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discuss my report with me. 

Marie-Odile Zanders 
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Summary 
The aim of this Master of Sciences research is to present appropriate waste water treatment 
systems for the reduction of the main pollutants in the waste water produced by the domestic 
sources in the catchment area of Lake Victoria. The research is executed for urban Mwanza, 
Tanzania, as a case study. In order to come to an appropriate choice of systems the following 
parts of the study are distinguished: 
* review of the problems of Lake Victoria; 
* assessment of the water pollution from domestic sources in urban Mwanza; 
* evaluation of appropriate waste water treatment systems for urban Mwanza . 

.. 1 I The review of the problems of Lake Victoria, in the light of this thesis, shows that the 

1 
pollutants that are investigated here, namely oxygen consuming substances -measured as the 

) biochemical oxygen demand (BOD)- and microbial pollutants form the major point loads of 
pollutants to the lake. It is concludeg _th~t_ti!~~Q~!!:!~~!iQ!! !9 B.OR fr9_m __ <:iQ!l.1-~~ to 
Lake Victoria is much higher than from industrial sources. Furthermore, microbial pollutants 
that cause excreta-related diseases have an enormous impact on the state of health of the 
communities bordering the lake. 

Subsequently, the assessment of the water pollution from domestic sources for urban Mwanza 

\ 

is presented. Pollution load factors and annual domestic waste loads regarding volume and 
\ BOD are set for urban Mwanza. The assessment reveals that the unsewered part of the 

1 
population produces the majority of the total BOD pollution load, namely mpre th~n 80% of 

l the to~. After this assessment, an estimation is made of the portion of this produced BOD 
lc>aCfthat is eventually discharged to Lake Victoria. This is done by defining reduction factors 
for each type of waste water treatment system that is used at households in Mwanza. 
Furthermore, each system is assessed on its BOD emission to respectively the groundwater, 
surface water and sewerage system or desludging trucks. The conclusion that is drawn from 
this assessment is that approximately 50% of the generated BOD load by the households ends 
up in Lake Victoria. The major environmental problem is formed by the BOD output from 
the waste stabilization ponds, because this is the biggest point source of BOD discharge to the 
lake. The health threats regarding the microbial pollution in the liquid pollution load is severe 
for domestic sources that release their waste load in the neighbourhood of their household. 

The evaluation of the waste water treatment systems is shown in the last part. The systems 
that are evaluated are the waste water treatment systems that are actually used at the domestic 
sources in Mwanza, together with different upflow anaerobic sludge blanket reactors (UASB), 
applied at various scales, and constructed wetlands. Criteria that are selected for the 
evaluation are: technical, financial, institutional, social/cultural criteria and geographical 
criteria. Because the impacts of the criteria are expressed in qualitative or quantitative data, 

) the technique applied for the evaluation is the mixed data multi criteria evaluation. The 

0 evaluation results in a ranking matrix for the different technology options. -Theranking matrix 
is performed once for ground with adequate infiltration capacity and once for ground with 
inadequate infiltration capacity. The overall ranking shows that the UASB, treating black 
water only, is the most preferred option at ground with adequate or inadequate infiltration 
capacity. The UASB on intermediate scale ranks lowest at both types of ground. From an 
overall point of view the on-site options rank higher than off-site options. Except when the 
ground conditions are inadequate with regard to infiltration capacity, the off-site option of 
sewerage with wetlands or waste stabilization ponds is more favourable than the pit latrine 
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and the septic tank treating combined water. The intermediate scale option ranks lowest in all 
cases. Following this evaluation, a sensitivity analysis is performed on part of the mixed data 
and its weights. This analysis shows that for ground with adequate ground infiltration capacity 
the overall ranking list is more sensitive to changes of the weights of the most important 
criteria than in the case of inadequate ground infiltration capacity. 

ho { v "' I •. &-~~ 
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Introduction 

Chapter 1 Introduction 

1.1 Framework of the study 

This thesis is part of a research programme titled: A systematic approach to water pollution 
assessment. Until now the programme has been concentrating on Lake Victoria, East Africa, 
as a case. 

The aim of the research programme as a whole is to establish an assessment methodology 
which results in the presentation of possible environmental policy options including a 
judgement on their relative priority and appraisal of their expected effectiveness. 

The assessment methodology consists of four distinguished steps: 

A Water pollution sources assessment 
B Mass balance assessment 
C Ecological assessment 
D Environmental economics assessment 

In the case study concerning Lake Victoria the first three steps have been carried out and 
implemented by Peter Scheren in 1995 (Scheren, 1995). Although the conclusions drawn by 
Scheren are based on the best data available at that time, these data are scanty and their 
reliability is not proven in all instances. The_.s.tlld.y. . .described -in-this -thesis._as.pir~s to refine ) 
step A and contribute to step D in the Lake Victoria case study. f/"'.) ~ 

············•·· ···-···-·- •• J 
' ... 

1.2 Set up of the study 

In the description of the set up, a distinction is made between aim, research questions and the 
set up of the investigation. 

Research aim 

The presentation of appropriate waste water treatment systems for the reduction of the main 
pollutant loads in waste water emitted by the major anthropogenic sources in the catchment 
area of Lake Victoria. 

Research questions 

* 

* 

What are the major polluting anthropogenic sources in the catchment area of Lake 
Victoria? 

What are the most important pollutants in the waste water from the major polluting 
anthropogenic sources in the catchment area of Lake Victoria? 
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* 

* 

* 

* 

* 

How much of the most important pollutants in the waste water from the major 
polluting anthropogenic sources in the catchment area of Lake Victoria is 
discharged to Lake Victoria? 

What are the waste water treatment systems presently applied at the major 
polluting anthropogenic sources in the catchment area of Lake Victoria? 

What appropriate waste water systems can be applied at the major polluting 
anthropogenic sources in the catchment area of Lake Victoria? 

What are the technical, financial, institutional, social/cultural and geographical 
characteristics of waste water treatment systems appropriate for application at the 
major polluting anthropogenic sources in the catchment area of Lake Victoria? 

What is the optimal combination of appropriate waste water treatment systems to 
reduce the pollution loads from the major polluting sources in the catchment area 
of Lake Victoria? 

Set up of investigation 

In order to answer the research questions the following set up of investigation is made: 

A Water pollution sources assessment 
A rapid assessment has been carried out for the major pollutants in the catchment 
area of Lake Victoria (Scheren, 1995; Zanting, 1996). The assessment in this thesis 
will be a verification and refinement of the assessment with regard to the major 
sources and their main pollutants. It will be conducted in a representative part of 
the Lake Victoria catchment area. 

B Appropriate technology assessment 
By means of a multi criteria analysis different waste water treatment systems will 
be analyzed. First, parameters to characterise waste water treatment systems are 
distinguished. Secondly, the parameters for the treatment systems are compared by 
means of a mixed data analysis. 

1.3 Definition of the study area 

Lake Victoria is the world's largest tropical lake and the second largest freshwater lake. 
With a surface area of 68,800 km2

, the lake is nearly twice as large as the Netherlands. 
The lake and its ecosystem harbour unique biological resources, and are of crucial socio
economic importance to its riparian population. The three surrounding countries, 
Tanzania, Uganda and Kenya, control respectively 49%, 45% and 6% of the lake area. 
They make use of its resources for fishery, freshwater, irrigation, transportation and to 
dispose of human, agricultural and industrial waste (Scheren et al, 1994, p. l). Figure 1.1 
displays Lake Victoria and its catchment area. 
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Figure 1.1 The catchment area of Lake Victoria (Crul, 1993) 
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If urban centres in the catchment area of Lake Victoria are considered, three major 
urban centres can be distinguished. These are Kisumu in Kenya, Kampala in Uganda and 
Mwanza in Tanzania. The city of Mwanza has the biggest growth figures of the urban 
centres in the Lake Victoria catchment area (van Horen, 1996). Therefore it poses a 
huge threat to the environmental state of Lake Victoria and on the state of health of the 
riparian population. 

Mwanza is assumed to be representative for the urban people living near Lake Victoria. 
First of all, approximately 703 of the urban population in Tanzanian catchment area of 
Lake Victoria lives in the urban centre of Mwanza (van Horen, 1996). Furthermore, all 
the waste water treatment systems that are typical for the Lake Victoria catchment area 
are present in this city. This city will be used as a case in this thesis. 

There is a large difference in urban and rural population characteristics (Scheren, 1995, 
p. 20). Urban population in the Tanzanian catchment area of Lake Victoria is largely 
situated in the urban centres Bukoba, Mwanza and Musoma. Rural population, on the 
other hand, is scattered over a vast area, reaching up to 150 km from the lake. Only a 
small fraction of their waste reaches watercourses. This thesis considers therefore only 
the urban population of M wanza. 
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Problem setting 

Chapter 2 Problem. setting 
In this chapter a basic introduction is given of the research on Lake Victoria preceding 
this thesis. In chapter 3 actual results will be presented. In this chapter scope and results 
will be analyzed and commented in the light of this thesis. Furthermore, the relevance of 
the pollutants that are investigated in this thesis are clarified. 

2.1 Overview of problems of lakes and reservoirs 

Lakes are the natural collectors of water run-off from large drainage areas, and often 
also from the direct or indirect discharges of industrial, agricultural and domestic 
sources. Lakes are sensitive receivers and eutrophication is their most common and 
serious problem. 

Pollutants, such as oxygen demanding substances and microbial pollutants, are mainly 
causing problems close to their point of discharge1

• For lakes ·and reservoirs sources of 
these pollutants are situated on the lake shore. Large lakes and reservoirs will not be 
affected very much by organic loads and microbial pollutants, except on a very local 
scale near the sources. It is a local problem, not for the lake or reservoir as a whole. 
However, the people who live on the shores of the lake do get affected, because their 
direct environment is degrading. 

2.2 Problems of Lake Victoria 

Growing human interference has caused large changes in the lake's ecosystem and 
chemistry in the past decades. Threats to the lake's ecosystem include the reduction of 
fish stocks through overfishing and the introduction of exotic fish species accompanied by 
a drastic reduction in endemic species. Furthermore, eutrophication and pollution caused 
by increasing domestic, industrial and agricultural activities, and transport have resulted 
in the deterioration of the water quality (Scheren et al, 1994). 

If the problem of eutrophication is looked at more closely, we see that the trophic status 
of Lake Victoria changed profoundly from the 1960s to the 1990s, and shifted from an 
oligotrophic state to an eutrophic one. Two independent factors with overlapping effects 
on the ecosystem have contributed to the eutrophication of Lake Victoria. The first is 
the introduction of the Nile perch in the late 1950's and early 1960's. This caused a 
reduction of the cichlid fishes in the lake, resulting in a decline of the composition and 
size of the algal matter consuming endemic species (Goldschmidt, 1989). Consequently, 
the amount of algal matter increased, sank to the bottom, where its bacterial 
decomposition consumed the available oxygen. Furthermore, increased external nitrogen 
and phosphorus loading caused the shift to an eutrophic status. A socio-economic 

1 
This is true if only point sources of pollution, such as urban centres, are considered. Non-point sources, for instance plants, can influence 
the oxygen balance by their die-<>ff. 

- 4 -



Problem.setting 

analysis performed by van Horen for the Tanzanian catchment area of Lake Victoria 
revealed that poor economic conditions and cultural values support population growth, 
which can be considered as the engine behind the change of the trophic status of Lake 
Victoria (van Horen, 1996). 

In the case of the increasing domestic, industrial and agricultural activities, an inventory 
of pollution sources in the catchment area of Lake Victoria in Tanzania is relevant to 
clarify the problem (Scheren, 1994). Scheren concluded that the largest threat to the lake 
constituted the organic pollution of the incoming watercourses (Scheren, 1995, p. 24). 
This organic pollution consists of oxygen consuming substances, nitrogen and phosphorus. 
The major contributors to oxygen consuming substances are the urban domestic sources, 
which are a major point-source of pollution to the lake. Land run-off and atmospheric 
deposition dominate the annual external nitrogen and phosphorus load to Lake Victoria. 

Scherens' inventory will be further discussed in subsection 2.3 and in chapter 3. 
Microbial pollutants were not considered in this inventory. Other research points out that 
these pollutants are also of major concern, while causing diseases to the riparian people 
of the Lake Victoria area (Mpendazoe et al., 1993, p. 27). This will be argumented in 
subsection 2.2.2. 

This research concentrates on oxygen consuming substances and microbial pollutants, 
which form the major point loads of pollution to the lake. Removal of these pollutants 
has usually the highest priority in developing countries. In developed countries the 
contamination with toxic matter, or with high concentration of nutrients in wastewaters 
may, relatively speaking, be the larger problem (van Buuren, et al, 1988, p. 9). The 
oxygen consuming substances and microbial pollution will be dealt with in the following 
two subsections. The polluting nutrients, nitrogen and phosphorus, and toxic matter are 
not further discussed in this thesis. 

2.2.1 Oxygen consuming substances 

For a good functioning of the aquatic life, it is necessary that enough oxygen is present 
in the surface water. 

Organic matter is consumed in water by aerobic bacteria, this exerts an oxygen demand. 
The conversion is shown in the following reaction. 

0 . 0 bacteria 0 'd· d u b · rganzc waste + 2 > xz zze waste + lYew acterza 

It is customary to express the concentration of organic matter in terms of the oxygen 
required by the bacteria for their oxidation of the waste. This is the biochemical oxygen 
demand (BOD) of the waste, measured in milligrams of oxygen per litre of waste. BOD 
is usually measured as the 5 days demand at 20°c, expressed as BOD/0

• This is some 
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2/3 of the total oxygen required for complete bio-oxidation, the so-called 'ultimate 
BOD'. In this thesis the term BOD refers to the 5-day, 20° C value. 

If more oxygen is being consumed by the transformation of organic matter, than is 
repleted through surface re-aeration and photosynthesis, the functioning of the ecosystem 
and the quality of surface water are affected. The consequences are bad smells and a 
deterioration of aquatic life (van Buuren, et al, 1988, p. 7) Species that need a relatively 
oxygen-rich environment will disappear. These will be replaced by other species that are 
less sensitive for changes in the oxygen level in the water. Consequently, the composition 
of species will change in the ecosystem (CPB, 1972, p. 11). 

The recovery from oxygen depletion or from any other form of pollution will always be 
hastened by the rate of water exchange, expressed in hydraulic retention time. This 
means that the status of deep lakes, which do not flow quickly, such as Lake Malawi and 
Lake Tanganyika having exchange times of over 1000 years are fragile (Payne, 1986). 
Lake Victoria has an hydraulic retention time of 70 years (Scheren, 1995, p. 38). This is 
still long enough to be susceptible to pollution caused by oxygen consuming substances. 

Evidence suggests that decomposition and mineralization proceeds very rapidly and 
efficiently in tropical waters (Payne, 1986). If this is the case then the capacity of such 
systems to absorb and break down organic waste may be higher than those of temperate 
areas. More research is needed concerning this matter for Lake Victoria to quantify this. 

2.2.2 Microbial pollution 

Pathogenic organisms that are present in excreta and waste water can cause infections. 
An infectious disease is one that can be transmitted from one person to another, or 
sometimes, to or from an animal. All infectious diseases are caused by living organisms, 
such as bacteria, viruses, or parasitic worms. An excreta-related disease is transmitted by 
the passing of these organisms from one person's body to another via excreta. For more 
information on the sources of some pathogens see table 2.1. 

Remarkable is the fact that, regarding sources of pathogens, not only attention has to be 
given to excreta, but also to waste water not used for the disposal of excreta. Studies of 
grey water in Sweden iind in the United States indicate that the major source of coliform 
bacteria was found to be cloth washing. Neither study attempted to identify any specific 
viruses in the grey water (Rybczynski, et al, 1982, p. 22). 
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Table 2.1 Occurrence of some pathogens in urine, faeces and sullage (Franceys et al, 
1992,p. 8) 

Pathogen 

Bacteria: 

Viruses: 

Protozoa: 

Helminths: 

Common name for 
infection caused 

diarrhoea 
typhoid 
cholera 

poliomyelitis 
enteritis 

amoebiasis 
giardiasis 

roundworm 
hookworm 
schistosomiasis 
tapeworm 

* 
* 

* 

Present in: 

FAECES 

* 
* 
* 

* 
* 

* 
* 

* 
* 
* 
* 

SULLAGE8 

* 
* 

* 

* 
* 

* 
* 
* 
* 

a Urine is usually sterile; the presence of pathogens indicates either faecal pollution or host infection 
b Sullage is the waste water from bathing, laundry, preparation of food, cooking and other personal and domestic activities that 

does not contain excreta. 

The infections caused by pathogens shown in table 2.1 are transmitted by different 
mechanisms. Feachem categorized the infection according to six different transmission 
mechanisms (Feachem, 1983). The mechanisms are shown in table 2.2 and in figure 2.1. 

Table 2.2 Classification of 
transmission of excreta
related diseases (adapted 
from Feachem, et al, 
1983) 

Transmission category Pathogen 

II 

III 

IV 

v 

VI 

Faecal-oral Viruses, 

Faecal-oral 

Soil-
transmitted 

Beef and pork 

Water 

Insects 

protozoa, 
helminths 

Bacteria 

Helminths 

Helminths 

Helminths 

All pathogens 

Note: 
THE POSSIBLE EFFICAC't OF 
1MPROV£0 EXCRETA OlSPOSAI.. 
IS INOICATEO BY TM£ 
"SANITARY BARRIER~ 

Figure 2.1 Transmission cycles of six categories of excreta
related infections (Feachem, et al, 1983);/or a 
clarification of the transmittors see table 2.2 
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Diarrhoeal disease and helminth infections account for the greatest number of infections 
and deaths per year worldwide, although there is considerable difference in the levels of 
debility they produce (Franceys et al, 1992, p. 11). Regarding helminth infections, which 
concerns diseases with worms, the sufferer can still be able to work in most cases. 
However, in the case of diarrhoeal disease the sufferer is only able to function slowly, or 
is bedridden. The socio-economic impact of these diseases should not be ignored or 
underestimated. 

The poor quality of the water caused by microbial pollution in the Tanzanian catchment 
area of Lake Victoria is confirmed by a socio-economic survey performed in Mwanza, 
Tanzania (Howard Humphreys, 1994, p. 7). This stated that 50% of the urban 
inhabitants interviewed suffered from diarrhoea and 25 % from schistosomiasis. 

A key question remains which measure influences the control of the excreta-related 
infections the most. Several control measures such as increase in the availability of water, 
provision of toilets, health education, etc., are possible. In table 2.3 the potential for 
control of the afore mentioned six categories of excreta-related infections by two control 
measures are shown. For most of these diseases, an improvement in excreta disposal, by 
the provision of toilets, is only one of several measures required for their control. Waste 
water treatment, health education or domestic water supply are other measures that 
attribute to the decrease of contamination. 

