
 1 

 
 
 

GREYWATER TREATMENT SYSTEMS’  
ASSESSMENT 

 
Case study: Hull Street Housing Project, Kimberley, Northern Cape 
Province, South Africa 
 
 
 
 
 
 
 
 
 

Denis Fru Achu 
 

Thesis  
M.Sc. in Water Resources and Livelihood Security 
Department Of Water and Environmental Studies 

Linköping University 
Sweden 

 
 
 
 

May 2007 
 

 
 
 
 

 

 



 2 

 
Abstract 
 
The purpose of this study was to investigate the various types of onsite greywater treatment 
facilities available at two housing communities (Hull Street and Moshoeshoe Eco Village) in 
Kimberley, South Africa. The objective was to undertake a close observation through 
personal experience of the installations, measure water consumption and greywater produced, 
do an inventory of household cleaning chemicals and conduct interviews of different stake-
holders of the Housing Project to find out their views on greywater and Ecosan issues. The 
study was conducted between June and August 2006. 
 
The average water consumption per household per day during the study period was 272 L and 
170 L in Eco Village and Hull Street respectively. The average greywater produced per 
household per day was 190 L and 119 L in Eco Village and Hull Street respectively. In Hull 
Street, the average water consumed and greywater produced per person per day during this 
study was 51L and 36L respectively. Three main types of treatment systems were installed in 
the study area; sandfilters, infiltration pits and resorption trenches. The sandfilters were 
poorly designed and were not functioning properly. The infiltration pits though working they 
were experiencing problems of poor infiltration and required constant draining and 
maintenance in many homes, especially those that have high water consumption and produce 
much greywater. The resorption trenches that make use of aerobic mulch media followed by 
infiltration had been installed in one house unit and after about 7 months had not presented 
problems to the user. Close monitoring done on this facility for about 4 weeks showed proper 
functioning according to its design. 
 
Quite a lot had been done over time to improve on the installations in Hull Street and Eco 
village. The toilet installations have been exchanged and a number of alternatives to improve 
on the treated greywater have been attempted. The users and the housing company’s 
personnel feel one of the major problems being encountered is in treating greywater. 
Appropriate ways to compost faecal matter are still being sought. Hence use of greywater, 
urine and composted faeces in urban agriculture by residents is yet to be visible and will need 
encouragement.  
 
Generally, the residents at Hull Street and Eco Village like the community life, house 
structures and location. However, they wish that improvement be made in some areas to make 
life in these areas more comfortable. The residents of both Hull Street and Eco Village expect 
better greywater treatment facilities. The community in Hull Street requests shopping centres, 
sport facilities, fence around the area, and taxi services among others. It is important to note 
that many people did not ask for further improvements on the toilet systems which might 
indicate they are coping with the urine diversion alternative sanitation. 
 
The user perception on whole was good, but the need for constant attention and maintenance 
seems to offer a hurdle to the infiltration and sand filter facilities to treat greywater.    
 
 
 
 
 
Keywords: greywater, treatment, Kimberley, ecological sanitation, resorption trenches. 
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Chapter 1  
INTRODUCTION 
 
Chapter 1 is the introductory chapter of this study. It highlights the importance of an urgent 
need for solution to the impending water problems under the heading “water crises”. Then the 
background of the study is looked into by considering the general information about the 
country, South Africa; location and climate of the city, Kimberley; and a history of the Hull 
Street Integrated Housing Project. The chapter ends with a presentation of the aim of the 
study.  
 
1.1 WORLD WATER CRISIS 
 
“Water is the primary life-giving resource”, (UN WWDR, 2006). It has become quite 
apparent that water scarcity is an imminent global crisis in the next decades. Although public 
attention focuses much more on the depletion of oil resources, the depletion of underground 
water and other freshwater resources poses a far greater threat to our future (Brown, 2005). 
Oil can be substituted but water cannot. 
 
It is estimated that within 50 years, more than 40% of the world’s population will live in 
countries facing water stress or water scarcity (WHO, 2006).  In 1995, 31 countries were 
classified as water-scarce or water-stressed and it is estimated that 48 and 54 countries will 
fall into these categories by 2025 and 2050 respectively. Over the next fifty years, most 
population growth is expected to occur in urban and peri-urban areas in developing countries 
(United Nations’ Population Division (2002) quoted in WHO, 2006). BBC (2004) states that 
more than five million people die from water-borne diseases connected to poor sanitation each 
year meanwhile Winblad (2004) brings out the figure 6000 as the number of children who die 
every day from diarrhoeal diseases related to inadequate sanitation and hygiene. 
 

 
Figure 1.0a 
Population living in water-scarce and water-stressed countries, 1995-2050 
Source (Hinrichsen, Robey & Upadhyay; United Nations Population Division (2000) quoted 
in WHO, 2006) 
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As the world population grows exponentially (predicted by BBC (2004) report to rise from 
6billion to 8.9 billion by 2050), economies expand and climate changes, water will become an 
increasingly scarce and valuable resource as illustrated in figure 1.0a above. The figure 
indicates that as population of the world increases, the proportion of people without water 
scarcity reduces. Competition among agriculture (which currently consumes 70% of the 
world’s freshwaters withdrawn (Gleick, 2000; FAO, 2002 quoted in WHO, 2006)), industry 
and cities for limited water supplies is already acting as a deterrent to development efforts in 
many countries. Despite the fact that water is becoming increasingly scarce, its use in many 
areas is still highly inefficient. In some places it is estimated that as much as 60% of the water 
set aside for irrigation does not reach the crops, (FAO, 1996 cited in WHO, 2006). A large 
quantity of water that can be reused is conventionally flushed away as wastewater from the 
kitchen and bathroom. 
  
It might not seem very clear to many people that a future of water shortage also means a 
future shortage of food (Brown, 2005).  The quality of water is just as important as its 
quantity. Pollution sets in as quantity declines. The poor are the ones who suffer most from 
water crisis. Shortages mean long walks to fetch water, high prices to buy it, food insecurity 
and diseases from drinking dirty water. Security and stability in food supplies in the future 
will be closely associated with success in water control and management. Success will not 
come only from expansion of water resources, river damming and canal construction but also 
from developing and improving the technologies of recycling, using water much more 
efficiently and raising water productivity in agriculture (Brown, 2005).  
 
The application of the concept of ecological sanitation is therefore indispensable in our effort 
to conserve water and environment; recycle nutrients for agriculture; alleviate poverty; 
improve on livelihood and reduce diseases.  Ecological sanitation is an alternative approach to 
avoid the disadvantages of conventional wastewater systems (Werner et al., (2004a) cited in 
Langergraber et al., 2004). This concept is based on an ecosystem approach in which material 
flow cycles are closed. Human excreta, used solid materials and water from households are 
considered as a resource (not as a waste) which should be treated appropriately and re-used. 
Figure 1.0b below shows one of the concepts of closing the material flow loops. Nutrients and 
water from greywater and faeces can be extracted and used in agriculture to produce food. 
Household solid wastes that are biodegradable can also be composted for the same purpose. 
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Figure 1.0b closing material flow cycles and making use of resources in wastes 
 
1.2 GENERAL INFORMATION ABOUT SOUTH AFRICA  
 
South Africa is still characterised by many people with inadequate housing. Under the 
Apartheid, segregation was mandated by law. Blacks could not live in “white” areas but had 
to live in townships or impoverished areas known as Bantustans.  Very little housing was built 
for Africans by the Apartheid regime (Knight, 2001). With the decline of Apartheid, the 
government has adopted measures to ensure that all the 45 million citizens are housed. The 
process started through the initiative called “Reconstruction and development program 
(RDP)” and is now recognised in South African legislation. The department of housing 
therefore has a vision and mission to house the citizens in a sustainable human settlement with 
access to socio-economic infrastructure, (Department of housing, 2006). Through the 
comprehensive plan for the development of sustainable human settlements, the department of 
housing looks for achievable and effective delivery methods. The government’s goal, as set 
out in the housing code is the provision of 350,000 houses per annum until the backlog of 
housing is remedied, (Knight, 2001). During the period 2005-2006 that was under review at 
the time of this study, the housing delivery continued unceasingly and by 31st march 2006, the 
number of houses completed or under construction since 1994 stood at 2,081,694 with 
2,848,160 subsidies approved (Department of housing, 2006) 
 
Twenty-three million people (51% of the population of South Africa) benefit from a basic free 
water allowance of six kilolitres a month (those connected to a communal water supply, and 
irrespective of economic standard), as reported in Knight (2001). The same report states, 
another 15 million people are found in local government areas where the local government is 
in the process of putting the policy into practice or has not yet decided to do so. About 7 
million more people live in areas where there is no infrastructure for water supply (Knight, 
2001).   
 

Greywater/faeces/urine/so
lid waste 

Agriculture/environment 
(nutrients/ water 

resources) 

 
Food/water 

ecosan 
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An awareness campaign developed for the world summit on sustainable development, 
Johannesburg 2002 promotes an integrated development plan (IDP). The South African IDP 
has as underlying philosophy, objectives and procedures in common with Local agenda 21 
(LA21) (Akani, 2002). The integrated development plan IDP in South African context is a 
process by which municipalities prepare 5-year strategic plans that are evaluated annually in 
consultation with communities and stakeholders (Akani, 2002). The plan promotes integration 
by balancing social, economic and ecological structures of sustainability.  
 
The Swedish government among others gives support to some of the urban development and 
housing projects in South Africa (SIPU, 2002). Kimberley (see map below - figure 1.1) the 
main city of the Northern Cape Province, is one of three cities in South Africa that benefit 
from the support of the Swedish international development cooperation agency, (Sida). The 
partnership between Sida and Sol Plaatje Municipality (former Kimberley Municipality) 
offered an opportunity for implementing the integrated development Plan (IDP) in the 
province. One way of contributing to achieve the goals of the IDP is to find ecological 
solutions for sanitation, the use of resources and proper waste management, (Källerfelt, 2004). 

 
 
Figure 1.1 Position of Kimberley, South Africa 
Source: BDB Computer Systems, 2006.  
 
 
Sol Plaatje municipality which includes the urban and rural areas unlike the former Kimberley 
municipality has a mixed population (as shown in the table 1 below) and it reflects on the 
housing demand. 
 
Table 1 Sol Plaatje population and its composition 
 
Population groups Total population  % of total population 
Black 118226 51 
Coloured 67082 29 
White 43867 19 
Asian 1709 1 
Unspecified 116 0.05 
Total 231000 100 
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Source: Stats SA (1996) quoted in SPM IDP (2002) 
 
The housing backlog in Sol Plaatje is estimated at approximately 13770 (2002), (Project 
Report, 2006), and this figure includes people residing in informal settlement areas as well as 
backyard dwellers. 
 
The figures on table 1 above show that the largest group in Sol Plaatje municipality are 
blacks, 51%. This group experiences the greatest shortages in houses and makes the housing 
problem very acute.  
 
Table2 Service gaps. The table shows the number of households lacking water, sanitation, 
electricity, housing and unsurfaced roads. 
 
Site No of 

households 
Lack of 
water 

Lack of 
sanitation 

Lack of 
electricity 

Lack of 
housing 

Unsurfaced 
roads 

Kimberley 47200 3570 
7.6% 

3877 
8.2% 

1600 
3.4% 

10877 
23.0% 

160Km 

Ritchie 2400 488 
20.3% 

1074 
44.7 

686 
28.6% 

1125 
46.9% 

42Km 

Rural 
areas 

1830 615 
33.6% 

615 
33.6 

545 
29.8% 

480 
26.2% 

182Km 

Total 51430 5963 6856 4121 13772 362Km 
 
Source:  SPM IDP (2002)  
 
As indicated in table 2, the areas close to the city centres benefit from pipe-borne water and 
those further away in the rural areas are lacking behind. It follows suit with the other services 
and infrastructure like sanitation, electricity, housing and roads. The people in the rural areas 
do not have alternative sources of water; they also depend on the water connections from the 
urban areas to reach them. This takes quite some time. 
 
Sanitation is usually very bad in areas that are experiencing urbanisation and rapid population 
growth like Ritchie. The housing situation is bad and obviously there is overcrowding that 
impacts poor sanitation conditions.  
 
1.3 LOCATION AND CLIMATE OF KIMBERLEY  
 
Kimberley is situated in the steppe area in Northern Cape Province of South Africa at 
28.742ºS and 24.772ºE near the Orange River. The area of the city is 9,040ha and the 
population is estimated to 210,800 by the Kimberley comprehensive Urban Plan (1998) 
quoted in Wikipedia 2007. Kimberley has an average rainfall of 419mm and an annual 
evapotranspiration of about 2100mm, (Gunther, 1998). The evapo-transpiration/rainfall ratio 
of 5.07 places Kimberley so much in the arid region. The vegetation is a dry steppe. 
Kimberley has summer rains (September to April) with a rainfall peak often occurring during 
February. (See rainfall chart below – figure 4). 
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Figure 4 Rainfall chart for Kimberley for 1996 and 1997 
Source: Gunther, 1998 
 
1.4 THE WATER FLOW  OF KIMBERLEY 
 
A rough estimate of the water use in Kimberley indicates that the average use is fairly high. 
The daily water use for the entire town is about 217 litres*person-1*day-1, which gives an 
annual water use of more than 79kl person-1*yr -1. however, since the water coming to the 
sewage purification plants is only 115 litres*person-1*day-1(42 kl *person-1*yr -1), it seems as a 
large part of the water bought is used for irrigation or lost in another way, for example as 
leakage on the route to the waste water purification plant. The amount is considerable, about 
7,5million cubic metres a year (44% of the total water used) (Gunther, 1998). (See table 3 
below) 
  

     
l per 
p*d 

   pop.        
(kl/day) 

           
(kl/p*yr) entire pop  kl/yr 

% of 
total 

From the Vaal river 217 46,375 79 16,926,795 100.00% 
Garden irrigation or lost 
otherwise 96 20,582 35 7,512,500 44.38% 
black water 30 6,420 11 2,343,300 13.83% 
greywater  85 18,203 31 6,644,200 39.25% 
Sewage treatment 115 24,623 42 8,987,500 53.10% 

 
Table 3 water inflows into Kimberley, blackwater and greywater produced per capita 
and entire population per day and per year.   
Source: Gunther (1998). 
 
However, there seems to be considerable local differences between the water uses of people 
living in different places in the city. A comparison made by Gunther (1998) between people 
living in Galeshewe (low income area) and those in Old Kimberley (high income area) shows 
a nearly 80% difference in water use per meter. 
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The movement of water in Kimberley and most parts of the world is basically linear. In 
Kimberley, water comes from the Vaal River which is supplied from Lesotho highlands, goes 
through the town where it is used for different purposes and is discharged through irrigation 
and evaporation or exclusively evaporation. There is little recycling of used water despite the 
large quantities of greywater produced about 31kl*person-1*year-1.  
Vaal River → use (in irrigation, greywater, toilet or drinking water) → mixing → 
treatment → evaporation 
 
 
1.5 THE HULL STREET INTEGRATED HOUSING PROJECT 
 
Background 
Kimberley is a renowned city that has its origin closely linked to its rock-embedded 
diamonds. The “Big Hole” is a result of the extensive diamond digging that had taken place 
here. Kimberley is found in the centre of South Africa between Johannesburg and Cape Town 
and is the capital of South Africa’s largest province, the Northern Cape. The city lies at an 
altitude of 1197m above sea level. 
It is quite difficult to think of achieving sustainable development particularly, in doing so 
while trying to overcome the legacy of apartheid that still looms in most part of South Africa. 
The department of housing published the urban development framework in 1997 proposing a 
challenging vision that goes beyond the planning currently characterised by rows of 
individual matchbox-like houses, tiny plots and square grid layouts far from white suburbs 
and town centres, (SIPU, 2002). Low cost housing development was the main motivating 
factor and the municipalities gave little importance to the quality of life of the people and the 
environment. Poverty was therefore not prevented by the lack of foresight and care, 
bureaucratic behaviour in townships planning and architecture. In September 2004, the 
National Department of housing released its comprehensive plan for development of 
sustainable human settlement, (Project Report, 2006). The plan entitled “Breaking New 
Ground”, acknowledged the continued relevance of the state of housing programme 
introduced in 1994. It emphasises the need to restructure and foster the aspects of policy and 
further commit the Department of Housing to meet the following specific objectives among 
others: 

- utilising housing as an instrument for the development of sustainable human 
settlements, in support of spatial restructuring. 

- Combating crime, promoting social cohesion and improving quality of life for the 
poor. 

- enhancing growth in the economy 
- Utilising the provision of housing as a major job creation strategy.( Hull Street Project 

report, 2006) 
 
The Hull Street housing project is in line with the above intended approach and is unique as 
the following key features illustrate: 

- it is close to the city centre and in industrial area (about 1km from Beaconsfield 
industrial area, Fabrica, Turner Road industrial area and Kimdustria); 

- it has a variety of housing types, plot sizes and affordability; 
- It has colourful double and single storey semi-detached houses arranged in eco-blocks, 

cost therefore is reduced via shared walls; 
- Central garden areas for sports, recreation and urban agriculture; 
- There is increased density of housing to stop urban sprawl; 
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- It is found in an area with mixed business and residential options to encourage small 
business; 

- Black, coloured and whites residents are living together; 
- Ecological sanitation system is applied that saves water and municipal connection 

costs; 
- Recycling of greywater for irrigation and other purposes is practised; 
- There is application of innovative technology like solar heating, etc; 
- Bicycle and pedestrian paths are integrated in road plan with green corridors 
- Residents committees participate in managing of the eco-blocks. 

 
The Hull Street integrated Housing Project was founded therefore as one way of achieving the 
goals designed in the Integrated Development Plan. The aim of the project is to build a new 
town district called Hull Street in the centre of Kimberley, close to the main road, Hull Street. 
This area now owned by Sol Plaatje Municipality was formerly owned by the diamond 
industry. The primary objectives of the Hull street housing project according to SIPU, 2002 
are:  

- to provide a housing area for families with low and medium income 
- to build houses with sustainable sanitation, giving low water consumption 
- to involve small local construction firms in the building of the area. 
- to provide a housing area for mixed ethnicities, in order to work for a more integrated 

society. 
The Hull Street project is a project of the Sol Plaatje Municipality, implemented through the 
non-profit Housing company (SPHC) created by the municipality in the year 2000. Sida had 
supported the project via a working capital fund for housing and other grants supporting 
project planning and implementation up to year 2005. The project plans to build 2200 houses 
in four phases. The first phase of the Hull Street integrated project started with the 
construction of a pilot village, called Moshoeshoe Eco village that gave opportunity for 
testing the conceived ideas to be implemented at the Hull Street houses. The Eco village is 
located in old Galeshewe Township a couple of kilometres from Hull Street. The pilot project 
comprises eleven apartments where all the types of intended houses and innovations such as 
dry sanitation system, renewable energy facilities were tested. Eleven families occupied the 
eleven apartments at Eco village in March 2002 when the construction work was finished. 
 
