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Abstract

Much attention has recently been given to the problem of eradicating what the South
African Minister for Environmental Affairs, Valli Moosa (Nedlac, 2001), termed South
Africa’s new “national flower”, the ubiquitous plastic bag. Although highly visible,
festooning fences and thorn trees, and clogging drainage systems and waterways, the
plastic bag is only one of many items that contribute to the litter stream. It has however
served to capture the imagination of the South African public and focus the attention of
increasing numbers of South Africans on the problem of litter.

While the impact of litter pollution of urban stormwater runoff may appear to be mainly
of visual and aesthetic importance, litter also seriously interferes with aquatic life in the
receiving streams, rivers, lakes and oceans.

Litter management in South Africa has been hindered by the shortage of available
scientifically verified data on the nature and quantity of the litter that finds its way into
stormwater systems and the likely effectiveness of litter reduction options. To address
this lack of data, a two year monitoring programme was conducted in nine pilot
catchments (covering a range of different land uses, socio-economic levels and densities)
in the Cape Metropolitan Area.

The purpose of this thesis is to describe the results of this monitoring programme
and to set out generic guidelines for litter management in South African urban
catchments.

The monitoring programme had two objectives:

i) to improve the knowledge of the source, type and amount of litter reaching
the drainage systems from different types of urban catchments; and

ii) to measure the effectiveness of different catchment based litter management

options.
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Key findings were:

i)

iii)

v)

There appears to be an inverse relationship between income and litter loadings in
residential areas when garden refuse is excluded. This is largely due to the more
effective and reliable household refuse removal service enjoyed by affluent areas.

Sand entering the catchpits is a major problem in many catchments as it tends to
become entrained in other litter such as plastic bags resulting in blockages and
flooding of the stormwater system. This problem is particularly acute in informal
areas such as Imizamo Yethu which have very little ground cover to stabilise the

soil.

Street sweeping is an extremely effective method of reducing the quantity of litter
reaching the stormwater system.

Construction rubble is a significant contributor to the waste stream. Catchpit
grids are an effective way of reducing the amount of rubble entering the
stormwater drainage system.

Plastic items contributed between 19% and 50% of the litter stream by mass when
sand, stones, vegetation and rubble were excluded.

Based on previous research and the results of the monitoring programme preliminary

generic guidelines for the reduction of urban litter loads are derived. These are

intended to assist in the selection of appropriate strategies for reducing litter loads

entering the drainage system by dealing with litter pollution at source.

It should be emphasized that the findings and the guidelines are based on a study carried

out in the City of Cape Town and that their applicability to the country as a whole has not

been established. The challenges facing other urban areas are however similar and it is

likely that many of the findings will be equally applicable to the other urban areas of
South Africa.

The thesis concludes by identifying several allied research needs.
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1. Introduction
1.1 Background

Much attention has recently been given to the problem of eradicating what the South
African Minister for Environmental Affairs, Valli Moosa (Nedlac, 2001), termed South
Africa’s new “national flower”, the ubiquitous plastic bag. Although highly visible,
festooning fences and thorn trees, and clogging drainage systems and waterways, the
plastic bag is only one of many items that contribute to the litter stream. It has however
served to capture the imagination of the South African public and focus the attention of
increasing numbers of South Africans on the problem of litter. South Africa is of
course not alone in having to contend with this problem.

The local authorities’ objectives for controlling littering activity include (National
Center for Environmental Decision-making Research, 1999):

@ aesthetic improvement;

e public health and safety protection;

® economic development;

® preservation of neighbourhood integrity; and
® conservation of financial resources.

Keep America Beautiful has stated that litter is a serious concern to urban communities
throughout the United States because it indicates that citizens do not take pride in the
places where they live, work and play (Florida Center for Solid and Hazardous Waste
Management, 1998). Conversely, litter studies conducted in Australia found that there
is a high level of social concern and involvement in Australia surrounding the issues of
litter and waste reduction (Australian Bureau of Statistics, 1999).

The report on “The removal of urban litter from stormwater conduits and streams”
(Armitage et al, 1998) notes that little data is available on the nature and quantity of the
litter that finds its way into stormwater systems.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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This is despite the Council for Scientific and Industrial Research (CSIR, 1991)
estimating in 1991 that 780 000 tonnes of waste a year was entering the drainage
systems of South Africa. This represents a potential removal cost in excess of two
billion rand (Armitage et al, 1998).

Waste managers in SA have been guilty of addressing the symptoms of the waste
problem — namely the growing mountains of waste — and not the cause of the problem —
the production of waste (Lukey, 1991). As a consequence, previous South African
studies have concentrated on removing litter from drainage systems once it is already
there rather than reducing the amount of litter entering them in the first place. This is
despite the contention that trapping litter should only be viewed as an interim measure
or as part of an overall solution; and that by itself it is almost an admission of failure
(Senior, 1992).

A further explanation for the lack of available data has been the reluctance of
researchers and municipal officials involved with litter and stormwater management,
most of whom are from engineering or scientific backgrounds, to tackle the non-
technical aspects of the litter problem. Since the 1970s, litter has been considered a
social behavioural problem and an educational problem that needs to be solved
(Andres, 1993).

The litter problem cannot be addressed in an effective and sustainable manner without
an effective integrated catchment and litter management strategy. This could include
planning controls (adopting land use policies which restrict the situation of litter-
producing activities to areas where it is possible to contain and control litter
accumulation), source controls (reducing litter loads entering the drainage system by
dealing with pollution at source) and structural controls (removal of solid waste from
the drainage system), supported by education and enforcement programmes. As Senior
(1992) comments “it is not just the nature of the items themselves, nor the demands of
retailers and manufacturers which are to blame, it is the community, whose behaviour,
attitude and awareness are fundamental to the problem.”

Litter management in South Africa has been hindered by the shortage of scientifically
verified data indicating the likely effectiveness of any of the proposals. Therefore, to
address this lack of data, a two year monitoring programme was conducted in nine
catchments (covering a range of different land uses, socio-economic levels and
densities) in the Cape Metropolitan Area. This monitoring programme had two aims:

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems,
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1) To improve the knowledge of the source, type and amount of urban litter
coming from different types of urban catchments; and

ii) To identify appropriate litter management techniques in the reduction of urban
litter reaching the drainage systems.

The purpose of this thesis is to describe the results of this monitoring programme and
thereby to arrive at a set of generic guidelines for litter management in South African
urban catchments. Over the course of this programme the greater Cape Town area
underwent a series of profound administrative changes. The six local municipalities
and the metropolitan authority providing joint and bulk services to these local
municipalities, in existence at the commencement of the monitoring programme at the
end of 1999, were merged into one unicity at the end of 2000. However the former
local municipalities continued to operate as administrations within the unicity as a
transitional measure. The data obtained from the programme needs to be seen against
the background of these changes.

It should be emphasized that the findings are based on a study carried out in the City of
Cape Town and that their applicability to the country as a whole has not been
established. The challenges facing other urban areas are however similar and it is likely
that many of the findings will be equally applicable to the other urban areas of South
Africa.

1.2 The format of this thesis

This thesis has been divided into four parts:

Part 1 introduces the urban litter problem in general terms borrowing from the
experience gained in various developed and developing countries including South
Africa.

Part 2 focuses on the information about the source, type and amount of urban litter
obtained from the two year monitoring programme carried out in the nine pilot
catchments in the Cape Metropolitan Area (CMA).
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In working towards a litter management strategy Part 3 reviews litter management
options generally and then focuses on current South African initiatives. The
achievability of these options in the pilot catchments is discussed. This part concludes
with an economic evaluation of alternative litter management techniques based on costs
obtained from the Central Administration of the City of Cape Town.