Table 2.3 Impact of sanitation and personal hygiene on control of excreta-related 
infections (Van Buuren, et al, p. 11, 1995) 

Disease category from table Sanitation alone Personal hygiene alone 
2.2 

Non-bacterial faecal-oral Negligible Great 

Bacterial faecal -oral Slight to moderate Moderate 

Soil-transmitted Great Negligible 

Beef and pork Great Negligible 

Water Moderate Negligible 

Insects Slight to moderate Negligible 

The foregoing illustrates the magnitude of the health problem. It is concluded that water 
and sanitation related diseases have an enormous impact on the state of health of the 
communities bordering Lake Victoria. This will negatively affect the productivity and 
thus the development of the people. Adequate handling of excreta and waste water is 
therefore of the highest importance in the Lake Victoria catchment area. 
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2.3 Pollution in the catchment area of Lake Victoria by organic matter 

Scheren distinguished the following principal sources of pollution that are distinguished 
in the Lake Victoria catchment area (Scheren, 1995, p. 13): 

* agricultural 
* industrial 
* domestic 

The rapid assessment Scheren used for the evaluation of polluting sources is further 
explained in chapter 3. He concluded that pollution is mainly of organic nature, with 
agriculture as the largest contributor of nutrients. The largest source of BOD is 
domestic waste, while industrial pollution is limited but growing rapidly. 

The pollutants Scheren distinguished are 
nutrients and BOD. Because this thesis 
does not discuss eutrophication, 
nutrients are not further investigated. 
The major sources of BOD are domestic 
and industrial. 

Legend 
-------; ~ Don-* 

Figure 2.2 gives an overview of the 
major contributing sources to BOD in 
the Lake Victoria catchment area. The 
figure is a combination of Scheren's 
results and research performed by 
Zanting (Scheren, 1995, Zanting 1996). 
Growth figures as used by Scheren are 
used to extrapolate his results to 1996. 

The figure shows that the contribution to 
BOD from domestic sources is much 
higher than from industrial sources. The 
total oxygen demanding waste load to 

IOOO 

7000 
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1000 

Figure 2.2 
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Overview of BOD loads from industrial and 
domestic sources to Lake Victoria (Z.anting, 
1996,p. 44; Scheren, 1995,p. 24) 

Lake Victoria from industrial and domestic sources is biggest in Kenya and lowest in 
Tanzania. The difference in domestic pollution loads is attributed to differences in 
population figures. Pollution loads emitted per person are assumed to be the same in 
each country. 

It is to be expected that the emission of oxygen consuming substances by domestic 
sources to Lake Victoria is of major concern. If the self purifying capacity of the lake is 
exceeded by the BOD, the environmental state will be severely degraded by these 
pollutants. They can also influence the state of health of the riparian people. However, 
microbial pollution probably has a much greater impact on the state of health of these 
people (Makarere, 1996). 
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2.4 Characteristics of domestic liquid waste 

Domestic liquid waste is called sewage. It is composed of toilet waste water and 
household water, i.e. sullage from the kitchen and the bathroom. The BOD load in 
sullage consists of soap, grease, sweat, bits of food wastes, soil -from washing vegetables-, 
bits of tea or coffee, etc. Sullage is usually called grey water. Toilet waste water is 
normally called black water, it consists of human excreta and anal cleansing material. 

Sullage is characterized by a high flow and a low BOD concentration. Toilet waste water 
is characterized by a low flow, and a high BOD concentration. Pathogens are present in 
both flows, as shown in table 2.1. A higher concentration of pathogens is present in toilet 
waste water than in sullage. 

The quantity of domestic sewage will depend not only on the size of the contributing 
community, but also on the socio-economic behaviour of the population (van Haandel 
and Lettinga, 1994). For this reason, different values exist for the daily sewage flow and 
BOD production per person. 

It is interesting to know what kind of activities contribute to the BOD output of a 
household. Mara breaks the average BOD contribution of an urban family in East-Africa 
down as shown in figure 2.3 (Mara, 1976, p. 5). 

DI.th wublng 20 

Tollot 55 

Figure 2.3 BOD-production per domestic activity per person per day [in %] 

Differences in domestic BOD output are mainly determined by the quantity of sullage 
produced. This has a far greater impact on the level of BOD than dietary variations 
influencing the level of faeces produced (Arthur, 1983, p. 7). The level of sullage 
production is influenced by the level of water consumption of a household, which is 
determined by the connection to a water supply system of a household. If connected, the 
BOD output is assumed to consist of both the black and the grey water. If the household 
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is not connected to the water supply, Mara states that the BOD contribution to the waste 
water receiving facility would be reduced to the black water only. The grey waste water 
production is assumed to be minimal (Mara, 1976). 

There is likely to be some increase in both per person BOD and waste water 
contribution as income levels rise. Since water consumption generally rises faster than 
BOD contribution, this will usually result in a reduction of raw sewage strength (Arthur, 
1983, p. 8). 

2.5 Treatment of domestic liquid waste 

At the moment the waste water in the region of Mwanza is handled in four different 
ways (Mndeme, 1996): 

* 
* 
* 
* 

transport through sewer + treatment in waste stabilization ponds 
treatment in septic tanks 
treatment in pit latrines 
no treatment. 

These four alternatives are further discussed in the next chapter. The emission of the 
pollutants to the environment via run-off, drainage or sewer is also investigated. 
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Chapter 3 Water pollution sources 
assessment; the case of Mwanza 

In this chapter the assessment of domestic liquid waste in Mwanza, Tanzania, will be 
presented. Also, the portion of the domestic liquid loads that is actually entering Lake 
Victoria is estimated. Finally, the problem areas in the sanitation field of urban Mwanza 
are identified. 

The studied areas are the urban wards of the district Mwanza as given in the population 
census for the regional profile of Mwanza (Bureau of Statistics, 1992). Exact figures per 
ward are given in appendix I. A map showing the urban wards of Mwanza in 1980 is 
shown in appendix II. 

3 .1 Methodologies for assessment of pollution loads 

For assessing the amount of liquid waste entering the environment, two possibilities of 
measurements are possible. 

The first one is performing direct measurements at the source. This method can be very 
reliable but difficult in practice. Direct measurements are extremely labour-intensive and 
costly to obtain (Scheren, 1995). Evaluation of point sources of pollution requires a lot of 
measurements to be taken at different points of the source (e.g. effluent stream of a 
household) to allow accurate averaging along fluctuations in discharge. Also, 
interpretation of the data obtained requires knowledge of processes in air, water or soil 
matrices to determine the precise leaching to watercourses, for which often intricate 
models are required. Direct measurements have been performed in the Lake Victoria 
catchment area (Mpendazoe, et al, 1993-1994). Because these measurements were only 
performed once, reliable conclusions can hardly be drawn. 

The second method is the rapid assessment methodology as developed by the World 
Health Organization (Economopoulus, 1993; WHO, 1982). This is a preliminary 
assessment only. The waste water characteristics are estimated by multiplying 
characteristics of polluting sources with pollution factors. Because measurements at 
sources are not needed for the rapid assessment, data requirements and practical efforts 
are limited. A disadvantage is that the results of the assessment are not precise due to 
generalized pollution factors. The method has been successfully applied to pollution 
sources in the Lake Victoria catchment area in Tanzania, as has been mentioned before 
(Scheren, 1995). 

In order to identify domestic liquid pollution with the rapid assessment method, the 
following equation is applied: 

[Domestic waste load] = [Population number] x [Annual waste production per person] 
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The population number is usually derived from census data or statistical abstracts from 
local authorities. The annual waste production figures per person are mostly taken from 
literature. 

3.2 The rapid assessment as performed by Scheren in Mwanza 

Table 3 .1 presents factors for assessment of domestic pollution, distinguishing between 
sewered and non-sewered population, as used by Scheren (Scheren, 1995, p. 19). 

The annual liquid discharge per person regarding BOD and volume for urban Mwanza is 
shown in table 3.1 in the last two columns. The liquid waste load can be calculated with 
the rapid assessment equation. The population growth figure of 2.6% as applied by 
Scheren is used to extrapolate the figures to 1996 (Scheren, 1995, p. 20). The assumption 
is made that each sanitation facility has the same growth figure, equal to the population 
growth. For his research Scheren assumed that households with the sanitation facilities 
septic tank and pit latrine are unsewered. 

Table 3.1 Pollution load factors and annual domestic liquid waste loads for urban Mwanza in 
1996 (Scheren, et al, 1994; Scheren, 1995) 

Sanitation system Population Volume BOD5 Volume BOD5 

Number load factor load factor waste load waste load 
[m3pers·1yr·11 [kg pers·1yr·11 [m3yr-1]*103 [t yr·11 

Sewer 24,633 73 19.7 1,800 485 

Septic tank 41,054 7.3 6.9 300 283 

Pit latrine 139,584 7.3 6.9 1,000 963 

Total 205,271 3,100 1,731 

It is concluded from this table that although unsewered households emit lower pollution 
loads per person, their total output forms the majority of the output to the environment, 
approximately 703 of the total. 

3.3 Validity of rapid assessment as applied by Scheren 

First of all, the population figures and their growth figure as used .by Scheren are derived 
from the Tanzanian census of 1988 (Bureau of Statistics, 1992). Although the population 
figures as presented in the census are a reliable estimation, the population growth figure 
of 2.63 for the region remains questionable. If the 1996 population figure of 205,271 
people, as extrapolated with figures from the census, is compared with a recent 
population estimation made by local authorities in Mwanza of 308,110 (Mndeme, 1996), 
it is clear that there is an enormous difference in these figures. In other studies higher 
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population growth rates are used varying from 4,82 3 for Mwanza region, which includes 
the urban and rural parts, and 12,53 for urban Mwanza (Howard Humphreys, 1994, p. 
5; van Horen, 1996, p. 18). 

Secondly, the pollution load factors that are applied (WHO, 1982, p. 89) by Scheren for 
his assessment are based on assumptions, as has been stated in subsection 3 .1. But these 
assumed pollution loads have been based on areas of the world where most studies have 
been made of waste water discharges, i.e., in general, the industrialized areas such as 
Europe. The data may not be at all appropriate to tropical areas or small communities 
in developing countries (Okun and Ponghis, 1975, p. 135). Furthermore, these 
assumptions are in most cases only valid for waste water treatment technologies that are 
used in industrialized countries. The only distinction that is made is whether people are 
connected to a sewer or not (WHO, 1982, p. 89). No differentiation is made between 
different sanitation technologies that are widely used in developing countries, such as 
septic tanks and pit latrines. These sanitation technologies produce different levels of 
pollution loads. 

And lastly, the sanitation facilities mentioned by Scheren do not take into account that a 
part of the population in Mwanza probably does not have any sanitation facility at all, as 
was reported in a study performed in 1980 (Gauff, et al, 1980). 

3.4 Adaptations for this study 

Several adaptations have been made in order to make the assessment of domestic liquid 
waste from urban Mwanza more reliable. These adaptations are: 

* 

* 

In this thesis an annual population growth figure of 8. 9 3 is set for urban M wanza 
(Mndeme, 1996; Bureau of Statistics, 1992). Although this figure is much higher 
than the one given by the census, 2.63, it is more reliable since Dar es Salaam's 
average urban growth rate is in the same order of magnitude, namely 9. 7 3 (Muller 
and Rijnsburger, 1994, p. 15). Appendix I displays an overview of the urban 
population growth categorized per ward. The new growth figure is derived from a 
population figure of 308,110 for urban Mwanza in 1996. 

For the aim of this study other BOD loads applicable for households in hot climates 
in developing countries such as East-Africa are investigated. Further information on 

/~ __ domestic BOD loads was discussed in subsection 2.4. The pollution loads that are 
/ I 

1 
'"') ~ven in several publications are shown in table 3.2. From thes.e publications it is 

, MD ·-.J .. cpncluded that the average BOD load from sewered soUl'ces is 15.5 kg person·1yr"1
• 

~--~/Marrstates-tlrarth-e-averagel3UD10ad from sepficThliRS-aepends on the fact 
whether the household is connected to a water supply system or not (Mara, 1976). 
If a family is connected to a supply system, the BOD load averages to 14.6 kg 
person·1yr·1, and if they are not connected its average amounts to 7 .5 kg BOD 
person·1yr·1

• For pit latrines the BOD load averages to 7 .5 kg person·1yr·1• People 
without facilities are assumed to have the same annual BOD output as people with 
pit latrines. 
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Table 3.2 Overview of BOD load factors per person (kg yr-1
) applicable to East-Africa, as 

found in literature 

Literature source 

Arthur, J.P., 1983,Notes on the 
design and operation of waste 
stabilization ponds in wann 
climates of developing countries, 
p. 8. 

Calamari, D.A., 1994, Pollution 
of Winam Gulf. Lake Victoria, 
p. 6. 

Economopoulus, A.P., 1993a, 
Assessment of Sources of Air, 
Water, and La.nd Pollution, p. 
4-38. 

Mara, D.D., 1976,Sewage 
Treatment in Hot Climates, p. 
5. 

Mara, D.D., et al, 1992, Waste 
Stabilisation Ponds: A design 
manual for eastern Africa, .p. 
27. 

Supply concerns the supply of water. 

Sewered 

14.6 

16.4- 19.7 

14 .6 

14.6 

Septic tank Pit latrine 
Supply No supply" 

14.6 

6.9- 8.03 

6.9 

14.6 8.03 

14.6 

Pollution loads regarding waste water volume loads applicable to East-Africa, have 
been investigated also. The results are shown in table 3.3. The conclusion is drawn 
that the average volume load of sewered families is 45.8 m3 person-1yr-1

. The septic 
tank volume load for households that have a connection to a water supply is 36.5 
m3 person-1yr-1

, and for those that are not connected to a water supply the volume 
load averages 7 .3 m3 person-1yr-1

• Households that have pit latrines or do not have 
any facilities at all do not have a connection to a water supply in most cases. Those 
households are assumed to have the same waste water volume output as the ones 
without water supply and a septic tank, namely 7 .3 m3 person-1yr-1

. 
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Table 3.3 Overview of volume load factors per person (m3 yr-1) applicable to East
Africa, as found in literature 

Literature source 

Arthur, J.P., 1983,Notes on 
the design and operation of 
waste stabilization ponds in 
warm climates of developing 
countries, p. 8. 

Economopoulus, A.P., 
1993a, Assessment of Sources 
of Air, Water, and !And 
Pollution, p. 4-38. 

Supply concerns ihe supply of water. 

Sewered Septic tank Pit latrine 
Suppl1 No suppl1 

36.5 36.5 

55 7.3 

After personal communication other figures on the amount and differentiation of 
sanitation facilities in Mwanza were found (Mndeme, 1996). For instance, a much 
bigger part of the population uses septic tanks than was found by Scheren. 

The assumption is made for this study that 50 3 of the households connected to a 
septic tank system have a volume- and BOD-production of the same level as sewered 
households. The other 503 of the households has a volume- and BOD-production 
of the level of unsewered households. This assumption is made because people in 
Tanzania connected to septic tanks are often connected to a water supply system 
(Mgana, 1996). In subsection 2.4 and table 3.2 it was stated that households 
connected to a water supply system have a higher BOD output. 

These adjustments result in the output as shown in table 3 .4 for the liquid pollution 
loads of the population of urban Mwanza. 

Table3.4 Adjusted pollution load factors and annual generated domestic liquid pollution loads for 
urban Mwanza in 1996 

Sanitation Population Volume BOD5 Volume BOD5 

system Number load factor load factor waste load waste load 
[m3pers·1yr·11 [kg pers·1yr·11 [m3yr-1]*103 [t yr·11 

Sewer 30,763 45.8 15.5 1,409 477 

Septic tank 89,552 45.817.3 15.517.5 2,377 1,030 

Pit latrine 170,750 7.3 7.5 1,246 1,281 

No facilities 17,045 7.3 7.5 124 128 

Total 308,110 5,156 2,916 
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The adjusted BOD load for urban Mwanza is nearly 703 higher than estimated by 
Scheren. This is mainly due to the higher population figures, especially with regard to the 
people connected to a septic tank. These higher population figures further increase the 
higher adjusted BOD output for people with a septic tank. This results in a much higher 
BOD output. 

The adjusted waste water volume for septic tanks is higher than estimated by Scheren. 
The adjusted figure is believed to be somewhat to high because the water supply system ~ 

in Mwanza is very unreliable. The actual water supply is estimated to be only 30% of the ... . -,_._ 
peak demand (Howard Humphreys, 1994, p. 1). Because septic tanks have a higher /~·· ' -
volume output than the other unsewered sanitation systems the adjusted figures are sfll hn r-..1-u_ · 

a better representation . of the actual situation in Mwanza than Scheren'S"'-figures. . .. J.:f'•·(: .. ..,.,;, 
•·•• · ••.• - " •. · ~ "" " .... ·-.......... ~-~- ( t,':: 

From this adjusted assessment the conclusion can be drawn that the unsewered part of 
the population produces the majority of the total BOD pollution load, more than 80% of 
the total. In comparison with Scheren' s assessment the contriButien seems to be 10 % 
higher. $ i--.~ I 

3.5 Assessment of liquid waste from domestic sources 

The annual waste loads shown in table 3 .4 are the generated loads to the different 
sanitation systems. The loads that will eventually enter the environment are much lower 
than these generated loads, because the loads are reduced in the different sanitation 
systems. The polluting load that remains after treatment in a system will only partially be 
discharged into Lake Victoria. Part of the load is released to groundwater, open water, 
or accumulates as sludge and is transported to a waste water treatment facility. In the 
following subsections an assessment of the BOD load that eventually ends up in Lake 
Victoria is made. In order to do this, reduction factors for each sanitation system in 
Mwanza are defined. Furthermore, each system is assessed on its BOD emission to the 
environment. 

3.5.1 Households using water closets (WCs) and 
connected to sewer 

The present sewerage system serving the centre of the 
Mwanza was completed in 1973. None of the industries are 
connected to the sewerage system. The sewerage network is 
fairly well maintained, but the pumps that need to transport 
the waste water to a treatment facility have been out of order 
for the past six years. Sewage therefore overflows into a river 
in the centre of the town at a point 300 m upstream from 
Lake Victoria (Howard Humphreys, 1995). For more information 
3 .1 and chapter 4. 

Figure 3 .1 Sewerage 

on sewerage see figure 
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Waste water load 
Households that are connected to a water supply system are in most cases also 
connected to a sewer system. Because the waste water volume amounts to 125 1 
person-1d-1, as could be seen in table 2.4, in most cases the infiltration capacity of 
the ground is no longer adequate so the sewer is the only alternative. All the waste 
water load is transported through sewers to a waste water treatment facility. After 
being treated the water enters Lake Victoria. In Mwanza the waste water treatment 
facility has not been functioning for several years. Therefore, all the waste water 
enters Lake Victoria directly, without being treated in a treatment facility. 