Moshoeshoe Eco village pilot houses are specially designed and they are different from the 
conventional housing in Kimberley in many aspects. The houses are either semi-detached or 
are two storey row-houses and so more land is reserved for agriculture or for recreational 
facilities (SIPU, 2002). The houses are designed to reduce heat loss through walls and roofs. 
Many other energy conserving installations have been included such as, solar water heating 
and other energy efficient appliances. Water may not be scarce in Kimberley today but 
considering the system of sanitation in Hull Street and the fact that the waste water treatment 
plant is already overloaded, water saving is an essential component of the project. The houses 
make use of dry sanitation methods and greywater after being treated is collected in a pond 
together with stormwater. The greywater treatment unit here consists of grease traps followed 
by a sand filter (treatment to be discussed in chapter 3). 
 
The buildings and installations in Eco village are constantly monitored and the experiences of 
the families living there are taken into account for further improvement and development. The 
construction of Hull Street has been done with modifications taking into consideration lessons 
learnt from the pilot project at Eco village. The greywater in Hull Street for example, is 
infiltrated after some degree of treatment meanwhile that at Eco village was treated through 
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sand filters and then collected in a common pond. Solar energy use and others have been 
excluded in Hull Street. However, the types of houses and urine diverting toilets in Hull Street 
are still the same as those at Eco village though there has been recent modification in the toilet 
seats and the old ones have been exchanged by the installation of the “Kimberley improved 
toilet seats”. In January 2006, a demo facility for greywater treatment was installed in Hull 
Street. The demo facility for greywater treatment works on the basis of a mulch filter where 
particles are mechanically and biologically filtered before resorption (to be discussed in detail 
in chapter 3). 
 
When Hull Street was launched in April 2004, about 100 houses had been built and 
approximately 40 of them were occupied, (Källerfelt, 2004). The first tenants moved in during 
November 2003, and as of date all the houses are always almost totally occupied. The Hull 
Street project anticipates building 2200 houses during its four phases and in 2002 there were 
as many as 5000 people already on the waiting list.  
 
Table 4 Housing development in Hull Street during 2002/3 till 2006/7 
Phase No of 

units 
period 

1 331 2002/3 
2 500 2003/4 
3 500 2004/5 
4 500 2005/6 
5 700 2006/7 
 
Source: Integrated Development Plan, October 2002 reported in Project Report (2006) 
 
Table 4 above shows that 331 houses should have been completed by 2003, (SIPU, 2002). 
Only 114 houses were successfully completed. Hence the project is working against time 
seriously. The second phase is yet to begin and the present cost estimates still show 
unexpected rise in cost of construction and services.  
A number of reasons have been given for the delay of the subsequent phases of the project 
including financial and administrative issues. It is said that debts need to be recovered and 
land to be officially transferred to the housing company by the municipality. Factors like 
reduced pressure on housing demand seem to be playing a part on the slow progress of the 
project phases as well.                                                                                                                                                                                                                  
 
1.6 SELECTION OF HOUSE BENEFICIARIES 
 
Potential beneficiaries were invited to a public meeting and interested candidates filled in 
questionnaires from which 331 suitable and committed beneficiaries were selected for phase1. 
The main criteria on which basis the selection was done are: candidates should  

- be employed and/or able to afford repayments; 
- be prepared to contribute by saving deposit and taking a loan; 
- have good service payment record; 
- not own a house- so eligible for government subsidy ( to those whose combined 

household income is less than R3500); 
- be keen on the Hull Street lifestyle; 
- be willing to participate and take responsibility with others; 
- accept alternative sanitation 
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The residents benefit a R20300 government subsidy and they are expected to pay monthly 
rents ranging between R475 and R1100 for a period of 12 years to pay back the 
construction cost of their houses ranging between R14500 and R48500 respectively, 
(SIPU, 2002). However, they need to make an initial deposit equivalent to 3months’ rents 
and ownership of the houses could be transferred to residents after four years.  

 
1.7 THE AIM OF THE STUDY 
 
The purpose of this case study was to explore the various onsite greywater treatment methods 
employed in two housing areas, Hull Street and Eco Village in Kimberley. The study also was 
to seek explanations to the perceptions of tenants and professionals on Ecosan issues and 
greywater in particular. The study there seeks to answer the following main questions: 

- How do the various greywater treatment facilities in Hull Street and Eco Village 
function? 

- How may the quality and quantity of water consumed/greywater produced affect the 
treatment systems? 

- What are the perceptions of tenants and professionals regarding greywater treatment? 
- What problems affect greywater treatment and how can the situation be improved? 
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Chapter 2  
 
PREVIOUS STUDIES ON GREYWATER 
 
Chapter 2 highlights the previous knowledge available on greywater. It starts with a definition 
of greywater and then goes on into a discussion of water use and greywater production. The 
chapter continues by breaking up the greywater concept into composition, treatment and use 
of greywater.  
 
2.1 GREYWATER DEFINITION 
 
Generally, greywater can be considered washing water from bathtubs, showers, bathroom 
washbasins, clothes washing machines and laundry tubs, kitchen sinks and dishwaters 
(Graywater, 2006). So it is all household wastewater with the exception of water from toilets, 
urinals which is considered “blackwater”. Greywater makes up the largest volume of the 
waste flow from households, with low nutrient and pathogen content (WHO, 2006). 
Greywater usually contains soap, grease, food particles, household chemicals, textile fibres, 
skin particles, hair, dirt, some urine and faeces, pathogen like salmonella and other bacteria. 
However, greywater does not contain as much pathogens as in blackwater and mixed 
household wastewater. In different books it is sometimes called grey water, graywater, gray 
water or sullage (Mara, D., 2004). 
 
2.2 USING WATER AND PRODUCING GREYWATER 
Greywater volumes are measured by water usage, and these volumes vary widely depending 
on a number of factors like climate, family income level, water supply services, water 
availability just to name a few.  
 
The average water consumption per day per person in Sweden is approximately 215 litres 
(Gleick, 2006): toilets 40, bath/shower 70, laundry 30, kitchen 50, yard/other 25. As reported 
by Svenskt Vatten, 2004 (Källerfelt, 2004), the average water consumption in Sweden is 200 
and divided as follows: 10 litres for drinking and food, 40 litres for doing the dishes, 30 litres 
for laundry, 70 litres for personal care, 10 litres for other use and 40 litres per person per day 
for flushing the toilet. SCB, 2000 (Ridderstolpe, 2004) reports 190 litres in Sweden. 
Approximately 80% of the household wastewater in Sweden is greywater and 20% 
blackwater. There are a number of other studies that have been done on greywater in Sweden. 
In Bromste, an area outside Stockholm, studies done in the 60s and 70s report greywater 
production of 133 litres per person per day from kitchen and bathroom (Karlgren et al., 1997 
quoted in Källerfelt, 2004). In another study of greywater composition and flows done in the 
area Gebers, also outside Stockholm, (Andersson & Jensen, 2002 cited in Källerfelt), 110 
litres of greywater were generated per person per day. In the Swedish Eco village, Tuggelite, 
the flow average was stated as 108 litres per person per day, (Hargelius et al., 1995 cited in 
Källerfelt, 2004). 
The table below further gives greywater flow average values in some regions of the world. 
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Table 2.1 some reported quantities of greywater produced by households in wealthy 
regions compared ‘poor’ areas 
Region Amount 
  (l/cap day-1) 
not specified 68-274 
poor areas' 20-30 
the Netherlands 92,3 (mean) 
USA 206 
Germany (Ecovillage 
Lubeck) 58 (mean) 
Sweden/Germany/Norway <100 

Source: (WASTE, 2005)  
 
Table 2.1 shows that generally more greywater is produced in areas with affluence than in 
poor areas. However, with the implementation of Ecosan facilities, the quantities can be 
reduced as the case in Eco Village in Germany.  
Studies done in Moshoeshoe Eco Village, Kimberley, over a period of four months in 2002 
came out with the average water consumption of 16 litres person per day, (Senekal, 2003). 
Another study done by Källerfelt in Eco Village and Hull Street in 2004 showed an increase 
in the water consumption to about 39 and 36 litres per person per day in the respective places. 
This is extremely low in comparison to the volumes from the Swedish studies mentioned 
above and therefore the greywater production is also extremely low. However, the rise in 
consumption with time could mean the habits of the residents are changing as they get more 
settled in their homes. They spend more time at home and involve in other activities like 
gardening. The situation in a water-abundant country like Sweden could as well have been 
seriously influenced by affordability. The average greywater quantity from the above study in 
2004 was 25 litres and 24 litres in Eco Village and Hull Street respectively. These values are 
quite low compared to the quantity of greywater produced in Swedish greywater studies. 
However, in Hull Street and Eco Village only about one third of the greywater produced is 
going through the treatment units and the rest is used water that is just thrown in the yard or 
used to water the garden. Due to data constraints, much cannot be said of the volumes of 
greywater produced in other parts of Africa.  
 
2.3 POTENTIAL COMPOSITION OF GREYWATER 
 
The composition and characteristics of greywater produced by any household will vary 
according to the activities of the household and can be influenced by factors such as number 
of occupants, the age distribution of the occupants, their lifestyle characteristics and water 
usage patterns (NSW HEALTH, 2000). The composition is determined by the presence of the 
following groups of inputs: 

- micro-organisms, many of which may be pathogenic; 
- chemicals in form of dissolved salts such as sodium, nitrogen, phosphates and 

chlorides or organic chemicals such as oils, fats, milk, soap and detergents, which may 
provide food for micro-organisms and plant growth; and 

- physical particles of dirt, food, lint, sand, etc. (NSW HEALTH, 2000). 
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2.3.1 Nature of Kitchen Greywater 
 
Kitchen wastewater is seriously polluted physically with food particles, oils, fats and others 
things. Kitchen greywater is chemically polluted as it also contains detergents and cleaning 
agents and in the case where dishwashers are used, the greywater is very alkaline from the 
detergents. In addition to what is present in kitchen water, its temperature is usually higher 
than normal greywater. Kitchen greywater promotes and supports the growth of micro-
organisms since it contains large amounts of organic matter introduced by food preparation 
and dishwashing.. Also, kitchen greywater will carry a large quantity of micro-organisms 
following the washings of animal parts like intestines. Extremely high concentrations of 
thermo-tolerant coliforms (2 x 109 cfu/100ml) have been found in kitchen greywater in 
Australia (NSW HEALTH, 2000), but the usual concentrations appear to be in the range less 
than 10 to 106 cfu/100ml.. 
 
2.3.2 Nature of Bathroom Greywater 
 
The bathroom (hand basin, shower and bath) is considered to be the least contaminated type 
of greywater (NSW HEALTH, 2000). Soap is the most common chemical contaminant found 
in bathroom greywater and other chemicals originate from toothpastes, hair dyes, shampoos 
and cleaning chemicals. However, micro-organisms in bathroom greywater could also have 
their origin from urine and faeces washed away during bathing and washing of diapers. 
 
 
2.3.3 Nature of Laundry Greywater 
 
Greywater from washing of clothes may contain faecal contamination with associated bacteria 
and viruses should baby nappies and things of that sort be washed. Generally laundry 
greywater will contain high chemical concentrations as a result of detergents and soiled 
clothes (sodium, phosphate, boron, surfactants, ammonia, and nitrogen) and is high in 
suspended solids, lint, turbidity and oxygen demand. Also the laundry sink is sometimes used 
irresponsibly to dispose of harmful substances such as paints, solvents, pesticides and 
herbicide residues. In some cases even, domestic pets are washed in bathrooms or laundry 
rooms increasing the pollutant potential of greywater. 
 
2.3.4 Parameters for Greywater Components 
 
Many studies have been done in order to give figures to greywater components. For example, 
in studies on Swedish household wastewater, greywater is reported to contain 25% of the 
phosphorus and 10% of the nitrogen (NV, 1995 cited in Källerfelt, 2004).  The nitrogen in 
greywater comes from ammonia and nitrogen containing detergents, proteins in blood, meat 
and vegetables, protein-rich shampoos and conditioners (Del Porto, 2000). The greater source 
of nitrogen is urine, as some people might pass urine in the shower rooms, etc. phosphorus 
comes mainly from detergents, such as washing powders.  
 
Phosphorus-free detergents are available in the market and in areas where they are used, the 
proportion of phosphorus in greywater is reduced. In some countries like Norway and some 
cities in East Asia, phosphorus containing washing powders have been banned in order to 
protect water (Ridderstolpe, 2004). 
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 The amount of particulate matter is quantified in terms of suspended solids and total solids, 
while the amount of organic matter which is normally quite high in greywater is measured in 
terms of Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD). That is 
most organic pollutants in the wastewater are found in the greywater fraction, hence the 
quantities are in the same degree as in combined household wastewater. The organic 
pollutants originate from most of the ordinary household chemicals like detergents, perfumes, 
shampoos, preservatives, dyes, glues and cleaners (Eriksson, 2002; Ridderstolpe, 2004). 
 
The composition of greywater is also affected by the quality of the water from the tap and the 
nature of material used in plumbing. Metallic components of greywater have their origin from 
such sources.  
The table below gives some typical values to parameters used in describing greywater 
characteristics in comparison with blackwater. 
 
Table 2.2: Quantity and Relative Pollution in Greywater & Blackwater  

Analysis Greywater Blackwater Grey+Black 
Greyw. 

% Blackw. % 

BOD5 g/p.d 25 20 45 56 % 44 % 

COD g/p.d 48 72 120 40 % 60 % 

Total Phos.g/p.d 2.2 1.6 3.5 58 % 42 % 

Kjeldahl N g/p.d 1.1 11 12.1 9 % 91 % 

Total Residue g/p.d 77 53 130 58 % 41 % 

Fixed Tot.Res. g/p.d 33 14 47 70 % 30 % 

Volatile T.R. g/p.d 44 39 83 53 % 47 % 

Nonfilterable g/p.d 18 20 48 38 % 62 % 

Fixed NonFilt.g/p.d 3 5 8 38 % 62 % 

Volatile Nonfilterable g/p.d 15 25 40 38 % 62 % 

Plate c 35ª 83x10e9 62x10e9 145x10e9 57 43 

Coli 35º 8.5x10e9 4.8x10e9 13x10e9 64 36 

Coli 44º 1.7x10e9 3.8x10e9 6x10e9 31 69 

Effluent flow (litres) 121.5 8.5 130 93 7 

g/pd=gram/person.day(24h)   
Ultra low-flush 
vacuum toilet       

Source: (Tullander et al, 1967 reported by Lindstrom, 1992) 

The figures in the table 2.2 are taken from the report of a study made by Tullander, Ahl, and 
Olsen in Sweden in 1967 and the report is still highly valued for its representation of the 
relative polluting characteristics of the greywater and blackwater (Lindstrom, 1992) generated 
in a multi-storey apartment building in Stockholm, Sweden. We can expect some changes as 
our chemical society expands. The plumbing arrangements in this apartment building separate 
greywater from blackwater. Lindstöm notes that in the apartment under observation, there 
were several families with young children. That accounted for a relatively high level of 
thermo-stable coliform 44º in the greywater especially that coming from bathroom and 
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laundry. However, the risk of bacterial transmissions posed by the untreated greywater was 
estimated by the study team not to be significant.  

The relatively high numbers of bacteria generally are certainly related to the high bacterial 
growth rate in the plumbing system itself. This is because human pathogens commonly do not 
find conducive growing conditions outside the human body. The Tullander study among other 
studies demonstrates that about 90% of all water-borne pollutant nitrogen comes largely from 
flush toilets or urine in particular.  

Below are tables of some studies with sample measurements on some of the common 
wastewater parameters.  

Table 2.3a contains measurements done on greywater in different studies in comparison to 
measurements done in Moshoeshoe Eco Village, Kimberley while Table 2.3b on the other 
hand contains measurements done on greywater in a number of other studies and countries. 
The aim is to illustrate their similarities and differences from the Eco Village study. 

Table 2.3a Greywater1 in Moshoeshoe Eco Village compared to greywater in some other 
studies. 

 
The values are given in milligram per litre (mg/l) or gram per person and day (g/pd), 
respectively, if not stated otherwise. 
1 Greywater here refers to untreated greywater sampled in the first compartment. 
2 Reference in Eriksson, E. et al, characteristics of grey wastewater, DTU, 2001. 
3 Differences between measured values from Tuggelite and assumed amount added by use f 
chemicals, i.e. amounts of certain parameters not originating from chemicals, based amounts 
used by the residents. 
4 0.15 is a background value when washing powder and other household chemicals do not 
contain any phosphorus, when mainly phosphorus containing products are used can the 
amount be 1.0g/pd 
Source: (Källerfelt, 2004) 
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Table 2.3b concentrations of some water quality parameters found in untreated or 
primary treated (septic tank effluent) greywater. 
 

Country/refe- 
Rence 

Parameters 

 BOD5 
(mg/l) 

COD 
(mg/l) 

Suspended 
Solids 
(mg/l) 

Total 
N 
(mg/l) 

NH4 
(mg/l) 

Kjeldahl 
N 
(mg/l) 

Total 
P 
(mg/l) 

Faecal  
Coliforms 
(log 
numbers/ 
100 ml) 

Canada/ 
Brandes(1978) 

149 366 162 11.5 1.7 11.3 1.4a 6.2 

Norway/ 
Kristiansen & 
Skaarer (1979) 

130 341 35 19 11.5  1.3 
(0.42b) 

5.1 

USAc/Siegrist 
& Boyle (1981) 

178 456 45   15.9 4.4 6.2 

Sweden norm/ 
Naturvårds- 
Verket (1995) 

187  107 6.7   4 
(1.0b) 

 

Norwayc/ 
Rasmussen,  
Jenssen &  
Westlie (1996) 

116  39 42.2 36.1  3.97  

Australia / 
Department of  
Health (2002) 

160  115  5.3 12 8 5.2 

Norwayc / 
Jenssen (2001) 

88 277 - 8.8 3.8 4.9 1.0b 4-6 

Sweden 
Proposed norm/ 
Vinnerås et al. 
(2006) 

260c 520  13.6   5.2  

Germany /Li  
et al. (2004) 

73- 
142 

  8.7- 
13.1 

2.5  6.8-
9.2 

4-6 

Malaysiad / 
Jenssen et al. 
(2005) 

128 212 75 37 12.6 22.2 2.4 5.8 

BOD5, five-day biological oxygen demand 
a Excluding laundry 
b Phosphorus-free detergents 
c BOD7, seven-day biological oxygen demand, for the Swedish proposed norm. 
d septic tank effluent. 
Source: (WHO, 2007) 
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The above tables all give vital information on greywater characteristics. As can be discerned 
from table 2.2, the greywater flow is generally higher than the blackwater flow for a person 
per day. Pathogen load and nitrogen content are generally higher in blackwater than in 
greywater while phosphate levels are higher in greywater than blackwater. 
A number of changes have taken place in various societies as the years went by. The chemical 
market has expanded leading to many chemical products having their way into greywater 
systems. Hence the greywater characteristic values in table 2.2 obtained about 4 decades ago 
have obviously experienced an increase. Societies also differ in their use of chemicals. 
Wealthier societies use more chemicals and therefore the chemical content of greywater is 
reflected in such situations as can be seen on table 2.3a and 2.3b. For example, phosphate 
level in greywater in Eco village, South Africa is lower than that in Swedish greywater, (table 
2.3a). Similarly, the phosphate level in greywater in Malaysia is lower than that in the western 
countries, (table 2.3b).   
 
