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Abstract

There is currently a strong drive from the South African government to attain adequate water
and sanitation coverage throughout the country as a basic level of service. To meet this
requirement the majority of authorities in urban and rural areas are implementing on-site dry
latrines (VIPs or similar) and 25 litres of potable water per capita per day (//c.d) within a 200m
cartage distance. The connection of low-income settlements to municipal water sources has
subsequently occurred on a massive scale, frequently without giving adequate attention to
greywater management in those areas that are non-sewered. Recent estimates show that there
are approximately 20 million people in South Africa (SA) without access to on-site waterborne
sanitation (Statistics South Africa, 2005). In the absence of suitable conveyance systems,
greywater is generally disposed of onto the ground outside the dwellings and the resulting total
pollution load, particularly from densely populated settlements, has the potential to create a host
of environmental and health impacts. It is likely that the problems related to the disposal and
management of greywater will increase as basic water and sanitation services are attained and
improved, and solutions are therefore required to circumvent this.

This thesis describes the results of a two-year investigation into the use and disposal of
greywater in the non-sewered areas of SA. The main aim of the research was to quantify the
greywater problem and develop options for the management thereof, both in terms of reducing
health and environmental risks by eliminating inappropriate disposal of greywater, as well as
possibly providing benefits to some communities through controlled use. Greywater is defined
as the wastewater that is produced from household processes (e.g. washing dishes, laundry and
bathing) without input from toilets. Non-sewered areas are defined as those areas without on-
site waterborne sanitation.

On-site surveys of selected communities in six of the nine provinces of SA (39 sites in
total) were conducted through the use of standardised questionnaires to assess current greywater
management and recycling activities. The total volume of greywater currently being generated
in the non-sewered areas of South Africa has been estimated by applying an average factor of
75% to the amount of water consumed per household and multiplying this with the number of
non-sewered households in each province (using modified Census 2001 figures). It is estimated
that a total volume of just over 490,000m’ per day of greywater is generated in non-sewered
areas on a daily basis in SA. This amounts to approximately 180 million m® per year —
equivalent in volume to a medium sized dam such as Voelvlei near Cape Town, or
approximately 50% of the current annual water demand of this city. This illustrates the
relatively limited potential for the use of greywater from non-sewered areas as an alternative
water resource at a country-wide scale, and suggests that the main benefits from greywater use
in these areas will be from irrigation at household level to supplement nutrition requirements.
On the other hand, these figures highlight the fact that greywater disposal in non-sewered areas
is likely to result in significant health and environmental impacts, particularly in dense urban
environments where large volumes of greywater are generated in relatively small areas.
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1. Introduction

The South African government is currently focused on attaining adequate water and sanitation
coverage throughout the country. The basic level of service to meet this requirement relates in
most cases to on-site dry latrines (VIPs or similar) and 25 litres per capita per day (//c.d) of
drinking water, as prescribed in the Water Supply and Sanitation Policy White Paper of the
Department of Water Affairs and Forestry (DWAF, 1994). The connection of low-income
settlements to municipal water sources has thus occurred on a massive scale in South Africa
(SA), frequently without giving adequate attention to greywater management in those areas that
are not provided with on-site water-borne sanitation. In the absence of a suitable conveyance
system, greywater is generally tossed onto the ground outside the dwellings and the resulting
total pollution load, particularly from densely populated settlements, has the potential to create
a host of environmental and health impacts. It is likely that the potential for problems related to
the disposal and management of greywater will increase as the water services are improved, and
solutions are therefore required to circumvent this.

The University of Cape Town (UCT) was appointed by the Water Research Commission
of South Africa (WRC) to conduct a two-year investigation into the use and disposal of
greywater in the non-sewered areas of SA. A multi-disciplinary team of researchers was
assembled from UCT’s Departments of Civil Engineering, Social Anthropology, Geomatics
and Environmental & Geographical Sciences. Specialists with expertise in Economics and
Public Health were consulted when necessary. The research was coordinated by a Research
Assistant, the author, whose responsibility it was to conduct all background research, finalise
the methodology, collate and manipulate the data collected during the site surveys, determine
project outputs, and write the relevant conference papers and final reports. The development of
greywater management options and strategies / guidelines related to greywater use and disposal
was a fundamental aspect of the research. Regular (usually weekly) team meetings were held
throughout the duration of the project where decisions were made on research methods, the
various required inputs, desired outcomes etc. This thesis is the result of this coordinated
research effort but also includes the specific inputs from the various research team members
where relevant (and acknowledged).

The potentially negative impacts from greywater disposal are felt most strongly in those
areas where water supply services and on-site sanitation have been implemented but little or no
consideration has been given to the planning for and management of greywater. The association
between poor sanitation and ill health is well-known, as demonstrated by World Health
Organisation (WHO, 1996) estimates that diarrhoeal diseases are responsible for over a quarter
of the deaths of children in the world, and the fact that 80% of these deaths are reported as
resulting from a lack of sanitation and water (Esrey, 1998). In South Africa, recent research has
shown that 43,000 people, mainly children under the age of 5 years, die from diarrhoeal
diseases each year (Mara, 2001) and it is in this context that it has become essential to establish
the link between greywater disposal and environmental health issues.
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For the purposes of the investigation, greywater has been defined as the wastewater that is
produced from household processes (e.g. washing dishes, laundry and bathing) without input
from toilets, and non-sewered areas are those areas without on-site waterborne sanitation.
Waterbome sanitation has been taken to include all methods of sewage treatment from flush
toilets, including septic tanks. Communities with dysfunctional or inadequate sewerage systems
(particularly communal toilet facilities) have also been included in the definition of non-
sewered areas.

The original objectives of the research were as follows:

1. Complete a scoping exercise to identify current and historic greywater management
initiatives in urban and rural areas, and to identify problem areas / challenges.

2. Determine and assess existing management and disposal practices within South Africa.
3. Quantify the greywater generated by different types of settlement and level of service.

4. Quantify and highlight potential problems / challenges that pose a risk to human and
environmental health.

5. Assign a financial, socio-economic and environmental cost to greywater problems, and
financial costs to the management of future impacts.

6.  Propose strategic options and technical, financial, and social interventions for best
management practices to be promoted to meet the various challenges.

7. Investigate the possibility of using GIS and spatial information technology for the
ongoing management of greywater resources in South Africa.

It became evident during the course of the investigation that the requirements of Objective 5
could not be met within the time-frame and available budget of the project and it was therefore
recommended that it be considered as a project on its own., This was acknowledged at the
penuitimate meeting of the Reference Group and the decision was taken not to attempt to
address this objective in any detail in the final report. Recommendations in this regard have
been made in the chapter on future research requirements (Chapter 7).

The various chapters in the report deal with the following aspects:

Chapter 2 reviews greywater management from both a local and international
perspective and includes comment on the typical quantities and quality of greywater produced.
Current legal aspects and policies are noted, as well as the government strategies that are in
place for sanitation provision as a whole.

Chapter 3 describes the research methodology that was adopted and pays particular
attention to the challenges that were faced in the development of this methodology. The site
selection process and the survey procedures that were followed have also been recorded. The
section on information management briefly discusses the use of databases and GIS for the
manipulation of the data that was collected during the site surveys and the creation of maps.

Chapter 4 presents the summarized findings from the case studies on greywater use and
disposal in South Africa, specifically with respect to trends, behaviour patterns, lessons learnt

Understanding the use and disposal of greywater in the non-sewered areas of South Africa
Chapter | - Introduction



1-3

etc, and gives estimates for the amount and quality of greywater currently being generated in
the non-sewered areas in South Africa. Census 2001 data was used (after being adjusted with
more recent information from 2005) to convert the average figures for greywater volumes
obtained for the individual sites, into estimates for the nine provinces, and hence for the country
as a whole. This is followed by a discussion on the greywater management options that have
been identified for non-sewered areas in South Africa and various proposals are made regarding
interventions for greywater management. A brief description of the greywater issues that were
identified in the DWAF “Dense Settlements™ project has been included in order to compare
these findings with the results from the site surveys conducted as part of this study.

The general strategies that have been developed relating to greywater disposal and use are
described in Chapter 5, as well as the proposed management guidelines for the disposal of
greywater in the non-sewered areas in South Africa

Chapters 6 and 7 comprise a discussion of the overall findings and conclusions arising
from the research project as well as recommendations for future research in this regard.

A comprehensive list of references is included at the end of the main body of the report.
Appendix A gives examples of the questionnaires that were used during the site surveys as
well as in the discussions with relevant officials at the local authorities that were visited. The
results from the on-site surveys throughout the country that were conducted by researchers in
the Departments of Environmental Sciences and Social Anthropology have been edited and
included as a series of case studies, which appear as Appendix B.

Understanding the use and disposal of greywater in the non-sewered areas of South Africa
Chapter 1 - Introduction



2. Literature Review

An extensive Internet search was undertaken, focusing primarily on Waterlit, Sabinet, Elsevier
Science Direct and Water Resources Worldwide databases. All Water Research Commission
publications from 1990 onwards were surveyed and reports relevant to this research were
reviewed in detail. Publications were also sourced from the University of Cape Town as well as
other tertiary institution libraries, the CSIR, the Department of Water Affairs and Forestry
(DWAF) and the WELL resource centre at the University of Loughborough, UK.

The main focus of the literature review was to identify current and historic greywater
management initiatives in South Africa, but it also included the identification of research into
planning, strategies and procedures for sanitation provision, as well as the management of water
quality effects on settlements. The use of greywater as part of sustainable sanitation initiatives
was investigated and the economic aspects of greywater use were also briefly considered.

2.1 Review of legal aspects, policies and strategies relating to
greywater

South African water policy has been in a state of rapid transformation since 1994. The main
aim of the current policy is normalising water distribution practices so as to redress previous
social inequalities, and to discourage colonial traditions of wasteful water use habits and
patterns and promote sustainable usage of water. These new approaches are defined in the
“White Paper on a national water policy (DWAF, 1997a), which also spells out the minimum
standards that South African citizens can expect from their water services.

The health, legal and economic considerations as well as the determination of the
National strategy for managing pollution from settlements are described in the DWAF reports
on “Managing the water quality effects of settlements”. They include: “The National strategy”
(DWAF, 2001b), “Legal considerations for managing pollution from settlements” (DWAF,
2001c¢) and “The national costs of pollution from settlements” (DWAF, 2001d). These reports
include references to the Water Services Act No. 108 of 1997 (RSA, 1997), which has as its
primary focus the regulatory framework pertaining to the provision of water services, including
sanitation services, by local authorities. It is worth noting that the Water Services Act defines
water services as “water supply services and sanitation services”, and sanitation services as “the
collection, removal, disposal, or purification of human excreta, domestic wastewater, sewage
and effluent resulting from the use of water” — i.e. this implies that greywater management
should be included as part of the Water Services Act.

The “White paper on water supply and sanitation policy” (DWAF, 1994) defines basic
adequate services as a potable water supply of 25//person per day within 200m cartage distance,
and a ventilated pit latrine per household. Rapid urbanisation and the increasing density of
residential development in both urban and rural environments pose significant threats to
groundwater from unimproved pit latrines, soakaways, leaking sewers etc. DWAF seeks to
"ensure that groundwater quality is managed in an integrated and sustainable manner that
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provides adequate protection to the resource and secures the supply of acceptable quality for all
recognised users” (DWAF, 1997b). While it is well recognised that the environment can protect
itself against human inputs, including the disposal of waste on soil surfaces, there are
limitations, which if exceeded, could result in contamination and then pollution. For this
reason, the recommendations made in the document on “Policy and strategy for groundwater
quality management in SA” (DWAF, 2000) are an attempt to promote the development and
implementation of cleaner sanitation and waste disposal practices in rapidly developing areas.
The “White paper on basic household sanitation” (DWAF, 2001a) expands on this by
highlighting the impacts of poor sanitation on health and the environment, articulating
government policies, providing a framework for sanitation improvement strategies, and
promoting co-ordination amongst role-players.

The “Strategic framework for water services” (DWAF, 2003) spells out Government’s
commitment towards eliminating the backlog in basic water services and improving levels of
service over time (e.g. “intermediate” water supply will be increased from 25/ to 50/ per person
per day from a yard tap). Current targets for water and sanitation service provision are as
follows:

J All citizens to have access to basic water supply by 2008

o All citizens to have access to basic sanitation by 2010

® All bucket toilets to be eradicated by 2006

o Investment in water services infrastructure to be at least 0.75% GDP

J Free basic water policy to be implemented in all Water Service Authorities by 2005

o Free basic sanitation policy to be implemented in all Water Service Authorities by 2010

There is no specific reference to greywater in the National Water Act (NWA) No. 36 of 1998
(Republic of South Africa, 1998) although the sections concerning water resource management
do apply. According to the “White paper on a national water policy for South Africa” (DWAF,
1997a), South Africa’s water is defined as a “common resource” and its use should be balanced
with the protection of the resource in such a way that the resources are not degraded beyond
recovery, i.e. “environmentally sustainable use”. The requirements for ensuring long-term
utilisation in terms of the policy necessitate implementing resource and source-directed
measures — the source-directed controls focus on impacts from both point and non-point
sources. These measures (which include standards, management practices, guidelines,
procedures etc) are directed at managing and controlling the generation of waste at source and
are aimed at provincial governments and municipalities. It is envisaged that the establishment
of catchment management agencies in terms of section 78(1) of the NWA will assist with
building capacity, developing guidelines and creating awareness in local government and with
the inhabitants of the settlements.

There appears to be no objection in principle to the use of household greywater for
individual property irrigation in South Africa but this is subject to the different wastewater
regulations and by-laws of the relevant local authorities (Murphy, 2005). None of these
regulations relate directly to greywater disposal however, and most refer only to normal
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precautions with respect to nuisances resulting from irrigation with any wastewater (such as
using sub-surface or drip irrigation only) — either in terms of common law, the Health Act, or
the NWA. Nuisances are defined inter alia as fly / mosquito breeding, objectionable odours,
surface ponding of water, and entry of polluted water onto neighbouring properties (Alcock,
2002).

2.2 Characteristics of greywater

There has been a large amount of research internationally on the chemical and microbiological
composition of greywater owing to the fact that there is increasing interest in the use of this
wastewater in both industrialised and developing countries. Clearly, the composition of
greywater depends on the sources from where the water is drawn, as well as the use to which
this water is put, but there are general characteristics that apply to greywater. The typical
composition of greywater generated in developed countries has been discussed in detail in the
literature review by Eriksson ef al (2002). The focus of this research was on the content of
oxygen consuming compounds, Chemical Oxygen Demand (COD) and Biochemical Oxygen
Demand (BOD), nutrients and some microorganisms. Most of the COD derives from household
chemicals like dishwashing and laundry detergents, which are also the primary source of
phosphates (PO,) and sodium (Na) in the greywater. The total nitrogen (N) content of greywater
is lower than in domestic sewage as urine is generally not present. In general greywater contains
lower levels of organic matter and nutrients compared with ordinary domestic wastewater, but
heavy metals appear to be in the same concentration range. Microorganisms can be introduced
into greywater from laundry and kitchen wash waters and can include pathogenic viruses,
bacteria, protozoa and helminthes in variable numbers. Ottoson (2003) suggests that the risk of
introducing pathogens into the greywater may however often be much lower than the indicator
bacterial counts signal due to the fact that coliform indicator growth may occur in the system,
thereby overestimating the faecal load.

Lindstrom (2000) reported that the most significant difference between blackwater and
greywater lies in the rate of decay of the pollutants in each, with greywater generally
decomposing much faster than blackwater. This means that greywater discharged directly into
surface water will have a more immediate effect on the recipient waterbody than blackwater.
The impact of greywater on groundwater is less than with blackwater discharges owing to the
rapid decomposition rate of greywater once it infiltrates into soil.

Other pollutants that could occur in greywater include heavy metals and xenobiotic
organic compounds (XOCs). XOCs constitute a heterogeneous group of compounds that
originate from the chemical products used in households, such as detergents, soaps, perfumes
etc. Information about the presence and levels of XOC’s is scarce and it has been recommended
that further research be conducted in this regard if greywater is to be used for irrigation or
infiltration as they may potentially be toxic to plants and could pollute the groundwater
(Eriksson et al, 2002).

In his research on greywater use for sustainable water management in the sewered areas
of Jordan, Al-Jayyousi (2003) further noted that the greywater collected from clothes washers,
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bathtubs, showers and basins is relatively low in suspended solids (SS) and turbidity, indicating
that most of the contaminants are dissolved. Greywater generally has high COD (up to 5,000
mg/l) with a high COD:BOD ratio (4:1) with a deficiency in macronutrients (COD:NH3:P of
1,030:2.7:1 compared to typical domestic wastewater of 100:5:1). It can also contain up to
10°/100m| pathogens and these numbers increase on storage, making the key to successful
treatment the immediate handling of the greywater before it reaches an anaerobic state.

