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Abstract 

The purpose of this thesis is to understand and analyse the issues of grey water generation and 

disposal in peri-urban areas of Dar es Salaam in Tanzania and to propose a suitable solution to 

which includes designing a treatment system for grey water (water from shower, washing and 

kitchen). The purification will eliminate the sanitation issues that are brought by exposing untreated 

grey water to the environment as well save freshwater. This will be implemented with regard to 

local conditions in Dar es Salaam, Tanzania. 

 Water-borne and vector-borne diseases are mainly brought by untreated grey water, 

which sadly enough causes thousands of death cases every year in Tanzania. Between the year 

2004- 2005, 154551 cases of dysentery were reported with 170 deaths. It was also reported, 863488 

cases of typhoid with 1167 deaths and last but not least 12923 cases of cholera from with 350 

deaths. Deaths that were caused by diarrhoea were also reported, whereby, 90 % of them were 

children. 

 According to the interviews that were conducted, people would not want to recycle the 

grey water; for example washing due to socio-cultural context where water is considered dirty even 

after treatment. They had difficulties in believing that the same dirty grey water can be purified and 

reused again for various domestic activities. 

 The conducted characterisation of grey water showed the tested grey water has 

relatively high levels of BOD, basic pH, higher than average values of TSS, relatively low levels of 

DO, increased salinity and average level of FC. The analyses were performed on the most polluted 

grey water from every source. The volume of household produced grey water varies strongly, 

depending on socio-economic situation of the household and type of access to water supply. From 

estimation, the volume varies approximately between 60 -160 l/day and household for a low income 

household.  

 Living wall was proposed as grey water treatment system, because of its suitability to 

the peri-urban settlement and tropical climate. The system consists of concrete boxes placed over 

each other, filled with inner porous material and planted with plants. The system purifies grey water 

as it percolates through it and at the same time provides a vertical space for growing plants.  

  The plants for the treatment system were chosen to Typha latifolia and Scirpus 

species. The plants are growing in Tanzania and are being used for wastewater treatment purposes. 

The plants are tolerant to increased salinity and can grow in alkaline soil. 

 The cleaning effectiveness of the system was not tested, but only roughly estimated 

with help of values from a similar treatment system build in Gotland, Sweden.  

 Hence, the reuse of grey water in this geographical location suits best for irrigation in 

rural and peri-urban areas with potential for agriculture as well as groundwater recharge in the peri-

urban and urban areas. Recharging groundwater with treated grey water has a potential to be 

observed as an indirect and long term reuse of the water as it reconnects in the hydrological cycle. 
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 1  Introduction 

 1.1  General information about Tanzania 

Tanzania is geographically located in Eastern Africa, bordered by Kenya, Uganda, Burundi, 

Rwanda, Congo Kinshasa, Zambia and Malawi as figure 1 shows [CIA, Geography Tanzania, 

2010]. It has a population of 41.3 million and is still increasing despite the fact that the life 

expectancy is 50 and child mortality under 5 years is 23, 900 per annum [WaterAid 2010]. 

 

 

Figure 1: Map of Tanzania, [CIA, 2010] 

The current rate of urbanisation rises with 4.2% annually. In 2008, Tanzania's 

population growth was 2.04%, by then 25% of the population lived in urban areas. The capital city 

of Tanzania is Dodoma. Dar es Salaam, Arusha, Mwanza, Mbeya and Morogorogo are other major 

cities. The country is populated with variety of ethnic groups of which 95% are Bantu with 130 

different tribes. There are also Arabs, Asians and European settlers who consist 1 % of the 

population. Kiswahili is the official language of the country; however the English language is 

officially used in higher education and in the administration sector. The first language of the 

Tanzanian’s people is the local ethnic language. 35 % of the population are Muslims and indigenous 

believers and 30 % are Christians while in Zanzibar Island 99 % are Muslims [CIA, People 

Tanzania, 2010].  

 1.2  Water situation in general  

Water is the most vital element for life to exist and lack of it can lead to major devastations like 

hunger and drought. Today, more than one billion people in the whole world have no access to clean 

water and 2.4 billion people have no appropriate sanitation facilities. This automatically leads to 

pollution in the environment as well as diseases such as water and vector borne diseases that are 

easily preventable. Sadly enough, the diseases affects mostly children under five years old giving a 

figure of 2 million children dying every year and 6,000 children every day [Brown, p.1, 2010]. 
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The world’s surface is covered by 70% of water, 97% of this water is saltwater in the 

oceans. The remaining 3 % of the water is fresh water which is shared by the world’s population of 

6.5 billion people. Agriculture is the main consumer of water where 70 % of water is used, followed 

by industries that use 20 % and lastly domestic activities that use 10 % [Ruane, et al., p.7-8 2008]. 

 The water that is used for domestic activities in the developing countries is normally 

discharged to the environment without being treated after its usage. This is due to the high cost and 

lack of the technical skills to treat the water. Since agriculture is the biggest consumer of water and 

the scarcity of freshwater in the developing countries is a fact; the domestic untreated wastewater is 

sometimes used for irrigation by the small scale-farmers in the urban and peri-urban areas. This 

leads to potential health risk to the farmers and also to the consumers of the food that has had 

contact with wastewater because of the heavy pollutants that wastewater contains [Ruane, et al., p.9 

2008]. 

 It is presumed that by the year of 2030, the world population will increase by 26 % 

[Ruane, et al., p.9 2008]. If this occurs, there will be further ascendant of water scarcity, poor 

sanitation in the world and more demand of water for industrial, agricultural and domestic activities 

usage. 

 To avoid this to occur, leaders of the world gathered at the UN Millennium summit in 

the year of 2000 in order to work in partnership and set eight goals known as Millennium 

Development Goals (MDG) [Brown M.M p.1, 2010]. The purpose of these goals were and still are 

to eradicate extreme poverty and hunger, achieve universal primary education, promote gender 

equality and empower women, reduce child mortality, improve maternal health, combat HIV/AIDS, 

malaria and other diseases, ensure environment sustainability and develop a global partnership for 

development by the year of 2015. The MDG7, ensure environment sustainability, aims to halve the 

proportion of people without sustainable access to safe drinking water and basic sanitation. [UNDP 

2000]. 

It is presumed that the MDG7 might meet the target of halving the proportion of 

people without water but not the target which aims to improve basic sanitation. The number of 

people that have access to improved sources of drinking water in sub-Saharan is the lowest with 

58%  compared to other parts of the world. The cost which has been estimated to reach the MDG7 

based on low cost sustainable technologies is at least $10 billion per year. [United Nations, p 1, 

2008]. This shows that in order to accomplish the MDG7, more focus has to be done in sub- 

Saharan Africa. In general, it will take 67 years in order to reach all the MDG with the current rate 

of the progress [Mwalegwa, p. 5, 2010] 

 1.3  Water supply and sanitation situation in Tanzania 

Tanzania has a tropical climate along the coast and temperate in the highland. It has two rainy 

seasons which are unimodal (December - April) and bimodal (October -December and March - 

May). It is bordered by Indian Ocean and three of the largest lakes on the continent. Lake Victoria is 

the world's second-largest freshwater lake and is situated in the northern part of Tanzania. Lake 

Tanganyika, the world's second deepest lake lies in the west and Lake Nyasa in the southwest of the 

country [CIA, Geography Tanzania, 2010]. All these sources of water cover 55% of the land surface 

in Tanzania [WaterAid 2010].  Nevertheless the country has a scarcity of fresh water, which 

compels especially women and young girls to walk many kilometres to fetch water. 
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In average only 55% of Tanzania’s population has access to improved drinking-water 

sources [WHO 2009]. According to Ministry of Water in Tanzania, 70 % of the rural population and 

30 % of the urban population lack access to safe water [WaterAid 2010]. This leads to very high 

risk of infectious diseases such as hepatitis A, typhoid fever and bacterial diarrhoea which is said to 

account as minimum 20 % of infant deaths. [CIA, People Tanzania, 2010, WaterAid 2010].  

 

 

Figure 2: Water and sanitation situation in Msasani. Painted by © Mitole, Tinga tinga art  

Dar es Salaam, Tanzania (2010). 

 The typical water and sanitation situation is shown in figure 2. The freshwater in 

Tanzania is mainly used for agriculture, 89 % and 10 % is for domestic activities [CIA, People 

Tanzania, 2010]. The domestic water that is used in rural and peri-urban areas is normally not 

reused, but wasted through pouring it in trenches alongside the streets of inhabited area. This leads 

automatically to poor sanitation and contributes to contamination of various water sources, with a 

result of  increased spreading of water-born and vector-borne diseases (bacterial diarrhoea, 

dysentery, typhoid, hepatitis A, cholera, malaria and bilharzia), which are major cause of children 

mortality in Tanzania [CIA, People Tanzania, 2010]. 

 According to Tanzania’s Poverty Reduction Strategy Paper (PRSP), poverty reduction 

will not be accomplished without providing clean and safe drinking water to every person. This is 

because the access to water and sanitation sector has been identified as the priority for the poverty 

reduction strategies and budgets. There are some challenges that the sector is facing to accomplish 
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this. One of the challenges is financial problems since the sector is tremendously reliable on 

external funds which are not spent effectively where it is mostly needed. [Marshall, J. p 6. 2001] 

 The water-borne and vector-borne diseases cause thousands of death cases every year 

in Tanzania. The year between 2004- 2005, it was reported 154551 cases of dysentery with 170 

deaths. It was also reported, 863488 cases of typhoid with 1167 deaths and last but not least12923 

cases of cholera from with 350 deaths. Deaths that were caused by diarrhoea were also reported, 

whereby, 90 % of them were children. The main existence of these diseases is caused by what is 

known as faecal-oral route, whereby bacteria and viruses enter the body through food that has been 

contact with dirty hands, flies, water [Mwalegwa, p15. 2010]. 

Table 1 shows the approximation cost of a person suffering from one of the diseases 

that are caused by disposal of grey water into the environment. If a person is suffering from bacteria 

diarrhoea which is a common diseases brought by grey water then the price that it will cost for the 

person to be treated is 22.5 US$. This person will be compelled to take a transport to the nearest 

hospital or dispensary to be treated where the waiting time to see a doctor is too long, the facilities 

are not cleaned, the medicines are not available and the fee is too expensive. The average monthly 

salary of a low income person is 45 US$ meaning that half of the monthly salary will be used to 

treat the bacteria diarrhoea. If the person is self employed or do not have a permanent job like most 

of the low income people, then the person will not be paid the salary if stayed at home for recovery.  