2.4 GREYWATER PRE-TREATMENT AND TREATMENT  
 
Greywater treatment can vary in sophistication, from throwing the greywater on the ground to 
fancy treatment in built up units. In all cases there are mechanical as well as biological 
processes going on. 
 
There are many ways by which greywater can be treated so that it can be re-used. The various 
methods used must be safe from a health point of view and not harmful to the environment. 
The scale, design and method of the treatment system depend on the intended use of the 
treated greywater. The methods used also depend on factors like the greywater characteristics 
(quantity and quality), climate, budget, regulations, geology of the area, and the social 
acceptance of the beneficiaries or users (Del Porto, 2000).   
 
Generally, treatment of greywater involves separation and degradation which bring about a 
reduction of the amounts of solids, organic matter, nutrients and pathogenic organisms. The 
clarity and conductivity of the greywater also improves after treatment. 
 
Organic matter gets oxidised in the presence of sufficient oxygen by aerobic bacteria when it 
decomposes. When the free oxygen reduces in quantity, some other bacteria continue the 
process by extracting oxygen from nitrates. When nitrates reduce, sulphates continue to 
supply oxygen to the bacteria to continue the oxidative process. The reduced sulphates give 
rise to hydrogen sulphide gas. The used-up sulphate gives the way for the anaerobic processes 
to come in and in which biogas consisting mainly of methane and carbon dioxide is produced 
(Michael, 2003).  
 
2.4.1 PRE-TREATMENT OF GREYWATER 
 
The pre-treatment of greywater usually helps to reduce the suspended solids, fats and 
biodegradable organic compounds to prevent clogging of systems and odours (which usually 
come in as a matter of hours when greywater is warm), (Ridderstolpe, 2004). Pre-treatment 
consists of a solid-liquid separation that reduces the amounts of particles and fat in the 
effluent by using septic tanks, settling tanks, ponds or filter systems such as filter bags (WHO, 
2006). Suspended solids can also be removed mechanically during pre-treatment using 
screens, filters or similar materials (Ridderstolpe, 2004). 
In order to dimension a greywater system, the following important parameters need to be 
taken into consideration; the hydraulic load, the load of easily degradable organic matter and 
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BOD (Biochemical Oxygen Demand) (Winblad, 2004). Septic tanks, sand filters and soil 
infiltration are among the different applications dimensioned on the basis of the hydraulic 
load and BOD. 
 
The septic tank is the most common pre-treatment for greywater and even combined 
wastewater (greywater and excreta). However, the capability of the septic tank to reduce 
pathogens is low and depends on the particle removal efficiency (WHO, 2006).  
 
Use of Septic Tank in pre-treatment 
 
A septic tank is used in greywater pre-treatment. It is a necessary and efficient stage in most 
greywater treatment systems in rural and urban areas. The septic tank helps in separating fat 
and solid particles from water and normally it is the first step in greywater treatment. Without 
this step the treatment systems runs a risk of being clogged and blocked in the proceeding 
steps. The septic tank usually consists of more than one compartment. Greywater enters the 
first compartment and the solids sink to the bottom as sludge since they are heavier. Grease 
and other lighter particles float and are collected as scum at the top of the tank. (See figure 
2.4.1 below). Grease-trapping bags are sometimes attached to the first compartment. 

 
Figure 2.4.1 A 3-compartment septic tank showing inlet of fat trapping and sludge 
sedimentation from greywater  
 
As illustrated in figure 2.4.1, grease which does not mix with water may stick to the walls of 
the tank in order to minimise contact with water. Special traps to trap grease called grease or 
fat traps can also be introduced in the septic tank or before the septic tank. The grease trap 
offers surface for adsorption of grease thereby separating it from the other greywater 
components. Water from the first compartment of the septic tank enters the next compartment 
where a similar separation process as in the first compartment takes place giving rise to water 
with less grease and solids throughout the tank.  
 
The surface hydraulic load should always be taken into consideration in dimensioning 
knowing that the sludge volume reduces the tank’s available volume for separation. 
According to Ridderstolpe, (2004), the time required for sedimentation should be more than 
six hours and the floating grease should be removed frequently in order to maintain the same 
separating capacity. On the order hand, the sludge need not be removed so frequently 
although it is recommended that regular or yearly inspection be made to prevent problems 
brought about by particle overflow (WHO, 2006). Heavier particles such as rice and meat 
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start being degraded in the sediments (Källerfelt, 2004). During mineralization of organic 
matter, carbon dioxide is produced under aerobic condition while methane is produced under 
anaerobic conditions. The produced gases cause sludge to rise to the surface. In anoxic 
conditions hydrogen sulphide and metallic sulphide make up the common form in which 
sulphur is found in the medium.  
 
Filter bags can be used as an alternative to the septic tank for pre-treating greywater in small 
systems such as single dwellings (WHO, 2006).  The bags can be made from synthetic or 
natural material and at regular intervals the house owner can clean or change them while 
putting on appropriate protection since the bags may contain a build-up of pathogenic micro-
organisms. The used bags can be composted together with their content if they are 
biodegrable or washed dried and reused if they are made of synthetic fabrics. 
 
Locally made screens or filters of fine gravel, straw or branches may be appropriate for pre-
treating greywater before soil infiltration in small-scale domestic systems in hot climates 
(WHO, 2006).  
 
 
TREATMENT OF GREYWATER 
 
2.4.2 Treatment using the Sand Filter 
 
Sand filters are commonly used to treat greywater onsite. Pre-treated greywater is supplied at 
the top of the filter. As the water trickles downwards under gravity, slow sand filtration 
permits microbial purification processes in addition to mechanical filtration (Källerfelt, 2004). 
A bio-film is formed in which micro-organisms cause a reduction in the amount of organic 
substances and nutrients. The microbiological action also traps and destroys some of the 
greywater pathogens in the developed active layer.  
For the sand filter to work properly, the greywater should percolate through it in an 
“unsaturated flow” that is, more decomposition of materials will occur if the water leaves the 
bigger pores of the sand into the finer ones rendering the medium aerated, (see figure 2.4.1 
below). 
 

 
Figure 2.4.2 Unsaturated flow (left) gives better filtration and oxygenation of the water than 
saturated flow (right) (Jensson & Heistad, 2000). 
Source: (Ridderstolpe, 2004) 
 
In a saturated sand filter an anaerobic bio-film will usually develop limiting treatment 
capacity of the filter. For a properly functioning unsaturated sand filter of the appropriate 
dimensions, there is no need for filter cleaning as the micro-organisms will mineralize the 
particulate matter (Ridderstolpe, per comm; Källerfelt, 2004). Also very important is the need 
for appropriate arrangements for uniform distribution of greywater on the sand filter.   
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2.4.3 Soil Infiltration of Greywater 
 
 Soil filter systems are also useful in treating greywater. Different types of arrangements of 
soil filters and infiltration exist. Green plants are introduced in some in order to facilitate the 
process (Ridderstolpe, 2004).  
Different types of soils have different infiltration capacities. The water on or in the ground 
ends up evaporating or is transported to surface water or groundwater. Infiltration is 
influenced by geological conditions, ground water level, groundwater pressure, hydraulic 
capacity, slope of the ground and the amount of fat and particulate matter in the water 
(Källerfelt, 2004).   
In the case of greywater it is necessary for decomposition of the organic matter in an aerobic 
environment before it infiltrates, otherwise there is the risk that the soil will be clogged and 
therefore limiting proper infiltration.  
 
Greywater is slowly filtered by the rock and soil as infiltration takes place and at the same 
time micro-organisms act on the greywater helping in decomposing and converting particulate 
matter. Infiltration as a treatment can take place in the natural soil layer, in a soil layer 
supplied with extra sand, in a unit with the soil layer close to or above the natural ground or in 
a specific infiltration well (NV, 1987 quoted in Källerfelt,2004). It is necessary to specify a 
protective distance to the groundwater and surface water bodies close-by in order to minimize 
the risk for pathogen spreading. This will also safeguard the water bodies from detrimental 
nutrient and heavy metal inputs. 
 
2.4.4 Sorption and Irrigation 
 
Some greywater systems can be designed to immediately put the water into use like for plant 
irrigation in a garden without pre-treatment in a septic tank. Also described as slow-rate 
systems, sorption and irrigation systems use a soil filter to change polluted water to a useful 
asset for plant irrigation (Winblad, 2004). The greywater can be carried through a movable 
pipe to an excavated area filled with gravel and some leaves or wood chips at the top 
(Ridderstolpe, 2004). The gravel and leaves or wood chips will function as a mulch bed, and 
will permit the decomposition of organic matter aerobically.  
 
However, it is necessary to design these systems according to the water requirements of the 
plants. The amount of water that can be applied to an area varies typically from 2 to 15 litres 
per square metre per day (Ridderstolpe, 2004) depending on the local evapo-transpiration rate. 
(See figure 2.4.4 below). It illustrates a mulch pit for direct use of greywater. 
 
 

 
Figure 2.4.4 excavated infiltration pit for direct use of greywater 
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The set-up allows water to evaporate at the same time some of it infiltrates to supply nearby 
plants or trees in a garden. The movable pipe supplying greywater to the pit can be moved 
from time to time to other pits in the garden. 
 
There exist many other on-site greywater treatment systems. However, most of them will have 
the general principles as those that have been discussed in this chapter and may only slightly 
differ in operation. Some will be further modified to suit different purposes or climates. We 
have constructed wetlands; trickling filters and biorotors; ponds and aquaculture systems 
(WHO, 2006); resorption trenches and so on and so forth and the various systems can be 
designed for intensive or extensive use.  
 
Treatment of greywater is considerably more simple by maintaining some level of control at 
the source so that less polluted water is to be treated. Attention has to be given to water-
conserving measures and greywater input composition control (Winblad, 2004). If less water 
is used through water-saving equipment, incentives and prices, less greywater is produced and 
can easily be managed since most of the technical components (septic tanks, sand filters, soil 
infiltration systems and other treatment applications) are designed with respect to the 
greywater quantity and quality (particularly, BOD) (Winblad, 2004). If cleaning agents and 
household chemicals are controlled, pollution load of the greywater reduces and can easily be 
handled. For instance, liquid soaps containing potassium should be preferred in place of hard 
soaps that often contain sodium that offers salinization risk. Chlorine is both toxic and not 
easily degraded biologically and should be substituted by biodegradable cleaning chemicals. 
Phosphorus-free detergents should be encouraged in order to reduce the proportion of 
phosphorus in greywater. Winblad further points out that source control through technical and 
economic measures makes maintenance of the treatement systems more efficient in 
purification and cost effective as volume and space are saved. In spite of these measures, it is 
still possible to ensure comfort and good hygiene standards for users. 
 
2.5 GREYWATER RE-USE 
 
The re-use of greywater offers a lot of benefits to man and the environment. When we re-use 
greywater, we reduce the need to use potable (drinking) water for garden and irrigation 
purposes. The amount of sewage requiring treatment and disposal to our freshwater bodies 
and oceans also reduces. The use of greywater offers a means of extracting nutrients which 
will otherwise be lost and this offers an opportunity to reduce poverty and enhance food 
security. We reduce the potential environmental impacts from various chemicals (among 
others, endocrine disruptors, pharmaceuticals, and their residues, which partly adsorb to soil 
particles and /or  are decomposed biologically in the soil, reducing impacts on waters) (WHO, 
2006). 
 
The quantity and quality of greywater will partly determine what use it can be put into. 
The effluent, primarily envisaged for irrigation of agricultural crops in water-scarce places, 
can also serve for groundwater recharge or used in industrial or urban reuse or discharged into 
surrounding water courses (Werner et al., 2004 cited in WHO, 2006).  
Although greywater is suitable for irrigating food crops, lawns, ornamentals and trees, the use 
of poor quality greywater for irrigation may cause reduced crop yield, impaired crop quality 
and soil quality disruption. There is also the risk of spreading disease-causing organisms to 
man and his animals. Soil and freshwater contamination by heavy metals and toxic chemicals 
is also a possibility. World Health Organisation (WHO) guidelines for use of greywater for 
irrigation are available and need to be utilised. The WHO Guidelines give information on the 
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health risks involved with use of wastewater, excreta, and greywater in agriculture. They are 
based on the development and use of health-based targets and take into consideration the 
effect of pathogens (in wastewater, excreta and greywater) on the health of product 
consumers, workers and their families and the local community.  The Guidelines also present 
the evidence on the nutrient value of treated wastewater (excreta and greywater), relate their 
use to sustainability criteria, outline planning, prevention and implementation strategies and 
put their safe handling in a legal, institutional and economic framework (WHO, 2006). Any 
negative impacts are compared to the health benefits (better nutrition and food security) and 
environmental benefits of recirculating the nutrients to farmlands. 
 
However, there are a few general principles to observe when irrigating with greywater. 
Greywater should be applied directly to the soil, not through sprinkler or any method that 
would permit contact with portions of plants above the ground.  Root, stem and leave crops 
which are eaten uncooked should not be irrigated with greywater. In the case where edible 
crops are irrigated with greywater, a certain waiting time between irrigation and harvest 
should be observed. Since greywater is alkaline, it should not be used to water plants that do 
better in acid soils. Considering that greywater may have some negative effects on seed 
germination or growth of some young plants, it should be used only when the plants are well-
established. Greywater should be spread over large area of land and alternated with freshwater 
in order to avoid a build up of sodium salts that may result in salinization (NMSU, 2006). 
 
Toilet flushing can make use of good quantities of greywater, as flushing takes up a large 
proportion of indoor water use (March, 2004; Nolde, 2000). The March Study reports of an 
indoor greywater recycling system to flush toilets in a Hotel in Mallorca, Spain. An average 
amount of water of 5.2m3/d was re-used, which represents 23% of the total water 
consumption. The system is based on filtration, sedimentation and disinfection treatments 
using hypochlorite as the disinfecting agent. Poor quality greywater does not pose serious 
problems if it is used for toilet flushing, since the water will go to the septic system where it 
would normally have gone had it not been re-used. However, for hygienic reasons, human 
contact should be minimised always. Greywater should not also be stored in toilet tank since 
the dissolved oxygen would be consumed rapidly and anaerobic bacteria would then thrive 
causing foul odours and health risks from pathogenic bacteria and viruses. If greywater used 
in flushing is untreated, it may contain greases, oils and particles that will collect on the inside 
of the toilet tank, the distribution holes in the bowls and the drain pipes (Del Porto, 2000). 
Hence problems that may impact cost of maintenance may arise. Greywater connections need 
to be handled with care too, since backflows into drinking water pipes can result during low 
pressures. 
 
For greywater to be used to recharge groundwater, it should be treated to ensure the removal 
of suspended solids, BOD and bacteria or pathogens. However, dependent on the geology, the 
level of water table among other factors, infiltration of greywater can offer a natural filtration 
that would result in reduction of solid particles and decomposition of organic compounds by 
soil bacteria. It is also necessary to leave a safety zone between recharged fields and wells 
(Winblad, 2004). The limits of the safety zone should be determined considering the local 
soil, surface water and groundwater conditions. 
 
In some densely populated areas such as Singapore and Tokyo, greywater reuse is already a 
common practice (Asano & Levine, 1996 quoted in Ottosson, 2003). Potable reuse of treated 
greywater has been reported from Namibia, Pretoria and USA (Thomas, 1997 cited in NUWS, 
2006). 
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Chapter 3  
METHODS USED IN THIS STUDY 
 
3.0 APPROACH, STRATEGY & DATA COLLECTION/ANALYSIS PRO CEDURES 
The main research approach made use of in this study was the qualitative approach owing to 
the fact that knowledge claims as cited in Creswell (2003) can be made by the inquirer based 
primarily on constructivist perspectives (i.e., the multiple meanings of individual experiences, 
meanings socially and historically constructed, with an intent of developing a theory or 
pattern). However, the quantitative approach was employed to a small extent in some aspects 
of the study. The strategy of inquiry used was a ‘case study’. A ‘case study’ as defined by Yin 
(2003) is an empirical inquiry that:  
- investigates a contemporary phenomenon within its real-life context, especially when 
- the boundaries between phenomenon and context are not clearly evident. 
‘Case studies’ are also considered as studies in which the researcher explores in depth a 
program, an event, an activity, a process, or one or more individuals. The cases are bounded 
by time and activity, and researchers collect detailed information using a variety of data 
collection procedures over a sustained period of time, (Stake (1995), cited in Creswell, 2003). 
As cited in Yin (2003), case studies are the preferred strategy when the “how” or “why” 
questions are being posed when the investigator has little control over events, and when the 
focus is on a contemporary phenomenon within real-life context. The strategy of inquiry, the 
case study just like the case of a history, adds two sources of evidence not usually included in 
the historians menu, direct observation of the events being studied and interviews of the 
persons involved in the events (Yin 2003). This study ties with the above ideas: the study 
seeks to explore treatment methods of greywater which are unique to a defined community 
but which are not conventionally applied in other communities. The study tries to find out 
how they function. The study depends on the experiences of the users and concerned 
professionals. The study was done within a sustained period of two months in a real-life 
context using a variety of data collection procedures like interviews, observation, 
measurements, literature, and personal experience.  
 