A study in Malaysia by Idris ef al (2005) reported that a significant portion of the water in
urban streams in that country is contributed by untreated sullage from residential settlements,
and that this is a major contributor of pollution with high concentrations of BOD, COD,
Ammoniacal Nitrogen (NH;), PO, and Total Kjeldhal Nitrogen (TKN), and low levels of
Dissolved Oxygen (DO).

In the South African context there was an absence of local data on the chemical and
microbiological composition of greywater until the study by Alcock (2002), which considered
in some detail the typical inputs as well as the chemical composition of domestic greywater
from a middle-class, sewered household in Stellenbosch. Household greywater was found to
have high concentrations of chloride (Cl), Na and potassium (K) with variable levels of N and
phosphorous (P). The greywater was generally alkaline and had a reasonably high sodium
adsorption ratio (SAR). As with the international research, it was noted that storage of
greywater can lead to changes in its chemical and microbiological composition, which may
increase the pollutant load.

More relevant studies in terms of the characteristics of greywater from non-sewered,
lower-income communities in SA have recently been conducted by Killerfelt & Nordberg
(2004), the Pollution Research Group of the University of KwaZulu-Natal (UKZN, 2005) as
well as Stephenson ef al (2006). Killerfelt & Nordberg evaluated the effectiveness of local
greywater treatment in the Moshoeshoe Eco Village and Hull Street housing estates in
Kimberley, Northern Cape. The chemical analysis of the greywater samples that were taken
from the inlets to the treatment facilities (comprising septic tank, sand filter, and modified
french drain) are shown in Table 2.2.1. UKZN have conducted plant trials with household
greywater from the Cato Manor area in Durban, and Stephenson ef al/ monitored the greywater
from seven different households in Kwamathukuza township in Newecastle, KwaZulu-Natal
where greywater is disposed onto the ground in front of the houses. Tables 2.2.2 and 2.2.3
summarise the greywater quality results from these studies. These results are compared to those
obtained for the samples taken during the site surveys which were conducted as part of this
research project in Section 4.4.

It was found during the Hull Street study that the bacteriological quality of the greywater
varied considerably and was very dependent on the specific water use just before sampling (e.g.
preparation of food, hand washing etc). In some cases there was an increase in Escherichia coli
(E.Coli) counts at the outlet from the treatment units owing to the high levels of organic
material in the septic tanks which promoted bacterial growth. On the whole, relatively little
information is available on the microbiological composition of greywater in South Africa and
what there is has focused mainly on total bacterial counts. An important defining factor in the
measurement of the type and concentration of microorganisms in greywater is the general
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improving wastewater treatment through implementation of the Urban Wastewater Treatment
Directive (UWWTD).

In SA it appears that STTPs are still used to some degree in household detergents -
Alcock (2002) reported that the water from clothes hand washing solutions typically contains
between 0.62 and 1.22g/l of STTP. A study conducted by Pillay (2001) on the impact of
detergent phosphorous on eutrophication reported that the South African detergent industry
formulates with phosphorous builders and therefore uses the maximum amount of phosphorous.
An investigation of the costs and benefits of eliminating detergent phosphorous altogether
indicated that the costs outweighed the benefits, but Pillay concluded that the cost of other
systems which use reduced amounts of phosphorous should be investigated as they may still
provide some benefit to the environment whilst being affordable.

2.3 Typical greywater volumes

The generation of greywater is directly related to the consumption of water in a household and
is dependent on a number of factors including the level of service provision, tolerance of
residents to pollution and the communities’ level of awareness of health and environmental
risks. It could be assumed that greywater accounts for virtually all water usage in non-sewered
areas except for that which is used for drinking purposes, that which is used consumptively in
cooking, and the water that remains on the surfaces of washed articles. Wood e a/ (2001) noted
that there is a general absence of data on the quantification of greywater in dense informal
settlements owing to the fact that generally there is no proper measurement of services in these
areas, and assumptions based on population estimates are indicative at best. During the on-site
surveys that were conducted as part of this research, residents of non-sewered settlements
reported water consumption figures ranging from 4.7/ to 28/ per capita per day (//c.d) although,
in the general absence of metering, these figures do not accurately reflect the total water drawn
from the system (i.e. leaks, under-reporting etc. are not accounted for).

Killerfelt & Nordberg (2004) studied two settlements in Kimberley that have on-site,
metered water supply with dry (ecological) sanitation in the form of urine-diverting toilets and
greywater treatment facilities. The average water consumption for the two areas during the
period of study was found to be 37//c.d and the mean greywater flow into the treatment facility
was calculated as 25//c.d (i.e. 68%). This figure does not however take into consideration the
fraction of greywater from households that is tossed onto the ground, and not disposed into the
treatment system.

Alcock (2002) reported that water consumption in households without waterborne
sewerage will be markedly less than in Western-style households and is primarily dependent on
the availability of a standpipe at the house. Similarly, multiple-tap households will use
substantially more water than those with access to only one tap. Alcock examined several water
consumption surveys with reference to South African urban, peri-urban and rural areas in order
to determine trends, and estimated that water consumption for households with a standpipe in
the yard is of the order of 30 — 80//c.d. Where water has to be carried from an external source
{250m — 3km to the source), a mean consumption of 9 — 50//c.d can be expected. The study also
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study concluded that approximately 83% of the total water consumption in the study area was
released as greywater.

For the purposes of this study it was decided that a figure of 75% of the water consumed
would be used to calculate the volumes of greywater being generated in the non-sewered areas
in South Africa — see Chapter 4 for further details in this regard.

2.4 Greywater management initiatives

Greywater management initiatives have fast been gaining momentum as the pressures of
increasing populations and poor or inappropriate service provision have resulted in the
generation of surface and groundwater pollution, particularly in high density urban settlements,
presenting a threat to community health and the receiving environment. The links between
health, sanitation and poverty have been demonstrated through initiatives such as the
Khayelitsha Water and Sanitation Programme (Stern et al, 2004) which highlighted the high
rates of worm infestation and diarrhoea amongst children in informal settlements as a result of
inadequate toilet facilities. The poor environmental health situation in Khayelitsha is further
aggravated by highly polluted urban stormwater runoff which is caused by inter alia greywater
and solid waste disposal, and there is therefore an urgent need to address the sanitation crisis.

In the report by Ashton & Bhagwan (2001) it was noted that the rapid growth of urban
areas in SA has been accompanied by increased quantities of contaminated runoff from
settlements, which has accelerated the degradation of water resources. The impact that low-
cost, high-density urban land use has on catchments warrants urgent attention. Monitoring
studies have to date often overlooked site-specific causes of contaminated runoff. An emerging
problem in this regard is that of greywater, the disposal of which requires attention as it has the
potential to cause severe pollution of water resources as well as impacting local soils.

The causes of water quality problems resulting from greywater disposal are reported in
“A strategy to manage the water quality effects of settlements: A guide to problem analysis”
(DWAF, 2001f1) as being:

e physical — e.g. when no services are provided or the services are inadequate,

J institutional — e.g. when services are not operated or maintained properly, or
° social — e.g. when people do not use or pay for services properly, or when vandalism
occurs.

It is unlikely that any cause will exist in isolation from another cause and there are likely to be
numerous connections between physical, institutional and social causes. These should be taken
into account when choosing specific greywater management options.

Another relevant South African study in this regard is the research done by Wood et al
(2001) which attempted to provide information on the significance of poor waste management
in dense informal settlements where greywater and stormwater management are generally not
recognised as services. The researchers tried to quantify the significance of greywater in
informal settlements and identify specific contributory factors as well as opportunities for
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developing low technology options for the cost-effective optimisation of waste management, so
as to permit the gradual development of greywater management. Factors identified in greywater
generation were physical (services), institutional (existing service supply policies were
reviewed), educational, and socio-economic. Some of the current South African greywater
management initiatives that were identified in the study included the following:

o Provision of controlled water supplies to limit wastage, as in the Durban Metro stepped
supply scheme.

® Community participation in technology selection and appropriate location, construction
and maintenance of sanitation services (e.g. Kleinskool, Port Elizabeth).

o Stormwater management by provision of collection trenches which gravitate excess
stormwater away from individual shacks in Soweto-on-Sea settlement, Port Elizabeth.

® The provision of catchpits in an informal settlement in Paarl to collect greywater from
standpipes for drainage to the municipal sewerage system.

The study considered the community perspective as well as the local authorities’ perceptions of
service provision by consulting with a wide range of stakeholders, and provided the basis for
the communities and service providers to select technologies and management opportunities to
best suit their needs. It became clear during the research that water supply is the primary
concern amongst residents of settlements, followed by sanitation, stormwater control, solid
waste management, and lastly greywater pollution control. The communities tended to be
relatively naive on the importance of greywater management and did not have a good
understanding of the role of Local Authorities in service provision. It was concluded that, as
sanitation, solid waste and stormwater services are implemented in phases, opportunities for
greywater management should be considered as part of the integrated services. The phased
implementation of services should however not be allowed to create health problems in the
short to medium term and the promotion of greywater management and control should form
part of community healthcare programmes.

Drought-prone areas in SA have also started considering the use of greywater as an
alternative water resource, and research has been conducted on the different use and treatment
options that could be used to render the water fit for use. Van der Linde (1997) reported that the
town of Hermanus has had to opt for a comprehensive water conservation programme due to
the fact that the demand for water consistently outstrips the supply in the town. Included in their
12-point conservation plan are infer alia innovative tariff structures and the potential use of
greywater for food gardening. Other management initiatives include using the greywater for
dust control, car washing and in pour flush toilets. Pretorius & de Villiers (2003) observed
people disposing of greywater via communal (sewered) toilets but this becomes problematic
when the facilities are blocked and the additional volumes of wastewater could then cause the
units to overflow, thereby exposing the users to pathogens. These potential hazards thus need to
be taken into account when developing waste management plans for settlements.
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2.5 Survey of greywater treatment and options for use

In order to fully understand the various greywater management initiatives that are taking place
throughout the world it is necessary to carefully consider the characteristics of greywater, how
it is generated and the possibilities for its treatment and use. According to Al-Jayyousi (2003)
Japan, the US and Australia maintain the highest profile in greywater use worldwide and are the
most advanced from a regulatory point of view. Other countries such as Jordan, Israel, Canada,
the UK, Germany and Sweden are also involved in active research and applications and there
are regulations and guidelines in place in various countries to control the practice of greywater
use and reduce health and environmental risks (e.g. State of Victoria, 2003).

A wide variety of technologies have been used or are being developed for greywater
treatment and use, with the selection of technology depending on many factors such as the scale
of operation, end use of the water and socio-economic factors including regional customs and
practices (Jefferson ef al, 2004). These systems include:

® Natural treatment systems

® Basic filtration

° Chemical processes

® Physical and physicochemical processes
o Biological processes

Greywater use initiatives in most countries are driven generally by limits on the water supply,
either by high population densities or drought conditions. Greywater is typically used for
restricted irrigation or toilet flushing, usually with some form of pretreatment on-site. Examples
of this include the low cost greywater treatment units that were developed to help the rural poor
in a case study in Jordan (Bino, 2004) where the quality of treated (generally anaerobic
treatment) greywater was found to be suitable for restricted irrigation, i.e. crops not directly
consumed by humans. In this study special environmentally-friendly detergents were also
formulated with potassium and magnesium (Mg) ions (instead of sodium) in an attempt to
control the long-term negative impacts associated with detergents containing high levels of
sodium.

Various international studies have shown that the use of untreated wastewater (including
greywater) as an urigation resource for urban agriculture is common in the low-income
countries of Asia and Africa. Such farming methods are clearly a health hazard and would not
be accepted in the affluent countries of Europe and North America but are an essential
economic activity in poor countries, one that provides affordable food to the urban poor. The
spin-off in improved nutrition may however be nullified by poor health caused by eating
contaminated food. For the farmers, the nutrients in the wastewater also make it possible to
minimize fertilizer costs while providing them with a constant supply of water which they
would otherwise not have.

One of the studies that has reviewed the use of wastewater for agriculture worldwide was
completed by Scott et al (2004) and places particular emphasis on the use of untreated
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Winblad & Simpson-Hébert (2004) summarised the purpose of greywater treatment and

disposal systems within the context of ecological sanitation, as:

®

To use greywater as a resource for plant growth etc.
To avoid damage to buildings and surrounding areas from inundation and waterlogging

To avoid the creation of bad odours, stagnant water and breeding sites for mosquitoes and
other insects

To prevent eutrophication of sensitive surface waters

To prevent contamination of groundwater and drinking water reservoirs.

The successful management of greywater involves the proper design of the different technical
components as well as consideration of legal aspects and user participation in the operation and
maintenance of the systems. Simple household-based methods like soil infiltration can be used
to manage greywater in rural areas but when planning systems for urban, high density areas the
following collection and treatment components need to be considered (Winblad & Simpson-
Hébert (2004):

1.

Control at source — usually consists of employing methods to reduce the amount, and
improve the quality, of greywater produced. These methods include controlling the
volumes of water used, educating people about the effects of using certain products (e.g.
the use of environmentally-friendly household chemicals should be encouraged) as well
the correct design of disposal systems.

Pipe systems — used to collect the greywater and transfer it to where it will be treated and
used. In general greywater systems can make use of smaller diameter pipes compared to
blackwater. These systems need to have either flushing pipes and/or traps to prevent the
blockage of pipes and a means of evacuating air and odours. In smaller systems the pipe
system outlay should be designed in such a manner that the discharge points are in direct
contact with the ground.

Pre-treatment — required when greywater is collected in larger pipe systems or stored for
longer periods and used to trap the suspended solids in greywater by using gravity,
screens, seals or filters. The most common and effective form of pre-treatment is through
the use of septic tanks although different pre-treatment devices based on screens, seals
and filters are also available commercially.

Treatment — used to remove those substances that would degrade easily to cause bad
smells as well as to reduce the level of micro-organisms, organic pollutants and heavy
metals. Treatments range from extensive land applications to intensive applications, as
follows:

o Sorption and irrigation techniques — include mulch basins, trenches, wetland
irrigation and pressure pipe irrigation.

® Rapid infiltration methods ~ include soil filters and artificial filter media.

° Biofilter reactors — include trickling filters and bio-rotors.
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® Aquatic systems — reedbeds, ponds and wetlands.

5. End uses — after treatment, greywater is used for irrigation or returned directly to the soil,
with the following end uses:

o Discharge to surface water — in order to maintain attractive and stable aquatic
ecosystems, the concentration of oxygen-consuming substances and nutrients in the
greywater should not be too high.

o Percolation to groundwater — reliable treatment methods should be used to remove
suspended solids, BOD and bacteria, and the water should be allowed to percolate
through an unsaturated zone of at least Im in depth with a safety zone between
percolation fields and wells.

® Use in irrigation — water should be applied sub-surface and crops should be chosen
with care (i.e. only crops where leaves or stems are not eaten raw or under-cooked).

It should be noted that there are limitations in all of the above treatment technologies and
techniques, not only in their designs, but also in their usage over time. Ongoing monitoring and
evaluation of any greywater treatment system is essential in order for it to work successfully.

2.6  Use of greywater in South Africa

Greywater irrigation is used to a small degree in the more affluent areas of South Africa for
general garden watering and limited vegetable production, as well as in certain low-income,
peri-urban and rural settlements. Greywater irrigation in rural areas where water consumption is
at subsistence or near-subsistence levels has enabled yard crop production to take place on a
modest scale, and has shown that greywater could be of critical importance for low-income
agricultural purposes during periods of low rainfall. The study by Alcock (2002) revealed that
there is a lack of information on greywater as a specific resource and as an irrigation technique,
especially for low-income households in South Africa. He did however conclude that greywater
could be used for yard vegetable and fruit tree cultivation provided that several precautions are
strictly observed.

There have been very few scientific investigations to date into the use of greywater for
irrigation in South Africa. One study by Beukes (2001) showed that the use of greywater had a
positive effect on plant growth and yields, specifically for tomatoes and beans over two
seasons. It seemed that the soap present in the water provided benefits in terms of pest control
and disease prevention. Salukazana er al (2005) investigated plant growth and the
microbiological safety of plants that were being irrigated with greywater from a low-income
peri-urban community in Durban. Preliminary results have showed that greywater could
represent a potentially important resource for food production in poor peri-urban communities,
with minimal additional risks to health associated with consumption of the irrigated produce.
Further work is required however into the sustainability of the practice and the medium to long-
term effects that greywater irrigation may have on soil quality. There are also still unanswered
questions regarding the health risks associated with using greywater from impoverished
communities (and particularly high-density settlements) to irrigate food products, where
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community health and overall immunity to disease is severely compromised. It is important to
note that greywater use should be seen in terms of its contribution to sustainable water
development and resource conservation without compromising public health or environmental
quality (Al-Jayyousi, 2004).

