a pilot to demonstrate 

applicability of Dewats in low-income areas shown on a map in Figure 3.6. 

The township, which was established in 1940, is one of the oldest and well-

planned urban settlements in Ndola with a population of 2,749 people. It 
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has 140 housing units, each accommodating between 4 and 6 households. 

During the study, construction of the Dewats was in progress, comprising 

construction of two biogas settlers and communal ablution blocks with 

individual compartments to be equipped with pour flush toilets and 

showers.  

Also part of the scope included laying a sewer network to adjoin bio-

digester to centralised trunk sewer. Once the project is completed, each 

settler apart from providing partial treatment is expected to generate bio 

energy for 40 to 60 households. 

 

 

 

Kabushi 
Township 

 

Figure 3.6: Location of map of Kabushi Township, Ndola 

The township is within a planned service area of Local Authority, such that 

land for the construction of reactors and works was not an issue. Other 

conditions such as slope, soil and water table did not present any serious 

challenges. Being an oldest township, indeed sanitation was poor and some 

of the toilets had been abandoned for pit latrines. The beneficiary 

households had accepted the project to an extent were they had 

volunteered their labour to excavate trenches. Each household paid 

US$100.00 as commitment fee. 
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(ii) Libuyu Township 

Libuyu Township is one of the oldest low cost areas in Livingstone with a 

population of 12,000 people. It is located 12 kilometres from the business 

centre, as shown in Figure 3.7. 

 

 
 

Libuyu, 

Livingstone 

 

Figure 3.7: Location map of Libuyu Township in Livingstone 

During the study, the project in Libuyu was in its start-up phase and people 

were using both old and poor toilets. Few old toilets built in 1940 when the 

township was established were still used, while the majority were replaced 

with poor to moderate pit latrines. Generally, the compound is well 

planned and has reasonably bigger plots typical of low cost townships. The 

slope is gentle for sewage transportation of to the lift station. 

The project was funded by DTF at a cost of US$1.04million to serve 2,730 

users, representing only 10 percent coverage. The project works comprised 

the construction of single pour flush toilets, nine bio-digesters, sewer 

mains, and rehabilitation of sewage lift station. Once in use, each reactor 

could serve 35 households with biogas. The households agreed to pay 

US$100 as commitment fee each and had volunteered their labour to 

excavate trenches. 
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3.3.4 Data collection tools  

Wastewater was sampled and monitored twice monthly according to the 

sampling plan described in Table 3.1. Testing of key quality parameters was 

carried out by the University of Zambia laboratory in order to determine 

base and control parameters required for design purpose. In addition, a 

questionnaire served as another data collection tool for gathering 

perceptions on issues of onsite sanitation delivery. 

3.3.5 Questionnaire 

The semi-structured questionnaire shown in Appendix D was useful in the 

collection of qualitative and quantitative data for the survey. The purpose 

of questionnaire was to examine respondents’ opinions on the state of 

sanitation and their perceptions on the development and management of 

low cost sewerage systems. The objectives of the survey were as follows: 

(i) To assess respondents’ opinions the suitability of low cost sewerage 

systems in addressing sanitation challenges in peri-urban areas. 

(ii) To review the relevancy of the legal and regulatory framework to 

onsite sanitation delivery and its impact on the development of 

Dewats. 

(iii) To identify conditions necessary for the promotion of pro-poor 

sanitation options. 

For purpose of this study, the questionnaire was made as simple as possible 

considering the difference in experience and understanding with the 

respondents on issues of peri-urban sanitation. It comprised closed 

response and open-ended response questions. Parts II to III of the 

questionnaire was for the closed response questions with limited responses 

to guide the choice of respondents. The scales used in this case were 

“agree, maybe and disagree.”  

Meanwhile, parts IV and V were for opened ended responses with free-

answer questions to collect qualitative data. 
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Usually closed questions in a questionnaire are preferred because a 

respondent is quickly guided to choose a response closest to his or her 

viewpoint, whereas open-ended questions are beneficial when the 

researcher want to carry out an in-depth exploration about a given subject 

(Malisie, 2008). Data synthesized from open-ended questions was 

incorporated to support quantitative data collected from closed response 

questions. According to Malisie (2008), the disadvantage though with open-

ended questions is interview bias, which is likely to influence the response. 

3.3.6 Data processing and analyses  

The questionnaire survey that was administered to the respondents 

generated both qualitative and quantitative data. This was complemented 

with quantitative data obtained from experiments conducted in the case 

study. The methods of data analyses listed below were determined largely 

by the level of data as well as the hypothesis and research questions which 

this study sought to answer. 

a) Survey analyses  

Since the survey was designed to explore respondents’ opinions on the 

research topic, descriptive statistics was used to generate and display data 

in the form of statistical means, standard deviations, frequency counts and 

parentages. Usually a response to a research question concerning 

perceptions about a phenomenon will be generated by computing the 

means and standard deviations for each survey item (Baron, 2010). 

Prior to generating the findings, responses were collated and coded into 

common answers that were as close as possible to each other. Afterwards, 

findings from coded responses were generated in numerical tables and bar 

charts by statistical procedures using Microsoft Statistical Package for 

Social Scientist (SPSS). 

b) Wastewater quality analyses 

In order to assess the effectiveness of Dewats in the case study, 

characteristics of wastewater were examined by the Environmental 
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Engineering laboratory of the University of Zambia. In this case, 

wastewater qualities of interest were COD, BOD, TSS, NH4
+, NO2 NO3, N, P, 

FC, pH and Temperature.  

Because of its simplicity to produce data in graphical and numerical 

summaries, Microsoft Excel Descriptive Statistical Tool was used to 

analyse the above parameters. Equally, the tool was preferred due to its 

capacity to display data in a format describing the spread and 

concentration, prevalence, mean, standard deviation, skewedness and 

range. The analyses also involved comparing the findings to the statutory 

standards. 

a) Design analyses 

A computerised Microsoft Excel Technical Spread sheet adopted from 

Sasse (1998) was used to determine geometrical sizes of different 

treatment units comprising a Dewats. A separate spreadsheet for each 

reactor was developed containing different design equations presented in 

“what-if function” format. Sasse (1998), theorises that the formulae should 

be developed from curves portraying some relationship between various 

parameters that influence wastewater treatment processes. 

Therefore, basic input data for the spreadsheets were inorganic and 

organic wastewater constituents, combining estimated design parameters 

discussed in section 2.4.6 and mean parameters values measured from 

laboratory examinations. Hydraulic and organic rates were used as control 

parameters in designing the reactors. 

3.4 Reliability and Validity 

According to Rap and Ahlers (2008), reliability is explained as the “degree 

to which data collection methods measure and yield consistent findings”, 

while validity is “the extent to which data collections method accurately 

measure what they were intended to measure”. For the purpose of this 

study, the reliability and validity was increased by taking into account the 

following measures: 



65 

(i) Pre-testing survey questionnaires on five respondents to ensure only 

relevant and required data was collected. 

(ii) Combination of different but complementary methods vis-à-vis; 

survey questionnaire, interview and discussions, literature review to 

cross check consistency with the collected data. 

(iii) Regular wastewater sampling to ensure consistence and accuracy 

with wastewater qualities. 

3.5 Limitation of the study 

There are disparities in environmental conditions between the study area 

and most peri-urban areas; hence, this may influence differently the 

degree of wastewater treatment. Limitations for this study are as follows: 

(i) Conditions for the case study were different to what obtains in 

peri-urban settlements, and therefore, the degree of treatment 

is likely to vary from place to place. 

(ii) Living habits in peri-urban areas may have different effects on 

the characteristics of wastewater from the case study. Such 

behaviours could influence differently the design of Dewats. 

(iii) Obviously, the quality and quantity of sullage between a school 

and peri-urban areas is likely not to be uniform, thus the 

treatment processes in other areas will be different from the 

case study. 

(iv) The willingness and ability of respondents to respond to surveys 

and interviews timely, could not generate a 100 percent response 

rate, instead 60 percent was applied for this study. 

(v) Limitation with data and information with some of the 

respondents and communities about onsite sanitation service 

delivery. 

In summary, this chapter has provided the methodology used in the 

collection and analyses of data that was useful in answering the research 

questions and testing the hypothesis. 
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4.0 CHAPTER FOUR: PRESENTATION OF RESEARCH FINDINGS 

4.1 INTRODUCTION 

The chapter presents the results of the study based on the methodologies 

described in Chapter three. It presents data collected from the survey and 

case study, all aimed at testing the hypothesis that sought to establish 

whether Dewats as a sanitation option are appropriate for peri-urban areas 

in Zambia. In testing the hypothesis, this chapter is addressing research 

questions described earlier in chapter two. 

The chapter is divided into four main sections. The first section presents an 

overview of the state of onsite sanitation in peri-urban areas and factors 

affecting service delivery. It also highlights conditions that could favour or 

disapprove development of Dewats in peri-urban areas. The second section 

provides findings on effectiveness of Dewats under local conditions. It 

includes findings from the case study and other pilot demonstration 

Dewats. Section three describes findings on impact of the legal framework 

on the development of Dewats, while the last section are recommendations 

on how Dewats can be designed, and later on developed. Part of the 

findings presented herein was generated from data gathered through 

interviews with different category of respondents illustrated in Figure 4.1. 

 

Figure 4.1: Distribution of respondents to this study 
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4.2 DESCRIPTION OF PERI URBAN SETTLEMENTS 

Findings on the characteristics of peri-urban areas were analysed with the 

view to addressing the objective that sought to examine the impact of 

Dewats on the environment and people’s wellbeing. Data collected from 

part II of the questionnaire was used to generate findings on the conditions 

affecting onsite sanitation, faecal disposal methods, preference for other 

treatment methods to mention but a few. These findings are important 

because they provide indications on how Dewats could affect public health 

and environment once developed in peri-urban areas. 

a) Access to sanitation 

The analysis of sector performance as illustrated earlier in Figure 1.1 

singled out poor sanitation and slow improvements over the last 10 years, 

In 2001, as high as 73 percent of the urban population lacked access to 

improved sanitation, while in 2009, 65 percent still were not served. Other 

findings in Table 1.1 show a low sanitation improvement rate (4 percent) 

over the last 10 years, which has not been commensurate with the demand 

occasioned by the 23 percent population increase. 

b) Status of sanitation service in peri-urban areas 

The findings of questionnaire survey conducted in the peri-urban areas 

(Kawama, Ipusukilo, Kanyama, Kalingalinga and Bauleni, and Kabushi 

townships) describe the state of sanitation in peri-urban areas. 

(i) Population densities 

There was a feeling with most of the respondents that in peri-urban areas, 

affordable housing was available for the poor or low-income earners. In 

most areas, especially those, which were not planned properly, housing 

improvements and extensions signalled a high demand for more and 

cheaper accommodation. Because of such modifications, the size of people 

living on a single plot has increased. Discussions with the residents 

indicated that between five to seven families accommodated in a housing 

block lived on a single plot. 
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Further, according to Figure 4.2, 87 percent of the respondents agreed with 

the widely believed notion that high population densities in peri-urban 

areas had contributed to problems with sanitation. Another issue was the 

little plots sizes, as small as 12m x 10m (120m2), especially in the oldest 

localities. Hence, there was not enough space to relocate toilets once the 

pits were filled up. Site observations also showed that aspects of physical 

planning with most areas varied from poor to moderate. A few locations 

though in the peripherals of the settlement were reasonably planned with 

rather bigger plots. In such localities, three families on average resided on 

a single plot, although very rarely individual household lived alone. 

(ii) Sanitation conditions  

Figure 4.2 describes the findings on state of peri-urban sanitation and the 

demand for improved service delivery. The findings show that 93 percent of 

the respondents strongly agreed that pit latrines were a common method of 

faecal disposal, while 7 percent, who disagreed quoted other disposal 

methods such as septic tanks and Ventilated Improved Pit (VIP) latrines. 

 
 
Figure 4.2: Sanitation conditions in peri-urban areas 

Despite the majority indicating, the presence of basic and traditional 

latrines, 73 percent, however believed that the facilities were not 
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adequate as not all the houses had functional toilets. Figures 4.3 and 

4.4.displays some latrines models found in peri-urban areas. 

The respondents also strongly expressed the desire for alternative facilities 

to pit latrines. In this case, the majority (98 percent) of the respondents as 

displayed in Figure 4.2 expressed a strong desire for other options to 

resolve sanitation challenges. However, 3 percent gave preference to 

addressing other problems such as drainage, roads and water. The findings 

in Figure 4.2 also attributed the difficulties with peri-urban sanitation 

delivery to high-density of housing and population as attested by 87 

percent of the respondents. Those who did not agree argued that a few 

localities in the exteriors of the peri-urban settlements had reasonably 

medium housing densities typical of low and medium cost areas. 

 

 
 

Figure 4.3: Household latrine in Kuku 

Section, Chawama Township, Lusaka 

 

Figure 4.4: One of household latrine used 

by a family in Kanyama Township 

 

(iii) Physical and environmental barriers 

The findings as shown in Figure 4.5 were important in understanding impact 

of different sanitation methods on the environment and public health. 
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Figure 4.5: Factors deterring onsite sanitation service delivery 

The findings indicate that 76 percent of the respondents agreed that 

capital investment for the construction of improved facilities by plot 

owners or users was extremely low. As a result, this was affecting the 

quality of toilets constructed. Nineteen percent were not sure of how 

sanitation in peri-urban areas was financed. With regard to how sanitation 

facilities are developed, 89 percent of the respondents strongly indicated 

that property owners built all sorts of facilities in a manner befitting their 

needs. The facilities did not conform to any standards. However, 4 percent 

of the respondents who did not agree indicated a small presence of 

facilities, which were properly constructed.  

Other physical challenges with sanitation development were lack of space, 

effects of poor environment such as ground water pollution and incidence 

of water related diseases, etc. Eight six percent of the respondents were 

recognizant of the difficulties to relocate toilets after the pits had filled 

up. They agreed that plot sizes are too small to keep alternating pit 

latrines, while, 14 percent, who could not agree cited a few locations in 

the peri-urban areas, which had moderately bigger plot sizes. 

In addition, Figure 4.5 shows that 89 percent of the respondents attributed 

contamination of groundwater sources to the intrusion of organic 

wastewater from pit latrines, especially where sources were tapping sub 
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surface flows from a high water table. On the other hand, 11 percent 

indicated no relationship at all, citing a few peri-urban locations serviced 

with piped water supply. The incidence of waterborne disease was high 

according to 96 percent of the respondents, while 4.5 percent, who were 

not sure, linked the cause of diseases to poor personal hygiene. 

4.3 WASTEWATER MANAGEMENT AND TREATMENT IN PERI 

URBAN AREAS 

The findings on wastewater management and treatment systems as 

presented in sections 4.3.1 and 4.3.2 below are important firstly, in 

identifying the practice of developing peri-urban sanitation, and secondly, 

understanding the implication of service delivery approaches on the 

promotion of Dewats in Zambia. These findings were generated from data 

gathered from parts II and III of questionnaire. 

4.3.1 Wastewater management aspects 

The findings on the wastewater management in peri-urban areas describe 

the manner in which sanitation has been delivered vis-à-vis planning and 

development processes. 

a) Community based management 

The significance of the findings on community based sanitation practices 

was to assess the ability of communities to engage in sanitation service 

delivery, and its impact on the sustainability of Dewats. These findings are 

presented in the context of financing mechanism and local governance 

systems as regards management of onsite sanitation. 

(i) Financing peri-urban sanitation 

According to Figure 4.6, consensus with 71 percent of the respondents 

indicated that capital costs for the development of household sanitation 

were invariably borne by property owners, while 25 percent indicated that 

both the owner and user were responsible. 
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There were little indications of institutions financing onsite sanitation, 

except few examples, were support was project based through sanitation 

committees as attested by 5 percent of the respondents. 

 

Figure 4.6: Community level financing arrangements for the peri-urban sanitation 

(ii) Community based governance structures 

Further to the findings in Figure 4.6, 87 percent of the respondents 

indicated a rare presence of community based groupings engaged in onsite 

sanitation development. Apparently, respondents seemed to have limited 

knowledge on the governance arrangements because, they were not sure or 

did not have any idea at all. Thirteen percent cited the Residence 

Development Committees (RDCs) and project committees as a few local 

organs, which at times participated in community based initiatives. 

b) External support for onsite sanitation delivery 

The findings below were important in identifying a peri-urban institutional 

framework and its effectiveness in resolving onsite sanitation challenges. 

Notwithstanding the bulk of responsibilities, which peri-urban households 

have assumed, majority of respondents felt that there was a cluster of 

institutions with some responsibilities for onsite sanitation.  

According to findings in Figure 4.7, institutional responsibilities for 

developing sanitation rested primarily with Local Authorities (LAs), 

Commercial Utilities (CUs) and Non-Government Organizations (NGOs). This 
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was according to 46 percent of the respondents, while 25 percent singled 

only LAs and CUs as being responsible. Twelve percent were not sure of 

institutions mandated with peri-urban sanitation. 

 
 
Figure 4.7: Institutional responsibilities for onsite sanitation within the sector 

 

Figure 4.8: Raised platform VIP latrine in Chawama promoted by an NGO 

The role of NGOs in onsite sanitation has sparked off pro-poor sanitation 

development, though limited at project level. For instance, Figure 4.8 

shows a VIP latrine model funded by WaterAid in Zambia, an NGO that 

supported construction of 100 toilets in Chawama township of Lusaka. 

c) Relationship among the local actors 
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An understanding of shared responsibilities with key stakeholders in the 

sector was assessed from collaboration linkages among institutions active in 

onsite sanitation delivery. The findings as described in Figure 4.9 provided 

some insight on the effectiveness of institutional framework for peri-urban 

areas, as well as its impact on the promotion of Dewats.  

 

Figure 4.9: Collaboration in onsite sanitation planning & development processes 

Accordingly, only 46 percent of the respondents agreed that some 

collaboration existed among the local actors, whereas 21 percent felt that 

relationships were very rare. Thirty-three percent were either not sure or 

thought nothing whatsoever existed. 

4.3.2 Wastewater treatment 

The findings on wastewater treatment systems were useful in 

understanding alternative options for peri-urban sanitation as well as their 

potential to improving service delivery. The findings are presented in terms 

of the different treatment methods available, convenience with the 

handling of facilities and people’s preferences for other services. 

a) Wastewater treatment options 
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As indicated earlier in Figure 4.2, section 4.2, consensus with a majority of 

the respondents (76 percent) pointed to pit latrines as a predominant 

faecal treatment method in peri-urban areas, while the rest, though not 

many cited septic tanks. The findings also show that three out of six peri-

urban townships had public sewer trunk mains along their boundaries and 

only few areas closer to the sewers were connected. 

b) Preference for sewerage system 

Despite pit latrines being the most practised method, the findings however 

indicate that the facilities remain less popular citing environmental 

concerns. In Figure 4.10, 77 percent of respondents expressed preference 

for sewerage systems to pit latrines, while others were not sure if 

waterborne systems would make a best option for peri-urban areas. 

 

Figure 4.10: Preference of sewerage systems to pit latrines in Pus 

c) Operations and management 

The survey highlighted problems with the management of toilets in areas 

where replacement frequency was high. For example, in Kanyama 

townships, where 25-30 people per day used a single toilet, facilities were 

replaced every one year, largely due to misuse. According to Figure 4.11, 

more than 75 percent of the respondents preferred sewerage options partly 

because of the ease to manage, as well as health gains resulting thereof. 
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On the contrary, 20 percent were sceptical of whether the urban poor 

could properly manage such systems. 

d) Potential for low cost wastewater treatment system 

(i) Opportunities for low cost sewerage systems 

The potential to develop low cost sewerage systems was also subjected to 

the survey and its findings are shown in Figure 4.11. 

