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Summary. 

In the framework of the research program: A systematic approach to water pollution assessment, an 
environmental pollution assessment methodology has been developed, which results in the 
presentation of possible environmental policy options including a judgment on their relative priority 
and appraisal of their expected effectiveness in those areas where actual environmental data is still 
very scarce. The core of the assessment methodology is to assess waste loads as a function of a 
functional variable (waste producing entities) multiplied with a pollution intensity. This study focuses 
on domestic liquid waste. The 

During the research program, domestic liquid waste is believed to runoff fully (either by a sewage 
system or as surface runofJ) and alternatively, entering a receiving water body. In order to assess the 
domestic liquid BOD load, a distinction was made whether people are connected to a sewage system 
or a septic tank with corresponding pollution intensities of 18 and 6.9 kg BOD/capita/year. The fact 
that the majority of population makes use of pit latrines and as a result a separation of black and gray 
water (also called sullage or seepage), was uot accounted for iu such a way that they were assumed to 
have the same pollution intensities as people having septic tank connections. 

This study performs a calibration of the above-mentioned pollution intensities and assesses the 
fraction domestic liquid waste runoff for urban Dar es Salaam in Msimbazi River catchment. All input 
waste loads are assessed with help of the rapid assessment methodology and verified with water 
sample analysis at several locations in Dares Salaam along Msimbazi River. 

The main results are lower pollution intensities for people who make use of pit latrines and only a 
small part of gray water enters Msimbazi River. The found annual domestic liquid waste production 
per capita that runs off ranges from 0.45 to 0.79 kg/cap/year. The amount of gray water or sullage that 
ends up to a receiving water body depends on population density. For urban areas where the vast 
majority (over 70%) of the population makes use of pit latrines, gray water runoff amonnts to: 

• 0 - 10% for rural and peri-urban area ( <500 cap/km2
) 

• 0 -40% for medium densely populated areas (500 - 5,000 cap/km2
) 

• 15 - 60% for high densely populated areas (>5,000 cap.km2
) 

Because of gray water surface runoff or uncontrolled sullage disposal, serious health problems can be 
expected. This is twofold: on the one hand, wastewater runoff causes is likely to form stagnant water 
in terms of (small) swamps and pools, which offer suitable habitats for snails (schistosomiasis) and 
certain species of mosquitoes (Culex Pipiens transmitting filariasis). On the other hand, stagnant water 
provides transmission routes for a whole range of water related diseases when children are play1ng in 
pools - formed by domestic wastewater - contaminated with faeces. Domestic wastewater analysis 
shows substantial amounts of F-coli indicating the presence of excrements. 

The main problems of this study are the limited number of water samples and little information on 
gray water prodnction. The former causes high uncertainty of the results and is difficult to determine. 
The latter needs further research to understand what happens with domestic biodegradable liquid waste 
surface runoff in chemical and physical terms. This probably explains the huge difference between the 
values which ware used so far and the results of this study. 
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1 Introduction. 

1.1 Background 

This MSc -thesis 1s a part of a research program. A systematic approach to water pollutwn 
assessment. Until now, the program has focused on Lake Victoria, East Afnca. The aim of the 
research prograin as a whole is to establish an assessment methodology, which results in the 
presentation of possible environmental policy options including a judgrnent on their relative priority 
and appraisal of their expected effectiveness in those areas where actual environmental data is still 
very scarce The assessment methodology distinguishes the following four steps. 

1 Water pollution sources assessment 
2. Mass balance assessment 
3. 
4 

Ecological assessment 
Environmental economics assessment 

Until now, several studies have been earned out, covenng all or some of the above-mentioned steps 
(Balkema, 1996, Scheren et al, 1994, 1995, 2000, Zanders, 1995, Zanting, 1996} Efforts have been 
concentrating on the first two steps in which a model was developed to make it possible to predict 
water pollution on basis of data on the population and its industrial and agricultural activities in the 
catchment area of the concerning water body. One of the major problems identified, was the difficulty 
of obtaining accurate information on actual environmental conditions necessary to calibrate and check 
the model. In this study actual data, which were collected during extensive fieldwork in Dar es 
Salaain, are used to calibrate the model with respect to domestic wastewater run off The results of the 
calibration are used to refine the results of the earlier studies mentioned above. Previous studies 
applied water pollution sources assessment and mass balance assessment on stagnant water bodies 
(Lake Victoria, Tanzania). In this study the applicability of the saine methods for running water bodies 
will be tested. 

1.2 Research aim 

In view of what was said in the last paragraph the research aims of this study can be formulated as. 

• To calibrate the method for domestic wastewater runoff 
• To test the applicability of the method for a running water body 

Although previous studies showed that the domestic part of the total nutrient load plays a minor role, 1t 
does for biodegradable liquid waste The contribution of domestic waste production in urban areas to 
the pollution of a water body in earlier studies was assumed a 100% of the waste produced at the 
source This is not the case Most people in urban East-Africa have no sewer connection, but use 
mainly pit latrines. The latter causes a separation between black and gray water of which the first 
disappears into the ground and only the latter (partially) runs off A realistic valuation of domestic 
runoff can improve the accuracy of the results in previous studies 

Another opportunity regard.mg the available data set is to test the applicability of the method for a 
(small) running water body and verify the rapid assessment procedure with respect to domestic 
wastewater runoff For large stagnant water bodies like Lake Victoria, this 1s a complex task because 
of the large number of pollution sources. Next to this, biodegradable waste oxidizes and long travel 
time between the source and the receiving water body forces various penetration factors introducmg 
large probability mtervals. In case ofMsimbazi catchment, these factors are easier to determine 
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This leads to the followmg research quest10ns: 

• What is the fraction of gray water origmatmg from domestic wastewater m unsewered areas 
that will run off to Msimbaz1 River in Dar es Salaam? 

• What is the relationship between the number of people per km2 with no sewer connection and 
the fraction gray water runoff? 

As this study clmms to have suitable data on both populatmn, includmg its mdustnal and agncultural 
activities and actual pollution figures of the threatened water body for a comparable period of time it 
will be possible to determine the fraction gray water runoffwith two methods and compare the results 
One method will use the rapid assessment approach, which is used in all previous studies during the 
research program The other is a direct method. all input and output waste loads and flows are known 
at a certain time due to wastewater sainple analysis from third party surveys. 

1.3 Research boundaries 

This study concentrates on Ms1mbaz1 River in Dar es Salaam, Tanzania. The city is traversed by the 
river, which originates 35 km off coast in Pugu Forest Its catchment area is approximately 260 km2 It 
covers one third of the total population and about 50% of the industrial production of the town. 
Ms1mbazi valley is often called the fruit basket of Dar es Salaain. It has fertile grounds and supplies 
irrigation works. Msimbazi River also acts as an open sewer and in addition as gray water run off; it 
collects (untreated) wastewater from industries, drains and waste stabilization ponds 

Figure 1: Dares Salaam region. 

Msimbazi catchment 

II permanent housing 

II unplanned settleme 

rivers 

main roads 

- coast 

railway 

t.J major industries 
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The calibration is executed with data from the third quarter of 1988. It concerns liquid biodegradable 
waste only. The fate and effects of BOD-pollution in the environment is liruited compared to health 
impact: domestic liquid waste runoff, in terms of uncontrolled sullage disposal, promotes all kinds of 
water related diseases and is often underexposed. Therefore, in separate chapter (Chapter 5) attention 
is given to water related diseases. 

Because of the size of Msimbazi River and 1ts relatively small retention time of river water, wet 
deposition and settling of nutrients will not be taken into account. Other liruitations are: 

• Only formal kno\vn liquid \Vaste sources are taken into ac-....coun.t (it was not possible to track 
illegal dumps) 

• Only direct surface runoff is taken into account; longitudinal and transverse dispersivity of 
biodegradable liquid waste originating from domestic waste in groundwater is neglected 

• Flooding of pit latrines because of heavy rainfall (during the rainy season) in areas with high 
ground water tables is neglected since there was no substantial rainfall during the research 
time span. 
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2 Methodology. 
This chapter explains the methods used for collecting BOD-load data and how these are processed. 
The calibration of the model with respect to domestic liquid waste runoff is done by means of a BOD
mass balance. The mass balance is applied for several parts of Msimbazi River, marked by sample 
points. In the first paragraph, the calibration model is explained by means of the BOD-flow diagram 
for a marked river part. The BOD flow diagram results in a mass balance. The second paragraph 
describes the geo-physical characteristics of the study object. It also explains how elementary GIS
techniques are used to assess BOD-loads for each (sub)catchment area. These (sub)catchment areas 
were formed by strategic sample points: just after sewer outlets, on junctions of Msimbazi River and 
its tributaries or just before when one of these entered urban Dar es Salaam. Tne third paragraph 
explains the operationalization of the mass balance. In the fourth paragraph, key-variables are 
elaborated and refinements are made by means of assumptions and restrictions during the 
operationalization. In the fifth paragraph, special attention is given to rainfall runoft; resulting in river 
flow, since this was the only variable of which data could not be obtained directly. In the sixth 
paragraph, an error analysis is proposed to show the range of the fraction domestic waste runoff and its 
dependency on the major input variables. 

Until now, either domestic liquid waste runoff in unsewered areas is assumed 100% (Scheren et a[) or 
0% (Mara, 1982). The first point of view seems to be preferred during environmental impact studies. 
Other projects that are focusing on domestic waste, particularly sanitation projects, seem to prefer the 
second point of view. For both point of views, this study will show the impact of a more realistic 
approach regarding domestic liquid waste runoff. 

2.1 Waste Load Assessment. 

If all BOD loads and flows are known, it is possible to determine the fraction domestic BOD that runs 
off with gray water. Wastewater characteristics, i.e. BOD-loads, are derived in two ways: direct and 
indirect. The direct method consists of water quality surveys. Water samples from industrial and 
domestic pollution sources are analyzed and multiplied by wastewater volume to obtain waste load 
expressed in mass per time unit. The indirect method consists of a rapid assessment procedure as 
describe by the WHO and applied in the previous studies during the research program (Scheren et al, 
1994; Scheren, 1995; Zanting, 1996; Zanders, 1997; Scheren et al, 2000) which is expressed in the 
formula: waste load = functional variable * pollution intensity. Pollution intensity represents the 
amount of waste produced per unit of a certain functional variable typically for any pollution source in 
that category. 

Table 1: functional variables and pollution factors for principle pollution sources 
used by the rapid assessment procedure. 

Pollution source: 

Industrial 

Domestic 

Agricultural 

Functional variable Pollution factor 

Annual production Waste production per unit product 

Population number Annual waste production per person 

Area of (non) cultivated land Annual run-off of pollutant per area 

2.2 Domestic wastewater runoff: flow diagram and mass balance 

Most people in Msimbazi catchment area are not connected to a sewage system. Septic tanks and pit 
latrines are used instead. A small part of the population even lacks any sanitation facilities. This causes 
a separation of wastewater into black and gray water. The latter will flow through ditches, open 
channels and little streams to a receiving water body (Msimbazi River). Not all gray water will eud up 
in Msimbazi; a part will soak away into the soil/ground or evaporate. The fraction domestic gray water 
that will run off to Msimbazi River is determined by a BOD mass balance .. 
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When a part of a river is marked by one (or two) sample points, all input and output BOD-loads are 
traced as shown in Figure 32. 

Load 

industry domestic 

Gnat 

W;od(!) 1 F;,orn Woomm 1 Foomm 

Msimbazi River 

Sample paint i 

I Fi, Ci, Frunoff(i).,, 

Figure 2: flow diagram of BOD mass balance 

Assuming the fraction domestic liquid BOD that will end up into Msimbazi is linear to the fraction 
gray water produced, the following formulas can be applied: 

Where: 

Fi = F runoff(i) + Find(i) + fFdom(i) 

F, =river flow at point i [m3.ctay1
] 

Frnnoff(i! =generated rainfall runoff at pomt i [m3.daY1l 
Ftnd(i) =industrial effluent at point i [m3.da(l 
Fdam(i! =domestic gray water production [m .day 1

] 

(flow balance) 

(mass balance) 

f; =fraction gray water runoff for catchment (i) at sample pomt (i) 
W;n =assessed BOD load [kg.day1

] 

W°"' =measured BOD load [kg.day'] 
W;ndO! =industrial BOD load in catchment area contributing to sample point i[kg.daY1l 
Wdam(t! =domestic BOD load in catchment area belonging to sample point i [kg.daY1l 
c1 = concentration BOD at point i [kg.ni.,] · 
Cnat =background or 'natural' BOD-concentration of river water at point i [kg.ni 3

] 

(1) 

(2) 

In theory, there should be a runoff factor for industrial liquid BOD too because of little BOD-decay 
time: wastewater flows are high or the wastewater sample was taken just before ir enters Msimbazi 
River. Other factors that could influence the amount of BOD are believed to play a minor role. 
Therefore, the industrial wastewater runoff fraction is assumed to be 100%. 

Because pollution is usually lognormal chstnbuted (Buren 1996, Stichting Bouwkwaliteit 1999, 
http://www.bouwkwaliteit.nl/monster.html), W,., is calculated according equation (3). Together with 
equation (1) and (2) the fraction can be calculated according equation (4). 

- LF, 
F=--
' 

and 
_ Llog(c,) 
c, =exp( ) 

n n 

fi = Ci (F mnoffU> + F'ind<t> )-Wtnt1ui_ - F mnoff<Ocnat 

Waom<t> - FdomU>ct 

(3) 

(4) 
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Where: 

W
0
"' =mean measured BOD load [kg.day'] 

W = mean industrial BOD load in catchment area contributing to sample point i[kg.day 1] ind(i) 

Wdom(i) = mean domestic BOD load in catchment area belonging to sample point i [kg.day'] 

F'; =mean river flow at point i [m3.daY1l 

F ·#< .> = mean generated rainfall run off at point ; runo.,, 1 

c, =mean BOD concentration at point i [kg.ni 3
] 

2.3 (Geo-physical) description of the study area. 

In the third quarter of 1988, Haskoning executed an extensive water quality survey covering industrial 
effluents, waste stabilization pond effluents, open drains, and Msimbazi River1

• Together with data on 
industrial productivity for the same period and population characteristics obtained by the census held 
in 1988, this offered the possibility to track waste for a comparable period of time. Out of 39 sample 
points, surveyed by Haskoning, seven were lying in Msimbazi River (or its tributaries) of which six 
were suitable for this study: sample points 16, 12, 14, 17, 10, and 23 (see Figure 3). Sample point 16 
is located in Msimbazi River, just after the sewer outlet of two major textile companies and just before 
Vingunguti industrial area. Sample point 14 is located in Luhanga River (tributary) just before it enters 
Msimbazi River. Sample point 21 is located in Ubungo River (tributary) just before it enters urban Dar 
es Salaam. Sample point 17 is located in Sinza River (tributary) just before it enters Msimbazi River. 
The catchment areas belonging to the previous sample points are different from the remaining sample 
points because they are all marked by one sample point. Sample points 12, 10, end 23 are all located 
downstream of the prevtous sample points, in Msimbazi River, and form sub catchment areas, which 
are marked at least by two ore more sample points. Together with sample point 17, the corresponding 
(sub )catchments have an urban character, i.e. high population density. Sample point 12 is located after 
the junction of Msimbazi River with Luhanga River, and after Vingunguti Industrial Area and 
Vingunguti ponds outlet. Sample point 10 is located after the junction with Ubungo River and the 
sewer outlet of Ubungo Industrial Area. Sample point 23 is the final sample point at the end of 
Msimbazi River, after the junction with Sinza River, a little before it enters the Indian Ocean. 

Figure 3 shows an overview of all sample points, surveyed by Haskoning, and the catchment area of 
Msimbazi River. It also shows the (sub) catchments areas belonging to the foregoing mentioned 
selected sample points and the major industrial pollution sources. Figure 4 shows an overall flow 
diagram (see next page). 

1 Descriptions of sample points are hsted in Appendix V 
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31 

Figure 3: Msimbazi basin: Msimbazi river and its tributaries, and the location of sample points 
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2.4 Wastewater characteristics. 

Gray water production and domestic water consumption rate (key variables). 
Domestic wastewater characteristics roughly depend on type of sanitation and type of water supply. In 
case of a sewer connection or septic tank, black and gray water 1s disposed off together and drained off 
or leached mto the ground. In case of pit latrines, black and gray water are separated. Black water is 
collected in the pit latrine and gray water runs off through ditches, open channels and little streams to 
a receiving water body (Msimbazi River) In case of no facilities at all, the situation is comparable to 
that of pit latrines. 