A single case-study can be the basis for significant explanations and generalisation, (Allison 
& Zelikow (1999) quoted in Yin 2003). Considering that the quantitative approach was nested 
within the qualitative approach at some stages in this study, result analysis procedure involved 
‘triangulation’ of data sources (as proposed in Tashakkori & Teddlie (2003) cited in Creswell, 
2003). ‘Triangulation’ is a means of seeking convergence across qualitative and quantitative 
methods, (Jick (1979) quoted in Creswell, 2003). Further analysis of the evidence of this case 
study involved a combination of strategies relying on theoretical propositions of ‘treatment of 
greywater’, and development of case descriptions. Specific techniques employed were 
“pattern matching, explanation building, time series analysis and logic models as explained in 
Caswell (2003).  
 
 
 
 
 
The field study of this research was done between June and August 2006. The case studied 
was the Hull Street Integrated Housing Project in Kimberley, South Africa. The motivating 
reasons for doing the study here are: 
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- the project is one of the few housing projects in south Africa implementing ecological 
sanitation methods extensively.  

- the different greywater installations have been working for some years now offering 
good opportunity for assessment of functioning of the systems. 

- Stockholm environment institute assists in the project implementation of the Hull 
Street Project and also supports students to do their studies in Kimberley.  

- A variety of greywater treatment systems have been attempted in this project. 
 
3.1 STUDY SITE 
The project has its activities in two places, the pilot project in Moshoeshoe Eco Village and 
the project proper in Hull Street. The system of sanitation in both Moshoeshoe Eco Village 
and Hull Street is the dry sanitation in which urine is diverted from faeces and no water is 
used for flushing.  
 
The manner of treatment of greywater in Eco Village is based on the sand filters preceded by 
sedimentation or grease traps for pre-treatment and then collection chamber for treated 
greywater linked to a receiving central pond.  
 
Hull Street which is about 10km from Kimberley city centre is the main project 
implementation site. The head office of the SPHC is located here. There are presently two 
main blocks of houses making a total of 114 units. The greywater treatment systems here are 
mainly infiltration pits. However, the demo facility treating greywater using mulch media and 
resorption trenches has been constructed in one of the housing units in Hull Street. 
 
3.2 DATA COLLECTION PROCEDURES 
 
a) INVENTORY OF HOUSEHOLD CHEMICALS 
An inventory of the household chemicals and cleaning agents used by residents had to be 
made as part of the objective of the research. The understanding is that most of these 
chemicals end up in the greywater. Hence knowing the chemicals used, the various 
compounds in greywater could be anticipated before testing to determine their concentrations. 
Requests were made through written letters to the main supermarkets and stores in the 
neighbourhood of Hull Street asking permission to visit and collect data from their premises. 
Some of them granted the request and the necessary inventory was made on different 
occasions. The names of the various cleaning chemicals and household substances were 
collected together with the amounts of each constituent substance in the article. This served 
the purpose that during interviews, the respondent did not necessarily have to present details 
of these articles after mentioning their names and quantities they used.  
 
b) WATER CONSUMPTION MEASUREMENT 
Water consumption helps in estimating the greywater produced. Water consumption was 
acquired by reading the water meter of each house, which is installed at the back of the house. 
At Hull Street, each water meter was read once a week for 2months. In addition, a selected 
group of houses had their meters read on a daily basis for the last 2 weeks of the study. This 
was to observe variations in the use of water within the week and this information could be 
used to relate the water consumed to number of occupants of a given unit. At Eco Village, due 
to access difficulties, the water readings were done every fortnight for one and half month.  
From such data and considering the residents’ responses during interviews of water used (in 
cooking, bathing, cleaning, and other observations) an estimate of greywater could be made 
for a given household, person and person per day.   
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c) OBSERVATION OF STUDY AREAS AND ACTIVITIES 
This encompassed a major part of the study and was repeated a number of times in different 
treatment systems and activities. During observation, the successes and failures were recorded 
according to the functional design of the system. Visible performance characteristics of the 
system were noted. The colour of the greywater, the content (particles, both living and non-
living), and the quantity of water at the respective points (compartments, sand filter, pond, 
etc) were noted. Signs of blockage or overflow, anaerobic processes were also noted. 
 
 
 
d) INTERVIEWS OF STAKEHOLDERS 
Interviews consisted one of the major methods used in this research. Generally, the questions 
were structured to obtain specific answers though notes were taken to other key information 
that arose from discussions. The different groups of people interviewed were; residents of 
Hull Street and Eco Village, personnel of Sol Plaatje Housing Company, Personnel of Waste 
Water Treatment Plant, Municipal Authority among others. In addition to those officially 
interviewed were key informants who in many occasions gave vital information and 
directions.  
 
Residents were selected on basis of different criteria and backgrounds; family composition, 
family size, longevity in Hull Street, problems/successes encountered with treatment facilities, 
water consumption pattern, and others. Appointments were made with the residents and the 
interviews were conducted at the agreed times in their houses or in the Ecosan office. 
Interviews took from 30 minutes to over an hour depending on the conditions at hand. 22 
residents in Hull Street were selected according to the criteria mentioned above. These were 
questioned lengthily while 26 others whose water meters were read on daily basis filled a 
questionnaire designed to get essential information from some residents who could not be 
intercepted for interviews. 2 residents were successfully interviewed in Eco Village due to 
their availability. On average, there were about 100 households in Hull Street and 11 
households in Eco Village during the research period. Interviews of the various personnel 
were done in their respective offices. The following persons of Sol Plaatje Housing Company 
were interviewed; the Managing Director, Client Service Manager and the Financial Director. 
The property manager of this company served as an indispensable key informant throughout 
the field study. 
 
Interviews of 22 residents were geared at getting information about their water use habits and 
their experience with the Ecosan installations particularly, greywater facilities. Questions 
were also to find out how much about the Ecosan concept they grasped and suggestions of 
possible solutions to their current problems. The manner of use of chemicals was an important 
aspect in the interviews. To the housing company personnel, questions sort to investigate their 
achievements and difficulties in running the company in relation to the Ecosan experience. 
The future of the Ecosan installations with respect to subsequent phases of the project was 
also investigated. The questions to the wastewater personnel were aimed at finding out the 
present capacity and performance of the waste water plant and future plans. It was also to find 
out what effects onsite treatment installations like those at Hull Street and Eco Village have 
on the waste water treatment plants in Kimberley.   
 
e) PERSONAL EXPERIENCE OF ECOSAN 
Considering the fact that I lived in one of the house units in Hull Street, my personal 
experience was to serve a fruitful contribution to the study. It was the first time having to use 
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such facilities and it was a wealth of experience trying to visualise the implementation of the 
concepts of Ecological sanitation studied earlier in a “low cost sanitation” course and few 
instructions given by local supervisor on the first day in Kimberley.  
 
During the stay of approximately two months, attention was paid at every step of my activities 
at home and around the study site to observe the strong points and weaknesses of the systems. 
A diary that was updated on daily basis was a means used in keeping tract of the events and 
my changing views. 
 
f) LITERARY MATERIAL AND OTHER MEANS OF INFORMATION  
COLLECTION 
 
Vital literary and other documented material collection also formed a source of information 
during and after the field work study. Important documents on the project were collected from 
the appropriate personalities, departments and institutions in South Africa. Other important 
sources of literary material for this study have come from libraries and internet searches. 
Continuous contacts with supervisors, friends in South Africa, Sweden and other places still 
form basis for useful information and data collection. 
 
 
3.3 OBSERVATION OF GREYWATER TREATMENT FACILITIES 
 
a) Greywater treatment unit at Moshoeshoe Eco Village (sand filters) 
 At the Eco Village each greywater treatment unit is constructed a few metres from the 
kitchen wall. The primary treatment unit is a sand filter. However, the greywater is pre-treated 
in a septic or sedimentation section (composed of 4 compartments) before it is allowed into 
the sand filter. From the sand filter the treated greywater gets into an adjacent chamber which 
holds the treated water temporarily before it flows into a central collecting pond. 
 
Each compartment of the septic tank has dimensions; 0.65x 0.25x 0.84m. These 
compartments are connected to each other via 45mm pipes. The septic tank allows for 
sedimentation and traps grease to prevent clogging and blocking in the later treatment stages. 
The 4th compartment of the septic tank is filled with gravel which allows for filtration before 
the water leaves the septic tank into the sand filter.   
The sand filter has an approximate area of 1.5m2 and is served by a perforated pipe that 
distributes the water that comes from the septic tank onto sand filter surface. The sand filter is 
composed of a 0.2m layer of sand on top of a 0.5 m layer of gravel. Altogether, the depth of 
the sand filter is 0.84m.  In the sand filter, the greywater slowly sinks and is acted upon by 
micro-organisms as particles are further filtered out by the sand. The treated water from the 
sand filter gets into the last chamber via a vertical connecting pipe served from below. From 
this compartment, the treated water flows under gravity to the collecting pond through a 
70mm pipe connecting all the treatment units from the houses in Eco Village. A metal lid is 
used to cover the whole treatment unit. 
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Source (Källerfelt, 2004) 
Figure3.1 (outline of a treatment unit in Moshoeshoe Eco Village as seen from above) 
Side A-A consists of the four compartments of the septic tank. The fresh greywater enters the unit 
through the first compartment of the septic tank. It then goes through the second, third and fourth 
compartments as particles settle and grease is stripped off. From the fourth compartment of the septic 
tank, the water is distributed over the sand filter by a perforated pipe. The water flows down the sand 
filter as treatment goes on and is finally led into the collecting chamber from where it is discharged to the 
pond.   
 

 
 
Source (Källerfelt, 2004) 
Figure3.2 (outline of the septic tank ‘s four compartments at Moshoeshoe Eco Village seen from side A-A) 
Fresh greywater enters the 1st compartment through the inlet pipe. Grease and particle trapping bags are 
placed at the mouth of each inlet pipe. In the compartment, solid particles sink to the bottom and grease 
floats to the surface and sticks to walls of the compartment. Water from the first compartment gets into 
the connecting pipe from below and goes to the 2nd compartment where sedimentation and grease 
trapping occurs again. The same thing happens again in the 3rd compartment and the water gets into the fourth 
compartment finally. Filtration through the gravel occurs before the water is discharged into the sand 
filter via a perforated pipe. 
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Figure 3.3 (outline of the sand filter at Moshoeshoe Eco Village viewed from side B-B) 
Water comes into the sand filter from the 4th compartment of the septic tank via a perforated pipe and is 
distributed over the sand filter. Filtration and biological purification take place through the 0.2m layer of 
sand and 0.5m layer of gravel. Then a vertical pipe connected to the water collecting chamber transfers 
the treated water to the chamber from where it is discharged to the central collecting pond via a 70mm 
pipe. 
 
 
 
 
 
 
b) The greywater collecting pond at Eco Village 
The greywater pond serves as a collecting reservoir for all the treated greywater from the units 
at Eco Village. It is served by 70mm pipes from the outlet compartments. It has a volume of 
400m3 (Senekal, 2003; Källerfelt, 2004). It is open to both rain and stormwater. Its 
construction was in anticipation of the possible use of the water in agriculture in the vicinity. 
The pond is fenced with wire gauze to prevent access to kids or stray pets and domestic 
animals. 
 
 
 
c) Greywater infiltration pits in Hull Street   
At Hull Street the greywater is primarily infiltrated in the ground. Here, urine is diverted from 
faeces just as in the Pilot Project in the Eco Village. So there is a pipe for urine separate from 
a greywater pipe from each house. These separate pipes lead to different pits as well. 
However, there is an allowance for urine to overflow its pit into the greywater pit and vice 
versa. Each greywater pit is approximately 1 x 1 x 1 m and filled with rocks of sizes ranging 
from 10 x 10 x10 cm to 30 x 30 x 30 cm. Each pit is covered with a plastic sheet before a 
layer of soil 10 to 20 cm thick is placed on it. (See picture below-figure 3.4) 
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Figure 3.4  
(picture showing greywater pit opened to repair blocked pipe and poor infiltration at Hull street) 
Size of pit 1 x1 x 1m, rocks of sizes ranging from 10 x 10x 10 cm to 30 x 30x 30 cm 
A plastic covering is used in order prevent stormwater and rain from filling the pits. A pipe is inserted in 
the centre of the greywater pit to be used in draining the greywater in the event of overflow onto the yard. 
 
 
d) Demo-Facility for Resorption Trench Treatment System  
 
The previously constructed greywater treatment systems in Moshoeshoe Eco Village and Hull 
Street were not giving the expected performance results, leading to the construction of the 
resorption trench test unit in one of the Housing units in Hull Street. This system works on the 
basis of a mulch medium and resorption trenches. The test unit also referred to as the demo-
facility in some cases, was installed in January 2006 in one of the housing units supposedly 
experiencing serious greywater treatment problems. The monitoring of the resorption trench 
constituted one of the aims of the field study of greywater treatment systems in Kimberley, 
South Africa between June and August 2006. This report briefly describes the observations 
made and their implications as to the performance of the system.  
 
Site of Demo-facility 
The demo facility is found in house unit number 34151. It is almost opposite to the main 
office of Sol Plaatje Housing Company. The house unit is a semi-detached single-storey 
building. At the time of the study there were 3 adult occupants of this unit and 2 other 
occupants were off for a boarding school. The house owner has a great passion for gardening 
and uses large quantities of water for irrigation. The demo-facility is located outside the 
kitchen in a brick box with a metal lid (figure 3.5 below). 
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                                                                                  mulch medium A         mulch medium  B 
 

Structure of demo-facility 
The demo facility consists of two pre-treatment plastic boxes of size (1 x 0.5 x 0.5 m) with 
mulch media of cocoa nut fibres on top of gravel serving as filtration medium. Worms and 
other smaller organisms serve as scavengers on the degradable material, mainly food 
particles, fat and oils from the kitchen. The greywater from the kitchen reaches the mulch 
media via a pipe with a T-junction (see picture 3.6 below) that helps to distribute the 
greywater over the mulch media. Large particles are trapped in plastic net baskets. However, 
at the time of the study the baskets were not in use possibly because the mulch media were 
functioning extremely well without them as the earthworms could move freely about, and the 
spread of the particles allows for better aerobic decomposition. Mulch medium A was the 
actively operating medium while medium B assisted it in case of overload or overflow. This 
seemed not to have happened before and during the study period. 
Below the mulch media is gravel which further offers a mechanical and biological filter 
before the greywater reaches the row of geotextile-lined trenches at the bottom. Greywater 
from bath tubs and shower that contains little particles goes directly into the trenches. The 
trenches are also supposed to still permit an active biofilm that further purifies the pre-treated 
greywater before ground infiltration. Provision is made to sample water immediately after the 
mulch media (the inspection box) and along the infiltration trenches (the monitoring pipes).  
 
Monitoring of demo-facility 
Monitoring of the demo facility was done by observation and filling of a checklist (a sample 
checklist is found under appendix IV). The observation started on the 14th June 2006 but the 
filling of the checklist begun on 12th July and then until the 7th August, 2006. This was 
because I was working on the structure of the checklist and also waiting for the worker who 
had information on the way the demo was constructed. Unfortunately, there was no possibility 
of making laboratory tests and the single occasion that this could have been done there was no 
available test sample, all the water had infiltrated into the ground. The parameters inspected 
are those on the checklist and will be discussed under the “analysis on demo-facility 
monitoring”, section “4.1d” in chapter 4. 

  

Figure 3.5 picture showing demo facility Figure 3.6 picture showing mulch media and 
T-pipe distributing 
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Chapter 4 
 
RESULTS OF THE STUDY 
 
On the basis of the selection criteria highlighted earlier, 22 household representatives were 
interviewed in Hull Street and 2 in Moshoeshoe Eco Village. This constituted about a fifth of 
the total households present in Hull Street during the field study period. Based on the desired 
information, this selection was satisfactory since it had to be supplemented by other 
information got from observations and interview of professionals. In many cases, the 
expressed opinions showed a lot of consistency with observations. 18 out of the 22 
respondents had lived for 9 or more months in Hull Street. 4 of these 18 people had lived for 
more than 2 years and 4 of the 22 respondents had also lived for less than four months. Of 
those interviewed, it was found that there is a minimum of 1, maximum of 3 and an average 
of 2.18 adults above 15 years in each of the households. Similarly, there is a minimum of 0, 
maximum of 6 and an average of 1.41 children younger than 15 years in the households that 
responded to questions in Hull Street. At Eco Village, one of the households interviewed had 
2 adults and 2 children and the other 2 adults and 1 child. The 2 families at Eco Village had 
lived there since 2002. 
 
4.1 REMARKS ON OBSERVATION OF GREYWATER FACILITIES 
a) Sand filters at Eco Village 
At first sight at the greywater treatment units at Eco Village, one can see that they are not 
functioning properly. In most of the treatment units, greywater entering the first chamber of 
the septic tank overflows into the other compartments and the sand filter. Grease trapping is 
not effective and grease can be found in all the compartments (see figure 4.1 below). The 
grease trapping bags in the first compartments of the septic tanks are not well-cared for. They 
are worn out and indicating that grease is not removed regularly. 

Figure 4.1 greywater treatment unit at eco village     Figure 4.2 the greywater pond in eco village      
 
The pipes connecting the various compartments of the septic tank could be seen blocked by 
grease. The pipe distributing greywater on the sand filter is either broken or not functioning 
properly. The sand filter contains no sand and hence is simply serving as a collection tank for 
greywater waiting to be pumped out in a fortnight by the workers. The greywater is black in 
colour certainly from anoxic conditions in the system and this should lead to gases like 
methane, carbon dioxide, hydrogen sulphide being released. The metal lid is probably affected 
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by these gases and greywater; it is seriously corroded and offers danger to kids or residents. 
The pipe connecting each treatment unit to the central treated greywater collecting pond does 
not work and so greywater always overflows from the unit onto the yard. 
 
b) The greywater collecting pond at Eco Village 
 
Apparently, the greywater collecting pond does not receive treated greywater from the various 
housing units due to the treatment unit problems mentioned above. Workers pump out 
untreated greywater from the various treatment units into buckets before disposing of it in the 
pond. Volumes of greywater pumped in some of such instances from one unit could range 
between 800 to 1000 litres. The pond is not usually full (see figure 4.2 above) and does not 
contain treated greywater.  
 