Part 4 presents a set of generic guidelines for litter management, proposes a method for
selecting appropriate litter reduction options and summarises the outcome of the
research. Recommendations for future research are also made.
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2. The urban litter problem
2.1 Introduction

Urban stormwater runoff may be polluted by, inter alia, nutrients, low pH (acidity),
micro-organisms, toxic organics, heavy metals, litter/debris, oils, surfactants and
increased water temperature. While the impact of litter may appear mainly visual and
of aesthetic importance only, litter also seriously interferes with aquatic life (Victoria
Stormwater Committee, 1999).

The focus of this thesis is on the removal of the larger pollution elements from urban
drainage systems and waterways. For the purposes of the thesis litter is defined as
visible solid waste (Amitage et al, 1998).

Litter has been considered a social behavioural problem since the 1970°s. Keep
America Beautiful, a national litter education and prevention organization in the United
States, found that people litter for three reasons:

® they lack a sense of ownership;
® they believe that someone else picks up their litter; or
° the area is already littered.

The fundamental reason underlying all of the above reasons is that people are too lazy
to dispose of trash properly (Florida Center for Solid and Hazardous Waste
Management, 1998-9).

The existence, proiiferation and accumulation of litter is intensified by rapid growth,
increasing mobility, and improper disposal habits (National Center for Environmental
Decision-making Research, 1999). All these factors are characteristic of the developing
world which includes South Africa.

In Australia, much research effort has been directed toward understanding and
reforming the attitudes and behaviours of litterers (Australian Bureau of Statistics,
1999).
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The Australians found that
® The presence or absence of trash bins was not a major factor in littering.

® There were large differences between the way people described their behaviour
and their actual behaviour in that many of the people interviewed denied having
littered immediately after having been observed littering.

Whether the presence or absence of trash bins is a major factor in littering is disputed
by Pressend (1998) and Hall (1996). Nevertheless there is general agreement that
littering is more likely to occur in areas where litter is already present than in areas that
are clean. People litter in places where litter is present because of the perceived
acceptability of littering where others have already done so. The presence of only two
pieces of litter can lead a person to conclude that “everyone litters here” (Cialdini et al.,
1990).

In South Africa and other developing countries where litter collections are infrequent
except in central business districts, the manifestation of this perception is all too plainly
apparent. The general inadequacy of litter refuse services leads to a rapid and sustained
accumulation of litter.

The temptation to litter is also increased where there is a general failure by authorities
to enforce effective penalties as a deterrent to offenders and where littering is not as yet
countered by a strong environmental ethic amongst the population at large. This
exacerbates the problem of litter in South Africa and most of the developing world
where the public seems to be less environmentally aware than in, say, Australia, New
Zealand and the United States.

2.2 Sources of litter

American researchers have identified seven typical sources of litter (National Center for
Environmental Decision-making Research 1999):

® Household trash sites for kerbside collection;

® Commercial waste dumpsters;
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® Loading docks;

® Building construction and demolition activities;
® Vehicles travelling with uncovered loads;

® Pedestrians; and

® People in motor vehicles.

Examples of high litter or illegal dump generating events or enterprises they have
identified include:

® Community events;

® Parades;

® Street fairs;

® Concerts;

® Sports events;

® Loads lost off the back of vehicles;

® Unloading bags of garbage at remote locations;
° Lack of litter bins;

® Convenience stores;

® Fast food establishments.
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2.3 Types of litter

The consumer culture, to which most South Africans belong, creates demand for the
supply of products and packaging which have the potential to become major
contributors to the litter stream. The same types of products and packaging and hence
the same major categories of litter prevail as in the developed world, although the
proportions and amounts may vary.

A common finding in studies in Springs (Armitage et al., 1998) , Coburg (Australia)
(Allison and Chiew, 1995) and Auckland (New Zealand) (Cornelius et al., 1994) was
that plastics are a major problem. The same finding has been made in the various
studies undertaken in the Cape Metropolitan Area. Ryan (1996) has found that some of
the pelagic seabirds that visit SA waters have among the highest levels of plastic
ingestion recorded, with almost every Great Shearwater or Blue Petrel containing
plastic in its stomach. Coastal cleanups in the Western Cape indicate that the major
component of coastal pollution is plastic waste. It was also noted that the debris does
not originate from the sea but mainly from the land (Kieser, 1999).

By way of comparison, in a study carried out into littering patterns in the informal
urban settlements of Vingunguti and Mtambani in Dar es Salaam (Tanzania), paper
predominated once sand, stones and vegetable and organic matter (including food
remains) were excluded (Kivaisi and Rubindamayugi, 2000).

Research conducted in a range of settlement types in the city of Bamako (Mali)
(Quedraogo et al, 2000) showed that plastics formed a small percentage of the total
litter load but this picture changed once sand, stones and vegetable and organic matter
(including food remains) were excluded. The exception was in the urban centre of
Bamako where the contribution of paper was of the same order.

For the purposes of this thesis a simplified classification system was adopted based on
research experience elsewhere (Armitage et al, 1998):

® Plastics (packaging and containers);

e Paper (packaging, newspapers and cardboard);

Marais (2003) The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 2 : The urban litter problem.



® Metal (cans);

® Glass (bottles);

® Vegetation (leaves, branches and food);
® Sediment (sand and clay);
® Miscellaneous (animal remains, construction material, cloth and fibre-glass).

This hierarchical classification system allowed considerable flexibility as it could be
further subdivided as the study progressed if it was thought that it was important to
record the incidence of a specific item. For example a can containing a particular brand
of cool drink may have been found to predominate. Implementing a strategy that
targeted this one item might significantly reduce the amount of litter emanating from
the catchment. This would only be apparent if the incidence of the specific item was
monitored and recorded.

2.4 Factors influencing litter composition and quantity

Research carried out in Australia and New Zealand has shown that the rate at which
litter is deposited on a catchment and the composition of that litter is highly variable
and depends on a large number of independent factors including (Armitage et al, 1998):

® the type of development, ie. commercial, industrial, residential —~ generally
commercial and industrial areas produce higher litter loading rates than
residential areas;

® the density of development,
° the income level of the community — it has been hypothesised that very poor
people don’t have access to many products, hence are not in a position to waste

them or their containers;

® the type of industry - some industries tend to produce more pollutants than
others;
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® the rainfall patterns, i.e. does the rain come in one season only or year-round?
Litter will build up in the catchment until it is either picked up by refuse
removal, or is swept into the drains by a downpour. Long dry spells give
greater opportunity to the local authority to pick up the litter, but also tend to
result in heavy concentrations of accumulated rubbish being brought down the
channels with the first rains of the season - the so-called “first flush™;

® the type of vegetation in the catchment - in Australia for example, leaves form
the major proportion of “litter” collected in traps with the highest proportions
recorded in residential areas;

® the efficiency and effectiveness of refuse removal by the local authority - it is
important that the local authority not only clean the streets and bins regularly,
but also that cleansing staff do not sweep or flush the street litter into the

stormwater drains;

® the level of environmental concern in the community - leading to, for example,
the reduction in the use of certain products, and the recycling of others; and

° the extent of legislation prohibiting or reducing waste, with which is associated
the effectiveness of the policing of the legislation, and the level of the fines.

2.5 Litter and neighbourhood decline

A more sinister effect of the presence of litter is that it is one of several environmental
cues associated with neighbourhood decline. Litter is a physical “symbol of disorder”
or “incivility” along with vandalism, dilapidated or abandoned housing, and dirty
vacant lots (Florida Center for Solid and Hazardous Waste Management, 1998).
Skogan (1990) found that people identify the incidence of crime with environmental
cues. His research indicates that physical and social disorder correlate very strongly.