The amount of gray water production is closely related to domestic water consumpt10n. gray water 
production equals domestlc \Vater consumption minus black water~ minus personal intake through 
drinking and eating (cooking). Domestic water consumption rates depend on type of water supply In 
this study, a distinction is made between m-house and outside house water supply. People who have 
access to mside house water supply consume more water than people who have access to an area 
standpipe and will therefore produce more wastewater (this does not necessarily mean that they 
produce more waste but it will be more diluted) Water consumption figures are obtained from NUWA 
(National Urban Water Authonty) and Dares Salaam Master Plan surveys 

As stated before, only people who are not connected to a sewer system or septic tank are believed to 
contribute to gray water nmoff The number of people who meet these characteristics 1s assessed with 
GIS using several maps with information about wards and correspondmg population figures, sewered 
areas, isohypses to determine catchment areas, and information about sanitation facilities and water 
supply from the census held in 1988 Dunng this assessment the following assumptions are made. 

• All people or households are equally scattered within sub-d1stnct (rural/urban) boundanes 
except for those areas where 1t 1s obvious that they are uninhabitable (such as the harbor) 

• In sewered areas, only flush tmlets occur 
• Flush toilets are connected to sewer or septic tank 
• All flush toilets have inside house water supply (piped water, well water or other) 
• Msasani, which is the richest ward, 1s only served by sewer or septic tank 
• People who don't have any sanitation facilities at all, are believed to have the same gray water 

production charactenstlcs as people having pit latrines 
• Water consumption rates for people having in-house water supply by well or other, equals to a 

residential connectzon, similar for outside house connection with regarding to area standpipe 
• BOD-load per capita does not depend on type of water supply 
• Domestic liqmd waste production is continuous during the day m such way that they don't 

cause shock loads when gray water is entering Msimbazi River 

If the above-mentioned assumpt10ns are applied for those sub-d1stncts covered by Ms1mbazi 
catchment area, this leads to most feasible percentages of population producing gray water runoff, 
with or without in-house water supply, regarding the available data. In appendix I the exact 
calculat10ns are shown 

Domestic BOD production. 
Until now, domestic liquid BOD production rates were denved from the rapid assessment procedure 
(WHO 1993). Previous studies used values of 18 kg BOD/cap/year and 55 m3 wastewater volume for 
people connected to a sewer system and 6 9 kg BOD/cap/year and 7 3 m3 wastewater volume for 
people not connected to the sewer Besides this, no distinction was made between black and gray 
water These values will be compared with values obtained by wastewater sample analysis from 
Buguruni dram, which is representative for gray water runoff and ongins mainly from people with pit 
latrines. The fraction gray water nmoff will thus be calculated for both values (the value from the 
rapid assessment procedure- 6 9 kg/cap/yr and 7 3 m3 wastewater volume and the empirical values). 
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Indnstrial BOD prodnction. 
Msimbazi catchment covers two major industrial areas: Ubungo industrial area and Vingunguti 
industrial area. Both industrial areas are drained and water samples, taken from the two main drains, 
will be used for the direct method next to third party surveys concerning waste audits and wastewater 
analysis. All surveys report waste loads with corresponding industrial production. This results in 
empirical pollution intensities. 

Industrial pollution sources are identified with the help of the following sources: 
• Database of Central Bureau of Statistics (CBS): this database contains quarter production 

figures (from 1988 tol993) classified by type of commodity and corresponding company. It 
does not describe the location of companies. 

• Industrial Censns held in 1988: extensive survey of 1007 companies having over 10 
employees. It describes, among others, location, number of employees, shifts, ownership, 
products, etc. 

• Database of the Ministry of Labour: a list of all registered companies in Tanzania. Its most 
important features for this study are: location of companies, and their corresponding ISIC
codes 

• Third party surveys 

Most important information source is the database of CBS, containing quarter production figures of 
companies having over 50 employees. Companies having over 50 employees are believed to 
contribute substantially to BOD-pollution and quarter production figures are the most accurate 
institutional data available. The location is determined with help of the industrial census, the database 
of Ministry of Labour, personal visits, and various reports (Haskoning, l 989a and l 989b; Mgana, 
1993; ARDHI, 1994; Balkema, 1996). 

Agricultural BOD production. 
Agricultural BOD-runoff is negligible compared to industrial and domestic BOD-runoff. Only during 
the rainy season, heavy rainfall will wash away substantial amounts of topsoil and humus, which 
contains biodegradable substance. Although this study covers the era outside the rainy season, 
agricultural BOD-runoff can be represented by a 'background' or 'natural' BOD-value: river water 
always contains some BOD. Even clear or unburdened river water shows BOD-values of 1 to 2 mg/I. 
This still may seem negligible, but for rural areas, where other BOD-loads are small compared with 
the BOD-load carried by the river (river flow multiplied with its background BOD concentration), 
these 'natural' BOD-values are substantial. 

BOD decay. 
Organic matter in water will utilize oxygen at a rate equivalent to the decrease of BOD expressed in an 
effective deoxygenation rate Kd (day"1

). As a result, BOD-concentration will decline during (travel) 
time expressed in equation (4), in which Lo and L1 = the BOD-concentration upstream and 
downstream, and t = travel in days. 

L, = L0 exp(-Kdt) (5) 

The deoxygenation rate depends on river characteristics and tends to increase, as rivers are getting 
smaller. Literature shows a variety of formulas for predicting KJ as function of flow, wetted perimeter, 
hydraulic radius and depth. All these formulas state the tendency mentioned before, but neglect 
velocity. River flow velocity, in relation to hydraulic radius (or depth), is most important because it 
affects flow characteristics: laminar and/or turbulent flow. The more turbulence, the higher the KJ. 
Appendix I shows the formulas involved to predict river flow velocity. Corresponding Kd values 
ranges from 0.05 to 0.67 per day (Chadderton et al, 1982). This means BOD decay can be neglected. 
The largest distance between two successive sample points is about 7 km. With an average river flow 
velocity of0,4 ms-1

, travel time= 0.2 days. With equation (4) can be derived Li= 87% to 99% of La. 
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2.5 Rainfall runoff. 

Msimbazi River has no gauging station. In order to assess rainfall runoff, a relationship is used as 
described in "Coast/Dar es Salaam Regions Water Master Plan" (CBA, 1979). This relationship 
represents correlations between monthly runoff and mean basin rainfall for Kizinga River adjacent to 
Msimbazi River. Both rivers have the same size and comparable geological and vegetation 
characteristics. 

where: 

Q = 1.01 +0.023P+0.033P1 for annual rainfall less than IOOOmm (R2 = 0.82) (6) 

Q 
p 
P' 

= 
= 

monthly runoff in mm 
monthly rainfall in mm 
rainfall in the previous month in mm 

Daily river flow is obtained by multiplying generated runoff (divided by 30) and catchment surface 
area. 

where: 

Q*A F ---river -
30 

A = 

(7) 

catchment surface area, F"""' = daily river flow 

Rainfall data have been derived from Dar Laboratory Station (daily data) and Statistical Abstracts 
(monthly data). Data from Dar Lab is used to generate daily rainfall data from the monthly rainfall 
data from Statistical Abstracts. This is done because of the following reasons. 

1. It is necessary to have daily rainfall data. When a sample is drawn in the middle of the month, 
river flow at that time cannot be influenced by future rainfall during the remaining days 
completing the (arbitrary) month. 

2. Data from SA is more representative for Msimbazi catchment because it is aggregated from 
various stations throughout Dar es Salaam Region; Dar Laboratory is located in the city 
center. Msimbazi catchment covers one quarter of Dar es Salaam Region and stretches out just 
over the region border. 

3. There are substantial differences between those two sources. 
4. It is assumed that rainy days registered at Dar Lab correlate with rainfall elsewhere in the 

region. 

2.6 Error Analysis. 

Errors in the calculation of the gray water runoff fraction may be caused by either variability or bias. 
In this study, the variability is mainly caused by the limited number of observations introducing a 
large uncertainty. Bias may result from the fact that a variable is not properly estimated because of 
Jack of data Although solutions for this problem exist (Scheren et al, 2000; Reckhow and Simpson, 
1980), they are not applicable in this study2. Therefore, bias is accounted for in such a way that an 
estimation of the uncertainty representing the variability will be calculated attended on a number of 
remarks representing the bias. The following paragraph shows why, in this case, it is impossible to 
account for bias in an analytical and quantitative way. 

To estimate the uncertainty associated with the assessment of the fraction gray water runoff, estimates 
are needed for the error, or uncertainty, in all terms in equation (3). Because equation (3) is a ratio of 

2 The applted procedures used by Scheren et al. and Reckhow & Simpson, based on the Camp-Meidell inequality, cannot be transfonned to 
generate random numbers 
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various variables, it is impossible to provide au analytical algebraic solution for the variance of the 
fraction consisting of variances of the input variables. To avoid the restraint induced by the ratio, the 
variance could be approximated by error propagation with the help of the Taylor series method: 

where: 
<Y2 

f =variance of fraction gray water runoff (fJ 

.c' .c' j' - _,, ~-1 de.....!- ...... :; ___ ,, _.c -~-- ... +~~~ f'l\ J1. 12····· n-partuu llV'1.llVC~UJ.i;;;L_1U£1.LlVll\...>J 

n = number of variables in equation (3) 

(8) 

But here another problem arises: the variables in equation (3) do not share the same type of probability 
distributions and some variables have no known probability distribution at all. Pollution 
measurements, in this case BOD-concentration, are usually lognormal distributed meaning that the 
log-inverted variance is not symmetrical aud therefore cannot be applied in equation (10). Therefore, a 
simulation will be applied: of each measured variable, its meau and its variance will be assessed aud 
random numbers will be generated from the correspondmg probability distribution function. These 
subsets of numbers will be feed back into equation (3) to show the dispersal and sensitivity. Here 1t 
becomes clear why the bias is left untreated: it appeared to be impossible to generate a probability 
density function for simulating the bias. 
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3 Assessment of fraction gray water runoff. 
This chapter discusses all the data which is collected needed for the solution of equations (!), (2), and 
(3) in order to assess the fraction gray water runoff in relation to sanitation facility characteristics. The 
first paragraph describes the data characteristics and how (and why) GIS-techniques are used for 
processing the key-variables. It also shows which wards and sub-districts are covered by Msimbazi 
catchment. Then, the second paragraph processes these key-variables followed by the third paragraph 
where the fraction gray water runoff is calculated for each selected sample point and its corresponding 
catchment area. 

3.1 Data characteristics and GIS. 

One of the most difficult problems during this study was identifying the sub catchment areas and 
determining the corresponding pollution sources within a sub catchment area. Maps that showed the 
size and shape of the sub-catchment areas of corresponding sample points were not available. These 
were generated by hand - which was a very tedious job - with the help of detailed maps3

, on which 
isohypses were drawn, a digitizing tablet and GIS-software (ATLAS GIS). Determining and digitizing 
sub catchments lying in the rural section was easy compared with the urban section. In urban areas, the 
differences in altitude are much less and isohypses became difficult to distinguish because of 
increasing map features. Next to this, rainfall and surface runoff in urban areas is more likely to follow 
man made environment. So, in urban areas, the size and shape of sub catchments is determined by 
tracking (main) roads and drains, and personal observation. 

Population numbers obtained 
by the census held in 1988 
were available at ward level 
and information on sanitation 
facilities was available at 
sub-district4 level. Once this 
information was also 
digitized, it was possible to 
determine to what extent 
wards are covered by each 
individual sub catchment, and 
tell the number of people 
living in a sub catchment. 
The next paragraph will show 
how gray water 
characteristics for the sub
districts are calculated. With 
this information it is possible 
to tell the number of people 
within each ward (belonging 
to a specific sub-district) and Figure 5: sub districts for Dares Salaam 
consequently, the number of 
people within each (sub )catchment contributing to gray water run off. 

Figure 5 shows how Msimbazi catchment is covered by sub-districts and wards. 

IJ Kinondoni urban 

I Kinondoni rural 

Regions 

l llala rural 

Temeke urban 
Iii T emek:e rural 

D•~ros 
D Msirrbazi catchment 

- Coastline 

3 Series Y742 (D.0.S. 422), sheets 186/1, 186/3, 186/4, scale 1,50,000, printed by Surveys and Mapping Division, Ministry of Lands, 
Natural Resources and Tourism, Tanzania, 1988 
4 Ahhough ward, district and region are the official adrrnnistrative units in Tanzama, lllfonnation on sanitation facilities was distinguished to 
rural and urban parts of districts, so called: sub districts. 
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3.2 Domestic water consumption and gray water prodnction. 

Domestic water consmnption. 
In 1988, NUWA (National Urban Water Authority) produced 234,000 m3 fresh water per da~ 
(Haskoning. 1989). Distribution losses were estimated (by NUWA) at 40%. This leaves 140.400 m 
for consumption. Forty thousand cubic meters is used by industries and institutions, 100,400 m3 by 
households. The total number of people served by NUW A is set to be the number of people having 
access to piped water. obtained from the Census in 1988 (Table 2). 

Table 2: water SUJ?EIY characteristics for Dares Salaam (Census 1988) 
Piped water Piped water well water well water 

District rural/urban inside outside inside outside other inside Other outside Not stated 

Kinondoni Rural 7266 30892 3507 14438 35 214 86 

llala Rural 96 1159 5765 18235 53 107 26 

Tern eke Rural 5438 3115 19201 30170 985 242 88 

Kinondoni Urban 182787 378456 3485 1034 1240 1507 59 

llala Urban 116135 155076 16777 16852 357 0 0 

Tern eke Urban 101506 185679 9711 41380 106 566 1024 

Total 413228 754377 58446 122109 2776 2636 1283 

Other water consumption rates are reported by the Dar es Salaam Master Plan (1979). The Dar es 
Salaam Master Plan (1979) reports domestic water consumption rates of 185 l/c/d (liter per capita per 
day) for people who have a residential honse connection (piped water inside) and 94 l/c/d for people 
supplied by an area standpipe (piped water outside). For 1989, the predictions were respectively 225 
l/c/d and 107 l/c/d. Multiplied with the figures of Table 2 this gives 147,359 and 173,695 m3 total 
domestic water consumption, much more than NUW A reports but still within the limits of the total 
water production. These differences can be explained when a part of the distribution losses are due to 
administration failures. 

The predictions of 1989, reported in the Master Plan, are based on a 20% (piped water inside) and 
13% (piped water outside) increase every ten years. This is doubtful since Dares Salaam is confronted 
with water shortages. All together, these considerations result in lowest, most likely, and highest 
values for domestic water consumption rates per capita shown in Table 3. 

Table 3: lowest, most likely, and highest water consumption rates 

Approximately distribution losses due Domestic water consumption [l/c/d] 
to leakages 

40 % (official by NUWA) 

20 % (Master Plan 1979) 

10 % (Master Plan 1989) 

Gray Water production. 

Piped water inside 

1265 

185 

225 

Piped water outside 

64" 

94 

107 

Gray water production per capita, with no sewer or septic tank connection, is simply assessed by 
distracting black water use and water used for direct consumption from the domestic water 
consumption rate per capita. Black water use is estimated at 3.3 I/cap/day (Mgana, 1994) and another 3 
I. for direct consumption. 

5 100,400 m3 is used by 413,228 people having piped water inside and 754,377 people using piped water outside where the inside/outside 
ratio equals 185/94 (Dares Salaam Master Plan, 1979). 
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Table 4: sanitation characteristics of Dares Salaam (Census 1988) 

District rural/ urban flush toilet inside house flush toilet outside/ shared pit latrine none 

Kinondoni rural 3661 1524 46109 5056 
llala rural 110 177 22511 2617 
Temeke rural 493 119 49321 9221 
Kinondoni urban 90966 46561 426021 4963 
llala urban 60848 9469 232681 2198 

Temeka urban 22278 6831 306390 3443 

total 178356 64681 1083033 27498 

When figures from Table 3 and Table 4 are combined according the assumptions made in §2.4 the 
results are percentages of population producing gray water runoff according their type of sanitation 
and type of water supply for sub-district covered Msimbazi catchment. Total gray water production for 
each catchment (Fd,mr;;) is obtained by multiplying the number of people within the (sub) catchment 
with the percentages shown in Table 5. The number of people within a catchment is derived with GIS 
from overlaying catchment layers with layers containing population figures on ward level where each 
ward belongs to one of the six sub-districts. 

Table 5: ll"ray water characteristics for selected sub-districts 
Percentage of population with 

Sub district pit latrine or no facilities, with 
District descriotion in-house water sunnlv 

Kinondoni Rural 10.0o/o 

llala Rural 22.1 o/o 

Kinondoni Urban 10.1o/o 

llala Urban 26.5% 

Table 6: water sample analysis Buguruni drain 

Date BOD [mg/I] 

14-6·1988 11 

26-fi.·1988 

10-]..1988 25 

Lognormal Mean 16.6 

Domestic liquid waste production. 