It is usually black in colour and due to its nutrient load may promote blue green algal blooms. 
The pond is fenced with wire gauze and so access by stray animals or pets is limited. Human 
accidents may also be prevented in this way. The greywater in the pond is not put into any 
use. The regular draining of greywater may create unhealthy conditions for workers, residents 
and the environment. This action certainly makes operational and maintenance cost of the 
systems high. 
 
c) Greywater infiltration pits in Hull Street 
 
From observing the greywater treatment units at Hull Street, there were some issues that 
needed to be addressed for them to function well. Greywater infiltration is not very effective 
primarily because of the geology of the area. The soil type is compact and inhibits water 
trickling downwards. During the study period, rain fell and it took a number of days for 
rainwater collected in uncovered pits in Hull to infiltrate. The geology of the area is 
weathered dolerite with calcrete (a hard layer of “natural concrete” of calcium carbonate 
among others), and such geology has a very low permeability and acts as a water barrier 
(Källerfelt, 2004). Secondly, the systems need to be designed to be able to trap more particles 
and grease before infiltration. Due to poor infiltration, the greywater accumulates in the pits 
and anaerobic conditions prevail leading to bio-film formation that further prevents 
infiltration. Aerobic processes would not thrive since enough oxygen cannot penetrate easily 
with the additional plastic covering of the pits. The pits are so deep that microbial processes in 
the root zone of plants cannot take place. A number of different strategies have been tested in 
the units in Hull Street among which is the application of special bacteria to help in the 
decomposition of the organic substances in the greywater (see pictures below from work done 
by Saskia Senekal (2004). This strategy was unsuccessful because of the high cost of the 
bacteria and especially as they are frequently pumped out during draining of the pits. 
Infiltration trenches as in the demo facility installed in January 2006 have however shown 
signs of good performance. 
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a)Grease reducing bacteria sachets             b)Before application of bacteria       c)after application of bacteria 

 
 

 
 
 
 
 
 
 
 
Figure 4.3 Results of fats analysis in 3 house units at Hull Street done by Saskia Senekal 
in 2004 before and after adding grease reducing sachets of bacteria. The chart illustrates 
the reduction in amounts of fats after applying the fat degrading bacteria in the units. 
 
d) Analysis on demo-facility monitoring 
The checklist was filled on 9 occasions during the monitoring period. Out of the 9 occasions 
that the checklist was filled, it was just on one occasion that it had rained before the 
observation was done. The temperatures were always below 25 ºC and even went down lower 
than 5 ºC sometimes since it was winter season this period in South Africa. All through the 
study, the pre-treatment unit in operation was medium A. From the dryness and all other 
indications, medium B had never been in operation since the construction of the facility. That 
indicates there might never have been overflow of medium A or the greywater load has been 
handled easily by the pre-treatment unit A. 
 
The commonly observed residuals in the plastic net basket have been rice, potatoes, beans, 
maize flour, vegetables, seeds of fruits, fats and oils which showed signs of degradation. The 
accumulated degraded residuals were always evident during observation periods but their 
thickness was not usually considerable. Out of the 9 times of registered observations, 7 times 
had accumulated residuals ranging between 1-3cm (78%), 2 times below 1cm (22%) and none 
(0%) above 3cm. such thickness range was far from causing overflow of greywater and it 
posed no significant threat to the household. 
 
All through the observation period, there was no recorded period with appreciable smell, flies 
or black colorations indicating anaerobic conditions in the mulch media or elsewhere. Also 
the water level in the inspection pipes in the mulch medium A, valleys of inspection box in 
trench, monitoring pipes 1, 2 and 3 was not visible. This indicates probably that the 
infiltration is taking place appreciably and without obstacle. However, the monitoring pipe 4 
had water level ranging most of the time between 3cm and 7cm. The monitoring pipe 4 
receives water from the bathroom and laundry. The flow is regular and the quantity is large 
and therefore takes a longer time to be infiltrated. The colour of the geotextile was constantly 
light brown probably from surrounding dust. The yard was always dry and tidy and did not 
experience greywater overflowing from pits as was the case in some units with infiltration pits 
which have to be drained manually. 
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The commonly observed creatures in the mulch media were worms (figure 4.4 below) which 
do the scavenging. However, despite the reasonable positive performance recorded by this test 
unit, it was not clear how many worms in the medium that could cause significant treatment. 
The worm population in the treatment medium did not look large. Presumably, the process 
will be more rapid if the number of earthworms increases and temperatures rise as the season 
changes from winter to summer. The other creatures present in quite small numbers were 
immature cockroaches and spider eggs. 

 
Figure 4.4 Picture showing earthworm in mulch medium containing food particles. 
Earthworms and other organisms serve as scavengers on fat and food particles thus 
preventing resorption trench pipe blockage as a result of particles or grease. 
 
The mulch medium A did not show signs of stress or overload and the worms were visibly 
actively helping in the decomposition of particles and leaving behind black soil-like mass. To 
be noted also is that the household consumed considerable quantities of freshwater as 
indicated from their meter readings in appendix I. However, it was customary for the house 
owner to water his flowers with freshwater (he said 2 times a month) from the hose pipe 
though occasionally with greywater (about once a week) from the washing machine. He 
usually did that during the weekends when laundry is done and he is at home. (Also indicated 
by the water consumption charts below, figures 4.8 and 4.9)  
From the results of the observation of the facility and interview of the house owner, the demo 
facility had not presented any problems to the desired performance of greywater pre-treatment 
and infiltration. When asked what problems he faces with his greywater installations, the 
house owner had this to say “I cannot say I have any problem, because I have the fat trap 
(treatment unit)”. When asked what problems he encounters with the sanitation system in 
general, he said, “no problems, for me, it is a good system.” Actually, he is very conscious 
about the fact that water is a scarce commodity in South Africa and that faeces can be 
composted and used, in fact he says he uses composted human manure for his lawn and 
garden.  
 
4.2 INTERVIEW RESULTS AND COMMENTS 
A – HOUSING SITUATION IN KIMBERLEY 
Before coming to Hull Street, most of the respondents had experienced different housing 
problems like; different families sharing the same small apartment, paying joint water and 
electric bills, etc. Most of these houses were expensive and neither were they spacious nor had 
they recreational yards outside the houses. 55% of interviewees had no house exclusively for 
their families. Because of the shortages of houses, they had to share the little space with 
others. 
From such reasons above, we can say acquisition of an independent house at a moderate price 
for families was certainly a major driving force for taking up residence in Hull Street and the 
Eco Village. They are interested foremost with the need to solve their problems of not having 
an independent house. Most of the other reasons for coming to Hull Street are only 
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complementary. Most of the people had been using the flush toilet system of sanitation and 
adapting to dry sanitation and its commitments was a new set of events. Some imperatives 
like job transfers caused people to find Hull Street as the only option for them. A few were 
attracted by its outstanding attractive nature. However, ecological sanitation with dry urine 
diverting toilets, greywater treatment and saving money from reduced water consumption and 
reuse of treated water, and organic fertilizer could have played a part in influencing peoples’ 
decisions to come to Hull Street. 
 
B- WATER CONSUMPTION, GREYWATER PRODUCED AND SANITATI ON 
SYSTEM 
From the interviews it was found that all respondents paid at least some money for water bills 
in their previous homes before coming to Hull Street. The amounts ranged from 50R to 300R 
per month. On the other hand, very few (9% of those interviewed) had paid some small 
amount of money for water for about a period of 3 months. Most of the tenants had been using 
flush toilets before coming to Hull Street. It was while in Hull Street that most started using 
dry sanitation systems. The same goes for the treatment of greywater. Most people had not 
practised the treatment and reuse of greywater, be it for home use or for gardening or 
agriculture.  
 
The total water consumption in 24 houses in 12 days in Hull Street was 49015L. The 
consumption of 24 houses in a day was 49025/12 or 4085L. This is equivalent to 170L per 
household per day. When the number of occupants is taken into consideration, an average of 
51L of water is consumed per person per day and 36L of greywater produced per person per 
day. There were a total of 78 occupants in the 24 houses or 3.25 persons per house on the 
average. Therefore, 170L of water per household per day is equivalent to 52L of water 
consumed and 37L of greywater produced per person per day. 
Hence the averages of water consumed and greywater produced calculated in two different 
ways gave similar results with only one unit difference. 
Not all the greywater produced goes through the treatment units. Water from washing of 
clothes and floor is usually through outside on the yard. This can be estimated as 15L per 
person. So on the whole about 21 to 22 L of greywater per person per day goes through the 
infiltration units. 
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Figure 4.5 water consumption and greywater production per household per day 
measured in Hull Street in July 2007 
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Figure 4.6 water consumption and greywater produced per person per day in Hull 
Street in July 2007 
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Figure 4.7(water consumption and greywater produced in Eco Village measured in July 
2007) 
Total average water consumed per day for 9 households = 2453L 
Total average greywater produced per day for 9 household (70% of 2453) = 1717L 
Average water consumed per household per day (2453/9) = 272L  
Average greywater produced per household per day (70% of 272) = 190 L 
 
Assumption: quantity of greywater produced is 70% that of water consumption. 30% is 
water used for preparing food and drinking.  
Comments: The results of calculations presented above are for each household and not per 
capita. It was not possible to get the number of occupants of each household in Eco Village. 
So the values need to be divided by the number of occupants of each household in order to 
obtain the volumes of consumed water and produced greywater per capita. Considering that 
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water from cleaning floors and washing clothes is thrown in the yard, mainly water from 
bathing, washing dishes goes to the greywater treatment facilities.  
 
As gathered from respondents, not so much gardening or other irrigation purposes go on 
during this cold period, so the amounts of water used would certainly increase during summer 
periods when gardens and lawns are irrigated. 
 
The measurements at Eco Village were not done daily, so the results actually represent the 
mean values involved over a period of about 36 days that the measurements were taken. 
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Figure 4.8(water consumption in demo facility unit) 
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Figure 4.9 (water consumption and greywater produced in demo unit) 
 
Water consumption for a period of two weeks was measured daily in about 30 houses. Some 
interruptions and irregularities led to the elimination of some of these houses on the basis of 
the following reasons: In some cases, readings could not be gotten daily due to blurred meters. 
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In some situations, the metres became faulty and gave no progressive readings. On average, 
170 litres of water is consumed by each household per day or 51 litres per person per day in 
some 24 houses studied in Hull Street as can be seen in the charts above, figure 4.6. This 
average consumption is quite high for some households and exceptionally, there were some 
households that consumed more than 200 litres a day. As a matter of fact, water consumption 
was as low as 32 litres and as high as above 260 litres per household.  
From personal experience and previous studies of greywater in Hull Street and the Eco 
Village, it is estimated that the quantity of greywater produced was on the average about 70% 
percent of the water consumed (Senekal, 2004; Källerfelt, 2004). 30% considered used in 
preparing food and drinking. During this study, calculations showed an average of 119 litres 
of greywater is produced daily per household or 36L per person per day. In some households 
it could be as low as 22 litres and as high as 187 litres in some. A complete table of water 
volumes is found in the appendix I. The household (of 3 persons) using the resorption trench 
demo facility produced 187L of greywater or 63 L per person per day.  
Different responses were given when the residents were asked about the problems they faced 
with their ecological sanitation systems. A good number (61%) of the interviewees also 
mentioned that they had no problem at all with the sanitation system. The initial urine-
diverting toilet seats in Hull Street have been replaced with new ones that had in-built fans 
and adaptations to take care of children. 20 percent of the respondents emphasised the fact 
that there was odour from the toilets. This became much evident during power cuts or when 
the wind took different directions or in the summer when it is warmer. Some people pointed 
out that it was a burden to explain to children or visitors how to use the installations. One 
person in Hull Street also pointed out that he feels uncomfortable using the systems. Noise 
coming from the fan was also a problem to some respondents and when it rained some faecal 
containers became wet probably due to leaks. Though some families have become used to 
emptying their toilet buckets, others are yet to get into such practice. However, “Ecosan 
entrepreneurs” are readily available and they do weekly-emptying of buckets for a small fee 
though still considered expensive by some people. The entrepreneurs also help in repairing 
the problems that occur on the toilet and greywater systems. They also were responsible for 
composting the faeces.  
 
Considering that water is used for flushing toilets, it was evident that the water bills of the 
respondents were higher before they came to Hull Street. At Hull Street, water-saving is 
encouraged, no water is used for flushing toilets, greywater (from washing and cleaning) is 
used to irrigate gardens, and the residents therefore hardly go beyond the 6 kilolitres threshold 
allocated free of charge to any household per month by the municipality. Hence water is 
saved; money is saved as well alongside bringing environmental benefits.  
The water consumption is determined from water meter readings. These meters are installed 
outside each housing unit. Usually, they are locked and opened by using a special key only by 
the water utility agents who come to collect water readings from the meters. The Ecosan 
officer with whom I worked also has access to these meters. Taking readings from these 
meters was a bit strenuous because each meter had to be searched where it was buried and 
opened. Moreover, the readings were usually difficult to take from meters that were blurred 
when there was rainfall or sometimes when there was some kind of leakage or condensation 
of water vapour inside the meter. 
In some situations the meters were buried during on-going works so deep in the ground that 
we actually needed a spade to dig them out before taking readings. Because of some these 
mentioned difficulties and other factors, those responsible for taking readings at certain 
prescribed periods did not do so. Hence, some residents could not understand or believe the 
basis on which their water bills were calculated. For such reasons too, the water readings that 
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were collected at Hull Street before this research and partly during the research by the 
assigned personnel were considered unreliable particularly as the timing was not precise or 
regular.   
The figures used here are those that I collected during a period of 2 weeks in a group of 
houses at precise and regular intervals. The decision to do so came after the weaknesses of the 
previous readings were discovered. Therefore the water readings used for this study could not 
take into consideration seasonal variations and trends that could be observed over longer 
periods of say months. Considering that the study was done during winter season in South 
Africa, the water consumption and greywater volumes can be expected to rise during warmer 
summer seasons when people use more water for cooling by taking showers, wash more 
clothes frequently, water their dusty yards and above all, irrigate flowers and other plants in 
gardens and lawns. Notwithstanding, is also the possibility that the effect of seasonal changes 
might not have so much influence. We can think that people use more water when they are 
compelled by bad winter climates to stay at home than during summer when they may seldom 
be at home.  
 As it looks, some of the residents in Hull Street wonder whether the system of sanitation is 
the best that could be available to them. Some people asked questions if the system is used 
elsewhere like in Sweden or it is only in Hull Street. However, the other facilities offered by 
Hull Street seem to be beneficial to the residents. The concept of ecological sanitation is not 
well understood or valued. An issue is the acceptance of care or responsibilities on one’s 
systems. The housing company and the community need to come to terms with each other as 
to who does what. I believe that this should be done at the beginning of each contract and this 
can guarantee greater care on the various installations. The sanitation systems require that 
those in charge be given the necessary support to better inform and equip them to handle the 
maintenance duties.  
 
C- HOUSEHOLD CHEMICAL SUBSTANCES  
The common washing agents used during bathing by residents in both study areas were 
similar and have trade names; “sunlight soap”,, “protex”, “lux”, “redox shower gel” and 
“dove”. Sunlight soap constituted the highest percentage (47%) followed by lux (18%). The 
chemical constituents of some of these agents are found in appendix III. Due to various 
constraints, the quantities of the active ingredients from the cleaning agents were not 
determined during the study. However, as all the water from the bathroom went into the 
greywater treatment facilities, the presence of the constituent chemicals of washing agents in 
bathroom was of no concern to the respondents.  
Many other different cleaning agents were used for cleaning in the kitchen, washing of 
clothes, floor and other things. In washing dishes, “sunlight washing liquid” was mainly used. 
For washing clothes, “Omo washing powder” followed by “sunlight washing powder” were 
top on the list. In cleaning the floor, “handy andy” took the lead as the cleaning chemical 
followed by “domestos”. The chemical compositions of some of these cleaning agents are 
found detailed in the appendix III. 
To be noted is that some of the detergents were free of substances like phosphates. 
 
The inventory of household chemicals helps in identifying the chemical substances that could 
be present in greywater. Then with chemical tests, the chemical compounds can be confirmed 
and their quantities determined. Usually, most of them above a certain threshold value are 
hazardous to plants, groundwater or the environment as a whole. Unfortunately, this study 
could not accomplish this task owing to lack of the necessary facilities. However, in an earlier 
study done in 2004 by Källerfelt et al, a number of tests were made to come out with a range 
of substances present in the greywater in Hull Street and Eco Village. Many of the cleaning 
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substances used then are still the ones vastly used today. So we can but expect higher 
concentrations of substances that are not easily degraded or higher concentrations as a result 
of increased water consumption and greywater production. Results of tests done by Saskia 
Senekal in 2004 did not show any degree of groundwater contamination. In any case, with 
time and increase in population and activities around Hull Street, people will need to be on the 
alert.  
 
D- WATER USAGE AND MEANS OF DISPOSAL OF USED WATER  
Water in Hull Street and Eco Village is mainly used for cooking, drinking, bathing, washing 
clothes, cleaning floors and for watering the gardens or lawns. A few people in Hull Street use 
water to clean their cars at home too. Water from the kitchen goes through the kitchen sink 
into the infiltration pits. Water from the shower drains as well into these pits though in few 
cases water from shower is made to drain directly into flower gardens. All households wash 
clothes outside the house and throw the greywater in the yard or garden in most cases. 
Similarly, water from washing floors was usually thrown outside. Some people used water 
from washing clothes to clean the floor before disposing it outside. Among those interviewed 
were three families with babies. When they were asked how they disposed of water from 
washing baby nappies, two out of the three said they threw the water outside. The other 
family used disposable nappies. In Eco Village, water from the kitchen and shower goes into 
the greywater treatment sand filters. Water form washing clothes is thrown on the lawn or 
garden. At least 75% of the interviewed tenants at Hull Street did laundry at least once a 
week. 14% once every 2 weeks and 10% did not do it at all at home. 
When asked what problems they faced with their greywater systems, the respondents 
mentioned odour; overflow in yard and backflow in sinks and showers; and slimy green algae 
in the yard though 47% of people in Hull Street also considered there was no problem. About 
20% of the respondents said their greywater pits overflow. The Ecosan entrepreneurs usually 
pumped out the excess water in Hull Street into buckets of about 50 litres in volume and 
brought it elsewhere in the communal garden. 17% percent of those interviewed have their 
pits drained every 2 weeks, 17% every month, 28% every 3months and 6% every year, 
meanwhile pits of 33 percent of the respondents had not yet been drained since when they 
took up residence in Hull Street. In Eco Village, greywater was drained from the sand filters 
every fortnight and the quantities could be as much as 800-1000L per treatment unit. 
 