 

Figure 4.11: Preference of waterborne sewerage to pit latrines  

Seventy-six percent of the respondents in this regard felt that independent 

sewerage systems, inclusive of Dewats might be appropriate for peri-urban 

areas, while 24 percent were not sure. In addition, 79 percent thought 

Dewats could conditionally satisfy regulatory requirements for effluent 

disposal, while 18 percent were sceptical of developing sewerage systems. 

The majority of the respondents (80 percent) strongly felt that the high-

density housing and poor land development controls in peri-urban areas 

could render Dewats impossible to implement, while 20 percent were not 

sure and disagreed with this relationship. 

(ii) Constraints with sewerage systems  
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The findings show that the presence of physical and environmental barriers 

could limit the potential to develop Dewats in peri-urban areas. As shown 

earlier in Figure 4.11, there was overwhelming evidence from 80 percent of 

respondents to show that there was not enough land available for the 

extension of services, as most of it was already built on. Others who could 

not agree were optimistic that land could still be negotiated for. 

The other environmental condition found as critical to the development of 

Dewats was poor storm water drainage. This was cited by 84 percent of the 

respondents who felt that Dewats would not function properly if storm 

water drainage was overlooked. Figure 4.11, also, shows indications of an 

opportunity to recycle effluent water, but subject to availability of land. 

Ninety-two percent of the respondents agreed that the potential for 

effluent reuse in peri-urban areas was high because of the anticipated 

benefits from recycling effluent water. 

e) Necessity for water supply  

Water supply in peri-urban areas targeted by this study was a combination 

of communal taps and kiosks, mostly in high-density locations, and 

individual connections in moderately and well-planned areas. The hours of 

supply per day varied from place to place. For instance, in Lusaka, water 

was supplied for less than six hours per day, while Copperbelt province 

experienced prolonged hours between 12 and 16 hours per day. In this 

regard, 82 percent of the respondents gave approval that adequate and 

consistent water supply was essential to the development of Dewats. 

4.4 LEGAL AND REGULATORY FRAMEWORKS FOR PERI URBAN 

SANITATION 

The findings under this section give an understanding on the influence of 

the legal and policy frameworks on onsite sanitation, as well as on fostering 

applicability of Dewats. The section also presents incentives required to 

stimulate pro-poor sanitation in peri-urban areas. The findings are based on 

the data gathered from part IV of the questionnaire. 

a) Legal and policy frameworks 
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By implication, the findings in Figure 4.12 confirmed the following 

legislations as being relevant to peri-urban sanitation delivery: Water 

Supply and Sanitation Act (1997), Public Health Act (1995) and 

Environmental Management Act (2011). 

 

Figure 4.12: Legal provision affecting peri-urban sanitation and their relevance 

As regards sector policies, the findings also confirmed that the National 

Water Policy, Housing Policy, and Sanitation Strategy were the main policy 

instruments committing stakeholders to the delivery of sanitation. In Figure 

4.12, 28 percent of the respondents cited the Water Policy as affecting 

onsite sanitation, 11 percent singled out Sanitation Strategy and Housing 

Policy, while 6 percent cited a combination of water and housing policies. 

The majority (56 percent) however, expressed lack of knowledge on 

policies affecting onsite sanitation. 

Figure 4.12 also, shows that very few respondents (6 percent) perceived 

the legislation and its policy subsets as being effective, while 46 percent 

agreed that implementation was done but to some extent. Twenty-three 

percent observed weakness with enforcement, while 25 percent expressed 

lack of knowledge on the effects of the legal provisions on sanitation. 

According to the above findings, the legal and policy environment affecting 

peri-urban sanitation is presented in Figure 4.13. 
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Figure 4.13: Legislation and policy frameworks for the water and sanitation sector 

DHO  District Health Office; MLGH   Ministry of Local Government and Housing; MMWED 

  Ministry of Mines, Water Development and Energy; LAs  Local Authorities; ZEMA  

Zambia Environment Management Agency 

b) Funding mechanism and investment to the sector 

The findings in Figure 4.14 describe funding mechanisms available to the 

sanitation sub sector. This was considered as a measure of incentives to 

service providers. In this case, funding arrangement describes long-term 

financing commitment to the sector, whereas supplementary funding is 

project or emergency-based type of support. Therefore, according to the 

findings, the financing options available for onsite sanitation development 

processes were: 

(i) Sanitation fund from CUs according to 5 percent of the respondents 

(ii) Basket fund from DTF support, as attested by 20 percent of 

respondents 

(iii) Grants from MLGH/GRZ and donor support by 25 percent of the 

responds 

Altogether, 50 percent of the respondents however, did not know or were 

not sure if such funding sources ever existed. 
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Figure 4.14: Financing mechanisms for peri-urban sanitation 

Develop ≡ Development; Invest ≡ Investment; MLGH ≡ Ministry of Local Government and 

Housing 

Occasional support from the government, investment banks and NGOs was 

perceived as merely supplementary. In this case, 33 percent of respondents 

believed that MLGH provided a considerable share often as emergency 

fund, while 22 percent thought NGOs were contributing significantly to 

peri-urban sanitation. 

c) Institution framework for Peri-Urban Sanitation 

Equally, the existing financing mechanism and the legal framework 

provided some understanding of institutional arrangement for the 

promotion and development peri-urban sanitation. The findings illustrated 

in Figure 4.15 show that CUs and LAs had some responsibility for sanitation 

delivery. In this case, CUs maintained a direct relationship with the 

communities, but sometimes collaborated with project-based committees. 

While, LAs worked with organs vis-à-vis RDCs, NGOs and local committees. 
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Figure 4.15: Peri-Urban Institutional Framework for Sanitation Service Delivery 

 

a) Approaches to onsite delivery 

The findings on the existing approaches for the delivery of sanitation were 

important in assessing policy directions and sector strategies towards peri-

urban sanitation development. These findings were essential in explaining 

the effect of planning and programming on the development of Dewats in 

peri-urban areas. At the same time, the findings were used to assess 

whether sector wide planning and programming could provide enough 

incentives to foster Dewats in peri-urban areas. 

(i) Planning and programming 

Findings in Figure 4.16 provide respondents’ perceptions on the strategies 

available to operationalize policy guidelines for sanitation. In this instance, 

42 percent of the respondents were certain that onsite sanitation was 

delivered without comprehensive approaches or guidelines, while 28 

percent were not quite sure whether the guidelines ever existed. The rest 

of respondents however felt that people simply relied on their basic life 

skills to construct pit latrines. 
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Figure 4.16: Operating guidelines for peri-urban sanitation development. 

(ii) Prioritisation of peri-urban sanitation 

An assessment of the sector priorities towards financing sanitation was 

relevant in understanding the impact of policy on onsite sanitation 

delivery, as well as the probable influence towards developing Dewats. 

Figure 4.17 shows that only 24 percent of the respondents felt LAs and CUs 

were concerned with financing onsite sanitation, while the majority either 

were not sure or doubted if at all, sanitation was ever financed. 

 

Figure 4.17: Prioritisation for pro-poor sanitation and adequacy of capacity issues 
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Again, Figure 4.17 above confirms that sanitation was not financed 

adequately. Similarly, technical capacities were seemingly weak too, unlike 

water, which was well understood by most practitioners. The respondents 

who agreed with the adequacy of technical capacities were 25 percent, 

while 17 percent thought lack of funds signalled weak capacities with 

service providers. Generally, capacities issues as regards financing and 

competence provided some knowledge on the effectiveness of policy 

towards the development of Dewats. 

4.5 WASTEWATER TREATMENT FROM THE CASE STUDY 

The case study on Dewats at Pestalozzi School was important because it 

provided knowledge and understanding on the effectiveness of Dewats 

under the local conditions. At the same time, these findings, coupled with 

results of survey provided some information on applicability of Dewats in 

peri-urban areas. Under this section, the findings describe the removal of 

organic and inorganic compounds, environmental and social considerations, 

design implications and applicability of Dewats in peri-urban areas. 

4.5.1 Performance characteristics 

Data findings on the removal of organic and inorganic compounds as 

analysed from laboratory results informed performance of the Dewats at 

Pestalozzi School. The key parameters used to assess treatment efficiencies 

were: pH, temperature, Total Suspended Solids (TSS), Chemical Oxygen 

Demand (COD), Bio-Chemical Oxygen Demand (COD), Ammonia (NH4
+), 

Nitrate (NO3), Nitrite (NO2) and Faecal Coliforms (FC). 

a) Treatment efficiencies 

The findings in Table 4.1, which is a summary of Appendix A, presents 

wastewater effluent qualities obtained from laboratory testing. The table 

compares effluent values (presented as minimum, maximum and mean 

values) against relevant statutory provisions of the Environmental 

Management Act of 2011. From Table 4.1, the average minimum effluent 

values were within the required effluent quality as stipulated by the 

statutory requirement for effluent disposal, except for FC value 
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(8,500No/100ml) which was exceedingly higher than the 5,000No/100ml 

statutory limit. Similarly, maximum effluent quality was within the 

statutory limit for effluent disposal except for COD, BOD, NH4
+ 

and FC.  

The overall mean treatment efficiencies for different parameters were at 

least 80 percent, except for BOD, which measured 47 percent and 13 

percent for NH4
+. 

Table 4:1: Mean influent and effluent wastewater parameters 

Parameters Mean 
influent 

Minimum 
final 

effluent 

Maximum 
final 

effluent 

Mean 
final 

effluent 

Spread 
Effluent data 

ZEMA 
limit 

Plant 
Removal 

Eff % 

pH values 6.27 6.88 7.99 7.25 ±1SD(0.4) 6 - 9 
 

TSS (mg/l) 1,410 <1.00 <1.00 <1.00 ±SD(0) 100 99% 

Total COD 
(mg/l) 

3,740 29.00 150.00 99.22 ±2SD(35.6) 100 81% 

BOD (mg/l) 774.86 16.00 118.00 61.00 ±2SD(31.0) 50 47% 

Ammonia 
(NH4

+ -mg/l) 
14.51 3.80 40.98 23.03 ±2SD(11.1) 10 13% 

Nitrate  
(NO3-mg/l) 

3.38 0.04 3.90 1.50 ±1SD(0.3) 50 89% 

Nitrite  
(NO2-mg/l) 

0.35 0.07 0.74 0.22 ±1SD(0.7) 2 80% 

Faecal 
Coliforms 
(No/100ml) 

1.86x10 8,500 200,000 123,667 ±1SD(68,000) 5000 93% 

SD ≡  Standard Deviation; No ≡  Number; ZEMA ≡  Zambia  Environnemental Management 
Agency 

(i) pH 

The findings as analysed in Figure 4.19 shows that mean pH of raw 

wastewater reaching the bio digester was 6.27. After oxidation of organic 

and inorganic compounds, pH increased to 6.81 in the influent settler, and 

later dropped to 6.69 in the baffled septic tank (ABR). Subsequently, the pH 

increased from 6.69 in the baffled septic tank to 7.25 in the final effluent, 

signifying continuous degradation and decomposition of organic matter 

during anaerobic and post treatment.  

The variation of pH during the monitoring period is as shown in Figure 4.19. 

Between May and November, the final effluent was within the 6.0-9.0 pH 

allowable limit required for optimum treatment. 
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Figure 4.18: Variation for mean pH along the treatment process 

However, influent pH was acidic from August onward after it fell below 6.3. 

Generally, effluent pH was invariably higher than the influent pH. 

 

Figure 4.19: Variations of mean pH as a function of temperature during different 

months of the year 

(ii) Total Suspended Solids (TSS) 

Figure 4.20 shows TSS reduction trends during the treatment process. In 

this case, TSS amounts reduced from 1410mg/l in the influent setter to less 
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than 1mg/l in the final effluent, signifying 91 percent treatment efficiency. 

The TSS final effluent value was far below the 100mg/l statutory limit. 

 

Figure 4.20: Variations for the mean TSS along the treatment process 

(iii) Chemical Oxygen Demand (BOD) 

The reduction in COD between the bio-digester and wetland is shown in 

Figure 4.21. The average COD influent was 3,741mg/l, which reduced to 

99mg/l in the final effluent after treatment, a value just about 100mg/l 

allowable limit. The reduction signified 97 percent treatment efficiency. 

 

Figure 4.21: Variations for the mean COD along the treatment process 

The variation of COD in the different months of the year is described in 

Figure 4.22. Between April and May when the temperature was moderately 

high, effluent COD was below 30mg/l. However, as the temperature kept 
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reduced from May to July, COD correspondingly increased. Later towards 

November, effluent COD reduced with increasing temperature. Meanwhile, 

the extreme high COD influent value measured in June was attributed to 

constraints to collect a homogeneous sample from the bio digester. 

 

Figure 4.22: Variations for the mean Total COD as a function of temperature 

during different months of the year 

(iv) Bio-chemical Oxygen Demand (BOD) 

According to Figure 4.23, BOD dropped from 306mg/l in the bio-digester to 

61m/l in the effluent, signifying 47 percent efficiency. 

 

Figure 4.23: Variations for the mean BOD along the treatment process 
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The final effluent value was above 50mg/l BOD statutory limit for effluent 

disposal. Figure 4.24 shows the variation for BOD in the year. From May 

toward June, when temperature decreased, BOD increased, while an 

opposite trend occurred during high temperature conditions. Meanwhile, 

effluent BOD before disposal decreased as temperature increased. 

 

Figure 4.24: Variations for BOD as a function of temperature during different 

months of the year 

(v) Ammonia (NH4
+) 

Figure 4.25 displays the treatment trends for the ammonia substrate. 

 

Figure 4.25: Variations for the mean NH4
+ along the treatment process 
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The mean NH4
+ influent value was 21.83Nmg/l, which later after treatment 

reduced to 18.96Nmg/l in the final effluent, thus indicating 13 percent 

treatment efficiency (Figure 4.25).  

Again, the findings in Figure 4.26 show variations for NH4
+ as a function of 

temperature. The average effluent values were high in June, while low 

effluent values were measured from August to November. 

 

Figure 4.26: Variations for the mean NH4
+ as a function of temperature during 

different months of the year 

Figure 4.26 also shows that the settler continuously experienced a 

reduction in NH4
+ substrate, while the filter produced increased levels. Just 

like the settler, the wetland in this case also reduced NH4
+ content before 

effluent disposal. 

(vi) Nitrate (NO3) 

Figure 4.27 shows the reduction nitrate along the treatment process. The 

substrate was reduced substantially during anaerobic treatment from 

3.17Nmg/l in the digester to 0.30Nmg/l in filter, thus signifying 89 percent 

treatment efficiency. On the other hand, the wetland raised the amounts 

of NO3 from 0.3Nmg/l to 0.34Nmg/l before effluent disposal. 
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Figure 4.27: Variations for the mean NO3 along the treatment process. 

Meanwhile, the findings as illustrated in Figure 4.28 show satisfactory NO3 

removal rate. In fact, the mean influent and effluent values were far below 

the maximum quality permitted for effluent disposal. 

 

Figure 4.28: Variation for the mean NO3 as a function of temperature  

(vii) Nitrite (NO2) 

Nitrite removal, as illustrated in Figure 4.29 show a treatment trend similar 

with NO3. In this case, the mean 0.35Nmg/l NO2 value was reduced 

significantly to 0.07Nmg/l in the final effluent after treatment. 
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Figure 4.29: Variations for the mean NO2 along the treatment process 

As shown in Figure 4.29, NO2 was reduced significantly during anaerobic 

digestion from 0.35Nmg/l in the digester to 0.05Nmg/l in the filter. 

Whereas, in the wetland, the mean NO2  increased from 0.05Nmg/l to 

0.07Nmg/l. Figure 4.30 depicts NO2 removal during the different months of 

year. In June, when the temperature was lowest, the mean NO2 value in 

the digester was high, whereas, between August and November, the 

substrate amount reduced correspondingly with the rise in temperature. 

 

Figure 4.30: Variation for the mean NO2 as a function of temperature during 

different months of the year 
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(viii) Ammonification and nitrification 

Figure 4.27, shows that, along the treatment process, amounts of ammonia 

increased from 20.50mg/l in the bio settler to 29.15mg/l in the influent of 

the wetland. 

 

15%            -31%                          22% 

      Primary sedimentation 

 Bio digester (23%) 

 Settler (-8%) 

 

Primary biological 

 Septic tank (-27%) 

 Filter (-4%) 

Ammonification/nitrifications i.e. reduction of ammonia (20.50 to 29.15mg/l) 

Influent Effluent 

Secondary post treatment  

 Wetland (22%) 

 

Figure 4.31: An illustration of ammonification and nitrification 

Primary sedimentation and secondary post treatment processes resulted in 

increased amounts of ammonia by 16 percent and 22 percent respectively. 

(ix) Faecal Coliform (FC) 

The reduction of FC from wastewater is shown in Figure 4.31. 

 

Figure 4.32:  Variations for the mean FC along the treatment process 

The raw influent FC value was 1,86x106 No/100ml, which upon treatment 

was reduced to1.2x105 No/ml in the final effluent. Overall treatment 

efficiency was 93 percent. 
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Fifty-one percent treatment efficiency was achieved during anaerobic 

digestion, while post treatment efficiency with the wetland was 79 percent 

efficiency. The average FC value (1.2x105 No/ml) in final effluent was more 

than the 5.0x103 No/100ml statutory limit permitted for effluent disposal.  

Additionally, Figure 4.33 indicates that the mean FC values were 

consistently higher than 8,500No/100ml during the treatment process. 

 

Figure 4.33: Variation for the mean FC as a function of temperature during 

different months of the year 

The low FC final effluent values were measured between May and August, 

while beyond August, the amounts reduced. In November, treatment 

efficiency was extremely low. 

4.5.2 Environmental Considerations 

The findings on environmental requirements provided some understanding 

on the factors needed to guide the design of Dewats. These findings are 

presented in the context of planning and disposal permissions, soil 

contamination, sludge and effluent disposal, and wastewater reuse. The 

purpose of the findings was to generate design approaches for Dewats. 

 



96 

a) Planning and disposal permission 

The findings from the case study established that the plant was built 

without the acknowledgement of authorising agencies. The statutory 

requirements, which should have been fulfilled at a conceptual stage, were 

ignored. In addition, performance monitoring on the Dewats was not part of 

the operation and management plan, hence the effluent water was 

discharged without statutory permission. 

b) Site considerations 

The Dewats is conveniently located from wastewater generation points 

generally, within short wastewater travel distances. The site had adequate 

space to accommodate future development. There was no surface water 

flows at the site or anywhere nearby. In addition, the site was not prone to 

flooding, as the water table was sufficiently low, between 35m to 50m. 

c) Soil contamination 

The Dewats was designed exclusively for domestic wastewater, hence there 

has never been any incidence of overflows or accidental spills from other 

sources to contaminate the soil. The plant was serviced by 100 – 150mm 

diameter sewer network, which somehow minimized subsurface flow 

intrusion. Equally, the reactors and wetland were watertight and 

appropriately lined to avoid soil contamination from leakage. By so doing, 

percolation of wastewater into the ground was largely controlled.The 

volume of the discharged effluent was so little that there were no 

indications of possible contamination of the soil or receiving stream. 

d) Sludge and effluent disposal and reuse 

In the case study, the Dewats did not provide for treatment of sludge. 

However, the calculations expressed below, indicate that 12 tonnes of wet 

sludge per year would be produced from primary treatment, although the 

volume could reduce due to the compression of the overlaying sludge. 