 By investing on the living wall people will gain profit in terms of money, time, health 

and clean environment. If people invest on the living wall, people will be healthy, which means that 

they will be at work instead of being home feeling sick and they will be living in a cleaner 

environment free from filthy ponds full of worms and flies.   

 

Diseases To see a 

doctor in 

(US$) 

To be 

examined in 

(US$) 

Buy the 

medicine in 

(US$) 

Check up if 

needed in 

 (US$) 

Bacteria diarrhoea 4 11 6 1.5 

Bilharzias 4 11 6 1.5 

Cholera 4 11 6 1.5 

Dysentery 4 11 6 1.5 

Hepatits A 4 11 6 1.5 

Malaria 4 11 6 1.5 

Typhoid fever 4 11 6 3 

Table 1: Interview from Mama Ngoma hospital in Kindondoni municipality, Dar es Salaam 

 1.4  The treatment system 

The main aim with the treatment system is to contribute to safe sanitation in the area, by allowing 

the grey water to be disposed in a safer way. By regarding the grey water not only as a waste, but 

also as a valuable resource, the treated grey water could be used for irrigation of trees and gardens.  

 The main goals with safe sanitation are the protection of public health and protection 

of the environment from untreated grey water. In order to protect public health, the system should 

provide a safe disposal of grey water. It should function as a barrier between people and the 
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pathogens in grey water and also eliminate the danger of breading ponds for flies and mosquitos. In 

order to protect the environment the system should be able to purify the grey water so it does not 

cause eurotrophication, oxygen depletion and microbal contamination. It should as well minimise 

negative effects on the soil such as salinisation and clogging of soil [Morel & Diener, s.17,  2006]. 

 1.5  Specification of requirements 

In order for the system to function properly, be safe and be sustainable the following requirements 

should be met:  

 The treated grey water released from the system and used for irrigation should meet 

the Tanzanian standards for receiving waters and for the effluents (Cathegory 3: Water suitable for 

irrigation and for industrial activities) [Ministry of Water and Irrigation, 1992]. 

The treatment system should be of a reliable construction, simply maintained, economically 

accessible for low-income users, profitable, able to facilitate the nutrients in grey water have very 

low energy requirements without dependence on external power supply and have local material. 

 1.6  Purpose and objectives 

The purpose of this thesis is to understand and analyse the issues of grey water generation and 

disposal in peri-urban areas of Dar es Salaam in Tanzania and to propose a suitable solution to 

which includes designing a treatment system for grey water (water from shower, washing and 

kitchen). The purification of the grey water will eliminate the sanitation issues that are brought by 

exposing untreated grey water to the environment as well save freshwater. This will be implemented 

with regard to local conditions in Dar es Salaams, Tanzania. 

 The environmental objective of this thesis is to conserve the freshwater resources and 

provide a cheap source of water for irrigating garden, golf courses and parks as well as groundwater 

recharge. This will contribute to protection of the environment by reducing pollutants that are 

emitted into the environment. Hopefully this project will be one step forward towards sustainable 

development, through minimising health problems that are brought by sanitation problems which 

will contribute to the UN Millennium Development Goals 2, 4, 6 and 7. 

 1.7  Delimitation of the project  

The main focus for this thesis is to look for the possibilities of introducing living wall into the 

Tanzania culture. Therefore, physical construction of the living wall would not take place.  

Water analyses will be conducted but only various specific indicators/ parameters will 

be analysed. Interviews will also be conducted but because of limited resources, only a few will be 

carried out. The local available material will be analysed but the cost of the materials will not be 

deeply analysed. 

 1.8  Grey water characterisation  

Grey water is wastewater generated from household activities such as cleaning, washing, bathing 

and laundry, excluding toilet wastewater [Morel & Diener, p.5,  2006]. Grey water is generally less 

polluted than toilet water; it has less pathogens and about 90% lesser nitrogen than toilet water 

[Madungwe & Sakuringwa, 2007]. Grey water has different characterisation depending on various 

aspects including: households geographical placement; living standards; cultural habits and the 
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different chemical used in a household [Morel & Diener, p.5,  2006]. 

The grey water characteristics differ according to the source in a household. There are 

usually three sources of grey water in a household, which are the bathroom, kitchen and laundry. 

The bathroom usually generates the least polluted grey water, but it might be contaminated with 

pathogens from faeces and urine. Grey water generated in the kitchen contains food remains, oil, 

and grease and dishwashing detergents. The high amount of oil and grease might cause problems 

with clogging parts of the grey water treatment system. The laundry generated grey water has the 

highest concentration of chemicals and it might contain residues of paints and solvents, as well as 

high concentration of pathogens from clothes and diapers [Morel & Diener, p.5,  2006]. 

The amount of grey water generated in a household varies significantly. It depends on 

different factors, such as: socio-economic prerequisites of a household, number of persons in a 

household, type of water supply and habits with water usage [Morel & Diener, p.8,  2006]. Grey 

water accounts usually for 65 -100% of total wastewater outflow from a household. The percentage 

proportion depends mainly on a type of toilet in the household. If the household uses a dry latrine, 

the grey water outflow reaches almost 100% [Morel & Diener, p.9,  2006]. The volume of generated 

grey water varies strongly, depending on its geographical location (see figure 3). A study carried out 

in peri-urban areas of Nakuru - Kenya, measured that the volume of generated grey water ranges 

between 20 – 200 l/day and person [Kraft, p.33, 2009]. There is a general relation between amount 

of generated grey water and quality of the grey water. The less grey water that is generated in a 

household, the more concentration in the grey water, as the pollution load is taken up by smaller 

volume of water (see Figure 4) [Morel & Diener, p.15,  2006]. 

 

 
Figure 3: Comparsion of grey water volumes generated  

in different countries [Morel&Diener, s.8, 2006]. 

 

The quality of grey water reflects the lifestyle characteristics of the water users, but it depends as 

well on the water supply quality [Ridderstolpe, 2004]. In general grey water might contain food 

particles, oil, grease, cloth fibres, hair, pathogens, soaps, detergents and other chemicals [Morel & 

Diener, p.9, 2006], but also different metals and hazardous substances [Ridderstolpe, 2004]. Figure 

4 shows how grey water characterisation varies in different low-middle income countries. 
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Figure 4: Pollution loads (concentrations) depending on volume of produced  

grey water [Morel&Diener, s.15, 2006]. 

 

 

Figure 5: Grey water characterisation in different countries low-middle  

income countries [Morel & Diener, p.14,  2006] 
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 1.8.1  Physical parameters 

The temperature of grey water usually ranges between 18-30°C. The temperature is usually a bit 

higher than the temperature of the source water [Morel & Diener, p.10,  2006]. 

Suspended solids is a measure of the quantity solids in wastewater [Svenskt Vatten, 

p.17,  2007]. Suspended solids usually ranges between 50-300 mg/l, the highest concentration 

comes from kitchen and laundry. High turbidity can cause physical clogging in parts of the 

treatment system. The physical clogging is mainly caused by cloth fibres, powdered detergents and 

soaps and colloid particles [Morel & Diener, p.10,  2006]. 

 1.8.2  Chemical and biological parameters: 

pH is a measure of how acidic or alkaline a solution is. The value represents a negative logarithm of 

the molar concentration of hydronium ions in a solution (see Equation 1). pH should be between 6.5 

– 8.4  in order to avoid negative impact on irrigated plants [Morel & Diener, p.10,  2006].  

  HpH lg  

Equation 1: Definition of pH 

The most usual salt in grey water is normally sodium chloride. Salinity is soil and 

water measured with Electrical Conductivity (EC), which normally has a range between 300-1500 

μS/cm (micro Siemens /centimetre). Siemens is a unit for electric conductance and can be expressed 

in SI units as 2312 AskgmS   . Too high salinity (over 1300 μS/cm) leads to problems in 

irrigation by increasing salinity of topsoil. Despite this, some salt-tolerant plants can grow in grey 

water with high salinity [Morel & Diener, p.11,  2006]. 

Biological and chemical oxygen demand (BOD and COD) are used to measure 

organic pollution of water (proteins, carbohydrates, fats, oils, other synthetic organic molecules). If 

grey water with high BOD and COD is released into environment, it can lead to depletion of 

oxygen for aquatic life. A COD/BOD ration represents grey water's biodegradability, easy 

degradable organic pollution has COD/BOD ratio below 2-2.5 [Morel & Diener, p.12,  2006]. 

 1.8.2.1  Nutrients,  (nitrogen, phosphorous) 

Grey water contains lesser nutrients than toilet wastewater. The amount of nutrients determines 

fertilising value for the plants. Nitrogen (N) values are usually in range between 5-50 mg/l. 

Phosphorous (P) concentration depends mainly on dishwashing and laundry detergents, which 

either contains phosphorus substances or not [Ridderstolpe, 2004]. In many countries phosphorus 

detergents are forbidden. Phosphorus values in grey water range: 4-14 mg/l when non-phosphorus 

detergents are used and 45-280 mg/l when phosphorus detergents are used. The high value of 

phosphorus causes problems such as algae growth. Optimal rations for microbiological growth in 

the cleaning process are: N-P ration: 5-10 and BOD-N ration: 15-30. In grey water there is usually 

to little nitrogen to reach an optimal N-P and BOD-N ratios, which results in worse cleaning 

effectiveness of phosphorus and organic pollution [Morel & Diener, p.13,  2006].  

 1.8.3  Microbiological parameters 

Grey water has lower content of pathogens than toilet wastewater but it still might be a health risk 

because it might contain different pathogen viruses, bacteria, protozoa and intestinal parasites 
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[Morel & Diener, p.14, 2006]. Many authorities around the world are still regarding grey water as 

health risk [Ridderstolpe, 2004]. The main source of these pathogen are faeces from infected people 

that contaminate grey water by washing hands after using toilet, washing children after defecation 

and washing dipers. Grey water has thereby higher pathogen contamination if babies and young 

children are present in a household. Washing raw meat and raw vegetables might also contaminate 

grey water with pathogens. An average concentration of faecal coliforms in grey water is 10
3
-10

6
 

cfu / 100 ml up till 10
7
-10

8
 cfu / 100 ml [Morel & Diener, p.14,  2006]. The unit cfu represents 

viable colony forming units of faecal bacteria that grows in the sample under the incubation period. 