The “broken windows” theory suggests that if an element of disorder, such as a broken
window, is not quickly repaired, a contagion effect will occur (Wilson & Kelling,
1982). This theory may be applied to other elements of disorder such as litter, graffiti,
vandalism and abandonment. Concurring research indicated that “litter begets

littering”.
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In the CMA many environmentally degraded areas are subject to gangsterism and
rampant crime. It would be too simplistic to blame this on excessive littering, but it
certainly may be a factor in perpetuating an atmosphere of lawlessness. American
researchers have even gone so far as to hypothesise that crime may be reduced by
improving a neighbourhood’s environment (DeFrances & Titus, 1994).

2.6 Case studies from the developed world

2.6.1 The Merri Creek Study, Melbourne

Late in 1986, following a request for support from the Merri Creek Co-ordinating
Committee (a joint community and local government group) to the Board of Works,
Melbourne and the Victorian Environment Protection Authority, a twelve month study
was conducted into the litter problem along the creek.

A working group was established with representatives from the three bodies, and one of
the eight local municipalities (Coburg) agreed to provide logistical support for the
project. The resultant study is described in the paper “Litter Control in Urban
Waterways” (Senior, 1992). This study, which is believed to have been the first of its
type in Australia, involved the identification of litter types and sources, assessment of a
variety of simple litter trap devices and the development of recommendations arising
from these investigations and associated observations.

The area selected for the study comprised the catchments of three underground drains
discharging into Merri Creek. These drains were selected as they represented a
primarily residential area, a mainly residential area containing a major commercial and
business area and a combined residential and industrial development. Of a total
number of 2 231 litter items collected and sorted into plastics, paper, cans, glass and
miscellaneous categories, 66% fell into the plastics category while 21% fell into the

paper category.

Garden debris, which has been identified as a major contributor to litter loads in other
studies, was not included in the litter count.
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The 66% proportion falling inte the plastics category {by item count) of litter trapped
wias made up of just five litter item types:

Plastic bags

u Plastic sheeting and film

. Plastic confectionery and crisp wrappers
* Take-away food containers

. Free distnbution ilems (junk mail).
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Other findings were that litter accumulation was particularly neted near fast food
outlets, automatic teller machines, supermarkets, tip sites, recycling depots and railway

lines.

2,6.2 The Coburg Study

The Merri Creek study blazed the trail for an in-depth study of litter deposition in the
Coburg catchment situated about 10 km north of Melboume's CBD. The monitored
arca was a 50 hectare catchment encompassing some 35% commercial (shopping
centre, library and fast food outlets) and 65% residential {middle income single storey
dwelling units at 2 density of about 10 units per hectare) land uses (Allison and Chiew,
1995).
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Figure 2-2 : Litter compaesition by dry mass from different catchments in Coburg
(after Allison & Chiew, 1995)
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Data from the study indicated that an average of approximately 30 kg/ha of dry litter
(100 kg/ha wet litter) 15 washed off these urban catchments per annum. The litter
profiles obtained are shown in the form of pic charts in Figure 2-2. They demonstrate
the variability of the composition of the litter with differcat land-uscs and densitics.

2.6.3 The Auckiand Study

Similar profiles to the Coburg Study were also obtained for Auckland (Cornclius et al.,
1994). Nine stormwater outfalls discharging from Auckland City into the Hauraki
Gulf, representing three basic land usc types (commercial, industrial and residential),
were sampled from November 1992 to October 1993 to determine 1f the quantty and
composition of stonmwater debris discharges vaned with catchment land use.

It was found that the commercial catchments were the most significant sources of litter
by mass. The estimated daily contributions onginating from the three land use types,
commercial, industrial and residential, vielded litter loading rates of 1.3, 0.9 and 0.5 kg
per ha per anmum respectively when converted to aunual rates. Although these loading
rates arc considerably lowcer than for the Coburg study, garden dcbris, which was a
significant component of the Coburg litter profiles, was not recorded o this study.
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Figure 2-3 : Litter composition by count from different land use types in Auckland
{after Cornclius et al., 1994)
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The litter profiles obtained are illustrated in the form of a bar chart in Figure 2-3.

It is interesting to note that plastic products predominate in the litter emanating from
the industrial areas (80% by count) while paper products are the most significant
contributor in the commercial and residential areas (64 and 43% by count respectively).

2.6.4 American experience

In the United States of America, published litter surveys have generally focused on
litter along roads rather than litter in drainage systems and waterways. There has been
an emphasis on the behavioural and attitudinal aspects connected with littering.
Research has also concentrated on how to reduce litter and its effects on the economy
and quality of life.

After noting a significant increase in the amount of litter found on Florida’s roadsides
in 1997 compared with previous years (Florida Center for Solid and Hazardous Waste
Management, 1998), the Florida Department of Environmental Protection
commissioned a multi-pronged research project to examine:

® The costs of managing litter;

® The economic and social benefits associated with preventing litter;

® The importance of tourism and ecotourism to Florida’s economy; and
® Successful litter prevention programmes in other American states.

The project concluded that:

i) ‘The presence of litter in a neighbourhood can have a significant economic and
social impact on the quality of life of the neighbourhood’s residents.

i) Additional data was needed to determine the economic impact of litter on
Florida’s tourism industry.

iii) At the corporate level (restaurant industry, shopping malls, convenience stores)
there was no knowledge of the costs associated with the cleaning up of litter.

Marais (2003) The measurement and reduction of urban litter entering stormwater drainage systems.
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iv)  Grass roots efforts to prevent litter in Florida were increasing.

V) Several states had found that statewide media campaigns were effective in
raising awareness about litter and reducing roadside litter.

vi)  Additional research was needed to determine the cost of managing litter at
county and local authority levels.

2.7 Case studies from developing countries
2.7.1 Vingulgati and Mtambani, Dar es Salaam, Tanzania

Tanzania’s urban population has been growing at a rate of 7 to 10% in recent years. 60
to 70% of the urban population live in informal settlements (Kivaisi and
Rubindamayugi, 2000). Vingulgati and Mtambani are unplanned urban settlements in
Dar es Salaam, the commercial centre of Tanzania. The Dar es Salaam City
Commission provides limited social services, but does not undertake solid waste
collection in any of the settlements due to a lack of financial resources. Both the
settlements are densely populated (6 317 person/km?) and generate about 22 kg/ha of
household waste and 345 kg of market waste per day. It was estimated that between 80
and 90% of the waste ends up as litter accumulating on the streets where it is either
burnt on site, buried, wasted to drains or left to rot. The main purpose of the survey
carried out in the settlements was to determine the proportions of the waste that were
organic (suitable for composting) and recyclable (capable of providing a source of
income).

The amounts and composition of the household waste were determined by randomly
selecting 50 households who disposed of their waste into plastic bags for a sampling
period of fourteen days. The bags were collected each day and sent to the laboratory
for analysis. The composition of the waste was established by combining the waste
from ten houses chosen randomly, and then sorting the combined waste into categories
by weight and calculating the percentage contribution. The market waste was
quantified by sampling fifteen stalls at the community market daily for a period of
fourteen days in a similar fashion.