Most greywater in Hull Street and Eco Village should normally have come from used water in 
kitchen, shower and from washing clothes. As was the custom, most families did their 
washing of clothes outside and so threw most of the water from such washings outside in the 
yard or garden. The yard had an external tap that made it easy to collect water for washing 
clothes outside of the house. Most of the washing machines were placed outside when 
washing clothes or connected to discharge their water in the yard. Draining of greywater from 
pits was thought of by some residents as a routine job of the Ecosan workers. So the residents 
even expected their greywater pits to be emptied even though there were no signs that the pits 
were overflowing of greywater.  
People in Hull Street and Eco Village did most washing of dishes manually and not with dish-
washing machines. So we could expect them to use more washing powders and liquids than 
will be required by dishwasher (Källerfelt, 2004). Large volumes of greywater produced by 
some households could also have been a cause of a number of problems of overflow, 
blockage, etc. As was pointed out by Ecosan workers, this was observed in homes with heavy 
water consumptions and greywater production. Households with many occupants also used 
larger quantities of water and consequently produced more greywater. The manner of 
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handling kitchen greywater at household level is very important. If less food particles and 
grease are allowed in the greywater drains, fewer pipes clogging will be expected too. 
 
E- ECOLOGICAL SANITATION CONCEPTS 
At Hull Street, when the respondents were asked why they think it is important to separate 
urine from faeces, 64% percent of them said “to prevent smell”, 18% “keep nutrients easy to 
collect” and 18% had no idea. When the respondents were asked what they understood by 
greywater, 67% had nothing to say, 33% said “it is used water from homes”. 91% of the 
interviewees did not practise urban agriculture. The reasons for this were varied. Majority of 
them complained of not having time to do it; others talked of lack of space, money and know-
how; while some were not interested or were afraid of infection. When asked if they would 
like to use human manure in agriculture, seven respondents said “yes” and seven said “no”. 
The remaining eight were undecided. 
The interviewees were asked of the importance of not using water to flush toilets. The 
majority (77%) said it was to save water, a few (14%) said it was to make it easy to collect 
and recycle nutrients while 9% did not know of what importance that could be. Some people 
rather wanted the question to be posed the other way round because according to them, they 
did not find any importance of not using water to flush. They instead, felt it was a health risk. 
91 % of the respondents found the water bills not expensive. Considering that greywater was 
still posing a problem in a number of houses, the housing company had plans of centralising 
greywater treatment. When the respondents in Hull Street were asked what they felt about 
such plans, 44 % of them were for centralisation and 44% were against, while 12 % were 
undecided. In 80% of the households interviewed, there was no skilled person capable of 
solving or at least mitigating the greywater problems in a basic manner.  
The interviews revealed that mostly the women cared for the gardens. They also constituted a 
greater population of the respondents (77%) and also spend more time at home than the men. 
 
I think the concepts of ecological sanitation would be very much understood and received if 
the users are motivated to practise them. To an extent, people in Hull Street successfully use 
the greywater installations but they are still able to derive more direct economic and 
environmental benefits like saving money from low water bills, re-using greywater and 
compost and so on.  In Hull Street unfortunately, urine and greywater are infiltrated.  Efforts 
to motivate the residents might have been the case in Hull Street like we hear of flower garden 
contests being organised, they are however still not causing a total change. This is so because 
despite such undertakings, it can still be seen that many people do not keep flower gardens. A 
good number of residents are engaged in projects of paving their yards with concrete instead. 
The collected faecal matter in Hull Street has not yet been successfully composted in 
quantities that can be used for agriculture. May be if plots are allocated for farming it may 
encourage the residents interested in urban agriculture to do something. Women should be 
considered a strong force to reckon with when taking decisions as they are always present in 
larger numbers than men in different activities as shown by the interviews. 
 
F- HULL STREET AND ECO VILLAGE ATTRACTIONS 
During interviews people were asked the question “what do you like about Hull Street?” The 
respondents had this to say: Hull Street is quiet, peaceful and safe. It is near to the city centre 
and the neighbours here are very friendly. The rents are cheaper and we like the structure of 
the houses. The respondents came up with different suggestions on what can be done to 
improve Hull Street: making available a shopping centre, schools and transport/taxi service. 
The rooms should be made bigger, entertainment and recreational facilities created. A fence 
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should be built around Hull Street and above all, the greywater problems should be solved. No 
proposals were made as to how the toilet system could be improved. 
Informative meetings of community in Hull Street and personnel of the sol Plaatje Housing 
Company used to be the order of the day. But now there are no frequent meetings as indicated 
by the respondents and responsible personnel of the company. Some reasons were however 
advanced to why there were no frequent meetings. According to the personnel, some of the 
problems in Hull Street needed sustainable solutions. The greywater issue was one of such 
problems with a repeated occurrence requiring appropriate solutions. The community receives 
a newsletter published every 3months on some social issues. 
 
The attractions in Hull Street which serve a good driving force to people taking up residence 
here need to be improved or preserved. Room should be given to the residents to make 
suggestions of ways to improve the project’s activities. The harmonious and safe environment 
offered by Hull Street and Eco Village is an important factor because South Africa as a whole 
badly needs such conditions. In addition the respondents in Eco Village say their yard are 
nice, they like the system of gas and solar as the electric bills are consequently reduced. The 
community needs sporting and recreational facilities as indicated by the residents in Hull 
Street. The children particularly would enjoy schools and playgrounds in the vicinity. 
Shopping centres and other appropriate facilities are expected to come closer.   
 
4.3 INTERVIEW OF PROFESSIONALS 
 
Managing Director of Sol Plaatje Housing Company 
The interview revealed very important issues as will be discussed in this section. As the 
managing director of the company for four and half years, he has to lead a team of 6 
permanent workers. The relationship of Sol Plaatje Housing Company with other housing 
companies is cooperative one but long distance makes meetings with the other companies less 
frequent. Sol Plaatje Housing Company is quite unique because of its application of 
alternative sanitation. With more workshops and ability to keep expenses as low as possible, 
the Housing Company presumes they are more successful than many other housing 
companies in South Africa. Getting workable solutions for alternative sanitation and 
greywater poses one of the main difficulties of the company apart from funds. Convincing 
people to use the systems has not been easy. There are a number of external factors delaying 
the next phases of the project. Land transfer from the municipality, municipal infrastructure 
grants stand out as major obstacles to the commencement of the project’s subsequent phases. 
It also seems the pressure from the public to acquire houses has decreased too. Though the 
next phase of the project will make use of alternative sanitation, the greywater treatment will 
be centralised and more extra taps will be made available to help in greening the common.  
 
Financial Director, Sol Plaatje Housing Company 
From the financial director of Sol Plaatje Housing Company, the following information was 
obtained. More than 90% of the residents meet up with their financial obligations. This is 
quite satisfactory considering the history of non-payment of rents which has its origin from 
the apartheid period. The easy payment of rents is accounted partly for by the fact that the 
Hull Street/Eco Village houses are a little cheaper than most other houses of similar standards 
in the municipality. The Ecosan installations should have contributed immensely to lower 
company expenses and thus the lower rental charge. The company also puts affordability as a 
necessary requirement for sustainability. The company tries to maintain a relationship of open 
negotiations with tenants in financial dealings. However, in the event that tenants do not 
comply with their obligations, the company sticks to basic legal procedures which can then 
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lead to eviction since non-respect of obligations like payment of rents exposes the company 
and other tenants to many difficulties. 
 
Client Service Manager of Sol Plaatje Housing Company 
The client service manager is responsible for the selection of tenants, establishment of 
contracts, education and information. Interview of the client service manager reveals once 
more that the major problem encountered at Hull Street and Eco Village is with the treatment 
of greywater. In the usual meetings held with the community, the same issue of Ecosan and 
particularly, greywater always occupied the meetings and even led to the reluctance to 
organise more meetings with the tenants as those problems had not been resolved. Nowadays, 
information to the tenants is commonly disseminated through newsletters produced every 
three months. The client service manager is satisfied with the tenants as respecting the 
community rules is concerned despite few hitches and the company looks forward to 
integrating the tenants as much as possible in future developmental projects in order to ensure 
their maintenance and care. 
 
Waste Water Treatment Plant Personnel 
The waste water treatment plant personnel was very essential for this study since she had been 
previously employed by the housing company to follow up the Ecosan installations in Hull 
Street and Eco Village. She has conducted a good number of tests and study on groundwater, 
greywater, faeces, and crops produced from human manure. She has tried various alternative 
ways of treating greywater and composting faeces among other things both in Hull Street and 
Eco Village.  There are two waste water treatment plants in Kimberley, one of 30 mega litres 
per day capacity with 20 workers and another of 8 mega litres per day capacity with 8 
workers. Both plants are operating at full capacity in addition to other problems like design 
errors, maintenance difficulties and unqualified personnel. Treated water leaving one of the 
waste water treatment plants is channelled to a nearby wetland inhabited by flamingos and 
serves as a tourist attraction. Some of the treated water is used to irrigate parks, public 
gardens and sport grounds like golf courses.  The De Beers’ Mines use 80% of the water to 
wash diamonds and cool their machines.  The waste water treatment plants are run with 
money from taxing the population and from donors like Development Banks, Sida, and 
Municipality. The waste water treatment plant interviewee working as a trainer of operators of 
the plants had the experience of over a year (Octorber 2004-November 2005) to explore many 
of the Ecosan facilities at Hull Street and Eco Village for which she also points out that the 
major problems encountered in greywater treatment are in the geology of the area, fat and 
grease in sinks, faecal contamination and design of some facilities like sand filters. Apart 
from the technical problems, the interviewee said that the perception of the users showed that 
much had to be done in “selling” the dignity of Ecosan as many in South Africa perceive it as 
a poor man’s thing. She said that skilful, motivated and well-paid workers need to be 
employed to monitor the Ecosan facilities. 
 
Municipal Administrator, Frances Baard District Municipali ty 
The municipal administrator of Frances Baard District Municipality explained the continuous 
support her municipality offers to municipalities like Sol Plaatje Municipality and others that 
it overlooks. The constant financial, material and human resource support ensures that the 
municipalities are capable to execute their various duties, some being the supply of water and 
sanitation to the population. She explained the history of the formation of the Sol Plaatje 
Housing Company which is now capable of running as an institution independent of the Sol 
Plaatje Municipality. 
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Chapter 5 
 
Final discussion and conclusion 
 
Final discussion  
5.1 Hull Street 
An urge to own a house is a strong driving force for the families coming to Hull Street. Many 
of the families had no independent houses before. They tolerate the systems of sanitation 
mainly because they need a house and they have no burning anxiety to save water or to 
protect the environment as an important aspect in occupying houses making use of alternative 
sanitation.  
 
The water consumption of most residents in Hull Street is below the free 6m3 limit allocated 
by the Sol Plaatje Municipality. Yet, the infiltration pits overflow of greywater indicating that 
the infiltration is poor. The hydraulic load is very important. When the quantity of flow is too 
large, it poses problems in treating the greywater as the retention time for treatment is reduced 
and at the same time overflow can result. Hence habits that can contribute to reduce water 
consumption and consequently greywater quantities will help in the quality of treated 
greywater. From calculations on page 41 above under the heading “water consumption, 
greywater produced and sanitation system”, the average amount of water consumed in Hull 
Street is 170L per household per day or 51L per person per day and average amount of 
greywater produced  is 119L per household per day or 36L per person per day. The household 
using the resorption trench demo facility produced 187L of greywater or 63 L per person per 
day. The fact that there were no problems encountered in this treatment unit was an indication 
that the system could handle the above volume of greywater.  
 
As stated in Ridderstolpe (2004) efficient water use gives more options for cost-effective and 
volume-and space-saving solutions for greywater treatment. So users of greywater systems 
must always be conscious of their water use habits, quantity of water and what is let into the 
drains together with water. As was noticed at Hull Street and Eco Village the clogging of 
pipes or overflow from treatment units is closely related to these mentioned issues. Separating 
solid particles, fat and others substances at source would greatly reduce the greywater 
treatment demands. Kitchen sinks, showers, washing machines and other equipment would 
contribute much if they are equipped with filter bags and grease traps. The use of 
environmentally friendly substances like phosphorus-free, chlorine-free detergents and 
chemicals can contribute a lot to the quality of greywater. Below is a summary of tips that 
may be useful in some of the basic activities in the household. 
 
Kitchen sink Operation Maintanance 

Washing dishes 
Use"sieve " to keep food pieces 
from blocking the pipe 

Flush sink with hot water after washing the  
dishes to dissolve fats in the pipe 

    
Report if water drains through sink slowly 
 before it blocks 

      
  DON'Ts DO's 

  
Do not pour oil and grease down 
the sink drain 

Use ordinary dish washing 
 liquid moderately 

  
Do not pour chemicals down the 
sink drain  Follow the instructions on discarding chemicals 

  
Do not discard medicines down 
the sink drain  Follow the instructions on discarding medicines 



 50 

      
      
Washing 
machines Operation Maintanance 
Washing clothes 
in machines or 

Water from washing  should be 
allowed to drain onto lawn 

Fitting for washing machine water should 
be installed by Hull Street staff 

in buckets     
      
  DON'TS DO's 

  
Don't drain washing machine 
water through shower drain. Use ordinary detergent and softener moderately. 

  

This will fill up dug-out too 
quickly resulting in into shower 
and bad odours water pushing 
back    

     

  

Do not pour concentrated 
disinfectant or bleach into the 
drains. Dilute it first.   

     
 
 
 
As demonstrated by the test facility for resorption trenches in Hull Street, aerobic 
decomposition of kitchen greywater with the aid of worms and other organisms prior to soil 
infiltration reduces the greywater clogging problems. The test facility after a period of about 7 
months had not posed any problems as indicated by the user All through the observation 
period, there was no odour or black coloration indicating that the aerobic decomposition 
process was doing well. 
 
It is necessary that the treatment systems be designed to allow for local soil conditions to keep 
the greywater flow unsaturated. Unsaturated flow assures optimum conditions for filtering 
pathogens, (WHO, 2006). Unsaturated flow assures aerobic conditions that promote a more 
rapid die-off of pathogens. Digging infiltration trenches to cover larger surface area (as the 
case with the resorption trenches) instead of greater depth allows for more degradation and 
unsaturated flow to take place and hence less danger to groundwater. 
 
Virus and bacterial removal as well as phosphorus adsorption are enhanced by soils rich in 
iron and aluminium oxides (red- and brown- soils) (WHO, 2006). Hence greywater treatment 
in such soils will give better results. Impermeable soils, shallow rock, shallow water tables are 
unsuitable sites for greywater infiltration systems. At the same time, very permeable soils 
such as coarse sand and gravely soils are also unsuitable sites for treating greywater onsite. If 
soils are very permeable, a layer of sand 30-50cm in the bottom of infiltration trenches can 
increase the retention capacity for micro-organisms (WHO, 2006).  
 
The quality of greywater used in gardens must be that which meets both health and 
environmental standards. The levels of solid particles, biological oxygen demand (BOD), 
pathogens, heavy metals and other metal ions like those of sodium must be sufficiently 
reduced.  
 
Organising frequent meetings to educate and remind the communities will serve a useful 
purpose in the project implementation. Urban agriculture which does not really take place 
either in Hull Street or at Eco Village can be encouraged if people with experience in 
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agriculture and ecological sanitation are available to answer the residents’ questions. A 
number of residents expressed ignorance on issues related to farming especially with the use 
of composted human manure and urine. The various stakeholders of the project need to also 
put into practice what is expected of the residents by also installing and using the Ecosan 
systems in their homes. This will give room for first hand experience and the problems of the 
residents can be better understood and solved with more confidence. 
Finally, the residents (users), Ecosan workers and Housing company personnel need to be 
sensitised of the concept behind the systems in order for them to be competent in maintaining 
and enhancing the performance of the systems. 
 
 
 
5.2 Moshoeshoe Eco Village 
The greywater treatment systems at the Eco Village were not functioning properly. The grease 
trap did not sufficiently prevent grease from getting into the sandfilter. The grease bags in the 
compartments of the grease trap showed that they were not cleaned frequently. Greywater 
coming directly from the kitchen overflowed directly into the sandfilter without prior 
filtration due to fact that the volume of the compartments of the grease traps was reduced by 
sediments. This was as a result blockage of the interconnecting pipes in the grease trap 
chambers. In a study reported by Källerfert et al., (2004), some separation of particles and 
decomposition of greywater did occur. Most parameters like temperature, suspended solids, 
total solids, phosphate, total phosphorus, COD and BOD reduced when comparing greywater 
getting into the treatment unit with that coming out of it. The explanation could be that 
primary growth of plants which uses up the nutrients and other substances caused the 
decrease.  Conductivity, pH and E. coli did not decrease however. This could be explained by 
the fact that more complex compounds and organic matter in greywater decomposed into ions 
(high conductivity) and the high concentration of organic matter encouraged bacterial growth 
(E. coli). The primary production causes dissolved carbon dioxide (or carbonic acid) to be 
used up and hence, high pH.  Presently, the ‘sand filters’ contain no sand and simply act as 
containers to store greywater waiting for draining by the workers in a fortnight since the pipes 
from sand filters to the collecting pond are also blocked. Purification therefore has also 
decreased since purification exclusively in water medium is a lot less than in soil medium 
(ECOBOB, 2007). A new design is absolutely necessary to ensure proper greywater 
treatment. The metal lids on all the units in Moshoeshoe Eco village have been corroded and 
they offered a great risk to the residents. More protective coverings made out of corrosion 
resistant material are required. 
 
The greywater pond contained stagnant greywater which was not put into any use. The 
condition of the pond was that which could promote algal growth because of its nutrients and 
exposure to sunlight. The algae might not have the possibilities of growing in the treatment 
systems because the lids of treatment units prevented light reaching the water. Blue green 
algae are common in South Africa and give rise to toxins which remain in water for many 
months after blooms (MRACC, 2001 cited in Källerfelt, 2004). The above mentioned study in 
concluded that water of the pond was not suitable for irrigation even though there was some 
reasonable degree of treatment then. For greywater to be used in agriculture, it is important 
that the organic substances are made to decompose in an aerobic environment so that it can 
percolate in order to prevent smell, clogging of soil and groundwater pollution. Greywater not 
well treated as the case of that in the treatment units and the pond would still contain many 
pathogens and will make it unsuitable for many purposes.  
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5.3 Conclusion 
This study could categorize three main types of treatment methods for greywater being 
applied in Hull Street and Moshoeshoe Eco Village, Kimberley. At the Eco Village, sand 
filters were used prior to pre-treatment through compartments serving as grease traps. In Hull 
Street, mainly infiltration pits were used. Here the produced greywater was piped into pits 
outside the yard where it infiltrated into the ground, recharging groundwater. A third method 
was the use of resorption trenches which made use of mulch media where organic matter in 
greywater is filtered mechanically and degraded biologically in the presence of oxygen, 
worms and other organisms before being infiltrated along trenches in the ground.  
 
Due to design and operational problems, the sand filters at the Eco Village were not 
functioning properly while in Hull Street; poor infiltration that caused overflow of greywater 
from pits was a problem. The resorption trenches seemed to be working very well. They have 
not presented any problem after about 7months of use.  
 