Enteric bacteria grows very well in grey water, because of content of easily degradable organic 

compounds in grey water. Use of coliform bacteria as an indicator of feacal load in grey water may 

indicate those bacteria and thereby overestimate the results, which leads also overestimating the 

hygienic risk with grey water. A more appropriate method to measure faecal load might be to 

measure chemical biomakers such as faecal sterols [Ridderstolpe, 2004]. 

 1.8.4  Oil and grease 

Oil and grease (O&G) concentrations ranges usually between 37-78 mg/l respectively 8-35 mg/l. 

High amounts of O&G might create a fat layer in settling tanks and it can cause failure of the 

treatment system by clogging pipes and infiltration layers. Oil and grease concentrations should be 

kept under 30 mg/l, in order to prevent maintenance problems in the treatment system [Morel & 

Diener, p.14,  2006]. 

 1.8.5  Surfactants 

Surfactants are used to decrease the surface tension of water in order to make washing easier. Some 

studies suggest an accumulation of surfactants in soil can cause reduction of capillarity and an 

increase of hydrophobic characteristics in top soil. Most of the developed countries have forbidden 

the usage of non-biodegradable surfactants, but many countries in developing world are still using 

it. Source control might help to reduce the usage of surfactants as well as discharge of other more 

hazardous substances into grey water [Morel & Diener, p.14,  2006]. 

 1.9  Reuse of grey water  

Common practice in low- and middle income countries is that grey water is often discharged 

untreated on the streets or stormwater drains and sewers, if they exist. This untreated wastewater 

affects the health situation negatively in the area and causes environmental problems in effluent's 

aquatic systems [Morel & Diener, s.5-6,  2006]. 

 Considering grey water only as a waste it is appropriate to see it as a resource. The 

nutrients that grey water contains that can give nourishment to plants and the grey water itself can 

be treated to a certain quality and then be reused [Winblad & Simpson-Hébert, 2004].  

 In areas where there is scarcity of fresh water like in Africa, Middle East and Latin 

America it is common to use grey water for irrigating home gardens and agriculture land. The 

problem is that potential risks for human health, soil and groundwater quality, connected with reuse 

of untreated grey water are often not recognized [Morel & Diener, s.6,  2006]. 
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 2  Methods and Approach 

 2.1  Methods 

In order to comprehend and solve the sanitation problems brought by grey water in Tanzania, 

different methods were used which are; questioner study, water analyses, and construction site. 

During the preparing phase, literatures of suitable water purification technology 

systems were reviewed and study visits were made. In order to find a technical design that fulfils 

the requirements, two different technology systems: living wall and mini constructed wetlands were 

compared, whereby the living wall showed to fulfil the requirements. 

This thesis was conducted in cooperation with the Department of Water Resources and 

Engineering at the UDSM, University of Dar es Salaam, Tanzania.   

 2.2  Grey water analyses 

The water samples were collected in four different occasions (see table 4) from three different areas 

(see table 2). Three different sampling places were chosen in two of three Municipal Councils of 

Dar es Salaam: Temeke and Kinondoni. The samples were divided in different municipalities and 

different socio-economic groups, in order to cover a wide spectrum of grey water generation in Dar 

es Salaam.  

 

Municipal Councils Location Socio-economic 

characteristic 

Potable water source 

Temeke Nasa Low income households Borehole 

Kinondoni UDSM (Majumba 

Ishirini) 

A middle income 

household 

DAWASCO water supply 

Kinondoni Msasani (Kimwera) From low to middle 

income households 

DAWASCO water supply 

Table 2: Description of the sampling locations 

The methods for grey water analyses are described in table 5. Both biological and 

physical analyses were conducted on samples from the three different sources of grey water in the 

house, as well as the combined grey water. Chemical analyses were conducted only on combined 

grey water, from the three different sources. The samples were chosen from the most polluted grey 

water: the first water from washing, the first water from kitchen, and water from shower. The most 

polluted grey water was chosen to estimate the maximum level of pollution in grey water.  

 2.2.1  Combined grey water 

The analyses of the combined grey water was mixed according to the following was mixed with the 

ratio: shower (2): laundry (2) : kitchen (1), in order to approximately reflect the realistic volume of 

grey water generation. The chemical analyses were also conducted by diluting the grey water 

whereby four samples were prepared as according to table 3. 
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Amount of grey water Amount of potable water 

100% grey water - 

75% grey water 25% potable water from DAWASCO 

50% grey water 50% potable water from DAWASCO 

25% grey water 75% potable water from DAWASCO 

Table 3: Dilution of grey water samples for chemical analyses 

Day Location Analyses performed 

14th May 2010 Temeke - Nasa 

Kinondoni - Msasani 

Kinondoni – UDSM 

Chemical Analyses 

28th May 2010 Kinondoni - Msasani 

Kinondoni – UDSM 

DO, EC, pH, BOD5, FC 

31st May 2010 Kinondoni - Msasani 

Kinondoni – UDSM 

BOD5 

1st June 2010 Kinondoni – UDSM TSS, FC 

Table 4: Date and location of collected grey water samples, analyses performed 

Analysis: Method: Location: 

Chemical 

analyses: 

- Chemistry laboratory - UDSM 

DO Dissolved Oxygen Meter Jenway - Model 970 Water Quality Laboratory – 

Department of Water Resource 

Engineering - UDSM EC EC Meter Boeco - Model CT470  

pH pH Meter Boeco - Model PT370 

FC 24 hours grow in 44 C - Fecal coliforms agar 

base – Conda 

TSS Vacuum pump, Filter Method, 2 hours drying in 

100 grades 

BOD5 OxiTop, sample volume 97ml, measuring range 

0-800mg/l 

Table 5: Methods for grey water analyses 
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 3  Results 

 3.1  Questioner Study 

In order to understand and have a wide view of water problems in Dar es Salaam, low and middle-

income people from different parts of Dar es Salaam were interviewed concerning their behaviours 

with water. The target group of the interviews were women, because majority are women who deal 

with household activities. The main objectives of the interview was to know; which source of water 

they have, how often they have access to clean water, which are the usages of water, where they 

dispose grey water and if they would like to have treatment system for cleaning grey water.  

For more detail on this, see the appendix III a) and b). The results of the interviews 

show that these people from different parts of Dar es Salaam have equal problems concerning water. 

All of them agreed on that; there is scarcity of water, they have same sources of unclean water, they 

dispose water to the surrounding environment after usage and that they would welcome a well 

proved functioning treatment system. 

The interviews showed that many households consist of 3 members and above. 

According to Water reforms and PSP in Dar es Salaam, 31.9 % the household in Temeke consist of 

3-5 members and 43.8% consist of 6-10 members [Mkanga, M et al., 2003 p.28 2003]. From all the 

households that were interview, 57% of them had a child below 5 years old and 43% had children 

above 5 years. 

 The interview showed that from all the domestic activities that require water, laundry 

is the one that demand most of the water depending of course on how the big family is, how often 

the cloths are washed and the access of water. The cloths are washed more frequently in households 

that consist of children below 5 years, partly because of the usage of napkins and not diapers. The 

demand of the water that is used for laundry in a low middle class household of 3 members 

including a child under 5 years old is approximately 30 litres per day. This is because the laundry is 

done manually 4 times a week.  

 The next activity that demands a lot of water is showering which depends on the 

access to water and climate. In times of deficiency of water people choose not to shower regularly, 

but when they shower, water from shallow well consisting salt is used. The results of showering 

with shallow well water are that, the skin becomes itchy, floury and burns cause of the salt. The 

water does not absorb soap because it is hard water which makes it impossible to clean and wash 

with.  

 In a middle and a high income household consisting of 3 members including a child 

under 5 years old, approximately 200 litres are used per day. This is because flushing of the toilets 

demands most of the water, followed by, showering, laundry and cooking. When the climate is too 

hot some of the inhabitants of Dar es Salaam tend to take a morning shower and an evening shower 

depending on the access of the water.  This means that more grey water will be generated than 

usual.  

The volume of produced grey water was not measured in this study. According to a 

study that was performed in peri-urban areas in Arusha, it was concluded that the average generated 

grey water per capita is 19 litres/day and that an average household in Arusha with 4-6 members 

produces 96 l/day [Leo, et al, 2009]. A similar study was performed in Nakuru, where it was 
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concluded that the average household with 5 members produces approximately 65.5 l combined 

grey water per day [Kraft, 2009], suggesting grey water generation per capita to be only 13.1 

litres/day.  

 3.2  Water supply sources in Dar es Salaam 

The inhabitants of Dar es Salaam rely on different types of water sources. The Ruvu river is the 

main source of the water which consist of the Upper and the lower treatment plant. The water 

distribution from Ruvu river to Dar es Salaam is maintained and operated by Dar es Salaam Water 

and Sewerage Authority, DAWASCO. Most of the people in Dar es Salaam are unfortunately not 

connected to the water distribution net, hence people rely on water vendors, boreholes, shallow 

wells and rain water harvesting as sources of water [Hertzman, et al, p.12, 2004]. Unfortunately, 

these sources of water do not distribute clean water to the inhabitants of Tanzania, which of course 

lead to more pollution in grey water. 

 3.2.1  DAWASCO 

The water that is distributed by DAWASCO is considered to be in a poor quality which leads to 

suffering from waterborne diseases such as typhoid. Mostly, the water quality is caused by bad taste 

and smell as well as high contents of sediments. In the rainy season the water tends to be polluted 

by turbidity and faecal because of the high risk of leakage of the distribution net [Hertzman, et al, 

p.12, 2004]. Different places of the city receive water occasionally because of the poor 

infrastructure that DAWASCO has of supplying water to all places at the same time. Hence, some 

places have water during some periods while other do not have access to water from DAWASCO 

[Personal interview, Samaradi, Elisabeth, 2010]. 