Therefore, the available options for the sludge management was transport 

dewatered sludge to a centralised treatment works.  
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Sludge accumulation   = 0.005 liters per gram BOD removed (Sasse 1998) 

BOD per capita    = 55g per day (Mara 1975) 

Number of users  = 300 people 

Primary BOD removal rate = 40 percent. Refer to Appendix B (i) 

Specific gravity for sludge = 1.02kg per litre 

Sludge accumulated  = 0.005 x 0.40 x 55 x300 

    = 33 litres per day 

    ≈ 34kg per day 

    ≈ 12kg per year 

    ≈ 12tones per year 

 

Given the little effluent volumes (8 litres per minutes) disposed of after 

treatment, there was no evidence to suggest significant recycling of 

wastewater, apart from minor irrigation and gardening around the plant. 

e) Operation and maintenance 

The findings from case study on operation and maintenance practices gave 

some understanding on how Dewats can be managed and adapted in peri-

urban areas. From the discussions, it was established that only one 

attendant was assigned duties of operational nature for just two hours per 

day, vis-à-vis vegetation control, irrigating effluent water and ensuring top 

covers were tight. However, the attendant lacked the needed skills to 

operate the plant effectively. 

4.5.3 Design implications 

The characteristic of effluent water as observed from the case study was 

necessary in understanding the implications of the design of Dewats. 

Usually, any design used to build a system, would have implications on its 

performance as the system seeks to achieve its objectives. 

The analyses of design implications was based on the treatment efficiencies 

as observed in the case study, and design simulation performed using 

Microsoft Excel Technical Spreadsheet. In using this package, 

temperature was considered as a key input because of its significant 
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influence on the removal rates. Appendix B gives design examples and 

outputs for a Dewats serving 300 pupils, while Appendix C provides design 

outputs for a peri-urban Dewats. 

a) Design implication on treatment efficiencies 

The degree of treatment measured both from the case study and design 

simulation was useful in understanding the capacity of the Dewats required 

to achieve optimum treatment. This was based on the premise that 

reduced capacities will affect treatment of wastewater and quality of 

effluent water. 

A double check of the performance of the case study using the technical 

spreadsheet was used to compare actual achievements against designed 

outputs based on the same number of users. The lowest and highest 

temperatures gave two design scenarios - one based on the lower 

temperature and the other based on maximum temperature conditions. 

(i) Primary and Secondary BOD and COD removal rates 

Findings in Table 4.2 as observed from the case study shows that primary 

treatment in terms of COD and BOD removal was 70 percent and 46 percent 

respectively. As regards compliance, primary COD removal rate was within 

the 25 to 90 percent theoretical efficiency range. Equally, Table 2.2 shows 

BOD treatment rate fell within the 30 to 50 percent theoretical limit. 

Table 4:2: COD and BOD removal rates for case study. 

Quality 
Primary treatment 

Secondary 
treatment 

Mean COD (mg/l) 70% 37% 

Mean BOD (mg/l) 46% 2% 

 Faecal coliforms   51% 79% 

 

Quality Digester  Settler   ABR  Filter  PGF  

Mean COD (mg/l) 86% 48% 22% 25% 37% 

Mean BOD (mg/l) 63% 25% 12% 17% 2% 

 
ABR   Anaerobic Baffled Reactor; BOD   Biochemical Oxygen Demand; COD  Chemical 

Oxygen Demand; PGF  Planted Gravel Filter  
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Meanwhile, COD removal in the bio digester and settler was satisfactory, 

measuring 86 percent and 48 percent respectively. In terms of BOD 

removal, the bio digester also achieved satisfactory BOD removal rate (63 

percent). On the other hand, the baffled septic tank and filter achieved 

low performance rates, both in terms of COD and BOD removal. 

Table 4.2 also display findings on secondary treatment observed from the 

case study. The COD removal rate was barely moderate at 37 percent, 

while BOD was extremely low at 2 percent. 

(ii) Effects of Temperature on the Design 

In this case, design achievements at lowest and highest temperature 

conditions were compared against the actual efficiency measured from the 

case study. To ascertain adequacy with capacities and HRTs, design outputs 

in Table 4.3 were compared with actual results from the case study as 

tested by the laboratory. The design values were generated from the 

spreadsheets in Appendix B, based on 300 users, while taking into account 

the minimum and maximum temperatures observed from the experiment. 

Table 4:3: Effects of temperature on the treatment efficiencies 

 
Actual Rem Eff 

Design Efficiency (min 
temp, 19.6°C) 

Design Efficiency (max 
temp, 23.8°C°C) 

 
COD BOD COD BOD COD BOD 

Bio-Digester 
    

  

Settler 48% 25% 23% 23% 25% 65% 

ABR 22% 12% 58% 22% 72% 53% 

Filter 25% 17% 46% 49% 72% 80% 

PGF 37% 17% 55% 68% >55% >68% 

The table shows that the design outputs at lower temperatures around 

19.6°C and 2 hours maximum HRT (or worse scenario) produced effluent 

quality that fell below the theoretical thresholds. However, the designed 

efficiencies for all the treatment units except the bio digester were 

relatively higher than experimental findings, but far below the theoretical 

removal rates. Under this scenario, the design outputs generated higher 

compartment volumes as indicated in Table 4.4 that summarises design 
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outputs provided in Appendix B. The table also presents actual proportions 

of land requirement against the designed needs. 

Table 4:4:  Outputs of design check for Dewats in the Case Study 

Digester 
Reactor Volumes (m

3
) % surface area (m

2
) 

Actual Design Actual Design 

Bio Settler 7 18 5 3 

Baffled Septic Tank 12 23 8 3 

Filter 12 47 10 8 

Wetland 38 240 78 86 

Total Surface area 82 466 

With regard to the best scenario based on highest temperature conditions 

around 23.8°C, with 1.5 hours HRT, Table 4.3 also shows satisfactory 

achievements and much more improved organic removal rates as compared 

against actual removal rates measured in the case study, as well as the 

qualities during lowest temperatures conditions. Treatment efficiencies all 

fell within theoretical limits. 

(iii) Design requirements for a Peri-Urban Dewats 

The capacity of Dewats for peri-urban use was partly subject to the 

availability of land required to accommodate different treatment 

components. In this case, the findings indicates that design outputs based 

on high temperatures did not demand as much land as what was required 

when lowest temperature conditions were considered.  

Therefore, for the purpose of this study, lowest temperature conditions 

were central to the design of treatment units, despite high land 

requirement to accommodate the plant. According to the design outputs in 

Appendix C, land requirement and its distribution for a complete peri-urban 

Dewats is summarised in Table 4.5. Since land was perceived as being 

scarce in peri-urban areas as reported earlier Figure 4.4, to some extent 

the design approaches were restricted by the reasonable and practical 

amounts of land that could be made available. 
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According to Table 4.5, the wetland demanded 90 percent (3,414m²) of the 

land, while the reminder (10 percent) was for the reactors. The space 

requirement of this size was designed to serve 3,500 users according to 

Appendix C 

Table 4:5: Design volumes and land requirement for a peri urban Dewats 

Digester 
Designed 

Volumes (m3) 
Surface 

Area (m2) 
% land 
allocation  

% land allocation 
(adjusted) 

Bio Settler 113 75 2 4 

Baffled Septic Tank 210 84 2 5 

Filter 316 218 6 12 

Wetland 210 3,414 90  

Total 3,791   

 

Adjustments to the surface area considering 9.94g/m
2
 BOD loading rates (<10g/m

2
) 

Adjusted land space of wetland 840m
2
  79 

Total land size after adjustment 1400m
2
   

% land reduction after adjustment 59%   

With such land allocation for the wetland, the designed COD and BOD 

treatment efficiencies (i.e. 30 percent and 31 percent respectively) in 

Table 4.6 fell below the theoretical limits of a wetland.  

Table 4:6: Efficiencies for designed plant capacity of 3,500 users 

Design Analysis  

 
 

Design efficiency based 
on 19.6°C minimum 
temperature values 

Theoretical BOD 
Removal rates  

Design outputs 

COD BOD COD  BOD  

Bio-Digester   60%-80% 25%-50%  

Settler 25% 25% 60%-80% 25%-50%  

ABR 79% 70% 65%-90% 70%-90% Max. 7 chambers 

Filter 47% 50% 65%-90% 70%-90% Max. 5 chambers 

PGF 30% 31% 65%-90% 70%-95% Max area 3415m² 

Meanwhile, the baffled septic tank indicated additional seven 

compartments more than the theoretical requirement i.e. based on 

minimum temperatures as observed from the case study and 2 hours 

maximum HRT. Correspondingly, Table 4.6 shows 79 percent COD and 70 

percent BOD treatment efficiencies respectively, for the baffled septic 

tank, all falling within the theoretical limit. As regards the filter, it was 

designed to take five chambers to achieve 47 percent COD and 50 percent 
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BOD removal respectively. Generally, at low temperature, efficiencies with 

most of the reactors apart from the baffled septic tank fell below the 

thresholds. 

4.5.4 Applicability and replicabililty 

The findings on applicability and replicabililty of Dewats were important in 

developing its design approaches. One of the design criteria for pro-poor 

and sustainable sanitation is a technology that is acceptable and can be up 

scaled. The findings are presented in the context of the overall capacity of 

the Dewats to achieve sustainable treatment, acceptability of the 

technology to users, simplicity to manage and operating conditions. 

a) Effectiveness of wastewater treatment 

The summary findings displayed earlier in Table 4.1 show that treatment 

efficiencies with the main parameters observed the case study were above 

80 percent, except for BOD and NH4
+, which measured 47 percent and 13 

percent respectively. FC removal (89 percent) was satisfactory, although 

the coliform count was invariably higher than the 5,000No/100ml limit. 

However, as regards demonstration Dewats in Ndola and Livingstone, 

nothing much was learnt because the facilities were under construction 

during the study period. 

b) Operating climatic conditions 

The findings from the case study indicate that the degree of treatment was 

influenced by psychrophilic and mesophollic temperatures between 18.8-

25.9°C. However, the temperatures fell below 35°C required for optimum 

anaerobic digestion. 

c) Land requirements  

The Dewats models considered for the study were all sited where land to 

accommodate the facilities was readily available. As with the case study, 

the amount of land occupied by the Dewats was extremely small and 

compact, such that it did not present any barrier to future developments at 

the school. Similarly, land was not an issue with the Semi-Dewats in Ndola 
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because only a space for two bio digesters was required. In fact, the 

reactors were constructed on an open space that was available within the 

township. However, the design outputs for peri-urban Dewats demanded a 

sizeable space. As indicated earlier, approximately, a maximum land space 

of 3,500m², would be required for a fully Dewats to serve 3,500 users. 

d) Management and ease of handling 

As indicated earlier in Section 4.5.3(e), the Dewats at Pestalozzi School 

was managed in a manner that was simple and less complicated because of 

little time spent by the attendant to carry out his routine tasks. 

Considering its small size, only a single person was assigned at the plant for 

two hours per day to work. The findings, also observed that the technology 

did not demand energy in providing treatment. Other findings on 

demonstration Dewats in Ndola suggested that simplified operations are 

possible where Semi-Dewats discharging partially treated sewage is 

combined with existing centralised systems. 

e) Preference for sewerage systems 

The findings on technological preferences were used to measure the 

demand for adapting Dewats to peri-urban areas. Therefore, findings 

presented earlier in Figure 4.11 suggested a high preference for waterborne 

systems in peri-urban areas to pit latrines. For instance, in Kabushi 

Township, most of the residents were optimistic that demonstration plant 

could provide improve personal and public hygiene to their community. 

f) Inadequate knowledge on peri-urban sanitation 

The understanding of onsite sanitation delivery as well as Dewats by most 

of the practitioners, including the authorities at Pestalozzi School was 

limited as attested by a fair share of open responses especially, where the 

respondents were neither sure nor aware. 

4.5.5 Socio-cultural consideration 

The findings from the case study and peri-urban areas concerning social and 

cultural aspects were important in developing the design procedures for 
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the adaptation of Dewats in peri-urban areas. Social concerns factored in 

the design processes included social acceptability of the technology and 

prospects of handling of recycled the effluent. 

a) Acceptance of the technology 

As observed from the case study, the plant was only three years old in 

operation, and since it was constructed, there has not been any system 

failure to render the technology unsuitable for use. The school authorities 

had socially accepted the technology because there were no indications to 

the contrary to suggest any pollutions or nuisance. The contact with 

effluent wastewater was during watering. 

b) Reuse considerations  

The findings from both the case study and survey indicated no customary 

restrictions to handle recycled materials. However, in the peri-urban areas, 

great exceptions were expressed to manage pit latrines in the event were 

pits are filled up because of the lack of emptying services. On the other 

hand, findings from the case study indicated limited application of recycled 

wastewater. As indicated earlier, the limitation was exacerbated by low 

effluent yield of 8 litres per minute. There was no evidence to suggest 

reluctance to recycle the wastewater. However, use of biogas was 

extremely low. 

c) Sludge handling 

The Pestalozzi plant was not yet due for de-sludging as it was in its start-up 

phase, barely after three years in operation. The authorities expressed 

little knowledge of managing sludge. Perhaps, later in future when the 

plant becomes due for disludging, the school would have an idea of how to 

handle the accumulated sludge. However, a solution seemingly close to 

them is the use of motorised sludge emptying machines.  

4.5.6 Community participatory considerations 

Community participatory considerations are discussed in terms of people 

participation in providing capital investment, as well as in carrying out 
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management responsibilities. Also considered is external technical support 

to bridge competence requirements. 

a) Institutional and community based involvement. 

Interview discussions with the beneficiaries indicated that participation by 

the communities was different depending on the category of beneficiaries 

and conditions set for each intervention. For instance, school authorities 

financed the plant at Pestalozzi without contributions from the pupils. 

While, demonstration projects demanded a commitment fee of US$100.00 

from each beneficiary households. 

b) Community shared responsibilities 

Generally, aspects of managing the Dewats in the case study and 

demonstration project activities were different considering the varying 

context with these study areas. As with demonstration Dewats, community 

based sanitation committees managed activities. These were local 

representative organs tasked with duties pertaining to community 

mobilisation as well as ensuring favourable conditions were provided to 

support the projects. In this case, users participated by contributing labour 

for the excavation of trenches. 

c) External technical support 

The school authorities have always been party to the operation and 

management of the plant. However, owing to limitation with certain 

operation and management aspects of the Dewats (air tightness for 

reactors, vegetation control, effluent disposal etc.), BORDA/WASAZA was 

providing occasional support to bridge the skills gap. 
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5.0 CHAPTER FIVE: DISCUSSIONS OF FINDINGS  

5.1 INTRODUCTION 

This chapter is the consolidation and discussion of the findings presented in 

the previous chapter. To address the four research questions of this study, 

the discussions in this chapter are summarised in five major components; 

(i) the form of peri-urban areas, (ii) performance characteristics of Dewats, 

(iii) legal and institution implications, (iv) design factors and procedures, 

and (v) sustainability of Dewats. 

5.2 ONSITE SANITATION SERVICE DELIVERY  

The delivery of sanitation in major peri-urban areas in Zambia is identical 

to service provision in slums, especially in other developing countries 

because of similar conditions and constraining characteristics such as 

densification and expansion of formal and informal settlements, lack of 

space, inadequate rights of way, and frequent occurrence of flash floods. 

The effects of such challenges have restricted service provision, and where 

attempts are made, there has been inadequate coordination with regard to 

the planning and development. 

Sanitation in the major peri-urban areas has been difficult to resolve by the 

Commercial Utilities (CUs) and Local Authorities (LAs), considering the 

marginal improvement experienced so far. This assertion agrees with global 

findings by WHO and UNICEF (2010) which cited lack of access to good 

sanitation with the majority of rural and urban people in Sub-Saharan 

Africa. These challenges therefore, become important in guiding the design 

and development of Dewats for the peri-urban areas. 

5.2.1 Sanitation conditions in peri-urban areas 

a) Type and adequacy of sanitation  

In Zambia, improvement of urban and peri-urban sanitation has been 

extremely marginal since 2001, suggesting insignificant efforts by CUs and 

LAs in addressing sanitation problems. Clearly, the 4 percent average 
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sanitation improvements rate is by far not enough to meet the demand 

occasioned from 23 percent of those who are not served as well as the 

annual population increase. The natural growth and rural urban migration 

has been the major cause of the population growth, and therefore Lusaka, 

Copperbelt, Southern, Eastern and Northern provinces are the most 

affected (GRZ, 2011c). 

Apart from the traditional pit latrines, and a few septic tanks and 

Ventilated Improved Pit (VIP) latrines, there have not been serious 

attempts to explore simplified sewerage systems such as Dewats, which 

have assisted other regions to attain progress with sanitation. Therefore, 

providing Dewats into sustainable sanitation requires an open mind to 

different solutions to address challenging environments context. The 

argument is confirmed by the findings according to WSP (2010), which 

suggested making a shift with urban sanitation to using pro-poor simple and 

low cost sewerage technologies. 

b) Construction quality of sanitation facilities 

The findings according to 73 percent of respondents indeed revealed the 

poor sanitation with major peri-urban areas, which Dewats should aim to 

address if the technology is to be effective. The structural integrity with 

most of the pit latrines is poor, because construction controls are not 

enforced at all. Practically, the facilities fail to meet the requirements of 

basic sanitation, hence are regarded semi-permanent or incomplete. The 

claim is validated by the findings by Cogswell and Ngulube (2008) which 

observed that most of the latrines are temporary in nature because of the 

poor construction quality. 

The effect of quality issues has been poor hygiene, which renders most 

toilets insanitary to users, hence, affecting reliability and functionality. 

This assertion adds to the arguments by Herron (2007) where the author 

linked the use of pit latrines to health related problems such as breeding of 

mosquitoes, emission of bad smells, etc. The poor quality of with most of 

the pit latrines suggests the reason why affordable construction has been 
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difficult to achieve by the urban poor. It also explains why the current 

sanitation options have had little influence to achieve the desired 

improvements or even to prompt the required change.  

Therefore, alongside the enforcement of construction controls, promotion 

of Dewats would require a well-structured financing arrangement from both 

the providers and users to address the low capital investment affecting the 

construction quality. 

c) Opportunities for other technologies 

As indicated by 76 percent of the respondents, people in peri-urban areas 

have access to some sort of sanitation facilities because of a wide presence 

of pit latrines. However, poor investment to construct improved facilities, 

coupled with the effects of physical and environmental challenges has 

narrowed opportunities for other sanitation choices e.g. aqua privy, pour 

flush, etc. Besides the wide presence of pit latrines, the study has also 

confirmed the presence of septic tanks, though very few, especially in 

isolated peri-urban locations, which are moderately planned. 

Other studies however, overlook the use of septic tanks in areas that have 

favoured the technology. For instance, while the claims by NGO WASH 

(2010) agree that pit latrines are the most used facilities in peri-urban 

areas, on the other hand use of septic tanks is related to medium and high 

cost areas. Such assumptions fail to recognise the fact that peri-urban 

areas also comprise locations where improved technology could be 

developed. Therefore, targeting such areas would certainly increase the 

chances of developing and adapting Dewats in peri-urban areas. 

In addition, the growing demand for wet sanitation is another opportunity 

for Zambia to cause a paradigm change from pit latrines to technologies 

such as Dewats. The lessons postulated by WHO and UNICEF (2010), and 

WSSC (2005) somehow, strengthen the resolve by DTF and BORDA to pursue 

and adapt Dewats in Zambia. Obviously, without responsive and simplified 

solutions that are appropriate to peri-urban areas, the change that the 

urban poor long to achieve may not be attained (WSSC, 2010). 
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d) Responsibilities for sanitation 

The delivery of onsite sanitation in peri-urban areas is self-financing 

according to 86 percent of the respondents. Since households are at the 

centre of service delivery, somehow, it shows some attempts to improve 

their wellbeing in an environment that is less supportive to their needs. 