There have been a number of innovative irrigation methods designed for the use of
greywater, including the Wagon Wheel Iirigation System developed by the Institute for
Deciduous fruit, Vines and Wine (Infruitec-Nietvoorbij) at the Agricultural Research Council
(ARC), which has been installed at a number of sites in South Africa (Albertse, 2000). The
tower garden is another interesting concept (derived from a project in Kenya), which consists of
vegetables growing around the sides of a column of soil surrounding a central stone-packed
drain within a shade cloth or fertilizer bag (Crosby, 2004). Greywater is poured on top of the
stones and filters slowly through the soil column. These systems were designed specifically for
low-cost, small-scale irrigation with greywater, but there are also commercial greywater
systems being used in high-income sewered areas, e.g. the Garden Res-Q (Garden RESQ, 2006)
and Water Rhapsody (Water Rhapsody, 2006) systems, which use filtered greywater from
bathrooms and washing machines to irrigate gardens.

Khosa et al (2003) described an on-farm study using the ‘Drum and Drip® micro-
irrigation system (an adapted low-cost irrigation system for use on smallholdings) in two
settlements in the Limpopo province. The research showed however that vegetable production
based on the use of recycled water by means of this system was not an unqualified success.
Users considered recycled water to be unhygienic, and could not be convinced otherwise.
Furthermore the use of saline water also led to clogging and rusting problems in the irrigation
system. There were however some overall positive effects - participants have continued to grow
irrigated vegetables and are using the recycled water in other ways.

As part of their Upgrading of Informal Settlements programme, the City of Cape Town
hosted a workshop on “Greywater in informal settlements” in October 2004, the aim of which
was to identify and assess the technology currently being employed by the municipality to
mitigate the current problems with greywater disposal (City of Cape Town, 2004a). The main
purpose of the methods being employed is to provide “safe, accessible and environmentally-
friendly disposal of the greywater whilst being cost-effective”. The following means of
disposing and / or reusing greywater were highlighted at the workshop and are examples of the
most widely-used methods employed by local authorities throughout the country:

1. Standpipe and soakaway — this system functions optimally in good soil permeability
where there is a low water table, flat topography and soft, “pickable” soil. This form of
greywater disposal has very low cost implications.

2. Standpipe and catchment slab — it is possible to use this combination where a high water
table is present, but the runoff from the catchment slab has to be connected to a sewer
system and therefore has medium cost implications.

3. Standpipe and gulley — the standpipe and gully combination requires that the topography
is at a sufficient gradient to allow efficient drainage. This also requires that the system be
linked up to the sewer and has medium cost implications.
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4, Kerb inlets and stormwater channels — kerb inlets to stormwater are usually used when
there is no other suitable alternative for greywater disposal and are placed within the road
reserves. They have low capital cost implications but the biggest disadvantages of this
system are that they tend to accelerate the deterioration of the road surface and also result
in environmental damage to rivers from the polluted stormwater discharges. Similarly,
where open stormwater channels exist in informal settlements, they are often misused for
the disposal of greywater and other household waste, which ultimately leads to poor
environmental health conditions. There are high costs involved with the maintenance of
both kerb inlets and stormwater channels, as there is a need for regular solid waste
collection in order to prevent blockages.

5. Wash troughs — these have a high frequency of usage within South African informal
settlements, providing communal facilities for laundry and other washing activities and
thereby isolating the waste stream to a particular area. The wash troughs should be sited
on gently sloping ground so as to allow for the greywater to drain efficiently, either to
infiltration on surrounding land (away from dwellings) or to a sewer system.
Disadvantages of this system include the relatively high capital costs as well as the
potential to create poor environmental health conditions if not properly managed. It does
however provide an opportunity for reusing the water in some form of irrigation,
particularly in the case of community gardening projects.

6.  Innovations — various innovative greywater disposal and / or treatment technologies have
been tested and used in the various informal settlements in the Cape Town Metropolitan
area, including the following:

® Greywater sand filters

® Grease traps

° Sub-soil and french drains
o Wetland systems

® Tower gardens

2.7  Strategies for sanitation provision

The basic level of sanitation service in South Africa was defined in the “Water supply and
sanitation policy white paper” (DWAF, 1994) as a “ventilated improved pit (VIP) toilet or
equivalent”. The definition “basic level of service” was later replaced in the “White paper on
basic household sanitation” (DWAF, 2001a) by the term “adequate sanitation”, which states
that the service should promote health and safety, and that it should be attainable and
sustainable socially, economically, environmentally and technically (Austin et al, 2005).

Greywater management is totally dependent on the level of provision of effective services
(water and sanitation) and the strategies for sanitation provision in particular are relevant in
terms of determining the possible extent of the greywater “problem”. Despite enabling national
policies, institutional initiatives to develop delivery frameworks for basic sanitation have been
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slow because of a lack of consensus in water services and related units within local authorities
(Lagardien & Cousins, 2004). A planning and implementation framework for basic sanitation
services has therefore been developed and the emergent theme has been that the policies of
local authorities should be aligned with legislative and national policy requirements. Research
into the difficulties of provision and maintenance of services in dense settlements has reiterated
that service provision has historically not involved detailed discussions with communities.
Stimulating demand for services through health and hygiene education is accepted as a key
aspect of sanitation projects and will ensure that the services are not doomed to misuse,
vandalism or failure. It has also been noted that where the method of service provision employs
local capacity the systems stand a greater chance of being sustained. A partnership that seeks to
increase local responsibility will therefore maximise local roles in the interests of sustainability
and the alignment of role-players in approaching delivery to informal settlements is thus
essential. The study by Lagardien resulted in a draft policy document for rudimentary services
to informal settlements, based on the National Sanitation Policy.

The sanitation policy and protocol for appropriateness for use as developed by the City of
Johannesburg, as well as other existing legislation and policy, were reviewed in a study by Van
Ryneveld (2003). This study concluded that the critical issue in the provision of sanitation to
low-income settlements concerns pollution from on-site sanitation, which is managed by both
the Department of Water Affairs and Forestry (DWAF) and the Department of Environment
Affairs and Tourism (DEAT). Local authorities are compelled to remain financially sustainable
in respect of the provision of services to low-income settlements, and must comply with
applicable environmental legislation. The recommended approach for addressing environmental
sustainability is to adopt a health focus for the short term (less than 10 years), try to minimise
diffuse pollution (from e.g. greywater) in the short to medium term (3 to 20 years), and initiate
further research for longer term. In order to clarify the roles and responsibilities of the various
role-players in the demand-responsive (rather than supply driven) approach which should be
adopted with respect to sanitation provision, a framework of rules needs to be established
through which people can make demands, The rules under which the community can get
sanitation, the decisions the community must make, and the contracts that are likely to be
established between the community and the service provider all need to be determined.

2.8 Water quality in dense settlements

The Department of Water Affairs and Forestry’s “National strategy for managing the water
quality effects of settlements” (DWAF, 2001b) was one of the outputs of a project that was
jointly funded by DWAF and the Danish Government via their Danish cooperation for
environment and development (DANCED) program. DWATF initiated the study looking into the
links between pollution, community perceptions and local government capacity, which ran in
parallel with test cases on water quality in dense settlements. The research formed part of
DWAF’s overall approach towards Water Resource Management (WRM). The National
Strategy is one of the supporting strategies of the Catchment Management Strategy (CMS),
which will in turn give effect to the National Water Resource Strategy (NWRS) that underpins
the Government’s goals of poverty alleviation and economic growth. The report identified the
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underlying causes and costs (health, environmental etc) of pollution, the legal considerations
and various financing interventions.

DWAF has the constitutional mandate to legislate measures for the protection of water
resources and can assist local government in identifying problems and indicating how waste
services should be provided in order to protect the resource. The NWA provides a means of
intervening where there are existing water quality problems, and the Water Services Act and
Municipal Systems Act provide the means to integrate the recommendations of the strategy
with municipal planning and budgeting processes. The notion of the “equitable share” becomes
relevant in this respect, where local authorities are entitled to a share in revenue raised at
national level and are thus able to fulfill the objectives of the National Strategy even if their
funding resources are not sufficient.

The Dense settlements project noted that local government capacity influences the way in
which waste removal services are supplied and maintained and that capacity gaps (i.e. the gaps
between what is required to operate waste management services and what is available within
local government) can contribute to pollution problems. The role of women is critical in the
management of water quality effects as they are primarily involved in polluting activities in
dense settlements and are thus best placed to identify polluting behaviour. The research also
clearly showed that social and institutional problems could contribute to pollution.

Schoeman e al (2001) investigated the extent of the causes and consequences of
contaminated runoff from high-density urban developments and attempted to develop
guidelines for the management of this urban runoff. In this report greywater was not in itself
considered to be a particular problem in terms of urban runoff, but could contribute to the total
pollution load — the litter and faecal pollution associated with greywater from low-cost, high-
density settlements was stated as the main contributors to urban runoff problems. It was noted
however that further research is required into pollution sources and pathways, and the role of
greywater in this regard needs to be determined.

In order to ascertain the extent of groundwater contamination from developing urban
settlements Wright (1999) studied the magnitude of contamination, the major contaminants and
contributors to contamination, and the establishment of guidelines for the protection of
groundwater. He concluded that all existing informal settlements, and particularly those that are
poorly managed, should be considered as sources of contamination. The groundwater from the
aquifers around the study sites in Cape Town, Gauteng and Durban was found to be
contaminated with nutrients, pathogenic micro-organisms and biodegradable organics at all of
the sites studied. The major sources of groundwater pollution were found to be on-site
sanitation, seepage from garbage and greywater disposal, communal water supply sites,
communal meeting sites, informal trading sites and stormwater drainage systems. The most
significant variables with respect to urban groundwater contamination were found to be type of
housing, hydro-geological setting, importance of groundwater and type of sanitation.

The report recommended that Third World type urban development (e.g. informal
settlements) should not be allowed in the vicinity of major aquifer systems and that it is the
responsibility of DWAF, together with the local authority concerned, to ensure that this does
not happen.

Understanding the use and disposal of greywater in the non-sewered areas of South Africa
Chapter 2 — Literature review



2.9  Sustainable sanitation

Rapid urbanisation is occurring throughout the developing world, creating a demand for
housing, infrastructure and services. Sanitation services present a particular problem, especially
in informal areas where local sanitation problems are often solved at the expense of the wider
environment. Sustainable sanitation practices seek to resolve this, whilst still being affordable
for the poor (Bernhardt Dunstan & Associates, 1998). The study by Tayler & Parkinson (2003)
went on to explore options for institutionalising strategic approaches to sanitation provision in
urban areas, with the emphasis on services rather than facilities alone. Inadequate sanitation is
only one aspect as low-income settlements also tend to have poor drainage and no solid waste
services, which adds to the problem. Strategic planning should allow for a range of actions in
order to achieve the overall goals in accordance with relevant policies — sanitation services
should be equitable, environmentally acceptable and operationally sustainable. The strategic
approach should establish the demand for improved services, then inform it in terms of what is
possible, and finally respond to this informed demand (this could require capacity building).

This view was supported by Holden (2001) who stated that sustainability is only achieved
when the community wants and accepts the level of service provided, is able to pay for it and
can maintain it locally. In this context sanitation includes containment and safe disposal of
excreta, refuse and greywater, as well as the provision of a sufficient quantity and quality of
drinking water. Good sanitation is essential for primary health care, and the disposal of
greywater is only considered a problem if it is mixed with blackwater (i.e. is contaminated) or if
the settlement is densely populated. It was shown that simple locally based technologies can
effectively be used for treating / disposing of greywater. There should thus be an integrated
approach to sanitation where the solid waste management, stormwater drainage, excreta
disposal and greywater management services are all linked (Tayler & Parkinson, 2003). When
developing plans for sanitation improvements, the options that the local situation offers for
integrated action should also be explored. A key finding of the research was that the widespread
adoption of strategic approaches at a municipal level is unlikely to occur unless the policy
context is supportive to such approaches. Also important are the prevailing local attitudes and
assumptions.

Similarly, the study by Manase ef ol (2001) concluded that the major cause of poor
sanitation in informal settlements is the lack of strong, transparent and effective linkages
between sanitation agencies and the urban poor. Guidelines were produced giving suggestions
for ways of ensuring cost-effective and sustainable improvements in sanitation, including the
following:

® social (socio-cultural and political factors) — health and hygiene messages should be
linked to cultural beliefs and practices.

° institutional — there needs to be a comprehensive sanitation policy targeted at poor urban
areas where the relationship between Local authorities (LAs), Non governmental
organisations (NGOs) and Community based organisations (CBOs) must be clearly
defined.
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® financial — tariffs should be based on the cost of providing services and the willingness of
communities to pay.

° technical and environmental — communities should choose technologies and service
levels which they understand and want.

Sustainable development indicators (SDIs) are tools that can be used to measure progress and
warn of future trends in sustainable development. Twenty SDI’s were evaluated in a study by
Morrison et al (2001) of an urban water system in King William’s town, and applied to the four
environmental and technical system components that were identified, i.e. freshwater resources,
drinking water, wastewater systems, and sewage sludge. Fifteen SDIs were identified as being
useful, with the reuse of water having a high reference value as an indicator. This means that
efficient reuse of water indicates a high level of sustainability of the system. Other SDIs that
could be used to monitor sustainability include raw water withdrawal, raw water quality and
drinking water consumption.

2,10 Productive uses of water

There are two principles of the demand responsive approach that apply to sustainable water
supply and sanitation, i.e. water as an economic and social good, and management of water at
the lowest appropriate level with users involved in planning and implementation of projects.
Research on the productive uses of water at a household level by Pérez de Mendiguren (2003)
gives an outline of the South African policy and institutional requirements in this regard.
Previously disadvantaged communities have to compete with other key sectors if they want to
gain access to water over and above the basic needs level, i.e. for productive uses. The ability to
access this water will also depend on the availability of the supply as well as their ability to
carry the costs of the water — this can in turn be enhanced by promoting income-generating
activities. The study differentiated between areas where the level of domestic supply was good
(“best-case”) and those where there was no reticulated supply and the minimum RDP standards
were not met (“worst-case”). The productive use of greywater was not specifically considered
for this research; however instances of use of greywater were noted, e.g. watering of fruit trees
in “worst-case scenario” villages. Information was derived on the income possible from the
productive uses of water and it was concluded that an extra 17//c.d can result in an increase of
approximately 14% in personal income. It is therefore important that alternative ways of
providing water for productive uses (e.g. through the use of greywater) are explored.

Sustainable water management concepts have also been studied by Wilderer (2003) who
stated that the costs and time needed for the installation of conventional sewers and wastewater
treatment plants are tremendous, and the use of potable water to transport pollutants is not
feasible in many areas. Decentralised water and wastewater management, as well as on-site
systems and source separation of waste streams should therefore be considered. In this context
the principles of ecological sanitation (Ecosan) are applicable, where human excreta is regarded
as a resource and not simply a waste product destined for disposal. Ecosan technologies take
cognisance of the principles of environmental sanitation (keeping the environment safe and
clean and preventing pollution) while using recycling concepts. Ideally, they enable the
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The use of greywater as a substitute for fresh water may provide some economic benefits
in areas where potable water supplies are restricted, but the potential negative impacts (health
and environmental) from such use must be taken into account. The total volume of greywater
available for use in South Africa is insufficient to make a meaningful contribution to the
country’s water shortage as a whole. It could, however, make a local difference in the more arid
areas of the country, particularly where housing is not excessively dense. The outcome would
depend on both the geographic and socio-economic characteristics of the areas involved. The
cost-benefit analysis of any greywater use proposal would need a full evaluation of the
alternatives, and recognition of the risk factors involved (Leiman, 2005). This could include:

° Reducing water demand, thus generating less greywater.

® Making greywater a useable resource — e.g. irrigation into tower gardens (see Section
2.6), watering of trees etc. This entails the substitution of greywater for raw water and is
therefore water saving.

2.12 Summary and conclusions

The literature review has shown that, although there is a wealth of research available on
greywater internationally, it is not always applicable to the disposal and use of greywater in a
South African context, particularly in non-sewered areas. This appears to be due to the
following conditions, which are specific to South Africa:

° Geographical / environmental conditions, i.e. climate, water resources etc

e Financial situation — SA is classified as a middle-income country, as opposed to the
countries where much of the greywater research has been done, i.e. high-income
(developed) or low-income (developing) regions.