 3.2.2  Water vendors  

People who do not get water from DAWASCO are obliged to buy water from water vendors which 

are lorries and pushcarts that transports water to different places. This is also the case when there is 

water scarcity from DAWASCO. The lorry vendors are privately owned and collect water from 

DAWASCO in Kinondoni [Hertzman, et al, p.19, 2004]. 

 Despite this there are sometimes suspicious about where the water vendors fetch their 

water from, because sometimes it is salty. In the district of Dar es Salaam, Temeke is the area which 

has most severe shortage of water. This makes the inhabitants of Temeke to buy water every time 

from water vendors [Personal interview, Lodovik. F, 2010]. 

 The pushcarts vendors usually purchase water at a low price from other vendors that 

own reservoir of 5000 to 10000 litres and sell it for double price in different places. The price of 

water varies depending on the access of water [Hertzman, et al, p.19, 2004]. The price of 20 litres of 

water is Tsh 100. This price is very expensive compared to other areas in Dar es Salaam that have 

more access to water than Temeke. Other places like Msasani, Mbagala Mission and Kiwarani pay 

Tsh 20 for 10 litres and Tsh 30 for 20 litres. These prices usually ascend 10 times when there is an 

enormous shortage of water [Personal interview, M. Isaya et al, 2010]. 
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 3.2.3  Boreholes/ shallow wells 

The water from boreholes is often clean but in some areas it contains salt because of its potential 

closeness to the Indian Ocean especially the shallow wells.  

 The shallow wells have a high chance to be polluted by faeces and sometimes this can 

also be the case of boreholes as well. This pollution is caused by; for example effluents from 

industries and infiltration from pit latrines as well as from waste stabilisation ponds [Hertzman, et 

al, p 17, 2004].  

 3.2.4  Rain water harvest 

During the rainy seasons, people collect rain from the roof and store it in tanks. The water is 

afterwards used for all household activities. In a crowded slum area like Msasani and Temeke, it 

might be difficult to construct a rainwater harvest system because the houses are not privately 

owned, but rented and there is no place to build the rainwater harvest system [Personal interview, 

Lodovik. F, 2010]. 

 3.3  Disposal of grey water 

After the water has been used for laundry and washing, it is mostly likely for people who have 

shortage of water to reuse the same water for other activities like mopping the floor. The grey water 

is then disposed in diverse ways depending on which access of disposal system that exist in the 

area.  

 In general the city of Dar es Salaam does not have a well functioning and promising 

drainage system or treatment system of grey water. This compels people to dispose their grey water 

into three different ways which are; either through disposing it to the nearby open environment, 

septic tank or flushing toilet.  

 Some of the people who were interviewed and have septic tank do not want to dispose 

the grey water into the septic tank. Instead they dispose the water in the surrounding open 

environment like figure 6 shows.  

 

 

Figure 6: Disposal of grey water in the environment. Photo: Kocanda, J. 
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One of the reasons is that they believe that the septic tank is going to overflow quickly and emerge 

some critical diseases like cholera, diahorrea and bad smell. The other reason is that they have to 

pay for the cost of emptying the septic tank [Personal interview, Samaradi, 2010]. 

 3.3.1  Septic tanks 

In middle and high class areas, people have septic tanks as a drainage system while in the low class 

area people dispose their grey water in the open environment or use it to clean pit latrines. Septic 

tanks can also be found in some of the low income areas.  

 The location of the septic tank is under the ground of the yard where waste from the 

toilet and grey water is collected. Later on the water flows to the soak pit as figure 7 shows, which 

allows water to infiltrate further to the ground having a high risk to pollute groundwater. This 

makes the septic tank to be emptied after approximately 3 years because the tank is not sealed at the 

bottom [Personal interview, Samaradi, 2010]. 

 Sometimes, when there is a lot of wastewater flowing into the septic tank, there is a 

high risk for the water to flow into the soak pit together with the solid waste which also makes the 

sedimentation time in the septic tank to be longer. In some scenarios, if the septic tank is 

constructed near a groundwater source, then the groundwater can rise up to the septic tank 

contributing to pollution in the groundwater as well as disturbance of the functioning of the septic 

tank. 

 

 

Figure 7: Soak pit 

 3.3.2  Grey water disposal on streets  

Among the seven people that were interviewed, five of them are disposing grey water on the streets. 

Direct disposal of grey water on the streets is the most common way to re-use grey water in Arusha 

Municipality, 75% of people use the grey water to water the road [Leo, et al, p.9, 2009]. This 

method of grey water disposal is also very common in peri-urban areas in Nakuru, Kenya, where 

majority of people dispose their grey water directly on the road or in their compound [Kraft, p.35, 
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2009].  

The grey water contains relatively high levels of faecal coliforms and plant nutrients. 

The direct disposal/reuse on streets is very common and is causing the main hygienic risk, creation 

of pools on streets providing breeding site for mosquitoes, spreading of water bourne diseases, but 

as well soil and groundwater pollution [Leo, et al, p.11, 2009]. The high nutrition levels in grey 

water contribute to the eurotrophication of surface water [Winblad & Simpson-Hébert, 2004].  

 3.4  Grey water quality 

In order to understand the quality and effects that are brought by disposal of grey water, the 

following parameters were analysed in a laboratory. 

 3.4.1  Biological Oxygen Demand – 5 days - BOD5 

The BOD analyses were performed twice, but only once with relevant results. First time the 

analysis was performed (28
th

 May), the testing range was chosen to 0-200 mg/l. The maximum 

testing range of 200 mg/l was exceeded already for BOD1 and BOD2. The second analysis was 

performed on 30
th

 May and the testing range was chosen to 0-800 mg/l taking respect to the results 

of grey water characterisation from Nakuru [Kraft, 2009] and Arusha [Leo, et al, 2009].  

Eight samples of grey water were tested, as shown in figure 8. The results of the 

BOD5 analysis are shown in table 6. The grey water from laundry had the highest BOD5, exceeding 

the value of 1000 mg/l. There were small children living in both households where the grey water 

from laundry was collected. This contributed a high concentration of organic content in grey water. 

The kitchen BOD5 variated strongly between the two different locations 320 and 980 mg/l. The 

BOD5 of grey water from kitchen depends directly on how much and how dirty the dishes were and 

how many food remains were left in the grey water.  The BOD5 from shower variated between 640 

mg/l and 800 mg/l. The combined grey water had an average BOD5 value of 1054 mg/l.  

 In general the BOD5 values from all sources are high. The explanation probably is that 

very little water is used for all household activities, thereby the high concentration of organic 

content. The samples were taken from the most polluted (first) grey water. The BOD combined 

from the total amount of grey water produced in a household is expected to be lower. The BOD5 

results are comparable with the results from Arusha, where the BOD5 values variated between 192 

mg/l and 900 mg/l [Leo, et al, 2009]. The combined grey water had an average BOD5 value of 1054 

mg/l.  

 The source of error is that 4 samples in the second test exceed the measuring range of 

800 mg/l. Enough data was collected in three of those samples (GW2, GW4, GW6) in order to 

perform qualified estimation of their BOD5 values. The sample with GW8 provided value for only 

BOD1. The expected value the GW8 sample's BOD5 was calculated as a mean value from GW5, 

GW6 and GW7 with respect to the mixing ration. 
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Sample - description  BOD5 (mg/l) 

31
st
 May 

Note Avarage BOD5 – combined 

grey water (mg/l) 

GW1 - UDSM- shower 800  1054 

GW2 - UDSM- laundry 1740 Estimated value 

GW3 - UDSM- kitchen 320  

GW4 - UDSM- combined 1200 Estimated value 

GW5 -Msasani- shower 640  

GW6 -Msasani- laundry 1140 Estimated value 

GW7 -Msasani- kitchen 980  

GW8 -Msasani- combined 908 Estimated value 

Table 6: Results of BOD5 analyses from 31st May 

 

 

Figure 8: The samples of BOD5 analysis in OxiTop testing bottles, Photo: Kocanda, J. 
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 3.4.2  Dissolved Oxygen - DO 

Dissolved oxygen was tested on two occasions. The potable water was tested for the control 

purpose. The level of DO in grey water seems to be directly dependent on level of DO in potable 

water. The results of DO analyses are shown in table 6. The lowest DO was measured in water from 

Msasani, with grey water variating from 0.12 – 0.16 mg/l and potable water at 1.56 mg/l. The DO 

for potable water from UDSM variated between 3.19 – 4.63 mg/l. The grey water variated between 

0.75 – 4.2 mg/l. There was no clear connection observed between level of DO and source of grey 

water.  

 Disolved oxygen is supposed to be tested on site, but it was impossible to borrow the 

equipment from the laboratory. The transport time from sample sites to laboratory and storing 

possibilites of the samples might have affected the accuracy of DO testing.  

 3.4.3  pH 

pH was measured twice. The potable water was tested as well for the control purpose. The results of 

pH analyses are shown in table 7. The water from Msasani had lower pH in general, mostly 

depending on lower pH of potable water (6.7). The potable water from UDSM variated between pH 

7.8 – 8.3. The highest increase of pH was observed in grey water from laundry (pH 8.5 – 10.1), 

depending on usage of strong cleaning detergents for washing clothes, including sodium hydroxide 

based soaps and bleaches  [Morel & Diener, p.16,  2006]. The combined grey water had an average 

pH value of 8.9. This results in recommendation of plants for the system and irrigated plants to be 

tolerant to high basic pH.  

 3.4.4  Faecal coliforms - FC 

 The faecal coliforms were tested on two occasions. In the first test the grey water was 

tested undiluted, but the amount of FC in the samples was too high and impossible to count. In the 

second test the grey water was diluted to 1% 0.1% with distilled water. 

 The amount of FC variated between 100 – 1400 CFU/100ml. The lowest amount of 

FC was measured in grey water from kitchen 100 CFU/100ml. The highest amount of FC coliforms 

was measured in grey water from shower 1400 CFU/100ml, the laundry grey water contained 1100 

CFU/100ml. The higher values of FC in laundry and shower grey water were expected, but kitchen 

grey water FC are normally not expected in the grey water from kitchen. The combined grey water 

had an amount of FC 400 CFU/100ml (see table 8). 