Similar cleaning chemicals were used both in Eco Village and Hull Street and though 
quantities were not measured, it was without doubt that they were present in greywater and 
need to be monitored as they may also pose a threat in the long run to groundwater and the 
environment as a whole. 
 
The average water consumption per household per day during the study period was 272 L and 
170 L in Eco Village and Hull Street respectively. The average greywater produced per 
household per day was 190 L and 119 L in Eco Village and Hull Street respectively. It was 
found that large water consumption caused frequent overflow of greywater infiltration pits. 
 
Most residents in both Hull Street and Eco Village did not practise urban agriculture and so 
the use of greywater, faecal matter and urine for this purpose was also not taking place.  
 
The greywater issues were one of the main problems faced by residents in both Eco Village 
and Hull Street. Though subsequent phases of the housing projects will still make use of 
Ecosan systems as indicated by the Managing Director of SPHC, there are plans to make a 
central collection and treatment point for greywater in Hull Street in an attempt to remediate 
the greywater problems. 
The wastewater treatment plants in Kimberley are already operating at full or above their 
designed capacities and therefore their personnel and the municipality welcome appropriate 
alternative ways of handling wastewater. 
 
In my opinion, Ecosan is clearly the hope for the future as human sanitation; water and 
environmental conservation are concerned particularly to the developing countries where 
sewage treatment is almost absent. However, centralising treatment of any sort (as intended in 
the next phases of Hull Street Housing Project) gradually takes us towards the conventional 
sewage treatment systems and their inherent problems. Involvement of every member of the 
society makes potential problems a collective issue seeking collective responsibilities and 
solutions. Therefore, more research to get better technological and managerial solutions for 
Ecosan and greywater treatment in particular is imperative. 
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Appendix I 
Tables of water volumes (in litres) 
 
Water volumes(in litres) in Hull Street June-August 2006 
 
 

Date/HN 26-Jul 27 28 29 30 31 01-Aug 2 3 4 5 6 
12day 
total av.d-1 

average 
gw.d-1 

             hh-1 hh-1 

34054 63 228 88 78 47 41 41 58 60 122 80 55 961 80.08 56.06 

34053 154 157 329 294 274 283 283 49 51 238 263.3 131.8 2507 208.9 146.2 

34052 124 105 117 105 160 131 131 120 122 218 169.3 223.8 1726 143.8 100.7 

34049 25 272 51 32 197 12 12 10 12 33 0 0 656 54.67 38.27 

34048 63 235 184 502 199 204 204 164 166 77 278.3 622.8 2899 241.6 169.1 

34047 172 79 39 44 190 81 81 55 57 94 85.75 121.3 1099 91.58 64.11 

34046 45 94 117 73 222 128 128 85 87 97 108.8 8.25 1193 99.42 69.59 

34045 143 113 67 117 14 109 109 127 129 115 91.75 105.3 1240 103.3 72.33 

34044 40 170 39 42 165 82 82 105 107 153 180.5 149.5 1315 109.6 76.71 

34043 105 101 363 298 76 87 87 53 55 75 178.3 154.8 1633 136.1 95.26 

34042 38 327 8 0 119 76 76 49 51 54 71.75 107.3 977 81.42 56.99 

34041 115 238 116 149 196 136 136 103 105 56 91.5 162.5 1604 133.7 93.57 

34040 193 80 149 50 213 87 87 104 106 133 126 112 1440 120 84 

34154 80 99 70 40 55 47.5 47.5 69 71 60 178.5 415.5 1233 102.8 71.93 

34153 52 72 32 31 31.5 31.25 31.25 15 17 27 24.5 19.5 384 32 22.4 

34152 157 187 432 304 368 336 336 116 118 129 148.5 187.5 2819 234.9 164.4 

34151 242 104 59 563 311 437 437 117 119 211 260 358 3218 268.2 187.7 

34149 136 107 117 426 271.5 348.8 348.8 41 43 120 180.8 302.3 2442 203.5 142.5 

34148 252 213 125 126 125.5 125.8 125.8 71 73 90 137.3 231.8 1696 141.3 98.93 

34145 240 59 59 105 82 93.5 93.5 60 62 0 15.5 46.5 916 76.33 53.43 

34144 410 345 259 269 264 266.5 266.5 295.3 297.3 158 159 161 3151 262.5 183.8 

34143 256 175 177 198 187.5 192.8 192.8 181.6 183.6 181 178.8 174.3 2278 189.9 132.9 

34142 263 80 214 292 253 272.5 272.5 133.8 135.8 250 241 223.1 2631 219.2 153.5 

34141 118 239 103 359 231 295 295 139 141 150 150 150 2370 197.5 138.3 

             49015 4085 2859 

hh: household, gw: greywater, d-1: per day, hh-1: per household, av: average, pers: person, 
cons: consumption 
 

Date/HN 

No of 
pers 
hh-1 av.d-1 av gw.d-1 

water 
cons gw 

av 
water 

av 
gw 

av no 
pers 

 

 

hh-1  p/d p/d 
cons 
p/d p/d 

per 
hh 

34054 2 80.08 56.06 40.04 28.03   78/24 
34053 5 208.9 146.2 41.78 29.24 51 36 3.25 

http://www.who.int/water_sanitation_health/wastewater/wwuvol4_chap5.pdf
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34052 2 143.8 100.7 71.9 50.35    
34049 1 54.67 38.27 54.67 38.27    
34048 3 241.6 169.1 80.53 56.367    
34047 3 91.58 64.11 30.53 21.37    
34046 4 99.42 69.59 24.86 17.398    
34045 1 103.3 72.33 103.3 72.33    
34044 2 109.6 76.71 54.8 38.355    
34043 5 136.1 95.26 27.22 19.052    
34042 4 81.42 56.99 20.36 14.248    
34041 2 133.7 93.57 66.85 46.785    
34040 3 120 84 40 28    
34154 5 102.8 71.93 20.56 14.386    
34153 5 32 22.4 6.4 4.48    
34152 4 234.9 164.4 58.73 41.1    
34151 3 268.2 187.7 89.4 62.567    
34149 3 203.5 142.5 67.83 47.5    
34148 3 141.3 98.93 47.1 32.977    
34145 3 76.33 53.43 25.44 17.81    
34144 5 262.5 183.8 52.5 36.76    
34143 3 189.9 132.9 63.3 44.3    
34142 5 219.2 153.5 43.84 30.7    
34141 2 197.5 138.3 98.75 69.15    

 78 4085 2859 1231 861.52    
HN: house number, p/d: person per day 

 
Water volumes (in litres) in Moshoeshoe Eco Village June-
August 2006 
 

unit 
water 
cons Day-1 greywater gw-1 

water 
cons day-1 greywater gw-1 

av*hh-
1 

av.hh-
1 

av w 
cons av gw  

 15days hh-1   21days   w Gw 
hh-
1day-1 

hh-
1day-1 

1 1859 123.9 1301  5231 249.1 3662 174.4 186.5 130.6 272.6 190.8 
2 3020 201.3 2114  4375 208.3 3063 145.8 204.8 143.4   
3 2606 173.7 1824  3301 157.2 2311 110 165.5 115.8   
5 2904 193.6 2033  1583 75.38 1108 52.77 134.5 94.14   
6 1494 99.6 1046  2073 98.71 1451 69.1 99.16 69.41   
7 6685 445.7 4680  10686 508.9 7480 356.2 477.3 334.1   
9 2402 160.1 1681  6459 307.6 4521 215.3 233.9 163.7   

10 1262 84.13 883.4  3453 164.4 2417 115.1 124.3 87   
11 1530 102 1071  2311 110 1618 77.03 106 74.22   

 39131 2609 27392  48258 2298 33781 1609 2453 1717   
 
 
 

Water consumption (in litres) in unit containing greywaer 
resorption trenches 
 
date Reading consumpt greywater 

26-Jul 211088 242 169.4 
27-Jul 211330 104 72.8 
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28-Jul 211434 59 41.3 
29-Jul 211493 563 394.1 
30-Jul 212056 311 217.7 
31-Jul 212367 441 308.7 

01-Aug 212808 338 236.6 
02-Aug 213146 580 406 
03-Aug 213726 118 82.6 
04-Aug 213844 211 147.7 
05-Aug 214055 260 182 
06-Aug 214315 358 250.6 
07-Aug 214673   

 
Appendix II 
Table of results from Hull Street and demo facility  unit 
 
Frequency Table 
Length of stay of residents at Hull street ( in mon ths) 

  Frequency Valid Percent 
Valid  

months 
1 4.5 

  02 1 4.5 

  10 1 4.5 

  11 1 4.5 

  13 1 4.5 

  15 1 4.5 

  19 4 18.2 

  2 1 4.5 

  20 2 9.1 

  26 1 4.5 

  27 1 4.5 

  28 1 4.5 

  3 1 4.5 

  31 2 9.1 

  4 1 4.5 

  9 2 9.1 

  Total 22 100.0 

 
 
housing problems faced before coming to Hull Street  

  Frequency Valid Percent 
Valid no independent 

house 
12 54.5 

  expensive 2 9.1 
  house shortage 6 27.3 
  little space 1 4.5 
  none 1 4.5 
  Total 22 100.0 
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54%

9%

27%

5% 5% no independent
house

expensive

house shortage

little space

none

 
 
Reason for taking up residence in Hull Street 

  Frequency Valid Percent 
Valid had no house 14 63.6 
  wanted to own 

a house 
4 18.2 

  looked 
attractive 

1 4.5 

  transferred 3 13.6 
  Total 22 100.0 

 
 
Proportion of people whose problems are resolved at  Hull street 

  Frequency Valid Percent 
Valid Yes 21 100.0 
Missing System 1   
Total 22   

 
 
kind of sanitation practised in homes before coming  

  Frequency Valid Percent 
Valid flush 

toilet 
22 100.0 

 
 
The average monthly water bill of tenants before th ey came to Hull street 

  Frequency Valid Percent 
Valid .00 11 50.0 
  50.00 1 4.5 
  70.00 1 4.5 
  71.00 1 4.5 
  80.00 1 4.5 
  100.00 1 4.5 
  120.00 1 4.5 
  133.00 1 4.5 
  150.00 1 4.5 
  250.00 1 4.5 
  275.00 1 4.5 
  300.00 1 4.5 



 59 

  Total 22 100.0 

 
Proportion of tenants who feel the water bills at H ull Street are expensive  

yes, 2 yes, 9.1
no, 20

no, 90.9

0

20

40

60

80

100

120

1 2

no

yes

 
 
 washing agents used in bathing in Hull Street 

46%

12%
12%

18%

6%

6%

sunlight soap

dettol

protex

lux

redox show er
gel

dove

 
 

Washing agents used in washing clothes 
 

 
 
washing agents used in washing dishes 

  Frequency 
Valid 

Percent 
Valid sunlight 

washing liquid 
17 100.0 

Missing System 5   
Total 22   

 
agents used in washing floor 

  Frequency Valid Percent 
Valid expen

sive 
2 9.1 

  Not 
expen
sive 

20 90.9 

  Total 22 100.0 

  Frequency Valid Percent 
Valid sunlight soap 8 47.1 
  dettol 2 11.8 
  protex 2 11.8 
  Lux 3 17.6 
  redox shower 

gel 
1 5.9 

  Dove 1 5.9 
  Total 17 100.0 
Missing System 5   
Total 22   

  
Freque

ncy Valid Percent 
Valid sunlight washing 

powder 
7 41.2 

  omo  washing 
powder 

9 52.9 

  surf  washing 
powder 

1 5.9 

  Total 17 100.0 
Missin
g 

System 5   

Total 22   

  Frequency 
Valid 

Percent 
Valid sunlight 

washing liquid 
2 11.8 

  Cobra 1 5.9 

7 9

1

41.2

52.9

5.9

0

10

20

30

40

50

60

sunlight  wp omo wp surf  wp

Ser ies1

Ser ies2
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sunlight 
w l

12%cobra
6%

handy 
andy
34%

domesto
s

24%

onestep
12%

jik w l
12% sunlight w l

cobra

handy andy

domestos

onestep

jik w l

  
 
 
Water usage 

  Frequency Valid Percent 
Valid cooking and 

drinking 
22 100.0 

 
 
Water usage 

  Frequency Valid Percent 
Valid bathing 22 100.0 

 
 
Water usage 

  Frequency Valid Percent 
Valid washing 

clothes 
21 100.0 

Missing System 1   
Total 22   

 
Water usage 

  Frequency Valid Percent 
Valid cleaning 

floor 
22 100.0 

 
 
Water usage 

  Frequency Valid Percent 
Valid Yes 7 31.8 
  No 15 68.2 
  Total 22 100.0 

 
Water usage 

  Frequency Valid Percent 
Valid Yes 12 54.5 
  No 10 45.5 
  Total 22 100.0 

 

  handy andy 6 35.3 
  domestos 4 23.5 
  Onestep 2 11.8 
  jik  washing 

liquid 
2 11.8 

  Total 17 100.0 
Missing System 5   
Total 22   
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Method to dispose of used water from kitchen 

  Frequency Valid Percent 
Valid Sink 22 100.0 

 
 
Method to dispose of used water from shower 

95%

5%

drain t o pit

drain t o garden

 
 
 
 
 
 
 
Method to dispose of used water from laundry 

27.3

63.6

9.1

0
10
20
30
40
50
60
70

drain to
pit

outside
on

garden/
law n

none

pe
rc

en
ta

ge

Series1

 
 
 
Method to dispose of used water from floor 

  Frequency Valid Percent 
Valid outside 21 95.5 
  drain to 

pits 
1 4.5 

  Total 22 100.0 

 
 
Method to dispose of used water from baby nappies 

  Frequency Valid Percent 
Valid outside 2 9.1 
  disposable 

napkins 
1 4.5 

  not applicable 19 86.4 
  Total 22 100.0 

 
 

  Frequency Valid Percent 
  Valid drain to pit 21 95.5 
  drain to 

garden 
1 4.5 

  Total 22 100.0 

  Valid Percent 
Valid drain to pit 27.3 
  outside on 

garden/ lawn 
63.6 

  none 9.1 
  Total 100.0 
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Frequency Table 
water used in watering garden or lawn 

40.9

13.6 18.2 27.3

0
10
20
30
40
50

freshw ater greyw ater both
greyw ater

and
freshw ater

none

Series1

 
 
Proportion of tenants who know they can use greywat er in watering garden or lawn 

  Frequency 
Valid 

Percent 
Valid know 9 40.9 
  Does not know 13 59.1 
  Total 22 100.0 

 
 
Frequency of doing laundry 

  Frequency Valid Percent 
Valid once a week 10 47.6 
  twice a week 6 28.6 
  once every two 

weeks 
3 14.3 

  not at home 2 9.5 
  Total 21 100.0 
Missing System 1   
Total 22   

 
 
Frequency of greywater pit drainage 

16.7

16.7

27.8

5.6

33.3

once every tw o
w eeks

once a month

once every 3
months

once a year

not yet

 
 
 
who takes care of the garden 

  Valid Percent 
Valid freshwater 40.9(9) 
  greywater 13.6(3) 
  both 

greywater 
and 
freshwater 

18.2(4) 

  none 27.3(6) 
  Total 100.0(22) 

  Valid Percent 
Valid once every two 

weeks 
16.7(3) 

  once a month 16.7(3) 
  once every 3 

months 
27.8(5) 

  once a year 5.6(1) 
  not yet 33.3(6) 
  Total 100.0(18) 
Missing System 4  
Total 22  

  Valid Percent 
Valid man 22.7(5) 
  woman 45.5(10) 

  none 18.2(4) 
  both husband 

and wife 
13.6(3) 

  Total 100.0(22) 
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Importance to separate urine from faeces  

63.6

18.2

18.2

prevent
smell

keep
nutrients
easy to
collect

i don't know

 
 
modification made to tenants* systems since taking a house at Hull street 

  Frequency Valid Percent 
Valid none 6 33.3 
  changing the 

toilet 
12 66.7 

  Total 18 100.0 
Missing System 4   
Total 22   

 
Proportion of tenants who practise urban agricultur e 

do  yo u p ract ise urb an ag ricult ure

9.1

90.9

0

20

40

60

80

100

yes no

 
 
Reason for not practising urban agriculture  

  Valid Percent 
 Valid prevent 

smell 
63.6(14) 

  keep 
nutrients 
easy to 
collect 

18.2(4) 

  i don't know 18.2(4) 
  Total 100.0(22) 

  Valid Percent 
Valid Yes 9.1(2) 
  No 90.9(20) 
  Total 100.0(22) 

  Valid Percent 

Valid no time 52.4(11) 
  no space 14.3(3) 
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why do you not practise agriculture

52.4

14.3

19

4.8

4.8

4.8

no time

no space

not interested

do not know

need money (to
buy like seeds,.)

 
 
Those who will like to use human manure for gardeni ng 

  Frequency Valid Percent 
Cumulative 

Percent 
Valid yes 7 38.9 38.9 
  no 7 38.9 77.8 
   i do not 

know 
4 22.2 100.0 

  Total 18 100.0   
Missing System 4     
Total 22     

 
 
  
 
 
Those who  feel greywater treatment should be centr alised 

0 10 2 0 30 4 0 50

y es

no
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Proportion of  families with skilful people  to han dle greywater problems 

  Frequency Valid Percent 
Valid yes 4 20.0 
  no 16 80.0 
 Total 20 100.0 
Missing System 2  
Total 22   

 
 
Proportion of interviewees who have attended commun ity meetings 

  Frequency Valid Percent 
Valid yes 2 10.0 

  not interested 19.0(4) 
  do not know 4.8(1) 
  need money 

(to buy like 
seeds,.) 