® Historical background and the backlogs as a result of unequal distribution of resources
® Government policy stance with respect to service delivery

J Human resource capacity

o Cultural norms and beliefs

Studies have shown that greywater, which is generated through inadequacies in the water and
waste management services, is a major problem in low-income settlements in South Africa and
represents a significant health and environmental threat (Wood et al, 2001). It is generally
accepted that the systematic use of greywater in certain settlements could provide benefits both
in terms of irrigation and where inappropriate greywater disposal and surface ponding is
evident (Alcock, 2002), but caution should be applied when considering this use of greywater,
specifically in high-density settlements.

There is a noticeable gap between government policy on water provision and the long
term sustainable water management challenges for the country’s cities. Research is thus
required to establish a baseline for policy making and urban planning upon which decisions can
be based pertaining to the interrelated challenges of poverty alleviation, sustainable livelihoods,
managing water and sanitation and the governance of rapidly expanding urban settlements.
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It has been shown that the management of greywater should be included at the planning
stage in the provision of services to and the development of settlements. It is vital that the
communities themselves are involved in this decision-making process, as well as in the
implementation and operation of the water supply / sanitation systems, in order to ensure the
success of these services. As noted above, although South Africa may learn from other
countries such as Australia, the USA, or even other African countries, it appears to have a
unique set of conditions which will require locally developed solutions to local problems based
on partnerships between municipal authorities and local communities.
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3. Methodology

Once the literature review had been completed and the methodology finalised, on-site surveys
were conducted in 39 selected communities in SA, using standardised greywater survey
questionnaires (see Appendix A). Greywater management is affected by sociological,
environmental and institutional factors, which necessitated the collection of large quantities of
data and the use of specialist knowledge in order to understand the range of issues. In each
community that was visited, surveys of current and potential greywater management and
recycling activities were carried out, and local practices pertinent to water use and management
examined, to determine their impact on greywater disposal and use.

The questionnaires were developed in consultation with the entire research team and were
piloted at two survey sites in the Western Cape before being used for the remainder of the
survey. They included specific questions on the following:

1. General household information — house type, income, occupation, no. in household etc.

2 Available services — sanitation type, distance to water source, water use, detergent use etc.
3. Greywater management — disposal methods, opinions on use etc.
4

General site characteristics — existing greywater management systems, soil type,
topography, environmental considerations etc.

The actual site surveys and interviews were conducted, during various field trips, by two key
researchers from the Departments of Environmental & Geographical Sciences (Dr Kevin
Winter) and Social Anthropology (Dr Owen Sichone) together with their respective
undergraduate and postgraduate students. Answers to the questions were recorded on the
questionnaire sheets during the interviews, and were then entered into a computer in MS Excel
format, back at the University of Cape Town, for later analysis by the author and others. Dr
Ulrike Rivett, together with various Geomatics students, was responsible for the establishment
of the information database and the production of GIS maps (see Section 3.3)

Volumes of greywater were calculated from the recorded amounts of water consumed per
household. In the absence of any formal metering, the figures for water consumption were
based on estimates given by the occupants themselves (usually determined by the number of
buckets of water collected during each day). General observations were also made of the
physical surroundings, climate, topography, use of groundwater etc. as well as any
environmental considerations related to the settlement. Sampling of typical greywater
discharges was undertaken to determine its chemical and microbiological quality.

The full details of the site surveys, as edited from the notes that were kept during the field
trips, are presented as case studies in Appendix B.
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Ad-hoc / informal discussions with local residents (e.g. at taxi-ranks) were used to
identify specific sites and obtain first-hand knowledge of living conditions within the
settlements.

1:50 000 topocadastral maps were used to identify settlements in areas where there were
specific environmental concerns. DWAF geohydrological maps depicting groundwater
conditions on a regional basis (1:500,000 scale) were used to highlight areas with known
aquifers. It was not always possible to pinpoint specific groundwater information to the
survey sites that were selected, but any use of groundwater as a supply source was noted
during the interview process.

By combining the above approaches, sites were selected in six of the nine provinces in SA
representing the range of problems associated with greywater disposal in different non-sewered
settlements.

3.2

Survey procedures

Once the target communities had been selected, the following steps were taken prior to the
surveys:

1.

Information was obtained on the geographic location and water supply / use of the
selected site in order to gain some insight into the general dynamics of the settlement,
particularly in respect of levels of services.

The relevant local authority was contacted for the names of the Councilor and/or Local
Authority official(s) responsible for the settlement, and to obtain any background
information on water supply, sanitation issues, strategies regarding greywater
management etc. (see Settlement Characteristics questionnaire in Appendix A).

Where possible, meetings were convened with the relevant officials and community
leaders in the area to discuss the aims of the research as well as the expected outcomes.

Community representatives were identified where necessary with a view to using these
people as translators and intermediaries during the survey process if required.

The survey team always included a person who was fluent in the predominant language of
the settlement, to facilitate first-hand communication with the community and act as an
intermediary where necessary.

The greywater sampling arrangements were confirmed and arrangements made for sample
bottles and instructions with the laboratory where necessary, before the surveys.

The following steps were followed when conducting the on-site surveys and/or interviews, of
which there were between 2 and 10 per site (depending on the size and dynamics of the
settlement in question);

1.

The questions in the Greywater Survey Questionnaire form (see Appendix A} were used
to obtain the required information from inhabitants regarding the generation of greywater
and its management in the selected settlement.
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2. Photographs were taken to record the observations at each place where an interview was
held and of any other interesting activities in the settlement related to greywater. Detailed
notes were taken to identify the position of any photographs taken.

3. A data sheet was completed for any water quality sampling that was undertaken, giving
full details on the location of the sample and instructions for the analysis thereof. The
type of analyses required depended on the settlement in question, and was determined
before the survey began. See Appendix A for an example of the data sheet for the
sampling.

Sampling comprised both field-testing as well as the collection of samples for further testing in
the laboratory. As a rule, | — 5 samples of the typical greywater being generated were tested
from each site together with | — 2 samples of the potable water in the settlement (either from
the most-used tapstands in the vicinity of the greywater samples, boreholes, stored water or
river water etc). In order to reduce analytical costs, field test kits were used to measure pH,
Electrical Conductivity (EC), Total Phosphorous (as P), Dissolved Oxygen (DO) and Ammonia
Nitrogen (NH3). These variables were chosen based on their value as a water quality indicator.
Information in this regard was obtained from selected chemistry and water quality reference
books and articles (e.g. Sanders ef al, 1987; DWAF, 1998). The reasons for the choice of water
quality variables are as follows:

o pH — the pH of a sample determines the availability and toxicity of the specific chemical
elements present in the sample, e.g. in alkaline (pH >7) conditions certain metals like
aluminium may occur as unavailable hydrated hydroxides whilst in acidic (pH <7)
conditions they form available and highly toxic ions.

o Conductivity — a measure of the ability of a solution to conduct an electrical current, used
as an indicator of the amount of dissolved material (specifically salts) in the sample.

o Phosphates — the primary reasons for testing for phosphates are that phosphate is an algal
nutrient (associated with the eutrophication of water bodies), and is indicative of
pollution, e.g. from detergents, fertilizers, sewage etc. Polyphosphates (usually sodium
tripolyphosphate) are used in detergents in order to provide the alkaline solution which is
necessary for effective cleansing, and are therefore found in large amounts in greywater.

° Ammoniacal Nitrogen — when dissolved in water, ammonia (NHs — highly toxic) reacts to
form ammonium (NH;" — less toxic), the quantities of each depending on the pH and
temperature of the sample. Water contaminated with ammonia should not be allowed to
enter any surface or ground water system. The field test kits measured total ammonia-
nitrogen, which is ammonia plus ammonium.

® Dissolved Oxygen — the measurement of the amount of oxygen dissolved in the water
relates to the amount of oxygen available for living organisms. Low levels of dissolved
oxygen may indicate organic pollution of the sample.

Control samples were collected at most sites for analysis in a registered laboratory, and in some
instances, to test for selected parameters that could not be analysed in the field, e.g. Chemical
Oxygen Demand, Oil & Grease, Sodium, Boron and Escherichia coli (E.Coli):
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) Soil type (particularly in respect of drainage conditions)

° Topography — general indication of average slopes

J Levels of service within community — water supply and sanitation
o Socio-economic status of the community

o Quality of the greywater and source (drinking) water

o Local governance — both formal and informal

o Culture / Religion — optional questions in survey

o Spatial patterns/ urban planning — observations only

o Ownership / land tenure / history (cf. land invasions)

) Environmental sensitivity of the area surrounding the selected community, particularly in
respect of possible pollution of water resources

o Proximity to major metropolitan areas — classification of urban, peri-urban and rural
settlements

® Representivity in terms of geographical distribution around the country, language and / or
race

The Excel spreadsheets were used to manipulate the water consumption and greywater
sampling data that was collected during the site surveys in order to determine average greywater
generation rates for settlements throughout SA and to assess the quality in terms of its potential
for use. The complete dataset from the questionnaires was integrated into a MS Access
database and then combined with the relevant spatial information. GIS was then used to
produce maps to illustrate the location of selected sites and facilitate an understanding of the
key issues.

3.4 Summary

The main aim of this study has been to understand the use and disposal of greywater in the non-
sewered areas of South Africa. This has included aspects such as quantifying the greywater
problem and developing options for the management thereof, both in terms of reducing health
and environmental risks, as well as possibly providing benefits to communities through
controlled use of greywater as a resource. It was essential therefore that the methodology for the
study included selection of representative sites, identification of key variables affecting
greywater use and disposal, as well as the determination of ways in which these variables could
be controlled. The process described in Section 3.1 was followed in order to be able to select
settlements for site surveys that would represent the range of different non-sewered sites
throughout South Africa.

The database that was developed was used for first-level querying of the data collected
during the site surveys, as well as for map production with the use of the GIS link. It was found
that there were limitations in the availability and validity of settlement data throughout the
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country as a whole. This meant that the database could not be used as a tool to identify specific
areas in South Africa where greywater disposal could be problematic, although it was useful in
determining overall greywater impacts at a provincial scale. In order to be able to properly
assess the extent of the greywater problem in non-sewered areas down to community level, it is
clear that improved data management by the SA Government is required, and that there should
be national coordination on this issue.

As can be seen, the formulation of the methodology for this type of research was a
challenging process and there were several difficulties and constraints that had to be overcome,
including the following:

® The challenges of conducting country-wide surveys from the Cape Town project base

° The unrealised expectation that GIS and related spatial data could be used more
effectively in the research project

® The scale of the site surveys and the wide range of different conditions that were
encountered

It is worth noting therefore that the methodology continued developing during the course of the
research, with valuable lessons being learnt along the way.
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4. Summary of findings from the site surveys

The following sections summarise the findings from the site surveys that were conducted, the
results of which were used to assess the extent of greywater impacts in South Africa, and
determine the required management options to deal with these impacts. It became clear during
the analysis of the data that was collected that a large variety of conditions occur in the non-
sewered settlements of South Africa. It was not possible to determine specific trends or
correlations between the influencing factors in greywater generation and disposal, which
highlighted the fact that the greywater issue in non-sewered areas is extremely complex. The
overall impacts resulting from greywater have however been assessed, and options for
greywater management determined.

The full results of the site surveys are presented as case studies in Appendix B, and
include specific details on the site description, social and environmental findings, greywater
disposal and water quality data. Some of the more strategic environmental and social
observations from the site surveys, as supplied by Dr Winter (Environmental impacts) and Dr
Sichone (Social impacts), have been edited for inclusion in the thesis and are presented in
Sections 4.1 and 4.2 respectively.

4.1 Environmental impacts from greywater in non-sewered
areas (Winter, 2006)

The site surveys identified a variety of direct and indirect impacts on the biophysical
environment that can be attributed to greywater run-off from different types of settlements.
Direct impacts were evident in the poor water quality of ponded water, streams and wetlands
found in close proximity to non-sewered homesteads. Indirect impacts were inferred from
observations including the presence of oil, grease and organic substances found on soil
surfaces, grass and plant vegetation destroyed by being inundated with wastewater and
interviewees who suggested that young children face health risks because they are in contact
with greywater. Certain communities also commented on a perceived increase in flies and
mosquitoes as a result of wastewater ponding and high concentrations of organic material. Key
concerns with respect to the biophysical environment include:

® the impact of greywater on the biota of water bodies
® a deterioration in the aesthetics of stream, river and wetland environments

° a deterioration in water quality that might affect downstream users using water for
consumptive and recreational purposes and those who depend on water quality to support
livelihoods (e.g. the tourism and transportation industries).

Field observations revealed extensive inundation of wastewater on soil surfaces at certain sites,
and greywater was observed being disposed not only into river systems but also directly into
sensitive estuaries and marine environments. In the absence of groundwater analysis, it cannot
always be proved that the groundwater is being contaminated by greywater, but it is highly
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likely and the long term potential for a significant deterioration of groundwater quality should
be monitored. The collection of a long term data set and analysis of groundwater for selected
areas throughout South Africa should therefore become a matter of urgency. This is particularly
important in dolomitic areas where the poor drainage conditions could lead to the formation of
sinkholes. It is recognised in this study that generalisations about settlement size and density
fail to account for the underlying soil conditions on which many sites are situated. For example
it is well established that porous and fractured rock accelerates surface to groundwater flow.
Alternatively, where surface soils consist of permeable sands with an underlying fractured
bedrock, then attenuation of the pollution is limited and the risk of groundwater pollution is
high.

The chemistry of greywater varies considerably according to the type of cleaning products
used, the volume of water used in the process, the number of rinses involved, the time taken for
these agents to dissolve, and the state or condition of the objects, material or bodies being
cleaned. The variability of these factors accounts for the wide range of water quality obtained in
this study. The study findings estimated that about 75% of the total household water is disposed
of in some manner with the remaining 25% being used consumptively, e.g. for drinking and
cooking purposes. It was found that most greywater is disposed onto the ground as a matter of
convenience. The vast majority of interviewees reject the practice of using greywater for
irrigation. The reasons for this vary considerably, but most of the sample population felt that
greywater is “dirty” and could not be used.

It is instructive to consider the types of cleaning agents that are typically used in
households so as to infer the potential damage to the environment. Information on the contents
of cleaning agents typically used in non-sewered settlements as stated on the packaging is
presented in Table 4.1.1.

Table 4.1.1: Typical cleaning products used in non-sewered settlements (Winter, 2006)

Soaps Contents (as stated on the packaging)

Sunlight family soap | Sodium tallowate; Sodium palm state; Aqua; Sodium palm kernelate; Titaniumdioxide;
Sodiumcarbonate; Tetrasodium EDTA; Etidronic acid; Sodium chloride; Aloe
barbadensis; Glycerine; Perfume; CI 11680; CI 74260

Sunlight cleaning 20-40% Anionic detergents; <15% solubilisers; Other — perfume and colourants
liquid
JIK cleaning liquid ‘Becomes ordinary salt, oxygen and other harmless substances thereby safeguarding the

environment, Safe septic’

Handy Andy liquid <5% non-toxic surfactants; 5 - 8% anionic surfactants; 7-15% abrasive agent

Omo washing <5% polycarbonates & cationic surfactants; 5 - 15% silicates & soda ash; 15-30%
powder anionic surfactants & phosphates

Sunlight washing 5% polycarbonates & clay; 5 — 15% silicate & soda ash; 15 — 30% anionic surfactants
powder & phosphate

While a chemical analysis of cleaning products was not undertaken, the information provided
on the packages of these products identifies that salts are dominant in all these cleaning agents.
Furthermore, in-situ analysis of dishwashing and laundry water samples indicated that total
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phosphate levels were often extremely high (e.g. over 400 mg//). Likewise, Total Kjeldhal
Nitrogen (TKN) levels were also found in places to be over 400 mg/l. It can be anticipated that
there may be a large impact on water bodies where excess nutrient loads flows directly into
rivers, stormwater systems and wetlands. The use of the typical reagents listed in Table 4.1.1
together with the fact that people tend to dispose of greywater onto the ground or vegetation
wherever convenient, is therefore likely to modify and possibly permanently damage soils and
water bodies. Some generalizations may be made with respect to the environmental impacts
that were observed during the site survey process:

[ ]

The data collected from interviews at settlements which have a low population density in
rural areas that are furthermore situated some distance from water bodies, suggest that the
environmental impacts are minimal under these circumstances. In these situations
greywater is generally being dispersed regularly on porous soils with little or no
inconvenience to households. It can be concluded therefore that rural settlements situated
on relatively flat, well-drained soils do not have an obvious greywater management
problem.