 The levels of FC in grey water of grade 10
2
-10

3 
/CFU/100 ml are considered low-

average according to Morel & Diener [p.16, 2006]. There are some sources of error concerning the 

FC analysis. Successful FC analyses were able to be performed only once and from one location. 

The analyses were performed after more than 6 hours, from the time that the grey water samples 

were generated. This could have resulted both in bacteria increase or decrease. The result of bacteria 

increase occurred because of the high temperature while transporting. Decrease of the bacteria 

occurred because of the high pH in grey water and low temperature while storing the samples in a 

fridge. The lack of testing equipment might have contributed to cross-contamination of different 

samples. 
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Location - sample description DO (mg/l) 

28
th

 May 

DO (mg/l) 

1
st
 June 

pH  

28
th

 May 

pH 

1
st
 June 

UDSM – Grey water from kitchen 0.95 4.20 9.3 9.3 

UDSM - Grey water from laundry 0.75 2.97 9.1 10.1 

UDSM - Grey water from  shower 1.95 0.89 8.1 8.0 

UDSM -  Grey water combined 1.79 2.77 9.0 9.8 

UDSM - Potable water 3.19 4.63 7.8 8.3 

Msasani – Grey water from kitchen 0.12 x 6.3 x 

Msasani - Grey water from laundry 0.16 x 8.5 x 

Msasani - Grey water from  shower 0.14 x 6.7 x 

Msasani -  Grey water combined 0.15 x 7.9 x 

Msasani - Potable water 1.56 x 6.7 x 

Average DO/pH – combined grey water  1.57 8.9 

Table 7: Results of DO and pH analyses from 28
th

 May and 1
st
 June 
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Location - sample 

description 

FC (CFU/ 

100ml) 

Dilution Photo of the sample:  

UDSM – Grey water 

from shower  

1400 0.1 %
 

 

UDSM –  Grey water 

from laundry 

1100 0.1 %
 

 

UDSM –  Grey water 

from kitchen 

100 0.1 %
 

 

UDSM – Combined 

grey water 

400 0.1 %
 

 

Table 8: Results of FC analysis from 1
st
 June 
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 3.4.5  Salinity - Electric conductivity - EC 

The potable water was tested as well for the control purpose. The salinity variated very strongly 

between the different sources of grey water from 243 – 6220 μS/cm.  

 The very high value of EC 6220 μS/cm was measured from the laundry grey water. 

There is high risk that this sample of grey water was mixed with lots of strong cleaning detergents, 

because the grey water was planned to be reused for cleaning floor. The laundry grey water is 

expected to have the highest EC, but this value is extremely high. 

 Even though EC test was not possible to perform on grey water from Temeke, the high 

salinity (generally over 1500 μS/cm) in water is expected, according to interviews. The high salinity 

results in recommendation of using salt-tolerant plants for the treatment system and for the choice 

of irrigated plants.  

 3.4.6  Total Suspended Solids 

Total suspended solids (TSS) were measured only once. The potable water was tested for a control 

purpose. The results off TSS analysis are shown in table 9. The TSS variated between 120 – 773 

mg/l. The lowest amount of suspended solids was measured in grey water from shower, the highest 

was grey water from Kitchen. An average value for grey water is 50-300 mg/l [Morel & Diener, 

p.10, 2006]. The combined grey water had a TSS value of 456 mg/l. Since TSS concentration in 

grey water is higher than average values; there is a higher risk for clogging the treatment system.  

 

Location - sample description EC (μS/cm) 

1st June 

TSS (mg/l) 

1st June 

UDSM – Potable water  160 2 

UDSM – Grey water from shower  243 120 

UDSM –  Grey water from laundry 6220 450 

UDSM –  Grey water from kitchen 335 773 

UDSM – Combined grey water 2690 446 

Table 9: Results of analyses from 1st June - EC, TSS 

 3.5  Reuse of grey water 

The interviews revealed that the people would not want to recycle the grey water for example after 

washing due to socio-cultural context where water is normally considered dirty even after treatment. 

People that were interviewed had difficulties in believing that the same dirty grey water can be 

purified and reused again for various domestic activities like washing. 

 Hence, the reuse of grey water in this geographical location suits best in irrigation in 

rural and peri-urban areas with potential of agriculture land as well as groundwater recharge in the 
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peri-urban and urban areas where land for agriculture is not available. This will occur after the grey 

water has been treated with the help of living wall as explained below. Recharging groundwater 

with treated grey water has a potential to be observed as an indirect and long term reuse of the water 

as it reconnect in the hydrological cycle [Morel & Diener, p.40, 2006]. 

 3.6  Design and Description of the treatment system 

 3.6.1  Target group of the system 

There are big variations between different socio-economical groups in Dar es Salaam. That is why 

different alternative options of the system would be appropriate for different settings. The target 

group of the system was chosen in low-to-middle income socio-economic groups in peri-urban 

areas in Dar es Salaam. There is no exact location that the research was aimed for, but the scenario 

was built on areas in Temeke, Msasani and UDSM. 

 3.6.2  Description of technology for the treatment system — living wall 

The system is designed for cleaning of grey water in order to solve the sanitation problems and 

effects on the environment that are brought by disposal of grey water.  Preferably grey water from 

all sources should be treated in one system, in order to be easily manageable [Morel & Diener, p.18, 

2006]. A living wall is a multifunctional system for purification and reuse of grey water, and also 

provides an efficient vertical space for growing plants. 

 Grey water flows through a wall that is filled with inert porous material, such as 

gravel, sand, soil, charcoal or a mixture of those. The grey water is purified by it percolating 

through the porous material and the root system of the plants. In order to reach higher effectiveness 

of the system, the water path should be as long as possible, by restricting the grey water to flow in a 

zigzag pattern through the wall and to have the minimum recommended water flow. The organic 

matter/pollutants are captured in the porous material and degraded to smaller nutrients elements by 

the microorganisms and fungi growing in the wall. The degraded nutrients from grey water are 

afterwards taken by the plants, which in return releases sugar that supports growth of 

microorganisms and fungi. There are different constructions possibilities for the living wall with use 

of; for example prefabricated concreate blocks, old car tires or a serie of metal, plastic or concrete 

gutters [Günther, 2006]. The principle of living wall is similar to Horisontal-flow planted filters 

(HFPF) [Morel & Diener, s.32,  2006].  

 3.6.3  Different cycle alternatives 

Throughout the project, different systematic options for the grey water reuse system were 

considered which are, gravitation system, single cycle system and double cycle system. With 

respect of the socio-economic settings and the aim of our project the ―gravitation system‖ was 

chosen as the most appropriate alternative.  
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 3.6.4  Gravitation system only 

In this alternative the grey water passes through the system only once. This option is the least 

energy demanding, but as well provides the lowest cleaning efficiency. This system is most 

appropriate for low-income areas as no electricity or other external energy source is needed for 

operating the system. Building, maintenance and operation costs of the system are relatively low. 

Grey water reused from this system could be recommended for irrigation or infiltration (see Figure 

9).  

 The combination of the grey water from the three various grey water sources from the 

house will be disposed in water container (A). The container will be covered with a metal mesh 

screen (B) – with the size of 1mm, which will provide a coarse filtration of grey water and prevent 

big solid particles to enter into the treatment system and to cause clogging of the system. The screen 

should be emptied and cleaned regularly. The combined grey water flows from the water container 

(A) through a distribution pipe (C) into the living wall (D). The flow into the living wall is 

regulated by a hole in the bottom of the water container. The purified grey water is collected in the 

bottom of the wall in a collecting pipe (E) and led to a water container (F1). From the water 

container (F1) is the treated grey water distributed either to an irrigation system (G) or directly 

infiltrated into the ground. 

This system could be used for reuse of grey water from kitchen and laundry; it would 

be more difficult to reuse grey water from shower, since it is a little bit hard to collect water from 

shower. This is because people shower from basin that is placed on the floor and the water pours on 

the floor, while they shower. 

The optimal flow of grey water through the system is 30 l/h [Personal contact, 

Günther 2010]. The inflow into the living wall from the water container (A) is regulated by a hole 

in the container with diameter D = 4 mm. The optimal flow is according to Equation 2 reached, 

when the level of grey water in the container is 2 cm over the hole. It is therefore recommended to 

use a container with a large diameter and to pour the water in the container gradually.   

 

 

hgv  2  

Equation 2: Torricelli’s equation 
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Figure 9: Schematic picture of Gravitation system only 

 

Figure 10: Grease trap instead of a water container (A) 

An alternative version of this system includes a grease trap (see figure 10 and 11) as a primary 

treatment instead of a water container (A). A grease trap would increase the effectiveness of grey 

water cleaning and help to prevent clogging of the treatment system. The installation of the grease 

trap would costly. The best construction material for a grease trap is concrete or bricks, but it could 

be constructed cheaper, by using for example an old barrel or container. A grease trap would also 

require regular maintenance at least on monthly basis [Morel & Diener, p.22, 2006]. 
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Figure 11: Grease trap [Morel & Diener, p.23, 2006]. 

 3.6.5  Possible development of the system  

The advantage of the living wall system is that it can be easily upgraded by using a tertiary cleaning 

system in order for the water to be even more purified.  

 3.6.6  Multiple cycle system  

The system could be completed with a simple pump (H) as figure 12 shows, so that grey water can 

circulate in the system many times. This would prolong the retention time of grey water in the 

system and thereby radically increase the cleaning effectiveness of the system. The water container 

(F1) should be exchanged with a two chamber tank of water holding a capacity of at least 500 litre. 

The raw grey water would then be released directly in one chamber of the water tank (F2). From 

this chamber the grey water would be pumped in the water container (A). 

 The advantage is that grey water from all the sources (laundry, kitchen and shower) 

could be reused in this system. Also grey water from shower (J) could be led in the water container 

(F) by a simple piping system. This system would have much better cleaning effectiveness and it 

would possibly allow reuse of treated grey water for non-potable household activities. The singe 

cycle system could also be easier combined with primary treatment in form of a grease trap (G), 

which could be placed on the ground. The placement of the grease trap (G) on the ground would 

allow primary treatment of the grey water from shower (see Figure 12). 