Therefore, the participation by users in the service delivery, despite the 

challenges people have faced is by itself an opportunity likely to favour 

Dewats in the peri-urban areas. 

The little initiatives by the users if not strengthened by external assistance 

could quickly diminish efforts available for addressing sanitation. Indeed, 

the exclusion of CUs and LAs from development processes signals failure to 

provide adequate sanitation in either formal or informal settlements (IWA, 

2008). Similar trends are common in other regions, for instance a case of 

India, where service providers are not permitted to serve the slums 

(Parkinson and Quarter, 2008). Such a scenario tends to weaken investment 

portfolios with the authorities; while, on the other hand, households are 

not encouraged to add sufficient capital to construct better facilities. 

Achieving a sustainable sanitation through Dewats requires a strong 

implementation arrangement especially at the community level, 

strengthened with support from mandate providers, otherwise leaving it to 

the users alone might not be sustainable. 

e) Demand for sewerage system 

Seventy-eight percent of the respondents expressed demand for sewerage 

systems, largely because of the perceived simplicity to manage and health 

benefits of using such technologies. Additionally, the high population 

density has partly contributed to disproportionate use of toilets, which in 

the end has affected service life of pit latrines, hence increasing the desire 

for other options. The study in particular, established that between 25 and 

35 people per day use a single toilet, suggesting that one in every six 

people has access to toilet, either in a good or poor state. The assertions 
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are augmented by Tannerfelt and Ljung (2007), were the authors claim that 

high population density reduces acceptability of the few available toilets. 

The fact that Dewats rank among the most favoured technologies, it is 

imperative that the plant should deal with high user demand to avoid 

disproportionate use and later on achieve sustainable services. Of course, 

different models of simplified wastewater systems are increasingly 

considered as options which developing countries with similar peri-urban 

characteristics should explore (Anh et al., 2002). The majority of the 

respondents indeed share the same understanding, and are keen to see a 

strategic shift to sewerage systems in parts of peri-urban areas. It is 

importance to stress that the preference for dry onsite sanitation is far 

from the aspirations of the majority of people in peri-urban areas. 

f) Peri-Urban Constraints 

Seventy-five of the respondents agreed that delivery of onsite sanitation 

was constrained partly by physical and environmental factors common in 

many peri-urban areas. Most of the challenges identified by the study 

relate very well with constraining features established by Tanerfeldt and 

Ljung (2007) typical of onsite sanitation delivery in the slums with most 

developing countries in Sub-Saharan African. It seems challenges of 

environmental nature such as flooding, high ground water and poor hydro-

geological conditions, could cause operational and management difficulties 

with Dewats, while institutional challenges might not just instigate 

meaningful development processes of the Dewats. 

Therefore, the design or development of Dewats for peri-urban areas 

should address or mitigate effects of high-density population and housing, 

unsystematic and uncoordinated housing development, inadequate land, 

flooding and high water table. This means that any technology to be 

developed in peri-urban areas, but with insignificant considerations of 

challenging situations regardless of its proven advantages may suffer the 

same consequence as pit latrines. The work by Cogswell and Ngulube 

(2008), in fact, argues that past sanitation initiatives in peri-urban, which 
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have had little regard to local conditions have suffered slow uptake and 

sometimes have ended at pilot stage. 

5.3  PERFORMANCE OF DEWATS 

The performance of Dewats in terms of treatment was assessed through the 

removal efficiencies of major physical, chemical and microbiological 

contaminants. Despite the plant operating at 20 percent capacity, 

generally, performance in the case study showed satisfactory removal 

rates, signifying potential for Dewats to meet the treatment objectives 

under the local conditions in Zambia. 

Anaerobic digestion, undoubtedly, indicated significant reduction of 

organic and bacterial load suggesting improved quality of discharge effluent 

after treatment. Actually, the average organic removal rates were at least 

80 percent, except for BOD and ammonia (NH4
+), which measured 41 

percent and 13 percent respectively. Although satisfactory treatment 

efficiency (91 percent) was achieved with the removal of pathogens, the 

average 53,000No/100ml Faecal Coliform (FC) count in the effluent was far 

above the 5,000No/100ml statutory limit. 

Based on the level performance achieved from the case study, whilst at the 

same time acknowledging the constraints, affecting the delivery of 

sanitation, the researcher is optimistic that potential is high to develop 

Dewats in certain peri-urban locations. However, the shift to Dewats needs 

to emulate a continuous process of learning from countries like Vietnam, 

which has begun to favour the technology in small communities that find 

conventional systems too expensive to explore (Anh et al., 2002). 

5.3.1 Performance characteristics 

a) pH 

The average pH value during and after treatment was between 6.27 and 

7.25 respectively. After the first phase of treatment in the bio-digester, 

the average pH of raw wastewater increased from 6.27 to 6.81, before 
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falling to 6.69 in the bio settler. Later after the baffled septic tank, pH 

increased to 7.25 in effluent wastewater.  

The increase in pH value from 6.27 in raw water to 6.81 in the bio digester 

suggests the first treatment process involving the breakdown of organic 

matter (urea and faecal matter) through a process called hydrolysis. At this 

stage, most of the nitrogen in raw water was converted from organic 

nitrogen to ammonium (Slater, 2007). 

Generally, pH conditions were acidic in the bio digester and settler, but 

higher than the 6.5 minimum limit required for anaerobic digestion. This 

indicated a higher production of acid forming bacteria during hydrolysis and 

acidogenesis. According to Metcalf and Eddy (1991), the above chemical 

reactions suggest that anaerobic organisms in the reactor were responsible 

for the hydrolysis of amino acids and other compounds, while during 

acidogenesis; acid forming bacteria breaking down the compound to acetic 

acid, caused pH to reduce. 

Further, during treatment, pH in the bio settler was 6.69, reducing from 

6.81 in the bio digester. Similarly, the conditions were generally, acidic, 

also denoting acidogenic and acetogenic conditions, but with increased 

levels of amino acids than hydroxyl groups. The acidic conditions in the bio 

digester and settler are not suitable for methane producing bacteria and 

perhaps this suggest the reason why utilisation of bio-energy generated 

from the bio digester was extremely low. Meanwhile, the baffled septic 

tank and anaerobic filter were able to provide enough baffling to neutralise 

acidity and stop acidogenesis. Therefore, this confirms the assertion by Anh 

et al. (2003) which theorizes that a digester should provide enough 

buffering to stop acidity and allow for continuous anaerobic respiration. 

Variations in pH values during primary treatment signify the influence of pH 

on the complex anaerobic processes, which were important to the 

operation of Dewats. Since, the average pH during treatment was kept 

within the 5.5 to 8.5 limit, it suggests that anaerobic digestion and 

subsequently wastewater treatment was subjected to optimum conditions. 
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These findings agree with suggestions by Rajeshwari et al. (2000), which 

theorizes that anaerobic digestion, being the principal wastewater 

treatment process is highly dependent on pH, and must be within the 5.5 to 

8.5 optimum limit required to maximise digestion rates. 

Roeleveld and Zeeman (2006) however recommend a narrower methogenic 

pH limit between 6.8 and 7.2 for anaerobic digestions to prevent 

dominance of acid forming bacteria from causing accumulation of fatty 

acids. Therefore, the spread of data within the ±1Standard deviation (i.e. 

±1SD (0.4)) suggest that the reactors apart from the filter and wetland 

exhibited acidogenic conditions during their lowest pH conditions, while 

methogenic condition was prevalent to all the reactors at their higher pH. 

In summary, the variations of pH values between 4.96 and 7.86 along the 

treatment process indicate that wastewater of this quality is oxidisable and 

degradable by Dewats. 

b) Ammonification and nitrification 

The distance of travel of wastewater from points of generation to the 

Dewats was very short, suggesting that the conversion of organic nitrogen 

to ammonia was not only restricted during transportation of wastewater, 

but also continued along the treatment process. This biochemical process is 

called ammonification, a process in which majority of organic nitrogen in 

raw sewage (urea and faecal matter) is converted during travelling through 

the sewer to ammonia by hydrolysis (Roeleveld and Zeeman, 2006). Instead 

of the Dewats measuring a reduction of ammonia along the treatment 

process, the substrate increased from 20.50mg/l in the bio settler to 

29.15mg/l in the influent of the wetland.  

Figure 5.1 illustrates the reduction of ammonia according to the treatment 

stages. The 10 percent rise in ammonia between primary sedimentation 

and secondary biological treatment processes indicated continuous 

hydrolysis because of insufficient time for the digesters to nitrify. This 

means that the increase in ammonia as treatment progressed was a 

consequence of incomplete anaerobic digestion in the reactors. The 
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biochemical activity of the enzymes transforming the remaining urea 

passed from the previous reactor into ammonia and carbon dioxide was 

continuous during the treatment process (Roeleveld and Zeeman, 2006). 

  
 

16%            -31%                          22% 

      Primary sedimentation 

 Bio digester (23%) 

 Settler (-8%) 

 

Primary biological 

 Septic tank (-27%) 

 Filter (-4%) 

Ammonification/nitrifications i.e. reduction of ammonia (20.50 to 29.15mg/l) 

Influent Effluent 

Secondary post treatment  

 Wetland (22%) 

 
Figure 5.1: An illustration indicating ammonification and nitrification 

The wetland experienced low nitrification as evidenced from 22 percent 

ammonia treatment efficiency. This indicates a low capacity of the wetland 

to reduce ammonia by converting it to nitrate, probably, because of short 

retention time, or a small presence of nitrosomonas and nitrobacters (Anh 

et al., 2003). The authors contend that the biological conversion of 

ammonia to nitrate is two-step process involving nitrosomonas, which 

converts ammonia to nitrite, and nitrobacters converting nitrite to nitrate. 

The nitrification by the wetland can be attributed to the physical uptake of 

ammonia by the plant roots, and chemical process, where the dissolved 

oxygen produced by the roots was utilised to metabolise ammonia. 

Generally, a combination of biological, physical and chemical processes via 

the plant roots in wetlands is responsible for degradation of ammonia and 

nitrogen compounds (Ayaz and Akca, 2001). 

The average ammonia (23.03mg/l) in effluent wastewater was higher than 

the 10mg/l maximum limit for effluent disposal. Although ammonia is a 

good fertiliser, higher effluent amounts than what is permitted should be 

discouraged, because they cause algae growth in the receiving bodies or 

can harm aquatic life. 

c) Denitrification 

The Dewats demonstrated satisfactory capacity to reduce nitrate by 89 

percent (i.e. from 3.17 to 0.34mg/l). In particular, the bio digester and 

settler measured higher nitrate removal, while extreme low removal rate 
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(11 percent) was recorded onwards from the baffled septic tank (see Figure 

5.2). It seems primary treatment with the bio digester and settler was 

central to the satisfactory removal of nitrate and TSS compounds. 
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 Filter (22%) 

 Wetland (Increasing) 

Denitrification (breakdown of ammonia to nitrate 

Influent Effluent 

 

Figure 5.2:  An illustration of denitrification process reducing ammonia to nitrate 

Given the above explanations, it is obvious that much of the nitrate 

removed along the treatment process was that amount associated with 

settleable solids, than dissolved or inorganic compounds. On the other 

hand, low reduction ratios imply that anoxic respiration in the baffled 

septic tank and denitrification both in the filter and wetland was minimal. 

Lower anoxic respiration and denitrification rates indicated slower 

anaerobic metabolism of the dissolved organic matter in wastewater. As 

there is no free oxygen available, anoxic respiration becomes the source of 

dissolved oxygen needed for the breakdown of organic decomposition 

(Sasse, 1998). Therefore, the slow denitrification rate was a result of 

shorter retention time within the reactors. 

In spite of the slow denitrification as observed from the Dewats, the 

effluent quality of nitrate (0.34mg/l) was well below the 1.50mg/l 

statutory requirement. This notwithstanding, slow denitrification rate, 

however, could cause worry in future when the Dewats begins to operate at 

full capacity. 

d) Total Suspended Solid (TSS) removal 

In the case study, the Dewats remarkably reduced TSS from 1410mg/l to 

less than 1 mg/l on average, thus indicating 91 percent treatment 

efficiency. In particular, the bio digester and wetland achieved higher 

treatment efficiencies i.e. 86 percent and 94 percent respectively. 
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Satisfactory treatment efficiency experienced with the bio digester could 

be attributed to reasonably sufficient retention times, while a high 

reduction rate with the wetland was largely because of the filtration 

process by the plant root zones and gravel filter. It seems, the filter was 

trapping that proportion of non-settleable solids escaping primary 

biological treatment. It could be argued that the influence of the retention 

time on TSSs removal with the wetland was minor following minimal 

reduction of dissolved organic compounds i.e. 37 percent for COD and 2 

percent BOD. 

The baffled septic tank achieved the least removal efficiency (34 percent) 

as compared to other reactors, because of shorter HRT. In theory, the 

baffle septic tank should measure higher treatment efficiency because of 

its large volumes and several compartments it retains (Anh et al., 2003). 

Therefore, the implication of reduced TSS efficiency equally, is reduced 

removal of COD and BOD available in settleable solids, because dissolved 

organic matter during primary treatment usually, is treated to a smaller 

extent (Roeleveld and Zeeman, 2006). In ensuring that anaerobic digestion 

is maximised, reactors should retain longer HRTs and low UFVs, to ensure 

TSS removal through detention reduces the organic compounds present in 

suspended solids. According to the theory by Sasse (1998), one third of BOD 

in wastewater is from settleable solids, while the other proportion is from 

dissolved and non-settleable solids. 

Because of a higher TSS removal achieved by the Dewats, the appearance 

of effluent wastewater was clear, indicating controlled levels of turbidity. 

It is possible that clarified effluent of this quality will not give rise to social 

problems in terms of handling and recycling wastewater. 

e) Organic load removal 

Overall COD removal rate (71 percent) was higher than 47 percent BOD, 

treatment efficiency. Similarly, anaerobic and post-secondary treatment 

efficiencies were higher for COD (70 percent and 37 percent respectively) 

than 46 percent and 2 percent BOD removal respectively. From the 
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analysis, primary BOD removal was about half COD, while BOD post 

treatment removal was low. The trend with COD and BOD removal shows 

that chemical oxidation was higher than biological metabolism. This shows 

that much of the COD was removed during sedimentation in the bio 

digester, indicating that most of the substrate was particulate. 

Conversely, the design simulation based on minimum temperature 

conditions and maximum retention time, returned more improved COD and 

BOD treatment efficiency than what was measured in the case study. 

Equally, by considering highest temperature and retention times, the 

design outputs produced impressively higher removal rates, which fell 

within the theoretical limits. Therefore, a comparison of performance 

trends measured in the case study against design products elucidates that 

temperature and the retention time had a significant influence in the 

degradation of organic COD and BOD.  

Again, the influence of temperature on the oxidation processes was 

assessed during the different months of the year. In this case, between May 

and August when lowest temperature conditions were experienced, 

effluent COD and BOD was relatively higher, whereas from August to 

November, the effluent organic load was low, indicating effectiveness with 

the Dewats to handle organic matter. It is clear that the effect of lower 

temperatures around 19°C would be an effluent of low to poor quality 

obviously falling off the required limits. The assertions are substantiated by 

the arguments according to Van Handeel (2006), which claim that 

temperatures between 18 and 25°C are favourable for anaerobic digestion, 

although the theory according to Sasse (1998) approves lower temperatures 

above 15°C. 

Nonetheless, effluent COD (99mg/l) was just below 100mg/l statutory limit, 

suggesting an average performance in terms of chemical oxidation. An 

effluent of this quality is acceptable and can be discharged in water bodies 

without causing excessive dissolved oxygen demand to chemically oxidise 

the organic matter. On the other hand, effluent BOD was 61mg/l higher 

than the 50mg/l maximum permissible limit by regulatory authorities. The 
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effluent with such organic load could harm the environment because of the 

excessive demand it would cause on dissolved oxygen in trying to 

biologically degrade the remaining organic compounds. 

f) Faecal Coliform (FC) removal 

The overall FC removal during primary and post treatment was satisfactory, 

measuring 93 percent. With this achievement, the plant demonstrated 

potential to reduce the average FC value from 1.8x106 to 1.2x105 

No/100ml. In this case, the average primary treatment efficiency between 

the bio digester and filter was 51 percent, while post treatment with the 

wetland achieved 79 percent. 

However, because of short retention times (with the bio settler, baffled 

septic tank and filter), as indicated earlier, FC removal during primary 

sedimentation treatment was believed to have been incomplete, indicating 

that the reactors were discharging the effluent prematurely having 

undergone insufficient treatment. It seems, higher removal rates achieved 

during post treatment justified the relevance of a wetland as one of the 

units of a Dewats that is crucial for the removal of pathogens. Therefore, 

based on the previous research by Roeleveld and Zeeman (2006), it is 

believed that removing pathogens during anaerobic treatment is partially 

accomplished, unless post treatment is included to adapt anaerobic 

effluent to the required discharge standards. The wetlands generally, are 

supposed to integrate anaerobic treatment to polish effluent quality (Van 

Handeel, 2006). 

The FC effluent count from the wetland was invariably higher than 5.0x103 

No/100 ml maximum statutory threshold. The high prevalence of FC 

deserves attention, as effluent of this quality would expose people working 

in contact with it to certain health risks. The different types of micro-

organisms, which are a concern for irrigation purposes, are pathogenic 

viruses, bacteria, protozoa and helminthes (Cornel and Weber, 2006) 

Therefore, recycling practice to be applied in peri-urban areas, if any, 

should be restricted type of irrigation on the surrounding lawns and possibly 
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crops. To meet the criteria for unrestricted irrigation, Shihab (2006) insists 

that effluent quality should be ≤1,000No/100ml of FCs. Considering the 

above degree of treatment, the effluent of this quality would be difficult to 

achieve; otherwise, effluent water ought to be disposed of without any 

reuse purposes. 

5.4 EFFECTS OF WASTE TREATMENT ON THE ENVIRONMENT 

The degree of treatment with the Dewats in terms of the removal of 

organic compounds (pH, TSS, Total COD, BOD, NH4
+, NO3, NO2 and FC) was 

not even. In this case, effluent qualities ranged from minimum values, 

which mostly were within the acceptable regulatory threshold, to maximum 

values, some of which were higher than the required effluent limits. 

A clear understanding is expressed according to Table 4.1 in section 4.5.2. 

In this regard, the effluent values for control parameters (COD, BOD, NH4
+, 

and FC) exceeded their statutory limits for effluent discharge required to 

abate environmental and public health risks. It is also clear from the spread 

of data shown below that when standard deviations are applied, the 

maximum effluent values could exceed the limits. 

(i) 99.01±2 Standard deviation (35.59) COD mg/l 

(ii) 61±2Standard deviation (30.95) BOD mg/l 

(iii) 23.03±2 Standard deviation (11.09) NH4
+ mg/l 

(iv) 23,666±1 Standard deviation (68,0000), FC/100ml 

On the other hand, the lowest quality values fall within the required 

threshold when the standard deviations are factored in. 

5.4.1 Potential risks and their effects 

The maximum effluent value for parameters measured from the case study 

suggests that Dewats will occasionally produce effluent quality exceeding 

the statutory limits for effluent disposal. During such periods, high organic 

load and FC, and low nitrogen removal as evidenced from the case study 

are likely to cause concern with public health. Figure 5.3 illustrates the 

effects explained below that could arise from low treatment efficiencies. 
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Figure 5.3:  Effects of partially treated wastewater on public health 

a) Effects of high organic load to receiving water bodies and land 

Higher effluent COD and BOD amounts indicate remaining inorganic and 

organic matter likely to pollute the receiving water or any piece of land 

intended for recycling purpose. The low relative BOD removal experienced 

with wetland (2 percent) was a consequence of incomplete degradation of 

organic and dissolved matter. Therefore, the effluent with high organic 

load if disposed of could demand high dissolved oxygen amounts from 

receiving water or deplete what is available for aquatic life. 