Low density rural settlements situated on hilly topography, and in close proximity to
water bodies, pose a greater risk to the pollution of water resources. Fieldwork conducted
in the KwaZulu midlands and in the Valley of a Thousands Hills (also KZN) identified
the flow of greywater run-off from the upper sources of streams as a contributor to the
poor water quality found in valleys. The situation had sometimes been exacerbated by the
behaviour of upstream users. For example, some interviewees living in upper catchments
wanted to construct drains to remove wastewater directly from their dwellings and into
nearby rivers. They felt water security had increased in recent years through the provision
of tapstands and they no longer needed to use rivers to access their water source (and
therefore no longer needed to maintain the quality of the river water). The consequences
of such behaviour could be severe.

Without doubt; dense, non-sewered informal settlements pose the greatest risk to the
biophysical environment and to human health. It has been shown that although
households in high-density settlements often consume less water per capita than less
densely-settled areas, the disposal of wastewater to the ground surrounding the houses
leads to ponding and run-off which is often exacerbated by water leakage at the tapstands,
due to leaking or broken taps. This run-off is frequently channelled into stormwater
drains. In some cases settlements are serviced by stormwater drains and canal systems
that direct wastewater directly into water bodies. Such canals are frequently unsightly,
unhealthy and contribute to the overall deterioration of the urban environment. Many
interviewees living in close proximity to these situations suggested that the streams and
rivers that had deteriorated so badly should be contained in closed pipes so as to avoid
further risks to their children and improve the aesthetic environment.

The following two case studies highlight the potential biophysical impacts from different types
of settlements:
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much still needs to be done. Although this study is about wastewater management, it is clear
from the interviews that were conducted that poverty issues are closely related — access to water
and sanitation is almost always discussed together with access to other basic services like
adequate housing, electricity, a safe environment, employment and education.

4.2.1 Results of social surveys (Sichone, 2006)

Most interviewees did not have regular paid employment and relied on grants, casual work,
gifts from relatives and other forms of aid for survival. Education levels varied but were
generally relatively low. In general rural and peri-urban residents appeared more content with
their situation than residents of urban settlements and it seems interviewees who have made
rural settlement a lifestyle choice make up for the inconvenience of the greater efforts required
to fetch water daily with a more peaceful and less stressful communal life.

There were few signs of water use practices being influenced by cultural or religious
beliefs, although notions of pollution based on the witcheraft paradigm (see text box) that sees
neighbours as potential perpetrators of harm caused some urban households to throw away any
water in the house that had been stored in containers overnight. The significance of this lack of
trust for the poor development of community-based governance is obvious. In fact, even
settlements with well-organized political lobbying structures, like Redhill (see Appendix B1.2),
displayed this lack of trust and revealed a divided community which is more likely to respond
to household rather than community-level interventions. If residents share little and have shown
no communal spirit in tackling problems like leaking water pipes for example, can they be
expected to maintain communal toilets, taps or greywater drains? A key role will have to be
played by local authorities in this regard until such stage as the tradition of civil society
participatory politics takes root.

The Witchoraft Paradigm and Community Life (Sichone, 2006}

The social sciences remain baffled by the persistence of witchcrafl accusations, divination and cleansing or
witch eradication in modern society. The main reason for the lack of understanding is that researchers have
by and large failed to escape their own narrow ethnocentrisms. The use of the notion of a witcheraft
paradigm in the context of this research supports the point that Ashforth (2002) makes regarding Soweto (as
well as other paris of the country that have similar social problems). He claims that a certain lack of trust
pervades society, based on the belief that misfortune comes from outside the person, outside the village and
outside the family group. It is suggested that especially in wrban multi-cultural communities, such a
“presumption of malice makes it difficult to build networks of trust” and that this has practical implications
Jor civil society, especially when a high prevalence of misfortune makes suspicions of witcherafl afl the more

plausible.

When asked what they would like to see change in their lives many respondents prioritized
“proper houses” which have electricity and waterborne sanitation. These concerns were seen as
the most pressing needs in resident’s lives. When asked who should play the leading role in this
development the answer was invariably the “government”. Even the malfunctioning of water
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supply was seen as a matter for the municipalities to correct. If greywater use is to become
essential for managing the water supplies for drought-prone towns or to alleviate the health
concerns over wastewater being disposed on the ground, it must be championed by the
municipalities first. The fact that recycling is not the main concern of people in these
settlements appears to be based on a sense of entitlement. This has resulted as a consequence of
the Government's stated policy regarding the delivery of waterborne sanitation in fully serviced
homes to as many citizens as possible and in line with South Africa's long tradition of
paternalistic municipality management, especially in black townships. Most people consider
alternative water provision and wastewater management techniques as temporary measures
only, and expect to have waterborne sanitation and a continuous supply of potable water in their
homes in the near future.

The concept of water recycling embedded in Government policies may be viewed with
suspicion if citizens think that they will be getting an “inferior” product. Similarly, dry
sanitation and other alternatives to waterbome sanitation, though perfectly “adequate”, may
turn out to be politically unacceptable. It is therefore important to understand the specific local
authority approaches to greywater management and their sanitation/water supply strategies and
explain these to the local citizens.

In different parts of the country researchers found that socio-economic circumstances
such as levels of income seem to influence the amount of water used per household, the types
of detergents, frequency of laundry habits and amount of greywater generated. The need for
sustained environmental education and mobilisation was evident in rural areas where rivers
were being used as sewers and in urban settlements where stormwater drains were similarly
being used to carry away the greywater and other wastes. The leading role in this process will
need to be played by the municipal authorities in concert with local community leaders.

4.2.2 Discussion on social impacts (Sichone, 2006)

One of the questions posed during the interviews was aimed at determining whether the
residents of non-sewered settlements thought that greywater was usable in any form. It was
found that although people were generally aware of the concept of recycling, the use of
greywater as such was a new concept to them and their responses to questions about its
usability were therefore hesitant. More information will be required before their perceptions can
be taken as a serious measure of their opinions. At present there is “trial and error” greywater
use being carried out by individuals in some areas but most people do not regard it as a
resource. It should also be noted that a lot of reuse already takes place before water is discarded
as greywater and this in itself constitutes a form of water recycling. It will be difficult for local
authorities to support the use of greywater around the household on an institutionalized basis
however, as controls would have to be put in place to ensure that health and environmental
risks are minimised.

In the very high-density urban settlements that were visited, such as Freedom Square near
Tembisa and parts of Khayelitsha in Cape Town, there was little space for gardening and
greywater was perceived to be a problem rather than a potential resource for recycling. As
usually happens when a large number of people are disposing their wastewater on the ground,
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streams of water have formed, which in this case could end up in other people's shacks.
Greywater was also carried from homes and deposited in the runoff from the standpipes or in
stormwater drains near the main road. Many women did their washing at the standpipes and
dumped their laundry water into the overflow from the taps. Smaller amounts of greywater
from the kitchens were usually just thrown onto the sand near the houses. In one case it was
noted that a woman whose house was situated near a stormwater manhole was using the
manhole as a soakaway and throwing large amounts of laundry water into it. Some plastic bags
and other solid waste also ended up in the manhole owing to the fact that the main refuse dump
was on the outskirts of the settlement, near the toilets.

In most of the settlements visited it was found that people have access to drinking water
and some form of basic sanitation. Even in the Eastern Cape (arguably the poorest of the rural
provinces) the DWAF-defined "adequate access to water services" of 25//c.d within 200m of
the dwelling has been provided for most people. In some rural settlements, however, women
still walk relatively long distances to water points, or collect water from springs or uncovered
wells. Needless to say such water is likely to be of a poorer quality. This research on greywater
disposal in the non-sewered areas in South Africa, though exploratory, has highlighted that a
number of challenges still remain in water and sanitation service provision in this country:

o Access to "adequate sanitation” still lags behind the supply of potable water which seems
to have been given higher priority in the provision of basic services by the Government
(even in terms of the target dates that have been set);

° Not all the water and sanitation facilities recently provided by local authorities have
remained in working order and the question of sustainability needs prioritising;

° Whilst people should take responsibility for their own environmental health, local
authorities still need to be seen as playing the leading role because they have the
resources to do so.

In areas where drainage was particularly poor, a number of health problems were identified by
residents, including mosquito infestation, smelly stagnant water and children falling ill after
playing in the water. In urban settlements like Khayelitsha in Cape Town stormwater drains
were routinely used for greywater disposal and, when questioned about this practice, some city
officials were of the view that this is the best possible solution for getting wastewater out of the
residential areas. The pressures that this may create on the streams and wetlands further
downstream needs to be further researched.

It was found that some people do dispose of greywater in specific places in certain areas
and this suggests that, with community approval, management systems could be implemented
successfully. Many interviewees were conscious of water shortages and scarcity and indicated a
willingness to conserve water if the authorities showed them how this could be achieved. The
overwhelming impression however, was that greywater was dirty, even toxic, and could not be
used. Even if tests show that it can be used for growing certain crops, education campaigns
would be necessary to effect attitude and behaviour change.
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Table 4.3.1 summarises the figures obtained for water consumption during the on-site surveys
throughout SA and also provides estimates for the volumes of greywater produced in these
settlements, based on an average greywater return factor of 75%.

The average water consumption figures and greywater return factors, above, compare
well with the figures available in literature. In a previous study on greywater by Alcock (2002)
it was noted that water consumption in low-income households without waterborne sanitation is
markedly less than in Western-style households and is primarily dependent on the availability
of a standpipe to the house. Water consumption for households with a standpipe in the yard was
reported as being of the order of 30 — 80//c.d with multiple tap households using substantially
more water than those with access to only one tap. Where water has to be carried from an
external source (greater than 250m to the source), a mean consumption of 9 — 50//c.d can be
expected. These figures are similar to those quoted by Cairncross (1990) who also noted that
locating a water supply point on the property, i.e. in-house or yard tap, could increase
consumption by as much as 2 to 3 times compared to having to walk to fetch water.

Alcock (2002) estimated that the available greywater generated per person on site could
be of the order of 25 — 75/ per day. Elmitwalli et al (2003) suggested that greywater represents
65 — 75% of domestic wastewater, and Eriksson ef af (2002) estimated that the total greywater
fraction accounts for approximately 75%. One of the few SA studies to have conducted actual
measurements of greywater production in low-income settlements was that done as part of the
Water Research Commission (WRC) Project No. K5/1440, “Drainage in rural and peri-urban
townships” (Stephenson ef al, 2006). Seven households were provided with 200/ drums for the
disposal of their greywater so that the daily volumes of greywater produced could be measured.
The average water consumption from communal standpipes in Kwamathukuza, Newcastle was
found to be 153/du.d (29//c.d), with greywater comprising about 87% of this, or 133/du.d
(251/c.d).

4.3.1 Census updates

The Census 2001 data that was used to calculate the overall quantities of greywater being
produced in non-sewered settlements had to be modified to take into account the changes in
service status, population numbers, names of settlements etc. that have occurred, particularly in
the major urban areas, since 2001. In order to do this, certain categories in Census 2001 were
compared with later studies; the Non-financial Census of Municipalities, 2002, 2003 & 2004
(Statistics SA, 2002, 2003 & 2004) and the General Household Survey, GHS 2004 (Statistics
SA, 2005) and the percentage differences in numbers of non-sewered households in each
province were then applied to the Census 2001 data.

Table 4.3.2 shows that the overall total number of non-sewered households in SA has
decreased by a factor of 3% between Census 2001 and the latest Census updates released in the
Non-financial Census 2004 (Statistics SA, 2004) and the 2004 General Household Survey
(Statistics SA, 2005). These reports estimate that approximately 20 million people in SA live in
non-sewered households, i.e. no sanitation or basic sanitation facilities. The latest Department
of Water Affairs Annual Report, 2004/2005 (DWAF, 2005) reports that a further 1.3 million
people were served with basic sanitation facilities during the year under review, so that the
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Beneficial use of greywater is considered to be the most sustainable disposal option, but in
reality is rarely achieved as there are two critical issues regarding greywater quality that must be
resolved before any reuse initiative can take place:

1. Health aspects — adequate controls must be in place to ensure that the risk of infection
from any pathogenic organisms present in the greywater is negligible.

2. Soil conditions — conditions should be suitable, or measures should be put in place, to
prevent damage to the soil resulting from the long-term application of greywater with
high levels of salinity.

The above issues imply that there is a need for strong institutional support and monitoring if the
beneficial use of greywater is to be considered. One of the areas where this option is being
implemented 1s eThekwini Municipality in Durban, KwaZulu-Natal. eThekwini are attempting
to encourage home-based food gardening in order to deal with some of the poverty issues in the
area and have determined that the minimum plot size that would be required for this is 350m”.
Households are supplied with their Free Basic Water (FBW) allowance of 6,000/ per household
per month (200/ per day into tanks) and eThekwini have calculated that only a very small
portion of the plot (10m?% based on annual net evaporation figures) is required as a sacrificial
on-site greywater disposal area. The home-based gardening initiative that has been linked with
on-site greywater disposal is possible in Durban owing to the fact that there is sufficient space
to be able to provide micro-holdings that are situated on fertile, well-drained, and usually well-
watered land. The Durban situation is somewhat different to other places in SA however, and
different environments will require separate greywater management solutions, e.g. the method
of matching greywater generation with plot sizes is not possible in the winter rainfall regions of
South Africa where there is negative net evaporation for parts of the year.

As noted previously, on-site disposal of greywater is widely practiced throughout the non-
sewered arcas of South Africa and appears to be an acceptable option in arcas with low to
medium settlement densities and well-drained soils, although the long-term environmental
impacts of this still need to be assessed. Off-site disposal of greywater is the only remaining
option for those arcas where the settlement characteristics, e.g. high densities, clay soils, high
water tables etc, are such that on-site greywater disposal would create significant environmental
and health impacts — see Section 4.5.2 for further discussion on these settlement characteristics.

The factors that need to be quantified before making any decisions with respect to
greywater management include the following:

1. Water consumption, measured in litres (/) per household (or dwelling unit, du) per day -
the issue of greywater is inseparable from that of water supply as all water that is supplied
to a settlement which is not consumed must be disposed of in some manner. The general
premise is that if the volume of water supplied is low and the settlement density is not too
high then greywater disposal in the vicinity of the dwellings may be possible.

2. Settlement density, measured in dwelling units (du) or numbers of households per hectare
(ha) — this has been determined as being a key driver with respect to greywater
management owing to the fact that large numbers of people living in densely-populated
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settlements generate increased volumes of waste, which cannot easily be disposed of in
the limited available space.

3. Soil / surface properties — these relate to the drainage conditions of a particular area and
are not necessarily directly related to the soil properties themselves. They are affected by
settlement densities and previous practices with respect to greywater disposal (e.g. the
build-up of grease and “scum” on soil surfaces, as well as the impact of high pedestrian
tratfic in built-up areas that can cause hardening and reduce the soil’s ability to drain
efficiently).

4. Topography / slope — it is difficult to quantify the impacts from different slopes but it is
accepted that very steep slopes could be problematic due to their potential for erosion,
and flat, low-lying areas could result in ponding of the greywater.

5. Rainfall — it is clear that it is easier to manage greywater in areas with low rainfall but the
specific impacts of varying rainfall are difficult to quantify. The issues are mostly to do
with the conveyance of polluted surface water to low-lying areas, and when rainfall
causes the ground to become waterlogged.

6. Depth to water table — when groundwater is close to the surface the ability of soakaway
systems to absorb water is restricted and the potential for groundwater pollution is
increased. The risk of groundwater pollution is even higher in dolomitic areas and where
porous and fractured rock conditions accelerate surface to groundwater flow.

7. Proximity to sensitive environments — indiscriminate greywater disposal should not take
place in settlements that are adjacent to environmentally sensitive areas like rivers,
wetlands, unprotected boreholes etc., or within floodplains.

8.  Current waste management methods — the various options for greywater disposal depend
on whether there are any existing initiatives to manage the system, e.g. infiltration beds or
soakaways at standpipes, sacrificial areas for greywater disposal etc.

4.5.1 Options for decision-making

There are various ways in which greywater management options may be evaluated. The first
option is to attempt to use the above criteria in a multi-criteria decision-making (MCDM) tool,
in order to identify settlements which, based on their characteristics, could have potential
greywater management problems. The MCDM tool allows users to assign scores for particular
settlements for each of the selected criteria and also to weight these criteria in relation to each
other. The result is a summation of the various scores for each of the criteria in a settlement,
giving a total score which reflects the best option for greywater management in the area. There
are limitations to this process however, the most important of which is that the selection and
weighting of the criteria is subjective, and the factors are difficult to quantify. Also, it appears
as though many of the criteria relate better to each other as products rather than summations,
plus there are a host of inter-connections that cannot be modelled by way of the MCDM tool.
This option was therefore abandoned.