4.8(1) 

  fear of 
infection 

4.8(1) 

  Total 100.0(21) 
Missing System   
Total   

  Valid Percent 
Valid yes 43.8(7) 
  no 43.8(7) 
  i do not 

know 
12.5(2) 

  Total 100.0(16) 
Missing System   
Total   
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  no 16 80.0 

  sometimes 2 10.0 

  Total 20 100.0 

Missing System 2   

Total 22   

 
 

Descriptives 
Descriptive Statistics 

  N Minimum Maximum Mean Std. Deviation 
what is the average 
monthly water bill 22 .00 300.00 72.6818 96.44559 

how many adults 
older than 15 years 
live in this house 

22 1.00 3.00 2.1818 .79501 

what is the average  
monthly electric bill 17 100.00 250.00 157.6471 46.84141 

Valid N (listwise) 17         

  

 N Minimum Maximum Mean Std. Deviation 
how many adults 
younger than 15 years 
live in this house 

22 .00 6.00 1.4091 1.46902 

Valid N (listwise) 22         

 

Frequency Table 
Proportion of interviewees who knew actual meaning of greywater 

  Frequency Valid Percent 
Valid do not know 14 66.7 
  used water from 

home except 
from toilet 

7 33.3 

  Total 21 100.0 
Missing System 1   
Total 22   

 
 
Reason given by interviewees for importance of not using water to flush 

  Frequency Valid Percent 
Valid save water 17 77.3 
  easy to recycle 

nutrients 
3 13.6 

  i do not know if 
it is important 2 9.1 

  Total 22 100.0 

 
 
Respondents* sex 

  Frequency Valid Percent 
Valid male 4 18.2 
  female 17 77.3 
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  male and 
female 

1 4.5 

  Total 22 100.0 

 
 

Multiple Response 
How people dispose of used water 
 
                                                             Pct of  Pct of 
Category label                            Code      Count  Responses  Cases 
 
sink                                         1         70     63.6    318.2 
outside                                      2         18     16.4     81.8 
                                             3          3      2.7     13.6 
                                             4         19     17.3     86.4 
                                                  -------    -----    ----- 
                                 Total responses      110    100.0    500.0 
 
0 missing cases;  22 valid cases 
 

Multiple Response 
problems tenants face with their greywater systems 
 
                                                             Pct of  Pct of 
Category label                            Code      Count  Responses  Cases 
 
odour                                        1         14     21.2     63.6 
overflow in yard and backflow in sink, s     2         13     19.7     59.1 
slimy, green algae in yard                   3          8     12.1     36.4 
none                                         4         31     47.0    140.9 
                                                  -------    -----    ----- 
                                 Total responses       66    100.0    300.0 
 
0 missing cases;  22 valid cases 

Multiple Response 
 
problems tenants face with their Ecosan systems 
                                                             Pct of  Pct of 
Category label                            Code      Count  Responses  Cases 
 
odour                                        1          8     19.5     38.1 
explaining to visitors/children              3          2      4.9      9.5 
uncomfortable                                4          1      2.4      4.8 
none                                         5         25     61.0    119.0 
noise from fan                               6          2      4.9      9.5 
rain gets into toilet bucket                 7          2      4.9      9.5 
whole system has problems                    9          1      2.4      4.8 
                                                  -------    -----    ----- 
                                 Total responses       41    100.0    195.2 
 
1 missing cases;  21 valid cases 

Multiple Response  
 
What attracts people to Hull street 
 
                                                             Pct of  Pct of 
Category label                            Code      Count  Responses  Cases 
 
quiet, peaceful and safe                     1         16     39.0     88.9 
near the city centre                         2          5     12.2     27.8 
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friendly neighbours                          4         11     26.8     61.1 
cheap                                        5          2      4.9     11.1 
like the structure of the houses             6          7     17.1     38.9 
                                                  -------    -----    ----- 
                                 Total responses       41    100.0    227.8 
 
4 missing cases;  18 valid cases 
 

Multiple Response 
what can be done to improve on Hull Street 
 
                                                             Pct of  Pct of 
Category label                            Code      Count  Responses  Cases 
 
shops                                        1          7     26.9     43.8 
schools                                      2          2      7.7     12.5 
transport-taxi service                       3          2      7.7     12.5 
bigger rooms                                 4          2      7.7     12.5 
entertainment                                5          8     30.8     50.0 
fence                                        6          2      7.7     12.5 
solve greywater problems                     7          2      7.7     12.5 
sport facilities                             8          1      3.8      6.3 
                                                  -------    -----    ----- 
                                 Total responses       26    100.0    162.5 
 
6 missing cases;  16 valid cases 

 

Appendix III 
Household chemicals 
Number Name of product Ingredients Comment 
11 Ajax dwl-antibacterial Purac HS 80 Is biodegradable, 

phosphate-free. Undiluted 
form kills 99% of the 
following bacterial within 
60 secs. Pseudomonas, 
Escherichia coli, 
staphylococcus. 

12 Ajax-lemon Anionic surfactants, preservatives.  
17 Bio-classic sensitive 

400ml.dwl 
  

6 Calgonit brilliant, 500ml 
rinse agent-dishes 

-  

4 Calgonit-finish 3in 1  Phosphonates, polycarboxylates, non-ionic 
surfactants, oxygen based bleaching agents, 
phosphates 

Contatains enzymes, Does 
not contain cl bleach 

5 Calgonit-finish powder non-ionic surfactants, oxygen based bleaching 
agents, phosphates 

Contains enzymes 
- Irritant contains carbonate, 
disilicate, irritating to eyes. 

50 Chemico liquid cleen Water, sodium dodeylbenzenesulfonate, calcium 
carbonate, nonoxynol-9, sodium chloride, 
formaldehyde, fragrance 

 

24 Cobra brilliant shiner   
7 Crystal 3in1 dwp -  
18 Crystal fresh-lemon dw 

deodoriser 
  

43 Dettol Benzalkonium chloride, propylene glycol, 
isopropyl alcohol, disodium edentate and 
perfume 

 

52 Domestos thicker formula Non-ionic surfactants, chlorine based bleaching 
agent, sodium hypochlorite 

 

23 Easy off Bang- universal 
cleaner 

Anionic surfactants  
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40 Eco-sost(extra powdered 
washing powder 2in1 

 Phosphate-free, ecofriendly, 
less allergies, biodegradable 

48 Handy andy expert Sodium hydroxide, anionic surfactants  
19 Handy Andy-cream-

multi-surface cleaner 
Non-ionic surfactants, anionic, abrasive agent  

27 Harpic(powder)-power 
active toilet crystals. 

Triclorotriazinetrione 
Sodium bisulphate 

Removes stains-with bleach 

28 Harpic-liquid Benzalkonium chlorikde  
10 ICU-dwl, 750mil Active ingredient-G-cide, stabilised 

glutaraldeyde 
Contains ingredients that 
are biodegradable 

53 Jeyes b Anionic surfactants, microbiocide  
47 Jik hygienic Sodium hypochloride  
29 Jik- thick cleaner -surfactants 

-sodium hypochlorite 
 

25 Johnson carpet cleaner   
46 Kleen all purpose cleaner Surfactants, non-scratch abrasive, fragrance, 

preservants 
 

60 Lemonlite nourishing 
soap 

Sodium palmate, sodium palm kernelate, citrus 
medica limonium extract, water, sodium lactate, 
lactic acid, glycerine, sorbitol, diaminolglycine, 
lauryl aminopropylglycine, allantoin.. 

 

41 MAQ wp SCMC, silicate, soda ash, anionic surfactants and 
phosphates, enzymes and perfumes, optical 
brightener 

 

21 Mr muscle-bathroom 
cleaner 

Active ingredient-benzalkonium chloride  

20 Mr muscle-shower shine Active ingredient-dowicil  
31 Omo- foam action Surfactants 

Sodium hypochlorite 
Bleach 

59 Omo progress TAED, polycarboxylates, silicate, soda ash, 
anionic surfactants, phosphate 

 

36 Omo-wp Silicones-antifoam 
Polycarboxylates-anti-redeposition agent 
Perborate-colour and fabric safe B.A,sanitiser 
Anionic Surfactant-wetting agent=soil remover 
Phosphate-water softener, soil suspending, 
alkalinity source 
Soda ash-water softener, alkalinity source 
Silicates- corrosion inhibitor 

 

35 Preen soaker powder  Big stain remover 
32 Pride-fabric conditioner   
16 REFILL dwl-spar-cf   
55 Save mor Anionic surfactants, sodium tripolyphosphate, 

sodium carbonate, sodium disilicate,perfume, 
polymer/ 
polycarboxylate, optical brightner, 

 

44 Save mor dwl Anionic surfactants, non-ionic surfactants, edta, 
perfume,dye, preservative 

 

49 Scrubb’s cloudy ammonia Ammonia  
39 Skip-liquid detergent   
37 Skip-wp   
38 Skip-wp Just as for omo+ TAED-activation for bleaching 

agent 
SCMC- stainless release polymer 
Phosphonates-sequestering agent 

 

30 Snapic- powerful 
disinfectant 

Benzalkonium chloride Kills household germs 

56 Spar Anionic surfactants, sodium tripolyphosphate, 
sodium silicate, polymer/polycarboxylate, 
perfume 

 

45 Spar anti-bacterial liquid Anionic surfactants, solubilisers, colourants, 
perfume, active biological ingredients, phenyl 
phenolaldehyde 

 

9 Spar-antibacterial dw, 
machine powder 

  

33 Spar-fabric softener   
34 Stasoft   
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3 Sunlight anti-bacterial dwl Sodium salicylate + others as in 1   
58 Sunlight baby mild wp Soap, phosphate, sulphate, silicates, coconut, 

monoethanolamide, optical brighteners, scmc, 
perfume, edta 

 

1 Sunlight dwl 750ml Solubilisers, colourants and perfume, anionic 
detergents 

 

2 Sunlight fabric 
conditioner 

Cationic surfactants, fatty acid, dye and other 
preservatives 

 

57 Sunlight washing powder Polycarboxylates, clay, silicate, soda ash, anionic 
surfactant, phosphate 

 

8 Sunlight-sun 3in1 optimal 
tablets 252g 

Non-ionic surfactants, polycarboxylates, oxygen 
based bleaching agent,phosphates 

 

42 SURF-super blue wp Polycarboxylates, blend of optical brighteners, 
silicates, soda ash, anionic surfactants, 
phosphates 

 

14 Teepol-spring fresh dwl   
51 Toilet duck Benzalkonium chloride  
15 Traditional Borax   
13 Trojan the ultimate 

washing soda 
  

26 Vanish spring-carpet   
22 Vim-multipurpose scourer   
54 Viva detergent bar Sodium palmate, dodecylbenzene, sulfonic acid, 

sodium chloride, titanium dioxiode, disodium 
distyrylbiphenyl, disulfonate, glycerine, citric 
acid, perfume 

 

 
Appendix IV 
Interview Questions, questionnaire and protocol of demo  
1. When did you take up residence in Hull Street? 
2. Why did you choose to take up residence in Hull Street? 
3. what were the housing problems you faced before coming here 
4. are those problems met here  

5. what was the kind of sanitation practised in your previous house 
-         a)Flush toilet?   

-         b)Connected to sewage system? 
-         c)Use of septic tanks  

-         d)Pit toilet?   

-         e)Others   

6. what is the difference in water consumption now and before coming to HS 
7. what accounts for the difference  
8. do you feel the water bills are expensive(compare with standard amount per unit 

e.g.…….Rands per m3) 
9. In your opinion what is greywater?  

10. what are the washing agents commonly used in your home 
-         a)for bathing   

-         b)for washing clothes  

-         c)dishes   

-         d)floor    

-         e)others   

11. what are the common things that you use water for, quantities and composition 
-         a)cooking (……quantities/composition) 
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-         b)bathing(……quantities/composition)  
-         c)washing clothes(……quantities/composition)-washing machine? 
-         d)cleaning floor(……quantities/composition) 
-         e)car(……quantities/composition) 
-         f)others(……quantities/composition) 

12. how is this water from different sources disposed off 
-         a)kitchen   

-         b)shower   

-         c)laundry   

-         d)floor   

-         e)others    

13. do you have a flower garden( if no, why-what can be done for you to maintain one) 
14. which water do you use to water the garden 
15. do you know you can water it with greywater from laundry as well 
16. how often do you water it with greywater, fresh unused water(quantities of each type per 

day) 
17. what kind of problems do you experience with your greywater installation (frequency 

inclusive) 
-         a)smell   

-         b)pipe clogging/broken  

-         c)overflow of water in yard 
-         d)slimy (green algae) in yard 
-         e)soil clogging ( poor infiltration) 
-         f)others   

-         g)how do you think these problems can be solved or at least mitigated 
18. who waters the garden, weeds, general care (husband, wife, children, others..)Male/female 
19. before coming to HS did you know of dry sanitation or urine diverting toilets 
20. if yes, to q.18, did you practise it(use it) 
21. why do you think it is important to separate the urine from the faeces 
22. why do you think it is important not to use water to flush 
23. what problems have you encountered with the systems-dry toilets 
24. has any modification been made since or to handle your problems 
25. what do you think can be done to solve existing problems 
26. do you practise urban agriculture(have little garden crops planted around home) 
27. if no to question 25, why not, would you like to if the conditions are changed….more time, 

space, greywater, human manure…. 
28. would you like to use human manure for gardening 
29. if yes to q.27, why   

30. if no to q. 27, why    

31. if problems are solved would you use the facilities appropriately 
32. what is the no. of adults ≥ 15yrs   

33. what is the no. of children < 15yrs   

34. what is the average monthly electric bill paid 
35. do you feel the greywater should centralised 
36. who in the family has skills which could help in solving greywater problems? 
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37. what do you like about HS  

38. should I need your attention again, can I come? 
39. what are the hobbies of the family  

40. what can be done to improve HS, others, do you have association meetings 
 
Questionnaire 
1 House number  
2 When did you take up residence in hull street  
3 How many people in the house are  

a)15 years and above 
b) less than 15 years      

 

4 How frequent do they drain your greywater  
a) once a week                 
b) once every two weeks  
c) once every month         
d) once every 3months     
e) once every 6months     
f) once a year                   
g) not yet                          

 

5 What problems do you face with your greywater 
a) odour                                   
b) backflow in shower, sink    
c) overflow in yard                 
d) others                                  

 

6 What can be done to solve the problems-suggestion 
 
 
 
 
 

 

7 Do you have  
a) garden 
b) lawn 
c) both garden and lawn 
d) none 

 

8 How often do you water your lawn or garden 
a) once daily        
b) twice daily       
c) Once a week    
d) Twice a week   
e) Others              

 

8  How often do you do laundry 
a) once a week                  
b) twice a week                 
c) once every two weeks   
d) once a month                 
e) not done at home           

 

9 Where do you keep laundry water a) drain   b)outside    
10 How much is your average water bill?  
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11 Other information 
 
 
 
 
 

 

 
Questions to the managing director, Sol Plaatje Housing Company 

1. sir I hope I would be correct if I call you the managing director of SPHC? 
2. how old is the company 
3. how many workers 
4. what is the relationship of the company other housing companies in south Africa? 
5. what is your situation compared to that of other housing companies? 
6. what are the main difficulties  
7. how do you intend to solve the problems 
8. when does the second phase of the project beginning 
9. would this phase still make use of the current dry sanitation system 
 

Questions to the financial director, SPHC 
1. do the residents meet up with their financial obligations 
2. are the charged rates reasonable.  
3. How do you compare them with those of other housing companies 
4. what accounts for the difference 
5. what is the main cause of forced evacuation of tenants 
6. what are the steps followed before such tenants are evacuated 

 
Questions to the Client service manager, SPHC 
You seem the closest to the tenants 
 

1. what is your duty as client service manager 
2. what are the responsibilities/tenants of the tenants 
3. are they respecting them 
4. what is your medium of communication with the residents 
5. what is feedback from your activities as of date 
6. what are the main problems encountered 
7. how do you count on handling these problems 
8. what aspects make the project a social one 
9. what qualifies someone as a tenant 
10. what leads to eviction of tenants 
11. what qualifies someone for subsidy? 
 

Questions to waste water treatment plant (WWTP) personnel-(responded by Saskia 
Senekal) 
 

1. what is your relationship with the  
      a) hull street project  
      b) SPHC  
      c) municipality 
2. what is the capacity of  

            a) WWTP?  
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            b) freshwater supply?  
3. how many workers?  
4. is wastewater separated from stormwater? 
5. is treatment both chemical and biological?- i.e. secondary level treatment 
6. what are the main problems faced by the WWTP 
7. what are some of the ways envisaged in solving these problems 
8. financial requirements- a)who/how finances b) sufficient 
9. who supplies fresh drinking water to the municipality a)(people) b) how is payment 

done 
10. what is done with the treated water from the WWTP 
11. what are the benefits from treatment of wastewater? a) biogas, b) manure/fertiliser, 

c)heat, d) electricity e) others 
12. what do you think of Ecosan methods?- what benefits it can bring or the risks 

involved? 
13. which tests are commonly made by the WWTP lab? 

 
Resorption trench test facility inspection protocol 
 
Day-----------Month----------2006                             Name of recorder---------------------------- 
 
Rainfall since last inspection           yes, ----------mm,    none------------------------- 
 
Outdoor temperature, average:     above 35ºC 35-25ºC     less than 25ºC   
 
Water consumption (metered value)-------------------m3 

Pre-treatment unit in operation                    A              B                    A&B  
 
Net-basket A: 
Observed residuals- type:---------------------------------------------------------------------------------- 
                                  
                                 Amount/thickness of residuals: less than 1cm     1-3cm    ≥3cm  
 
Have residuals degraded: nothing         somewhat           much            
 
Observed creatures:  worms------------------- cockroaches--------------- other organisms---------- 
 
No smell/no black stuff      some smell/black stuff        considerable smell and black stuff 
 
Net-basket B: 
Observed residuals- type:---------------------------------------------------------------------------------- 
                                  
                                 Amount/thickness of residuals: less than 1cm     1-3cm    ≥3cm  
 
Have residuals degraded: nothing         somewhat           much            
 
Observed creatures:  worms------------------- cockroaches--------------- other organisms---------- 
 
No smell/no black stuff      some smell/black stuff        considerable smell and black stuff 
 
Mulch medium A: 



 74 

Accumulation of residuals   no, or very little       yes, quite evident       yes, very much: -----cm 
 
Signs of anaerobic conditions 
No smell/no black stuff      some smell/black stuff        considerable smell and black stuff 
Observed creatures:  worms------------------- cockroaches--------------- other organisms---------- 
 
Water level in the inspection pipe: no visible water            1-3cm            more than 3cm  
 
Mulch medium B: 
Accumulation of residuals   no, or very little       yes, quite evident       yes, very much: -----cm 
 
Signs of anaerobic conditions 
No smell/no black stuff      some smell/black stuff        considerable smell and black stuff 
Observed creatures:  worms------------------- cockroaches--------------- other organisms---------- 
 
Water level in the inspection pipe: no visible water            1-3cm            more than 3cm  
 
Inspection box in trench 
Water level in valleys:             no visible              1-3cm water                 more than 3cm  
 
Colour of water:    clear and transparent                  clear with particles        greyish/black 
 
Colour of biofilm on geotextile: light browinish      dark brownish               black and slimy 
 
Water level in monitoring pipe 1 -----cm,  pipe 2-----cm, pipe 3 -----cm, pipe 4: -----cm 
 
Other observations: 
 

 
 