Percentage of population with 
pit latrine or no facilities, 

without in-house water supply 

80.B'Yo 

76.7% 

76.6% 

72.5%1 

Water sample analysis from Buguruni drain offered the possibility to assess gray water BOD
production rates. Buguruni drain was initially constructed as a sewer system but was still not 
completed in 1988. It collects domestic wastewater but no industrial effluents. Although human 
excreta are observed, it is assumed that the wastewater mainly consists of gray water considering the 
high number of people using pit latrines (together with people without sanitation facilities: 99% ). The 
water sample analyses are shown in Table 6. The same table shows striking results which occurs in 
most other water sample analysis: each sample point is sampled three times and often there is one 
analysis result with BOD = 0 or 1 mg/I. This is both practically and technically unlikely, sometimes 
even impossible. W astewater and river water always contain some BOD. Even clear mountain streams 
show BOD-values of at least 0.5 mg/I. Rivers or streams which originate from woods show 'natural' 
BOD-values from 1-2 mg/I. Next to this, measured BOD-values less than 1 mg/I are not very reliable. 
It is likely to assume that these values are a kind of systematic error of which the cause is unknown. 
Therefore, all measured BOD-values less or equal to 1 mg/I are left out. The result for Buguruni drain 
is an average 18 mg/I. Together with the average gray water production for Buguruni area (urban 
Ilala), this gives ((0.265x 185 + 0.725x94)-(3.3+3))*0.017 g/l = 1.8 g BOD per capita per day (or 0.68 
kg per year). This is much less than literature and than other reported values. 
A remark must be made before processing the obtained BOD-load per capita in the next paragraphs: 
the obtained value (1.8 g BOD per capita per day) accounts for the urban Ilala with its specific 
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proportion regarding the number of people having inside or ontside water supply. One could easily 
imaging that people havmg inside house water supply will produce more BOD that flows away with 
gray water than people who don't have running water. For example, higher water consumption -
inherent with inside house water supply - partially used for more extensive washing will promote more 
soap use. Because of lack of data to determine BOD loads for each individual sub district, the obtained 
value will be used instead. 

3.3 Fraction gray water rnnoff for selected (sub) catchment areas. 

Vlith the figures calculated in the previous paragraphs it is nov1 possible to process equations (1), (2), 
and (3). For Fdom(Q and Wdom(iJ are known for each ward, the same figures can be calculated for each 
(sub )catchment area by means of overlay techniques with GIS-software. The next sub-paragraphs will 
show how equation (3) is applied for the selected sample points and corresponding (sub)catchment 
areas. 

3.3.1 Sample Point 17 (Sinza River). 

The catchment area belonging to sample point 17 covers both rural and urban area. The latter causes 
uncertainties for determining the correct area needed to generate rainfall runoff. Urban areas behave 
different in case of drainage: rainfall is drained off much quicker and will not meet the time-delayed 
character of equation (5). Because of this, it is assumed that most likely runoff area equals rural area 
plus one quarter of the urban area (urban population density= 15367/km2). Generated rainfall runoff 
values and corresponding BOD-values are shown in Table 7. 

Regions 

Industries 

sewered area 

Figure 6: Catchment area belonging to sample point 17 (Sinza River) 
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Table 7: generated runofl' and river water sample analysis at sample point 17 

Run off Run off [BOD] 
Date: [mm] [m'iday] [kgim3] 

21/06/88 5.1 2542 0 ... 025 

6i07/88 4.0 1973 0.000 

10/09/88 2 .... 4 1175 0.007 

mean 2.29 1859 0.013· 

") Jognormal mean 

The population characteristics of the sub-catchment are listed in Table 8. 

Table 8: EOJ!ulation characteristics sub-catchment area at sam;ele eoint 17 
In-house water supply Area standpipe 

Ward District Sub district No. of people Gray water No. of people Gray water 
descrietlon production [m3/da;t:] eroduction [m3/da~J 

Gaba Kinondoni rural 4 1 32 3 

Kibamba Kinondoni rural 42 7 339 30 

Kinondoni Kinondoni urban 532 95 4056 355 

Manzese Klnondoni urban 4474 799 34098 2987 

Mwananyamala Kinondoni urban 1981 354 15096 1322 

Ndugumbi Klnondonl urban 3273 584 24946 2185 

Tandale Kinondoni urban 4660 832 35517 3111 

Ubungo Kinondoni urban 1631 291 12432 1089 

total 16595 2962 126516 11083 

Since the catchment does not receive any significant industrial effluents (W1na = 0), all BOD originates 
from domestic waste. As a result, the fraction gray water runoff is determined according equation (11) 

(11) 

Table 9: parameters for determination gray water rumofl' with water distribution loss =20% 

Method W,,m<'" [kg BOD/day] F,0m(17) [m3/day] F,00"'" [m3/day] C"" [kg BOD/m3] 
Direct 266 14045 1859 0013 

RA 3120 3301 1859 0.013 

The following table shows the results when the figures from Table 9 are filled in equation (11) for 
various background ('agticultural' !) BOD values. The figures in Table 10 will serve as input for the 
error analysis where the final fraction as function of population density is determined. The same 
procedure accounts for all following sample points. 

Table 10: fraction gray water runoff for various natural or background BOD-values. 

Distribution loss = 20o/o Distribution loss = 10% Distribution loss = 40o/o 

Natural or background 
BOD-concentration [mg/1] f direct [%J (RA)[%] f direct[%] t (RA)[%] f direct {%J t (RA)[%] 

1 28 0 .... 0 24.2o/o -0 .... 0 42.1 -0.0 

1.5 27 0 .... 0 23.2% .. o.o 40.4 -0.0 

2 26 0.0 22 .. 2% -0 .. 0 38.7 -0.0 

2 ... 5 25 0 .... 0 21.2% -0.0 36.9 -0.0 
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3.3.2 Sample point 21 (Ubungo River). 

catchment at smplpnt 21 

D Regions 

.U Industries 

~ sewered area 

+ sample points 

Figure 7: catchment area belonging to sample point 21 (Ubungo River) 

The catchment area belonging to sample point 21 covers Ubungo River and enters Msimbazi River 
between sample point 12 and sample point 10. It covers mainly rural area. Data processing is analog to 
the previous catchment (17). 

Table 11: generated runoll" and river water sample analysis at sample point 21 

Runoff Runoff [BOD] 
Sample date [mm] [m'/day] [kg/m3] 

18-8-1988 1 7 1312 0.001 

27··8-1988 

10··9-1988 

mean 

1 7 

2.4 

205 

*): lognormal mean 

1307 

1818 

1563 

0.005 

0.002 

0.0032' 

Table 12: population characteristics for sub-catchment area belonging to sample point 21 
In-house water supply Area standpipe 

Sub 
Ward district district No, of people 

descri tion 
Gray water production No. of people ?ray water prodUction 

Kibamba Kinondoni rural 

Mabibo Kinondoni urban 

Ubungo Kinondoni urban 

What follows is similar as in paragraph 3.3.1. 

180 

601 

1341 

32 

107 

239 

1454 

4580 

10224 

Table 13: parameters and values for calculating equation (12) with water distribution loss= 20%. 

Method Wciom(21l [kg BOD/day] Fdom(21) [m3/day) Frunoff121) [m3/day] C!21 l [kg BOD/m3] 
Direct 37 1803 1563 0.0035 

RA 399 422 1563 0.0035 

(12) 

127 

401 

896 
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Table 14: fraction (percentage) gray water runoff for catchment area at sample point 21. 
Distribution loss = 20o/o Distribution loss = 10% Distribution loss = 40% 

Natural or background 
BOD-concentration (mg/Q f direct(%] f (RA)[%] f direct [0/oJ f (RA)[%] f direct [o/o] f (RA)[%] 

1 12 0.8 10,2 0,8 17,8 0,8 
1.5 9 0.7 7,8 0,7 13,7 0,7 
2 6 05 5,5 0,5 9,6 0,5 

2.5 4 0.3 3, 1 0,3 5,5 0,3 

3.3.3 Sample point 16 (Msimbazi River). 

The catchment area belonging to sample point 16 (see figure) covers mainly rural area and two major 
industrial pollution sources: Kiltex and Sunguratex (both textile mills). Table 15 shows BOD-values 
found, and corresponding generated runoff. 

Table 15: generated runoff and river water sample analysis. 
Run off Run off [BOD] 
[mm] [m'iday] [kg/m3] 

16·8-1988 1.91 9602 0.000 
1-9-1988 
20·9-1988 
Mean 

2.43 
2.55 
2.29 

*): lognormal mean 

catchment smplpnt 16 

Railway 

D Regions 

Dra'-n 

major imlustries 

X sample pou1ts 

12216 
12854 
12535 

0.002 
0.004 
0.0028' 

Figure 8: Catchment area belonging to sample point 16 

Figure 7 shows the wards involved and corresponding population numbers. The part of the catchment, 
which is lying outside Dares Salaam (outer region on figure 7), is treated as rural area in Ilala district. 
Population density is estimated to be 30 persons per km2 (the same as Gaba, which has the lowest 
population density of all wards). Table 16 shows the results and the corresponding gray water 
production. 
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Table 16: Population numbers and sanitation characteristics for the catchment area belonging to sample point 16 
In-house water supply Area standpipe 

Ward Population District 
Sub district Gray water 

No. of people 
Gray water 

description No. of people production production 

Pugu 2260 llala rural 500 89 1734 152 

Kinyerezi 2309 llala rural 511 91 1772 155 

Ukonga 11711 llala urban 3107 555 8487 743 

Tabata 3966 llala urban 1052 188 2874 252 

Kibamba 3003 Kinondoni rural 300 53 2427 213 

Outer region 2457 544 97 1885 165 

Total 6015 1074 19179 1680 

Industrial pollution is caused by two textile mills, Sunguratex and Kiltex, which directly discharge into 
Msimbazi River. Haskoning reports, starch is the main pollutant for textile mills, and 20% is lost 
during production process causing 50% of its weight in BOD-equivalent (2 kg starch causes 1 kg 
BOD). In case of Sunguratex, 2000 kg starch is used for 16,000 m woven fabric (lkg for 80m) and 
9,000 m3 water per day is used at full production capacity (18,000,000 m per year). In case of Kiltex, 1 
kg starch is used for every 60 m and 3,600 m3 water per day is used at full capacity (12,000,000 m per 
year). From these figures, functional variables for the direct method are obtained. 

Because the functional variables in the rapid assessment are expressed in ton of product, the quarter 
production figures, expressed in meters, need to be converted Haskoning reports for Kiltex, 6500 kg 
of raw cotton per day is used at full production capacity (12,000,000 m/year)6

• With six operational 
days per week (72 per quarter), this means that 1 kg of raw cotton is equivalent to 6.15 m of woven 
fabric (this ratio will be used for all textile mills). 

Table 17: industrial polhttion sources in catchment area belongina to sample point 16 

Company 

Sunguratex 

Klltex 

Production 3m quarter 1988 water discharge [m3/day] BOD load [kg/day] 

[m] [ton] Direct method RA Direct method RA 

810940 132 973 485 13.0 284 

148580 24 178 89 3.17 52 

The corresponding gray water runoff formula for the catchment belonging to sample point 16 is 
expressed by equation (13). Parameter values are listed in Table 18. Table 19 shows gray water runoff 
fraction for various natural or background BOD-values from Msimbazi River. 

~ - c16 (Find(16) + Frunoff(I6) )- ~nd(16) -F,unoff(16)cnar 

Ji6 - W F -
dom(16) - dom(I6) C16 

(13) 

Table 18: parameters and values for calculating equation (13). 

Method Find(16) wild(16) Fdom(16) Ndom(16) Wdom(16) Frunoff(16) Cm 

Direct 1151 16.2 2754 25194 509 12535 0.003 

RA 574 336 514 25706 486 12535 0 .. 003 

Table 19: fraction (percentage) gray water runoff for catchment area at sample point 16. 
Distribution loss = 20°/o Distribution loss = 1 Oo/o Distribution bss = 40% 

Natural or background 
BOD .. concentration [mg/l] f direct [o/o] f (RA)[%] fdirect[%] f (RA)[%] f direct[%] f (RA)[%] 

1 0 26.6 -64 21,9 ·64.3 38.5 -64.3 

1.5 9.6 -66 8,2 ·65.6 14.4 -65.6 

2 .. 0 -6 .. 5 .. 57 ·5,5 -66.9 -9.7 -66.9 

2.5 -22.5 -68 -19,3 ·68.2 -33.9 -68.2 

6 Balkema (1996) reports 84 ton for (an estimated) 420.000 m for CALICO Textile ~ 1 kg= 5m 
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3.3.4 Sample point 12 and 14. 

catchment at smplpnt 14 
catchment at smplpnt 16 
subcatchment at smplpnt 12 
wards 

- Drain 
~ Industries 
-~ sewered area 
+ sample points 

The sub-catchment area belonging to sample point 12 is fed by the catchments areas belonging to 
sample point 16 and 14. During sample taking, sample point 37 (located a little upstream of sample 
point 14, Luhanga River) was described as stagnant water. This means the fraction would become zero 
(see equations 11, 12). In practice, this is founded by the average BOD-value found at sample point 14 
equals to sample point 13. Therefore, it will not be treated separately but merged together with the 
sub-catchment area belonging to sample point 12 (Figure 9). As with catchment 17, the urban 
character of catchment 12 causes a reduced contribution to rainfall runoff surface area. Based on map 
studies and lower population density (3100/km\ the area that will contribute is assumed half of the 
original size. 

As with former assessments, the following tables describe BOD-concentrations, corresponding 
generated runoff, and domestic gray water production figures of wards within the (sub) catchment 
areas at point 12 and 14. 

Table 20: generated rlllloff and river water sample analysis for catchment 12. 

Runoff Runoff for sub- catchment Runoff for sub- catchment [BOD] 
Date: [mm] 12 [m'iday] 16 [m'iday] [kg/m3] 

13-8-1988 2, 12 587 10689 0.004 

25-8-1988 1,65 457 8321 0.005 
8-9-1988 2,38 658 11980 0. OOO 

Mean 522 9505 0.0045' 

*): lognormal mean 

Table 21: J!O;eu1ation fi~res and correseonding gray water production for catchment area at sample point 14 

In-house water sui;i:(;!ly Area standf:!ii;i:e 
Sub district Gray water Gray water 

Ward Pof!:ulation District descrii;i:tion No. of E!eoefe i;i:roduction [m3/day] No. of Qeoi;i:le i;i:roduction [m3/da}1 

Kibamba 477 Kinondoni rural 43 8 350 32 

Kigogo 1457 Kinondoni urban 126 23 1021 93 

Kinyerezi 735 llcla rurcl 73 13 587 53 

Mabibo 27741 Kinondoni urban 2400 436 19438 1767 

Tabata 8195 llcla urban 810 147 6557 596 

Ubun~o 6887 Kinondoni urban 596 108 4826 439 

24 



Table 22: p~uJation figures and corresponding gray water production for catchment area at sample point 12 

In-house water supply Area standpipe 
ruraV Gray water Gray water 

Ward Population District urban No. of people eroduction No. of eeople production 

Klgogo 18102Kinondoni urban 1566 285 12684 1153 

Mabibo 1078Kinondoni urban 93 17 755 69 

Tabata 6293llala urban 622 113 5035 458 

Ukonga 335411ala urban 331 60 2684 244 

Vinjilunauu 3229211ala urban 3190 580 25837 2349 

i~·Jl industiies covered by the catcb~-rnent are connected to Vingunguti waste stabilization ponds. WSP 
effluent analyses and flow are used for the direct method. For the RA-method, BOD removal rate for 
Vingunguti WSP is estimated at 70% (Haskoning (1989); Kayombo, S. et al (1992); Balkema, A. 
(1996)). Table 23 shows the companies connected to Vingunguti WSP as identified by Balkema 
(1996)'. Wastewater and BOD-production figures are adjusted for the production level in the 3'd 
quarter of 1988. The industrial BOD-load for the direct method is assessed by wastewater flow 
according to Balkema (1996) multiplied with effluent-BOD analysis (sample point 15). For the exact 
calculations of Table 23, see appendix IV. 

Table 23: industrial pollution sources for the (sub)catchments belonging to sample point 12 and 14 

Comeanv 
Tropical Foods 
Calico textile 
Pattex 
Paper Products 
Galaxy Paints 
Sadolin Paints 
Metal products 
Selling and repairing cars 
Domestic water use 
Total 

Direct method: wastewater Wastewater 
according questionnaire according RA 

Balkema [m 3/day] [m 3/day] 
21.3 18 
160 296 
107. 16.9 
73 73 
1.67 1.67 
0.47 0 .. 47 
486 48.6 
55 .. 5 55.5 
231 231 
633 675 

BOD according 
RA [kg/day] 

46 7 
173 
10 1 
2.8 

0.64 
0.18 
16.0 
18 3 
76 
345 

The mochfication of equation (11), to obtain fraction fi 2 is slightly different from previous formulas. 
Here, runoff at sample point 12 consists of the generated runoff for the whole catchment area 
belonging to sample point 12 plus industrial and domestic flows from enclosed catchments. 