The site surveys showed that settlement density together with the consumption of water
per dwelling unit appear to be the most critical factors in determining the extent of the
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greywater management problem. Although the level of service with respect to water supply to
informal settlements can vary widely, only two categories seem to have any influence on the
amounts of water consumed — having a tapstand on the property or having to walk to fetch
water (irrespective of distance). Given that, in the absence of sewerage, greywater disposal is
generally through a form of on-site drainage, consideration was then given to some sort of
infiltration equation e.g. Green & Ampt (Green & Ampt, 1911), Horton (Horton, 1933), or even
Darcy’s Law (Darcy, 1856). None of them, however, can adequately cater for the situations
pertaining in the settlements that are typical of the non-sewered areas in SA. Apart from the fact
that infiltration parameters are exceptionally difficult to estimate owing to the gradual blockage
of the surface with fine particles, fats and greases from the greywater that is then compacted by
human activity, other important factors such as ground slopes, the impact of rainfall and
evaporation patterns, proximity to sensitive environments and current waste management
methods are ignored. This approach was thus also abandoned. In the end, therefore, the project
team decided that the only quantity that could sensibly be calculated is the quantity of greywater
per hectare {Gg) that needs to be managed:

Gg = QD [4.1]

where, Ggis the greywater generation rate, //ha.day
Q is the greywater produced per household (water consumption x 75%), //du.day,
D is the density of households per hectare, dwha,

As will be seen later in Section 4.5.2, other local factors that may impact on greywater
management options must then be taken into account so as to assess their relevant influences on
the disposal practice.

4.5.2 Greywater assessment

Greywater generation rates for non-sewered settlements in SA and the likely impact of changes
in service levels with respect to water supply (e.g. higher water consumption leading to
increased generation of greywater) can be calculated by using Equation 4.1, with figures for
settlement densities acquired from local authorities, and average water consumptions from on-
site surveys (Table 4.3.1) as applied to particular types of settlements.

Settlement density is the simplest criteria to establish and, because it has such a
significant impact on greywater management, there have been a number of studies looking at
appropriate management practices required to minimise pollution effects from settlements with
varying densities. Recommendations on management options for the greywater emanating from
settlements of different densities were made in “Managing the water quality effects of
settlements: Planning to avoid pollution problems” (DWAF, 2001g) and have been used in
conjunction with water consumption figures to determine ranges of greywater generation rates
for this project, with associated recommended management practices:

J Low density — <500/ha.day (generally equates to densities of <10 dwha and plot sizes
>800m?). Soakaways installed at water collection points and standpipes should be
sufficient to protect water resources and prevent health risks.

Understanding the use and disposal of greywater in the non-sewered areas of South Africa
Chapter 4 — Summary of findings from site surveys






4-24

Determine greywater generation rate (/ha.day)

4

<500 /ha.day 500 - 2500 //ha.day >2500 i/ha.day
v A 4 A

On-site disposal of On-site disposal can be Off-site disposal
greywater is generally considered, depends on: of greywater is
possible, e.g. 1. Soil/surface properties recommended
soakaway / reuse 2. Slope
options 3. Rainfall

4. Depth 1o water table

5. Sensitive environments

6. Waste management

Figure 4.5.2: Decision tree for determining appropriate greywater management options

The information regarding settlement density and average household water consumption gained
from the on-site surveys has been used to determine greywater generation rates for the
settlements visited (Table 4.5.2). Using the sites in the Western Cape as an example it can be
seen that, based on the greywater generation rate, on-site disposal of greywater is not
recommended for Sweet Home Farm (3,150//ha.d) and Khayelitsha RR (2,764//ha.d). This was
evident during the surveys of these sites, where indiscriminate disposal of greywater was clearly
having negative impacts (both health and environmental) in the settlements. Masiphumelele
(2,175//ha.d) falls into the category where on-site greywater disposal may be considered but
once the other criteria had been assessed, e.g. proximity to sensitive environments (the
settlement is on the edge of a wetland), it became clear that off-site disposal should be
recommended for this area.

The greywater generation rates for Clanwilliam (585//ha.d), Redhill (660//ha.d) and
- Lingelethu (1,196//ha.d) show that on-site disposal of greywater should not pose a problem.
This was again borne out by the visits to these areas where it was evident that current methods
of greywater disposal were being effectively managed on the whole; soil conditions were such
that greywater ponding was not evident, dwelling densities were relatively low and there was no
nearby surface water which could be affected. The situation was different for Fairyland
(1,913//ha.d) and Kleinmond (1,969//ha.d) however; even though the figures for greywater
generation fell into the category where on-site disposal could be considered. The higher
settlement densities combined with specific environmental conditions at these sites, such as
proximity to sensitive river systems, have resulted in situations where it is inadvisable to have
on-site disposal of greywater unless it can be treated and / or properly managed.
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® Food stuffs and fats are problematic both from a blockage perspective and also because
they attract flies and mosquitoes.

° Settlements with poorly draining soils (e.g. shales and clays) are a problem owing to the
fact that the greywater does not soak into the ground.

The residents of these areas have come up with a variety of ways of dealing with the above
issues, particularly with respect to the nuisance factors like mosquitoes, smells etc. For example
in Wartburg, KwaZulu-Natal people were observed using a tar-based disinfectant (“Madubula™)
around their homes as an insect repellant. In Freedom Square, Gauteng residents have agreed
amongst themselves that all greywater be carried to a nearby stormwater canal to prevent
ponding around shacks. In some instances however, these management interventions are having
negative environmental effects as illustrated by the people who were observed during the site
surveys doing their washing in the river because they were not permitted to do so at the
tapstands.

At a more strategic level, it appears that greywater management has been neglected in the
service delivery planning process for non-sewered settlements in South Africa and the
consequences of this non-functioning service delivery model are evident in the greywater
disposal issues that have been highlighted during the course of this research. Based on the
results of the site surveys, there is significant risk involved with the disposal of greywater,
particularly in the high-density urban settlements. In these areas, greywater should be
considered a sanitation rather than a drainage issue, and managed / treated accordingly so as to
reduce any negative impacts. It is important that there is strategic planning with respect to
service delivery, technology choice, budgets, implementation / education etc. at central as well
as local government level. Further discussion on these strategies is given in Chapter 5.

4.7 Comparison with DWAF “Dense Settlements” project

The findings from the site surveys undertaken in this study have been compared with the
experiences from the case studies that were conducted as part of the DWAF project on
“Managing the water quality effects of settlements” (DWAF, 2001h). While greywater disposal
was not the main focus of the DWAF project, it was seen as part of the overall pollution
problem in densely populated and poorly serviced settlements, and was therefore taken into
account during the test case studies. Of the 12 settlements visited in the course of the DWAF
project, 5 were noted as having major pollution problems resulting from greywater (sullage),
which required further intervention by the test case steering committee (TCSC) in order to
address these issues. The specific findings from the 5 settlements were as follows:

1. Caimn, Mpumalanga — The most important pollution problem in this community is bush
toileting resulting from inadequate sanitation facilities. Further pollution issues are likely
to result in the future from the current improvements being made to the water supply
service, as there are no facilities for the disposal of greywater.

2. Kliptown, Gauteng — Most of the Kliptown community do their washing at the standpipes
and there is a constant flow of greywater running to the river. The TCSC constructed
about 200 greywater drainage points at all the standpipes and washing areas, and these
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have been connected to a sewer main at the edge of the settlement. This has eliminated
the flow of greywater in the roads and significantly reduced the downstream bacterial and
nutrient load in the river. Most importantly, inhabitants have reported reduced odours,
fewer flies and a reduction in diarrhoea in their children.

Burlington Halt, KwaZulu-Natal — Greywater disposal is either in the streets or into open
stormwater drains along the roads and this causes major erosion problems in the
settlement.

Rini, Eastern Cape — The greywater problem in this community arises primarily due to the
fact that most houses have yard connections, but no greywater drainage points so that
greywater is therefore thrown onto the streets before running off to the Kowie River. One
of the proposed interventions by the TCSC was the initiation of an awareness campaign
focused on the most appropriate disposal of greywater, i.e. onto gardens.

Kayamandi, Western Cape — The services in this area comprise communal toilet blocks
(“Bus toilets™), backing onto washing areas. Most of the toilets are in a very poor
condition and as a result there is a constant flow of faecally-polluted greywater from the
toilet blocks to the Plankenbrug River. An awareness campaign was carried out by the
TCSC regarding basic hygiene and the causes of sewer blockages, in the hope of
improving the situation.

The test cases give an indication of some of the problems that can be encountered in low-
income settlements and show that community-based services, i.e. where the community pays
directly for the service and provides it themselves, are most successful in addressing pollution
problems and maintaining sustainability. The greywater issues that were noted in the
settlements visited in the DWAF study compare well with the findings of the site surveys that
were conducted as part of this study and confirm that the management of greywater remains a
challenge in the non-sewered areas of South Africa.
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This sense of ownership, and therefore responsibility, is critical for the success of any
sanitation system. Greywater management initiatives are unlikely to be successful unless the
recipient communities are involved in the decision-making process, as well as in the
implementation and operation of the systems, so as to ensure “buy-in” and thereby enhance the
likely success of the service delivery. The issue of ownership is problematic in transient
populations like informal settlements however, where there is often no identifiable community
structure and therefore no community-based system for taking responsibility for greywater
management initiatives. The term “community” assumes a homogeneity that rarely exists in
informal settlements. The provision of material possibilities in the form of money,
infrastructure, service availability etc can however encourage people to get involved in working
towards the creation of healthy environments. It is essential however that the relevant services
be installed within the capacity of the government to deliver, even if these only comprise
“emergency services” as in the case of informal settlements, and that a level of ownership is
aimed for with respect to any system that is put in place.

5.1.1 Possible uses of greywater

The long term needs of South African citizens as far as access to water is concerned, have
already been spelt out in key government structures, with the targets for the provision of basic
water and sanitation set out in the Strategic Framework for Water Services (DWAF, 2003) as
well as in the Millennium Development Goals (MDGs). Missing from the policies however, are
specific goals for the handling of greywater. It is important that the management of greywater is
included in the series of targets for the delivery of sanitation services that have been set in terms
of the Strategic Framework, particularly in vulnerable areas where waterborne sanitation is not
provided. As in other countries with a similar population and water profile, South Africa can do
a lot more to conserve and reuse water. In this regard, the management of greywater can
contribute both to water conservation and to environmental rejuvenation. The basic strategies
for the management of greywater should therefore allow for health improvement, water
conservation, use (where possible) and environmental protection.

It is possible that greywater could make some contribution to water conservation and to
easing the pressure on sources of potable water by replacing this water in various uses, e.g.
pour-flush toilets, irrigation of gardens, lawns, shrubs and trees, dust control etc. The use of
greywater for irrigation of food crops however poses certain health challenges about which not
enough is known at present. The results of the site surveys showed that there is some resistance
to the use of greywater for food irrigation purposes based on infer alia local traditions, fears
regarding its appearance and perceived poor quality, and also owing to the fact that it has been
observed that certain crops (e.g. maize) are not able to tolerate the elevated salt levels and other
chemical contaminants in the greywater. The water quality data from the surveys confirmed that
this greywater is generally unfit for use except under controlled conditions, but the concept of
using certain types of greywater (e.g. first-wash or rinse waters) cannot be ignored. A scoping
study has recently been undertaken in this regard (Murphy, 2005) to evaluate the fitness-for-use
of greywater in urban and peri-urban agriculture, and another project funded by the WRC
(Project K4/1639) is in the process of developing guidelines for the sustainable use of
greywater in small-scale agriculture and community gardens. These guidelines will be modeled
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along the lines of the recently published World Health Organisation guidelines for the safe use
of wastewater, excreta and greywater in agriculture (WHO, 2006), the primary aim of which are
to maximise public health protection with the beneficial use of important resources. In this
regard, the adverse health impacts of wastewater use in agriculture are carefully weighed
against the benefits to health and the environment associated with these practices, through the
adoption of risk reduction measures.

This use of greywater in agriculture fits in well with the concepts of Ecological Sanitation
(Ecosan) which attempts to achieve sustainability by managing human urine and faeces as a
resource rather than a waste, with recovery and recycling of the nutrients (Winblad et al, 2004).
The difference between the use of toilet waste (e.g. urine and safely composted faecal matter)
and greywater (bacteriological issues aside) however, is that toilet waste generally has
beneficial levels of nutrients for plant growth without harmful chemical contamination.
Greywater on the other hand generally has low levels of nutrients except for phosphorous
(usually in the form of polyphosphates which react in water to become orthophosphates) and
often has high levels of chemicals from the detergents (salts, metals etc), which are potentially
harmful to plants. In both cases, the management of the recycling practice is crucial and the
precautionary principle needs to be applied, particularly with respect to health issues, e.g.
gastro-intestinal disease and HIV/AIDS management. The over-riding principle is that the use
of greywater for the irrigation of edible food should not be allowed in non-sewered areas unless
the risk factors can be managed within acceptable limits. Unrestricted use of greywater without
education on the risks involved and supervision of the practice to ensure adherence to safety
precautions is likely to increase the disease burden on those who can least afford it. Further
investigation is also required into the effect of detergent use on the quality of greywater and
how this impacts on the use of the greywater as a resource - methods of reducing levels of
phosphorous and sodium (i.e. salinity levels) in greywater need to be further investigated.

Treatment technologies are available for making greywater potable, but these are
generally too expensive for individuals in the densely settled communities of South Africa
where poverty levels are high and there remains a heavy reliance on state support. In the long
run however, the question of affordable technologies may have to be reviewed in the context of
the rising costs of providing adequate amounts of clean water to all citizens. It is also possible
that rising incomes due to economic growth may in future make these technologies affordable.
This suggests that with the right incentives and suitable environmental and social conditions in
situations of inadequate clean water supplies, the usability of greywater can increase.

5.1.2 Social conditions conducive for greywater recycling

In the light of the above arguments, most conservation and greywater uses are deemed to be
inappropriate for the densely-settled non-sewered areas of urban South Africa. In any case,
unplanned areas like parts of Khayelitsha in Cape Town provide little or no room for trees,
shrubs or gardens. The first step in making the beneficial use of greywater feasible would thus
involve municipal authorities making formal settlement planning possible. In the rural areas,
and also some urban poor settlements where a minimum level of planning has provided each
household with sufficient space for some expansion or gardening, these interventions might
work. This planning is evident in the peri-urban areas around Durban in KwaZulu-Natal where
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eThekwini Municipality is embarking on a programme to provide each household with
6,000//month (or 200//day) and has planned for the provision of purpose-built soakaways for
the on-site disposal of the greywater that is generated on plots that are in the order of 350m®
(eThekwini, 2003).

In “Guidelines for human settlement planning and design” (CSIR, 2001) it is stated that
establishing continuities of open space is an important element in the settlement-making
process and that these spaces can be used as productive spaces (e.g. urban agriculture) or to
absorb the various outputs from the settlements, e.g. stormwater retention, wastewater
treatment, solid waste management. The guidelines with respect to fire control (safety distance
recommendations for combustible walls) in settlements that have been developed in order to
limit the extent and impact of fires on communities are as follows:

® Low fire resistance buildings — 4.5m minimum distance to boundary and 9m minimum
distance between buildings

® Low fire resistance but where units of houses are in groups of less than 20 buildings - 2m
minimum distance to boundary and 4m minimum distance between buildings.

The provision of such wide spaces between dwellings would result in far lower settlement
densities and could create space for greywater disposal. It is worth noting however that the
prescribed minimum distances between dwellings are seldom, if ever, adhered to in informal
settlements.

Local authorities need to consider greywater disposal in their planning of settlements and
must provide disposal systems for the greywater generated in densely-settled areas where on-
site disposal is not possible. In the areas where water and sanitation services have been
privatized, the company responsible must take charge of greywater removal as part of the
sanitation service.

The education and training of communities in greywater management is vital if the
residents are going to take responsibility for the systems, but it is also important that the
relevant tools be used to provide the incentives for changing the behavioural patterns and habits
which may be limiting the success of any new initiatives. Simple solutions, such as planting
trees in greywater soakaways are useful ways of demonstrating greywater management
initiatives to communities and need to be further explored.

Mara (2006) recommends that dry sanitation (where greywater is tossed onto the ground
outside of the dwellings) should be provided in rural areas where there are no space constraints,
and simplified sewerage (or conventional waterborne sanitation, depending on maintenance
issues) should be provided in urban areas and specifically in high-density environments, where
greywater constitutes both an environmental and a health hazard. Installing waterborne sewer
systems in informal settlements is seldom possible however (with the exception of temporary
systems like containerized toilets connected to small-bore sewers). The temporary nature of
these settlements, plus the fact that the land may be “invaded” and is therefore not owned by the
local authority, makes the installation of these sewer systems very difficult. Alternative options
for temporary and/or emergency greywater disposal, i.e. central collection points, may need to
be considered in these cases.
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Service provision

® Water standpipes should be provided within [00m of each household (Wood et al,
2001). Reduce water wastage (and concomitant increased volumes of greywater) at
standpipes through the use of fittings such as automatic shut-off taps.