 At the moment there is a strong cultural resistance against reusing the grey water for 

household activities. Regular water analyses should be performed on the treated grey water, in order 

to guarantee that the water is pathogens free and thereby does not present any health risk. This 

system would also require significantly higher investment and maintenance cost, which is not actual 

at the moment for the low income households in our focus area. According to WAHECO, people are 

willing to invest the system with not more than Tsh 200000. However, this might be changed with 

help of seminars by making people to be fully aware of the significance of the system in the long 

run. 
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Figure 12: Schematic picture of single cycle system 

 3.6.7  Expected cleaning efficiency for Gravitation system 

The cleaning efficiency of the system varies because it depends on many different factors such as 

characterisation of grey water, type of plants used, vegetations stage of the plants, climate 

conditions, and number of possible cycles in the system, but mainly the retention time of the grey 

water in the system. Therefore, the intention is to let the grey water flow through the system as long 

as possible in order to reach the estimated outflow standards as table 11 shows. 

 The system was not tested during this project, but the effectiveness of a double cycle 

system including living wall was tested in a study performed in Gotland, Sweden in 2009 as table 

10 shows. The purification effectiveness of the grey water in and outflow from the system was 

measured [Bussy, et al, 2009].  
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Parameter  Wall - inflow Wall - outflow Effectiveness (%) 

DO (mg/L) 6.68 8.94 +33.83 

EC (μg/L) 488 480 −1.64 

N-NH4 (μg/L) - - +64.9 

N-NO3 (mg/L) 1.02 0.73 −28.4 

P-PO4 (μg/L) 480 268 −44.2 

TOC (mg/L) 11.2 6.82 −38.9 

BOD7 (mg/L)  8 4.32 −46 

E-coli (CFU/100 mL) 24192 (from 

house) 

7701 −68.2 

Table 10: Cleaning effectiveness of the living wall in Gotland, Sweden [Bussy et al, 2009]. 
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Parameter  Average value 

of  combined 

grey water 

Approximate 

cleaning 

effectiveness 

Gotland [%] 

Effluent water 

from the 

living wall 

Water suitable 

for irrigation 

and industrial 

activities 

Standards for 

effluents 

meant for 

direct 

discharge into 

receiving 

waters 

DO (mg/L) 1.57 +33.8 2.10 3 - 

N-NO3 

(mg/L) 

0.094  −28.4 0.067 100 50 

BOD5 

(mg/l)  

1054 −46.0 

(BOD7) 

569 10 30 

FC 

(CFU/100 

mL) 

400 −68.2 

(E-coli) 

127.2 - - 

TSS 446 - - Should not 

cause sludge 

or scum in 

receiving 

waters 

Should not 

cause sludge 

or scum in 

receiving 

waters 

pH 8.92 - - 6.5 – 9.0 6.5 – 8.5 

Table 11: Comparison of the expected effluent water quality with the Tanzanian standards 

 3.6.8  The choice of materials (inner material, plants) 

 3.6.8.1  Plants 

The function of the plants in the system is to absorb nutrients (phosphorus, nitrogen, potassium), as 

well as pollutants into plants tissues from the grey water and also provide a good environment for 

the microbes in the soil [Morel & Diener, p.35, 2006]. The tropical conditions in Dar as Salaam are 

good for the system to be functional all year around.  

 The plants should be harvested regularly in order to provide continuous removal of 

nutrients and pollutants. This will affect the plants to grow quicker and absorb nutrients more 

effectively. If the plants are not harvested, there is a risk for the system to reach a steady state and 

slow down the intake of nutrients [Günther, 2008]. 
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 3.6.8.2  Choice of the plants 

 There is an ongoing discussion if edible plants should be used in grey water treatment 

system because there is a risk that the plants will be contaminated with pathogens and cause 

diseases. Hence, grey water should avoid contact with edible (usually above-ground) parts of the 

plant. [Morel & Diener, s.49,  2006]. The edible plants are grown in several different grey water 

treatment/reuse system; for example South Africa [Morel & Diener, s.60,  2006] Kenya, Ethiopia, 

Uganda [SuSana, 2010] and Sweden. The edible plants that are grown in grey water are among 

others tomatoes, spinach, onions, cabbages [Susana, Uganda, 2010], [Morel & Diener, s.60,  2006].  

 These plants cannot be recommended for the treatment system because of the high 

risk of people getting sick by eating them . The plants which are usually used in HFPF include: 

Phragmites australis, Typha species, Scirpus species and Glyceria maxima [Morel & Diener, s.35,  

2006]. The plants that are recommended to be used in the living wall should be locally available and 

as well tolerant both to basic pH and high salinity, because the freshwater sources such as shallow 

wells have a very high salinity. Typha latifolia and Scirpus species fulfil these requirements. The 

function of the plants in the system is not only to absorb the nutrients, but also have a decoration 

role and can be used for composting or biogas production when harvested. 

 3.6.8.3  The inner material 

The inner material should function as filter material for grey water and at the same time as an 

appropriate environment for plants and living organisms in the system. There are several options of 

inner material that can be used. The requirements of the materials are that they should be porous, 

prevent clogging, provide appropriate retardation of the flow, have low nutrition content and 

provide good growing possibilities for plants and microorganisms. 

The system that was built in Gotland, Sweden uses LECA pebbles and the one built in 

Addis Abeba uses a mixture of charcoal and soil (50/50) [Günther, 2010]. Traditional filter material 

for HFPF is sand and gravel [Morel & Diener, p.32, 2006]. The inner materials that are chosen for 

this system consist of a combination of different materials, which are soil, sand, gravel and 

charcoal. Charcoal is chosen because of its large surface area which adhere nutrients. Its cavities 

provide a living space for soil microorganisms and it contributes to acceleration of the metabolism 

in the system [Günther, 2008]. The disadvantage with charcoal is that it contributes deforestation. In 

order to lower its negative environmental impact it can be used in combination with traditional filter 

material - gravel (50/50), to reduce cost of the system. The mixture of soil and sand is used in 

topmost layer of the system in order to provide appropriate environment for growth of new plants in 

the system.  

 Every box in the system consists of three layers with different grain size. The first 

layer consists of mixture of sand and soil, with small grain size. The second layer consists of a 

mixture of gravel/charcoal with size 1-2 cm. The second and third layers are separated by a metal 

screen with mesh of 0.5 cm, in order to prevent mixing of the layers. The third (lowest) layer 

consists of gravel/charcoal with size of 3-4 cm. The bigger grain size facilitates the grey water flow 

and prevents clogging of the system.  

 The zigzag pattern (see Figure 13) is created in every box by inserting plastic/metal 

sheets in order to prolong the hydrological retention time in the system.  
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Figure 13: Detail of inner material in a single concrete box 

 3.6.8.4  The Materials for the boxes 

The materials considered for the boxes in the living wall were concrete and aluminium. The 

concrete construction was chosen because the materials better suitability for the system, its better 

durability and stability. Concrete has also lower thermal conductivity, which will result in lower 

evaporation of grey water flowing through the system. The disadvantage is that the concrete 

construction will be slightly more expensive, it will also be a heavier construction that would 

require a stronger structural support.  
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 3.6.9  Price for system with concrete boxes: 

The table 12 shows list of prizes for materials for the system and other costs needed for the 

construction of the system.  

Article: Price/unit Amount Total price 

Concrete box  1x 0.2 x 0.2 m  

 Labour 

 Material (cement) 

 

30000   tsh/piece 

3000     tsh/piece 

 

8 

8 

264000 

Plastic water container 200 l 35000 tsh/piece 2 70000 

PVC pipe 1‖ class B 1000 tsh/m 10 10000 

Plastic tap 700 tsh/piece 2  1400 

Charcoal (150kg bag) 200 tsh/kg 30 kg 6000 

Sand with soil  0 tsh/kg 15 kg 0 

Gravel 0 tsh/kg 30 kg 0 

Metal mesh (mosquito net) for screening the 

plastic water container – roll 1.2 m  

3000 tsh/m  1 3000 

Metal mesh for separating inner material in 

boxes/gutters – roll 1.2 m 

5000 tsh/m 2 10000 

Plants 0 tsh 

Can be collected 

in the field. 

 0 

Transport:  10000 tsh  10000 

Labour :  30000 tsh 

or 0 tsh 

 30000 

TOTAL:   Tsh 404400 ~ 

US$ 278 

Table 12: List of prizes 

 3.6.10  Irrigation 

Reuse of the untreated grey water in irrigation is increasing in the rural and the peri-urban areas in 

poor countries as in the developed countries in order to cope with the scarcity of water [Pinto, et al, 

2009]. The consequence of this is that the inhabitants of the area are exposed to the health risk as 

well as the degradation of the environment taking place [Morel & Diener, 2006]. The reason why it 
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is a health risk is because pathogens from the untreated grey water might be ingested through 

consumption of harvested raw vegetables [Morel & Diener, p.6, 2006]. 

 When reusing grey water for irrigation, there are some significant parameters that 

should be considered which are suspended solids, pH, heavy metals, electrical conductivity, total 

phosphorous, total nitrogen, feacal coliforms, chemical and biology oxygen demand, dissolved 

oxygen and Escherichia coli [Pinto, et al, p 2. 2009]. 

The availability of nutrients in the soil such as, iron, zinc, phosphorus, copper, 

manganese and molybdenum which are absorbed by the plants is enormously affected by the pH. 

The optimal range of pH in the soil is between 6 and 7.5 which contribute to well growth of the 

plants and microbial health of the soil.  If the untreated grey water is continuously used for 

irrigation, the soil alkalinity in the soil will increase.  It has been observed that grey water with pH 

above 8 increases the pH in the soil which reduces the availability of micro nutrients of the plants 

[Pinto, et al, p 2. 2009]. Therefore, it is very important to be cautious when the pH falls below 6 or 

rises above 8.2 [Pinto, et al, p 5-6, 2009].  This shows that irrigating with the untreated grey water is 

not recommended because the microbial health is affected in the rhizosphere, which is the narrow 

region around the roots of the plants. It is covered by a thin layer of soil which associates with 

biodegrading organic substances in the grey water.  