Fi2 = Fmnoff(sub12) + Find(sub12) + fsubl2+14Fdom(subl2+l4) + Fi6 (14) 

and 

N.B. F16 is calculated for the same dates as for F12. 

f 
= C12 (.F nmoff(subl2) + ~nd(sub12) + Fi6 )- "W:nd(sub12) - F16Cl6 

sub12+14 W F -
dom(sub12+14) - dom(subl2+14)C12 

(15) 

(direct method) (16) 

7 Some companies identified by Balkema in 1994, did not exist in 1988. Coastal Oil, Zahra Bottlers, and SIDO. 
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Table 24: parameter values for fraction domestic gra~ water runofffor (sub) catchment areas 12 & 14 

Method Find!sub12+14l wind!sub12+14J Fdcm{sub12+14l Ndcmisub12+14l Wdcm(sub12+14) Fruncff(sub12) Frn Cm Frunoff{16) c,, 
Direct 633 5,5 8746 89625 181 783 11419 0.003 9505 0.0045 

RA 675 345 2132 106611 2015 783 10079 0.003 9505 0 0045 

The fraction gray water runoff slightly depends on the natural or background BOD values as used for 
the fraction gray water runofffor the catchment area belonging to sample point 16. 

Table 25: fraction (percentage) gray water runoff for catchment area at sample point 12. 
Distribution fess = 20%1 Distribution !ass = i 0% Distribution !ass = 40o/o 

Natural or background 
BOD-concentration [m g/ij f direct[%] f (RA)[%] f direct[%] f (RA)[%] f direct[%] f (RA)[%] 

1.0 15 18 13.io/o -i7.6% 23.i% -i7.6% 

1.5 15 18 i2 .. 6% -17.6% 22.2°/o -i7 6°/o 

2.0 14 18 12.i% -i7.6% 21.3% -17.6% 

2.5 14 18 11 7% -17.6% 20.5% -17 6% 

N.B: the fraction for the rapid assessment does not change because of negative values for f15. 

3.3.5 Sample point 10. 

The sub-catchment area belonging to sample point 10 covers Ubungo industrial area and a/o the 
densely populated areas Makurumla and Mchikichini. Ubungo industrial area is drained off untreated, 
via Lake Makulurnula into Msimbazi River. The drain collects all industrial effluents and receives 
wastewater from Urafiki flats. The data and calculations are similar as for sample point 12 except for 
receiving a tributary (Ubungo River). The population density is about the same as for the urban area of 
catchment area belonging to sample point 17 (ll,000/km2

). The area that will contribute to rainfall 
runoff is assumed one-quarter of its original size. 

• subcatchment at smplpnt 10 , 
• subcatchment at smplpnt 23 \ 
D wards ~ 
-~n ~ .... 

:ii!ili Industries ,., 
+ sample points , ,,."" :J sewered area "'",....--'"---~~..., .. e."-="'=-----_c:_ _ _.__L_~ __ _, 

Figure 10: Catchments belonging to sample points 10 and 23. 
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The BOD-mass balance (equation 17) explains why the total rainfall runoff needs to be assessed by 
summing each upriver catchment separately (see also equations 18, 19, 20, 21). 

(17) 

Table 26: f;ienerated runoff 
Ru naff Fruncff(sub10) F run0fl(sub1 2) Frunoff(21) Fruno!1(16) 

[BOD] 
Date: [mm] [m31da~] [kg/m3] 
4/08188 2.01 141 836 1546 10143 0.000 

20/08188 1 65 116 684 1265 8305 0.026 

27i08/88 1 70 119 707 1307 8577 0.007 

Mean 179 117 695 1286 8441 0.014* 

*) lognormal mean 

Table 27: population figures and corresponding gray water production [m3/day] 

In-house water supply Area standpipe 
Sub district Gray water 

Ward Population District description No. Of people production No. of people 

Jangwani 258 llala Urban 25 5 206 

Kigogo 1708 Kinondoni Urban 148 27 1197 

Mabibo 8585 Kinondoni Urban 743 135 6016 

Makurumla 54140 Kinondoni Urban 4684 852 37936 

Mchikichini 5871 llala Urban 580 105 4697 

Mzimuni 23989 Kinondoni Urban 2075 377 16809 

Table 28: Ub~o industrial area 

Campany W astewater according W astewater according BOD according 
Haskoning [m3/day] RA [m'lday] 

UFI 190 190 

Tanz dair. 226 73 
Dar Brew 33 538 

Urafiki 2344 2124 

Ububgo spinning mill 50 50 

Urafiki flats 768 648 

Table 29: water sample analysis Ubungo drain (sample point 20) 
BOD 

Da1e: [mg/I] 

18-8-1988 14 

27-8-1988 98 

10··9-1988 44 

Log normal mean 39 

RA [kdlday] 

10 
244 
920 

1242 

117 

38 

Gray water 
production 

19 

109 

547 

3448 

427 

1528 

The industrial BOD load for the direct method is assessed by multiplying wastewater flow and drain 
water analysis (sample point 20). The number of people living in Urafiki flats is assumed the number 
of people working at Urafiki ( 4300). The formulas for assessing the fraction domestic gray water 
runoff are described below. 

Pio = F"i2 + 'j{l + fsublOFdom(sublO) + Find(sub10) + jirnnoff(sublO) 
- -
F21 = /21 F dom(21) + Frunoff(21) 

'l\2 = Fi6 + Find(sub12) + fsub12+14Fdom(subl2+14) + F,unofj(sub12) 

Pi6 = f16Fdom(l6) + Find(I6) + jirnnoff(l6) 

(18) 

(19) 

(20) 

(21) 
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f 
_ CIO {Fit + Pi1 + Find(sublO) + Fnmojf(sublO) )- Pi1 C21 - Ei2C12 - W;nd(sublO) 

~ W F -
dom(subID) - dom(subIO)C10 

(22) 

Table 30: :earameter values for fraction domestic gray water runoff for catchment area 10 

Method Find(10J Winc1poi Fdo!!\(sub10) Ndom(sub10! W dom{sub10) Fruno!!{sub10j F,, c,, F,, c,, Cm Fnmoff,sub10j 

direct 4393 172 8203 82730 154 117 12602 0.0045 1450 0.0031 0.0135 117 

RA 3977 2571 1891 94551 1787 117 10385 0.0045 1291 0.0031 0.0135 117 

In contrast with the fraction for catchment 12, here the fraction is much more sensitive for background 
or natural BOD-values. Table 31shows the fraction for the various natural BOD-values. 

Table 31: fraction domestic gray water runofffor vaiour background BOD values for sub-catchment 10 
Distribution loss - 20o/o Distribution loss - 1 Oo/o Distribution loss = 40o/o 

Natural or background 
BOD-concentration Imgta F direct [o/o] f (RA)!%] f direct [o/ol f (RA)!%] f direct [o/o] f (RA)[%] 

1.0 51 -226 37 -201 98 -315 
1.5 40 ··227 28 -201 81 -317 
2.0 28 -228 18 ··202 64 -318 
2 .. 5 17 -229 8 -203 47 -320 

3.3.6 Sample point 23 (end ofMsimbazi River) 

The last catchment area, belonging to sample point 23, at the end of Msimbazi River, is surrounded by 
a drain (see Figure 10) and consequently all rainfall in the sub-catchment will be drained off 
immediately causing rainfall runoff contribution of catchment 23 to be zero. There is only one 
company, Tanzania Breweries, that contributes to the industrial BOD load and its effluent is also 
collected by the same drain. The drain water has been analyzed (sample point I !;see Table 33). The 
corresponding mass balance, which differs from all previous, is represented by equation 23. 

where: 

- - - -
F23 = F11 + FIO + F';nd(sub23) + fsub23Fdom(sub23) + F nmojf(sub23) 
- -
F11 = f11Fdom(11) + Frunojf(I1) 

F10 = FzI + F12 + Find(sub10) + fsublOFdom(subIO) + Frunojf(subIO) 

F21 = /21 Fdom(21) + F runo.ff(21) 

Fi.2 = Fi6 + F';nd(subl2) + fsubl2+l4Fdom(subl2+14) +Ji runoff(subI2) 
- -
F'i.6 = f16Fdom(l6) + Find(16) + Frunoff(I6) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

Another difference is the assessment of the number of people contributing to gray water runoff. Some 
wards (Upanga West, Jangwani, Kariakoo) overlapped by the sub-catchment are connected to the city 
center sewer and the part that is not, is almost uninhabited. These wards are left out. For the industrial 
effluent flow, Haskoning reports that Tanzania breweries produces 43 I water for every liter beer. This 
seems far too high. On closer consideration, water consumptions rates were estimated from monthly 
water payments. As a result, water consumption rates for the direct method are derived from the rapid 
assessment method: 1164 m3 per day. What follows are all tables with data for calculating the fraction 
domestic gray water runoff for the catchment belonging to sample point 23. 

28 



Table 32: water sample analysis and generated rainfall runoff. 

Generated 

Date runoff fmm] Frul'loff(16) Fruooff(21) Frlll1off(17) F runoff(sub1 OJ Fl'lmoff(12) 

11-8-1988 2.02 10156 1548 1000 141 837 

20-8-1988 1.65 8305 1265 818 116 684 

20-9-1988 2.55 12854 1959 1266 179 1059 

Average 2.07 10439 1591 1028 145 860 

Table 33: ~vater sa.-nple a.·1alysis for !l,l[~ .... -nbazi river at sa.-nple poi.r:.t 11 a.r:.d 23 

Date BOD [kgim'] Date BOD[kgim"J] 

5-6-1988 0.060 11-8-1988 0.054 

21-6-1988 0.073 20-8-1988 0.017 

28·6··1988 0 134 20-9-1988 0.018 

Lognormal mean 0.0837 0.0255 

Table 34: population figures and corresponding gray water production [m3/day] 

In-house water SU['.1(:'.lly Area standeiee 
Sub district Gray water Gray water 

Ward Population District description No. of people 12roduction No. of people production 

Jangwani 12495 llala urban 

Magomeni 16937 Kinondoni urban 1703 304 12981 1137 

Kinondoni 2164 Kinondoni urban 218 39 1659 145 

Upanga West 4118 llala urban 

Mchfkichini 14852 Ila/a urban 3941 703 10763 943 

Kariakoo 3495 llala urban 

Gerezani 1166 llala urban 309 55 845 74 

Ila/a 35372 Ila/a urban 9386 1675 25633 2245 

Buguruni 48286 llala urban 12812 2287 34991 3065 

Equations (22, ... , 29) lead to equation (30) 

(30) 

Table 35: ;earameter values for fraction S!aJ: water runoff for sub-catchment areas 23 

Method F;nd{23) W;oo~l Ndom(sub23) Fdom(sub23l W dom(sub23l F runolf!sub23j Fw Cm F,, c,, c,, 

Direct 1164 104 115240 12674 233 0 23944 0.0165 7016 0.016 0.0297 

RA 1164 1990 138885 2778 2625 0 7941 0.0165 1167 0.016 0.0297 

Table 36: fraction domestic gray water runofffor various background BOD values for sub-catchment 23 

Natural or background 
BOD-concentration [mg/I] 

1.0 
1.5 
2 .. 0 
2 .. 5 

Distribution loss = 20o/o 
f direct[%] f (RA) [%] 

39 
36 
34 
31 

-58 
-59 
-60 
·61 

Distribution loss - 10% 
f direct [o/o] f (RA){%] 

33 
31 
28 
26 

-59 
.. 59 
-60 
-61 

Distribution Joss = 40°/o 
f direct [%] f (RA)[%] 

58 
55 
51 
47 

-58 
-59 
·60 
-60 

Now all fractions for each selected sample point are calculated, we can proceed to look for the 
variability or influence caused by other factors than water consumption rate and natural or background 
BOD values. The next chapter will elaborate different methods to see the consequences of the made 
assumptions, followed procedures, and the very limited number of samples, for the variability of the 
calculated fractions. Next to this, the relationship between population pressure and the amount of gray 
water runoff will be showed. 
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4 Error analysis 
Because of the very limited number of samples, the large number of assumptions made in Chapter 2 
and the questionable quality of other data sources, the calculated runoff fractions will be subject to 
(large) uncertainty. The first - limited number of water sample analyses - will cause variability, which 
will be elaborated below. The latter - assumptions and quality of data - account for bias will only be 
noted. 

Only two variables were measured: rainfall resulting in runoff and BOD concentrations. These will 
account for variability in such a way that the mean and variance of these measurements will serve as 
input for simulation which will return random processed numbers according the corresponding mean 
and variance and probability density function. Natural background BOD values, although not 
measured can also be simulated by making a few assumptions. This is desirable because the calculated 
fractions show a great dependency for various background BOD-values. The first assumption is that it 
also has a Iognorrnal distribution. The second assumption is about its mean. When the log linearity 
between the number of people with pit latrines per km2 and the fraction gray water runoff (prove 
omitted; see later) is kept as guidance, the mean natural BOD-value varies between 1.5 and 2.5 mgfl 
depending on the domestic water consumption rate. The third assumption is that there is a 95% 
probability that the true natural BOD value will lie within these boundaries resulting in 2cr equals log 
(2.5) miuus log (2) with a Iognorrnal mean of log (2). All remaiuiug variables, plus the conversion of 
rainfall into river water runoff, accounting for bias will be described in a qualitative way to give some 
idea about their proportion compared to the variability. 

Rainfall runoff is assumed uuiforrn distnbuted between the highest and lowest numbers found during 
sampling. Its very unlikely that runoff would lie outside these boundaries since the relation ship 
between rainfall and generated runoff is pretty accurate and their is no preference for certain values 
between these values. This means that for each time when the runoff fraction simnlation is executed, 
rainfall runoff is represented as a random number selected from the range given in tables 9, 13, 17, 22, 
28, and 34. 

Pollution, or the concentration of polluting substances, is Iognorrnal distributed. Table 37 shows all the 
BOD-concentrations, earlier showed in tables 6, 7, 11, 15, 20, 26, 29, 33, with their Iognorrnal mean 
and Iognorrnal variance. With these log values, random normal distributed numbers were generated 
and then log-inverted to obtain random Iognorrnal distributed BOD-concentrations. 

Table 37: BOD analysis for selected samEle points and their loi2,!ormal mean and standard deviation 

Samele eoint 17 21 16 12 10 23 15 20 11 

BOD value [kg!m'J 0.025 0.005 0.002 0.004 0.026 0.054 0.008 0.014 0 06 

BOD value [kg!m'J 0.007 0.002 0.004 0005 0.007 0.017 0.003 0 .. 098 0.073 

- .. El_Q[l Y'.'i.~~ J~9i'!l"J. . .. .... .... .. .. ··- ............... ··- ... .......... 99!? ...... 9.9!?_ ... 9,Q4'! . ... 9J~L 

-

Log ([BOD]) -3.69 -5.30 -6.21 -5.52 -3.65 -2.92 -4.83 -4.27 -2.81 

Log ([BOD]) .. 4.96 -6.21 -552 -5.30 -4,96 -4 .. 07 -5.81 -2.32 -2.62 

Log_(lEl_<?_DlL -4.02 -4.20 -3. 12 --2 01 
- ---- - -------

µlog -4.33 -5.76 -5.87 -5 41 -4.31 --3.67 --4.95 --3.24 -2.48 

a log 0.90 0.65 0.49 0.16 0.93 0.65 0.81 0.98 0.42 

µ(exp(~ 101)) [kg/m'] 0 013 0.0031 0 .. 0028 0.0045 0.013 0.025 0.007 0.039 0.084 

To explain the procedure, an example is given by recalling the runoff formula for sample point 12 
(equation (14)): 

f 
_ C12 (Frunoff(subI2) + ~nd(sub12) + Pi6 )- ~nd(sub12) - .Fi6Cl6 

sub12+14 - W F -
dom(sub12+14) - dom(subl2+14)C12 

(31) 
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where: 

Fi6 = /16 Fdom(16) + F;nd(16) + ~tmojf(l6) (32) 

(33) 

(34) 

wdom(16) =Pop No (16) x C13 x F gwc(BuguruniArea) (35) 

Fdnm(l6J = PopN'r"i x F ""'c16J (36) 

With: PopN" = population number for area(i) 
c13 =average BOD-concentration at sample point 13 (Buguruni Drain) 

F = average gray water production per capita in area(i) 
gwc(i) 

First is started with simulating equation (34) since the variance found for Ji6 is recurring in equation 
(31). F1nd(l6), W1nd(l6), and Fanm(16) are given, i.e. not simulated, because no probability density function 
could be found Fdnmli! could be simulated in such a way as is applied before: runoff fraction is 
calculated according three different water consumption rates. The starting point will be the most likely 
water consumption rate of 185 and 94 liter per capita per day depending on the type of water supply 
with a most likely background BOD concentration of 2 mg/I. 

There is one variable left to be explained: Wanm(16!· This is a product of the population number and 
liquid BOD production per capita derived from water sample analysis from Buguruni drain and the 
proportion sanitation facilities in Buguruni area. The latter will be left undisturbed since there is no 
information to assess any variance for this value. This also accounts for the number of people living in 
the catchment area. The assumption that people are scattered evenly throughout the area is doubtful 
but here the same shortcoming applies. The only factor that can attribute to variability are the 
Buguruni water sample analysis, again lognormal distributed. 