° Provision must be made for the collection of greywater and leakage from water
standpipes; preferably infiltration beds and soakaways should be provided at the
standpipes (or drainage to gravitate the greywater to sewer or an appropriate site for
handling and disposal) so that ponding of contaminated water is minimised (Wood
et al, 2001).

® In addition to providing a greywater disposal facility at each water supply point,
additional disposal points should be installed so as to reduce the walking distance
from dwellings to disposal point to a maximum distance of 25m (City of Cape
Town, 2005).

o For new standpipes, greywater disposal points with galvanised gratings should be
provided (City of Cape Town, 2005).

e Where communal washing facilities are provided, sediment and fat traps are
required before disposal of greywater (City of Cape Town, 2005).

o Communal sanitation facilities should be conveniently located (Wood et al, 2001)
and must include washing facilities with provision for the disposal of greywater.

Greywater disposal

e The preferred option for greywater disposal is by gravity to sewer — the collection
and treatment of greywater in ponds or wetlands is not a viable option for many
high-density settlements owing to the lack of large open spaces, the health risks and
safety considerations (Wood et al, 2001). Alternatives to disposal to sewer can
include modified septic tanks (with enzymes) and centralised collection of
greywater, e.g. tankers.

° Purpose-built greywater disposal soakaways can only be provided in areas where
the soil 1s permeable and the water table is low (City of Cape Town, 2005).

e Should discharge into the stormwater system be considered, further treatment of the
greywater is required (City of Cape Town, 2005).

Operation and maintenance

® Communities provided with greywater disposal systems should be educated in
terms of their purpose and correct use, i.€. greywater systems may not be used for
the disposal of blackwater or night soil (City of Cape Town, 2005 & eThekwini,
2003).

® The maintenance of gratings and sediment and fat traps should be programmed to
take place on a regular cycle, depending on capacity and usage of system (City of
Cape Town, 2005).
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5.2.2 Risk management measures for handling greywater in non-sewered
areas

There are basic handling rules with respect to health issues that should be followed when
disposing or reusing greywater in areas where there is enough space for on-site disposal. These
guidelines have been adapted from Murphy (2005) and include the following:

o Use natural cleaning products where possible, e.g. phosphate-free, low-sodium, and zero-
content boron (Fane & Reardon, 2005; Center for the Study of the Built Environment,
CSBE, 2003)

o Do not store greywater for more than 24 hours (and preferably no more than a few hours)
before use or disposal (Fane & Reardon, 2005; State of Victoria, 2003)

. Do not dispose of greywater to surface or stormwater or into the groundwater system
(State of Victoria, 2003)

® Ensure greywater does not contaminate drinking water sources (State of Victoria, 2003)

o Greywater should not be allowed to leave the boundaries of the property on which it is
generated (CSBE, 2003, State of Victoria, 2003)

) Greywater should be withheld from areas where children play, such as lawns (CSBE,
2003; State of Victoria, 2003)

° Do not irrigate with greywater if the soil is already saturated and do not allow surface
ponding of greywater (State of Victoria, 2003; Fane & Reardon, 2005)

J Do not use kitchen wash water or water that has been used to wash nappies or other
clothing soiled by faeces and/or urine, for irrigation purposes (State of Victoria, 2003;
Little, 2004)

® Do not use greywater if anyone on the premises is suffering from an infectious health
condition (Little, 2004)

o Always use subsurface irrigation and never hose, spray or mist with greywater (State of
Victoria, 2003)

. Avoid watering fruits and vegetables with greywater if they will be eaten raw or under-
cooked and always wash and cook food that has been irrigated with greywater (CSBE,
2003; State of Victoria, 2003)

o Wash hands after contact with greywater (State of Victoria, 2003)

5.3 Summary

The variety of challenges (e.g. the impact of detergents, the general health of residents and the
influence of HIV/AIDS etc) with respect to greywater management in non-sewered areas is
much greater than has been investigated in this project. It has been possible, however, to
develop some initial strategies which have health improvement, water conservation, use (where
possible) and environmental protection as the principle objectives:
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Settlement planning is key. The management of greywater should be included at the
planning stage for the provision of water services to non-sewered settlements, in
collaboration with the affected communities.

The decision to promote either the disposal of greywater in such a manner so as to avoid
negative impacts, or encourage the safe use of greywater in settlements, should be based
on the density of the settlement and the quality of the greywater. Greywater produced in
high-density informal settlements should NOT be used for the production of edible crops
or distributed over surfaces that humans come into contact with.

Based on the quality of greywater generated in low-income, densely-settled urban areas, it
should be managed as sanitation rather than drainage in these settlements. Local
authorities should provide greywater disposal systems in densely-settled areas that either
treat the greywater on-site so that it meets acceptable limits for discharge, or convey the
greywater to a sewerage system. It is vital that the local authorities are committed to the
proper operation and maintenance of these systems and that they employ and pay for a
community-appointed person to act as caretaker of the facility.

Education and training of communities in greywater management is vital, together with
the provision of “material possibilities” in the form of money, infrastructure, service
availability etc.

Simple technological solutions should be explored further.
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6. Discussion and conclusions

The site surveys have provided a general overview of the large variety of conditions that occur
in the non-sewered settlements in SA, and have highlighted the implications of certain
settlement characteristics (specifically settlement density) on greywater management in these
areas. The surveys have revealed that greywater is not the primary cause for concern amongst
most residents of low-income settlements, and that the provision of toilets, houses, water and
electricity are deemed to be more important. Greywater disposal poses severe problems in
dense urban settlements and in most cases there are no alternatives to removing this wastewater
off-site as quickly as possible so as to avoid major health and environmental impacts. Where
this is not being done, open drains and stagnant pools of wastewater become a source of flies,
mosquitoes, smells and other pollution problems.

There may be opportunities for the responsible beneficial use of greywater in low and
medium density settlements (e.g. individual or communal gardening), but health and salinity
issues need to be taken into account, and risk reduction measures must be put into place. It is
also important that the planning of these settlements includes for the provision of land for the
disposal / use of greywater. The acceptability of greywater use initiatives in this country needs
to be further considered; it appears that wastewater reuse in Asia is tolerable due to the
extremely high population densities and the fact that people have no other option if they want to
grow food. Similarly, in the SA situation, greywater is generally only used for agricultural
purposes when poverty levels are high and water availability is low (i.e. out of desperation). It
was found that most people considered greywater either too dirty for use on food crops or had
learnt from experience that the detergents and other residues in the greywater had negative
effects on some of the plants (e.g. “scorched” leaves). Greywater use initiatives are therefore
not well supported, with most people suspicious of the quality of the greywater and the possible
associated health issues.

Some interest was shown in the possibility of using greywater in the future but most
people simply did not have the confidence to experiment with it. It is necessary therefore that
where greywater-based urban gardening and other reuse initiatives are to be considered, they
ought to be part of an education program designed to achieve comprehensive integration of the
greywater management process and provide incentives for making this process work.

It is important to note that most of the interviewees believe that the solution to their water
supply and wastewater management problems rests with the municipal authorities alone. This
appears to be based on a sense of entitlement resulting from the Government’s stated policy
regarding the delivery of waterborne sanitation in fully-serviced homes to as many citizens as
possible. Most residents of non-sewered settlements therefore consider alternative water
provision and wastewater management techniques as temporary measures only. Another issue
revolves around the concept of water recycling and Government policies in this regard — people
are suspicious that they will be getting an “inferior” product if recycling is introduced. Local
authorities need to take this aspect into account when determining their greywater management
and sanitation/water supply strategies.
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There have been recent press reports about the poor quality of the Berg River in the
Western Cape resulting from both sewage and greywater runoff from settlements along the
river. Much of the fruit grown alongside the Berg River is exported to the European Union
(EU) but the strict quality requirements for irrigation water that are prescribed by the EU are
currently not being met. Aside from the obvious environmental and health impacts, there are
financial implications resulting from this for fruit farmers in the area which demonstrates the
type of emergency situation that can occur with non-existent or inadequate sanitation systems.
It appears that local authorities are still not taking greywater into account when considering
sanitation, e.g. building communal toilet blocks in informal settlements without providing
washing facilities. They should be encouraging as much washing activity as possible around the
communal sanitation / water facilities so that there is a single discharge point for all effluent
which can then be connected up to sewer systems if available, or discharged to primary
treatment or irrigation.

The situation in the seftlements along the Berg River has also highlighted the mismatch
between Government’s targets for the provision of basic water (2008) and sanitation services
(2010) to all people, and the fact that no consideration has been given to the disposal of
greywater resulting from the Free Basic Water supply, based on the fact that the VIP is the basic
sanitation option of choice. On several occasions during the site surveys, residents were
observed disposing greywater into pit latrines, a practice which will eventually lead to the
failure of these systems. A recent nationwide sanitation sustainability audit conducted by
DWAF on the functionality of sanitation projects completed between 1994 and 2003 supports
this finding. The report revealed that up to 28% of household sanitation facilities have failed or
are in the process of failing (DWAF, 2005b). The implications of doubling water supply to
people in non-sewered areas would therefore probably mean that “marginal” areas in terms of
greywater generation would be pushed into the category where off-site disposal is required, and
this would result in local authorities being pressurised into providing specific greywater
management options for this off-site disposal. An increase in water consumption in high density
informal settlements will exacerbate the greywater problem in areas where it already constitutes
a sanitation rather than a drainage issue. Local authorities must therefore take into account the
provision of the necessary sanitation services when planning for increased water supplies to
settlements.

One of the issues that was considered throughout the research was whether greywater in
non-sewered areas is seen as a problem or a resource. Most of the people that were interviewed
did not have enough information upon which to base their opinions one way or the other but in
the high-density urban settlements it was generally perceived to be a problem whilst in the more
rural areas it was concluded by the researchers that greywater was not perceived as a problem if
it flowed away, evaporated or seeped into the soil. It was perceived as a resource if it could help
control dust, keep ants, flies and other insects away or if it could be used to irrigate hardier
varieties of shrubs and trees. In all the areas that were visited however, there was no indication
that any large-scale production of, for example, vegetables, could be undertaken in non-sewered
settlements by using greywater for irrigation. A more likely scenario is the small-scale irrigation
of food crops to supplement the nutritional needs of single households, provided that the
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specific conditions for the beneficial use of greywater have all been met, as discussed in detail
in Section 4.5.

In addressing the original objectives of this research the following conclusions have been

made:

There is a noticeable gap between Government policy on water provision and the long-
term sustainable water management challenges for the country — whilst the water supply
interventions are aimed at improving the health of individuals, no attention has been
given to the resultant longer-term impacts on environmental health in non-sewered areas.

Social dynamics and behavioural patterns have a significant impact on the way that
communities deal with water supply and wastewater management issues, particularly with
respect to greywater disposal. These behavioural patterns (and the drivers associated with
them) must be taken into account when assessing specific greywater management options
for individual settlements. This is particularly relevant when considering greywater use
options in certain areas where potable water resources are limited.

An estimated total volume of between 430,000m’ and 570,000m* (average 490,000m3) of
greywater is generated on a daily basis in the non-sewered areas of South Africa.

The quality of greywater in non-sewered areas differs significantly to the greywater that is
generated in higher-income, sewered areas in that there is a greater variation in the
concentration of the various pollutants and at its most concentrated it should be
considered hazardous. There is therefore significant risk involved with the on-site
disposal of greywater in non-sewered areas.

Whilst the links between greywater use and the polluting effects of detergents have yet to
be established properly, it has been observed that people living in non-sewered
settlements are generally not prepared to use greywater for urrigation purposes as it is
considered harmful to certain species of plants. The water quality data from the site
surveys confirmed that greywater from non-sewered areas is generally unfit for use.

Methods of reducing levels of sodium and phosphorous in greywater need to be
investigated and the use of high phosphate detergents discouraged if the concept of using
certain types of greywater (e.g. first-wash or rinse water) for irrigation purposes is to be
considered.

The determination of greywater generation rates for specific non-sewered settlements
throughout South Africa can be used to determine recommended management practices,
with off-site disposal of greywater recommended for settlements that have greywater
generation rates > 2,500 //ha.d.

The management of greywater should be included in the series of targets that have been
set for the delivery of sanitation services in terms of the Department of Water Affairs and
Forestry’s Strategic Framework for Water Services.

Greywater management should be included at the planning stage for the provision of
water services to low-income settlements, as it is closely linked to the levels of service in
a settlement, particularly the availability of water supply.
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Recommendations for future research

The following future research needs have been identified in the field of greywater management:

Detailed long-term surveys of greywater generation, use and disposal, investigating
current practices and their consequences, at local community level. This would include
accurate measurements of water consumption and greywater generation in specific
settlements. This is the subject of a current WRC project (K5/1654).

Development of guidelines for the management and use of greywater, specifically where
it is being used in small-scale agriculture, including careful consideration of risk
management in the context of greywater use in informal settlements — this is the subject
of a current WRC project (K4/1639).

Detailed assessment of the quality of the greywater produced by low-income urban
communities in South Africa with respect to pathogen loading and microbiological
quality, and the health risks posed by such water.

The identification of preferred methods of communicating greywater management
information to authorities and communities (e.g. maps, booklets, flow charts etc) so that
successful strategies may be implemented, particularly in terms of healthcare
programmes.

The identification of the specific impacts of greywater disposal from non-sewered areas
on groundwater quality based on the consideration of specific aquifers, including the
collection of a long-term data set and analysis of these aquifers.

The identification of the specific impacts of greywater disposal on the quality of surface
water (wetlands, and rivers) downstream of non-sewered settlements, using tracer studies.

The identification of the specific impacts of greywater use and disposal on soil conditions
through the use of soil salinity surveys.

Investigation into the links between greywater disposal and the polluting effects of
detergents, i.e. the costs associated with the long-term use of various detergents on the
environment, and the identification of methods of reducing levels of sodium and
phosphorous in these detergents.

Assignment of financial, socio-economic and environmental cost estimates to greywater
problems, and financial cost estimates to the management of future impacts.

Development of an information system to disseminate the most appropriate technological
options for greywater disposal relevant to South Africa.

Research into the presence and levels of xenobiotic organic compounds (XOCs) in
greywater and their environmental impacts.

Research into the levels of Boron (B) in greywater and how it impacts on the use of
greywater as an irrigation resource.
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GREYWATER SURVEY QUESTIONNAIRE

Section 1: Bio-data

1.

n2

Rl

8.
9.
10. Number of people in household:

11 Number of children, ages:

12. Type of house:

13. How long have you lived at the present site?

House Number:

Interviewee’s Full Name:
Gender:
Age:
Religion:

Ancestral beliefs Christianity  Islam Other (specify):
Occupation:

None Formal Informal (no regular income)

Household Income per month (or estimate based on material belongings):

None  RI1-R400 R401-R800  R801-R1600 RI1601-R3200 > R3201

Education attained:

Relation to Head of Household:

Traditional dwelling RDP House/ brick structure  Informal dwelling

Section 2: Water Consumption Patterns

14. Distance from your house to water point:

<10m 10 - 50m 50 - 100m 100-200m  200-500m > 500m
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14. Daily water use per household:

<20/ 20/ - 50/ 507 - 100/ 100/ — 150/ > 150!
15. Time taken fetching water per day:

< 15 mins 15 - 30 mins 30 - 60 mins 1 —2hrs > 2hrs

16. The first time you draw fresh water in the day what is it used for?

17. Type of containers used for storing clean water:

18. Volume of water that can be kept in the house:

<201 20/ - 50/ 501 - 100/ > 100/

19. Other purposes for containers:

Beer brewing  Laundry  Dish washing  Cooking  Other (specify):
20. What brands of the following products do you use?
Bath soaps: Washing powders:

Dish washing liquids: Shampoos:

Other detergents (specify):

21. How often do you wash your clothes?

Daily Once a week Twice a week More (specify):

22. How often do you / members of the family take baths?

Daily Twice daily Other (specify):

23. What do you do with the dirty water after use?

Throw away Water plants Reuse Other (specify):

25.  If you reuse the water give examples (e.g. using cooking water for dishes or
bathing water for laundry):
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Section 3: Grey water management

26. Do you think that greywater recycling would be useful in your community? Please

give reasons for your answer:

27. Which are the most important services that you think would make life better?

Electricity Houses Water Toilets Schools Refuse Other (specify):
removal

28. Who do you think should provide these services?

29. Do you think greywater is a major health problem in the community? Give examples:

30. What would you suggest as the best way of resolving the problem of greywater

disposal?