Marais (2003) The measurement and reduction of urban litter entering stormwater drainage systems.
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The study tound that 73% of the waste was composed of organic matter while 5%
consisted of recyclable products. The litter profile obtained is depicted as a pie chart in
Figure 2-4.
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Figure 2-4 : Litter compaosition by dry mass for Vingulgati and Mtambani
{after Kivaisi and Rubindamayugi, 200:0)

Amongst the recommendations made by the study wers:

i} The government and municipal authorities should establish solid waste
management legislation and regulations to define the role of community bhased
organisations .(EBDS], non-government organisations (NGOs) and private
enterprises mvolved in the provision of collection services, recycling or
composting schemes.  This legislation should provide elear and wiable
guidelines to those in the private scetor participating in the solid waste industry.
By-laws and regulations should facilitate the operation of community-based
waste management schemes under healthy conditions, and enable collection
fees and prices of compost and recyclable products to be set and enforced at

BCONOMIC rates,
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Chapter 2 The orban hitter problem.



iii)

vi)

2-14

The lack of available capital for financing waste collection and composting
enterprises must be addressed. At the same time the government should provide
financial support to potential entrepreneurs for acquiring the technological,
financial and managerial skills to run these enterprises. The city authorities
should set aside land for the operation of these enterprises.

The government and municipal authorities should foster the participation of the
private sector and CBOs through the creation of environmental awareness,
training in efficient and environmentally sound waste management techniques,
and by expanding existing municipal structures dealing with waste management
to include private sector, CBO and NGO representatives.

A campaign to educate the public about the advantages of composting and
sorting litter and waste at source should be conducted using the public media
and existing NGOs and CBOs as bridges between municipal officials and
households. The income generating potential of community-based waste
management practices should be demonstrated.

Markets for recyclable goods and compost should be promoted. A demand for
compost should be created through designating areas where urban agriculture
using organic fertilisers could be practised.

Women should be involved in all aspects and particularly in demonstration
schemes as they represent the most effective way of promoting community
based waste management.

2.7.2 Bamako, Mali

Bamako district is an expanding city with more than one million inhabitants which

experiences severe and increasing environmental pollution by municipal solid waste

because of the lack of an efficient waste management service (Oudraogao et al., 2000).

The aims of an in-depth scientific study of the solid waste problem in Bamako district

were to obtain reliable data on the nature and quantity of the solid waste generated, to

propose a management strategy and develop a sustainable composting technology for

the organic fraction of the waste.
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Field investigations were carricd out from December 1993 to December 1954, Six
sectors with difterent social and economic characteristics were selected. The results for
two of these, the Gabriel Touré Hospital and the Héitel de UAmitié are not discussed
herc as they relale to specialised land-uses. Hamdallave is a largely nnpaved, high
density (with many families per household and a significant number of livestock), low
income residentiat arca while Falgje-SEMA 1s a medium density (one family per
honsehold), mddle income residential arca with fewer livestock and less pastoral
activity. The River Quarter is a well-wooded, medinm o low density, high income,
primarily residential arca with some schools and olfices. The Urban Centre is where

intense commercial and public service activities take place,

In each of the sectors at least eight site visits per month were underlaken to collect
housebold reluse between December 1993 and December 1994, Workers isolated the
different refuse types sorting the refuse by hand and then weighed mnd recorded the

results. The results obtained for the lour sectors are summiarised 10 Table 2-1:
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Metal (%) 1.26 1.01 !____ 0.90 | 046 267
Glas %) 054 | 0.70 047 | 012-0.57
 Seit i) _ 5632 39.71 2026 | 526-2826

F Tncludes papar.

‘Tale 2-1 : Results obtained for four sectors in Bamake District (after Onedraogo
et al,, 2000}
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It must be emphasized that these results reflect refuse rather than litter loads and
profiles. Nevertheless, it can be assumed that the litter profiles would be similar to the
refuse profiles, while the refuse loads represent the upper limits for the litter loads
(where all refuse ends up as litter in the absence of collection services).

The substantial contribution made by the category “soil” should be noted and resulted
from the practice of sweeping litter from unpaved yards into refuse bags. The highest
percentage contribution (56%) is in the Hamdallaye Sector. This phenomenon has also
been noted in low-income areas in the CMA and can be attributed to the lack of hard
surfacing or vegetal cover in these areas. “Organic matter”, which also contributed
significantly to the litter load in all sectors, included food, animal excreta and
vegetation. The proportion of vegetation in the organic matter was greater in the River
Quarter and the Urban Centre than in the other two sectors. Unfortunately “paper”
was not recorded separately in the three residential sectors, but it made a greater
contribution than plastic in the Urban Centre. This phenomenon is echoed in the
results for the other predominantly commercial catchments discussed in this document.

2.8 Previous South African studies and initiatives
2.8.1 The Springs Study

This study was carried out over a four month period from 1 December 1990 to
31 March 1991 for the Central Business District of Springs under the leadership of
Mr Christo Nel (Armitage et al., 1998).

The mixed use catchment selected comprised some 299 ha in area with a commercial
and industrial portion of about 254 ha (85%) and a residential component of about
45 ha (15%). The entire catchment drained to a single point where a single structure
was used to screen out particles of larger dimension than 20 mm.

After measuring densities for litter collected from various sources including streets
(35 kg/m3), the stream into which the catchment drained (95 kg/m3), refuse vehicles
(150 kg/m®), and the structure itself (95 kg/m’), a standard density of 95 kg/m’> was
adopted. The volumes of litter trapped by the structure were recorded.

Marais (2003) The measurement and reduction of urban litter entering stormwater drainage systems.
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Fourteen samples were taken from the structure and analysed to derive a typical litter
profile for the catchment. Figure 2-5 depicts the result in the form of a pie-chart. As
the quantity of vegetation trapped by the structure was negligible 1t was not measured.
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Figure 2-5 : Litter composition by volume trapped in Springs (alter Armitage el
al, 19938)

The litter deposition rate for the commercial / industrial area was estimated at about
550 kg/ha.yr using the standard density to convert the measured volumes into masses.
Of the amount deposited, about 18% was estimated to enter the stormwater drainage
system yielding an average annual litter load of about 82 kg/hayr for the entire
catchment.

2.7.2 Marine litter originating fvom Sea Point, Paarden Liland and
Milnerton (Cape Town)

The aims of this study, carried out under the auspices of the Percy Fitzpatrick Institute
at the University of Cape Town, were threefold (Amold & Ryan, 1999):

1) To estimate the amount of litter entering the sea from stormwater runoff.
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i) To identify key sources ol solud wasle enlering wasie water syslems.

i)  To target these specific sources with an education / invelvement campaign to

reduce stormwater hitter and thus reduce the amount of litter entering the sea.

The stormwater drain outlets from three small urban catchmenis i Cape Town were
equipped with litter traps in the form of polypropylenz netting. The three catchments
chosen were Sca Point {a high income, mixed commercial-residential area of 6.24 ha),
Paarden Eiland (an industrial area of 2.5 ha) and Milnerton {an upper middle-class
residential area of 4.7 ha).  All these arcas had repular refuse collection (once to twice a
week) and the commercial area of Sca Point also cnjoved regular strect sweeping. The
drains were netted for five to twenty-two days during the winter of 1996, Litter
collected from the nets was dried, weighed, counted and sorted to identify probable
litter sources.

The litter profiles abtained for the three catchments arc depicted in Figure 2-6 in the
form of a bar chart.
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Figwre 2-6 @ Litter composition by mass from three urban land use types in Cape
Town (alter Armld and Ryan, 19949)
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Extrapolating the mass of litter collected, the annual litter loadings obtained were
4 kg/ha.yr, 9 kg/ha.yr and 138 kg/ha.yr for the residential (Milnerton), commercial
(Sea Point) and industrial (Paarden Eiland) areas respectively. Plastics made up 15 %
of the litter by mass in the residential area of Milnerton and more than 50% in both the
industrial and commercial areas. Vehicle debris (metal parts and seat upholstery)
contributed a large proportion of the litter (by mass) in the residential area of Milnerton.

The findings of the study were taken to the local communities through a series of
facilitated meetings where participants were asked to suggest solutions to the litter
problem.