The simulation is executed by ten sets of thousand drawings of random generated values for the 
variables c15, F,mffi16), cM,, and Wanm11•1· (Hundred drawings appeared too much difference.) The 
results are shown in Table 38. 

Table 38: 10 sets of 1000 aenerated simulations for the fraction at SaIDE,le ;eoint 16 (f1~) 
Set N2: 1 2 3 4 5 6 7 8 9 10 
Average: -23.0o/o i9.4°/o 4.0o/o 146 .. So/o 103. 1o/o 8.9o/o -367.8% 14.9'1o 10.9o/o 23.6% 
Standard i033o/o 454°/o 1141o/o 2431 o/o 3212o/o 939o/o 12732% 551o/o 243o/o 195% deviation 

The values for the mean and variance in Table 3 8 show no coherence at all. Further analysis of the 
behavior of nominator and denominator of the fraction formula learned that the value of the nominator 
frequently crosses the value zero which causes random distnbuted values between - = and + = for 
the fraction. This because the standard deviation of W1nd(J6), and Fanm(16)C(J6! lies within the range of the 
average value of the subtraction in the nominator. 

In practice, the above-described fluctuations will not occur. First, the variables in equation (34) are not 
mutual independent. Every alternation for each variable is attenuated by c 16 since the fraction remains 
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constant except for the variable PopN°. Second, the fraction itself mnst lie between 0 and 1. For 
example, in case of .fo (see equation (12), p.21) when c21 and ca8, are treated as mutual independent, 
lognormal random generated values result in ca8,-values greater than values for c21 , and consequently, 
the fraction becomes negative. Table 40 explains the effect for the fraction and the behavior of the 
BOD-concentration in river water (en, c21, c16, en, c10, and c21) when each independent variable rises. 
An extension is made for w,,,,, (equation (33)), which is not dissected in case off16 but is in case off,,, 
fio, and.f23. 

Table 39: attenuation effects on runofffraction 
Variable effect on [BOD] effect on nominator 
Cind(i) Increases decreases 
PopN' Increases increases 
F,~ Decreases decreases 
Frunoff Decreases attenuation 
Gnat Increases attenuation 
C1s (BOD prod. per Increases increases 
ea ita 

effect on denominator 
decreases 
increases 
decreases 
nothing 
nothing 
increases 

effect on fraction 
attenuation 
increases 
attenuation 
attenuation 
attenuation 
attenuation 

To account for all the relationships and effects described in Table 39 is a very complex task and falls 
beyond the scope of this study. Solutions can be found with the help of multivariate stativariate 
analysis and the MULNOR routine (Statistical Routine Library PP-4, PP-4.115 random drawings, 
TPSTATLIB, Rekencentrurn, Eindhoven University of Technology, 1993), which generates 
(log)normal random numbers for multivariate distributions with a given covariance matrix. The latter 
expresses all the relationships indicated in Table 39. 

4.1 Indicative error analysis. 

With a few assumptions and modifications, it is possible to avoid the multivariate analysis and 
perform a straightforward simulation. It must be stressed that the following procedure only counts as 
an indication! It will show what happens if mutual coherence is neglected and expresses the large 
variance caused by the very small sample size of water sample analysis. Recalling equations 
(31) ... (36), first is started with keeping the nominator constant to avoid the enormous fluctuations of 
the fraction when the value of the denominator crosses zero. Although this affects the error analysis in 
a analytical way, practically one could argue about what is the most important contribution towards 
the overall variability. The variables in the denominator (equations (35) and (36)), in a way, are 
arbitrary except for the sampled BOD-concentration in river water. The number of people, liquid 
BOD-production per capita per day, and the gray water production rate per capita, cannot be 
resembled by any frequency distribution and therefore cannot be simulated. Next to this, the number 
of people domestic liquid BOD production per capita acts as an indicative input variable. Alternative 
values are discussed before and the most important issue about it is that the values given by the rapid 
assessment procedure used in previous studies are very unlikely (see tables 12, 16, 21, 27, 33, and 38). 
Therefore Wdamfi! will ouly depend on the number of people without any variance. The other factor in 
the denominator is Fdam(1)Cf1). Here, Cfi) is already present in the nominator and, in a way, already 
accounted for. With these supplementary assumptions, values in table 40 are recalculated in table 41. 
Although Table 41 shows much more coherence among the mean runoff fraction, the variance is still 
enormous which is visualized in a frequency table (Figure 11) 

Table 40: shnulated runofffraction with constant denominator. 

Set N2: 1 2 3 4 5 6 7 8 9 10 

Average runoff fraction: 7.0% 3.3°/o 7.7o/o 8.0% 4.9o/o 6.9% 9.0°/o 7.5% 4.9% 5.9°/o 

Standard deviation 59% 58% 61% 62% 60% 59% 63% 58% 56% 58% 

32 



Frequenty table for 10,000 simulated runoff fractions for sample point 16 
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Figure 11 

The next step 1s putting the values for fi 6 into equat10n (32) and contiguous, into equation (31). First, a 
small correction is made. The arithmetic mean of the simulation of f16 is not equal to the calculated 
mean in paragraph 3.3.3. This is due to lognorrnal distribution characteristics and, as will be explained 
later, because of the fraction limits. In order to maintain the variance while retaining the proper mean, 
the (frequency) distribution (figure 12) is shifted towards the previous calculated mean (paragraph 
3.3). The next adjustment has to do with fraction limits. Runoff values smaller than zero or greater 
than one have no realistic value. Therefore, fractions smaller than zero are equated to zero and 
fractions greater than one are equated to one. This is the other reason to shift the distribution. For 
example, the variance for the simulation of ho was so high that about 50% of the simulated fractions 
were below 0, and 43% greater than 1. While the fraction mean without the limit restriction was about 
1.03 (!),with the limit restriction the mean amounts to 0.47. Here the derived mean looses its sense. 

Then, Fmnoffi16) in equation (32) which serves equation (31), is different from equation (34). Fmnoffil•! in 
equation (34) is calculated from rainfall data corresponding with the dates of sampling at sample point 
16 while Fronoffil6! for equation (31) is calculated from rainfall data corresponding· With the dates of 
sampling at sample point 12. From here, the procedure for equation (34) described above, is repeated 
for equation (31) with the exception for Wind· W;na in equation (31) is derived from equation (33) where 
c15 is, again, lognorrnal distributed Figure 12 shows the frequency distributions when the above
described procedure is executed for all fractions (f17,J,.1.f1•.h2.f10.f23). 
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frequency distribution of simulated runoff fractions 
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Figure 12: frequency table of 10 sets of 1000 simulated fractions for each selected sample point 

Until f12, all goes well and the distributions correspond pretty well with the values of the means 
calcnlated in paragraph 3.3. In case of fio and f 23, most simulated fractions are lying outside the 
fraction limits visualized by the high bars around fraction values 0 and 1 (figure 12). Tiris is due to the 
great number of variables in the denominator and corresponding subtractions. While the denominator 
of the fraction tends to get small, the variance accumulates and increases rapidly relative to the 
resulting mean of the denominator. 

Now it is possible to perform a straight forward regression analysis of the generated runoff fractions 
visualized in Figure 12, according the formula y = bo + b1*log' (x), where x is the number of people 
per km2 with pit latrines or no sanitation facilities at all and y is the runoff fraction. Tiris delivered bo = 
-0.31 and b1 = 0.16 and a very weak correlation coefficient with If = 0.10 mainly caused by the 
extreme values of f10 and f23. In case of fio, only 3% of the generated fractions were lying between 0 
and 1. For f 23 this is about 50%. When these extreme values are left out and the remaining values 
between 0 and 1 are proportional multiplied until the original sample size (n=lOOOO), R2 rises to 0.17. 
The values for bo and b1 are almost unchanged: -0.30 and 0.17 respectively. 

4.2 Error analysis for highest, most likely and lowest values for gray water production 
rates and background BOD levels in river water. 

There is another possibility to indicate fraction boundaries by letting the variance of (waste)water 
sample analysis undisturbed and only account for highest, most likely, and lowest values for gray 
water production and background BOD levels in river water. After all, these are the variables with the 
highest uncertainty. From paragraph 3.3 highest, most likely and lowest values for background BOD 
can be derived: 2.5, 2.0, and 1.5 mg/I. When these are combined with highest, most likely and lowest 
values for gray water production per capita in terms of water distribution loss (10%, 20%, and 40%), 
the results are nine combinations show in Figure 13. The rather high sensitivity of sample point 16 and 
10 can be explained 
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water distribution loss 
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water distribution loss 

Cnat = 2.5 mg/I , 20o/o 
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~ ... ater distiibu'tion loss 
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- Cnat = 2 .. 5 mg/I , 40% 
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Figure 13: fraction gray water runoff for highest, most likely and lowest values of water consumption rates and 
background BOD levels in river water 

The high sens1hvity of sample pomts 16 and I 0 is explained by the high contnbutwn of the industnal 
waste (50% and higher) compared with the total BOD load earned by the river. In an analytical way. a 
high Wind causes the nonunator to become small and consequently, becomes more sensitive for the 
variat10n m the remaming variables. 

Table 41 shows the values of the regresswn analysis for each above-mentwned combmanon according 
the formula y ~ b0 + b1*log (x). Figure 14 shows the regression lines for each above-mentioned 
combination, which can serve as an ind1cahon for fraction intervals or boundaries 

Table 41: regression values of runoff fraction for selected values of water distribution loss and background BOD 
concentrations 

Combination. b, b, R' 

Cna1 = 1 5 mg/I , 20% water distribution loss-0 31 0.07 0 84 

Cnat= 2 0 mg/I , 20o/o water distributlon Joss-0.50 0.08 1 00 

Cnat = 2 5 mg/J, 20% water distribution loss-0.68 010 0 .. 89 

Cna1 = 1 5 mg/I , 10% water distribution loss-0 23 0 05 0 88 

Cnat = 2. 0 mg/I , 10% water distribution loss-0 39 0.07 0.94 

Cnat = 2 5 mg/I , 10% water distribution loss-0. 54 0 08 0.79 

Cna1 = 1 5 mg/I , 40o/o water distribution loss-0. 59 0 12 068 

Cnat = 2 0 mg/I , 40% water distribution loss-0 87 0.15 0 93 

Cnat = 2.5 mg/I, 40% water distribution Joss-1 14 017 0.96 
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Figure 14 regression lines for corresponding runoff fractions in figure 13 

4.3 Conclusions 

--Cnat = 2 0 mg/I , 40% 
water distribution Joss 

--Cnat = 2 5 mg/I, 40% 
water distribution loss 

A strrughtforward error analysis where all variables are supposed mutual mdependent, give odd results 
due to denominator values alternating around zero When this problem is solved by keepmg tbe 
denommator constant, tbe variability is very high In addition, generated fractions show values, which 
are not reahstic (negative values and values over 100%} To solve these problems, a multivariate 
analysis 1s preferred where mutual dependency is accounted for In all probability, tbis will increase 
tbe correlation. 
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5 Water related diseases and gray water runoff in terms of uncontrolled 
sullage disposal. 

Although the research aims are limited towards calibrating the model and testing it on a running water 
body, it would be inappropriate to neglect the other consequences of domestic wastewater surface 
runoff. Previous studies of the research program showed that environmental issues affect humau well
being. In case of domestic wastewater runoff -or uncontrolled sullage disposal - there is a direct threat 
towards human health without the intervention of environmental problems. To become aware of the 
problems related to uncontrolled sullage disposal this chapter is added. 

Sullage is often underestimated when reducing the very high incidence of water-related diseases. The 
provision of safe drinking water and sewage-disposal systems to high-density urban areas may satisfy 
the public's demand and this will reduce major diseases like cholera and typhoid to some extent, but 
the incidence of diarrhoeal diseases, arbovirus and worm infections, may be unchanged if the 
problems of sullage control are not tackled as well. Next to this, sullage affects men's health when it 
runs or drains off untreated, as people drink from and bathe in river water, which can be observed in 
case of Msimbazi lliver. The most susceptible group are children as they play and defecate in pools 
due to poor drainage and sullage surface runoff, enhancing contamination and infections while they 
have least resistance8

• To emphasize the health risks of water related diseases, morbidity and mortality 
rates of several water related diseases are listed in Table 42. 

Table 42: estimates of morbidity and mortality of water-related diseases (Source WHO, Fact sheet No. 112, 1996;) 

Disease 

Diarrhoeal diseases 

Infection with intestinal 
helminths 

Schistosomiasls 

Dracunculiasis 

Trachoma 

Matar la 

Dengue Fever 

Poliomyelitis 

Trypanosomiasis 

Bancroftian filariasis 

Onchocerciasis 

People currently infected. 
2 Excluding Sudan. 

Morbidity Mortality 
(episodes/year) (deathsiyear) 

1,000,000,000 3,300,000 

11,500,000,000 100,000 

1200,000,000 200,000 

100,000 

'150,000,000 

400,000,000 1,500,000 

1,750,000 20,000 

114,000 

275,000 130,000 

172,800,000 

1
•
417,700,000 540,000 

Relationship of Disease to Water Supply and Sanitation 

Strongly related to unsanitary excreta disposal, poor personal 
and domestic hygiene, unsafe drinking water 

Strongly related to unsanitary excreta disposal, poor personal 
and domestic hygiene 

Strongly related to unsanitary excreta disposal and absence 
of nearby sources of safe water 

Strongly related to unsafe drlnking water 

Strongly related to lack of face washing, often due to absence 
of nearby sources of safe water 

Related to poor water management, water storage, operation 
of water points and drainage 

Related to poor solid wastes management, water storage, 
operation of water points and drainage 

Related to unsanitary excreta disposal, poor personal and 
domestic hygiene, unsafe drinking water 

Related to the absence of nearby sources of safe water 

Related to poor water management, water storage, operation 
of water points and drainage 

Related to poor water management in large-scale projects 

3 Case of the active disease. Approximately 5,900,000 cases of blindness or severe cornphcations of Trachoma occur annually 
4 Includes an estimated 270,000 blind. 
5 Mortality caused by blindness. 
Source: WHO data 

With respect to the above, this chapter reviews the health risks corresponding to sullage as surface 
water runoff. First is started with a review of (tropical) water-related diseases in general, followed by 
an extended review of sullage specific water-related diseases. Finally, the technical aspects of sullage 
or surface water runoff are singled out together with suggestions for control measures. 

8 800,000 children under five years of age die each year fromdiarrhea and dehydration (WHO fact sheet No. 109, 2001) 
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5.1 Water-related diseases overview and prevalence. 

It is not possible to separate water-related diseases completely from those affected by sanitation, nor is 
it desirable to attempt that. All water-borne and some of the water-based diseases depend on faecal 
access to domestic water sources. An environmental classification (Table 43) of water-related diseases 
is helpful in considering effects on improved sanitation (Feacham, McGarry, Mara, 1977; White, 
Bradley, White, 1972). What affects them is the mode of spread leading to four main categories: 

1. Infections spread through water supplies: water-borne diseases 
2. Diseases due to the lack of water for personal hygiene: water washed diseases 
3. Infections transmitted through an aquatic invertebrate anin1al: water-based diseases 
4. Infections spread by insects that depend on water: water-related insect vectors 

The structure of this classification is shown in Table 43, and corresponding diseases are partially 
discussed in greater detail in the next paragraph when concentrating on sullage. The categories are 
explained below. 

The big worries for municipal water 
supplies and sanitation projects in 
temperate and tropical countries are that 
faecal pollution may allow the 
organisms, which cause diseases as 
cholera, to be spread through the water 
supply and cause a large outbreak of 
cholera among many people who drink 
the water. Such infections can clearly be 
accurately described as water-borne 
diseases, where the pathogenic 
organisms are carried passively in the 
water supplies, and they are prevented 
by attention to water quality. 

Table 43: Classification of infective diseases in relation to water 
so lies 
Category 
I Water-borne disease 

(a) Classical 
(b) Non-classical 

II Water-washed infections 
(a) Skin and eyes 
(b) D:arrhoeal diseases 

Ill Water-based infections 
(a) penetrating skin 
(b) ingested 

IV Infections with water-related insect vectors 
(a) biting near water 
(b) breeding in water 

V Infections primarily of defective sanitation 

Examples 

Typhoid, cholera 
Infective hepatitis 

Scabies, trachoma 
Bacillary dysentery 

Schistosomiasis 
Guinea worm 

Sleeping sickness 
Yellow fever, malaria 
Hookworm 

If people have very little water, either because there is extremely little water available or because it so 
far away in a well that the effort to bring much of it to the home is very great, then it may be 
impossible to maintain reasonable personal hygiene. There may be too little water for washing oneself, 
or food utensils or even clothes. Remaining unwashed not only allows skin infections to develop 
unchecked but also makes it easier for intestinal infections to spread from one person to another on 
dirty fingers. In practice, these are an important group of diseases in the tropics and may be called the 
water-washes infections as they result from lack of water or personal hygiene. Clearly, their 
prevention depends on availability, access to, quality and quantity of domestic water. 