31. Do you have any questions you would like to ask me?

Interviewer: Date

Section 4: Existing greywater systems (as observed by interviewer)

32. Do any of the following occur at the water standpipes?

Soak-away Concrete slab Gulley Kerb in-let Wash-trough

Stormwater Channel ~ Stormwater manholes ~ Communal washing/ ablution facilities

Greywater sand filters Grease traps

33. Are the existing greywater management systems working? If not, why not? Please give

comments:

34. Please ensure that a photograph is taken at the interview site - supply a reference

number and description here:
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ASSESSMENT OF SETTLEMENT CHARACTERISTICS — QUESTIONNAIRE FOR
LOCAL AUTHORITY

Question Answer

Name of settlement, and Province

Is this a rural, peri-urban or urban
settlement?

Approximate size of settlement (ha)

Approximate no. of dwellings

Approximate population

Predominant type of dwelling (e.g.
traditional, RDP, informal) or per-
centages of each

How is water supplied to the
houses? (e.g. taps in yard, commu-
nal standpipes, tanks, river etc)

If Municipality supplies water, what
is the average total amount supplied
daily/monthly?

What type of toilet facilities are
there (e.g. flush, pit latrine, bucket
ete)? On- or off-gite?

Average annual rainfall in the area
(MAP)

Depth to water table in wet season

Distance to nearest surface water
body

Is the settlement situated within the
50 or 100year floodplain?

Date
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In order to select further sites for the WC province, settlements were visited along a transect
from Saldanha Bay and Vredenburg on the west coast of the WC, through to Kleinmond on the
south coast. Field observations were taken at six sites along this transect with particular
attention being given to the proximity of these sites to sensitive environments such as wetlands,
rivers or natural vegetation. From this it was determined that Fairyland in Paarl and the
informal settlement in Kleinmond were two sites where the potential health and environmental
impacts of greywater could be high. Two further second round sites, one on the Cape Peninsula
and one on the Cape Flats were also selected for sampling and surveys because of their
potential impacts on wetlands (Masiphumelele) and on groundwater (Sweet Home Farm).

The two final sites chosen (Khayelitsha RR and Lingelethu, Malmesbury) were identified
through the use of Census 2001 data, and after discussions with the relevant local authorities.
Khayelitsha RR was chosen as an example of a dense settlement and Lingelethu as an example
of an informal settlement with limited services on the edge of an RDP development.

B1.1 Khayelitsha, Clanwilliam (Sichone, 2006)

B1.1.1 Background

Clanwilliam was one of the earliest colonial settlements in South Africa and thus has a very
long history of continuous habitation. The climate is typical of the Cape — winters that are cold
and wet, and hot, dry summers (with temperatures reaching 40°C at times). The main economic
activities are agriculture and tourism with the rooibos tea industry being the most important.
Vineyards and citrus farms also provide seasonal employment to hundreds of unskilled
workers, many of whom reside in Khayelitsha. Given the seasonal nature of agricultural work,
the farm workers suffer periods of unemployment and poverty which compels them to seek
work elsewhere. Population figures are thus heavily influenced by the season and there seems
to be a general growth in the numbers of low-income Xhosa, Sotho and Tswana speaking
migrant workers into the predominantly Afrikaans-speaking town (mainly coloured and white
population).

As with the rest of the country, the system of social stratification and access to resources,
including water, reflects the old hierarchies. The new arrivals to the town are also the ones most
likely to have insufficient access to services. In August 2004 there was some conflict between
Sotho speakers and Xhosa speakers in the migrant farm-labour community, which resulted in
shacks being destroyed. This conflict highlighted the competition for work and other resources,
including water. The increase in the population has been mainly due to migration,
predominantly among the economically active age groups 15 — 34 and 34 — 65, with many of
these in the low-income groups earning R2,400 or less per annum. The challenges of poverty
have put tremendous pressures on the Cederberg Municipality’s resources as the numbers of
disabled people and those living with HIV/AIDS have also increased.

Minimal water, sanitation and refuse collection services have been supplied to
Khayelitsha and although the water supply is fairly reliable, sanitation and refuse collection
services are less efficient. Four flush toilets have been made available in the settlement, but
there is no drainage system for the greywater and the communal flush toilets do not function
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B1.1.4 Water quality

No water quality data was captured during this early survey.

B1.1.5 Concluding remarks

This was the first field trip undertaken and was therefore exploratory in nature, providing an
opportunity for the research team to finalise the methodology, and pilot the survey
questionnaire for further site visits.

B1.2 Redhill (Winter, 2006)

B1.2.1 Background

The Redhill informal community in Simonstown dates back to the 1980s when people
employed at the Kogelfontein road works and at the Cape of Good Hope Nature Reserve
(Silvermine) set up a squatter settlement after failing to find accommodation in Simonstown.
Plans to resettle them at Masiphumelele (Noordhoek) were rejected on the grounds that it was
too far from their workplace. The original settlement was on Cape Farm 1404 — this was
privately owned by a Mr Kopfer who was compensated for the use of his land by the Provincial
Administration of the Western Cape (PAWC). In 1995 there were 122 structures at Redhill — in
the last ten years this figure has increased to over 200 structures, spread over three distinct
camps.

The Redhill settlement is built on a slope surrounded by rocky National Park land covered
in fynbos. The Redhill Road, a paved route between Simonstown and the small town of
Scarborough, marks the upper boundary of the camp. Tall eucalyptus and Chilean pine trees
shelter the settlement and provide firewood. Several steep rocky areas have prevented the
construction of homes in certain vicinities and have created wooded natural patches dividing
the settlement into camps. The lower camp consists of only a handful of houses and is
significantly quieter than the rest of Redhill. The middle camp is the most populous area of the
settlement with residents that are mostly Xhosa-speaking and come from the former Ciskei and
Transkei regions of South Africa. The upper camp has about 25 houses and residents here are
Afrikaans-speaking and are mostly “coloured.”

Redhill is relatively small and not as densely populated as most other informal
settlements. It has what appears to be an effective political and administrative regime that
prevents new settlers from putting up more shacks. Plans exist for the future development of
formal township housing in Simonstown but this will in all likelihood exclude the unemployed
and so although the Redhill informal settlement may not be allowed to expand, it nevertheless
might continue to exist for much longer than planned in order to accommodate those who will
not be able to afford formal housing.

Redhill has sandy, relatively infertile soils and receives large amounts of rainfall. These
factors together appear to have an impact on Redhill water use and wastewater management
practices. Present services in the settlement comprise pit latrines and communal tapstands from
S water tanks, which are connected to a constant supply. Some of these services were initially
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sanitation, and the RDP thus allocated a large percentage of its water service delivery funding
to the EC.

The 1998 Poverty and Inequality Report stated that in rural areas, more than 80% of
housebholds had no access to piped water or waterborne sanitation (May, 1998). Although
millions of people have since been provided with these services, the investment in water and
sanitation may well be nullified by the lack of employment opportunities in the province, which
has in turn resulted in the Eastern Cape becoming a net exporter of migrants to other provinces.
The complex and sometimes unpredictable population dynamics involving seasonal, trans-
provincial and trans-state migration also often result in previously well-serviced areas
becoming overwhelmed by rapid population increases.

On-site surveys were conducted in nine different settlements in the Amatole and Oliver
Tambo districts of the Eastern Cape.

B2.1 Silvertown (Sichene, 2006)

B2.1.1 Background

The area around Buffalo City, like much of the eastern part of South Africa, has undulating
hills and rolling terrain. Due to the nature of the topography, many wetland systems are found
in this area.

Rainfall occurs throughout the year, but predominantly in the spring to early summer
months, namely August to November. Annual rainfall averages approximately 960mm in the
East London area. During the month of March when the fieldwork was undertaken, the grass
was green and the maize ready for harvesting

Silvertown is an informal spill-over of Mdantsane Township which is considered to be
one of the larger townships in South Africa. Mdantsane as a whole is reported to accommodate
175,790 people (45,384 households) within a complex of urban and peri-urban components.
Buffalo City surveys however indicate an actual population that is close to 350,000 people, or
25 to 30% of the city’s population. The township is located 20km from the East London CBD,
situated along the N2 highway between East London and King William’s town. Over a quarter
of the population is under the age of 15 years, reflecting a high level of dependency. In addition,
HIV/AIDS, high unemployment and major security problems mean that Mdantsane faces many
social challenges.

Silvertown has some old brick buildings and more new shacks. It may have been a farm
at some point in the past. Like most other informal settlements it is home to many job-seekers
from the rural areas who reside there in order to be closer to factories and construction sites.
Plots have been demarcated and parceled out by local leaders and the occupants anticipate that
their shacks will hopefully develop into fully serviced RDP-type formal housing in the near
future. Although provided with water and close to main roads used by local taxis and delivery
vans, Silvertown lacks most other services, including electricity. The lack of street-lights in
what is an extremely crime-prone area is of major concern to the residents.
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from Grootvlei and other mining areas, as well as agricultural inflows from the smallholdings
and sewage effluent from Daveyton and informal surrounds.

Freedom Square informal settlement is situated in the catchment area of the Kaalspruit /
Olifantspruit, which flows north into Midrand joining a tributary from the Clayville industrial
area. There are many other informal settlements apart from Freedom Square in this area, some
of which are situated along river banks and they are all seen as causes of high microbial
contamination in the rivers. However, as already noted for Daveyton, the water pollution from
the squatter settlements is part of a larger urban problem. Other contributors to this pollution
include mining and other industries, municipal sewage reticulation and sewage treatment works
as well as agricultural runoff (Department of Environmental Affairs & Tourism, DEAT, 2003).

There are many in-stream dams located on the watercourses and tributaries which were
mainly created for agricultural or mine water storage. Indeed, the towns of Benoni, Boksburg
and Springs are all famous for their dams, golf courses and boat clubs that use the water. There
are also a number of endoreic pans (collecting water but having no primary outflow, for
example Bullfrog Pan) in the EMMC, pans which occur within more urbanised areas, e¢.g.
Homestead Lake and Rynfield Dam and those that were dammed for mining purposes, e.g.
Leeuwpan, Jan Smuts, and Rolfes Pan in Jetpark.

Although many of the wetland habitats in the EMMC have been degraded and some lost
altogether, they represent one of the most important ecosystems in the area due to their
substantial hydrological, biological or ecological role in the natural functioning of the
catchments in the Metro. Many of the watercourses and pans form part of these wetlands, most
notably is the man-made Blesbokspruit wetland system, which is one of the larger wetland
systems in the highveld and part of which (near to Springs) is the designated RAMSAR site
(1996).

B6.1 Mayfield Extension (Sichone, 2006)

B6.1.1 Background

Mayfield Extension informal settlement is laid out on a grid pattern approximating what could
be considered the normal RDP township pattern, with most of the houses consisting of informal
dwellings constructed with metal sheets. It is less densely settled than some informal
settlements with about 254 dwellings (approximate population of 1,016 people) on about 8ha of
land (i.e. 32duw/ha), and is situated near Daveyton on the East Rand. Mayfield gives the
impression of potentially developing into a permanent settlement once it has been upgraded as
there are neatly laid-out stands with ample space within and between the yards for the location
of the experimental dry sanitation toilets that are currently being piloted in the area. Not all
parts of the settlement have these toilets however, so most people are still using unventilated
plain pit latrines and there are communal standpipes for water supply.

Annual rainfall in the area amounts to approximately 600mm and the settlement is
situated within the 50-year flood plain of the nearest river, which is about 200m from the
closest shack. The depth to the water table was reported as about 1.2m during the wet season.
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also ended up in the manhole owing to the fact that the main refuse dump was on the outskirts
of the settlement, near the toilets.

B6.3 Barcelona (Sichone, 2006)

B6.3.1 Background

Radical elements belonging to the ANC and PAC are said to have been behind the 1993 land
invasions that resulted in the creation of Barcelona, a squatter camp near Daveyton. Plots were
apparently sold to people and promises made regarding the delivery of services after the
elections. PAC officials were also associated with squatter settlements in other parts of the
EMMC area which they justified ideologically as repossession of lost ancestral lands. A
newspaper report suggested that “...an ANC self-defence unit member was selling stands for
R45, while (a PAC activist was) selling stands for R80. The funds were not being handed over
to any organisation, and both enriched themselves in the process.” (Donaldson, 2001). Be that
as it may, the informal settlement of Barcelona (probably named after the Barcelona Olympics
of 1992) is seen as a spill-over of Daveyton township. As the backyard shacks became
overcrowded and new migrants arrived continuously from the rural areas, Daveyton township
was extended in several directions. The Etwatwa extension has formal housing but the great
majority of the “surplus” population ended up in the squatter settlements.

Barcelona is situated on a large plain which turns into a swamp in the wet season. It is,
like Mayfield Extension, also laid out on a grid pattern reflecting both an orderly distribution of
plots (i.e. local organization either by the rogue politicians or by grassroots campaigns) and
anticipation of legalization and the provision by local government of RDP houses. However,
Barcelona unlike Mayfield does not have the old eucalyptus trees that the mining companies
planted in order to draw down the water table and still has the natural vegetation of local
grassland. As the settlement grows, even the low lying areas that people have avoided thus far
when putting up their houses may be invaded thereby affecting both surface and underground
water.

According to the Ekurhuleni State of the Environment Report (Department of
Environmental Affairs and Tourism, 2003), the squatter settlements around Daveyton township
require special attention as they may be contributing to the deterioration of wetlands on the
Blesbokspruit which is a tributary of the Vaal. It was reported that generally however, it is the
mining, manufacturing and commercial industries that are the main reason for the
mushrooming of formal and informal residential settlements in this area are collectively to
blame for:

o Elimination/transformation and fragmentation of natural habitats to create urban
landscapes.

® The fact that the Rocky Highveld and Moist Cool Highveld grasslands have been
fragmented by the conversion of natural habitats into man-made structures.

e  The filling in of pans in the EMM for urban development, and the isolation of wetlands
and surface waterbodies. These pressures have all lead to losses of ecosystem function
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households that invest time and effort in creating a garden and improving their landscape, most
wait for proper housing before making the effort. The more secure the claim on the land and the
more stable the household the greater the likelihood of gardening. Bachelor shacks in other
words are neglected whereas family ones tend to have better kept surroundings. The use of
greywater to irrigate lawns or flowers is not considered normal behaviour. Not only is the water
dirty, it is argued, but the people in formal housing do not use it. Tossing it out onto the dusty
ground is therefore considered the normal use for greywater.

B6.4 Concluding remarks from Gauteng surveys

Most of the people interviewed were hearing about greywater for the first time but were
vaguely familiar with the concept of recycling as an environmental intervention. The research
assistants even had some difficulty translating the greywater recycling concept although
residents seemed to be aware of the concept of water reuse as illustrated by the practice of
putting a bucket of water to multiple uses before discarding it as dirty. In Mayfield, the people
said the water table is shallow and when it rains even the pit latrines become waterlogged.
Clearly then, tossing greywater on the ground will only add to the pools of stagnant water.
Barcelona was also situated in an area of flooding, especially the low-lying outskirts of the
settlement. Freedom Square on the other hand was at the end of a main road and all its runoff
ended in the stormwater drains. In all these sites therefore, greywater was neither a resource nor
a major inconvenience at the time of the research. More important issues for the residents were
the reliability of the water supply, toilet facilities, and especially in Freedom Square, the lack of
security, particularly at night.

Various problems were encountered with the communal facilities and particularly the
experimental toilets. In the EMMC as in most other councils, planners and consultants assume
that every informal settlement constitutes a community. First and foremost a community is not
a given but is constructed around a common interest or goal. When people from different parts
of the country simply congregate in a particular area in the hope of finding employment this
does not generally constitute enough of a sense of community for them to be mobilized into
campaigning for the provision of water and sanitation services and for a healthy environment
for them to live in.

It has been observed that water standpipes and communal toilets are sometimes
vandalized for no apparent reason. In contrast to this, people in other areas have taken the
initiative to repair broken pipes and taps themselves, dig drainage ditches and dump their
greywater and solid-waste in dedicated disposal areas. In general however, the majority of
South Africans associate post-apartheid urban life with RDP houses as the minimum standard.
Each homeowner therefore expects to have his/her own water supply point and toilet, and so
preliminary evaluations of the EMMC dry sanitation pilot reported that:

® “In most cases it was found that members of households where the toilet was installed
were the ONLY users (emphasis added) of systems...”

° “...we found in Mayfield that instead of four households sharing a toilet as planned, this
was not easily implemented because each plot was usually fenced off and some had razor
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