 3.6.10.1  Reuse of treated grey water in irrigation 

When the treated grey water is used for irrigation, huge focus should be applied on the soil 

properties, irrigation system, irrigated crops and their consumption. It is essential to evaluate 

microbial and biochemical properties of the treated grey water with the reuse standards in order to 

see if the effluent of the grey water meets the standard as it is shown in appendix I.  

The standards are produced by the Ministry of Water and Irrigation (previously 

Ministry of Water Energy and Minerals) together with WHO and Tanzania Bureau of Standards, 

Energy and Minerals. These standards are bindning for the wastewater (including grey water) 

released into the environment [Ministry of Water and Irrigation, 1992]. 

 3.6.11  Groundwater recharge  

Grey water recharges groundwater in two ways. One is by using excessive grey water for irrigation 

and the other one is by intentionally allowing water to infiltrate into the soil either by itself or by 

constructing infiltration trenches or percolations bed 

s. The choice of constructing the infiltration trenches depends on which type of soil that is available 

in the area. [Morel & Diener, p. 55, 2006]. 

 The reason why infiltration of grey water is of the best choice is because it eliminates 

sanitation issues brought by disposal of grey water into the open environment and also improves 

high quality of the grey water. Despite this, a potential risk of groundwater pollution by 

microorganism, nutrients and organic pollutants remains. High risk of this pollution occurs only 

where the groundwater table is high or where the layer or structure of the soil does not function as a 

barrier for microorganism. Mainly the risk of the groundwater to be polluted is determined by the 

groundwater hydrology, grey water characteristics and the potential of the groundwater to be used 

as a source of drinking water [Morel & Diener, p.55, 2006]. 
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In the saturated soil which is porous, the contaminated grey water has a high potential to flow and 

reach the groundwater in a short time of 10-15 days before the pathogens dies. Whereby, in the 

unsaturated soil with prismatic structure, it is negligible for the groundwater to be polluted by the 

grey water [Morel & Diener, p.55, 2006]. 

 In order to eradicate the pollution risks in the groundwater, the following should be 

seriously considered. The groundwater basin should be at least one meter under the infiltration bed 

in order to acquire a high quality of degradation. If treated grey water is to be infiltrated into porous 

sand, 50 cm of sand cover with 2 mm grain size has a potential of reducing pathogens; and if the 

groundwater table is too high and soil saturation reaches the topsoil, then it is important to keep 

safety distance to water extraction wells. The distance depends greatly on the local geo-hydrological 

conditions which should correspond on the estimated travel distance of groundwater in 10 – 15 days 

[Morel & Diener, p.55, 2006]. 

 3.6.11.1  Infiltration process 

Infiltration process with respect to clogging is the most suitable option to use for purifying grey 

water. This is because grey water is less polluted and has relatively low nitrogen that is converted to 

nitrate which decreases groundwater disturbance [Persson, p.164, 2005]. 

 As it is mentioned above, functioning of the infiltration system depends partly on the 

soil structure where the physical and chemical forces as well as biological processes of nature are 

used to purify water. The best soil to use for infiltration is the loam soil because it has strong 

granular and prismatic structure as well as the fine sand. The application of the pre-treated grey 

water in loam soil is 20/l/day/m² while in the fine sand is 50/l/day/m². The infiltration system does 

not work properly when gravel, coarse sand or clay soil used. This is because gravel and coarse 

sand has too high permeability which makes the grey water to infiltrate too rapidly which in turn 

reduces the time flow as well as the microbial degradation process. In terms of clay soil, it has very 

low permeability which makes the grey water not to infiltrate; instead it is going to be collected on 

the surface forming puddles around the infiltration trench [Morel & Diener, p.43, 2006]. 

 The colour of the soil is a very good indicator when choosing the suitable soil for 

infiltration. The type of soils which are bright, uniform colours indicates well-drained and well-

aerated soils while dull, greyish soil indicates that the soil is continuously saturate [Morel & Diener, 

p.43, 2006]. 

 If the capacity of the ground for infiltration is inadequate, then an artificial infiltration 

can be constructed. This type of infiltration is normally dug up to approximately 1 metre deep and 

filled up with sand of the same size and quality of slow-sand filter. In order for the artificial 

infiltration bed to function properly, it should have clean sand with the following size; d10 = 

0.35mm and d60/d10 ≤ 2.5. Many beds have used unclean natural sand which often has better 

particles and higher size of d10 because of cost reasons. This has not been a good solution even if it 

is cheaper than the cleaned sand because it increases the risk of clogging in the ground [Svenskt 

vatten, p 92, 94, 2007]. 

 3.6.11.2  Cleaning process of infiltration 

The water that is meant to infiltrate and recharge groundwater should be treated before infiltration 

process in order minimise the risk of clogging in the infiltration bed. The infiltration bed can be 
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compared with slow sand filter because both treatment systems have similar process of treating 

water. When the grey water infiltrates in the ground, the suspended substances are filtered by the 

soil while biodegradation of microorganism humus and dissolved organic pollutants takes place. 

This process demand oxygen that is in the water which is about 8-10 mg/l depending on the 

temperature. Theoretically, the oxygen in the water is adequate to minimise COD
Mn

 with 8-10 mg/l 

which in the whole infiltration process is about 80-90%. If there is deficiency of oxygen in the 

water then there will be a risk for sulphur production. The removal efficiency of BOD is 70-80 %, 

total phosphorous reduction is 60-90%, total nitrogen reduction is 30-60% and faecal coliforms 

reduction is lesser than 4 log [Svenskt vatten, p92, 94, 2007]. 

 The removal efficiency of artificial infiltration bed is nearly as the natural infiltration 

whereby phosphorous reduction is approximately 90%. After five years the efficiency decreases to 

50 % and after 10 years to 25 %. It is essential to mention that in both types of infiltration, the 

negative ions like nitrate and chloride are not reduced at all [Persson, p.167, 2005]. 

 The degradation in the infiltration is complicated and depends on many factors like 

characters of the surface water, geology of the infiltration zone, hydrology of the infiltration zone, 

level of water that is floating, temperature conditions, duration time of water infiltration in the 

ground and the thickness of unsaturated zone. 

 The infiltration time of the grey water should be as long as possible. The flow time 

has been analysed by the Swedish National Food Administration (Livsmedelverket) to be as 

minimum as 14 days and as maximum as 2 months in order to have a successful improvement of 

water quality [Svenskt vatten, p. 92, 94, 2007].    

 3.6.12  WaterAid and WAHECO 

WaterAid is an international NGO which facilitates and collaborates with local NGO: s for 

sustainable development in the country concerning water and sanitation issues. WaterAid 

established a mobilisation team in all three municipalities in Dar es Salaam in order to contribute 

awareness of all the sanitation problems and solutions. Today it is the only one mobilisation team 

alive in the municipality of Temeke. The team is called WAHECO which is an integration of the 

following teams; Water, Health, Education, Communication and Organisation. Its goal is to educate 

the inhabitants of Temeke about the sanitation issues that exist in Temeke. This happens by 

arranging seminars and visiting different institutions and schools. Furthermore, WAHECO 

facilitates WUA (Water Users Association). The purpose of WUA is to organise water usage and 

maintain water points in Temeke. Wateriad together with WUA under WAHECO has developed a 

project model whereby Wateraid pays 95 % of a certain project and the rest are paid by WAU which 

actually consists of normal inhabitants of Temeke. Some of the projects that have been financed by 

Wateraid and operated by WAHECO are for example the digging of boreholes [Personal interview, 

Mfungo. J, 2010]. 

 WAHECO has also contributed in analysing the water quality of borehole as well as 

the shallow wells. Recently 30 shallow wells have been analysed whereby 15 of them were revealed 

to be polluted by septic tanks and pit latrines. These shallow wells were not constructed nor 

financed by WAHECO or Wateraid, they were constructed by private people [Personal interview, 

WAHECO, 2010]. 
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 4  Discussion 

The best way of eliminating the sanitation problems is by learning about the foundation, 

consequences and solutions of sanitation issues more widely in the societies as well implementing 

the solutions physically by; for example constructing a treatment system. This has come to action 

through for instance involvement of Wateraid in all three municipalities in Dar es Salaam.  

During the interviews, people were asked the following question; if they would like to have a 

system that purifies the used, grey water. All of them responded that they would like to have the 

system as long as they have seen it functioning well. This is because they do not want to invest in 

something that they are not sure of, for it is a new idea and knowledge to them. The other reason is 

that they have difficulties in believing that the grey water that they have generated from their 

domestic activities can be purified and reused.  

 The implementation of the living wall in Dar es Salaam should be done for instance 

by a mobilisation team like WAHECO, through seminars because of the social aspects of 

convincing people to use the treatment system. To start with, the system should be constructed on 

an open public site, in order for the people to be introduced to it and see its benefits. By doing this 

the system will be gradually accepted by the society. 

 In order for many people to be exposed in the sanitation issues, the education about 

hygiene and sanitation should be more widely implemented across the whole community. Mainly 

the children in school should be taught about the causes and consequences of sanitation issues 

which later on can share the knowledge with their parents or grandparents who never went to 

school.  

 The contribution of the living wall will be eliminating the above mentioned sanitation 

problems brought by grey water. People will collect their dirty grey water which today is disposed 

into the environment in different ways and pour it in the wall to be purified. The purified water will 

later on be released to the environment for irrigation or recharging of the groundwater. Through this 

process, the environment will be cleaner and the water/vector diseases will partly be reduced, 

because the diseases are not only brought by grey water but also by other means like eating with 

dirty hands and drinking dirty water. It will be efficient to irrigate with grey water because it 

contains nutrients that the plants need. Through this the freshwater will be preserved to perform 

other domestic activities.  

 As it has been mentioned, deficiency of good sanitation leads to diseases which can be 

fatal in the long run if not treated. The transmission of the diseases occurs through children playing 

on ponds full of dirty water on the street, walking barefoot in dirty water, having ponds close by 

their houses where mosquitoes breed, not washing hands after visiting the toilet and flies feeding on 

the food that people are going to eat. 