In the tropics, there are some worm infections, which are not spread passively from person to person 
in the water. The parasite eggs or larvae are infective to specific invertebrate water animals, chiefly 
snails and crustaceans. They undergo development within these intermediate hosts from which, after a 
period of days or weeks, further larvae mature and may be shed into the water. These larvae are 
infective to man who is infected by drinking water or contact with the water. Such worms, whose 
transmission is based upon an aquatic organism, may be called water-based infections and rather 
specific action to remove the intermediate hosts from the water, or other special action, is needed to 
make the water safe. 

There are many tropical infections spread by biting insects. Most of these, most notably mosquitoes, 
breed in water bodies, sometimes as small as household domestic water containers. Yet, other insects 
capable of transmitting disease, the tsetse flies, in some cases only bite near water. 
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Lastly, there are few infections, of which the human hookworm is most important, where sanitation is 
much more important than water because transmission is from faeces to soil, food, uteusils, dust, and 
so forth, back to human, either by skin penetration (hookworm) or oral intake. These infections are 
called disease of defective sanitation. 

5.2 Sullage aud stagnant water 

The most severe or acute infective diseases described in the previous paragraph are related to excreta 
in a direct way, when water supply is contaminated with faeces. In such cases, sullage acts on a 
secondary level (as a passive vehicle and in an indirect way): according its definition, sullage does not 
contain excrement and does not serve as a water supply facility nor should affect it. However, water 
samples drawn from drains and downstream Msimbazi show high concentrations of F-coli and T-coli, 
indicating that sullage is polluted with faeces and having all the consequences described below. 

The direct contribution of sullage consists of those categories where water is indispensable in the life 
cycle of water-related diseases or acts as a passive vehicle in the transmission route of the infection. 
These categories are the water-based diseases (Ill), the water-related insect vector diseases (IV), and 
diseases of defective sanitation (V) (see: Table 43). 

5.2.1 Water-based diseases. 

Water-based diseases have two characteristics: they are dependent on aquatic organisms for 
completion of their life cycle and, consequently, repeated infections are needed to build up the load of 
parasites within man. They are all helmints, parasitic worms. 

There are two subdivisions of this gronp. In the first are the schistosome worms whose eggs pass out 
iu the excreta and give rise to larvae, which infect certain water suails. Further larvae emerge and are 
capable if penetrating human skin. For one egg emerging from the patient and hatching, many 
infective larvae may result, so these infections are "water-multiplied". The other subdivision 
comprises the gninea worm, whose larvae infect small aquatic crustaceans, and people are infected 
only by actually drinking water containing the crustaceans. No larval multiplication takes place in the 
crustaceans, however. The water-based infections are therefore open to attack by measures far short of 
completely purifying domestic water. The snails and crustaceans may be killed by specific pesticides, 
relatively coarse filters would strain out the infective crustaceans, and a wait of two days, in most 
cases, between obtaining and using water will ensure the death oflarval schistosomes. 

Schistosomiasis. 
Schistosomiasis, also known as bilharzias, is often associated with rural areas and mainly affects 
people engaged in agriculture and fishing. However, rural-urban migration and refugee movements are 
introducing the disease into peri-urban areas (Charles W. Henderson, Cancer Biotechnology Weekly, 
06/03/1996). Together with uncontrolled gray water runoff, causing swamps and lakes in Dar es 
Salaam (Lake Tandale, Lake Makulumula) offering a suitable habitat for the snails, Schistosomiasis 
can become a serious health threat. It (/the disease) infects the venous system by several species of the 
trematode genus Schistosoma. One species, S. haematobium, inhabits the veins around the bladder 
(urinary Schistosomiasis), whereas the others predominantly involve the portal venous system that 
transports blood from the intestines to the liver (intestinal Schistosomiasis). The most important 
species of intestinal schistosomiasis are S. mansoni and S. japonicum; S. intercalatum is similar to 
these but has localized distribution in West Africa. The worm eggs escape from man in the urine and 
faeces respectively and hatch out on contact with water. The resulting larvae bore their way into 
certain aquatic snails of the genera Bulinus and Biomphalana and develop in them. This process takes 
about one month and is followed by a period in which larvae infective to men, called cercariae, are 
shed mto the water. The cercariae can penetrate human skin and are able to infect man through the 
mucous membrane of the mouth if he drinks water containing them, though this is not a usual route of 
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infection. Schistosomiasis raises two particular problems in the present context: the relation between 
domestic sonrces and other water. 

There are some diseases, such as measles, where most people get fairly ill for a limited time, though a 
few may be more seriously affected. In the case of schistosome infection - and this also applies to 
other helminth infections - the severity of disease is very variable, particularly because the worms 
cannot complete their life cycle m man. A person who catches a few worms never gets more unless he 
is again exposed to infection, whereas the man who gets a few measles virus particles very soon may 
have as many as someone who catches a lot initially. To some extent, the ill effects are related to the 
intensity of infection, and many people with light infections, but also some with heavy ones, may be 
free of symptoms. Although the immediate effects of infection may be unpleasant - blood in the nrine 
with loss of iron and protein and pain on passing urine, diarrhea, lassitude, fever, and various diffuse 
aches and pains - the long term effects can be much more serious. The liver may be filled with fibrous 
tissue, leading to portal hypertension and death by vomiting blood from esophageal varices, and S. 
haematobium may cause severe urinary tract damage' leading to kidney failnre and death. This last is 
potentially the chief effect of S. haematobium on the public health in many parts of Africa 

Figure 15: geographical distribution of Schistosoma Figure 16: geographical distribution of S. mansoni 
haematobium and S.japonicwn (Source: Feachem et al; 1983) (Source: Feachem et al; 1983). 

Guinea worm. 
The gninea worm, Dracunculus medinensis, used to be a serious health threat with great economic 
effects. But prevention is relatively easy - a concreted rim draining away from the well is all that is 
needed to break the life cycle - and as a result reported cases worldwide dropped from I million in 
1989 to 80,000 cases in 1997 (WHO, fact sheet No.98). The disease did occur in Tanzania but is now 
epidemic only in West and Central Africa (south of the Sahara), and in Yemen. It is the only parasitic 
disease that may be totally eradicated from the world in the near future. 

5.2.2 Diseases with water-related insect vectors. 

Many tropical infections have insect vectors, and the larvae of many insects are aquatic. There thus 
grows up a relation between water - and possibly sullage - and many vector-borne diseases. Malaria is 
the chief of these, and others are Bancroftian filariasis, onchocerciasis, dengue, yellow fever and other 
arbovirus infections. A few other vectors do not breed in water, but their preferred habitat is near 
rivers, streams and other slowly moving or stagnant water bodies. The most important of these are the 
tsetse flies transmitting Gambian sleeping sickness. 

Although malaria is the biggest health threat of the above-mentioned diseases, it is not encouraged by 
uncontrolled sullage disposal in nrban environments. This is because the vector, Anophelae, prefers 
clean running fresh water. The vectors that are encouraged by uncontrolled sullage disposal are Culex 

9 There is now evidence that unnary schistosomiasis can cause bladder cancer 
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pzpzens and Aedes aegypti. The first mosquito family transmits Bancroftian filariasis; the second 
transmits dengue and (urban) yellow fever. 

Bancroftian filariasis. 
Originally, the vector of filariasis in Africa was the Arwpheles mosquito. However, at present, 
especially in East Africa, the nematode worm Wucheria Bancrofti -the causative agent of Bancroftian 
filariasis - has adapted to transmission by Culex pipiens. The principle member of the vector C. 
pipiens on the coast of East Africa is C. quinquefasciatus. Its breeding places are mostly associated 
with sewage or sullage; stagnant open drains are perhaps the most prolific source. In many cases these 
drains were installed originally for storm water but with the increased urban population and 
inadequacies in the sewage disposal system, they have become the repository for sewage and sullage 
and tend to block and stagnate. Even if excreta are not disposed of in open drains, the use of such 
drains for sullage water creates equally important C. pipiens breeding places if the water is allowed to 
stagnate. 

CJ NORTHERN AND SOUTHERN LIMITS 
0 OF THE RANGE OF ~ PIPIENS 
~ FILARIASIS TRANSMITTED MAINLY 
W BY OTHER SPECIES OF MOSQUITO 

• 
FILARIASIS TRANSMITTED 
MAINLY BY CULEX PIPIENS 

RESIDUAL FllARIASIS 
TRANSMISSION BY CULEX ~ 

Figure 17: Known geographical distribution of C. pipiens and Bancroftian filariasis (Source: Feachem et al; 19~~) 

The development of the disease itself in humans is still something of an enigma to scientists. Though 
the infection is generally acqnired early in childhood, the disease may take years to manifest itself. 
Many people never acqnire outward clinical manifestations of their infections. Even though there may 
be no clinical symptoms, studies have now disclosed that such victims, outwardly healthy, actually 
have hidden lymphatic pathology and kidney damage as well. The asymptomatic form of infection is 
most often characterized by the presence in the blood of thousands or millions of larval parasites 
(microfilariae) shed by the adult worms located in the lymphatic system. If a susceptible mosqnito 
ingests microfilariae during a blood meal, they develop inside the mosqnito over a period of 10-15 
days to become infective larvae. When the mosqnito feeds again - one blood meal is taken between the 
laying of each egg raft - they may be reintroduced into another person where male and female worms 
establish themselves in the lymphatic system and recommence the cycle of microfilariae production. 
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Dengue and (urban) yellow fever. 
Dengue, dengue haemorrhagic fever (DHF) and yellow fever have the same vector: Aedes Aegypti. Ae. 
aegypti used to be a clean water breeder, like the malaria mosquito, but has adapted to urban 
environments. It breeds in small cans, water storage jars, used automobile tyres, and small fresh water 
pools formed by area standpipe or showers with no sewage connection, etc. Discontinuation of Ae. 
Aegypti eradication programs in the early 1970's - to fight against yellow fever - because of pesticide 
resistance and yellow fever immuuization programs, caused an increase of Ae. Aegypti and 
correspondingly an increase of dengue and (urban) yellow fever infections. 

Both infections are viruses. They need ae. aegypti only as a passive vehicle. Once infective, a 
mosquito is capable of transmitting the virus to susceptible individuals for the rest of its life, during 
probing and blood feeding. Infected female mosquitoes may also transmit the virus to the next 
generation of mosquitoes by transovarial transmission i.e. via its eggs, but the role of this in sustaining 
transmission of virus to humans has not yet been delineated. Factors contributing to the spread of 
dengue and yellow fever include increased urbanization because mosquitoes in urban areas increase 
the potential for explosive large urban outbreaks, increase in the distribution and density of 
mosquitoes that transmit yellow fever and increased intrusion of people into forested areas. 

g Reported oolbreak 

6 Atllsk 

Figure 18: Countries at risk of yellow fever and 
countries that have reported at least one outbreak of 
yellow fever during 1985-1999 (Source: WHO, 2000) 

5.2.3 Diseases of defective sanitation. 

~ Are:as infestedwithAede5aef!Pll 

• Areas withAecfes aewu and de:r:igue epidemic utivity 

Figure 19: World distribution of Dengue and Aedes 
aegypti 1996 (Source: U.S. Dep. of Health and Hwuan 
Services) 

It is clear that many diseases in the water-borne and water-based categories depend on access of human 
wastes to water or people's mouth. In both categories, water has a crucial role: without water the 
infections won't happen. There is one category left where water isn't necessary in the faecal-oral-route 
but acts as a passive vehicle in the transmission route. This is where uncontrolled sullage disposal and 
gray water runoff becomes an important source for diarrhea and a major health treat for children. 

As stated before, sullage does or should not contain faeces. But in practice, baby and nappy washing 
causes excrement to end up in gray water. Other sources are children playing and defecating m pools 
formed by uncontrolled sullage disposal and gray water runoff, and the rise of the ground water table 
during the rainy season causing pit latrines to flood Now, the faecal-oral-route is obvious and all kinds 
of helminth infections - causing diarrhea - come around which don't need an intermediate host to 
complete their life cycle. The most important infections to humans in Africa (and Tanzania) are: 
Ancylostomiasis (hookworm), Ascariasis (roundworm), Strongyloidiasis, and Trichuraisis 
(whipworm)10

• 

10 Worldwide in 1994, Ascaris causes clinical symptmm in as many as 214 million people, Trichurts m 133 million and hookworm in 96 
million (World Health Report 1995, WHO, 1995) 
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Ancylostomiasis. 
Ancylostomiasis, or hookworm infection, is not only very common but also produces serious clinical 
consequences among a proportion of those infected. With the possible exception of schistosomiasis, it is 
the excreted worm with the greatest worldwide public health importance. It is the only worm that can 
penetrate through the skin. Transmission comprises of thin-shelled, ovoid, unsegmented eggs that are 
discharged by the adult female worms into the lumen of the small intestine. The eggs develop rapidly in 
the gut and are usually at the four- or eight-cell stage when evacuated in the faeces. If the faeces are 
deposited in a suitable environment, the eggs hatch in 24-48 hours to give rise to rhabditiform first-stage 
larvae. Optimum conditions for hatching and subsequent larval development are: 

• Shade from strong sur.ligl1t 
• Soil of the right particle size, denseness and structure; ideally a light sandy loam 
• Adequate, but not excessive, moisture; both desiccation and water-logging are rapidly lethal to 

hatched hookworm larvae 
• A temperature between 28-32 °C for N. americanus, and between 20-27 °C for A. duodenale; 

above and below these temperature ranges, larval development is slowed down and is 
completely arrested below 10 °C and above 40 °C. 

• Adequate decomposing organic material and microorganlsms in the soil to provide food supply 
for the developing larvae. 

If conditions are satisfactory, the larvae undergo two moults outside the human body, on the third and 
the fifth days of their free-liviug existence, giving rise to third-stage filariform larvae, which become 
infective to man about six days after hatching from the egg. These larvae normally survive for 3-6 
weeks, and have a maximum life span of 15 weeks. Infection of man occurs most commonly when the 
third-stage larvae penetrate the skin, usually between the toes or on the feet and ankles. In case of A. 
duodenale only, the third stage larvae can also infect man when they are ingested. Oral transmission of 
N. americanus is insignificant. 

WI. NECAIOR AMERICAN US . 

Figure 20: Known geographical distribution of Ancylostoma duodenale (Source: Feachem, 1983) 
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Figure 21: Known geographical distribution of Necator americanus (Source: Feachem, 1983) 

Ascariasis. 
Ascariasis, a helminth infection of the small intestine by the human roundworm, is au infection of 
particular importauce because it is extremely common in most parts of the world aud because the eggs 
of the Ascaris lumbricoides - the human roundworm - are very persistent in the environment aud 
difficult to eliminate. Prevalence aud intensity of infection are particular high in preschool aud young 
school children, among whom prevalences of 60-90 percent are reported. The fatality rate is about 0.02 
percent aud higher in children. About 85 percent of infections are symptomless, although the presence of 
even a few worms is potentially dangerous. 

The female worms lay up to 200,000 eggs per day. The unsegmented, fertilized egg are passed in the 
faeces. The first-stage larva in the egg msut moult to produce a second-stage larva before the egg is 
infective. The proportion of eggs that develop and the time of development will depend on 
environmental conditions. Under ideal conditions of moist shady soil at 22-33 °C, a minimum of 10-15 
days is reqnired for about 75 percent of freshly passed eggs to become infective. Infective eggs cau 
survive for long periods, aud 7 years survival in soil has been recorded. During these periods, eggs may 
be widely dispersed from the site of original defecation, especially in case of domestice wastewater 
surface runoff. When infective eggs are ingested - on hauds, food, utensils, dust aud so forth - the larvae 
hatch in the duodenum (first part of the small intestine). They are carried in the lymphatics or blood 
vessels, through the liver and heart, to reach the lungs in 3 days. The larvae develop further in the lungs, 
penetrate the air passages, ascend the trachea, are swallowed, aud pass down the esophagus to reach the 
small intestine. They develop into adults in about 60-75 days aud then live for up to 1,5 years. 

The dominant vehicles for Ascaris eggs ingestion are contaminated fingers, objects that have been 
placed on the ground (aud cau be sucked by children), dirt from the yard (that can be eaten by children) 
aud contaminated vegetables. Eggs may also be deposited by pigs, dogs, or chickens that have fed on 
humau faeces aud cau pass the human Ascaris eggs unharmed in their own faeces. Waterbome 
trausmission is possible but is of minor importauce. There is now a considerable body of evidence to 
indicate that Ascariasis in endemic areas is a familial infection. Most transmission occurs when the 
house, floor, yard, or area around the house is contaminated by promiscuous defecation by small 
children. This contaminated soil then reinfects other children aud adults in the same family. Visitors 
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may also be infected. Infection is clnstered by family and is strongly associated with soil contamination 
around family" s home. 