Therefore, effluent water with high amounts of BOD would add organic 

compounds to that piece of land or a water body receiving wastewater. In 

peri-urban areas with scarce land, and sometimes with non-flowing but few 

isolated water bodies, the effluent that has undergone insufficient 

treatment could result in offensive smells. 

b) Effects of high NH4
+ compounds on the environment 

Removal rates of NH4
+ were consistently low (See Table 4.1), such that the 

average effluent value was higher than the 10mg/l statutory limit for 

effluent disposal. A high NH4
+ effluent value signalled a significant amount 

of nitrogen still available after treatment, thus, suggesting relatively poor 

nitrogen removal during oxidation of NH4
+. 
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Nitrogen in wastewater makes NH4
+ a good fertiliser, but high effluent 

values will cause growth of algae in the receiving bodies. Generally, 

wastewater rich in nutrients such as nitrogen and phosphorous is valuable 

to plant growth, but if improperly realised in large quantities, the nutrients 

can cause eutrophication in water or on the land (Mcilwaine and Redwood, 

2010). Equally, assertions by Roeleveld and Zeeman (2006) augment this 

theory, were the authors argue that excessive nitrogen in form of NH4
+ is 

toxic and a major oxygen consuming substrate that must be kept away from 

the living water and aquatic life. 

Obviously, the implication of such operating conditions is reduced potential 

to recycle effluent water especially for irrigation purposes. Moreover, most 

peri-urban areas do not have water bodies to receive and purify the 

effluent; hence, such effluent qualities if not improved at design stage 

would diminish chances of promoting Dewats. It is prudent that preferred 

locations for Dewats are assessed thoroughly to avoid exacerbation of 

already existing environmental concerns in peri-urban areas. 

c) Effects of high Faecal Coliform Count  

Although the Dewats had achieved satisfactory FC treatment efficiencies 

i.e. 69 percent and 79 percent for the primary and post treatment 

respectively, effluent FC load was still higher than the 5,000No/100ml 

permissive limit. The FC effluent values in particular, ranged from 1.7x104 

to 2x105 No/100ml. Undoubtedly, the use of effluent water with high 

bacteriological load exceeding 1,000 FC /100ml entails certain health risks 

to people working with the effluent, including those exposed to it. The 

theory by Sasse (1998) stresses the fact that helminthic or intestinal worm 

infections if present in the effluent will cause health risk to people 

handling, either untreated or insufficiently treated wastewater. 

Altogether, the implication of high FC load is the restriction to handle or 

apply effluent water for recycling purposes. In fact, the statutory 

requirement though not enforced adequately at present, may not tolerate 

disposal of polluted effluents, unless other post treatment approaches e.g. 
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disinfection, are developed beyond the wetland. In as much as risks of 

using such effluent qualities remain are eminent, recycling of water should 

not be avoided instead practical solutions to promote end of use of effluent 

water ought to be developed. 

5.5 DESIGN CONSIDERATIONS FOR DEWATS  

The design process for Dewats, which is based on the findings from relevant 

literature, questionnaire survey and the case study, is divided into seven 

steps. Steps 1 and 2 are describing assessment to scope local conditions of 

a given location, and to ensure satisfaction with planning requirements. 

Steps 3 to 7 provide engineering considerations and volumetric design 

processes based on quality and quantity of organic wastewater, retention 

times and up flow velocities. 

a) Step 1 to 2 

Steps 1 and 2 are iterative planning process that should decide if at all, 

Dewats might be appropriate for the context under consideration. Actually, 

assessment should critically consider the effects on the technology from 

challenges such as high-density housing and population, acquisition of land, 

ground water and soil conditions, flooding, water supply and effluent 

disposal needs, etc. 

The prevalence of such challenges, in particular that of environmental 

nature, coupled with the varying effluent quality that a Dewats could 

achieve, therefore, increases the necessity of obtaining a no objection 

from the planning authorities. It is true that peri-urban institutions 

framework is not adequate to effectively support such initiatives; however, 

this should not cause providers to overlook regulatory agencies. 

Regardless of the size of the plant, authorities should approve any sewage 

development works likely to discharge its effluent into the environment 

(GRZ, 2011b). Steps 1 and 2, as indicated in Figure 5.4, are iterative, hence 

adequate analyses ought to be done before proceeding to Step 3. 
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Figure 5.4: Flow diagram for the design procedures of Dewats 

b) Step 3; Determinate  per capita wastewater demands 

Having satisfied Step 1 and 2, the next stage is calculating total volumes of 

wastewater to be treated. The design adopted 100lpcd water demand in 
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order to take care of water losses typical to peri-urban areas, as opposed 

to 75lpcd recommended as appropriate for sewer network (GRZ, 2010). 

Essentially, a high per capita demand should be used to take care of socio-

economical dynamics evidenced from housing improvements and a high 

preference for sewerage systems in peri-urban areas, which soon or later 

could add pressure on water supply. The argument is verified by the theory 

according to Norman and Chenoweth (2009), were the authors reiterates 

that for Dewats to function properly, adequate flow in the sewer networks 

is required for the transportation of waste to the treatment plant. 

(i) Maximum wastewater requirements 

The maximum flows during increased consumption hours should be 

determined using a peak factor of two, bearing in mind that high peak 

flows cannot be smoothened by a smaller sewer network. Obviously, the 

limited land in most peri-urban areas will restrain the spread of a network, 

hence a peak factor of two become essential in the design. In his theory, 

Mara (1978) suggested that higher peak flows should be used when the size 

of the network is shorter or if the number of people to be served is small. 

(ii) Organic wastewater flow 

Having determined the per capita water need, the next step is to calculate 

organic daily flow, based on the factors such as average BOD per user, 

number of users and consumption per capita. For instance, 55g average 

BOD per user was applied to derive the per capita organic load (Mara, 

1978), whereas, the maximum population size to be served was determined 

through an iterative process during the design simulation, which to a large 

extent was decided by how much land was available for the purpose. 

The iteration involved steps 4 and 8, which at some point demanded 

working backwards from step 8 to 4. As indicated Appendix C (d), a fully 

Dewats in a given peri-urban location would serve a maximum of 3,500 

users, of which 3,400m² of land could be required to accommodate the 

plant. 
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(iii) Organic BOD and COD Concentration 

The raw BOD concentration for 3,500 users was 550mg/l based on 55g BOD 

per user, and 100lpcd water demand. In the design process, it was 

convenient to adopt 550mg/l as influent BOD, instead of the value 

measured in the case study, because of the practical difficulties 

experienced in collecting a homogeneous sample for the raw influent 

wastewater. In any case, the hourly variation of quality of raw influent 

water as evidenced in the case study could not produce a sample of a 

consistent quality, hence the reason why 550mg/l was adopted as design 

value. As regards the estimation of COD, a 1.9 COD/BOD ratio observed 

from the case study should be used in deriving chemical organic loading. 

c) Step 4; Calculating HRT and UFV 

In the design process, HRT and UFV indicated significant influence on COD 

and BOD removal. In this case, prolonged or rather maximum HRTs limits 

were adopted in order to maximise anaerobic digestion. The reason is to 

ensure improved anaerobic rates during psychrophilic temperature (below 

20°C) when organic removal is at the lowest. According to Choi et al. 

(2003), low temperatures will prolong decomposition time and may not 

stimulate easily degradation rates. 

In terms of UFV, 1.4m/h lowest threshold was adopted for baffled septic 

tank based on a same premise of prolonging decomposing time. Adopting 

lower temperature conditions as well as stretching HRTs or reducing UFVs 

would derive bigger capacity volumes, although significant influence is on 

the wetland usually because of land pressures it requirements. 

d) Step 5-6 Develop and applying spread sheet 

(i) Development of the tools 

Microsoft Excel Technical Spreadsheet computer package was developed to 

aid the design of all the reactors and wetland. The theory by Gutterer et 

al. (2010) argues that the spreadsheet can give a quick impression of the 

treatment efficiency and required volumes of the reactors. The 
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arithmetical operations used is the “IF” logical functions. Table 5.1 is an 

example of the formulae to calculate COD removal in a settler. 

Table 5:1:  Spreadsheet to derive COD reduction in a Bio Settler 

  A  B C  D  E  F  G  H  I  J K 

1 General spread sheet for baffled septic tank with Integrated settler 

2 

Daily 
waste
water 
flow 

Time 
of 
most 
waste
water 
flow 

Max 
peak 
flow 
per 
hour 

COD 
inflow 

BOD 
inflow 

COD/ 
BOD 
Ratio 

Sette-
able 
SS/CO
D ratio 

Low-
est 
dig-
ester 
temp 

De-
sludg-
ing 
inte-
rval 

HRT in 
Settler 
(no 
seller 
HRT=0) 

COD 
remo-
val 
rate in 
settler 

3 Avg. Given Max. Given Given Calc Given 
Giv-
en 

Cho-
sen 

Cho-
sen 

Calc 

4 
m³/ 
day 

h m³/h mg/l mg/l ratio mg/l °C 
mont

hs 
h % 

5 315 12.00 26.25 
738.8

9 

388.8

9 
1.90 0.42 19.60 18 2.00 25 

COD removal rate in settler 

=G5/0.6*IF(J5<1,J5*0.3,IF(J5<3,(J5-1)*0.1/2+0.3,IF(J5<30,(J5-

30)*0.15/27+0.4,0.55)))*100 

Where;  

G5 excel cell described by column G and row 5 

J5 excel cell described by column J and row 5 

(ii) Application of data 

The basic design input data for the spreadsheets is wastewater quality 

derived from national standards, including specific site findings such as 

those measured in the case study. At this stage, treatment efficiency is 

expressed in terms of BOD and COD removal rates. 

e) Step 7; Determine volumes and organic removal rates 

(i) COD and BOD removal rates 

As indicated earlier, the performance of different components of the 

Dewats was assessed in terms of BOD and COD removal rates. In this case, 

the design assumes that by reducing COD and BOD, other constituents e.g. 

NH4
+, NO3 and FC are removed too. As observed in design process, 

temperature conditions around 23°C will produce higher BOD and COD 
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removal rates, while reduced efficiency would be achieved at temperature 

around 19°C. However, for the sake of mitigating effects of reduced 

performance during low temperatures, design COD and BOD efficiencies 

should be subject to lowest temperature around 19°C. 

(ii) Land requirement against number of users 

Availability of land in peri-urban areas is central in determining capacity of 

Dewats, and subsequently the probable number of users. As highlighted 

earlier, free spaces of land are hardly available in peri-urban areas, 

nonetheless it is seemingly possible to acquire a space around 3,600m² 

from a few households willing to give up their property. Further demand 

beyond this size is difficult to get. According to the design, the biggest 

space of requirements for a peri-urban Dewats might be 3600m², based 

3.94Kg/m² BOD (Refer to Appendix C (d)). However, by setting loading rate 

to 9Kg/m² BOD (less than 10Kg/m² BOD allowable limit), size of land is 

reduced to 1,400m² (Table 4.5). 

f) Step 8 Test the design procedures  

This is a final step performed to generate design outputs, in this case 

volumes of the reactors. It is at this stage that COD and BOD removal must 

satisfy both theoretical and statutory requirements. 

g) Summary of the Design outputs 

Availability of land is one critical factor that can limit the size of Dewats in 

peri-urban areas. Therefore, the amount of land required to serve 3, 500 

users is 3,515m², of which 90 percent is for the constructed wetland. 

5.6 LEGAL, REGULATORY AND INCENTIVES IMPLICATIONS 

Findings on the legal and regulatory framework show that the mandate for 

sanitation service delivery lies broadly among several institutions within 

and outside the sector. The Water Supply and Sanitation Act (1997), Local 

Government Act (1994), Environmental Management Act (2011) and Public 

Health Act (1994) remains the main legislation affecting development and 
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management , control and regulation of onsite sanitation, while, the Town 

Country and Town Planning Act (1994) is merely complementary.  

In terms of the policy framework, the National Policy of 1994 is used more 

widely on water related aspects, though it has not sufficiently embraced 

onsite sanitation. Other policies such as the Environmental Council of 

Zambia (ECZ) strategic framework and Housing policy are complementary, 

hence not applied adequately on onsite sanitation. 

5.6.1 Legal and policy frameworks and its implications 

The above findings have shown that Zambia has put in place a legal and 

policy framework for the sector, although its relevance remains disputed in 

in terms of addressing peri-urban sanitation challenges. Assessment made 

by Khosla (2007) in fact, agrees that many countries in Sub-Saharan Africa 

have some legal and policy frameworks providing for the use and 

management of water and wastewater resources. The assertions are 

equally, confirmed by NGO Wash Forum (2008), which suggests that several 

legislative tools, which are less complementary in terms of 

operationalization, have governed sanitation service delivery. 

a) Water Supply and Sanitation Act (1997) 

The implementation of this legislation and the National Water Policy of 

1994, has progressed well especially with improvement of water supply 

services following the commercialisation of the urban water, while very 

little has been achieved with onsite sanitation. The little progress is partly 

because of continued exclusion of onsite sanitation in the planning and 

programming by CUs and LAs, an indication of low prioritization especially, 

with available policy and legal instrument. Admittedly, inadequate policy 

on sanitation coupled with weak enforcement arrangement has not 

encouraged CUs and LAs to tap the enormous demand in peri-urban areas. 

Therefore, improving onsite sanitation as well as developing Dewats 

requires strong commitments with CUs and LAs, backed with adequate 

policy subsets that should create incentives to attract providers to in 
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engage in peri-urban sanitation. Such conditions should take advantage of 

high demand for the improved sanitation, and the few initiatives driving a 

few users to engage in household level sanitation. Without realistic benefits 

from policy provisions, promotion of Dewats could be overshadowed by the 

obvious preferences for water, which has higher financial gains. 

The policy should also address the widely believed notion that onsite 

sanitation is a household responsibility that should be financed individually. 

Such provisions however, will continue to block investments to sanitation 

and could disadvantage the Dewats. Equally, initiatives that persuade users 

to increase their investment in the construction of the facilities are 

important for Dewats, because this will ensure facilities of good quality are 

provided. The understanding here, is that, if Dewats are to be developed 

and adapted more successfully, the policy framework also should 

strengthen available financing mechanisms to attract adequate funds 

necessary to spark of development. In addition, developing Dewats could 

be achieved under a policy framework and an institutional arrangement, 

which recognises NGOs who have so far shown satisfactory competence in 

onsite sanitation delivery than CUs and LAs. 

b) Environmental Management Act (2011) 

In essence, the legislation retains provisions for regulating effluent quality 

by specifying conditions and discharge standards for chemical, physical and 

biological compounds (GRZ 2011b). The study has confirmed that the 

Environmental Management Act of 2011 remains relevant in terms of 

regulating performance of any sewage plant regardless of its size. As 

regards the management of Dewats, the legislation once implemented 

would require that discharged effluent does not endanger public life and 

the environment in any manner. Indeed, by enforcing the prescribed 

provisions for effluent disposal, Dewats could achieve desired performance 

objectives, which somehow would avoid exacerbating existing 

environmental concerns in peri-urban areas. 
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It is important to note that, beyond effluent disposal, the legislation does 

not deliberately prescribe how to mitigate or manage potential risks from 

effluent quality that would not meet statutory requirements. Obviously, in 

such situations, although likely to be occasional, the legislation might be 

inflexible to Dewats given the anticipated reduced treatment, which the 

plant could suffer during low temperature conditions. 

Therefore, approaches and guidelines for the handling or recycling 

discharged effluent of varying qualities should be developed; otherwise, 

this could diminish the interest in recycling effluents from Dewats. Such 

guidelines should be customized to suit peri-urban conditions, in light of 

the scarcity of land, and the presence of environmental challenges which if 

not mitigated can disadvantage Dewats. However, achieving improved 

performance in operating the Dewats need coordinated planning, and 

improved technical capacities with CUs, LAs, or users of the facilities to 

effectively handle environment risks of a managing a sewage plant. 

c) Town and Country Planning Act (1994) 

The study confirmed that very few people appreciate the relevance of this 

legislation, probably an indication of serious failings with the Act towards 

onsite sanitation delivery. Admittedly, poor planning and development 

controls with most peri-urban areas confirm serious legislation gaps to 

facilitate sustainable development of basic services. Continued unplanned 

and uncoordinated developments in peri-urban areas will complicate 

investments and development of Dewats, because provision of basic 

services usually, is disregarded in unregulated environment. This implies 

that applicability of Dewats may not fit all peri-urban areas; instead, could 

be selective depending on whether suitable landscapes are available. 

Largely, the degree of planning in peri-urban settlement be it poor or 

moderate will affect the applicability of Dewats. 

d) Public Health Act (1994) 

The legislation is relevant to the development of Dewats if only if is 

implemented effectively. This is because of few favourable provisions it 
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contains, such as the one that demands for every household to own a 

functional toilet for faecal treatment purpose. Therefore, enforcement of 

such existing provisions, while accompanied with deliberate incentives 

targeted on the users will to a large extent favour and advance 

development of Dewats in peri-urban areas. 

5.6.2 Consequence of the legal and policy framework 

According to illustration in Figure 5.5, it seems much of the physical and 

environmental challenges as well as poor sanitation common in peri-urban 

areas are in part a consequence of the institutional weakness with the 

planning and management of sanitation service delivery. The illustration 

below depicts a relationship between the legal framework and challenges 

affecting onsite sanitation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Physical factors 
-unsystematic plans 
-Dysfunctional drains 
-High population densities 

-High housing density 

Institutional 
-Incompetence 
-Limited skills 
-Inadequate planning 
-lack of principles 

Environmental factors 
-Flooding 
-High water table 
-Pollution 
-Unsuitable soils 

Financial 
-low investment 
-Affordability 

-Poor construction quality 

Weakness 
with legal 
and policy 

framework 

 

Figure 5.5: A cluster of issues and challenges affecting sanitation service delivery. 

Therefore, it is important to recognise the fact that insufficient policy on 

sanitation in general has contributed to inadequate capacity of institutional 

framework to advance planning and management of peri-urban sanitation. 

At community level, the institutional arrangements have also shown a rare 

presence of well-organised community based agents to deliver onsite 

sanitation, apart from a handful of Residence Development Committees 

(RDCs). The assertions can be validated by the findings according to Rose 
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(2006) which established that weak institutional and legal arrangements in 

Zambia are part of the issues affecting the legal and regulatory framework. 

5.6.3 Summary on legal and policy implications 

Environmental problems in peri-urban areas merely confirm that 

development of Dewats will be complex, though practically possible if the 

legal and policy frameworks are effectively implemented. It is clear that 

achieving alternative sanitation choices such as Dewats will depend on how 

supportive the legal and policy framework could be towards sanitation 

delivery. Therefore, an understanding of the implication of this framework 

becomes extremely important to the planning, development and 

management processes of Dewats. 

Figure 5.6 describes the implications, both positive and negative, arising 

from the opportunities that exist, and challenges resulting from the 

operationalization of the framework.  

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

Summary on 
legal and policy 

implications 

Positive implications 

 Opportunities for improvement 
exist through DTF 

 Opportunities exist to enforce 
legal framework 

 Some improvements with 
institutionalisation of sector 

 Increased investment for water 

 Opportunities for innovative 

technologies do exist 

Negative implications 

 Slow sanitation uptake 

 Inadequate financing  

 Unbalanced focus towards 
water  

 Deterioration of 
environmental conditions 

 Intolerant development of 
Dewats 

 Devise approaches to 
manage discharge effluent 

 Improve institutional 
competence 

 Enhanced coordination 

within the sector 

 

Figure 5.6: Summary of implication on the legal and policy framework. 