BOD load: 
All the BOD load that is generated in the household is transported to the sewer. 
Part of the BOD load consists of detergents, as could be seen in figure 2.3, that are 
used in a variety of laundry and cleaning products. Research shows that the 
concentration of detergents can be significantly reduced in the sewer resulting in a 
rapid reduction of the environmental loading (Matthijs, et al, 1995, p. 321). This is 
particularly important in the situation of Mwanza, where inadequate or no sewage 
treatment exists. For a tropical region such as East-Africa the assumption can be 
made that at least 20% of the BOD load is reduced in the sewer (Van Buuren, 
1997). After transport through the sewer the BOD load arrives at the waste water 
treatment facility, that consists of waste stabilization ponds (WSP's) in Mwanza. At 
the moment all the load is discharged to the Lake without being treated because 
the ponds are not active. This poses a severe environmental threat to the lake. If 
the waste water treatment facilities were working, a further removal of 80 % of the 
BOD load could be achieved (Economopoulus, 1993, p. 4-38; Alaerts, et al, 1990, p. 
61). 

Microbial load: 
The entire microbial load is discharged to sewers. At the discharge point from the 
sewer to Lake Victoria, this means a severe health threat. Transmission is bound to 
occur there, because children are playing in the water, people are fishing, washing 
cars, etc. Especially water-based diseases such as schistosomiasis/bilharzia are 
transmitted. 

3.5.2 Households using WCs and connected to septic tanks 

The septic tank system is based on the fact that solids settle in a tank, and the majority 
of the liquid fraction leaves the tank. The effluent may be discharged to a drainfield. 
The soil in Mwanza is normally very permeable and suitable for building of septic tank
soakaways (Cowiconsult, 1995). For more information on septic tanks see figure 3.2 and 
chapter 4. 
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Figure 3.2 Septic tank 

Waste water load 
Most ground conditions allow a safe disposal of septic tank effluent when water 
consumption is low. As water use rises, infiltration rates increase and many soils, 
particularly those with a high clay and silt content will clog (Reed, 1995, p. 4). The 
excess effluent will overflow in the surface drainage network. 

BOD load 
If water consumption is minimal only black water is treated in the septic tank. In 
this case the removal efficiency of the tank is 19-2432 (Alaerts, et al, 1990, p. 55). 
In the case of black water treatment in a septic tank in Tanzania 28 % is released 
to ground-water through infiltration, 50% of the daily BOD load is emitted through 
run-off to open water and 0.5 % accumulates in the septic tank (Haskoning & M 
Konsult, 1989). The BOD that accumulates in the septic tank as sludge is collected 
manually or by trucks. Eventually the sludge is treated in the waste water treatment 
facility. The provision of these services is rather fair considering the requests of the 
population. However, it is common practice that owners empty pit latrines 
themselves or bypass septic tanks to ditches or the storm.water drainage system 
(Cowiconsult, 1995, p. 34). 
If water consumption is higher and grey water is also treated in the septic tank the 
removal efficiency is usually lower (Alaerts, et al, 1990, p. 54). The assumption is 
made here that this efficiency is 15-1932,just below the removal for septic tanks 
treating black water. In this case the emission of the BOD load to the environment 
is different. Here 33 3 of the BOD load is released to ground-water through 
infiltration, 49 % of the daily BOD load is emitted through run-off to open water 
and 1 % accumulates in the septic tank (Haskoning & M Konsult, 1989). 

2 
Mara and Sinnatamby (1986) stipulate that BOD-removal rates might be substantially higher in the tropics than the septic tank 

performance in temperate climates, such as the 27% BOD-removal as reponed by Polprasen (1982). This is due to the enhanced anaerobic 
activity at elevated temperatures. However, increased removal rates may only be real if the septic tanks are or would be operated as per 
state-of-the-an. This, in particular, would mean that they would have to emptied at a preset interval which would have to be in accordance 
with the sizing of the tank and the number of users (and vice versa). Such an ideal case of septic tank operation is, however. rarely found 
in the tropics and most users would have them emptied only when they stan giving problems, like, for instance, backing up into the house. 
Therefore, the low septic tank performances reponed by Alaens (1990) for septic tanks in tropical countries are used in this thesis. 
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Microbial load 
If the drainfield capacity is not overloaded there is no health threat at household 
level. If the infiltration capacity is overloaded the excess effluent will overflow. 
Such overflows are a great health hazard because the septic tank effluent contains 
faecal material. 

3.5.3 Households using pit latrines 

In a pit the excreta fall into a hole which is dug into the ground. The effluent is not 
discharged into a drainfield but seeps into the subsoil of the hole. In Mwanza the steep 
and rocky hillsides constitutes a particular problem. The hillsides, originally not planned 
for residential development, are now intensively occupied. Most people use very shallow 
pits due to the hard ground. During the rainy season, latrines tend to overflow. This 
leads to serious unhygienic conditions further down the slopes. In 1980 a special "Hill
side pit-latrine" was suggested by consultants constructed of blockwork of considerable 
height. However, no such latrines have been constructed (Cowiconsult, 1995). For more 
details concerning pit latrines see figure 3.3 and chapter 4. 

Waste water load 
Because the households are not connected. to a water 
supply system, their waste water load is low. Most of the 
water is used for cooking or drinking. The rest seeps into 
the soil, or into an open watercourse. 

BOD load 
If water consumption is minimal only black water is 
treated in the pit. In this case the removal efficiency of LJ 
the tank is 38-433 (Alaerts, et al, 1990, p. 55). In 
Tanzania 293 is released to ground-water through Figure 3.3 Simple pit latrine 
infiltration, 303 of the daily BOD load is emitted 
through run-off to open water and 0.5 3 accumulates in 
the pit (Haskoning & M Konsult, 1989). The BOD that accumulates in the septic 
tank as sludge is collected manually or by trucks, and eventually handled at the 
waste water treatment facility. The provision of these services is rather fair 
considering the requests of the population. However, it is common practice that 
owners empty pit latrines themselves into ditches or the stormwater drainage 
system (Cowiconsult, 1995, p.34). 

Microbial load 
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3.5.4 Households using no facilities 

No sewer or septic tank is connected and no hole is dug deep enough to be called a pit 
latrine. 

Waste water load 
The same volume is released here as in the case of pit 
latrines. 

BOD load 
All of the BOD load ends up in watercourses due to run-

Figure 3 .4 No facilities 

off. For Tanzania the assumption can be made that all the BOD load from urban 
households without sanitation facilities is released to open water through run-off 
(Haskoning & M Konsult, 1988/ 1989) . 

Microbial load 
There is a severe health threat in the neighbourhood of the household because the 
overflow contains pathogens. 

3.6 Total domestic BOD flow to Lake Victoria 

In table 3.5 a summary is given of the BOD loads that are generated and eventually 
released to the environment by different sanitation systems. The load that is released is 
calculated by subtracting the reduced load from the generated load. The higher the 
removal factor, the more BOD is reduced. 

As has been mentioned before, the WSP's in Mwanza are out of order at the moment. 
The actual released BOD load to the environment, without treatment in WSP's, is 
therefore 2,103 ton BOD per year. 
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Table 3.5 Released BOD loads to the environment from domestic liquid sources 

Sanitation system Generated load Removal factor 
[t yr-1] 

Sewer 477 0.2 

Septic tank 1,030 0.21/.17 

Pit latrine 1,281 0.405 

No facilities 128 0.0 

Total: 2,916 

Released load 
[t yr·11 

3823 

832 

762 

128 

2,1034 

Part of the BOD load that is released to the environment will eventually reach Lake 
Victoria. Part of it will also be released to the groundwater. A graphical presentation of 
the BOD flow from the domestic sources to the lake is shown in figure 3.5. on the next 
page. In this representation of the situation in Mwanza the WSP's are not reducing the 
BOD load, as is the situation at the moment in Mwanza. The assumptions and 
calculations on which this figure is based can be found in paragraph 3.5 and appendix III. 

The BOD run-off to the open street drains and the urban environment is assumed to end 
up as a whole in Lake Victoria. Reduction of the load is negligible, if it is assumed that 
the load is transported in open water, because the maximum distance of the pits and 
septic tanks from the lake shore is less than 10 km as can ·be seen in appendix II 
(Zanting, 1996, p. 7). 

The BOD entering the groundwater through infiltration from the septic tanks and the 
pits is unlikely to reach the lake. Adsorption and transformation processes, mainly 
oxidation, within the soil matrix and in the groundwater will lead to disappearance of 
BOD pollution within a relatively short distance, for instance 10-20 m, in a finely graded 
soil. The risk of long travel distances is high in fissured soils only (Strauss, 1997). 
Ammonium and phosphates may be transported over longer distances, depending on the 
binding capacity of the soil. 

3 

4 
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The released BOD-load expressed here is excluding treatment of the load in WSP's. A theoretical removal which could be 
achieved by WSP's is 803 (Economopoulus, 1993, p. 4-38; Alaens, et al, 1994, p. 61). Under this condition the released BOD
load would be 95 (t/yr). 

The total released BOD-load would be 1,817(t/yr) in the case that the WSP's are working. 
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Figure 3.5 Annual BOD flo w from domestic urban sources to Lake Victoria in Mwanza, Tanzania. {t yr-1
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3. 7 Conclusions on the water pollution sources assessment 

* 

* 

* 

* 

The households that have on-site sanitation facilities, such as a pit latrine or septic tank, 
or no facilities at all , produce the majority of the total generated BOD load. Their 
contribution is more than 80% of the total BOD load. 

Approximately 50% of the generated BOD load by households ends up in Lake 
Victoria. If the waste water treatment works would be in operation, this will be lower. 
A theoretical removal which could be achieved by these works is 80%. The total BOD 
load that eventually ends up in Lake Victoria would than be 38% of the generated loads 
by the households. 

Health threats are severe for households that have sanitation facilities with a release of 
the waste load in the neighbourhood of the household. This applies especially for 
households using no facilities, although their contribution to the overall liquid pollution 
load is minor. 

The biggest environmental threat comes from the discharges from the waste water 
treatment facility. This is especially urgent because no treatment occurs at the moment. 
The problem is that all the waste water is assemblied and dumped on one point in the 
lake. The self purifying capacity of the lake might be severely exceeded. Because the 
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loads from the unsewered households are discharged gradually from several points, the 
self purifying capacity in some places can be exceeded, but not to the extent of the 
sewered output. 

Although the contribution of the sludge to the total BOD is rather small, this can form a 
problem because this is often not accounted for when designing waste water treatment 
works. If it is not transported and handled in an appropriate manner, unhygienic 
conditions are bound to occur. 



Presentation of waste water treatment systems 

Chapter 4 Presentation of waste water 
treatment systems 

In this chapter different waste water treatment systems, which will be assessed in the 
evaluation of chapter 5 and 6, are shortly described. 

4.1 Systems for waste water treatment 

Normally, two categories of waste water treatment systems are distinguished: on-site and 
off-site treatment systems. In the case of on-site treatment systems, the waste water is 
treated on the spot. While in the case of off-site treatment systems, the waste water is 
transported to a larger waste water treatment facility and treated there. 

In this thesis , a third type of waste water treatment systems is distinguished, the 
intermediate scale treatment systems (Alaerts, et al, 1990). These are treatment units 
that handle the waste water coming from a small to an intermediate number of 
households. 

In table 4.1 more information can be found on the size and limits of the different 
systems. The scales are based on practical experience of consultants in Africa 
(Rijnsburger, 1996). 

Table 4.1 Different scales of waste water treatment (Rijnsburger, 1996). 

Scale 

Housing unit 
(1 household or family) 

Housing block 
(4-10 houses) 

Neighbourhood 

Quarter 

Municipality 

Metropolitan area 

Number of persons 

10 - 40 

40 - 200 

100 - 2,000 

10,000- 20,000 

100,000- 500,000 

> 1,000,000 

Type of sanitation 

on-site 

on-site 

intermediate 

intermediate 

off-site 

off-site 

The transportation of the waste water to intermediate or off-site systems, through sewers 
or a cartage system, is usually not classified as a waste water treatment system. Because 
this transport is still an important part of waste water treatment systems, it is presented 
in this chapter among the waste water treatment systems. 

A criterium that is important for further classification of the on-site treatment systems is 
the amount of water needed for operation of the system. Some systems can operate 
without water, so-called "dry systems". Other systems are not operable without a high 
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amount of water used for "flushing" the system. Dry systems usually only treat excreta. 
The systems are presented in the following chapters in order of increasing water 
requirements. It is obvious that off-site and intermediate systems requiring transport by 
means of sewerage, can not operate without a high amount of water. Therefore this 
further classification is not applied on these kind of systems. 

4.2 Technical options 

The technologies that have been chosen are: 

* 

* 

the waste water treatment systems that are used in Mwanza 
-pit latrine 
-septic tank 
-waste stabilization ponds 

a selection of other waste water treatment systems, the selection is based on 
presenting representative types of various systems 

-Upflow Anaerobic Sludge Reactor (on-site, off-site and intermediate scale) 
-wetlands (constructed/ non-constructed) 

As has been mentioned in subsection 4 .1 the waste water removal systems are classified 
as equally important as the waste water treatment systems. The removal systems that are 
chosen are: 

* 

* 

4.2.1 

the removal systems that are used in M wanza 
-cartage system 
-conventional sewerage 

another type of removal system 
-unconventional sewerage 

On-site 

Method with minimal water use 

Pit latrine 

In a pit latrine the excreta fall directly into an excavated pit which normally is neither 
consolidated nor lined with brickwork. All liquids like urine, cleaning water etc., can 
seep into the subsoil by infiltration. The solid substances are retained, digested and 
stabilized. These will gradually fill up the pit. As soon as two thirds of the pit is filled, it 
either has to be emptied or a new pit has to be excavated. 
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Methods with high water use 

Septic tank 

A septic tank is an underground watertight settling chamber into which raw sewage is 
delivered through a pipe from plumbing fixtures inside a house or other buildings. The 
sewage is partially treated in the tank by separation of solids to form sludge and scum. 
Effluent from the tank infiltrates into the ground through drains or a soakpit. The system 
works well where the soil is permeable and not liable to flooding or waterlogging, 
provided the sludge is removed at appropriate intervals to ensure that it does not occupy 
too great a proportion of the tank capacity. 

Upflow Anaerobic Sludge Blanket (UASB) 

The Upflow Anaerobic Sludge Blanket process is currently applied for several high
strength industrial waste waters (for example sugar industries, breweries and paper 
mills). Since 1986 the system has been further developed to treat also domestic waste 
water on an on-site scale and is already applied in many places (Alaerts, et al, 1990, p. 
25). This treatment has good perspectives for the treatment of very diluted domestic 
waste water provided that the temperature is 20°C or higher. The sewage enters an 
UASB-reactor at the bottom part of the reactor, from where it streams upward into floes 
or granules of anaerobic bacteria. A baffle is placed at the top in order to conduct the 
produced gas as completely as possible towards the gas collector. The start up of the 
reactor usually takes a long time because the bacteria that are used in this systems are 
slow growers. 

4.2.2 Intermediate scale 

Upflow Anaerobic Sludge Blanket (UASB) 

A much larger type of reactor as the one described on on-site scale is used here. It is 
usually in the order of varying from 10 to 300 m3

, while the on-site type only is 0.84 m3 

(Van Buuren, et al, 1995). Because a larger amount of waste water is treated, more 
devices are needed for operation of this reactor, e.g. grit chamber for removing sand and 
grit. 

4.2.3 Off-site 

UASB 

The same type of reactor as the one described on intermediate scale is used here. The 
only difference is that this reactor has a higher volume, e.g. 500-1200 m3

, depending on 
the waste water flow (Alaerts, et al, 1990). 
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Waste stabilization ponds (WSP's) 

The system consists of a series of large ponds in which the waste water is retained for a 
long period. Purification is brought about by the symbiosis of algae and bacteria in the 
presence of sunlight and air. Organic constituents of the pond are converted to a more 
stable sludge which settles on the bottom of the pond. 

The waste stabilization pond technology has been chosen for sewerage waste water 
treatment in Tanzania according to considerations in the Sewerage Master Plan (Ministry 
of Lands, Housing and Urban Development, 1980). 

Non-constructed wetlands 

Many rivers and even sewage outlets drain through swamp areas before discharging into 
the open waters of Lake Victoria. When flowing slowly through the swamp, the 
concentration of BOD, nutrients, pathogens and other important pollutants in the water 
generally diminish. These swamps are called wetlands, they can be seen as natural waste 
water treatment systems. In the region of Mwanza, no major natural wetlands can be 
distinguished. The natural wetlands will therefore not be considered in the assessment of 
the various systems. 

Constructed wetlands 

The use of constructed wetlands which mimic natural swamp areas, represents an 
innovative approach to waste water treatment. The constructed wetlands are either 
surface-flow or subsurface flow type. These constructed wetlands are receiving more 
attention because there has been an increasing recognition that the natural wetlands are 
degraded by pollution. 

4.2.4 Removal systems 

Cartage systems 

In some areas, watertight tanks called vaults are built under or close to latrines to store 
excreta until they are removed by hand (using buckets or similar receptacles) or by 
vacuum tanker. Similarly, household sewage may be stored in larger tanks called cesspits, 
which are usually emptied by vacuum tankers. Vaults or cesspits may be emptied on a 
regular basis when they are nearly full. 

Conventional sewerage 

Discharge from WCs and other liquid wastes flow along a system of pipelines to waste 
water treatment works or directly into sea, river, or a lake. Pipe sizes and routes are 
designed to cope with waste water flows which increase dramatically when an appliance 
or group of appliances discharges waste. The pipes must therefore be capable of carrying 
large volumes of waste for short periods. Much of the design is based on past experience 

- 28 -



Presentation of waste water treatment systems 

and assumes that properties have the number of fittings and waste production expected 
in developed countries (Reed, 1995, p. 20). Where waste water production is low or 
minimal, solids build up in toilets, dry out and adhere to the invert of household drains 
and sewers. Such blockages may be difficult to remove when the waste water production 
increases. 

Unconventional sewerage 

Sewers of smaller diameter than usual (small-bore sewerage), sewers built nearer to 
surface than usual, and sewers with flatter gradient than usual have been tried. Many of 
these systems require a chamber at each house to retain solids, which have to be 
removed and disposed of from time to time. Some of these systems have been found to 
be suitable for providing sanitation simultaneously for a large number of high-density 
dwellings. 

Unconventional sewerage schemes constructed in Rio Grande do Norte and other 
Brazilian states during the 1980s have substantially reduced costs by making pipe layouts 
as efficient as possible. Depending on the site layout and the position of toilets and sinks 
etc., this is often done by connecting households to a sewer running through the owners' 
back gardens rather than to one under the street at the front of the house. The form of 
sewer layout has the advantage of reducing the amount of soilcover required by the 
sewer, because the pipe will be subject to smaller loads than if it were beneath a road. 
This will also cut the cost of excavation (Vines and Reed, 1990, p. 26). This type of 
design is also referred to as shallow sewerage. A pilot project of a shallow sewer system 
was designed for part of Kirumba ward in urban Mwanza (Mpendazoe, 1994, p. 83); It 
has not been executed until now. 
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Chapter 5 Selection of criteria and 
determination impacts 

To determine the impacts of different waste water treatment technologies for a certain 
society, clear assessment criteria should be set (de Voogd, 1983). The criteria chosen for 
this study are based on a literature study (von Sperling, 1996; van Buuren and Specker, 
1988; Kalbermatten, et al, 1980; Jongkind, 1994). The criteria and set up of the 
evaluation is outlined below. 