Strongyloidiasis. 
Some aspects of the epidemiology and transmission of Strongyloides resembles that of Ancylostomiasis. 
In other aspects, however, it is entirely different because of autoinfection. In most areas, strongyloidiasis 
is coextensive with hookworm but has a lower prevalence probably due to its difficulty to diagnose. 
Symptoms are often vague or absent, but infection is potentially serious, particular in malnourished or 
immunosuppressed individuals. When the body's immune responses are deficient, disseminated 
strongyloidiasis may occur, with larvae attacking most organs of the body; such cases are usually fatal. 

The mature parasitic female, which lives embedded in the mucosa of the small intestine, deposits several 
dozen partially embryonated eggs each day. These eggs hatch and liberate noninfective rhabditiform 
larvae that migrate into the lumen of the small intestine. The rhabditiform larvae that may invade the 
mucosa if the lower portion of the small intestine or large intestine and cause infection. The latter course 
is known as autoinfection. Autoinfection can also occur when rhabditiform larvae in faeces are 
deposited on the peri-anal skin and develop into infective filariform larvae that penetrate the body 
through the skin. Thus, strongyloides is the one human helminth that can increase its numbers within the 
intestine without any form of reinfection or external transmission. External transmission and infection 
does occur and is the same as with Ancylostomiasis with difference that the adult female can produce 
eggs without fertilization by a male worm. Male adults, therefore, are rarely found in the intestine. 

Trichuriasis. 
Trichuriasis is a helminthic infection of the large intestine and cecum by the human whipworm Trichuris 
trichiura and is the last of the three intestinal worm infections of man having cosmopolitan distributions 
and producing severe clinical consequences in heavily infected individuals11

• It is often considered 
jointly with ascariasis because they are usually endemic in the communities and their life cycles, modes 
of transmission, and epidemiologies are similar. The major difference between Trichuris and ascaris is 
the longer lifespan of the first in the human host. 

5.3 Advice and suggestions for remedies aud prevention. 

There are two major remedies to decrease the above-mentioned diseases: better personal hygiene and 
avoiding excrement to enter domestic wastewater. These general methods and other technical and 
behavioral control measures for each disease separately, are described below. 

Health education programs all over the world have greater importance than ever before. Topics like 
water use at home, water use at the tap, sanitation and personal hygiene are all of great concern. 
Training women as health promoters, chosen by their peers, proofed to be very successful. Introduction 
into schools of (selt)diagnosis and treatment has made children and parents much: more aware of the 
problem connected with disease itself. Schoolteachers and local health workers are effective in 
explaining the role played by people in the transmission of water-related diseases. These programs have 
great influence on separation of excrement and domestic wastewater with little costs and efforts. 

Another easy-to-achieve general health improvement is channeling domestic liquid waste runoff to 
prevent stagnant water and corresponding vector breeding. Even little ditches, dug by hand, promote 
wastewater to runoff quickly and pools cannot develop. A little more effort and organization is needed 
to unblock municipal storm water drains. 

Although a relatively cheap smgle dose treatment (praziquantel) for schistosomiasis is available since 
the last two decades, prevalence of the disease still occurs dne to unsanitary conditions. Technical 
supplement control measures are weed control and the use of molluscicides such as Niclosamide and n
trityl-morpholine (Frescon). The main objections are that these molluscicides are expensive ($30,000 per 

11 The other two are ancylostomiasis and ascariasis. 
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ton) and are only effective in case of lakes and much less for slow flowing swamps. New cheaper 
molluscicides are under development. Promising results are derived with natural extracts from the soap 
berry plant or endod (Phytolacca dodecandra) and with latex derived from the "Crown of Thoms" plant 
(Euphorbia spledens). Except for the price, another advantages are that the latter has been proven non 
carcinogenic, has a cosmopolitan habitat and the latex is easily extracted. Snail control (in man-made 
swamps) is also achieved by channeling to increase water flow speed, which is unfavorable for the 
snails. 

The mosquito vectors Culex pipiens and Aedes aegypti have different breeding environments and 
therefore different control measures. General control measures for both species are pesticides and - less 
expensive but less effective - light oils with high spreading pressures. Although the adult mosquito's 
resistance against pesticides has increased, their larvae are (still) susceptible for extremely low 
concentrations of organophosphate pesticides (much less than 1 mg per liter but resistance is increasing). 
The problem here is the enormous variety and number of breeding places. 

The different environmental control methods for Culex and Aedes are described below 

• Avoidance, if at all possible, of using open drains for sewage and sullage 
• If the use of open drains is absolutely unavoidable, prevention of stagnation in the drains by 

frequent cleaning and the provision of adequate garbage disposal systems 
• Fitting and maintenance of mosquito-proof netting over ventilation pipes on septic tanks, aqua 

privies and improved pit latrines 
• Sealing and repairing covers on septic tanks, soakage pits, and improved pit latrines 
• Fitting of water seals on pit latrines 
• Clearance of vegetation from waste stabilization ponds. 

The environmental control methods for Anopheles aegypti are relatively easier. It breeds in fresh clean 
water and has learned to breed in artificial containers used for storing clean water. Avoidance of devices 
that collect rainwater, e.g., bottles, cans, tires, etc, is stimulated by sufficient municipal water supply. 

Since no prophylactic drugs or vaccines for the above-mentioned intestinal helminth infections are 
available, personal hygiene and health education are, here, most important. Hookworm is the only 
exception, which can be prevented by other means than personal hygiene: wearing adequate footwear! 
However, wearing of footwear is not an immediately practicable proposition for economic as well as 
customary reasons. Farnily-centered transmission can be controlled, in thecry, by providing a hygienic 
toilet for all members of the family and by providing the necessary health education to ensure that the 
toilet is used. Because children are the main excreters of the helminth eggs, it is essential that any toilets 
should be acceptable and appropriate for use by children. In addition, it is necessary to clear up the 
stools of babies who are too young to use the toilet. Fresh stools are not immediately infective and so 
they may be cleaned up any time up to a few days after deposition and still interrupt transmission -
except that delay in clearing up will increase the risk of dispersion or ingestion of eggs by domestic 
animals. Bearing in mind that adult worms die naturally after a very long period - 6 months to several 
years - in the small intestine, reduced transmission will cause a gradual fall in intensity of infection 
followed by a gradual fall in prevalence. Because helminth eggs remain infective for several months to 
several years, transmission will continue after personal hygiene and sanitation has been improved, and 
there may be a considerable lag before reduced intensities and prevalence are measurable. This delayed 
response to reduced transmission will tend to decrease community enthusiasm for the preventive 
measures being advocated. It is for this reason that a combination of mass chemotherapy, health 
education, and sanitation improvement is the best approach to intestinal helminth control. 
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6 Evaluation 

6.1 Conclusions 

Despite the small number of water samples and their occasionally doubtful values, the strong correlation 
presented in Figure 13 suspects a number of conclusions. First, the applicability of the model - as it used 
until now - for running water bodies is limited. In case of areas where most people make use of pit 
latrines, the values used in earlier executions of the rapid assessment procedure need to be adjusted. The 
actual annual liquid BOD production per capita that is able to enter a receiving water body must be 
much lower compared to the values that are used so far. Herewith related, the assumption that all 
domestic liquid waste will enter a receiving \vater body must be rejected. This is not only restricted to 
domestic liquid biodegradable waste but accounts for other nutrients and pollutants too. In case the 
samples from Buguruni drain are representative for gray water surface runoff, sample analysis indicates 
that actual nutrient production is much lower compared to the values used so far. Table 44 shows annual 
domestic pollution loads based on Buguruni drain samples depending on highest, lowest and most likely 
water consumption rates. 

Table 44: annual domestic nutrient production that runs off to a receiving water body for people not connected to sewer 
or septic tank in urban areas 

BOD [kg/cap/year] N [kg/cap/year] P [kg/cap/year] 

Highest 
Most likely 

Lowest 

0.79 

0.68 

045 

0.42 

0.36 

0.24 

0.011 

0009 

0.006 

It is tempting to propose a gray water runoff formula based on the straight lines for most likely values 
visualized in, but since no proper error analysis could be executed this is oriiitted. However, indications 
can be given. Within boundaries indicated by highest, most likely, and lowest values for domestic gray 
water production rates and background BOD levels in river water, it can be stated that in rural and peri
urban areas (less than 500 cap/km2

) gray water will not run off or will be very small in such a way that it 
can be neglected. For medium densely populated urban areas (500-5000 cap/km2), gray water runoff is 
somewhere between 0% and 40%. For high densely populated areas, gray water runoff is somewhere 
between 15% and 60%. Table 45 shows highest, most likely and lowest intervals based on figure 14 in 
chapter 4. Most likely values are based on the most likely values for gray water production (water 
distribution loss = 20% which means 185 Vcap/day for people having a inside house water connection 
and 94 Vcap/day for people having access to a area standpipe) and background BOD level for Msimbazi 
River (2.0 mg/I). · 

Table 45: indication for lowest, most likely and highest values for gray water runoff with respect t~ specific categories of 
population density , 

Population density 

Rural and peri-urban areas {under 500 cap/km2
) 

Medium densely populated urban areas (500-5000 cap/km2
) 

High densely populated urban areas {over 5000 caplkm2) 

Lowest 
runoff fraction 

0 

0 

0.15 

Most likely .~~ 
runoff fraction 

0 

0.15 

0.3 

Highest 
runoff fraction 

0.1 

0.4 

0.6 

Concerning the error analysis, this is a complex and time-consuming job (the latter also accounts for 
digitizing catchments areas). It is desirable to perform multivariate analyses since alternative approaches 
add improper errors and as a result very weak correlations. Nevertheless, stronger correlations can be 
expected regarding the attenuation effects because of mutual dependence. It is therefore promising that 
even with little information (small sample size) and a number of simple assumptions reasonable 
coherence can be achieved. 

Serious health problems can be expected in case domestic wastewater surface runoff or uncontrolled 
sullage disposal. This is twofold: on the one hand, wastewater runoff causes is likely to form stagnant 
water in terms of (small) swamps and pools, which offer suitable habitats for snails (schistosomiasis) 
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and certain species of mosquitoes (Culex Pipiens causing filariasis). On the other hand, stagnant water 
provides transmission routes for a whole range of water related diseases when children are playing in 
pools formed by domestic wastewater contaminated with faeces. Domestic wastewater analysis shows 
substantial amounts of F-coli indicating the presence of excrements. 

6.2 Discussion 

What strikes most in this study is the enormous difference between literature values for domestic liquid 
BOD production and the calculated values. Apparently, domestic liquid BOD loads for people having pit 
latrines differ very much from people with a sewer or septic tank connection. Since the large majority of 
the East-African population makes nse of pit latrines, it would be advisable not to use septic tank values 
from the rapid assessment procedure for people not connected to a sewer system or for rural population, 
which is done so far during the Lake Victoria Research Program. 

One could speculate abont explanations for the above-mentioned difference. It all starts with the BOD
values from Buguruni drain, which served as input to calculate domestic liquid BOD-load per capita that 
runs off. Buguruni drain acts as an open sewer and much BOD-values should be expected. A number of 
causes are listed below. 

• The flow rate of runoff is to such extent that BOD particles settle before it enters the drain and 
successively enter a receiving water body 

• Elaborating on low flow rate: the retention time is to such extent that BOD-decay should be 
taken into account 

• The customs for pit latrine use is different as is proposed in this study meaning the pit latrine 
does not only. receive excrements but also food remnants or other aspects of domestic 
wastewater. 

When the above-listed statements are true and as a result, the domestic liquid biodegradable waster 
production rate per capita is (much) higher as is stated in this study, this has no effect on the eventually 
load to a receiving water body. After all, if the rate increases, the runotr fraction decreases. 

Except for domestic pollution loads, industrial BOD production according the rapid assessment 
procedure proves to be 6 to 20 times higher as is observed with wastewater sample analysis. This raises 
the question to what extent this also accounts for nutrients like nitrogen (nitrates) and phosphorous 
(phosphates)? Concerning the covering research program, especially the eutrophication of Lake 
Victoria, this has little consequences. Wet deposition and agricultural runoff account for over 90% of the 
eutrophication. Ouly in case of biodegradable waste, the results of this study disagree with the results of 
previous studies. 

6.3 Recommendations 

The improvements that can be made are various. First, all the assumptions made in this study require 
further investigation, especially water consumption rates and corresponding gray water production. Next 
to this, the sample size (the number of samples taken from river water and effluents) should be 
increased. This will improve the reliability and reduce the variability of the model. To see the effects of 
the variability of water sample analysis on the runoff fraction, a multivariate error analysis is very 
desirable. This should be performed by a statistician. 

In case of domestic liquid waste runoff or uncontrolled sullage disposal, further research about the 
composition and runoff behavior of sullage is desirable to understand the differences between the results 
of this study and literature values. Similar to this, this is also desirable for individual industrial effluents. 

Regarding the health risks of uncontrolled sullage disposal the construction of simple drains is very 
effective. This will avoid stagnant water which is the most important factor concerning water related 
diseases. 
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8 Data sources. 
Except for literature and reports, many other data sources are used: small papers for internal purposes 
only, papers written by students as an exercise, databases in digital form, the internet, etc. Wbat follows 
is a list of information sources that were consulted in order to obtain and interpret the used data as 
correct as possible. 
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R. Kiunsi. 1994 
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Appendix I: Calculations for deoxygenation rates and BOD-decay. 

Thomann et al (1987, p48) provides a formula to calculate stream velocity according equation (37): 

Where: 
u 
Q 
v »o 
DA 
L 

=flow through velocity [ft/s] 
=flow [cfs] 
~ slope [:fJn1i] 
=Drainage area [mi2] 
= reach length [mi] 

And a,a,b,c, and d are empirical coefficient showed in Table 46. 

Table 46: coefficients for estimating reach velocities in Georgia (U.S.) for stream flow< 100 cfs 

(37) 

Soil type Coefficient a Flow a Slope b Drainage area c Reach length d 

Atlantic Coast flatwoods and S. coastal 0.181 
plain province 

Sand Hills province {the fall line) 0.051 

S. Piedmont province 0 137 

Sand Mountain, S. Appalachian ridges 0.270 
and valleys, Blue Ridge provinces 

0.190 0 OOO 

0.112 0.695 

0.522 0 .. 264 

0.662 0.000 

0.000 

0.000 

-0 .. 333 

-0 .. 437 

0.219 

0.000 

0.348 

0.000 

Msimbazi valley is resembled most by Sand Hills province, which is characterized by rolling to hilly 
topography with elevation ranging from 350 to 500 feet, and soils primarily derived from marine sands, 
loams and clays. 

In case of the longest distance between two sample points (sample point 16 and 12): 
Q = 10000 m3/day = 3.5 cfs 
So = 20 m on 7 km= 17.6 ft/mi 

u = 0.4 ft/s or 0.12 m/s 

Now, Chadderton et al (1982) provides deoxygenation rates depending on flow velocicy: 

Table 47: ranges of K4 by stream class 

Stream class description 

Sluggish 
Low velocity 
Moderate velocity 

Swift 
*) H = hydraulic depth 

Kd per day 

0.033- 0.08 

0 .. 05 -0 67 

0.5-25 

0 .. 2 -3.33 

U in feet per second (meters per second) 

0.10-0 .. 50 (0.03-0.15) 

0.10-0.50 (0.03-0.15) 

0 .. 5 - 2.0 (0. 15 - 0.6) 

2.0-60 (0.6-1.8) 

Since Msimbazi River is rather shallow, Kd lies between 0.05 and 0.67. 

Travel time: 7000m I 0.4 m.s 1 = 0.2 day. 

~ Lo = exp(-0.05*0.2) = 0.99 
~ Lo= exp(-0.67*0.2) = 0.87 

H* in feet (met6rs) 

10-20 (3-6) 

3-10 (0.9-3) 

2-5 (0.6-1.5) 

2-10 (0 .. 6-3) 
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Appendix II: Calculations for population sanitation characteristics. 

The following makes use of Table 2 and Table 4. 

Urban Kinondoni. 
Extended calculations for the sanitation characteristics of urban Kinondoni are needed since all sewered 
areas are lying outside Msimbazi catchment. Next to this, Msasani (partially sewered) is the richest ward 
of which is likely to take up most septic tank connections. The result is that there are fewer septic tank 
connections left for the remaining part of urban Kinondoni, and consequently, the share of people 
having pit latrines or no facilities at all, increases. 

GIS overlay techniques point out that there are 4374 people connected to the sewer in Msasani Ward. 
With the assumption that the remaining population have septic tank connections this leaves 51225 (total 
Msasani population)-4374 = 46851 people connected to septic tanks. 

The total number of people in urban Kinondoni connected to the sewer: 24465 
The total number of people having flush toilets: 137527 
The total number of people in urban Kinondoni connected to septic tank: 137527 - 24465 = 113062 

Since Msasani Ward is lying outside Msimbazi catchment area, the sanitation characteristics of the 
remaining part of urban Kinondoni can be adjusted. The number of people connected to septic tank 
inside urban Kinondoni except for Msasani: 113062 -46851 = 66211. 