Therefore, in order to affect change in the delivery of peri-urban 

sanitation, incentives should be developed based on the limited and 

existing opportunities described as positive implications in Figure 5.6. All 

the same, incentives alone might not be enough, but capacities with the 

institutional framework should be strengthened to ensure negative 

implications are dealt with much more effectively 
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5.7 SUSTAINABILITY OF DEWATS UNDER ZAMBIAN CONDITIONS 

According to the findings in section 4.3, major challenges with peri-urban 

sanitation delivery, which could affect Dewats, are (i) financial challenges, 

(ii) technical challenges and (iii) lack of strong approaches to respond the 

problems. Discussions according to section 5.6 however, identify weakness 

with the legislative and policy environment as the underlining cause of 

failure to foster pro-poor service delivery. Clearly, effect of these 

challenges has been unsustainable onsite sanitation development for peri-

urban areas. For sure, the challenges may not only be unique to current 

sanitation methods, but if not addressed could potentially affect promotion 

or sustainable management of Dewats.  

Therefore, based on the above findings, the factors, which are likely to 

decide the sustainability of Dewats in peri-urban areas, are described in 

Figure 5.7. 

Continued; technology replication, sanitation 

promotion & development, and service levels 

Long term 

planning, 

programming & 

actions for 

improved 

sanitation

Improved 

community based 

governance 

systems and 

participation

Improved 

technical 

competence and 

skills around

Financial & 

institutional 

incentives

Sustainability of Dewats for the Peri Urban Areas of 

Zambia
 

Figure 5.7: Factors that could affect sustainability of Dewats 

Issues of sustainability are discussed around promotion and development, 

ability to replicate the technology and provide a long-term service. 

According to the Figure 5.7, long term planning, improved community 

participation and governance systems, including provision of incentives are 

the key building blocks needed to enable sustainable development of 

Dewats. 
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a) Long term sanitation interventions 

Sustained development of Dewats in peri-urban areas will require 

implementing long-term actions alongside providing adequate financing for 

infrastructure development. As reported in the findings, short-term or 

project based interventions are less likely to accrue benefits to the society 

as a whole, because the coverage is usually small as compared to the 

demand. Additionally, facilitating a sustained development process of 

Dewats require integration of hygiene actions to influence people to 

participate and demand for services at scale. As examined by Mathew et al. 

(2009), hygiene promotion in this case is likely to empower communities 

with improved knowledge and lifelong skills essential for the management 

of Dewats. 

b) Use of community based approach 

Again, the provision of peri-urban sanitation as well as the development of 

Dewats may not attain significant improvements for as long the focus 

towards onsite sanitation in national programming remain at household 

level. The findings have proved that it is possible to attain improved and 

sustainable services using Dewats when communities are involved in 

different management processes. The wider community participation could 

address weaknesses emanating from the near lack of organisation affecting 

onsite sanitation.The benefits of people’s participation are linked to the 

greater sustainability of services according to the findings by Cotton et.al. 

(2002). In the same vein, Booth et al. (2001) also theorizes that effective 

development of services is attainable where communities participate as 

volunteers, users, planners, managers or decision markers. 

c) Improved competence 

According to the evidence adduced in section 4.3, it is now clear that, in a 

way the lack of technical capacity within the sector and community on 

issues of onsite sanitation is exacerbated by the poor involvement of the 

service providers and other players in programming and development 

processes. Admittedly, improving competence issues with regard to 
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planning and management becomes a major necessity to achieve a 

functioning institutional framework for the management of Dewats.  

Therefore, WSSC (2005) in their finding have established that well-

resourced institutions and communities, which are financially and 

technically competent are more likely to manage sanitation programme in 

sustainable manner. Again, Taylor (2010) shares the same impression 

especially were the author argued that improved and sustainable sanitation 

is both achievable and adaptable when service providers and users have 

improved capacities. 

d) Incentivized sanitation delivery 

The poor quality of toilets in most parts of peri-urban areas indicates minor 

contribution by the service providers towards onsite sanitation. Partly, this 

can be attributed to poor conditions to stimulate promotion of improved 

sanitation. Therefore, if Dewats were to achieve a permanent service, 

appropriate incentives, be it financial, social and institutional should be 

created and targeted to service providers and communities. Financial 

incentives such as increased funding through existing mechanisms may 

stimulate the interest of different players to instigate promotion of 

Dewats. Targeted subsidies to the users on hardware, sewer connections, 

etc., could foster community interest and participation in the development 

processes. However, given the current level of financing to the sector, 

coupled with the sanitation challenges obtaining, it is only prudent that the 

Government and service providers make strong financial commitments. 

Community management models of Dewats perhaps through some kind of 

trusts and cooperatives model could serve as institutional incentives to 

encourage participation of users. Any planning and development process 

that involve the participation of the communities makes people feel 

empowered to own process (Booth et al., 2001). Clear planning and 

programming frameworks can serve as incentive to support smooth 

development process for Dewats. Ordinarily, such can help to shape 

political will needed to guide prioritization and financing. 
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6.0 CHAPTER SIX: IMPLICATION OF THE STUDY FOR THE 

DESIGN AND PLANNING OF DEWATS IN ZAMBIA 

This chapter describes the implications of the study findings on the design 

and planning of Dewats in peri-urban areas of Zambia. The first part is the 

implication of the study on the design of Dewats for peri-urban use, while 

the last is a discussion on the planning of Dewats for peri-urban areas. The 

purpose of this section is to discuss how the findings would influence design 

approaches for Dewats and how they affect development processes. 

6.1 IMPLICATION FOR DESIGN FOR PERI URBAN AREAS 

The previous discussions on the findings from the case study show that 

Dewats can achieve acceptable degree of treatment if properly sized. The 

findings from the case study and design outputs signalled satisfactory 

treatment rates only when operating conditions are favourable for 

treatment. Therefore, the implications of the study arising from the issues, 

challenges and opportunities on the design and planning of Dewats are 

follows: 

a) Requirement for adequate water supply 

The design of Dewats in peri-urban locations has shown that adequate and 

constant water supply is essential for Dewats to operate properly. Being a 

waterborne technology, the study recommended 100lpcd as the water 

requirement to ensure a properly functional sewer network is maintained. 

The demand adopted for the design agrees with government standard, 

which recommends allocating more than 75lcpd for sewerage systems (GRZ, 

2010).  

In any case, sewerage systems such as Dewats with sewer networks and 

pour-flush toilets need enough water (Ralf et al., 2006). Therefore, it is 

clear that development of Dewats should integrate water supply 

improvements, essentially to address erratic and intermittent supply 

affecting most peri-urban areas. 
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b) prolonged retention times (HRT) 

The design of Dewats will require prolonged HRT in order to maximise 

anaerobic digestion during lower temperatures conditions. Anaerobic 

digestion is pH and temperature dependent; hence, low temperature will 

ultimately reduce the treatment efficiency. As postulated by Choi.et al. 

(2003), low temperature does not stimulate degradation of organic matter, 

instead it prolongs the composting time, thereby affecting the degree of 

treatment. To counteract the low removal rates and to ensure maximise 

digestion, at design stage, HRT should be prolonged to higher thresholds. 

c) Requirement for adequate land spaces 

There will be a limit to the capacity of Dewats designated for peri-urban 

areas depending on how much space is available for construction purposes. 

The high-density housing in peri-urban areas will hardly accommodate 

developments of Dewats because of the scarcity of free land. These 

findings are verified by the assertions according to Nyambe (2006) which 

established that large peri-urban population, which is in the order of 60 to 

70 percent of the urban population, was causing stress on basic services 

and limited land. The findings, therefore, suggest that potentially, 3500m² 

size of land could be acquired for a single fully Dewats, thus limiting the 

users to 3,500 people. 

d) Choice of Dewats model 

With respect to the design process, the choice between a fully and semi 

Dewats depends on whether public trunk sewers exist in the vicinity 

supposed to be served. Where none exit, a fully Dewats combining all 

treatment units should be developed to maximise anaerobic digestion. The 

combination of different treatment units is essential, as a single anaerobic 

reactor alone cannot produce effluent qualities complying with statutory 

requirements (Van-Handeel, 2006). 

Semi Dewats on the other hand can be applied although very rarely in 

isolated locations which are closer to centralised public sewers. In this 
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case, bio digesters could be a major treatment unit before the effluent is 

discharged into a centralised sewer network. 

e) Potential for other users 

The nature of physical and environmental barriers affecting urban areas 

dictates that Dewats will not be a solution for all peri-urban locations, but 

there is potential to apply the technology at public institutions such as 

clinics and schools. Generally, many public institutions can afford to 

reserve reasonable size of land to accommodate Dewats. 

6.2 PLANNING OF DEWATS IN ZAMBIA 

a) Improve technical competence 

The institutions for peri-urban sanitation need to be resourced to enhance 

their capacities to ably plan, develop and manage the service delivery. The 

desire to improve competence emanates from inadequate human resources 

in the sector dealing with sanitation, coupled with little understanding on 

onsite sanitation issues. Therefore, service providers should broaden their 

knowhow on alternative onsite sanitation besides pit latrines technologies. 

b) Inclusion of other areas besides peri-urban locations 

An assessment of the efficacy and applicability of Dewats should extend to 

other areas besides peri-urban areas. This is because different locations 

have diverse physical and environmental conditions, which could affect the 

design and performance of Dewats differently. In this case, planning for the 

Dewats in peri-urban areas should go beyond households and target public 

institutions where conditions such as land, slope, and topography may seem 

favourable for the technology. 

c) Planning permission 

As earlier indicated, the lack of effective partnerships between responsible 

agencies for sanitation could jeopardise the development processes of 

Dewats. The situation is exacerbated by the legal and policy frameworks 

for the sector, which delegates most of its functions to LAs, mostly with a 
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poor record of service delivery. In fact, assertions according to USAID 

(2009), agrees that most powers regarding service provisions are devolved 

to LAs, which exhibit capacities gaps in delivering sanitation (USAID, 2009). 

d) Systematic effluent quality monitoring 

Wastewater effluent from any treatment plant with extreme low disposal 

qualities has the potential to contaminate any watercourse or soils onto 

which it is discharged. In order to account for the quality of effluent before 

disposal, Dewats would need regular and systematic monitoring, 

assessment and inventorying of its influent and effluent water. This would 

help service providers to tracked effluent quality and correct the flaws if 

any. 

e) Certification and licensing 

Regardless of the size of the Dewats, and the risks, which the plant might 

cause on the environment, plant operators should be made to acquire 

operational and discharge permits. The fundamental objective of this 

statutory requirement is to hold service providers accountable to the 

designed and approved operation conditions. Generally, operating permit 

usually provides a mechanism for continuous oversight with respect to 

managing a sewage plant (GRZ, 2011b). 

f) Professional management 

The attendants should have sufficient knowledge of basic management 

practices of a small-scale sewage plant. Although Dewats are a low 

mechanised plant demanding little human input, local and skilled labor 

however, is needed to manage systems and avoid operational failures 

(Sasse, 1998). The underlying premise is that if wastewater systems are 

managed properly, the threat of pollution to the environment is reduced. 

g) Productive reuse of discharge effluent 

The strong emphasise by legislation should not end at directing operators to 

stop environmental pollution from discharged effluent, but should support 

formulation of approaches which encourages productive reuse of effluent 
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waste. This implies that the regulatory policy framework must be enabled 

to set principles for reuse and management of discharged effluent. It is 

evident that the regulation for the management and recycling of 

wastewater is not adequately developed in Zambia. Just like the 

centralised sewage works, authorities at Pestalozzi school could not fully 

sense the potential for recycling of effluents for irrigation. 

h) Adequate land for constructed wetland 

For Dewats to fulfil the statutory requirements for effluent discharge, 

adequate land is needed to accommodate the reactors, especially, the 

wetland that could demand up to 90 percent of the total space 

requirement. High biological and pathogen removal is achievable if only the 

treatment units are designed and sized properly, hence the need for 

adequate land to accommodate the treatment units (Sasse, 1998). 

i) Social acceptability 

The acceptability of Dewats in peri-urban communities will depend on 

whether the technology would expose users to health risks from activities 

such as effluent reuse or sludge management abilities. As for the Dewats in 

the case study, the facility was accepted because it never experienced 

serious operation flaws and again, it showed great potential for effluent 

reuse. To some extent, this was because; the plant was operated at 20 

percent capacity, obviously with reduced operational constraints. 

However, peri-urban areas are likely to possess environmental conditions 

different from the case study, hence signifying potential challenges that 

should be resolved at design stage; otherwise, acceptability of the 

technology could be affected. 

j) Policy and legal framework  

The policy and legal framework could affect differently the development of 

Dewats and this is as follows: 

(i) Generally, CUs are less likely to tap in the available sanitation 

market later on explore options such as Dewats for as long as the 
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policy and financing mechanisms on onsite sanitation remains 

inadequate. External financing actually drives the few interventions 

by CUs, which if expires could discontinue gains made so far. 

(ii) If the funding pattern remains unchanged, it is likely to disadvantage 

the uptake of Dewats. It is clear that the impact of lack of a well-

established sector financing models and poor household investment 

in sanitation is a poor service delivery. 

(iii) Service providers ought to seize and take advantage of supportive 

policy subsets and the available trust fund (DTF) to demand for the 

development of improved options such as Dewats. 

(iv) Unless common and responsive principles, approaches and strategies 

are formulated, development of Dewats could suffer the same 

consequences as onsite sanitation. 

(v) Without realistic benefits and incentives from policy subsets, 

development of Dewats may be overshadowed by the usual 

preference for water. 

(vi) Stringent legislative provisions and lack of post effluent mitigation 

approaches could become intolerant towards the Dewats; especially 

when effluent fail to comply with the statutory limits. Therefore, 

this would cause difficulties with reuse applications, especially in 

areas with high-density housing and without sufficient land for 

irrigation (Cornel and Weber, 2006). 
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7.0 CHAPTER SEVEN: CONCLUSIONS AND RECOMMENDATIONS 

Chapter seven follows the discussion of the findings. It is divided into three 

main sections; the first is the discussion of achievements and conclusion of 

each study objective, followed by the summary of the conclusions. The last 

section gives recommendations for further research on how Dewats can be 

applied more effectively in Zambia. The objectives of the study were: 

(i) To determine the treatment efficiencies of Dewats incorporating 

anaerobic and post treatment processes using anaerobic reactors 

and wetland. 

(ii) To determine the effects of wastewater effluent on the 

environment after treatment by the Dewats. 

(iii) To determine the implication of the legal and regulatory 

framework, and incentives systems on the development and 

management of Dewats. 

(iv) To develop and recommend design approaches for the Dewats. 

7.1 CONCLUSION 

The purpose of this chapter is to determine whether the objectives of the 

study set in chapter one had been achieved, as well as to recommend 

approaches for the development of Dewats in peri-urban areas. Other 

recommendations are meant for future studies in order to augment the 

findings derived from this research. 

7.1.1 Treatment efficiencies of Dewats incorporating 

anaerobic and post treatment processes using 

anaerobic reactors and wet lands. 

The study sought to determine the performance of Dewats in satisfying the 

treatment objectives for peri-urban areas. This was assessed through the 

removal of major physical, chemical and microbiological constituents from 

wastewater. The statutory requirements on effluent disposal were useful in 

validating compliance of the effluent quality to the standard. 
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The removal of TSS, NO3, NO2, and COD above 80 percent indicated 

satisfactory treatment, except for BOD and NH4+, which measured 37 

percent and 13 percent respectively. Therefore, organic removal with the 

former substrate demonstrated capacity with Dewats to achieve improved 

treatment under the local conditions. Equally, favourable pH values 

between 6.3 and 7.2, falling within the 6.5 and 8.5 optimum limit for 

anaerobic digestion suggested potential for Dewats to achieve optimum 

treatment. It seems temperature conditions exceeding 19.6°C would 

achieve improved effluent qualities. Meanwhile, average FC count 

(1.24x105 No/100ml) in effluent water was beyond the statutory limit, in 

spite of the impressive efficiency (93 percent). However, possible health 

risks of recycling such water could jeopardise the promotion of Dewats. 

Generally, capacity of treatment will vary depending on the volumes of the 

treatment units, as well as temperature conditions. In fact, low BOD and 

NH4
+
 removal was due to smaller volume capacities of the reactors and 

wetland. Equally, the smaller reactor sizes were in part affecting removal 

of FCs to acceptable values. Meanwhile, design simulation that compared 

capacities of reactors in the case study with the design outputs against the 

same number of users confirmed the need for bigger reactor volumes. 

It is worth noting that the degree of treatment with the Dewats will vary 

from time to time depending on temperature conditions and characteristics 

of wastewater. Where treatment efficiency fall below the desired quality, 

post treatment methods beyond the wetland could be incorporated to 

increase chances of adapting Dewats. In any case, the findings in the case 

study show that improved treatment under local conditions is attainable if 

reactor volumes are designed properly. 

7.1.2 Effects of wastewater effluent on the environment 

after treatment by Dewats 

The study has shown that developing Dewats in major peri-urban areas 

could be obstructed partly by challenging physical and environmental 

condition. Besides the objective of providing treatment, alleviating these 
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challenges should not be ignored if peri-urban areas are to be favourable 

locations for Dewats. However, not all peri-urban areas are constrained 

with such conditions, as there are small exterior areas, where Dewats could 

operate without many difficulties. 

The spread of effluent data as analysed from the standard deviations 

indicated a range of effluent qualities between lowest and highest limits. 

The lowest values signalled satisfactory effluent qualities except for FC. 

Upper extreme values indicated qualities not in compliance with the 

statutory requirements. In fact, higher BOD, NH4
+ and FC effluent values 

signified the prevalent of toxic constituents likely to harm the environment 

and people using effluent water. Too much BOD, if discharged in a water 

body could deplete dissolved oxygen available for aquatic life, while high 

NH4
+ suggests an effluent rich in nutrients especially nitrogen. Although, 

nitrogen in NH4
+ is a good fertilizer, NH4

+ exceeding 10mg/l is a toxic 

substrate responsible for eutrophication. Again, recycling insufficiently 

treated effluent with FC exceeding 1,000No/100ml set for irrigation could 

lead to helminthic infections with people working such effluent. 

The effluent disposal methods with most of peri-urban areas would be 

difficult to achieve because water bodies to offer self-purification are 

hardly available. In such situations, disposal means might be achieved 

through isolated and non-flowing water bodies, including the use of drains, 

which in most cases are non-functional due to flooding or blockage. 

Obviously, this could complicate effluent disposal, a situation that may give 

rise to health concerns especially when partially treated wastewater is 

discharged in the already congested communities.  

Overall, the probability of Dewats achieving the desired treatment remains 

high, although the impact from risks discussed above maybe low to 

medium. Nonetheless, if Dewats were designed and later managed in a 

competent manner, the perceived risks would be mitigated quite easily. 
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7.1.3 Implication of legal and regulatory framework, and 

the incentives systems on the development and 

implementation of Dewats 

Since 1994, Government has been strengthening legislations and policy 

frameworks to improve institutional capacities and service delivery. 

Indeed, there is a legal and policy framework in place, although not very 

adequate to provide for the delivery of sanitation. Years of retarded 

sanitation improvement however, signals gaps with the legal and policy 

framework to promote Dewats and onsite sanitation in general, because , 

institutions capacities to develop technology is seemingly inadequate. 

Therefore, a well-resourced institutional setup coupled with proper 

external support is central to the development and sustainability of Dewats 

in peri-urban areas. Undoubtedly, the absence of a well-established 

implementation framework will weaken prospects for up scaling Dewats. 