5.1 Selection of criteria 

Nowadays there is a wide variety of systems which can be applied for waste water 
treatment. A selection of representative systems that could be applied in Tanzania was 
presented in chapter 4. In industrialised countries the number of alternatives may be 
somewhat more limited due to the more stringent effluent quality standards usually 
applicable, in developing countries as a whole the number of choices to be analyzed may 
be higher. This fact stems from the diversity of effluent standards encountered 
throughout these countries, ranging from very conservative to very relaxed criteria. 
Additionally, the cost component and the operational requirements, while important in 
the industrialised countries, play a much more decisive role in the developing countries. 
A further aspect in the developing countries is the high contrast usually observable 
between urban areas and rural areas. All these points make the preliminary selection of 
the more appropriate systems for the 
intended application a critical step. DM1.0P3:>cOUN1R1a oo.e.oANGc~s 

Figure 5 .1 presents a comparison of 
important aspects in the selection of waste 
water treatment systems, analyzed in terms 
of developed and developing countries as 
developed by von Sperling (1996, p. 59). 
This comparison is a general one. The 
items are organised in a decreasing order 
of importance for developed countries, 
according to von Sperling's perception. In 
developed countries, critical items are: 
efficiency, reliability, sludge disposal 
aspects and land requirements. In 
developing countries, these first items are 
organised in a similar way of decreasing 
importance, but have a smaller magnitude, 
compared to developed countries. The 
major difference lies in what can be 

Emc:tency 

Figure 5.1 

I " 

' CJltlcd 

Important aspects in the s tion of 
waste water treatment systems; a ' 
comparison between developed and 
developing countries (von Sperling, 1996, 
p. 60). 

considered to be the critical items for developing countries: construction costs, 
sustainability, simplicity and operational costs. These items are important for developed 
countries as well, but cannot be considered critical. 
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The objective of this assessment is to present elements for a preliminary comparison, 
among the systems most frequently used for waste water treatment in Tanzania. The 
items analyzed should help to make a first evaluation and preliminary selection of 
treatment systems. 

After this first consideration regarding costs and technological aspects, local aspects 
taken into consideration. These are in this case institutional, social/cultural and 
geographical aspects (Kalbermatten, et al, 1980; van Buuren and Specker, 1988). 

are 

/-l , 
/, , . ...1 v{. 
~- · ::-:. p"'.r ( ' 

Thus, with regard to the decision criteria the following categories are distinguished: 

A 

* 

* 

* 

B 

* 
* 

c 
* 

D 

* 
* 

E 

* 
* 

Technical criteria 
The removal efficiency of the system regarding: 

BOD (in %) 
pathogens (in % ) 

The sustainability of the system, which is operationalized in the following items: 
production of by-products: sludge (in m3 /pers/yr) 
requirement of the system regarding: 

-landuse (in m2/pers) 
-energy (in W /pers) 

The simplicity of the system, operationalized in the following items: 
easy use of construction 
amount of operation and maintenance needed 

Financial criteria 
Construction costs of the system (in US$/pers) 
Operational costs of the system (in US$/pers) 

Institutional criteria 
What kind of maintenance has to be performed and by who? 

Social/ cultural criteria 
Attitude population towards different systems 
Convenience of the system for the user 

Geographical criteria 
Climatological conditions 
Soil conditions & topography requirements 

·- . ._____ 
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5 .2 Comparison among the systems 

The comparative analysis among the various systems is presented in the following part of 
this chapter. It is based on: 

* 

* 

A quantitative comparison; for the technological and financial criteria summary 
tables are presented, where possible, such as for the removal efficiency, 
sustainability and costs. These tables include information in a condensed way. 
A qualitative comparison; the comparison with regard to simplicity of the system, the 
institutional, social/cultural and geographical criteria is oriented mainly on the 
disadvantages and advantages of the various systems regarding these criteria. 

In order to make the quantitative tables complete, assumptions are made for values that 
could not be retrieved from literature. These assumptions are based on qualitative 
descriptions in literature. 

The tables will result in an overall evaluation matrix which is presented in chapter 6. 

5.3 Boundaries of the systems 
--+~-·e-y"-b;:y~.-:4~ .. 

fiiL on-site s-s) na( -are evaluated here, regard only the main constituents of the 
systems. No post-treatment or pre-treatment is included, except where it is mentioned in 
the tables. For instance, the evaluation of the reduction efficiency of the septic tank 
system considers only the tank, while the evaluation of the land requirements of this 
system includes the drainfield. 

The same boundaries apply fo~l"fil.ediate scale····anci off~siie""-s-ystems. A further 
boundary is set here, while the sewerage system is not included in most evaluations of 
these systems. Only with regard to the financial criteria the sewerage system will be 
included, and also for the institutional and the social/cultural criteria. 

5.4 Technical criteria 

One of the main items when comparing sanitation technologies is whether the reaction 
used for reducing BOD in waste water is performed with or without oxygen. This divides 
technologies in systems with aerobic, anaerobic or a combination of both conditions. 

When the oxygen consuming substances are represented by CxHyOz then the aerobic and 
respectively the anaerobic removal of this matter can be represented by the following 
reactions: 
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---+ 4x+y-2zCH 
8 4 

When looking at the aerobic mineralisation process we see that oxygen is consumed to 
transform organic matter into compounds with a low energy-capacity. The anaerobic 
removal process on the other hand transforms organic matter, without oxygen and under 
uptake of water, into energy-rich methanegas. 

These observations lead to the important conclusion that during the process of anaerobic 
digestion, only a minor fraction of the chemical energy is released; the major part 
remains as chemical energy in the methane produced. This methane can be used for fuel 
ends. 

The chemical energy that is released during aerobic digestion is released as heat. It is 
also used for the production of biological cell tissue, that is part of the sludge. 

If not enough oxygen is present in the waste water to perform aerobic reactions, this 
should be applied artificially, e.g. oxygen using mechanical aerators . Energy is needed to 
activate the aerators. 

The foregoing leads to the conclusion that anaerobic pretreatment methods as compared 
to conventional treatment methods are characterized by little if any energy needs and a 
low excess sludge production. Literature shows that they are furthermore characterized 
by low land requirements and a relatively easy operation and maintenance (van Buuren 
and Specker, 1988, p. 41). 

A classification on basis of oxygen requirements of the sanitation technologies that were 
presented in chapter 4 is shown in table 5 .1. 

Table 5.1 Classification of different waste water treatment technologies 

Aerobic Anaerobic 

UASB 
(on-site/interm/off-site) 

Aerobic/ Anaerobic 

Pit latrine 

Septic tank 

WSP's 

Wetlands 
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5.4.1 Removal efficiency 

The removal efficiencies regarding pathogens and BOD of the various systems are 
mentioned in table 5 .2. 

In order to determine the removal efficiency of pathogens in the pit latrine and in the 
septic tank, a residence time for the pollutants has to be set. If the pathogens stay in the 
system for at least a year, a very high level of faecal coliform removal can be found 
(Franceys, et al, 1994). This because the coliforms follow a first order die-off with a high 
die-off constant. Parasites are disappearing with a lower removal rate, because they only 
way by which they are removed is by means of soil infiltration (Alaerts, et al, 1990, p. 
54). 

The UASB reactors have a lower removal efficiency regarding pathogens, while the 
liquid detention time is rather low. With respect to the removal of parasites, the 
situation regarding the effluent is definitely better. Helminth eggs are retained quite 
satisfactorily in the reactors . The sludge acts as a filtering medium and helminth eggs are 
trapped in the reactor by a filtration mechanism (Van Buuren, et al, 1995). 

a 
b 
c 
d 
e 
f 
g 
h 

Table 5.2 Removal efficiency of different sanitation systems 

System FC removalA Parasites removal8 BOD removal 
(%) 

Pit latrine 99.9999 

Septic tank: 
black 
combined 

UASB on-site: 
black 
combined 

U ASB intermediate scale 

UASB off-site 

WSP 

Wetlands: 
constructedc 

Alaerts, et al., 1990, p. 35 
Alaerts, et al., 1990, p. 55 
Alaerts, et al., 1990,p. 61 
Lettinga, et al., 1993 
Van Buuren, et al., 1995,p. 33-34 
Mara, et al .• 1992, p. 3 
Bhamidimarri, et al. , 1991, p. 252 
Van Buuren, etal., 1995,p. 57 

99 .9999 
99.9999 

90 

90 

99.999( 

99.9' 

A 

B 
c 

(%) (%) 

90 38-43b 

90 19-24b 
90 15-19b 

99 86-95. 
99 46-s2• 

99 70-90' 

99 70-90h 

lOOr 80-90C 

100 961 

FC = Faecal colifonns. This can be used as indication of the 
presence of viruses, bacteria and protozoa 

Parasites = Helminth eggs 
Subsurface/Surface-flow wetland 
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5.4.2 Sustainability 

The sludge production, land- and energy requirements of the various systems are shown 
in table 5.3. 

Sludge production 

Sludge produced in aerobic sewage treatment systems is unstable unless it is kept for an 
exceptionally long period in the aerated system (more than 30-50 days, depending on 
temperature). The viable bacterial fraction must be reduced either in an unfed aerobic 
environment (aerobic digester) or in an anaerobic digester, where the biodegradable 
fraction of the biological solids will be metabolised by anaerobic bacteria. The size of a 
special stabilisation unit is generally of the same order of magnitude as that of the 
reactor itself, and the cost of sludge stabilisation is 40-60% of the total treatment costs. 
By contrast, anaerobic biological solids from an anaerobic system are well stabilised. 
Therefore, excess anaerobic sludge needs no treatment other than liquid-solid separation 
(Van Haandel and Lettinga, 1994, p. 31). 

Land requirements 

The land requirements of the anaerobic system are usually lower than the ones of the 
aerobic systems, as has been mentioned before. What has to be kept in mind is systems 
treating combined water and larger scale systems need more land. This land is needed 
for a drainage field, control station, etc. 

Energy requirements 

An important aspect of the anaerobic system is the energy production. In general it 
should be noted that solid-waste digesters as a sanitary system only seem feasible if they 
are used for animal dung digestion as well. If not, gas-production will be very limited and 
the installation will not be able to provide more than 15-203 of the total family energy 
demand for cooking, or a few hours of biogas light (Van Buuren, 1995, p. 23). 
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Table 5.3 Sustainability of different sanitation systems 

System 

Pit latrine: 
dry conditionsA 
wet conditions8 

Septic tank: 
black 
combined 

UASB on-site: 
black 
combined 

U ASB intermediate 
scale 

UASB off-site 

WSP 

Wetlands 

Sludge production 
(m3/pers/yr) 

0.06" 
0.04" 

0.025b 
0.04b 

0.03Si 
0.043k 

0.043 

0.043 

0.04° 

0.04 

Land requirements 
(m2/pers) 

0.6' 
0.6' 

l.Sc,h 
4.Sc,h 

4.Sc,; 
4_5c.1 

4.Sc 

4.Sc 

5 - lOd 

5 - lOd 

Energy requirements 
(Wipers) 

oc 
oc 

oc 
oc 

-4 
-4 

-4' 

-4 

oc 

oc 

a 
b 
c 
d 
e 
f 
g 
h 

Franceys, eta/., 1992,p. 34 A 
Franceys, et al., 1992, p. 62 B 
von Speller, 1996, p. 66 C 

dry conditions = contents pit are above water table 
wet conditions = contents pit are below water table 
system includes drainfield 

j 
k 
I 

5.4.3 

Veenstra and Alaerts, 1996 
Mara, et al., 1992, p. 49 
Van Haandel and Lettinga, 1994,p. 31 
Franceys, et al., 1992, p. 130 
Franceys, et al., 1992,p. 137 
Van Buuren, et al., 1995, p. 29 
Van Buuren, et al., 1995,p. 36 
Van Buuren, etal., 1995,p. 39 
Van Buuren, et al. , 1995, p. 38 

Simplicity 

The simplicity of the various systems regarding ease of construction, amount and type of 
operation and maintenance that is needed is shown in table 5.4. 

The qualitative descriptions that are given for the simplicity of the various systems have 
been transferred to comparable qualitative units . 
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a 
b 
c 
d 
e 

Table 5.4 Simplicity of different sanitation systems 

System 

Pit latrine 

Septic tank 

UASB on-site 

UASB intermediate scale 

UASB off-site 

WSP 

Wetlands: 
large scale 

Mgana, 1996 
Mara, er al., 1992, p. 47 
Van Buuren and Specker, 1988,p. 17 

Ease of construction 

very easy by householder, 
except in wet or rocky ground1 

+++++' 
on 

requires skilled builder' 
++ 

requires skilled builder 
++ 

requires experienced engineer 
+ 

requires experienced engineer 
+ 

requires experienced engineer' 
+ 

requires experienced engineer 
+ 

II 

Muller and Rijnsburger, 1994,p. 15; figures for Dar es Salaam 
Franceys, er al., 1994, p. 67 

S .S Financial criteria 

Amount and type of operation and 
maintenance needed 

emptying of pit at least every 5 
yearsd 

+++++ 

routine inspection to check 
desludging or blockages• 

+++ 

routine inspection to check 
desludging or blockages 

+++ 

weekly surveillancec 
++ 

weekly surveillance 
++ 

simple maintenance, but regularly' 
+ 

simple maintenance, but regularly 
+ 

adequate ground infiltration capacity 
inadequate ground infiltration capacity 

The construction and operation and maintenance costs of the various systems can be 
found in table 5. 5. 

Methods for treating human wastes in developing countries should in most cases be 
relatively low-cost, i.e. low in capital and low in operating costs. The disadvantage of 

. low-cost treatment options is their large land requirement. This, in tum, creates a great 
challenge in fast growing urban agglomerations where population densities increase fast. 
If treatment plants are located too far away from city centres where bigger areas of land 
are available, haulage distances would become excessive and cost consideration would 
lead to uncontrolled waste water disposal closer to city centres. Therefore, the selection 
of appropriate options for treatment of waste water must represent a sensible 
compromise with respect to these factors. A feasible strategy with regard to the financial 
criteria may consist in establishing decentralised, small to medium size treatment plants 
serving a selected number of urban districts or zones. 
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The costs of conventional and shallow sewerage are presented separately here. The 
conventional sewerage will be included in the financial impacts with the off-site or 
intermediate scale system in the overall table of chapter 6. The shallow sewerage will not be 
regarded in the evaluation because the operation and maintenance costs are not known for this 
type of sewerage. 

Table 5.5 Costs of different sanitation systems 

System 

Pit latrine 

Septic tank 

UASB on-site: 

UASB black 

UASB combined 

UASB intermediate scale 

UASB off-siteA 

wspA 

WetlandsA 

Conventional sewerage 

Shallow sewerage 

Construction costs 
(US$/pers) 

low• 
5 

high0 

30 

30 

30 

20 - 40b 

30 

10 - 25b 

17.5 

10or 

508 

Operation and Maintenance costs 
(US$/pers/yr) 

0.4 

0.4 

0.4" 

0.35° 

0.351 

0.35 

gr 

No Data 

a van Buuren and Specker, 1988, p. 15 A system excluding sewer or canage system 
b von Speller, 1996, p. 66 
c Mgana, 1996 
d Muller and Rijnsburger, 1994, p. 35; figures for sludge emptying 
e Oomen and Schellinkhout, 1993, p. 8 
f Howard Humphreys, 1995 
g Mpendazoe, et al, 1994, p. 87 

5.6 Institutional criteria 

In the choice for a waste water treatment system, institutional criteria play a major role. With 
regard to a system, not only technical aspects and costs are important, but also who will be 
responsible for it and look after the system. This raises the question what the maintenance 
and organizational aspects of a system are. In the following subsection this is discussed with 
regard to the different scales of systems. An overall table showing the the institutional 
requirements of each systems is shown in table 5.6. · · .... . - ~---

\ 
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Off-site or intermediate systems 

With regard to off-site or intermediate systems, the waste water is collected centrally. 
The advantage is that the treatment of the waste water can be handled on a large scale. 
This is advantageous because the on-site sanitation systems suffer from a rather low 
treatment efficiency (Frijns and Jansen, 1996). It is easier from a management point of 
view, because the supervision is easier than in the case that many decentralized systems 
have to be controlled. Nevertheless, this means that the functioning of the institutions, 
involved with waste water treatment, has to be effective. A study of those institutions in 
Dar es Salaam revealed that the functioning of these waste water treatment institutions, 
such as the Sewerage Department of the City Council, was frustrated by lack of 
empowerment and capacity (Balkema, 1996, p. 50). 

A disadvantage of collecting the water centrally through sewer systems is that leakages 
are often present in this system. If leakages are severe, it can occur that only a small part 
of the waste water arrives at the treatment plant. Furthermore, huge amount of sludge 
are produced at the treatment plant, which can not be disposed of easily. Finally, the 
capacity of the waste water treatment plant is often not adapted to the amount of waste 
water that is arriving at the plant, usually the plant is over- or underdesigned (Balkema, 
1996). 

In order to prevent leakages of the sewer system it should be checked regularly. Usually 
these leakages are discovered only after a long period, because the pipelines are not 
visible at the surface. These leaking pipelines should be repaired or replaced. This is a 
very labour intensive and costly matter, because usually the roads have to be excavated 
also. 

The sludge that remains after treatment of the waste water is not usable for other 
purposes. The processing of this sludge is a huge problem because pathogens are still 
present in it, especially helminths are very persistent and can survive for several months 
(Strauss, 1996). Usually large areas of land are needed for a long time during treatment 
of the slu.dges. 

Another organizational problem with regard to off-site or intermediate site treatment is 
that it is not easy to check what is being flushed into the sewer. This will result into 
more pollution. 

Intermediate systems 

Peri-urban settlements, in general, are not homogeneous with respect to ethnic 
background, income level, language, and social norms. Residents may have migrated to 
these settlements from various parts of a region or country or, in many cases, from other 
countries. This heterogeneity often leads to misunderstandings and distrust among 
neighbours and may result in minimal contact between neighbours (Hogrewe, et al, 
1993). Consequently, a broad-based sense of community often is lacking in peri-urban 
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settlements. Nevertheless, community organizations can and do exist, often formed 
around an issue of universal interest to the settlement, such as for instance the schools. 

This diversity among residents in urban districts will usually result in low cooperation 
with regard to intermediate systems, where usually a large contribution regarding time 
and effort from the citizens is required. 