The total number of people inside urban Kinondoni, out Msasani Ward, not connected to a sewer: 
568551 - 51225 - (24465 -4374) = 517286. 

Sanitation characteristics of urban Kinondoni, outside Msasani: 
• Septic tank or sewer: 66211I517286=13.3% 
• Pit latrine: 426021I517286 = 85.7% 
• No facilities: 4963 I 517286 = 1 

Number of people having inside house water supply (piped, well, or other) without sewer or septic tank 
connection (read: flush toilets): 187512 - 137527 = 49985. 

The preceding leads to fractions of people having pit latrines or no facilities (430,984 = 86.7%) broken 
down to type of water supply on which water consumption rates and consequently gray water production 
can be assessed: 

Pit latrines with inside house water supply: 49985 I 430,984 * 86.7% = 10% 
Pit latrines with outside honse water supply: (430,984-49985)/430,984 * 86.7% = 76.6%. 
These results are feed back into Table 5. 

Urban llala: 
N" of people having flush toilets: 70317 
N" of people connected to (city) sewer: 70903. 
~ the part of urban Ilala outside the city center have no flush toilets. 

N° of people having pit latrines or no facilities at all: 234,879 
N° of people having inside house water supply: 133,269. 
N° of people with pit latrines or no sanitation facilities and inside house water supply: (133,269 -
70,317) I 234,879 = 26.5% 
N° of people with pit latrines or no sanitallon facilities and outside house water supply: (234,879 -
(133,269 - 70,317)) I 234,879 = 72.5% 
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Rural Kinondoni. 
N° of people with pit latrines or no facilities with inside house water supply = total N° of people with 
inside house water supply minus N° of people with flush toilets (Kinondoni has almost no sewered area, 
so all flush toilets are connected to septic tanks): 10808 - 5185 = 5623 = 10%. N° of people with pit 
latrines or no facilities with outside house water supply: 51165 - 5623 = 45542 = 81%. Total N° of 
people in urban Kinondoni: 56350. 

Rural llala. 
N° of people with pit latrines or no facilities with inside house water supply = total N° of people with 
inside house water supply minus N° of people with flush toilets (urban Ilala has almost no sewered area, 
so all flush toilets are connected to septic tanks): 5914 - 287 = 5627 = 22%. N" of people with pit 
latrines or no facilities with outside house water supply: 25128 - 5627 = 19501 = 77%. Total N° of 
people in urban Kinondoni: 25415. 

' 

Figure 22: overview of sewered areas in Dares Salaam (1988). 

Kinondoni urban 
Kinondoni rural 

a Temeke urban 
Temeke rural 
llala rural 

a llala urban 
a Regions 
- Main rivers 
- Coastline 
+ sample points 
a Sewered Area 
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Appendix ill: Rainfall data 

Table 48: Rainfall data in 1988 at Dar es Salaam Laboratory Station 
jan-88 feb-88 mrt-88 apr-88 mei-88 jun-88 jul-88 aug-88 sep-88 okt-88 nov-88 dec-88 

1,3 1 

2 34,3 20 

3 3,4 13,6 3 

4 34,5 12 

5 6,5 4 

6 2,6 

7 1,5 1,8 2,3 

8 0,5 4,3 

9 18 

10 10 1,5 0,2 

11 1,8 13,3 

12 26 2,5 

13 76,1 11,7 12,3 

14 8,6 9,8 3,8 1,8 

15 4 1,8 

16 3,3 5,2 

17 17,5 31,4 1,B 

18 14 7,8 12,7 4,5 

19 1,6 

20 3,8 8,2 4,8 

21 1,2 17, 1 
22 0,8 3,8 10 

23 3 

24 66,9 3,2 3 2 

25 1,7 4, 1 3,2 1,2 21,5 

26 29,5 11 2 2,5 36 

27 8,8 9,5 

28 1,8 3,5 15,9 

29 1, 1 8,9 5,2 

30 1,6 2,5 

31 44,1 2,7 

Table 49: monthly rainfall data Dar es Salaam Region 1988 (source: Statistical Abstract) 

April May June Juli Aug Sep Oct Nov 

245,7 15,5 78,5 9,3 48,2 32,7 8,8 62,4 
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Appendix N: Dares Salaam population figures 1988 

Table 50: Dar es Salaam pop. figures 1988 
Ward Area Population Cap/km2 

Makurumla 2,7 54141 20105 
Mzimuni 1,8 23988 13246 
Magomeni 0,7 16938 25684 
Jangwani 1,2 15297 12508 
Upanga East 1,3 9852 7791 
Upanga West 2,4 11019 4669 
Kisutu 0,7 8399 12578 
Mchafukoge 0,6 8439 13582 
Kariakoo 1, 1 12506 11563 
Mchikichini 1,4 14852 10845 
Kigogo 2,8 21267 7701 
llala 1,7 35372 20482 
Gerezani 1,5 7490 5026 
Keko 4,9 42836 8676 
Kurasinf 6,2 26737 4319 
Bugurunf 2,0 48286 24632 
Kinondoni 4,9 42301 8571 
Mwananyam ala 2,4 72956 30663 
Tandale 2,5 58357 23544 
Ndugumbi 2,4 32548 13715 
Manzese 6,8 59467 8685 
Mabibo 18,6 43381 2332 
Tern eke 4, 1 91280 22056 
Miburani 5,3 71990 13593 
Mtoni 3,8 39402 10455 
Mbagala 28,8 40644 1411 
Vijibweni 18,2 2566 141 
Kipawa 5,3 36992 7038 
Kibada 45,2 3005 66 
Toa Ngoma 41,5 6670 161 
Charambe 9,3 18657 2004 
Somangira 77,2 6743 87 
Kisarawe 31,9 2721 85 
Kimbiji 55,1 6450 117 
Chamazi 77,1 5444 71 
Msongola 65,0 13279 204 
Pugu 54,4 6231 115 
Kinyerezi 19,9 3044 153 
Vingunguti 6,8 33876 5010 
Ukonga 29,5 42891 1455 
Tabata 14,8 18454 1248 
Bunju 73,8 10198 138 
Mbweni 19,8 2162 109 
Kunduchi 61,3 22106 361 
Gaba 147,8 4768 32 
Kawe 31,3 32854 1048 
Ubungo 22,4 47281 2107 
Kibamba 123,1 15671 127 
Yambo Vituka 18,0 13428 747 
Msasani 12,2 51225 4206 
Klvukoni 2,4 5391 2276 
Kigamboni 43,5 23203 534 
Source: Population census 1988 
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Appendix V: Water sample analysis. 

Table 51: water saml?le anal~sis Eerformed bI Haskonin; (1988). 
Physical Parameters Biological Parameters 

No. Location Date Time Remarks Conductivity Temp. DO Saturation pH BOD COD F-Coli T-Coli 
[µSocm-1

] [OC] [!Tlg ~ __ 1_:
1
] [o/o] [mgul·1J [mgul-1] [ml-1] [ml-1] 

Annew 3.1. Msimbazi river, southern drain (Buguruni, llala market stormwater and Brewery effluent) 
13 Buguruni 14-6-1988 10:10 Human excreta flowing down 525 27,4 5,4 71 7 11 57 800 2300 

26-6-1988 12:20 narrow filthy concrete drain 553 29,6 6,4 85 7,7 1 45 8 2300 
10-7-1988 10:05 not regularly cleaned 550 27,5 3,5 44 7,6 25 9 "1300 130000 

11 Brewery & 5-6-1988 11 :20 Dark smelling organic 595 31,6 0 0 6,4 60 1159 !>OOO 23000 
llala market 21-6-1988 10:15 brewery effluents and storm- 756 27,5 1,8 23 9,3 73 727 800 8000 

28-6-1988 11:25 water from llala market 883 31,7 1,4 18 6,9 134 1247 6000 50000 

Annew 3.2. Northern branch of Msimbazi river, catchment of sinza river, draining Mwanyamali and Kinondoni 
18 Upstream 21-6-1988 9:35 fast flowing water 943 24,5 2,5 30 6,4 22 212 230 1700 

at swamp 6-7-1968 10:35 over sandy substracts 815 27,1 2,6 32 7,1 0 80 2 30 
12-7-1988 9:45 691 26,5 2,9 35 7,8 8 19 22 500 

17 Downstream 21-6-1988 9:20 brown coloured 943 24,6 3 36 7,6 25 115 800 1300 
of swamp 9-9-1968 10:20 water coming 815 27,2 2,6 33 7,2 0 218 5 230 

10-9-1988 10:00 from swamp 941 26,5 2,8 35 7,8 7 121 110 300 

Annew 3.3. Msimbazi river between Morogoro and Sealander bridge 
1 0 Morogoro bridge 4-6-1968 11 :00 no special futures 676 26,9 5 62 7, 1 0 45 110 1700 

Nothern Branch 20-8-1968 10:00 but coloured water 655 24,4 4,6 55 7 26 125 300 500 
27-8-1988 11:10 obseived in July 686 26,7 4,1 51 7,6 7 11 5 130 

23 Upstream of 11-8-1988 12:10 Very dirty effluents from 1660 30,8 0 0 7,1 54 321 30 30000 
Sealander 20-6-1988 13:20 brewery drain and Muhimbili 4120 26,7 1, 1 14 8 17 812 5000 13000 
Bridge 20-9-1968 10:05 Hospital. Mud lat tidal 9570 25,6 0 0 8 18 309 23000 1100000 

T24 Sealander 11-8-1988 11:10 LW 9:45 5870 28,2 0 7,5 8 179 2800 23000 
Bridge 23-8-1988 13:20 MW 12:25 69600 26,4 8,2 8,4 4 173 78 110 

20-9-1988 9:20 MW 9:56 34500 27,6 6,4 8,5 13 1193 230 3000 
22-9-1988 9:10 LW 7:05 6840 27 0 7 21 299 3000 8000 

Annew 3.4. Msimbazi river, Ubungo branch flowing through lake Mlnyonyoni and Lake Makurumla and main branch of Msimbazi river upstream of junction at Kigogo Rd. bridge 
20 Ubungo down 18-8-1986 11 :30 Very dark oily dye effluent. 2400 31,5 0,3 4 11,5 14 1153 13 300 

stream of Urafiki 27-8-1968 12:35 Large volume clear discharge 651 29,3 4,9 65 10,9 98 318 2 1300 
Textile 10-9-1988 9:00 Very dark oily dye effluent 1984 30,4 7,7 105 11,8 44 225 8000 30000 

56 



Physical Parameters Biological Parameters 
No. LOCEitiOil Date fliTI-e Remarks- Conductivity Temp. DO Saturation pH BOD COD F-Coli T-Coli 

[l:!;S•cm-1
] [OC] [m~ • r11 [o/o] [mgul-1] [mgul-1] [ml-1] [ml-1] 

21 Lake Minyonyoni 18-8-1988 12:00 Lake overgrown with aquatic 1556 29,6 4,5 60 8,5 1 258 5 80 
in Ubungo 27-8-1988 11 :45 macrophytes (typh. sp.); 1079 28,2 5,3 69 7,8 5 154 70 140 
branch 10-9-1988 12:00 some clear spaces 721 26,5 1,2 15 8,3 2 112 50 300 

19 Lake Makramula 18-8-1988 11 :00 Sampling at nothern tip of 446 27,9 0,4 5 7,7 23 68 500 60000 
in Ubungo 27-8-1988 12:15 lake; water very dark due 442 29,1 1,3 17 7 90 297 110 5000 
branch 10-9-1988 9:30 Urafiki and Manzese 388 26,7 1,7 22 7,8 10 99 50000 140000 

12 Kigog road 13-8-1988 9:45 Green semi-stagnant water 875 26,1 1,4 18 7,2 4 170 50 500 
bridge, main 25-8-1988 used for crop irrigation 969 29,5 5,5 72 8 5 91 50 500 
branch 8-9-1988 9:50 1000 27 2,8 35 7,8 0 19 80 1400 

Annew 3.5. Msimbazi river, Luhanga river and Tabata dumpsite 
37 Luhanga river 30-8-1988 9:10 Semi-stagnant water 512 26,4 3,1 39 7,4 2 134 80 300 
38 Upstream Tabata 30-8-1988 11: 1 O Stream traverses habitation 284 25,9 4,2 53 7,8 0 23 3000 17000 
22 Lake Luhanga 13-8-1988 9:00 Lake covered with water cabbage 650 24,3 0,4 5 6,5 7 99 .23 30 

30-8-1988 9:00 Colour brown, indicating anearobic 604 25,8 1,9 23 7 9 228 0 50 
8-9-1988 9:00 decomposition 618 25,2 2 25 7,2 24 690 23 300 

14 Downstream 13-8-1988 9:20 Dirty brown smelly stream with 1330 24,5 0,8 10 7,1 13 218 13 300 
Tabata 30-8-1988 10:00 human excreta. Upstream 1101 25,7 1,7 21 7,5 0 40 30 230 

8-9-1988 9:30 overgrown with macrophytes 1175 23,9 1, 1 13 7,7 23 634 8 500 

Annew 3.6. Msimbazi river, Vinguti pond discharge and industrial areas (airport) 
16 Airport 16-8-1988 10:50 Very low water discharge 1140 24,7 3,8 46 7,4 0 212 2 170 

industrial 1-9-1988 9:30 1449 23,7 3,7 44 7,3 2 218 0 50 
area 20-9-1988 10:20 1565 26 3 37 7,6 4 17 5 110 

15 Vingunguti 16-8-1988 10:15 Effluent used for watering 433 28 9 117 9,6 8 78 2 1 
pond 25-8-1988 12:00 vegetables. No odour 489 27,3 9 101 9,8 3 148 2 0 

20-9-1988 14:55 Algae in effluent 588 29,2 9,5 125 10,1 15 65 7 2 

Annew 3.7. Kijitonyama river 
27 University 2-8-1988 12:10 Dowmstream of 325 29,4 11,8 155 9,2 6" 1 230 

20-8-1988 11:00 operational 207 24,8 9,1 111 10,5 25 91 3 50 
3-9-1988 11:10 oxidation pond 393 28,9 11,7 154 10,3 9 708 1 230 

39 Upstream dump 6-9-1988 1 0:30 154 27,5 6,9 90 8,2 3 505 13 170 
26 Site of vacuum 4-8-1988 9:50 Cess-pit tankers empty from 304 29,3 1,8 24 7,3 21 200 6000 11000 

truck emptying 12-8-1988 9:30 9:00 to 16:00 hrs. Effluent 315 27,8 2,5 32 7,6 10 297 5000 8000 
1-9-1988 13:30 used to water vegetables 318 27,6 2,3 29 8 30 235 3000 11000 
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Physical Parameters Biological Parameters 
No. Location Date Time Remarks Conductivity Temp. DO Saturation pH BOD COD F-Coli T-Coli 

[l:,l;S•cm-1
] [QC] [m9 • r1

] [o/o} [mgul-1] [mgul-1] [ml-1] [ml-1] 

25 Msasani 4-8-1988 9:50 Dark effluent indicating 455 27,5 0,6 8 7 7 - 700 1300 
12-8-1988 9:30 poot function of upstream 2279 27 1,4 18 7,6 0 11 230 700 
1-9-1988 13:30 oxidation ponds 300 26,8 1,7 21 7,2 7 104 170 1100 

Annew 3.8. Bicycle factory, Lugalo pond, Tanganyika packers 
30 Bicycle 30-7-1988 Soil sample from cane plant 

16-8-1988 11:35 486 26,5 0 0 7, 1 68 311 5000 30000 
28 Lugalo 3-8-1988 10:00 Oxydation pond 209 27 6,5 82 9 72 - 1 50 

3-9-1988 9:00 working properly 229 26,6 7,8 98 9,2 35 588 0 5000 
24-9-1988 9:00 154 27,1 6,7 85 10,3 5 - 23 50 

29 Tanganyika 2-8-1988 10:45 Discharge from factory 2570 27,5 0,8 10 6,8 257 - 1300 130000 
Packers 23-8-1988 13:45 No discharge from factory 14700 26,4 2 25 7,8 98 217 50000 110000 

24-9-1988 9:30 No discharge from factory 155 28,2 8 105 8,9 0 23 1·100 3000 

Annew 3.9. Swamp at Matsushita Electro Ltd. and Yambo river 
34 Matsushita 13-8-1988 10:30 Swamp overgrown with thick 365 27,4 0,4 5 6,5 5 23 3 80 

Swamp 27-8-1988 10:45 cover of Typhia Sp. No evidence 378 26,2 1,7 21 7 4 68 3 80 
8-9-1988 10:20 of disposal of ind. effluents 410 25,9 1 13 7,2 22 80 30 110 

31 Yambo 16-8-1988 11:35 Heavy organic load, 486 26,5 0 0 7, 1 68 311 5000 30000 
River 1-9-1988 10:00 oil of industrial and 852 26,3 0,7 9 7,2 4 134 500 8000 

17-9-1988 11:05 domestic origin_ 486 27,7 0 0 7,4 25 181 3000 13000 
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