The researchers concluded their study with a range of recommendations. Key points
included targeting adults for educational campaigns, rethinking the role of street
cleaners and promoting waste reduction policies at a national level

2.9 Conclusions

It is clear that litter in urban stormwater runoff is a serious problem which needs to be
addressed. While the impact of litter pollution of urban stormwater runoff may appear
to be mainly of visual and aesthetic importance, litter also seriously interferes with
aquatic life in the receiving streams, rivers, lakes and oceans. The main conclusions
from the material presented in this chapter are:

i) Littering is considered to be a social behavioural problem. The temptation to
litter is increased where there is a general failure by authorities to enforce
effective penalties as a deterrent to offenders and where littering is not as yet
countered by a strong environmental ethic amongst the population at large.

ii) Despite the many dissimilarities between South Africa and developed countries
such as Australia, New Zealand and the United States, the extensive research
carried out in these countries has value for South Africa because of the sharing
of a common consumer culture. This results in the same major categories of
litter prevailing although the proportions and amounts may vary.

Marais (2003) The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 2 : The urban litter problem.
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The general inadequacy of litter refuse services leads to a rapid and sustained
accumulation of litter. This is particularly evident in South Africa and other
developing countries where litter collections are often infrequent except in
business districts.

The temptation to litter is increased where there is a general failure by
authorities to enforce effective penalties as a deterrent to offenders and where
littering is not as yet countered by a strong environmental ethic amongst the

population at large.

The composition of the litter varies with different land-uses, income and service
levels and population densities:

° Plastics make up a significant proportion of the litter in all types of land-
uses and densities surveyed where sand, stones, vegetable and organic
matter are excluded.

o Paper products are often the most significant contributor in commercial
and high income residential areas.

° A notable phenomenon in low-income areas is the substantial
contribution from soil. This can be attributed to the lack of hard
surfacing or vegetal cover in these areas.

Recycling and composting of refuse at source should be promoted to reduce the
potential litter load finding its way into stormwater drainage systems.

Marais (2003) The measurement and reduction of urban litter entering stormwater drainage systems.
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3. The pilot catchments

3.1 Introduction

In common with other South African urban areas, the basic infrastructure of the Cape
Metropolitan Area is unequally distributed. Rapid urbanisation and urban growth have
placed enormous pressure on the existing basic infrastructure and resulted in backlogs in
the provision of basic services such as waste removal thereby exacerbating the litter
problem. 19% of the dwellings in which the metro region’s 3 million people reside are
classed as informal (Van Deventer, 2000). In 1990, almost 1 million tons of waste was
received at landfill sites a year, which amounted to about 1 kg of waste per person per day
(Cape Metropolitan Council, 1998). Estimates for the amount of litter entering the
stormwater systems differ wildly. The Cape Metropolitan Council’s State of the
Environment Report for 1998 estimated that about 87 tons of litter enters the stormwater
system per year and that up to 239 kg of plastic bags enters per day. This is an order of
magnitude less than the Ryan (1996) estimate of 4 million litter items weighing more than
2.5 tons entering storm drains daily equating to more than 900 tons per year. Ryan’s
estimate was based on extrapolating actual average litter loads obtained from monitoring
the outfalls from three small urban catchments in Cape Town. This leads to the conclusion
that the Cape Metropolitan Council’s figures are a gross underestimate.

There is clearly a lack of knowledge of the source, type and amount of litter reaching the
stormwater drainage systems from different types of urban catchments. To remedy this
lack of knowledge a data collection programme was instituted in a range of pilot
catchments in the Cape Metropolitan Council.

3.2 Objectives of the data collection programme

The twin objectives of the data collection programme were

e to improve the knowledge of the source, type and amount of litter reaching the drainage
systems from the different types of urban catchments; and

» to measure the effectiveness of different catchment based litter management strategies.

To achieve these objectives the following activities were undertaken:

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 3 : The pilot catchments.
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i) A number of urban catchments representing a spread of land uses, income levels,

densities and service levels were selected.

ii) Litter traps and nets were installed in catchpits and stormwater outlet pipes.

iii) A monitoring programme was instituted to record the types and amounts of litter

trapped on a regular basis.

iv)  The data obtained from the monitoring was analysed to arrive at a litter profile for
each of the study catchments. The litter profile was then considered in tandem with
the socio-economic characteristics for each catchment. In this way it was hoped:

® to establish a litter profile in terms of the source, type and amount of urban
litter for each of the different types of urban catchments;

® to gain some understanding of how land-use, population densities, level of
servicing and socio-economic levels affect these litter profiles;.

® to identify the reasons for any change in the behaviour of the communities
with respect to their littering patterns during the monitoring period; and

® to determine possible litter management strategies to reduce litter loadings
in the study catchments.

As an adjunct to the monitoring programme, studies were carried out into the attitudes
towards littering amongst the communities living in two of the catchments, namely
Imizamo Yethu and Ocean View.

3.3 Selection criteria

As a key starting point of this study is that littering patterns are to some extent linked to the
socio economic profile and level of service in a catchment, it was essential that drainage
catchments covering a range of different land-uses, income levels, population densities and
service levels be selected.

Marais (2003). The measurement and reduction of urban litrer entering stormwalter drainage systems.
Chapter 3 : The pilot catchments,
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Each of the then Municipal Local Councils (now all part of the Cape Town unicity) were
requested to identify candidate catchments within their area for inclusion in the study. The
criteria for the selection of the catchments were:

i) The catchment should ideally be between 10 and 30 hectares (ha) in area with a
maximum of 100 catchpits. This was to keep the monitoring process manageable
and limit the cost of installing catchpit traps. On the other hand the catchment
should not be too small otherwise the data might be distorted by a single litter
source such as a fast-food outlet, an ATM, a supermarket, or a fresh produce
market.

ii) The catchment must not receive flow from other areas, i.e. it should be at the head
of a drainage system.

iii)  Ideally all the catchpits within a catchment should drain to a single outlet where any
litter bypassing the catchpit traps could be caught in a net.

iv) The catchment should have a distinctive land-use and socio-economic profile.

V) Catchments should cover a range of different land-uses, income levels, population
densities and service levels.

Vi) A catchment occupied by an informal or site and service area should be included.
There is a particular lack of research on litter loadings from such catchments despite
the acuteness of the litter problem in these areas.

An additional criterion in making the final selection from the candidate catchments was
that, as far as possible, the study catchments should be distributed throughout the Cape
Metropolitan Area to include all six of the then Municipal Local Councils within the CMA.

Nine catchments were selected (the average household incomes per annum given below are
1996 figures derived from the Census 1996 data):

The approximate location of the drainage catchments is indicated in Figure 3-1 while the
socio-economic and land-use characteristics are summarized in Figure 3-2:

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage sysiems.
Chapter 3 : The pilot catchments.
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Figure 3-1 : Map showing the CMA and the locations of the
selected catchments
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Figure 1-2 ; Sacio-economic and land use characteristics of the selected drainage
calchments

) Imizame Yetho — a low income, (average of R21 000 per houschold per annum}

high density residential area compnsed of site-and-service and informal plots:

i) Ocean View — a low income (average of R25 000 per household per annum), high

density residential area;

iii} Cape Town Ceniral Bosiness District {CBD} including office blocks and hotels;

v) Cupe Town CBD including open-air marketl and row shops:

V) Cape Town CBD including the bus terminus:

vi) Fresnaye — a high income (average of R97 000 per household per annum, medium

density residential arca (including apartments);

vii)  Summer Greens — a medivm income (average ol R7S 000 per houschold per

anmuni), medinm density residential ares;

Marais (20033, The measurement and reduction of urban lider entering stormwater drainage systems,
Chapier 3 The pilot caichments,
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viii)  Monagu Gardens industrial park:

ix) Welgemoed - a high income (average of R178 000 per household per annum), low

density residential area.