On-site systems 

With regard to on-site systems the responsibility of the maintenance comes down on the 
individual household. On-site systems need more regular maintenance than off-site and 
intermediate systems and are also more sensible to breakdown (Jongkind, 1994, p. 49). 

In many cities, haulage distances to outlying treatment or disposal sites are excessive and 
traffic congestion prevents efficient emptying and haulage of the faecal sludge. The 
sludges are therefore dumped untreated at the shortest possible distance, be it on open 
ground, into draining ditches and water courses, or into the lake. 

One of the few successful examples of the embedding of a treatment method in the 
institutional circumstances is the manual pit emptying technology (MAPET) project, that 
was done in Dar es Salaam, Tanzania. It is a neighbourhood based service, operated by 
self employed (informal) pit emptyers. WASTE consultants developed the technology in 
Tanzania in dialogue with traditional pit emptyers and local workshop technicians 
(Muller and Rijnsburger, 1994). Technology and service were introduced and field tested 
in a participatory setting with community leaders, neighbourhood committees, and staff 
from the Municipal Depts. for health and sanitation. The project officially resorted under 
the Dar es Salaam Sewerage and Sanitation Dept DSSD, the Municipal Dept for pit 
emptying, septic tank desludging, sewerage and sewage treatment. 

MAPET is based on the traditional routine of .on-site disposal, burying the emptied 
sludge in a dug hole on the customers' compound, or at a nearby plot. WASTE also 
tested primary and secondary collection of the sludge, in stead of on-site burying. It was 
not successful, because due to corrupted land use planning it was impossible to 
implement transfer stations. As an option they developed a mobile transfer station, to 
evade fixed construction and economize on the necessary grid. This is not yet tested and 
implemented. 

Overall table 

The ranking of the different systems with regard to their institutional aspects has been 
done according to their institutional requirements. On-site systems demand the least 
institutional involvement, although they might function better if sludge emptying 
organizations function better. The most institutional involvement is required for 
intermediate scale systems, because the responsibility of the adequate functioning of the 
system depends not solely on the individual household. The intermediate scale systems 
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need more institutional involvement then the off-site systems, simply because more 
intermediate systems need to be supervised in stead of one or two off-site systems. 

Table 5.6 Institutional aspects of different sanitation systems 

System Task 

Pit latrine + + + 

Septic tank + + + 

UASB on-site +++ 

U ASB intermediate scale + 

UASB off-site ++ 

WSP ++ 

Wetlands: 
large scale ++ 

5. 7 Social/ cultural criteria 

The attitude of the population and the convenience of the various systems can be found 
in table 5\:; 

Usage and sustainability are critical to the success of sanitation projects. Unless facilities 
are suitable for the people using them and unless the technologies are affordable and 
efficient, the facilities will remain unaccepted and underused. WASH studies have shown 
that health benefits associated with urban sanitation projects require that changes in 
hygiene behaviour accompany infrastructure improvements (Yacoob, et al, 1992). 

Urban sanitation planners have often given too little thought to the types of technology 
acceptable to a given community, or to hygiene education needed to support the chosen 
option. Behavioral components are often neglected. Because the different urban areas 
often lack a common social makeup, however, such information about "high-risk" 
sanitation· behaviour can be difficult to acquire. 

High-risk behaviour can be defined as action by men, women, and children that allows 
exposure to human excreta. Two sets of information involving high-risk sanitation 
behaviour are required as a basis for determining the appropriate sanitation intervention: 
identifying existing high-risk sanitation behaviour and practices in a community, and 
specifying behavioral changes the community must undertake to improve health and their 
environment. In peri-urban communities, identifying and drawing conclusions about this 
information is difficult because of the cultural, ethnic, and religious mix typical for these 
settlements. 
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In all communities, barriers exist to changing high-risk behaviour. Barriers may be 
religious, cultural, social, economic, or technological in nature and may not be readily 
observable. For example, a crumbling slab or a dark latrine is a condition that may cause 
people to fear using the latrine, or religious beliefs may dictate that women and men 
cannot use the same latrine. Similarly, a community norm may allow a certain 
abandoned field or a lot to be considered an acceptable place for children to defecate. 

In Tanzania, the anal cleansing material is mainly water (Nielsen and Clauson-Kaas, 
1980, p. 73). The introduction of dry methods such as the compost toilet will probably 
meet considerable resistance. 

Furthermore, there is a traditional strong resistance to using excreta, waste water or 
sludge as a valuable product such as manure, even after it has decomposed for several 
years (Muller and Rijnsburger, 1994, p. 48). This will make a technology with a lot of 
direct reuse possibilities unfeasible. For instance, a technology where fishes are grown in 
a waste stabilization pond will probably not be accepted. In other countries, especially in 
Asia, people regard excreta and dung as valuable products which can be used as fertiliser 
or fuel. In Islamic countries there is a lot of experience with the reuse of waste water. 

I The negative attitude towards the handling of excreta could be upgraded by promoting 

1 

sanitation as a desirable, modem and attractive product (Blackett, 1994). For instance, a 
latrine could be marketed as affordable but not cheap, as this would reduce its status. 

The types of waste water treatment technology that are actually used in Mwanza are 
accepted by the local population. For new technologies such as the UASB-reactors or 
wetlands, it is unknown if these will be accepted and used by the people. Natural 
wetlands will probably meet less resistance than UASB-reactors because these are 
already being used in the catchment area of Lake Victoria. 

Overall table 

In .9E~~r. to __ ra11k the .SY§!~rr!~-~cc2.~Qigg_ to the attitude of the population, the presence of 
the systems in urban Mwanza has been -used: -the urban ·:population · 1S-assumedtobe 
posliivefowards those--system-that they are already using. The ranking with regard to the 
convenience of the system has been done according to the convenience for the user. Pit 
latrines often have a bad Slllell, and in most of the cases they tend to overflow in urban 
Mwanza. Therefore they. ra~ lowest. The other on-site systems perform better on these 
items. Intermediate scale .en_ off-site systems rank highest because the excreta together 
with the domestic liquid waste are flushed away. This is most convenient for the user. 
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Table 5. 7 Social/cultural aspects of different sanitation systems 

System Attitude population Convenience system 

Pit latrine ++ + 

Septic tank ++ ++ 

UASB on-site + ++ 

U ASB intermediate scale + +++ 

UASB off-site + +++ 

WSP ++ +++ 

Wetlands: 
constructed + +++ 

5.8 Geographical criteria 

The climatological and soil conditions and topography requirements of the different 
systems are shown in table 5.8. 

Climatological conditions 

Differences in climatic conditions, notably the average temperature affect the 
performance of treatment systems. Anaerobic (biological) treatment methods are likely 
to be more efficient (technically) in tropical conditions than in moderate climates. They 
may thus become competitive to aerobic methods in tropical countries. This is not the 
case in moderate climates (van Buuren and Specker, 1988, p.8). 

Soil conditions & topography requirements 

Virtually all on site sanitation systems, except the UASB-reactor, rely on infiltration of 
wastes into the ground. Since the infiltration system is usually constructed on the plot but 
outside the building, it follows that there must be sufficient open land available on the 
plot to accommodate the infiltration system. In general, space for pit latrines will only be 
a problem in areas of very high-density housing, particularly where there is multi-storey 
occupance (Reed, 1995, p. 3). Insufficient space for septic tanks is usually related to the 
failure of the infiltration system. Land requirements vary greatly depending on water use 
and soil conditions but areas of 10-100m2 for single family systems are not unusual 
(Reed, 1995, p. 3). Failure is usually a result of increased water consumption leading to 
effluent volume exceeding the infiltration capacity of the plot's open land area. 
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Overall table 

With regard to the climatological conditions the anaerobic systems, i.e. the UASB 
reactors, are ranked highest, because they perform best under tropical conditions. These 
UASB-reactors also rank highest with regard to the soil conditions, because they are 
least dependent of soil conditions with good infiltration capacity. 

Table 5.8 Geographical aspects of different sanitation systems 

System 

Pit latrine 

Septic tank 

UASB on-site 

U ASB intermediate scale 

UASB off-site 

WSP 

Wetlands: 
large scale 
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Chapter 6 Evaluation of the systems 
In order to come to a final appraisal of the different waste water treatment systems, the 
multi criteria evaluation method is applied in this chapter. 

6.1 The multi criteria evaluation method 

The method is described by Voogd (1983) for urban and regional planning. It was 
applied by Lemmens (1987) and also by van der Linden (1996) for projects in developing 
countries. This evaluation method is used here because the consequences of various 
assumptions, made in order to rank the systems, can be analyzed in a simple way 
(Voogd, p. 183). 

To arrive at an evaluation, first an overall evaluation matrix is constructed from the 
different criteria that were discussed in chapter 5. Because the criteria are expressed in 
qualitative or quantitative data, a technique used to evaluate this type of data is referred 
to as a mixed data multi criteria evaluation. A brief flow chart of the techniques to be 
used for this type of evaluation is given in figure 6.1. The transformation from the mixed 
data to an appraisal matrix is further explained in the following subsections. 

make a distinction between 
quantitative and qualitative data 

calculate dominance 
scores a11 , for all 
qualitative impacts 

calculate standardized 
dominance scores oii' for 
all qualitative impacts 

calculate dominance 
scores aii' for all 
quantitative impacts 

calculate standardized 
dominance scores dii' for 
all quantitative impacts 

calculate overall dominance "scores mii' 

calculate appraisal scores si 

Figure 6.1 A brief flow chan of an analytical mixed data multi criteria evaluation technique (Lemmens, 1987, 
p. 278) 
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6.2 The evaluation matrix 

The different sets of criteria that were investigated in chapter 5 resulted in impacts 
expressed in qualitative and quantitative data. Overall results are presented in the 
evaluation matrix of table 6.1. 

The directions that are given to the different items indicate whether a higher score 
should be considered as positive or negative. For instance, a high value for sludge 
production has a negative impact, while a high value for pathogens removal implicates a 
positive impact. The criteria that are considered to have negative impacts are given a 
negative direction, the positive impacts have a positive direction. 

Table 6.1 The evaluation matrix 

Criteria 

A 

B 

c 

D 

E 

+/.A 

Technical criteria: 
Red. efficiency of: 
- BOD (%) + 
- pathogens (%): 

f.colifonns + 
parasites + 

Sustainability (per pers): 
• prod . of sludge (m3/yr) -
- land req. (m2) -
- energy req. (W) -
Simpl. of system: 
- construction + 

-0 &M + 

FUU111Cial criteria 
Construction costs -
(US$/pers) 
Operational costs -
(US$/pers) 

Instil. criteria 
Tasks + 

Socialladt. criteria 
Att. population + 
Conv. system + 

Geogr. criteria 
Clirnat. cond. + 
Soil conditions & 
topography req. + 

1 = pit latrine 
2 = septic tank; black water 
3 = septic tank; combined water 
4 = UASB on site; black water 

1 

40 

99.9999 
90 

0 .05 
0.6 
0 

++++' 
o" 

++++ 

5 

0.5 

+++ 

++ 
+ 

++ 

+++' 
o" 

5 = UASB on site; combined water 

2 

21 

99.9999 
90 

0.025 
1.5 
0 

++ 

+++ 

30 

0.5 

+++ 

++ 
++ 

++ 

+++' 
o" 

3 

17 

99.9999 
90 

0.04 
4.5 
0 

++ 

+++ 

30 

0.5 

+++ 

++ 
++ 

++ 

+++' 
o" 

A 

II 
III 

Systems• 

4 5 6 7 

90 64 80 80 

90 90 90 90 
99 99 99 99 

O.o35 0 .043 0.043 0 .043 
4.5 4.5 4 .5 4.5 
-4 -4 -4 -4 

++ ++ + + 

+++ +++ ++ ++ 

30 30 130111 130111 

0.4 0.4 8.4111 8.4111 

+++ +++ + ++ 

+ + + + 
++ ++ +++ +++ 

+++ +++ +++ +++ 

++++ ++++ ++++ ++++ 

= direction of impact 
= adequate ground infiltration capacity 
= inadequate ground infiltration capacity 
= including conventional sewerage 

6 = UASB intennediate scale; 7 = UASB off site; 8 = waste stabilization ponds; 9 = constructed wetlands 
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85 

99.999 
100 

0 .04 
7 .5 
0 

+ 

+ 

117.5111 

8.35111 

++ 

++ 
+++ 

++ 

+++ 

9 

96 

99. 
10< 

0 .0 

7 - ~ 
0 

+ 

+ 

117.: 

8.35 

+ 1 

+ 
++ 

+-

++ 
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6.3 Allocating weights to the impacts 

In the evaluation matrix of table 6.1, five different sets of criteria are distinguished. Each set 
of criteria, and thus its impacts, can be given a certain weight. The value of the weight is 
determined according to the importance, or priority, that is attributed to a criterium. 

With regard to the set of criteria presented in this thesis, an equal weight of one is given to 
each set of criteria, as can be seen in table 6.2. This is done because, for this thesis, all sets 
of criteria are considered to have the same priority. Each set is equally important for the 
adequate functioning of the waste water treatment systems. In subsection 6.5 a sensitivity 
analysis is performed on these weights, in order to check the consequences of this 
assumption. 

Table 6.2 Weights of the different sets of criteria 

Set of criteria Weight 

Technical criteria 

Financial criteria 

Institutional criteria 

Social/cultural criteria 

Geographical criteria 

6.4 Construction of the appraisal matrix 

6.4.1 Short description of the procedure followed 

A brief flow chart of a mixed data multi criteria evaluation technique was shown in figure 
6.1. There are different techniques to arrive at the final appraisal score. Three of these 
techniques are outlined by Voogd (Voogd, 1983, p. 166-183). One of the multi criteria 
evaluation techniques, capable of handling a use of quantitative and qualitative data, is the 
subtractive summation technique. This technique is a means of standardising the impacts of 
the criteria, necessary in order to come to a final appraisal. A comparison of Voogd's three 
mixed data evaluation techniques by Lemmens showed that the subtractive summation 
technique has less problems in giving ranks than the other techniques (Lemmens, 1987, p. 
283). In this evaluation, the subtractive summation technique is used to analyze the mixed 
data. 

The differences between the alternative waste water treatment systems can be expressed in a 
condensed way by means of two dominance measures: one measure, aii., based on the 
qualitative data, and one measure, aii' based on the quantitative data. The dominance score is 
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comparable to each other. By weighting these standardized dominance measures, 
respectively oii' and dii" with the aggregated weights of the constituent criteria a new 
overall dominance score, mii., can be created, which represents the degree in which an 
alternative is better, or worse, than another alternative. On the basis of this overall 
measure an appraisal score, si, for each alternative technology choice can be determined. 

6.4.2 Equations applied for the evaluation 

The qualitative and quantitative data are treated separately. First the initial data in the 
quantitative part of the matrix have to be standardized in order to make them 
comparable. This is done by transferring the data with the equation: 

t" ' t ·- -.. t __ t,...-,... •. 

where: e .. 
JI 

~i 
~-
n·+ J 

- . 
= 
= 
= 

standardized score of technology option i and impact j 
actual score of technology option i and impact j 
lowest score of impact j under consideration 
highest score of impact j under consideration 

The equation mentioned above handles data related to impacts with a positive 
direction. For impacts with a negative direction, the outcome of this equation is 
subtracted from 1. 

All the quantitative data is now transferred to a value between 0 and 1, with 1 being the 
best score possible. For the impacts that are expressed in qualitative data, a 
standardization is not necessary. 

The dominance scores aii' and aii' are calculated by means of the following equations: 

where: aii' = dominance score for impacts expressed in quantitative 
data 

wj = weight of impact j 
jeQn = impact expressed in quantitative data 
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= dominance score for impacts expressed in qualitative 
data 

j e Ql = impact expressed in qualitative data 
in case of a positive direction of the impact: 
sgn(Il_ii - Il_ii·) = +, if Il_ii has more + 's as Il_ii· 

= 0, if Il_ii has the same number of + 's as Il_ii· 
= -, if nji has less + 's as nji' 

The differences in the qualitative data are processed by means of the "sgn(Il_ii - Il_ii·)" 
expression. This because the values given to the qualitative data are expressed on ordinal 
level only. 

For making the dominance scores comparable, they are standardised into the same unit. 
This is done according to the following calculations: 

where: = standardized dominance score of aii' 

where: = standardized dominance score of aii' 

By means of the last two calculations, the overall dominance score mii for the impacts of 
each set of criteria, is calculated as: 

where: = overall dominance score 

As a final step, the appraisal score for each technology option i can be determined by: 

where: = appraisal score for technology option 1 

= number of options 
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Further details of the application of the subtractive summation techniques on the mixed data 
can be found in appendix IV. Final results are presented in the following subsection. 

6.4.3 The ranking matrix 

The results of the mixed data multi criteria evaluation can be found in table 6.3. An assigned 
rank of 1 indicates the most preferred option. 

The table shows that the UASB, treating black water only, is the most preferred option for 
ground with adequate or inadequate infiltration capacity. The UASB on intermediate scale 
ranks lowest for both types of ground. 

Table 6.3 Ranking matrix for different technology options 

Impact area Systems• 

pit sep-b sep-c UA-o-b UA-o-c UA-i UA-o WSP WL 

Technica11·u 
I 8 7 9 2 3.5 3.5 6 5 
II 8 6 9 2 3.5 3.5 7 5 

Financial 4.5 4.5 2.5 2.5 8.5 8.5 6.5 6.5 

Institutional 3 3 3 3 3 9 7 7 7 

Social/cult. 7 3.5 3.5 8.5 8.5 5.5 5.5 1.5 1.5 

Geographica11·n 
I 7 7 7 2.5 2.5 2.5 2.5 7 7 
II 8 8 8 2.5 2.5 2.5 2.5 5.5 5.5 

Overall Rank1·n 
I 4 3 5 2 9 5 8 5 
II 5 3 8 2 9 5 7 4 

a pit =pit latrine I = adequalc ground infiltration capacity 
sep-b = septic tank; black water II = inadequate ground infiltration capacity 
sep-c = septic tank; combined water 
UA-o-b = UASB on site; black water 
UA-o-c = UASB on site; combined water 
UA-i = UASB intermediate scale 
UA-o = UASB off site 
WSP = waste stabilization ponds 
WL = constructed wetlands 
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6.5 Sensitivity of the data 

A sensitivity analysis is performed on two aspects of the mixed data. The effect of lower 
pathogen removal is investigated with regard to the pit latrine, and a difference of the 
weights is also checked. 

First the influence of lower pathogen removals, with regard to the pit latrine for both 
ground infiltration conditions, on the ranking of the technologies is investigated. In table 
6. 1 the same levels of pathogen removal are set for the latrine for ground with either 
adequate or inadequate ground conditions. This because assumptions with regard to the 
effect of ground conditions on the amount of pathogen removal can only be made with 
the help of studies of the local situation. The only distinction that is made with regard to 
different ground conditions in this evaluation is for the simplicity of the systems and the 
soil conditions requirements. Nevertheless, poor design of the latrine combined with 
heavy rains, that are occurring often during the rainy period in Mwanza, will cause the 
latrine to overflow, which influences the level of pathogen removal. Therefore, it is 
investigated in this analysis what the effect is of a lower pathogen removal on the 
ranking order of the technologies. 