On the other hand, institutionalisation of the sector has increased 

stakeholders participation to an extent were sanitation responsibilities 

remain clear at national level. Whereas, at delivery stage, responsibilities 

ought to be rationalised because most onsite sanitation functions are 

delegated to LAs, who again could face problems to deliver Dewats. Such 

weakness emanates from inadequate coordination and partnerships in 

planning, programming and regulation of onsite sanitation. Therefore, 

promoting Dewats in an environment that lacks enforcement can instigate 

public health concern, as services would be managed in manner befitting 

the providers. Elaborate operational principles, which are enforceable, 

should be strengthened, as doing so, would further enhance the promotion 

and management of Dewats. 

In spite of the negative implications of the legislation towards Dewats, 

there are few legal and policy subsets providing for some incentives that 

could enable applicability of Dewats. Therefore, a sustainable enabling 

environment for the promotion of Dewats could be attained if service 

providers, regulators and NGOs advocate for policies and practices, which 

can influence pro-poor sanitation development processes. 
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7.1.4 Design approaches for the Dewats 

The design procedure should begin with the estimation of wastewater flow 

and organic load, followed by calculating the reactor volumes, and later, 

validating compliance the design effluent values with the statutory 

requirements. Design process also requires that the spreadsheets for each 

treatment unit are developed, beginning with the bio digester. 

Prior to determining design parameters, an assessment of a chosen site is 

necessary in understanding effects of the plant on the environment. Next is 

estimating the wastewater volume to be treated based on the per capita 

demand of 100liters per day. Shorter distances of sewer network expected 

in peri-urban areas will not smoothen the peak flows; therefore, a higher 

peak factor of 2 should be used to derive maximum daily flow. In 

estimating raw BOD, it is convenient to adopt 550mg/l as the organic load. 

Corresponding COD load should be calculated using 1.9 BOD/COD ratio. 

Other design parameters essential for optimization of anaerobic digestion is 

maximizing HRTs, while maintaining lower UFV for baffled septic tank. 

The smallest possible space of land in a peri-urban location is one of the 

key factors essential for designing volumes of the reactors. This has a 

strong bearing on the probable number of users expected to access a fully 

Dewats. Therefore, about 1.0m² per capita of land is required for a fully 

Dewats to serve up to 3,500 users in peri-urban areas. In the outskirts of 

the peri-urban areas, Dewats however, might serve more users, unlike the 

interiors, which are without free available space.  

The size of each reactor is validated from its capacity to reduce COD and 

BOD to acceptable standard. If low organic removal rates are measured 

during the design, the sizes of the reactor should be increased further. 

Where possible, the number of compartments should be increased. 

Additionally, low temperature conditions will cause lower organic removal 

and exert demand to increase reactor volumes, especially wetlands. 

Therefore, a comparison between products of extreme temperatures 

conditions should be used to determine optimum reactor volumes. 
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Overall effectiveness with treatment is measured by assessing the BOD and 

COD removal rates, assuming other compounds are proportionately 

reduced, as the organic load is removed. 

7.2 SUMMARY OF THE CONCLUSION 

Generally, wastewater treatment in the case study showed significant 

reduction of most organic constituents suggesting improved effluent quality 

and performance, which Dewats would achieve. Despite the varying 

treatment capacities, the study, however, generated enough evidence to 

demonstrate the potential of the Dewats in providing treatment under the 

conditions in Zambia.  

The intermittent reduction in the treatment efficiency during cold weather 

conditions could render Dewats less sustainable for the peri areas. It likely 

lower that  BOD, NH4 and FCs removal rates might lead to eutrophication, 

helminthic infection toxicity to land and depleting dissolved O2. However, 

achieving sustainable sanitation using Dewats is possible if the plant is 

designed and managed properly. 

Without sufficient policy for the planning, programming and management 

of onsite sanitation for peri-urban areas, the legal and institutional 

frameworks will remain less supportive towards Dewats. Therefore, getting 

rid of such barriers requires redefining and enforcing parameters and 

principles , which govern onsite sanitation delivery. In addition, it is critical 

that in designing Dewats, regardless of its size, planning permission is 

sought from authorizing agencies in order to satisfy physical and 

environmental criteria required for development any sewage works.  

The other design requirement is to maximise anaerobic digestion by 

adopting higher HRTs and low UFVs. To  a large extent, availability of land 

in the peri-urban areas will determine the capacity of the Dewats plant. 

Potentially, with the current peri-urban set up, a maximum land size of 

3,515m² could be acquired for a fully and single Dewats, but further 

demand for more space might not be possible. Based on such land 

requirement, a largest population size of 3,500 users is likely to be served 
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serviced by a single Dewats in a peri-urban location, thus, translating into 

1m2 per capita land requirement for up to 3,500 users. 

7.3 RECOMMENDATIONS FOR FUTURE RESEARCH 

The research has provided some recommendations for the improvements of 

conditions necessary to develop Dewats for peri-urban areas. Other 

recommendations are for future research work needed to augment the 

findings on the design of Dewats as a pro-urban poor technology. The 

lessons to be drawn from further studies would help devise best conditions 

possible needed to develop Dewats into a more sustainable sanitation 

option. The recommendations are as follows: 

a) Other options for upgrading onsite sanitation from ordinary pit 

latrines should be explored in order to have a wider understanding 

on how effective and responsive different approaches would be to 

conditions obtaining in peri-urban areas. Institutional, environmental 

and behaviour challenges so far identified by the study are so 

complex that no single solution can resolve the insurmountable 

sanitation problems affecting peri-urban areas. 

b) An assessment of the current policy, regulatory framework and 

institutional frameworks on the delivery of onsite sanitation is 

required in order to develop effective ways of addressing the 

negative implication of the legislation towards sanitation as 

identified by the study. The imbalance between urban water and 

sanitation continue to disadvantage sanitation. 

c) Further research should be undertaken in order to develop effective 

post treatment approaches of low effluent qualities beyond 

constructed wetlands. The research also, should focus on reducing 

the risk of polluting the receiving land or water bodies bearing in 

mind that treatment efficiency for the different reactors would vary 

from time to time depending on the season. 

d) An assessment on the policy and regulatory framework on the 

recycling of wastewater should be undertaken in order to find best 
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approaches of managing the effluent resource and adding value to it. 

Reuse of effluent water could be a driver that can bring out 

incentives and financial benefits to service providers willing to 

engage in Dewats and other onsite sanitation options. 

e) An assessment on the effectiveness of mandated institutions with 

sanitation responsibilities for informal settlements should be done in 

order to find ways on how they can be resourced and supported to 

effectively deliver sanitation services. 
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APPENDIX A-Wastewater Quality Observed from a Dewats Plant, Pestalozzi, Lusaka 

Parameters Analysis  
Influent 
Digester  

Influent 
Settler  

Influent ABR 
 

Influent 
Filter  

Influent 
PGF  

Final 
Effluent 

pH 

Mean value 6.27 
 

6.81 
 

6.69 
 

7.02 
 

7.18 
 

7.25 

Standard Deviation 0.58 
 

0.35 
 

0.07 
 

0.41 
 

0.37 
 

0.41 

Skeweness -1.52 
 

2.36 
 

0.07 
 

1.22 
 

1.44 
 

1.24 

Minimum value 4.96 
 

6.54 
 

6.60 
 

6.69 
 

6.84 
 

6.88 

Maximum value 6.84 
 

7.67 
 

6.79 
 

7.75 
 

7.93 
 

7.99 

C/Level (95.0%) 0.45 
 

0.27 
 

0.05 
 

0.31 
 

0.29 
 

0.31 

 

Total Suspended 
Solids (TSS) mg/l 

Mean value 1,410.17 
 

192.78 
 

71.31 
 

47.11 
 

17.56 
 

1.00 

Standard Deviation 1,795.08 
 

116.85 
 

66.52 
 

55.64 
 

34.41 
 

0 

Skeweness 2.02 
 

0.56 
 

-0.08 
 

0.73 
 

1.99 
 

0 

Minimum value 208.00 
 

1.00 
 

1.00 
 

1.00 
 

1.00 
 

1.00 

Maximum value 5,613.00 
 

431.00 
 

143.80 
 

128.00 
 

96.00 
 

1.00 

C/Level (95.0%) 1,379.82 
 

89.82 
 

51.13 
 

42.77 
 

26.45 
 

0.00 

 

Chemical Oxygen 
Demand (COD) mg/l 

Mean value 3,740.73 
 

517.11 
 

269.33 
 

209.67 
 

157.67 
 

99.22 

Standard Deviation 1,250.09 
 

534.65 
 

55.24 
 

89.08 
 

77.08 
 

35.59 

Skeweness 1.94 
 

2.94 
 

-0.43 
 

0.82 
 

0.41 
 

-0.63 

Minimum value 2,691.84 
 

246.00 
 

173.00 
 

102.00 
 

58.00 
 

29.00 

Maximum value 6,700.00 
 

1,936.00 
 

339.00 
 

387.00 
 

278.00 
 

150.00 

C/Level (95.0%) 774.86 
 

331.40 
 

34.24 
 

55.22 
 

47.78 
 

22.06 

 

Biochemical Oxygen 
Demand (BOD) mg/l 

Mean value 306.00 
 

114.22 
 

85.33 
 

75.11 
 

62.00 
 

61.00 

Standard Deviation 232.86 
 

28.50 
 

36.11 
 

36.56 
 

35.94 
 

30.95 

Skeweness 2.18 
 

0.20 
 

-0.10 
 

0.24 
 

0.70 
 

0.47 

Minimum value 110.00 
 

80.00 
 

24.00 
 

25.00 
 

20.00 
 

16.00 

Maximum value 880.00 
 

154.00 
 

138.00 
 

134.00 
 

130.00 
 

118.00 

C/Level (95.0%) 178.99 
 

21.91 
 

27.76 
 

28.10 
 

27.63 
 

23.79 

 

Ammonia (NH4-mgl) 

Mean value 26.50 
 

20.49 
 

22.20 
 

28.12 
 

29.15 
 

22.39 

Standard Deviation 14.51 
 

7.93 
 

10.67 
 

13.24 
 

17.48 
 

11.09 

Skeweness 0.45 
 

-1.50 
 

-0.16 
 

0.06 
 

0.97 
 

-0.31 

Minimum value 3.46 
 

2.73 
 

5.36 
 

4.72 
 

5.54 
 

3.80 

Maximum value 53.73 
 

27.87 
 

36.13 
 

51.61 
 

62.05 
 

40.98 

C/Level (95.0%) 11.15 
 

6.10 
 

8.20 
 

10.18 
 

13.43 
 

8.52 

 

Nitrate (NO3-mg/l) 

Mean value 3.17 
 

0.92 
 

0.38 
 

0.39 
 

0.30 
 

0.34 

Standard Deviation 3.38 
 

1.02 
 

0.45 
 

0.37 
 

0.28 
 

0.30 

Skeweness 2.06 
 

1.07 
 

0.86 
 

0.51 
 

0.73 
 

0.68 

Minimum value 0.01 
 

0.01 
 

0.01 
 

0.01 
 

0.01 
 

0.01 
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Parameters Analysis  
Influent 
Digester  

Influent 
Settler  

Influent ABR 
 

Influent 
Filter  

Influent 
PGF  

Final 
Effluent 

Maximum value 11.40 
 

2.65 
 

1.16 
 

0.98 
 

0.84 
 

0.88 

C/Level (95.0%) 2.59 
 

0.78 
 

0.35 
 

0.28 
 

0.22 
 

0.23 

 

Nitrite (NO2-mg/l) 
  

Mean value 0.35 
 

0.07 
 

0.07 
 

0.05 
 

0.05 
 

0.07 

Standard Deviation 0.26 
 

0.03 
 

0.04 
 

0.02 
 

0.02 
 

0.07 

Skeweness 0.67 
 

-0.55 
 

0.51 
 

-0.45 
 

0.16 
 

2.04 

Minimum value 0.76 
 

0.09 
 

0.12 
 

0.08 
 

0.07 
 

0.21 

Maximum value 0.04 
 

0.01 
 

0.02 
 

0.01 
 

0.02 
 

0.02 

C/Level (95.0%) 0.80 
 

0.11 
 

0.14 
 

0.09 
 

0.09 
 

0.23 

Mean value 0.20 
 

0.03 
 

0.03 
 

0.02 
 

0.02 
 

0.05 

 

Faecal Coliforms 
(No/100ml) 

Mean value 1,860,000 
 

1,192,857 
 

866,667 
 

690,000 
 

583,333 
 

123,667 

Standard Deviation 1,703,819 
 

1,057,682 
 

152,753 
 

95,394 
 

76,376 
 

67,678 

Skeweness 2 
 

2 
 

-1 
 

-2 
 

-1 
 

1 

Minimum value 900,000 
 

210,000 
 

700,000 
 

580,000 
 

500,000 
 

71,000 

Maximum value 4,900,000 
 

3,500,000 
 

1,000,000 
 

750,000 
 

650,000 
 

200,000 

C/Level (95.0%) 2,115,571 
 

978,192 
 

379,458 
 

236,972 
 

189,729 
 

168,122 

 

ABR ≡ Anaerobic Baffled Reactor; C/level ≡ Confidence Interval; No ≡  Number: PGF ≡ Planted Gravel Filter (or Constructed 

Wetland) 
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APPENDIX B-Design Check Analysis for a fully Dewats in a case study 

serving 300 pupils 

 

a) Estimated design wastewater characteristics for a case study 

 

 

User
BOD per 

User

Water 

Consmption Per 

User

COD/BOD 

Ratio

Daily Flow 

of Waster

BOD 

Concentr.

COD 

Concentr.

Time of most 

wastewater flow

Max flow at 

peak hours

Given Given Given Given Calculat. Calculat. Approx Given Calculat.

Number g/day litres/day mg/l/mg/l m 3̂/day mg/l mg/l h m 3̂/h

300 55 180 1.9 54 306 581 12 4.5

Wastewater Production Per Capita

 

 

BOD   Biochemical Oxygen Demand; COD   Chemical Oxygen Demand; Concentr   

Concentration; Calculat    Calculated 

 

b) Design outputs for the Bio Settler and Baffled Septic Tank (ABR) 

 

 
Daily waste-

water flow

Time of 

most 

waste-

water flow

Max peak 

flow per 

hour

COD inflow
BOD5 

inflow

COD/BOD 

Ratio

Setteable 

SS/COD ratio

Lowest 

digetster 

temp

De-sludging 

interval

HRT in 

Setller (no 

sellter 

HRT=0)

COD 

removal rate 

in settler

avg. given max. given given calculated given given chosen chosen calculated

m³/day h m³/h mg/l mg/l ratio ratio °C months h %

54.00 12.00 4.50 580.56 305.56 1.90 0.42 19.60 18.00 2.00 25

1.5h

BOD5 

removal 

rate in 

settler

COD/BOD5 

ratio after 

settler

COD rem, 25° 

COD 1500

Theoretical 

Remaining 

rate acc. to 

factors

COD Rem. 

Rate baffle 

only

COD Out

Calculated COD BOD5 Calculated Calculated Calculated Calculated

% mg/l mg/l ratio f-overload f-strength f-temp f-HRT % % mg/l

25 438 229 1.92               1.00             0.82               0.90                1.02                0.76 0.57 187.73           

1.03              

<=COD/BO

D removol 

factor

0.57              1.06

Total COD 

rem. Rate

Total 

BOD5 rem. 

Rate

BOD5 Out
Sludge 

accum. Rate

Length of 

settler

Length of 

settler

Max upflow 

velocity 

Number of 

upflow 

chambers

Depth at 

Outlet

Calculated Calculated Calculated Width Depth Calculated Calculated Chosen Chosen Chosen Chosen

% % mg/l m m l/g COD m m m/h No m

39% 40.87% 180.66         2 1.5 0.00374 6 6 1.4 5 1.5

0.6279            1.4-2.0m/h

Area of 

single 

upflow 

chamber

Actual 

upflow 

velocity

Width 

downflow 

shaft

Actual 

volume of 

baffled 

reactor

Actual Total 

HRT

Org. load 

(BOD5)

Biogas (ass: 

CH4 

70%;50% 

dissolved)

Calculated Chosen Calculated Calculated Chosen Calculated Chosen Calculated Calculated Calculated Calculated

m m m² m m m/h m m³ h Kg/m³*d m³/d

0.75 0.75 3.21             4.29               5 1.2 0.25 37.5 17.5 0.66              5.30               

<6.0 Kg/m³*d

Factors to calculate COD removal rates 

of baffled reactor

Calculated accoriding to graphs

Dimensions of baffled septic tank

Inner masonry 

measurement chosen 

acc. To required volume

Length of chambers 

should not exceed half 

the depth

Width of chambers

General spread sheeet for baffled septic tank with Intergrated settler

Treatment Data

Dimensions of settler Baffled Septic Tank

Inflow into Baffled 

Reactor

 
 

ABR    Anaerobic Baffled Reactor; BOD   Biochemical Oxygen Demand; CH4    Methane; 

COD   Chemical Oxygen Demand; HRT    Hydraulic Retention Time; Org    Organic; Rem 

 Removal; temp   temperature;  
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c) Design outputs for anaerobic filter with Integrated Septic Tank  

 

 
Daily 

wastewate

r flow

Time of 

most 

wastewater 

flow

Max peak 

flow per 

hour

COD 

inflow

BOD5 

inflow

Setteabl

e 

SS/COD 

ratio

Lowest 

digetster 

temp

HRT in 

Setller (no 

sellter 

HRT=0)

De-

sludging 

interval

COD 

removal rate 

in settler

BOD 

removal 

rate in 

settler

COD/BOD 

Remov. 

Factor

avg. given max. given given given given chosen chosen calculated calculated calculated

m³/day h m³/h mg/l mg/l mg/l °C h months % % ratio

54 12 4.5 187.73      180.66     0.42 19.3 0 36 0 0 1.06

1.04          

COD 

inflow into 

AF

BOD inflow 

into AF

Specific 

Surface 

of filter 

medium

Voids in 

filter mass

HRT 

inside AF 

reactor

COD 

removal rate 

(AF Only)

COD 

Outflow of 

AF

COD rem 

rate of 

total 

systems

Calcul. Calcul. Given Given Chosen Calcul. Calcul. Calcul.

mg/l mg/l m2/m3 % h f-temp f-strength f-surface f-HRT % mg/l %

187.73       180.66        100 35% 30 0.65       0.89            1 0.69         46% 101.02       46%

0.35

BOD/COD 

Rem. 

Factor

BOD rem. 

Rate of 

total system

BOD 

Outflow 

of AF

Inner 

width of 

Septic 

Min Water 

Depth at 

inlet point

Sludge 

accum

Vol incl. 

sludge

Actual Vol 

of Septic 

Tank
Calculated Calculated Calculated Chosen Chosen Calculated Chosen Calculated Chosen Calculated Required Calculated

Ratio % mg/l m m l/g COD m m m l/kg BOD m3 m3

1.06 0.49            92.21       1.75 2.25 0 1.7 0 0.85 0.0025 0 10.04         

Check

Vol. of 

filter tanks

Depths of 

filter tanks

Length of 

each tank

Number of 

filter 

tanks

Width of 

filter tank

Space 

below 

perforat

ed slabs

filter height 

(top 40cm 

below water 

level)

Out of 

Septic tank
Out of AF Total

Org. load 

on filter 

volume 

COD

Maximum 

upflow 

velocity 

inside 

filter voids

Calculated Chosen Calculated Chosen Required Chosen Calculated

m3 m m No m m m m3/d m3/d m3/d kg/m3d m/h

67.50         2.25            2.25         4.00          4.36         0.60       1.20            -                1.09         1.09               0.62           1.31           

<4.5 <2.0

Inner length of first 

chmaber

Length of second 

chamber

Dimensions of anaerobic filter Biogas Production

General Spread Sheet for Anaerobic Filter (AF) with Intergrated Septic Tank

Treatment Data

Factors to COD removal rate of anaerobic 

filter

Calculated according to graphs

Dimensions of Septic Tank

 
 

d) Design outputs constructed wetland 

 

 
Average 

flow
COD in BOD5 in

COD/B

OD 

Ratio

Outfl 

BOD5

BOD5 

rem. 