3.4 Physical deseriptions

The catchmenls ranged in arca from 3.4 hectares (ha) (for the market and row shops and the
bus terminus in the Cape Town CBD) 1o 25.4 ha (Fresnaye) with an average area of
1.8 ha. They covered a wide range of topographies and vegelalion 1ypes with significant
variaions in rainfall. Immzamo Yethu. Fresnaye and Welgemoed are situated on the sides
of mountains or hills while the Cape Town CBD. Summer Greens and Montague Gardens
are situated on flat lerrain.  The section of Ocean View comprising the study area is
characterised by gentle slopes, The mean annual precipitation in Imizamo Yethu exceeds
£00 mm while the mean annual precipitation is less than 500 mm in Fresnaye.

Physical descriptions of the catchments tollow:

341 A :lmizamo Yethn

This is a high-density low-income site-and-service residential settlement. There are almost
no permanent structures and the vast majorily of the residents live in shacks. About 70% of
the setilement is fully serviced with each erf having an individual water connection, a toilet
with waterborne sanitation and frontage onto a surfaced road or walkway. These erven

average 125 m? in area.

The remainder of lhe settlement is provided with communal taps and toilets or bucket
lairines. The study area of 33 150 m? falls into the fully serviced area which is however
downstream of areas with rudimentary services. In the absence of proper services, many
households on the periphery of Lhe settlement use the stormwater catchpits as disposal
points for nightsoil and refuse. The site is also extremely dusty and and a considerable
quantity of sand finds ils way into the drainage system exacerbated by erosion of the steep
slopes (ranging from &% in the study area 1o more than 20% on the periphery of the
seltlement) and the relatively high rainfall (in excess of 800 mm per anpum).

Marmis (2003), The measurement and reduction of wrban litfer entering starmwater drainage svstems.
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Figure 3-3 : A typical view of Imizamo Yethu

There is little vepetal cover other than the remains of a pinus pinea (stone pine) plantation
and the topsoil is largely composed of clay. Very few of the residents have gardens and
there is also a considerable amount of silt that washes off the mountain slopes above the
settlement in addition to the silt penerated locally. These slopes have been destabilised by
mountain fires and the growth of the settlement beyond its formal boundaries.

34.2 B : Ocean View

The Ocean View catchment is a medium to high density, low-imcome residential area with
both economic and sub-economic housing and hostels. Although Ocean View is situated
on a hillside, the slopes in the study area of 115 250 m? are gentle (less than 6%). All the
roads are surfaced and many have premix sidewalks. The study area includes a general
store and butchery situated opposite a taxi rank which was upgraded during the monitoring
period. The underground stormwater drainage system discharges into an open canal which

ulimately empties into the sea.

Marais (2003}, The meesurement and redwction of wwban liter envering stormwater drainage systems,
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Figure 3-4 : Hostels and a section of the canal draining Ocean View

Many of the house owners have gardens and during the study period several extended their
gardening efforts to include grassing the road werges. This appeared to result in a

considerable reduction in the amount of sand entering the stormwater system.

343 C.Dand E: Cape Town Central Business District

This is an amalgamation of three small catchments and includes a wide range of land uses
inter alia; a bus depot, informal traders, parking areas, row shops, hotels, offices, the

Receiver of Revenue and even a corner of the Parliamentary complex.

Catchment C (with an area of 66 000 m?) slopes gently downwards from south to north and
18 lined with office buildings, hotels and a mix of shops including coffee shops and fast
food establishments. The streets are lined with trees but other than this, the vegetal cover is
himited to 1solated flowerbeds, All the sidewalks and streets are fully paved and equipped
with small plastic rubbish bins mounted on lamp posts,

Marais (2003). The measurement and reduction of srban fitter entering stormweiter drainage sudems.
Chapter 3 : The pilot catchments.
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There 1s a significant amount of both vehicular and pedestrian traffic between the Grand
Parade at the northern end of the catchment and the government offices, including the

Receiver of Revenue, at the southemn end.

Figure 3-5 : A typical trash bhin in the vicinity of the Grand Parade, Central Busingss
District, Cape Town

Catchments D and E which are essentially level have a combined area of 34 000 m®. Both
catchments have considerable numbers of informal traders and Catchment D also includes
an open air market with kiosk shops and adjacent publie parking situated on the westem
side of the Grand Parade. The periphery of the Grand Parade is treed but both catchments
are otherwise unvegetated and complately paved - mostly with asphalt.

Catchinent E is largely occupied by the bus terminus and has a steady flow of commuters

fromt the nearby station and axi terminus peaking in the early moming and late afternoon.

Marais (2003). The measwrement and reduction of weban liger entering stormwater draliage svstems.
Chapter 3 - The pilot catchments,
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Figure 3-6 : Cape Town CBD : Kiosk shops en the Grand Parade

344 F:Fresnaye

Fresnaye is a medium to high-density upper-income residential area situated on the western
side of the Cape Peninsula. The study area of 254 000 m?® includes residential areas
composed mostly of detached houses situated on the stecp mountain slopes (6 to 11%) and
a small number of blecks of flats.

The main access road, Kloof Road, carries a fair amount of pedestrian traffic as it [cads to
the shopping precinct of Sea Point.  All the sidewalks and roads are fully serviced and the
area 13 well vegetated with mature gardens and trees throughout. The rainfall is relatively
low with the annual precipitation rarely exceeding 500 mm.

Marais {2003). The measurement and reduction of urban litter entering storaowater drainage systems.
Chapter 3 : The pilot catchments,
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Figure 3-8 : Blocks of flats
lining Kloof Road, Fresnaye

Marais (2003). The measurement and veduction of wban litter enicring stornpwtter draingge sysiems.
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345 G Semmer Greens

Summer Greens 1s a medium-density middle income residential area.  Plot sizes are
generally of the order of 230 to 300 m?* and nearly all the houses in the study area of
53 200 m* are single-stoned and {ree standing, Despile the area being recenlly developed,
it is well-grassed and most of the residents have modest gardens. Although road reserves
are narrow they arc fully paved and there is a smatl neighbourhood park of abour 300 m?

which doubles as a stormwater detention arca.

The soils of the area are sandy and the topography 15 flat. In the study area the road layout
does not permut through traffic with the result that nearly all the pedestman and vehicular
traffic is penerated by the residents themselves, The mean annual precipitation is about

330 mim for the area.

Figure 3-9 : A neighbourhiod park in Summer Greens

Marais (2003} The mewsweemont and reduciion of wrban Lirer enleving stormafer diainage sesfems,
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3.4.6 H :Montague Gardens

Montague Gardens 15 a light industmal catchment.  The study area covers an area of
40 685 m? and is almost fully paved. Together with adjacent Marconi Beam it is the
fastest growing industrial area in the CMA and there is a constant stream of heavy and light
traffic through the area dunng work hours. A substantial worktorce mhabiis (he area
during the day and there are several fast food outlets catering for their needs. There i3 little
vegetation to speak of, although the owners of some businesses have made an effort o
plant flowers or grass outside their premises and there are a few scraggly trees. As with
nearby Summer Greens the soils of the ares are sandy and the topography is flat. The mean

annual precipitation is also of the order of 530 mm.