Secondly, some of the weights that were given to the different sets of criteria are altered. 
This in order to check the consequences of the assumption that was made in subsection 
6.3, which stated that each set of criteria is equally important for the adequate 
functioning of the systems. Both analyses are discussed below. 

Pathogen removal · 

Firstly, the analysis on lower pathogen removal is carried out with regard to adequate 
infiltration capacity of the ground. This shows that at a level of 99 % FC-removal and 
79 % parasites removal, the pit latrine is moved to the 9th place with regard to the 
technical criteria. In the overall ranking, the pit latrine drops one level to the 5th place. 
No further changes occur if the pathogen removal is diminished more, because the pit 
latrine already ranks lowest with regard to the technical criteria. If only lower FC
removal is considered, with parasites removal remaining on the same level of 903, it 
shows that at a level of 93 % FC-removal the pit latrine ranks one place lower with 
regard to the technical criteria and the overall ranking. From there on, to lower removal 
levels, the latrine stays at the same ranking place. 

The analysis on lower pathogen removal on ground with inadequate infiltration capacity, 
shows that at a FC-removal of 99 % and a parasites removal of 88 % , the pit latrine falls 
down one place with regard to the technical criteria, and two places on the overall 
ranking to the 7th place. No further changes in ranking order occur from this level of 
removal on and lower. If only lower FC-removal is considered, it shows that already at a 
level of 97 % FC-removal the pit latrine is lowered one place on the technical criteria 
ranking and the overall ranking list, to respectively the 9th and 8th place. From there on 
the ranking list stays identical. 
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Weights 

Also with regard to the sensitivity analysis performed on the weights, the ground with 
adequate infiltration capacity is looked at first. Only the impacts that are most likely to be 
more critical for the adequate functioning of the systems than other impacts are considered. In 
Mwanza, a densely populated town where the majority of the persons do not have a lot of 
financial resources, critical impacts are the land requirements and costs of the systems. 
Increasing these weights demonstrates that only if the weights are increased to 3.16 the on
site black UASB falls from its first place on both the technical criteria ranking, and the 
overall ranking list. Its place is than taken by the black septic tank. After the weights are 
raised to 4.33 no changes occur any more in the ranking. From this moment on the pit latrine 
ranks first, the on-site black UASB ranks second. The intermediate UASB and the WSP's 
remain on the last place in the overall ranking list in this case. 

In the case of ground with inadequate infiltration capacity, the sensitivity analysis on the 
weights of the land requirements and the costs shows the following changes in the ranking 
list. The on-site black UASB falls from its first place in the technical criteria ranking list 
when the weights are increased to 3.16. This is a change in ranking at the same increase of 
the weights as in the previous case. However, in this case, the on-site black UASB remains 
on the first place at the overall ranking list. The only other important changes in the overall 
ranking list occur when the weights are increased to 8.56. The pit latrine and the black septic 
tank trade places to respectively the 2nd and the 4th place. At this point the intermediate 
UASB still ranks last, and the on-site black UASB ranks first. No changes occur in the 
overall ranking list if the weights are increased any further. 

6.6 Conclusions on the multi criteria evaluation 

* 

* 

* 
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From the ranking matrix it follows that the on-site UASB-reactor, treating black water 
only, ranks highest in the overall ranking. This reactor is suitable for households with 
low water consumption, because it does not treat grey water. If water consumption 
increases, and waste water production also, the on-site UASB-reactor treating combined 
water ranks first. This conclusion applies both for ground with adequate or with 
inadequate infiltration capacity. 

Provided that the ground conditions are inadequate with regard to infiltration capacity, 
the off-site option of sewerage with wetlands or WSP's is more favourable than the pit 
latrine and the septic tank treating combined water. In all other cases on-site options 
rank higher than off-site options. The intermediate scale option ranks lowest in all cases. 

In the case of adequate ground infiltration capacity the overall ranking list is more 
sensitive to changes of the weights of the most important criteria, i.e. land requirements 
and costs of the technology options, than in the case of inadequate ground conditions. In 
the first case, if these weights are tripled, relatively to the other weights, the on-site 
UASB, treating black water only, falls from its first place. In the second case, this 
U ASB remains first on the overall ranking if the considered weights are increased. 



* 

Evaluation of the systems 

Even when the pit latrine has lower pathogen removals and does not function 
adequately any more because of this, it will not rank lowest on the overall ranking list. 
For adequate ground infiltration it will rank 5th, which is higher than the intermediate 
UASB, WSP's and wetlands. For inadequate ground infiltration it will rank 8th on the 
overall ranking, before the intermediate UASB. This happens because, although the pit 
latrine ranks lowest on technical criteria, it ranks very high on financial and institutional 
criteria. 
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Chapter 7 Conclusions and 
recommendations 

7.1 Main conclusions 

Water pollution sources assessment 

The major pollutants emitted by the domestic sources of urban Mwanza are the pathogenic 
organisms and BOD. The major producers of BOD consists of the unsewered population, they 
produce more than 80% of the total BOD-load that is generated by the households. From 
these two pollutants the pathogenic organisms cause major concern because of their ability to 
cause diseases. Only 50% of the total produced BOD load reaches Lake Victoria via various 
open waters and the sewerage system. 

The WSP's that are connected to the sewerage system are not working at this moment. 
Because of this, the BOD-load is discharged directly from the sewer system into Lake 
Victoria. This causes the biggest environmental threat to the lake, as all this BOD is emitted 
on one point, which most probably exceeds the self purifying capacity of the lake at that 
point. The BOD-loads from the non-sewered domestic sources are emitted from several 
points. The self purifying capacity of the lake might be exceeded, but not to the extent of the 
output of the sewered population. Health threats are great for the unsewered population 
because the liquid pollution load is emitted near the household. 

Appropriate technology assessment 

In the evaluation of the waste water treatment systems that are actually used in Mwanza, 
together with different types of UASB-reactors and wetlands, the on-site UASB-reactor 
treating black water only ranks highest. If water consumption increases the on-site UASB, 
treating combined water, ranks first. The UASB-reactor on intermediate scale ranks last. 

Although the UASB-reactor ranks first, it might not be suitable for all parts of urban 
Mwanza. Provided that the ground conditions are inadequate with regard to infiltration 
capacity, the off-site option of sewerage with wetlands or WSP's is than more favourable than 
the pit latrine or the septic tank treating combined water. For ground with adequate 
infiltration capacity on-site options rank higher than off-site options. The intermediate scale 
option ranks lowest in both ground types. 

7 .2 Research recommendations 

The water pollution sources assessment will become more reliable when site surveys are 
executed, in combination with the assessment. Water pollution factors should be checked on 
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the spot. More research on the functioning of pit latrines and septic tanks in tropical climates 
will be of help to make an assessment of the pollution load of these systems on the 
environment. 

The environmental threat of the BOD load to the lake will become clearer if more 
information is available on the self purifying capacity of tropical lakes. At the moment most 
information on self purification in lakes is available from temperate climates. When the rate 
of purification of BOD in tropical lakes is clarified, the level of BOD load that can enter the 
lake without exceeding the self purifying capacity becomes known. 

The research on waste water treatment systems should focus on on-site anaerobic systems that 
are able to remove FC to an adequate level. These systems are most suitable for the urban 
Mwanza region, but do not remove FC removal yet to the extent of WSP's and other on-site 
systems, provided these latter are build at adequate ground conditions. 

7 .2 Policy recommendations 

The unsewered part of the urban population in Mwanza produces the majority of the domestic 
liquid waste load. At the moment most attention with regard to waste water treatment goes 
out to the sewered part of the population. The unsewered part of the population should get 
more attention with regard to waste water systems, because most of their liquid pollution load 
is now dumped uncontrolled. The households that are connected to septic tank should get 
more attention regarding their volume- and BOD-output. The households that have pit latrines 
or no facilities at all should get more attention with regard to prevention of excreta related 
diseases. 

The assessment of waste water treatment systems revealed that on-site systems rank higher 
than off-site systems, except for grounds with inadequate infiltration capacity. This means that 
on-site systems should be promoted for waste water treatment in the parts of urban Mwanza 
with adequate infiltration capacity of the ground. Reliable sludge emptying services should be 
developed together with the promotion of on-site systems. In the parts of Mwanza without 
adequate infiltration capacity of the ground, the on-site systems such as the UASB-reactors 
and the septic tank treating black water only should be promoted. If these systems are not 
suitable, off-site systems such as WSP's or wetlands should be considered. The pit latrine 
should not be promoted in the latter case. 

/r 
.l // 
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Appendix I 

Appendix I Population statistics for urban 
Mwanza 

Ward' · Population in 1988b Population in 1996c Annual population 
growth rate (in % ) 

Mkuyuni 9,113 19,563 10 

Butimba 11,753 22,242 8.3 

Igo go 16,646 34, 155 9.4 

Pamba 15,765 31,486 9.0 

Nyamagana 6,336 11,902 8.2 

Mirongo 5,668 10,781 8.4 

Mbugani 21 ,067 42,140 9.1 

lsamilo 6,727 13,635 9.2 

Kirumba 12,691 24,551 8.6 

Kitangiri 5,297 10,024 8.3 

Nyamanoro 10,564 20,698 8.8 

Pasiansi 13,998 26,491 8.3 

Nyakato 19,889 40,442 9.3 

Total 155,514 308,110 8.9 

a Urban wards from district nr. 3 Mwanza in region nr. 19Mwanza as defined in the Population Census 1988(Bureau of 
Statistics, 1992). 

b Bureau of Statistics, 1992,p. 302-304. 
c Mr. Mndeme, Regional Sanitation Engineer, 1996. 
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A Technical criteria 

Reduction efficiency of: 
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e(j1) e(j2) e(j3) e(j4) e(j5) e(j6) e(j7) e(j8) e(j9) 

A Reduction efficiency of: 
*BOD 0.2911 0.0506 0 0.9241 0.5949 0.7975 0.7975 0.8608 1 
* pathogens: 

f. coliforms 1 1 1 0 0 0 0 0.9999 0.99 
parasites 0 0 0 0.9 0.9 0.9 0 ~ 9 1 1 

Sustainability 
* production of sludge 0 1 0.4 0.6 0.28 0.28 0.28 0.4 0.4 
* land requirements 1 0.8696 0.4348 0.4348 0.4348 0.4348 0.4348 0 0 
* energy requirements 0 0 0 1 1 1 1 0 0 

B * construction costs "Ill" 1 0.8 0.8 0.8 0.8 0 0 0.1 0.1 

* operational costs "Ill" 0.9875 0.9875 0.9875 1 1 0 0 0.0063 0.0063 
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> I 

°' A (i") a(1i") a(2i") a(3r} a(4i") a(51') a(6i') a(7i') a(Si') a(9i') 

a(1) 0 0.629059 -0.45636 1.567694 0.91858 1.121112 1.121112 0.96953 1.098871 

a(2) -0.62906 0 -1 .08542 0.938635 0.289521 0.492053 0.492053 0.340471 0.469812 

a(3) 0.456357 1.085416 0 2.024051 1.374937 1.577468 1.577468 1.425887 1.555227 

a(4) -1 .56769 -0.93864 -2.02405 0 -0.64911 -0.44658 -0.44658 -0.59816 -0.46882 

a(5) -0.91858 -0.28952 -1 .37494 0.649114 0 0.202532 0.202532 0.05095 0.180291 

a(6) -1 .12111 -0.49205 -1 .57747 0.446582 -0.20253 0 0 -0.15158 -0.02224 

a(7) -1.12111 -0.49205 -1 .57747 0.446582 -0.20253 0 0 -0.15158 -0 .02224 

a(8) -0.96953 -0.34047 -1.42589 0.598164 -0.05095 0.151581 0.151581 0 0.12934 I 

a(9) -1 .09887 -0.46981 -1.55523 0.468823 -0.18029 0.022241 0.022241 -0.12934 0 

I 
B (i') a(ff) a(2i') a(3i') a(4i') a(Si') a(6i') a(7i') a(Bi') a(9i') 

a(1) 0 -0.2 -0.2 -0.1875 -0.1875 -1 .9875 -1 .9875 -1 .88125 -1.88125 

a(2) 0.2 0 0 0.0125 0.0125 -1 .7875 -1 .7875 -1 .68125 -1 .68125 

a(3) 0.2 0 0 0.0125 0.0125 -1 .7875 -1 .7875 -1 .68125 -1.68125 -

a(4) 0.1875 -0.0125 -0.0125 0 0 -1 .8 -1 .8 -1 .69375 -1.69375 
I 

a(5) 0.1875 -0.0125 -0.0125 0 0 -1 .8 -1 .8 -1 .69375 -1 .69375 I 

a(6) 2 0.8 0.8 0.80625 0.80625 0 0 0.1 0.1 
i 

a(7) 1.9875 1.7875 1.7875 1.8 1.8 0 0 0.10625 0.10625 

a(8) 1.88125 1.68125 1.68125 1.69375 1.69375 -0.10625 -0.10625 0 0 

a(9) 1.88125 1.68125 1.68125 1.69375 1.69375 -0.10625 -0.10625 0 0 



Appendix IV 

I 

A n alfa(ffl alfa!21'l alfa!ll'l alfa!41'l alfa!Si"l alfa!&n •lfal71'l alfa(81") alfa(91') 

alfa(1l 0 -2 -2 -2 -2 -2 -2 -2 -2 

alfa(2l 2 0 0 0 0 -2 -2 -2 -2 

alfa!3l 2 0 0 0 0 -2 -2 -2 -2 

alfa(4) 2 0 0 0 0 -2 -2 -2 -2 

alfa(SJ 2 0 0 0 0 -2 -2 -2 -2 

atta(S) 2 2 2 2 2 0 0 -1 -1 

attam 2 2 2 2 2 0 0 ·1 -1 

atta(8) 2 2 2 2 2 1 1 0 0 

alfa!9l 2 2 2 2 2 1 , 0 0 

c n alfa(ffl alfa(2i") alfa(3i") alfa(41') alfa(5i') alfa!&i"l alfaC71'l alfa(8i"l alfaC91'l 

alfa{1) 0 0 0 0 0 -1 -1 
_, 

-1 

alfa(2) 0 0 0 0 0 -1 -1 -1 -1 

l alfa(3) 0 0 ' 0 0 0 -1 -1 -1 -1 

alfa(4) 0 0 0 0 0 -1 -1 -1 
_, 

I I 
' alfa(5) I 0 0 I 0 0 0 -1 -1 -1 -1 

l alfa(Sl I 1 1 1 1 1 0 1 1 , 
I 

alfa(7) 1 1 1 1 1 -1 0 0 0 
I 

alfaCSl 1 1 1 1 1 -1 0 0 0 

alfa(9J 1 1 1 1 1 · 1 0 0 0 

0 n a11ac1n alfa(2i") alfa(31") alfa(4r) alfa(51'J alfa(&l' J alfa(7i"J alla(81') alfacsn 

I atta(1) 0 1 1 0 0 0 0 1 1 I 

I I 
alfa(2l I -1 0 I 0 ·1 -1 0 0 1 1 

attaC3l ·1 0 0 ·1 -1 0 0 1 I 1 

alfa(4) 0 1 1 0 0 1 1 2 2 
I 

alfaCSl 0 1 1 0 0 1 1 2 2 I 

I l 
attaCSl 0 0 0 ·1 · 1 0 0 1 1 

I I 
1alfa(7) 0 0 I 0 -1 -1 0 0 1 1 

alfa(S) ·1 -1 -1 -2 -2 -1 -1 0 0 

alfa(9l -1 -1 -1 ·2 -2 -1 -1 0 0 

E l li'l alfaC1i'l a11ac2n alf•C31'l alfaf41"l alfa(5i') alfa(&i'l •lfa(71'l alfa(8i") alfa(9i") 

alfal1l 0 0 0 2 2 2 2 0 0 
I ! 

alfa(2J 0 0 I 0 2 2 2 2 0 0 
I 

atta(3l 0 0 0 2 2 2 2 0 0 
I 

l alfa(4l ·2 -2 ·2 0 0 0 0 -2 -2 

alfa(Sl ·2 -2 -2 0 0 0 0 -2 ·2 

alfa(Sl ·2 -2 I -2 0 0 0 0 -2 -2 
I 
alfa(7J -2 -2 ·2 0 0 0 0 ·2 -2 

atta(S) 0 0 0 2 2 2 2 0 0 

1atta(9) I 0 0 0 2 2 2 2 0 0 
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00 