The conducted characterisation of grey water showed that the pollutants are very 

concentrated in the samples. The analysed samples were taken from the most polluted grey water; 

first water from the kitchen and the laundry (see Figure 15). When doing laundry and washing 

dishes, at least three basins are used. The first one is used to wash cloths or dishes, while the second 

and the thirds one are used for rinsing see Figure 14). The total volume of disposed grey water 

consists of a mixture of all the grey water from all three basins, and this mixture is less polluted 

than the tested samples. 
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Only very few samples from every location, (Temeke, Msasani and Majumba Ishirini in 

Kindondoni) were collected. For further research and in order to secure more realistic and correct 

results more samples should be collected and analysed systematically. The water analyses should 

be performed both on in and outflowing water from the system. 

 

Figure 14: Grey water generation while doing laundry. Photo: Kocanda, J. 

 

Figure 15: Collection of grey water samples from kitchen. Photo: Kaguongo, M. 

 Grey water from the low income households tend to have more polluted water than 

that from the middle and high income household. The reason to this is because the low income 

household uses low quantity of water per day (< 50 l/p/d) with high number of detergents. The 

middle and high income households mostly likely use the same amount of detergents but uses more 

amount of water (> 100l/p/d) which helps to dilute the pollution load, such as detergents and faeces 

in the water.  
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This concludes that the grey water produced in the low income households, which more often are 

closer to each other, have a higher risk of polluting the environment. Therefore, the living wall will 

be best suited in the low income households where there is higher pollution of grey water and great 

deficiency of disposal management of the water.  

 When grey water comes to contact with black water in the septic tank, then the grey 

water becomes more polluted. Therefore, if grey water is separated from the black water, there will 

be less volume of black water being infiltrated to recharge and pollute the groundwater. 

 The reason why the low income areas in Tanzania lack a well functioning sewerage 

system is that these areas are unplanned settlements, meaning that they do not have good sewerage 

planning. The city of Dar es Salaam has 75 % unplanned settlement because people have taken land 

without purchasing it and begun building on it. The result to this is that many houses have been 

built in a small area without any sanitation scheme or collecting of rain water. Hence, people 

dispose their grey water anywhere into the surrounding environment which unfortunately can lead 

to quarrel, if the untreated grey water is disposed into another person’s area. Most of these 

unplanned settlements are geographically located on the hills and valleys, which means that it will 

demand more resources and energy to have a planned settlement. Unluckily enough, the unplanned 

settlements are growing and development is not progressing. 

 5  Conclusions   

The conclusion of this project is that there is a need of water purification system like living wall 

mostly in the peri-urban areas because of the following reasons. 

 One of the reasons is that the system is cheap and requires less maintenance. This 

makes the system to be suitable for the low income people who actually are the one suffering more 

from the sanitation issues. The other reason is that it is easy to operate, eliminates diseases which 

cause death and make the environment to be clean.  

 In order for these reasons to be well understood by the local people and also for living 

wall or any other new idea to be successful in a new community like Dar es Salaam, it is vital to 

bear in mind that the new idea has to fit and be accepted by the culture and custom in the 

community. Therefore the following steps of introduction and implementation of the idea should be 

considered in order to understand the custom and culture try to understand the problems of the area 

and together with the local people have a common solution of the problem. 

 By doing this, people will clearly see that the daily problem that they have is actually 

a major problem which needs a serious solution. With this acceptance from their side it will 

hopefully be easy to convince them why they should use the system despite their social aspect. It is 

also vital to mention that through collaboration with the local people, the project will be easily 

implemented and welcomed into the community. The local people will acquire new knowledge and 

feel connected to the result of the project. The consequences of this will be that the system will be 

well understood, maintained and perhaps be further developed by the local people. The people will 

also be willing to donate for the implementation of the project. In many cases the people are aware 

of the sanitation problems that surround them, but because of poverty they tend to do nothing about 

funding this kind of a project which is for their own benefit in the long run.  
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 7  Appendix 

 7.1    Appendix I: Standards for receiving waters  

[Ministry of Water and irrigation, 1992] 

 

Appendix I, figure 1: Standards for receiving waters [Ministry of Water and irrigation, 1992] 
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Appendix I, figure 2: Standards for receiving waters [Ministry of Water and irrigation, 1992] 
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Appendix I, figure 3: Standards for receiving waters [Ministry of Water and irrigation, 1992] 
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Appendix II, figure 4: Standards for receiving waters [Ministry of Water and irrigation, 1992] 
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 7.2  Appendix II: Results of chemical analyses 14th May 

 

Location - sample  

description 

Ca  

(mg/l) 

Br  

(mg/l) 

Na  

(mg/l) 

Mg  

(mg/l) 

K  

(mg/l) 

NO3-N  

(mg/l) 

UDSM - Potable 

water  

9.252 NIL 16.665 42.748 3.110 0.0700 

UDSM – 

Combined 

greywater  

9.252  NIL 260.000 58.748 43.400 0.2162 

Temeke - Potable 

water  

13.457 NIL 200.000 62.543 13.10 0.1405 

 

Temeke – 

Combined 

greywater 

15.139 NIL 352.950 80.861 75.725  0.0122 

 

Msasani - Potable 

water  

10.934 NIL 8.325 45.066 4.440 0.0194 

Msasani – 

Combined 

greywater  

12.616 NIL 480.000 47.384 89.325 0.0541 

Mixed greywater 

diluted – 25% 

(GW) 

10.934 NIL 110.000 53.066 29.245 0.0081 

Mixed greywater 

diluted – 50% 

(GW) 

13.457 NIL 139.286 58.020 35.850 0.0078 

 

Mixed greywater 

diluted- 75% 

(GW) 

15.980 NIL 230.000 64.020 71.850 0.0218 

Mixed greywater  

- 100%  

31.960 NIL 352.941 68.040 97.100 0.0264 

Appendix II: Results of chemical analyses from 14
th

 May 
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 7.3  Appendix III a). 

 

Questionnaire form 

Residence place: 

Gender: Male  Female 

Age: 

How many family members are there in your household? 

 How many children under five years old are living in your household? 

 Do the children use textile dipper or one time use dipper?  

Water Supply 

Do you have enough water for the whole year? 

If no, which months is there shortage of water? 

 

January

  

February March April May June 

July August September October November December 

 

    

Which is/are your source/s of water? 

How far is it from your place to the source of the water? 

How long time does it take to walk to the source of water, stand on queue, and fetch the water and 

walk back home? 

 

How many times do you fetch water?  

Per day __  Per week __   Per month __ 

How much quantity of water do you fetch? 

Per day __  Per week __   Per month __ 

How much money does the water cost per litre? 

How often do the following family members fetch water: 

 Man __ 

 Woman __ 

 Children __ 

o Girl __   

o Boy __ 

How clean is the fetched water? 

Less clean   Moderate clean   Very clean 
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Water use and disposal 

What do you use water for? 

Which domestic activities demand most of the water, and how much per litre? 

Laundry  Showering  Dishes        Cleaning      

Drinking  Cooking  Other 

Do you use the same water more than once to do the different domestic activities?  

If yes, which activities? 

How and where do you dispose water after using it? 

Which problems do you think are brought by disposing the used water? 

Which are the solutions/improvements to these problems?  

How important is it to recycle the used water instead of disposing? 

Health 

Which water and vector borne diseases are there in the area? 

 How do they occur? 

 How can the diseases be cured? 

Water system 

Would you like to have a system that purifies the used water? 

 What would you mostly want to use the purified water for? 

If you have access to clean water nearer you, how will it change your life? 
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 7.4  Appendix III b). 

 

Fomu ya Maswali 

 

Tarehe ya leo: 

Jina ya sehemu hii:  

Jinsia: Mwanaume   Mwanamke  

Umri:  

 

Watu wangapi wa wanaoishi katika nyumba yako? 

 Je, watoto wangapi kwa umri chini ya miaka mitano?  

 Je, watoto watumia napkin ya kitambaa au  hile yakutupua?  

Utafutaji wa maji? 

 

Miezi gani kuna upungufu wa maji?  

 

Januari

  

Februari Machi Aprili Mei Juni 

Julai Agosti Septemba Oktoba Novemba Desemba 

 

Chanzo chako cha maji ya kunywa na kuosha ni kigani? Wachota maji wapi?  

Ni mbali kiasi gani kwa kilometa kutoka nyumbani mwako mpaka kwa chanzo cha maji?  

Mnachukuwa muda gani kwa dakika kutembea kutoka nyumbani mpaka chanzoni, kusimama 

kwenye foleni, kuchota maji na kurudi nyumbani?  

Je, ni mara ngapi huchota maji? Kwa siku__  Kwa wiki__ 

Kiasi gani cha maji kwa mtungi/doo huchota? Kwa siku__  Kwa wiki__    

Maji hutoka pesa ngapi kwa mtungi/doo? 

Mara ngapi kwa wiki watu wafuatazo wa familia wachota maji:  

Mwanaume __  Mwanamke __ Msichana__  Kijana __  

 

Maji yenye yachotwa ni safi kiasi gani kwa rangi?  

Chafu     Safi kidogo   Safi sana  

 

Matumizi na utupaji wa maji yaliyoyumika 

 

Matumizi gani ya nyumbani ambayo ya chukuwa maji kwa wingi kabisa? 

Kufua nguo   Kuonga   Kusafisha viombo   

Unywaji   Upishi   Matumizi mengine 

 

Mitungi mingapi ya enda kwa matumizi haya? 
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Je, utumiaji maji sawa zaidi ya mara moja kufanya matumizi tafauti? Kama ndiyo, matumizi ni gani 

hayo?  

Ufanyaje na maji baada ya matumizi ya mwisho?  

Matatizo gani uletwa na maji ambaye ni chafu?  

Matatuzi/ mafumbuo magani ya hitaji kwa matatizo haya? 

Ni muhimu kiasi gani kusafisha maji ndio itumike tene badala ya kutupa?  

Afya 

Migonjwa gani ya maji yapatikana katika sehemu hii? 

 Je, migonjwa hii ya letwa aje?  

 Je, magonjwa ya weza kutibiwa aje? 

Mfumo wa Maji Taka 

Je, unaweza kupendelea mfumo wa kusafisha maji katika sehemu hii?  

Gani wewe zaidi wanataka kutumia maji kutakaswa kwa?  

Upatikaji wa maji safi karibu na wewe wa weza kubadilisha maisha yako aje?  

 

 

 