Figure 3-110 : The licht industrial area of Montague Gardens

3.4.7 1:Welgemoed

Welgemeed is a high-income, low-density residential arca situated on the slopes of the

Tygerberg Hills in the northern suburbs of Cape Town,

Marais (HH3). The measurament and roduction of wehan litter ertering sformwater drainagse spstemy,
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Figure 3-11 : The verdant suburb of Welgemoed

The property sizes (more than 1 000 m?*) and dwellings are large with mature and often
elaborate gardens. All the houses in the study area of 144 000 m? are freestanding and
many are multi-level to take advantage of the sloping topography. Slopes are estimated to
be between 8 and 10%. Although the roads and sidewalks are surfaced, treatment of road
verges varies. A few verges displaved erosion problems mostly as a result of excessive
watering of adjacent pardens rather than as a result of runoff from heavy rainfall. Both
gardens and road reserves are well-wooded

3.5 Demographic profiles

Attitude surveys carned out amongst 1 000 respondents in the State of Florida i the Unrted
States indicated that those thought most likely to litter are between 13 and 24 vears of age
{Florida Centre for Solid and Hazardous Waste Management, 1999). These surveys are
supported by research conducted in 1968 for Keep America Beautiful Inc. which idennfied
specific demographic variables related to littering. Among the findings was that twice as
many males litter as females, and that adults under the age of 35 are twice as likely to htter
as people aged 35-49, and three times more likely to litter than people over 50 (Florida
Centre for Solid and Hazardous Waste Management, 1998). Similar demographic trends

have been noted in Anstralia.

Marais (2003), Fhe measurement und reduction of urban lifer entering sfovmwater drainage systems.
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From these results it ¢an he consirucd that littering patterns are strongly linked to

demographic profiles,

To investigaie this link, data from the 1996 census database compiled by Statistics S.A.
was used to compile the demographic and socio-economic profiles of the selected
residential study areas. Although a more recent cenpsus look place in 2001 the results were
not available at the time of wnting. The motivation behind utilising such census data is to
gain a broader understanding of the infiuence of socio-economic circumstances on the

nature and amount of litter 10 these areas.

The commercial swudy areas falling in the Cape Town Central Business District and the

light industrial study area of Montague Gardens have not been included for two reasons.

i) The censns data related to households and places of residence. The Cape Town
CBD and Montague Gardens have few residents and their impact on littering is
insignificant compared to that of the workers and passing vehicles in the area.
Neither the people who commute to work in these areas nor traffic volumes are

reflected in the census data.

ii) The set of characteristics should be comparable using a common reference system
for all the catchments (o derive a meaningful comparison. This holds true for all the
residential catchments where the characteristics are referenced per resident or
househetd.

A literature review was carried out to guide the choices of “socio-economic™ factors that
could be extracted from the census database to formulate the socio-economic profiles of the
catchments (Matzener, 20003, The mtention was to select a few. relevant characteristics

rather than present an excess of information that might obscure the picture,

The mumber of charactenstics selected has been reduced and subdivided into two subsets
for this thesis, The Nirst subset, which 15 presented in this section, comprises the following

characteristics:
. Population group
- Age

. Type of dwelling

Moarais (2003, The measurement and reduction of urban liter enteving stormwaler drainage systems,
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“ Dwelling ownership
s Employment status

» Individual income

The second subset relating to the household services provided 1s presented in Section 3.6

Graphs have been compiled from the census data for each of the characteristics in tum to
facilitate comparison of the study catchments.
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Figure 3-12 : Populatien group distribution for the residential study catchments

The racial disaggregation shown in Figure 3-12 shows fundamental differences between the
catchments. Imizame Yethu is predominantly African/Black (87%). Ocean View is
predominantly Coloured (95%) while Fresnaye and Welgemoed are predeminantly White
(81% and 91% respectivelv). Although the dominant population group in Summer Greens
is White (47%), a significant number are Coloured (29%) or not specified (16%).

The age breakdown for the catchments shows major differences.

Marais (2003). The measurement and reduction of urban litier enfering siornnwater drafnage systems.
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Figure 3-13 : Population by age distribution for the residential study catchments

Although the proportion of the populations below the age ol 30 is similar in Imizamo
Yethu, Ocean View and Summer Greens, the proportion ol children below the age of 15 s
greater in Ocean View {358%) than the other two arcas. The relatively low proportion of
children in Imizamo Yethu (22%) comparcd with Ocean View {38%) is possibly due to the

{arge number of males (70%) resident in Imizamo Yethw

The median age mn Fresnaye and Welgemoed is older at 31 to 40 vears than the other
catchments at 21 to 30 years. Over 20% ol the population in Fresnave is over 60 vears of
age compared to less than 10% in the other catchments, Imizamo Yethu and Summer

Greens have a very low proportion of people over the age of 60 years (both 3%).

Dwelhng type and ownership are facets ol a person’s soclo-economic status. Figures3-14

and 3-15 respectively tlustrate the dwelling types and ownership patterns.
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Figurc 3-14 : Households by dwelling type for the residential study catchments
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Figure 3-15 : Houscholds by dwcelling ownership for the residential catchments
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Fresnaye and Ocean View are fairly evenly divided between ownership and non-ownership
while the other catchments show a predominance of ownership. However in Imizamo
Yethu this probably reflects the fact that the occupiers built their dwellings themselves
rather than a legal right of ownership. An examination of the dwelling type shows that
91% of Imizamo Yethu's residents live in informal shacks whereas more than 90% of the
inhabitants in the other catchments live in houses or flats, In Summer Greens (97%) and
Welgemoed (93%) inhabitants reside overwhelmingly in freestanding houses. In both
Ocean View (39%) and Fresnaye (47%) significant proportions of the residents live in
blocks of flats.

Figure 3-16 portrays the employment status of the inhabitants of the residential catchments.
Imizamo Yethu (15%) and Ocean View (6%) have the greatest proportions of unemployed
job seekers, Ocean View (35%) has the lowest proportion of employed people while
Summer Greens {57%) has the highest.
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Figure 3-16 : Population by employment status for the residential catchments
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Ficure 3-17 ; Populatien by individual monthly income for the residential catchments

The individual monthly income level is used here, not household income. as this can give
an inaccurate picture (depending on how many members of a family work, for example).
Fresnaye and Welgemoed have the greatest spread of incomes. Surpnsingly the median
individual menthly incoeme in Imizamo Yethu is similar to that in Welgemoed but this may
be explained by the low number of children and housewives who do not earn incomes in
Imizamo Yethu compared to Welgemoed. The ares with the highest median individual
monthly income is Summer Greens although the area with the highest average household
income is Welgemoed. It should also be noted that the propertions are biased by the
“Unspecified” category which comprises over 23% of the inhabitants in the case of
[mizamo Yethu. If most of these fall inte the lowest earning categories the median income
could be considerably lower.

Marais (2003), The measwrement and reduction of urban {itter entering stormwater drainage systems.
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3.6 Service levels

The unequal access to services in the CMA has been alluded to in the introduction to this
chapter and 1s illustrated in this section using daia relating to household services derived
from the Census 96 database. The subset of characteristics selected is:

. Water supply:
. Toilet facihinies;
" Refuse disposal.
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Figure 3-18 : Household watcr supply for the residential catchments

The nature of the household water supply demonstrates the inequality in infrastructure
between Imizamo Yethu and the other catchments {Figure 3-18). Fewer than 20% of
households have access to piped water in their dwelling althongh 53% have access to piped
water on their site. This compares with over 86% having access to piped water in their

dwelling in all the other catchmenis. 40% of Imizamo Yethu households aobtain their water
from a “‘public tap”.