Rate

COD rem COD out

Min 

annual 

temp.

HRT factor 

acc to 

k20=0.3

HRT

Hydraulic 

Conuctivity 

Ks

Given Given Given Calc Wanted Calcul. Calcul. Calcul. Given Calcul. Given

m3/d mg/l mg/l mg/l/mg/l mg/l % % mg/l C days m/d

54.00 101.02    92.21    1.10      30 0.67        55% 45.85       16.2 46% 17.40    350

1.24          0.00405        

HRT in 

35% 

pore 

space

Bottom 

slope

Depth 

of filter 

at inlet

Cross 

Section 

Area

Width of 

filter 

basin

Surface 

area 

required

Length of 

filter 

basin 

Chosen 

width

Length 

Chosen

Actual 

surface 

area 

chosen

Hydr. 

Load on 

chosen 

surface

Org. load on 

chosen 

surface

Calculat. Chosen Chosen Calculat. Calculat. Calculat. Calcualt. Chosen Chosen Check! Calculat. Calculat.

Days % m m2 m m2 m m m m2 m/d g/m2 BOD

6.09      1% 0.6 33.20    55.33    1,566.04 28.31        25 20 500 0.108 9.96              

0.3-0.6 Max BOD 150 55.33       10

BOD rem.factor via graph=>

Max load=>

Calcul. Via 

graph

Dimensions Results

General Spread Sheet for planted gravel filter, in put and treatment data

Ks in m/s

 

 

BOD   Biochemical Oxygen Demand; CH4  Methane; Calcual  Calculated; Calculate  

Calcualted; COD   Chemical Oxygen Demand; HRT    Hydraulic Retention Time; Max  

Maximum; SS  Suspended Solids 
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APPENDIX C- Design outputs for a fully Dewats to serve 3,500 users in a 

peri-urban setup 

a) Design wastewater characteristics 

 

User
BOD per 

User

Water 

Consmption 

Per User

COD/BOD 

Ratio

Daily Flow of 

Waster

BOD 

Concentr.

COD 

Concentr.

Time of 

most 

wastewater 

flow

Max flow 

at peak 

hours

Given Given Given Given Calculat. Calculat. Approx Given Calculat.

Number g/day litres/day ratio m 3̂/day mg/l mg/l h m 3̂/h

3,500   35 90 1.9 315             389 739 12 26.25    

Wastewater Production Per Capita

 

 

b) Design outputs for Bio Settler and Baffled Septic Tank 

 
Daily 

wastewater 

flow

Time of most 

wastewater 

flow

Max peak 

flow per 

hour

COD inflow BOD inflow
COD/BOD 

Ratio

Setteable 

SS/COD ratio

Lowest 

digetster 

temp

De-sludging 

interval

HRT in Setller 

(no sellter 

HRT=0)

COD 

removal rate 

in settler

avg. given max. given given calculated given given chosen chosen calculated

m³/day h m³/h mg/l mg/l ratio mg/l °C months h %

315.00 12.00 26.25 738.89 388.89 1.90 0.42 19.60 18.00 2.00 25

1.5h

BOD5 

removal rate 

in settler

COD/BOD 

ratio after 

settler

COD rem, 25° 

COD 1500

Theoretical 

Remaining 

rate acc. to 

factors

COD Rem. 

Rate baffle 

only

COD Out

Calculated COD BOD Calculated Calculated Calculated Calculated

% mg/l mg/l ratio f-overload f-strength f-temp f-HRT % % mg/l

25 558 291 1.92               1.00             0.86               0.90                1.14                0.89 0.79 118.16           

1.03                <=COD/BOD removol factor 79% 1.11               

Total COD 

rem. Rate

Total BOD 

rem. Rate
BOD Out

Sludge 

accum. Rate

Length of 

settler

Length of 

settler

Max upflow 

velocity 

Number of 

upflow 

chambers

Depth at 

Outlet

Calculated Calculated Calculated Width Depth Calculated Calculated Chosen Chosen Chosen Chosen

% % mg/l m m l/g COD m m m/h No m

70% 77.34% 88.11           5 1.5 0.00374 15.28              15 2 7 2.5

Dimensions of baffled septic tank 0.6279 1.4-2.0m/h

Area of 

single 

upflow 

Actual 

upflow 

velocity

Width 

downflow 

shaft

Actual 

volume of 

baffled 

Actual Total 

HRT

Org. load 

(BOD)

Biogas (ass: 

CH4 

70%;50% 

Calculated Chosen Calculated Calculated Chosen Calculated Chosen Calculated Calculated Calculated Calculated

m m m² m m m/h m m³ h Kg/m³*d m³/d

1.25 1.5 13.125 8.75 8 2.19               0.25 245 19.6 0.75                48.88             

<6.0 Kg/m³*d

Inner masonry 

measurement chosen 

acc. To required volume

Length of chambers should 

not exceed half the depth
Width of chambers

General spread sheeet for baffled septic tank with Intergrated settler

Treatment Data

Dimensions of settler Baffled Septic Tank

Inflow into Baffled Reactor
Factors to calculate COD removal rates 

of baffled reactor

Calculated accoriding to graphs

 

BOD   Biochemical Oxygen Demand; COD   Chemical Oxygen Demand; HRT    Hydraulic 

Retention Time; COD   Chemical Oxygen Demand; Max  Maximum; Rem  Removal; SS  

Suspended Solids 
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c) Design outputs for anaerobic filter with Integrated Septic Tank  

 
Daily 

wastewate

r flow

Time of 

most 

wastewater 

flow

Max peak 

flow per 

hour

COD 

inflow

BOD5 

inflow

Setteabl-

e 

SS/COD 

ratio

Lowest 

digetster 

temp

HRT in 

Setller (no 

sellter 

HRT=0)

De-

sludging 

interval

COD 

removal rate 

in settler

BOD 

removal 

rate in 

settler

COD/BOD 

Remov. 

Factor

avg. given max. given given given given chosen chosen calculated calculated calculated

m³/day h m³/h mg/l mg/l mg/l °C h months % % ratio

315 12 26.25       118.16      88.11       0.42 19.3 0 36 0 0 1.06

1.34          

COD 

inflow 

into AF

BOD 

inflow into 

AF

Specific 

Surface 

of filter 

medium

Voids in 

filter 

mass

HRT 

inside 

AF 

reactor

COD 

removal 

rate (AF 

Only)

COD 

Outflow 

of AF

COD rem 

rate of 

total 

systems

Calcul. Calcul. Given Given Chosen Calcul. Calcul. Calcul.

mg/l mg/l m2/m3 % h f-temp f-strength f-surface f-HRT % mg/l %

118.16     88.11         100 35% 30 0.65      0.88           1 0.69        47% 62.08       47%

0.35

BOD/COD 

Rem. 

Factor

BOD rem. 

Rate of 

total 

system

BOD 

Outflow 

of AF

Inner 

width of 

Septic 

Tank

Min 

Water 

Depth at 

inlet 

point

Sludge 

accum

Vol incl. 

sludge

Actual Vol 

of Septic 

Tank

Calculated Calculated Calculated Chosen Chosen Calculated Chosen Calculated Chosen Calculated Required Calculated

Ratio % mg/l m m l/g COD m m m l/kg BOD m3 m3

1.06 0.50           43.78     1.75 2.25 0 1.7 0 0.85 0.0025 0 10.04       

Check

Vol. of 

filter 

tanks

Depths of 

filter tanks

Length 

of each 

tank

Number 

of filter 

tanks

Width of 

filter tank

Space 

below 

perforat

ed 

slabs

filter 

height (top 

40cm 

below 

water 

level)

Out of 

Septic tank
Out of AF Total

Org. load 

on filter 

volume 

COD

Maximum 

upflow 

velocity 

inside 

filter 

voids

Calculated Chosen CalculatedChosen Required Chosen Calculated

m3 m m No m m m m3/d m3/d m3/d kg/m3d m/h

393.75     2.50           2.50       5.00        17.43      0.60      1.45           -               4.12        4.12             0.34          1.72          

Inner length of first 

chmaber

Length of second 

chamber

Dimensions of anaerobic filter Biogas Production

General Spread Sheet for Anaerobic Filter (AF) with Intergrated Septic Tank

Treatment Data

Factors to COD removal rate of anaerobic 

filter

Calculated according to graphs

Dimensions of Septic Tank

 
 
 

d) Design outputs for the wetland 

 

Averag

e flow
COD in BOD in

COD/ 

BOD 

Ratio

Outflow

BOD

BOD rem. 

Rate

COD 

rem

COD 

out

Min 

annual 

temp.

HRT 

factor 

acc to 

k20=0.3

HRT

Hydrau-

lic 

Conucti

vity Ks

Given Given Given Calc Wanted Calcul. Calcul. Calcul. Given Calcul. Given

m^3/d mg/l mg/l ratio mg/l % % mg/l C days m/d

315.00 62.08   43.78   1.42     30 31% 30% 43.644 16.2 0.17         6.50     500

1.06 0.0058

HRT in 

35% 

pore 

space

Bottom 

slope

Depth 

of filter 

at inlet

Cross 

Section 

Area

Width 

of filter 

basin

Surface area 

required

Length 

of filter 

basin 

Chosen 

width

Length 

Chosen

Actual 

surface 

area 

chosen

Hydr. 

Load 

on 

chosen 

surface

Org. 

load on 

chosen 

surface

Calculat. Chosen Chosen Calculat. Calculat. Calculat. Calcualt. Chosen Chosen Check! Calculat. Calculat.

days % m m^2 m m^2 m m m m^2 m/d g/m^2 BOD

2.2758 1% 0.6 91.94   153.23 3,413.68        22.28   140 25 3500 0.09 3.94     

0.3-0.6 Max BOD 150 10

BOD rem.factor via graph=>

Max load=>

Calcul. 

Via graph

Dimensions Results

General Spread Sheet for planted gravel filter, in put and treatment data

Ks in m/s

 

BOD   Biochemical Oxygen Demand; Calcul  Calculated; COD   Chemical Oxygen 

Demand; HRT    Hydraulic Retention Time; COD   Chemical Oxygen Demand; Max  

Maximum; Min  Minimum; SS  Suspended Solids 
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APPENDIX D: Questionnaire on the appropriateness of Dewats for peri-

urban areas 

Section I: Questionnaire Identification  

Position of Respondent Date:  

Name of Organisation Tel phone: 

Address: Email:  

Section II: Status of sanitation in PU and its limitation s 

S/N Statement Agree Maybe Disagree 

1.  

Improving access to basic sanitation 
is one of the top priorities for 
increasing proportion of the urban 
poor living in peri-urban  Settlement 
(PUS). 

   

2.  
Existing sanitation facilities in PUS 
are not adequate in for the 
population residing in these areas 

   

3.  

High incidence of diarrheal diseases 
in PUS is attributed to poor and lack 
of sanitation facilities for disposing 
excreta, and limited access to water 
for basic hygiene. 

   

4.  
Pit latrines are the most utilised 
facilities in PUS 

   

5.  

In PUS, pit latrines are often in close 
proximity to individual or private 
shallow wells as drinking water 
sources. 

   

6.  

In areas with high water Table, 
common construction methods of pit 
latrines cannot prevent pollution of 
groundwater. 

   

7.  
Pit latrines in PUS are temporally 
because of because of lacking 
standards 

   

8.  
The provision and construction of pit 
latrines in PUS is a responsibility of 
the plot or property owner 

   

9.  
In PUS, plot sizes are too small to 
relocate the pit latrines after their 
pits are filled up. 

   

10.  
Pit latrines are considered 
unfavourable of the potential to 
pollute ground water resources 

   

11.  

Construction of pit latrines is much 
more difficult in PUS due to 
overcrowding and high population 
densities. 

   

12.  

The urban poor often reside in 
unplanned or informal areas  and may 
lack legal status to demand or qualify 
for access to formal services e.g. 
water, sanitation, garbage collection, 
flood protection etc. 

   

13.  

The lack of legal tenure on land tend 
to exclude the urban poor from 
development programmes for the 
improvement and extension of basic 
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services e.g. water, sanitation, 
garbage collection, flood protection 
etc. 

14.  

On-site sanitation technologies such 
as pit latrines are preferred in PUS 
because of their relatively low-cost 
than sewerage systems and 
wastewater treatment systems. 

   

15.  
Regulation which disallow 
construction of pit latrines on plots of 
a smaller size is not clear 

   

Section III: Potential to improve PU sanitation using decentralised wastewater treatments 
(low-cost sewerage) 

S/N Question or statement Agree Maybe Disagree 

1.  

In densely PUS with high water Table, 
low-cost sewerage systems are a 
preferred option to on-site sanitation 
(pit latrines, septic tank). 

   

2.  

Low-cost sewerage system will 
probably achieve and promote 
improved sanitation and public 
hygiene because of ease to operate 
and little odour. 

   

3.  

In PUS, treatment of small volumes of 
sewage using low-cost sewerage 
systems can provide safe treatment 
and disposal of human waste. 

   

4.  

Decentralised wastewater treatment 
systems are a low-cost sewerage 
system using cheaper solutions and 
technologies such as smaller pipe 
sizes, shallow depth and closer 
proximity of treatment plants to 
wastewater generations sources. 

   

5.  

In densely PU, decentralised systems 
or plants located within communities 
can cause nuisance from odours or 
insects. 

   

6.  

Location of decentralised systems or 
plants or digesters within the 
community can be a risk to health of 
population and environment. 

   

7.  

The lack of space and issues of land 
tenure in some PU can make the 
development of decentralised 
wastewater systems much more 
difficult. 

   

8.  

Use of decentralised systems can be 
difficult in some PU because of lack 
of drainage and high density housing 
which are typical causes of flooding 
in some areas. 

   

9.  

Unstructured physical planning and 
development could make much more 
difficult development decentralised 
systems or low-cost sewerage 
services 

   

10.  

Decentralised systems will probably 
lead to increased pollution of aquatic 
environment (i.e. land and 
watercourses) if not properly 
managed. 

   

11.  
Inadequate piped water supply in 
densely PU will hinder the successful 
operation of decentralised systems. 
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12.  

In many PUS, development of 
decentralised systems is required to 
be accompanied with the 
improvements to household water 
supply  

   

13.  

In densely PUS, there are fewer 
opportunities for reuse or application 
of treated wastewater effluent by 
households. 

   

14.  

There is less or minimal serious 
operating and maintenance failures 
or breakdowns associated to 
managing decentralised systems. 

   

15.  

Decentralised systems is among other 
recognised wastewater treatment 
systems in Zambia by statutory and 
regulatory bodies 

   

 
Section IV: Implication of legal or regulatory provision on development of decentralised wastewater 
systems (low-cost sewerage) in PU 

1.  
How is on-site sanitation (pit latrines or septic tank) 
developed and provided in peri-urban  Settlement? 

...............................................

........................................... 

2.  
Which are the mandate institutions responsible for planning or 
development of on-site (non-waterborne) sanitation in PUS? 

...............................................

........................................... 

3.  
Do the mandate service providers (e.g. LAs and CUs) possess 
enough capacity (financial and technical) to develop PU 
sanitation in the areas of their jurisdiction? 

Yes or No: Explain your answer........ 

4.  
Are mandate service providers meant to function without 
responsibility for non-water borne sanitation, PUS? 

Yes or No: Explain your answer ....... 

5.  
In absence of mandate institutions, who is responsible for 
funding and supporting development of PU sanitation? 

...............................................

........................................... 

6.  
If any, what are the funding arrangements and mechanism 
available for development of sanitation in PUS?  

...............................................

........................................... 

7.  
Does financial investment to the sector often prioritise and 
include support to develop sanitation in PUS?  

Yes or No: Explain your answer........ 

8.  
Do you know of any national policies and legal provisions 
available for the provision and delivery of sanitation in PUS?  

Yes or No: Explain your answer ....... 

9.  
If yes, are these policies and legal provisions clear on how to 
regulate and deliver sanitation services in PUS?  

...............................................

........................................... 

10.  
What provisions, controls or regulations are applicable to 
planning and delivery of sanitation in PUS?  

...............................................

........................................... 

11.  
Do regulatory authorities and service providers enforce 
regulations that exist and which requires households to have 
access to basic sanitation and hygiene? 

Yes or No: Explain your answer ....... 

12.  
Are there national guidelines or standards as required by the 
WSS Act 1997, for development of sanitation for PUS?  

Yes or No: Explain your answer ....... 

13.  

Can the development of decentralised systems be subjected 
to any other legal provisions pertaining planning or land use 
management apart from WSS Act 1997, which gives powers to 
develop and execute water and sanitation works?  

Yes or No: If Yes give 
examples................. 

14.  
Can decentralised systems be among wastewater treatment 
systems or options recognised by regulatory authorities? 

Yes or No: Explain your answer   
............... 

15.  
What other legal or regulation provisions that relevant to 
protect PUS operating decentralised systems?  

...............................................

........................................... 

16.  
Is there a consultative process involving stakeholders in 
developing waterborne sanitation systems especially for PUS? 

Yes or No: Explain your answer   
....... 

 

Section V: Incentives and conditions to support provision of sanitation in PUS 

1.  

NWASCO report (2008) highlights that access to basic sanitation remains a major challenge in urban areas 
because of poor and lack of facilities. The urban sanitation coverage ratio (i.e. 26%) attained in 2008 
reverted to where it was 2006, signifying that the majority of urban population (i.e. 80% of urban 
population) living in PUS are still have little or no access to adequate and safe sanitation and hygiene.  
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Section V: Incentives and conditions to support provision of sanitation in PUS 

In your opinion, do you think service providers and LAs recognise the needs for improved sanitation 
for the urban poor? 
Yes or No, give reasons for your answer………........................................................................ 

2.  

It is thought that the legal land tenure of some PUS is a hindrance to long-term development of basic 
services and also weakens commitment from residents to develop sanitation facilities. While some of 
such settlements have kept expanding and growing, they remain excluded from municipal planning and 
development. 
 
Should illegal PUS with a larger population waiting to be served be legalised to become part of 
district plans? 
Yes or No, give reasons for your answer..........................................................................  

3.  

Community Based Service Providers (CBSP) in some PUS have filled the gap in some instance by being 
responsible for water supply and management were mandate providers do not have their presence. CBSP 
seemingly understand and are more responsive to community needs in absence of mandate providers in a 
PU. 

 
i. Are there any CBSP active in providing sanitation in PUS: Yes or No 

 
If yes, give examples...................................................................................................... 
What are the limits and potential to use CBSP in the developing and managing PU sanitation 
services in the absence of mandate providers? .................................................................. 

4.  

Being a waterborne technology, decentralised systems are managed and operated well when there is 
reliable water supply to transport the waste. It is likely though that the cost to develop decentralised 
and water systems could be higher. 
 

i. How much are the new connection fees for water and sewerage? .................................... 
ii. How much is the monthly service charge for an yard or household tap for house connected to 

sewer............................................................................................................. 
iii. Are the above fees affordable for the urban poor serviced with water and sewerage?  

Yes or No, give reasons for your answer ................................................................. 
iv. If really fees are expensive, how could they be made much more affordable to users in PU? 

...................................................................................................................... 

5.  

What are some of the incentives or conditions necessary to support and trigger promotion and 
development of sanitation for the urban poor living in PUS? 
Explain your answer...................................................................................................... 

6.  
What some of the best practices achieved in development of sanitation in densely PU? 
Explain your answer...................................................................................................  

 