I 

A (i") d(1 i") d(2i') d(Jr) d(4r) d(Sr) d(6i") d(7i') d(8r) d(9i") 

d(1) 0 0.012458 -0.00904 0.031046 0.018191 0.022202 0 .022202 0.0192 0.021762 

d(2) -0.01246 0 -0.0215 0.018588 0.005734 0.009744 0.009744 0.006743 0.009304 

d(3) 0.009038 0.021495 0 0.040084 0.027229 0.03124 0.03124 0.028238 0.030799 

d(4) -0 .03105 -0.01859 -0.04008 0 -0.01285 -0.00884 -0.00884 -0.01185 -0.00928 

d(5) -0.01819 -0.00573 -0.02723 0.012855 0 0.004011 0.004011 0.001009 0.00357 

d(6) -0.0222 -0.00974 -0.03124 0.008844 -0.00401 0 0 -0.003 -0.00044 

d(7) -0.0222 -0.00974 -0.03124 0.008844 -0.00401 0 0 -0.003 -0.00044 

d(8) -0.0192 -0.00674 -0.02824 0.011846 -0.00101 0.003002 0.003002 0 0.002561 

d(9) -0.02176 -0.0093 -0.0308 0.009284 -0.00357 0.00044 0.00044 -0.00256 0 

B (i") d(1i") d(2i") d(3i") d(4i') d(Si") d(6i') d(7i') d(8i') d(9i") 

d(1) 0 -0.00287 -0.00287 -0.00269 -0.00269 -0.02851 -0.02851 -0.02699 -0.02699 

d(2) 0.002869 0 0 0.000179 0.000179 -0.02564 -0.02564 -0.02412 -0.02412 

d(3) 0.002869 0 0 0.000179 0.000179 -0.02564 -0.02564 -0.02412 -0.02412 

d(4) 0.00269 -0.00018 -0.00018 0 0 -0.02582 -0.02582 -0.0243 -0.0243 

d(5) 0.00269 -0.00018 -0.00018 0 0 -0.02582 -0.02582 -0.0243 -0.0243 

d(6) 0.028689 0.011476 0.011476 0.011565 0.011565 0 0 0.001434 0.001434 

d(7) 0.02851 0.025641 0.025641 0.02582 0.02582 0 0 0.001524 0.001524 

d(8) 0.026986 0.024117 0.024117 0.024296 0.024296 -0.00152 -0.00152 0 0 

d(9) 0.026986' 0.024117 0.024117 0.024296 0.024296 -0.00152 -0.00152 0 0 



Appendix IV 

I 

A (I') de1ta11n delta(21") delta(3rJ delta(4f) delta(Sl' l delta(61") delta(71") deltaf81') deltal9fl 

deltam 0 -0.01923 -0.01923 -0.01923 -0.01923 -0.01923 -0.01923 -0.01923 -0.01923 

delta(2) 0.019231 0 0 0 0 -0.01923 -0.01923 -0.01923 -0.01923 

delta(3) 0.019231 0 0 0 0 -0.01923 -0.01923 -0.01923 -0.01923 

delta(4) 0.019231 0 0 0 0 -0.01923 -0.01923 -0.01923 -0.01923 

delta(5l 0.019231 0 0 0 0 -0.01923 -0.01923 -0.01923 -0.01923 

delta(6) 0.019231 0.019231 0.019231 0.019231 0.019231 0 0 -0.00962 -0.00962 

de1tam 0.019231 0.019231 0.019231 0.019231 0.019231 0 0 -0.00962 .,0.00962 

delta(8) 0.019231 0.019231 0.019231 0.019231 0.019231 0.009615 0.009615 0 0 

delta(9) 0.019231 0.019231 0.019231 0.019231 0.019231 0.009615 0.009615 0 0 

c (i'l delta(11'l de1ta12n delta!31'l delta(41'l delta!Sl'l deltal61'l delta!71'l delta!8i'l deltal9i'l 

delta(1l 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 

delta(2l 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 

delta(3J 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 

delta(4) 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 

delta<5l 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 

delta(6) 0.021739 0.021739 0.021739 0.021739 0.021739 0 0.021739 0.021739 0.021739 

delta(7) 0.021739 0.021739 0.021739 0.021739 0.021739 -0.02174 0 0 0 

delta(S) 0.021739 0.021739 0.021739 0.021739 0.021739 -0.02174 0 0 0 

delta(9) 0.021739 0.021739 0.021739 0.021739 0.021739 -0.02174 0 0 0 

D (i') delta(11') delta(2i'J delta!31'l delta(41') delta(SI') delta!61'l delta!71'l deltaf8i') delta(91') 

delta(1) 0 0.017857 0.017857 0 0 0 0 0.017857 0.017857 

delta(2) I -0.01786 0 0 -0.01786 -0.01786 0 0 0.017857 0.017857 

delta(3) -0.01786 0 0 -0.01786 -0.01786 0 0 0.017857 0.017857 

delta(4l 0 0.017657 0.017857 0 0 0.017857 0.017857 0.035714 0.035714 

delta(5) 0 0.017857 0.017857 0 0 0.017657 0.017857 0.035714 0.035714 

delta(Sl 0 0 0 -0.01786 -0 .01786 0 0 0.017857 0.017857 

deltam 0 0 0 -0.01786 -0.01786 0 0 0.017857 0.017857 

delta( Bl -0.01786 -0.01786 -0.01786 -0.03571 -0.03571 -0.01786 -0.01786 0 0 
I 

delta!9l I -0.01786 -0.01786 -0.01786 -0 .03571 -0.03571 -0.01786 -0.01786 0 0 

E (I') de1ta11n delta(2i'l delta(3i'l delta(41') delta( SI"} detta(6i'l delta17i') delta!8i'J delta(9i'l 

delta(1) 0 0 0 0.025 0.025 0.025 0.025 0 0 

delta(2) 0 0 0 0.025 0.025 0.025 C.025 0 0 

delta(3) 0 0 0 0.025 0.025 0.025 0.025 0 0 

deltaf4l -0.025 -0 . 0~5 -0.025 0 0 0 0 -0.025 -0.025 

delta(5) -0.025 -0.025 -0.025 0 0 0 0 -0.025 -0.025 

delta(6l -0.025 -0.025 -0.025 0 0 0 0 -0.025 -0.025 

delta(7) -0.025 -0 025 -0.025 0 0 0 0 -0.025 -0.025 

delta(8) 0 0 0 0.025 0.025 0.025 0.025 0 0 

delta(9) 0 0 0 0.025 0.025 0.025 0.025 0 0 

A-9 



Appendix IV 

I 

A n mr1n m121·1 -n m1"' mrsr1 m161"l m171 mlll"I ml9f) 

mm u o.~84 ~u•=9 10.147815 0.070686 0.00.151 O.u..r;>1 u ,u1g14 0.0921 08 

1m121 :-o. 8 u •-U.1Lts9 u.11153 IO.u.-.al1 0.02 0.001 .01 362 

m,,, IU. u.12ca,1 u IU.240502 10 . 1~~,,3 0.1459rn u.14carn •u.1~ 0.146~ 

mc4J .0.14181 ..u . 111~ -U.:l4u:> u 1-0.07713 .0.09153 .0.09153 -0.1~~ -0.09417 

m(OJ 1-0u•uc• -0 .u~ .0.1 O.u• 1.29 0 -O.o144 .0.0144 ,.,.uM41 .0.01•uo 

mC6l 1-u .~/iJ ..I 11o(J.1 IU.091:i.ot:i IU.014-1_.. 0 0 l~.U.>l.t:4 '-0.02187 

mm 1-0.~liJ .0.u<uu1 l-U.14ts98 O.w1:i:L:i IU.U1 .. 3wtt 0 0 1-0. 4 1-0.02187 

mcei .0.0.g , 4 -(.U.XJ1W l ..U.1.>\J'1'1 1u.1~, IU.u.1L4utS 0.037242 0.03tL4:l u 1u.u1 ... :VU!. 

mC9l .0.09211 .{ 1136 .0.1463J o. ~155 10.011039 10.021813 IU.u.!101.> .0.0103/ 0 

SIGMAm11 .0 .. 52••o -o . ~~- -1 ."~'" 10.963731 0.26957 10.215926 10.216926 -O.uu 1 10.116219 

B li"l mr1n mc2n m13rl ml4rl -~ m16rl m!7n mran m1tr 1 

mc1J 0 .0.00014 ••• ",4 .0. .0.UU5;.RS lo(J. U:> 02 .0.05702 1.0.05397 1-U.'"'u ' 

mc21 I0.005138 0 u O.uuu359 o.~ o• l-<J.001:l8 .O.u5128 I -o.04823 .0.04••3 

mC3l 0. •08 0 0 0.000309 0.000359 .0.001:lB .0.05128 I -o.04823 -0.04823 

mC4 l 0.005379 .0. u.~ .o ..... ~ 0 0 .0.00164 1-0.05164 .O.•-o9 1-0.04859 

mC51 0.005379 .0.00036 .o ...... ~ 0 0 .005164 .0.05164 1-0.04859 .0.04859 

mr61 0.057379 o.""~1 0.022951 10.023131 0.023131 0 0 0. 869 0.002~-

mc71 0.05702 0.051282 0.05128 " 1.051641 0.051641 0 u 0.003048 0.003048 

mc8J 0.00J9t2 0 .048234 0.04 .. ~ 0.048592 0.048592 .O.u030o 1 -ouu30o 0 0 

mc9l 0.053912 0.048234 10.048234 0.048592 o .~n592 .0.00305 1-0. ·-~'" 0 0 

S1GMAmii" 0.244576 0.164246 0.164246 0.167294 0.167294 .0.26896 .0.26896 -0.24171 .0.24171 

c ff\ m11n ml2i"l ml31"1 ml4f l mrsn ml6i"l ml71"1 ml8fl mt9i\ 

m(1) 0 u u u u .0.U:l1 /4 .O.u21t4 -0 O:l174 .0.021 /4 

mc21 0 0 0 0 0 .0.02174 .0.02174 1-0.02174 .0.02174 

mc31 0 u 0 0 0 .0.02174 .0.02174 -0.021" -0.02174 

mt4l 0 0 0 0 0 .0.02174 .0.02174 .0.021 74 .0.02174 

m(5) 0 0 0 0 0 .0.02174 .0.02174 -0.02174 .0.02174 

mC6l 0.021739 0.021739 0.021739 0.021739 0.021739 0 0.021 '39 0.021109 I U .U-L1/;,:,9 

mm 0.021739 0.021739 0.021739 0.021739 0.021739 .0.02174 0 0 0 

mC8l 0.021 739 0.021739 0.021739 0.021739 0.021 ., 1 4 0 0 u 

ml9l 0.021739 0 .021739 0.021739 0.021739 "' 1 .u21 t4 u 0 u 

SIGMAmii 0.086957 O .'~"" 10. -·" u.086901 0.08690! .0.1 1 .O.uo696 -0 .~= .o.~96 

D II mnn ml2i"l m1.si'\ m4r m sr1 m1•• m11i I m(8i"J m(Wi I 

mm u 0.035714 IU. 14 0 u u 0 0.035/14 0.035114 

m(:l l .O.u30 11 0 0 -O . u~Jt1 -0.0.,, 1 0 0 o.035714 0 .U.);> 14 

m3 1-0.03511 0 u .0.03511 ..() 03:>71 0 0 0.035714 0.035714 

m(41 0 UU3!>114 O.uo 14 0 0 0.0357 14 0.035714 0.071429 0.071429 

m101 u 0.030114 IU '"' 14 0 0 0.035714 10.035714 0.071429 0.o71429 

mc6J 0 u 0 .0.03571 -0.03571 0 0 10.U.h> 14 O.uoo 14 

m111 0 0 0 "''""" ' 1 .0.03571 0 0 0.035114 0.035714 

ml81 -0.U30t1 -o.0•5-71 .0.03011 .O.Or143 .O.Or143 .0.03571 .0.03571 0 0 

ml91 1-0.Q;,:>11 Jl 3:>t1 .o.u3011 .0.01143 -0.07143 .0.03571 l-O.U35/1 0 0 

~l~MAmii 1-IJ 14Lm u.030114 0.035714 -0.20<> r1 .l1 ' "" ' 1 0 0 371429 0.321429 

E (l"J mt1/"i m12n ml3/"i ml41"1 mrsn ml61"1 ml7i') ml81"1 m9iJ 

mm 0 0 0 O.Oo 0.05 0.05 O.uo u u 

~,. 0 0 u u.u5 u.uo """' O.uo u 0 

m<3l 0 0 0 o.u5 O.uo u.Oo O.uo 0 0 

m(4J .O.uo .O.u5 -0.05 0 0 0 0 .lln5 .0.05 

mc51 .0.05 .0.05 .0.05 0 0 0 0 .0.05 -0.05 

mC6l -0.05 .005 .0.05 0 0 0 0 .0.05 -0.05 

men .0.05 .0.05 .0.05 0 0 0 0 .0.05 -0.05 

mt8l 0 0 0 0.05 0.05 0 .05 0 .05 0 0 

A-10 m!9l 0 0 0 0.05 0.05 0.05 0.05 0 0 

SIGMAmii .0.2 .0.2 .0.2 0.:lO 0.25 0.25 o.,, .0.2 .0.2 



I 

s1 s2 s3 s4 s5 s6 s7 s8 s9 

A -0.05783 -0.00445 -0.13342 0.107081 0.029952 0.024103 0.024103 -0.00246 0.012913 

B 0.027175 0.01825 0.01825 0.018588 0.018588 -0.02988 -0.02988 -0.02686 -0.02686 

c 0.009662 0.009662 0.009662 0.009662 0.009662 -0.01932 -0.00966 -0.00966 -0.00966 

D -0.01587 0.003968 0.003968 -0.03175 -0.03175 0 0 0.035714 0.035714 

E -0.02222 -0.02222 -0.02222 0.027778 0.027778 0.027778 0.027778 -0.02222 -0.02222 



: ': : ~ .. 

> I ...... 
N 

I Ranking of the systems 

pit sep-b sep-c UA-o-b UA-o-c UA-i UA-o WSP WL 

A 8 7 9 1 2 3.5 3.5 6 5 

B 1 4.5 4.5 2.5 2.5 8.5 . 8.5 6.5 6.5 

c 3 3 3 3 3 9 7 7 7 

D 7 3.5 3.5 8.5 8.5 5.5 5.5 1.5 1.5 

E 7 7 7 2.5 2.5 2.5 2.5 7 7 

Total 26 25 27 17.5 18.5 29 27 28 27 

Overall rank 4 3 5 1 2 9 5 8 5 



------- - ----- -- --- ------------------------------------------------------------------.-, 

II 
Criteria Weight 

pit (1) sep-b (2) sep-c (3) 
A Technical criteria 

Reduction efficiency of: 
*BOD 1 40 21 17 
*pathogens: 

f. coliforms 1 99.9999 99.9999 99.9999 
parasites 1 90 90 90 

Sustainability: 
* production of sludge 1 -0.05 -0.025 -0.04 
* land requirements 1 -0.6 -1.5 -4.5 
* energy reQuirements 1 0 0 0 
Simplicity of system: 
* construction "II" 1 0 2 2 

* operation and maintenance 1 4 3 3 
B Financial criteria 

* construction costs "Ill" 1 -5 -30 -30 

* operational costs "Ill" 1 -0.5 -0.5 -0.5 

c Institutional criteria 
* tasks 1 3 3 3 

D SociaVcultural criteria 
* attitude population 1 2 2 2 
* convenience system 1 1 2 2 

E Geographical criteria 
* climatological conditions 1 2 2 2 

* soil conditions & "II" 1 0 0 0 
tooooraphy reQuirements 

> I ...... 
\.;..) 

Systems 
UA-o-b (4' 

90 

90 
99 

-0.035 
-4.5 

4 

2 

3 

-30 

-0.4 

3 

1 
2 

3 

4 

(for a list of the abbreviations see table 6.3, p. 50) 
UA-o-c (5) UA-i (6) UA-o (7 WSP (8) Wl(9) 

64 80 80 85 96 

90 90 90 99.999 99.9 
99 99 99 100 100 

-0.043 -0.043 -0.043 -0.04 -0.04 
-4.5 -4.5 -4.5 -7.5 -7.5 

4 4 4 0 0 

2 1 1 1 1 

3 2 2 1 1 

-30 -130 -130 -117.5 -117.5 

-0.4 -8.4 -8.4 -8.35 -8.35 

3 1 2 2 2 

1 1 1 2 2 
2 3 3 3 3 

3 3 3 2 2 

4 4 4 3 3 

..... 
= = --., = --· 0 = f'") 

= "O 

= f'") 

~ 



> I -.i::.. 

II 

e(j1) e(j2) e(j3) e(j4) e(j5) e(j6) e(j7) e(j8) e(j9) 

A Reduction efficiency of: 
*BOD 0.2911 0.0506 0 0.9241 0.5949 0.7975 0.7975 0.8608 1 
• pathogens: 

f. coliforms 1 1 1 0 0 0 0 0.9999 0.99 
parasites 0 0 0 0.9 0.9 0.9 0.9 1 1 

Sustainability 
• production of sludge 0 1 0.4 0.6 0.28 0.28 0.28 0.4 0.4 
• land requirements 1 0.8696 0.4348 0.4348 0.4348 0.4348 0.4348 0 0 
• energy requirements 0 0 0 1 1 1 1 0 0 

B • construction costs "Ill" 1 0.8 0.8 0.8 0.8 0 0 0.1 0.1 

• operational costs "Ill" 0.9875 0.9875 0.9875 1 1 0 0 0.0063 0.0063 
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II 

A en a(1i') a(2i') a(3i') a(4i') a(Sr) a(6i') a(7i') a(Si') a(9i') 

a(1) 0 0.629059 -0.45636 1.567694 0.91858 1.121112 1.121112 0.96953 1.098871 

a(2) -0.62906 0 -1.08542 0.938635 0.289521 0.492053 0.492053 0.340471 0.469812 

a(3) 0.456357 1.085416 0 2.024051 1.374937 1.577468 1.577468 1.425887 1.555227 

a(4) -1 .56769 -0.93864 ·2.02405 0 -0.64911 -0.44658 -0.44658 -0.59816 -0.46882 
i 

"\::>) -0.91858 -0.28952 -1 .37494 0.649114 0 0.202532 0.202532 0.05095 0.180291 

a(6) -1 .12111 -0.49205 -1.57747 0.446582 -0 .20253 0 0 -0.15158 -0.02224 I 
! 

a(7) -1 .12111 -0.49205 -1.57747 0.446582 -0.20253 0 0 -0.15158 -0.02224 . 
! : 

a(8) -0.96953 -0.34047 -1 .42589 0.598164 -0.05095 0.151581 0.151581 0 0.12934 ; 

' 
ja(9) -1 .09887 -0.46981 -1 .55523 0.468823 -0.18029 0.022241 0.022241 -0.12934 : 0 
I 

; 

! 
B (i') a(1i"I a(2i"I aC3i"I a(4i') a(Si') a(6i"I a(7i') a(SI') a(9i') : 

I 
a(1) 0 -0.2 -0.2 -0.1875 -0.1875 -1.9875 -1 .9875 -1 .88125 -1.88125 

I 
i 

a(2) 0.2 0 0 I 0.0125 0.0125 -1.7875 -1 .7875 -1 .68125 -1.68125 . 
I 

a(3) 0.2 0 0 ! 0.0125 0.0125 -1 .7875 -1 .7875 -1 .68125 -1 .68125 . 

a(4) 0.1875 -0.0125 -0.0125 0 0 -1 .8 -1.8 -1.69375 -1.69375 i 

a(5) 0.1875 -0 0125 -0 .0125 0 0 -1 .8 -1 .8 -1 .69375 ·1 .69375 ; 
: 

a(6) 2 0.8 0.8 0.80625 0.80625 0 0 0.1 0.1 
I . 

a (7) 1.9875 1.7875 1.7875 1.8 1.8 0 0 0.10625 0.1 0625 

a(8) 1.88125 1.68125 1.68125 1.69375 1.69375 -0.10625 -0.10625 0 0 
! 

a(9) 1.88125 1.68125 1.68125 1.69375 1.69375 -0.10625 -0.1 0625 0 0 i 

A-15 
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II 

A (i') alfa(ff) alfa(2J'l alfa(3i'l alfa(4n alfa(51") alfa(61") alfa(71") alfa(BI") alfa(91") 

alfaC1l 0 0 0 0 0 0 0 0 0 

atta(2) 0 0 0 0 0 -2 -2 -2 -2 

atta(3l 0 0 0 0 0 -2 -2 -2 -2 

alfaC4l 0 0 0 0 0 -2 ·2 -2 -2 

alfa(SJ 0 0 0 0 0 ·2 -2 ·2 -2 

alfaC6l 0 2 2 2 2 0 0 -1 ·1 

attal7l 0 2 2 2 2 0 0 -1 -1 

alfa(BJ 0 2 2 2 2 1 1 0 0 

alfaC9l 0 2 2 2 2 1 1 0 0 

c (i'l alfa(11") alfa(21") alfa(3i') alfa(4i'l alfa(SJ'l alfa(6J'l alfa(7rJ alfa(BJ'l alfal9i'l 

alfa(1) 0 0 0 0 0 -1 -1 -1 -1 

alfaC2l 0 0 0 0 0 ·1 -1 -1 -1 

I alfa(3l 0 0 0 0 0 -1 -1 -1 -1 
I 
I alfa(4) 0 0 0 0 0 -1 -1 ·1 -1 
! 
; alfaC5l 0 0 0 0 0 -1 -1 -1 -1 

I I I 
alfa(6) 1 1 1 1 1 0 1 1 1 

I I 
alfa(7) , i , , 1 1 -1 0 0 0 

I I 
alfa(Bl , I , , , 1 

_, 
0 0 0 

I 
atta{9) 1 I , , , , _, 

0 0 0 
I 

I I 
I 

0 (i') alfa(ffJ alfa(2i') alfa(3i') alfa(41'\ alfaf5i'l alfa(61'\ alfa(7i') alfa(81') alfa{9i'l 
I 

altam 0 I , , 0 0 0 0 1 1 
I : 

atta{2) _, 
I 0 0 

_, _, 
0 0 , 1 

I I 
attaC3l 

_, I 0 I 0 _, -1 0 0 1 , 
i 

alfa(4) 0 , i 1 0 0 1 1 2 2 
~ i I I 

alfa(Sl 0 , , 0 0 , I , 2 2 I 

' I 

attaC6l 0 i 0 0 -1 -1 0 0 , , 
I I 

alfa(7) 0 : 0 I 0 -1 -1 0 0 , 1 
I 

atta(B) -1 ! _, -1 -2 ·2 -1 -1 0 0 

' I I 
alfa(9) -1 

_, -1 -2 -2 
_, 

-1 0 0 
! I 

I 

' E (i') alfa(11'l I alfa(2i'l I alfa(3rJ alfa(4i'l alfa(5J'l alfal&l'l alfal7i'l alfa(Bl'l alfal91') 
I I 

,atta(1l 0 : 0 ' 0 2 2 2 I 2 1 1 
i I i 

atta(2) 0 i 0 ; 0 2 2 2 2 , 1 
! i 

atfa(3J 0 I 0 0 2 2 2 2 1 , 
atta{4) -2 -2 -2 0 0 0 0 -2 -2 

i i 
atta{Sl -2 -2 -2 0 0 0 0 -2 -2 

I I i I 
atta(6) -2 -2 : -2 0 0 0 0 -2 -2 

i 
alfa(7) -2 -2 i -2 0 0 0 0 -2 -2 l 

I 
atta(B) -1 _, 

I -1 2 2 2 2 0 0 

' I I 
atta(9) -1 _, I -1 2 I 2 2 2 0 0 
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Appendix IV · 

II 

A ff) d(1i") d(2i") d(3i') d(4i') d(Sr) d(6r) d(7r) d(Si") d(9i") 

d(1) 0 0.012458 -0.00904 0.031046 0.018191 0.022202 0.022202 0.0192 0.021762 

d(2) -0.01246 0 -0.0215 0.018588 0.005734 0.009744 0.009744 0.006743 0.009304 
I 

d(3) 0.009038 0.021495 0 0.040084 0.027229 0.03124 0.03124 0.028238 0.030799 I 

d(4) -0 .03105 -0 .01859 -0.04008 0 -0.01285 -0.00884 -0.00884 -0 .01185 -0.00928 i 

I 
d(5) -0.01819 -0.00573 -0.02723 0.012855 0 0.004011 0.004011 0.001009 0.00357 ! 

I 
d(6) -0.0222 -0 00974 -0.03124 I 0.008844 -0 .00401 0 0 -0.003 -0.00044 

d(7) -0.0222 -0.00974 -0.03124 I 0.008844 -0 .00401 0 0 -0.003 -0.00044 : 
I ! 

d(8) -0.0192 -0.00674 -0.02824 0.011846 -0.00101 0.003002 0.003002 0 0.002561 ! 

d(9) -0.02176 -0.0093 -0.0308 I 0.009284 -0.00357 0.00044 0.00044 -0.00256 0 ' 
; 

I 
i 

B ff) d(1i') d(2i'l d(3i') d(4i') d(Si') d(6i') d(7i') d(Si'l d(9i') 
I 

I 
d(1) 0 -0.00287 -0.00287 I -0 00269 -0.00269 -0.02851 -0.02851 -0.02699 -0 .02699 i 

I I 

d(2) 0.002869 0 0 : 0.000179 0.000179 -0.02564 -0.02564 -0.02412 -0 .02412 ! 
! ! 

d(3) 0.002869 0 0 I 0.000179 0.000179 -0.02564 -0.02564 -0.02412 -0.02412 I 

i ; 

d(4) 0.00269 -0.00018 -0.00018 0 0 -0.02582 -0 .02582 -0.0243 -0.0243 
I 

' 
d(5) 0.00269 -0.00018 -0.00018 i 0 0 -0.02582 -0.02582 -0 .0243 -0.0243 i 

i I 
d(6) 0.028689 0.011476 0.011476 ' 0.011565 0.011565 0 0 0.001434 0.001434 1 

! 

d(7) 0.02851 0.025641 o.025641 I 0.02582 0.02582 0 0 0.001524 0.001524 
I 

d(8) 0.026986 0.024117 0.024117 I 0.024296 0.024296 -0.00152 -0.00152 0 0 

d(9) 0.026986 0.024117 0.024117 0.024296 0.024296 -0.00152 -0.00152 0 0 
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Appendix IV 

II 

A (i'l delta(ff) delta(21') delta(31") deltaC41'l deltal51'l delta(61'l delta(71') detta(81"l delta(9i") 

deltaC1l 0 0 0 0 0 0 0 0 0 

delta(2) 0 0 0 0 0 -0.02778 -0.02778 -0.02778 -0.02778 

deltaC3l 0 0 0 0 0 -0.02778 -0.02778 -0.02778 .() 02778 

delta(4) 0 0 0 0 0 -0.02778 -0.02778 -0.02778 -0.02778 

deltaC5l 0 0 0 0 0 -0.02778 -0.02778 -0.02778 -0.02778 

delta(6l 0 0.027778 0.027778 0 .027778 0.027778 0 0 -0.01389 -0.01389 

deltal7l 0 0.027778 0.027778 0.027778 0.027778 0 0 -0.01389 -0.01389 

delta(8J 0 0.027778 0.027778 0.027778 0.027778 0.013889 0.013889 0 0 

deltaC9l 0 0.027778 0.027778 0.027778 0.027778 0.013889 0.013889 0 0 

c n delta(11") delta(21") delta(3i'J delta(41') delta(51') delta(6i") delta(7i") delta(8i'J delta(9i'J 
I 

: delta(1) 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 ! 
I 

delta(2) 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 ! 
I I 

deltaC3l 0 I 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 i 

I 
I delta(4) 0 I 0 0 0 0 -0.02174 -0.02174 -002174 -0.02174 

' I I 
deltaC5l 0 I 0 0 0 0 -0.02174 -0.02174 -0.02174 -0 .02174 

I 

delta(6l 0 .021739 ' 0.021739 0.021739 0.021739 0.021739 0 0.021739 0.021739 0.021739 

I I i 

' delta(7) 0.021739 i 0.021739 0.021739 0.021739 0.021739 -0.02174 I 0 0 i 0 
I ' 

i deltaC8l 0.021739 ; 0.021739 0.021739 0.021739 0.021739 -0 02174 0 0 I 0 
! 

delta(9J 0.021739 0.021739 0.021739 0.021739 0 .021739 -0.02174 0 0 ! 0 
I 

' ! 
ID n deltaC11'l deltal21'l delta13i"l deltal4i"l deltaCSl'l deltal61'l deltal71'l deltat8n , delta19i'l 
i ! 
' delta(1l 0 : 0.017857 0.017857 0 0 0 0 0 .017857 : 0.017857 

i i 
i delta(2l -0.01786 I 0 0 -0.01786 -0 01786 0 0 0.017857 I 0.017857 
! ' 

deltal3l -0.01786 0 0 -0.01786 -0.01786 0 0 0.017857 i 0.017857 

i delta(4) 0 0.017857 0.017857 0 0 0.017857 0.017857 0.035714 I 0.035714 
I 

delta(5l 0 0.017857 0.017857 0 0 0.017857 0.017857 0.035714 ' 0.035714 
I 

deltal6l 0 0 0 -0 01786 -0.01786 0 0 0.017857 i 0.017857 
! i 
i delta(7) 0 0 0 -0.01786 -0.01786 0 0 0.017857 i 0.017857 
I I 
I delta(8J -0.01786 -0.01786 -0.01786 -0.03571 -0.03571 -0.01786 -0.01786 0 I 0 
i I 

I deltal9l -0 .01786 -0.01786 -0.01786 -0.03571 -0.03571 -0.01786 -0.01786 0 I 0 

I 
I 

E lll"l delta(1i") delta(21") delta(31') delta(41') delta(5i'l dettal61'l deltal71"l delta(81') ' delta(91') 
I i I 

delta(1l 0 ! 0 0 0 .021739 0.021739 0 .021739 0.021739 0.01087 I 0.01087 
I I I 

I delta(2) 0 ' 0 0 0 .021739 10.021739 I0,021739 0.021739 0.01087 I 0.01087 
I I I I 

deltal3l 0 i 0 0 0.021739 0 021739 0.021739 0.021739 0.01087 ! 0.01087 

' I 
! 1delta(4) -0 021 74 I -0.02174 -0.02174 I 0 0 0 0 -0.02174 i -0.02174 

I 
delta(5) -0 02174 I -0.02174 -0.02174 0 o· 0 0 -0.02174 -0.02174 

I 
delta(6) -0.02174 I -0.02174 -0.02174 0 0 0 0 -0.02174 -0.02174 

I 
delta(7) -0.02174 -0.02174 -0.02174 0 0 0 0 -0.02174 -0.02174 

I 
delta(8) -0.01087 -0.01087 -0.01087 0.021739 I 0.021739 0 .021739 0.021739 0 0 

I 
delta(9l -0.01087 -0.01087 -0.01087 0 .021739 I 0.021739 0.021739 0.021739 0 i 0 
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Appendix JV 

II 

A ffl mr1n mr2n mrll"J rn14fl rn151"1 mf61"1 "'" mlln m!91"1 

m(1) 0 0.074746 -0.05423 0.186276 0.109147 0.133213 0.133213 0.11,n•1 0.13057 

mf2l -0.07475 0 -0.1289/ 0.11153 o.u34401 0.002911 0.002911 -0.0151 o ... ··-

ml3l 0.054225 0.128971 0 0.240502 0.163313 0.131882 0.131882 0.113871 0.12924 

ml4l HJ.18628 -0.11103 -<l.2405 0 -O.Orr13 -Q.10862 -0.10862 l.<J.12663 -0.111:lb 

ml5l -0.10915 -0.0344 l-<l.1633/ O.u• 129 0 -0.U3149 -0.03149 -0. -O.OJ.413 

ml6l -0.13321 -0.00291 -0.13188 0.108619 0.03149 0 0 -0.l.14579 -0.03042 

mm -0.13321 -0.00291 -0.131511 0.108619 0.03149 0 0 -0.04019 ·.<J .~2 

ml8l -0.1152 0.0151 -Q.11.>0f 0.126631 0.049~ '.'~"'89 0.04~ro• 0 0.01~~ 

m(9) -0.13057 -0 ..... ,, -0.12924 0.111262 0.0J.4133 0.0-~21 0.030421 -0.01537 0 

SIGMAmii" -0.82814 0.066195 -1 .~--~ 1.u•u569 0.3764UI! 0.204106 0.204106 -0.06911 0.06921 

B lffl mr11"1 m!21"1 111131"1 rn14fl rn(5i"J m16n m11r1 rn(lr) m(l11 

m(1l 0 -0.00574 -0 .. -~,4 -0.00~~ -0.00538 -0 05702 -0.11:>102 -0.05397 -0.05397 

m<2l 0.005138 0 u 0.000359 10.'• ,._9 -0.05128 -0.05128 -0.04823 -0.04823 

m<3! 0.005738 0 0 O.wu359 0.'• 359 -0.05128 -0.05128 -0 .•~,3 -0.04823 

mr4> 0.005379 -0.00036 -0.00036 0 0 -0.05164 -0.05164 -0.04859 -0.04859 

mr5> 0.0053/9 -0.00036 -0 .~ 0 0 -0.05164 -0.05164 -u.04859 -0.04859 

lm(6 l I 0.057379 0.022951 0.022951 0.023131 0.023131 0 0 0.002869 0.002869 

mm 0.05702 0.051282 0.051282 0.051641 0.001641 0 0 0.003048 0.003048 

·mc8> I 0.053972 0.04823'1 0 .04823'1 0.048592 10.048592 -0.00305 -0.00305 0 0 

:mr9> 0.053972 0.048234 10.04823'1 0.048592 0.048592 -0.00305 -0.00305 0 0 
I 

SIGMAmii ' 0.244576 0.16424610.164246 0.167294 0.167294 -0.26896 -0.26896 -0.24171 -0.24171 
i 

,£__ l(r) mf1i'\ ml21"l I ml31"l m<4fl m<51"l mf61"l m<71"l mean rn191") 
I I I I I 
!m(iJ i 0 0 I 0 0 0 -0.02174 -0.02114 -0.02114 .<J .02114 I 

I I i I I 

i- !m(2! I I 0 0 I 0 0 0 -0.02174 -0.02174 -0.02174 -<l.02174 

~ 
I ' I 
•ml3> I I 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 
i I - I ! 
:m(4! I I 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 

r= I ! - I 
irn!5! I I 0 0 0 0 0 -0.02174 -0.02174 -0.02174 -0.02174 

I I I I 

~-~ i0.021739 0.021739 ·0.021 "'" 0.021739 0.021739 0 0.021739 0.021739 0.021739 
I I 

1mm ,0.021739 0.021739 10.021739 0.021739 0.021739 -0.02174 0 0 0 
! ' I 

ml81 0.021739 0.021739 ' 0.021739 0.021739 0.021739 -0.02174 0 0 0 

I .m(9) I 0.021739 0.021739 00.021739 0.021739 0.021739 -0.02174 0 0 0 
I 

' 
I 

I Sll>MAmii' 1 0.086951 0.086957 ' 0.ut!b957 0.086957 0.086957 -0.17391 -0.08696 -0.08696 -0.08696 . 
I I I 

D i(r) I I m(11") m(2i") I m(3r) m(4r) m(5i") m(&rl m11r) mcari m(9r) I 
I I I 
:mr1 1 I 0 0.035714-0.035114 0 0 0 0 0.035714 10.0357 14 , 
I I I I I 
1m121 I -0.03571 0 ' 0 -0.03071 -0.03571 0 0 0.035714 10.035714 1 

I i I I 
lm<3l I -0.03571 0 0 -0.03571 -0.03571 0 0 0.035714 ,o 035714 1 
I i I I 
1m(4J I 0 0.035714 0.035714 0 0 0.035714 0.035714 0.071429 0.071429 : 
I I ! 
1ml5l I 0 0.035714 0.035714 0 0 0.035714 0.035714 0 071429 10.071429 : 

I I I 
1mr6l I 0 0 0 -0.03571 -0.03571 0 0 0.035714 10.035714 I 
I I I I 
:m1'7' I 0 0 0 -O.u,ot1 .<J .03011 u u 0.035714 10.035714' 

: ! 
:m(8) -003511 -0.03511 -0.03071 -0.07143 -0.01143 -0.03011 -0.03571 0 0 : 

I 

•mr9> I -0 03571 -0.03571 -0 03511 -0.07143 -007143 -0.03571 -0.03571 0 0 
: I 

;SIC,iMAmii' I 1-0.14286 n 35714 0.035714 -0.28571 -0.28571 0 I 0 0.321429 0.321429 . 
I 

E :ff) I mf1i'l ml2fl ml3fl mrcn mrsn mf61"l m/71"1 mean mr9i'l 
I I I 

iml1} I 0 0 0 0.04J.478 i0.043478 0043478 10.043478 0.021739 1 0.021739 : 
I I 

I ir.i2) I 0 0 0 0.0434i8 ' 0.0434 t 8 0.043478 10.043478 0.021739 10.021739 . 

' I I 

I m13> 0 0 0 0.043478 ·0.043478 0.043478 ' 0.043478 0.021i39 10.02173S 
I ' I I 
I •m(4l 1-0 04348 -0.04348 -0.043'18 0 I 0 0 0 -0.04348 1 -U.04348 I 
I I I I : 

m(5l -0 0<348 -0.04348 -0 04348 i 0 I 0 0 0 -0.04348 -0.04348 . 

:m161 I -0.04348 -0.04348 -0 04348 0 0 0 0 -0.04348 -0.04348 

' I 

.m(7l -0.04348 ·0.04348 -0.04348 0 0 0 0 -0.04348 -0.04348 
! 
•rnl8l -0.02174 -0.02174 -0.02174 0.043478 0.043478 0.04"4r8 0.043478 0 0 
: 
1m19l -0.02174 -0.02174 -0.02174 0.043478 0.043478 0.043478 0.043'178 0 0 

' I 
.SIGMAmii' I -0.21739 -0.21739 -0.21739 0.217391 0.217391 0.217391 0.217391 -0.1087 -0.1087 

A-19 



> I 
N 
0 

II 

s1 

A -0.09202 

B 0.027175 

c 0.009662 

D -0.01587 

E -0.02415 

s2 s3 s4 

0.007422 -0.12155 0.118952 

0.01825 0.01825 0.018588 

0.009662 0.009662 0.009662 

0.003968 0.003968 -0.03175 

-0.02415 -0.02415 0.024155 

s5 s6 s7 s8 s9 

0.041823 0.022678 0.022678 -0.00768 0.00769 

0.018588 -0.02988 -0.02988 -0.02686 -0.02686 

0.009662 -0.01932 -0.00966 -0.00966 -0.00966 

-0.03175 0 0 0.035714 0.035714 

0.024155 0.024155 0.024155 -0.01208 -0.01208 



I Ranking of the systems 

pit sep-b sep-c UA-o-b UA-o-c UA-i UA-o WSP WL 

A 8 6 9 1 2 3.5 3.5 7 5 

B 1 4.5 4.5 2.5 2.5 8.5 8.5 6.5 6.5 

c 3 3 3 3 3 9 7 7 7 

D 7 3.5 3.5 8.5 8.5 5.5 5.5 1.5 1.5 

E 8 8 8 2.5 2.5 2.5 2.5 5.5 5.5 

Total 27 25 28 17.5 18.5 29 27 27.5 25.5 

Overall rank 5 3 8 1 2 9 5 7 4 

> I 
N ..... 