Marars (2003). The measurenent and reduciion of urban litter entering stormwater drainage sysiems.
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Figure 3-19 shows that a similar pattern is evident with toilet facilities with only 56% of
Imizamo Yethu households having flush or chemical toflets. More ominously the category
“none of the above” comprises 22% of Imizamo Yethu houssholds. It 13 assumed this
entails urination and defecation in the bush or public areas. Night soil has indeed been
found in the Imizamo Yethu catchpits on a number of occasions. 94% of Ocean View
households have flush or chemical toilets while every household in the remaining

catchments has a flush or chemical toilet.
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Figure 3-19 : Honsehold toilet facilities for the residential catchments

The most critical household service relating to the problem of litter in the stonmwater
drainage systems is that of household refuse removal. Figure 3-20 illustrates that only 52%
of Imizamo Yethu households have their refuse removed at least once weekly and that 24%
have no refuse removal at all. In contrast at least 97% of the houscholds in the other
catchments bave their refuse removed at least once weekly, This must significantly
increase the potential for household refuse to become part of the litter stream in the case of
Imizamo Yethu,

Marais (2003}, The meastirement and rediction of wrban litter entering stormwater drainage systems.
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3.7 Conclusions

1) There is a considerable need to improve the knowledge of the source, type and
amount of lifter reaching the drainage systems from diffcrent types of wrban
catchments, This can be achieved through instituting a programme to collect and

analyse litrer data from a range of catchments,

iy In commaon with other South African urban arcas the basic infrastructure of the

Cape Metropolitan Area is unegually dismibuted.

iii)  The nine pilot catchments arrived at through the selection process cover a wide
range of different land-uses, socio-cconomic levels, population densities and serviee
levels. The problems they experience with respect to litter in their stormwater
drainage systems are probably representative of similar urban catchments elsewherc

in South Africa.

Maruis (2003). The measwrement and reduction of weban kitter entering stiormwater drainage systems.
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v) In the absence of proper services. it appears that some households in informal areas,
such as Imizamo Yethu, use the stormwater catchpits as disposal points for nightsoil

and refuse.
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4. Data collection
4.1 Introduction

As noted in the introductory chapter, previous South Affican studics have concentrated
on removing litter from drainage systems once it 15 already there rather than reducing
the amount of litter enlering the drainage systems. This has led to a pavcity of available
data on the nature and guantity of litter that finds its way into the stormwater drainage
systems (Armitage et a1, 1948).

This chapler rlates how a data collection process was instituted in the nine study
catchments to remedy this deficiency. The simple devices used to trap the litter, the
steps taken to implement the process, including the installation of the trapping devices,
and the monitoring procedure are described. The constraints cxperienced both in
selting up the catchments to enable the coliection of the data and in recording the data
are discussed. It is hoped that the lessons learned will prove vscful to researchers

lackling similar vndertakings.

4.2 I'raps and nets

The litter traps were fabricated of galvanised weld mesh with 23 x 13 4 mm openings.
The mesh was folded on site to suit the catchpit dimensions, A minimum horizontal
clearance of 200 mm between the short sides of the trap and the short walls of the
calchpit was generally provided 1o allow for overflow in the event of the trap becoming
hlocked. The traps rested on two horizontal lengths of angle iron bolled 10 opposing
catchpit walls where the configuration of the catchpit allowed, otherwise they hung
from the lip of the carchpit opening below the grid. Easc of fabrication and cheapness
were paramount considerations in the design as it was thonght the traps might be pronc
1o theft (Figure 4-1).

Nets made of diamond mesh nylon netting were originally provided at all catchment
outlets. Their intended function was 1o intercept all the Hiter which had bypassed the
litter traps upstrean of the outlet, The end of the net was fastened onto a circular
zalvanised mild stecl hoop fixed to the headwall. A horizontal gap of at least 20 mm
was left between the end of the emerging pipe and the hoop to allow for the passage of
water in the event of the net filling with fitter (Figure 4-2).

Marais {2003), The measurernent and reduction of urban fitter enteving stormwater draingge systems.
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Figure 4-1 : Cross-section through a typical side-entry catchpit

Euach catchpit and outlet net was uniquely identified by a reference number with the

format E E E where

= X = catchment code (see Table 4-1)
= NNN = catchpit or outlet net number.

4.3 Implementation of the data collection process

A workshop with representatives from the then Municipal Local Councils (MLC's} was
held on 10 February 1999 where the motivation and methedology ol the project were
outlined.

Subsequent to this workshop each MLC 1denrified candidate catchments for inclusion
in the study. The project teamn conducted site visits to the candidate catchments and,
together with the MLC’s, selected the nine catchments that met the project and the
Cape Metropolitan  Council’s  requirements.  These sites were approved lor
implementation by the Cape Metropolitan Council on 3 March 1999,

Wlarais (20033, The measyrenent and reduction of urban litter entering stormweater drainage systens,
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The catchpits and stormwater outlets to be fitted with traps were then identified from
plans supplicd by the MLC's and the supply and installation work put out to ender.
The tender process culminated in the appointnient of a Contractor on 17 August 1999,
The costs of manulacturing and installing the traps and nets were boime by the Cape

Metropolitan Council,
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Figure 4-2 1 Detail of a typical net (as tendered)
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A [ollow-up workshop was held with the MLC's on 23 Angust 1999, The purpose of
this workshop was o discuss the litter trap moniloring process, the MLC ficld staff
involvement and the financial implications of the project. To facilitate this workshop, a
trap near the “Grand Parade” had been installed belorehand. thereby creating an
outdoor site whicl the workshop attendees could visit to physically see an installed trap

and observe how the volume of litter was to be recorded.

At that stage il was envisaged thal the rontine monitoring and clearing of the traps
world be conducted by the MLC's cleansing [ield staff. Individual workshops in the
four aftfected municipalities, the South Peninsula Municality, the Cape Town
Municipality, the Blaanwberg Municipality and the Tygerberg Municipality, were held
to inform the field stafl of the monitoring and recording procedure for the litter traps.

The Conlractor commenced installing the litter traps and catchment ontlet nets on
18 August 1999, The Imizamo Yethu, Occan View, Summer Greens, Montlague
Gardens and Welgemoed catchments were handed over for monitoring on
26 November 1999 while the CBD catchments were handed over on 3 December 1999,
The Fresnaye caichment was handed over much later on 28 Febmary 2000,

The number of stormwater calchpits equipped with traps varied from six (draining the
bus terminus in the Cape Town CBD) to 35 (Welgemoed) in each cawchment at an
average density of 2.5 per ha. Each catchpit was equipped with one or more litler traps.
In the event ol a spilt [rom the catchpit litter traps the litter shontd have been caught in
the nets placed inside the catchment ountlet pipes or existing grids at the outlets in the
case of lmizamo Yethu, Ocean View and Summer Greens. These outlet pipes varied in
diameter from 375 mm (Cape Town CBD) to 750 mm (Fresnaye. Montague Gardens).

Only Lhe lower portion of Fresnaye was cquipped with catchpit traps althongh the outlet
pipe was netted, Tins meant that those areas of Fresnaye along the main access route
and amongst the blocks of flats could be studied in greater detail than the residential
arcas situated on the steep mountain slopes. This exception was made for reasons of

cconomy in the installation and cleaning of the traps.

The distribution of the catchpits and catchment outlets equipped with traps or nets is

summarised in Table 4-1:

Marais (2003, The measyrement and reduction af nrban lier entering stovmwater droinage sysiems.
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Table 4-1 : Distribution of catchpits and outlets for selected catchments

4.4 The monitoring procedure

Maonitoring of the installed litter traps and nets began during January 2000 and ended in

Janvary 2002,

4.4.1 Responsibilities of the Local Authorities

It was anticipated that the traps and nets in each catchment would undergo a roviine
clearoul by the local authorities at least once a month. The lollowing data was to be

recorded on a standard recording sheet supplied to them:

- the date of the clearout;

. the duration of the rainfall and precipitation (if any) dunng the petiod preceding

the clearont;

Barais (2003), The sreasurenient and reduction of urban litter entering stormwater drainage sysiems,
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L] the toial volume of litter remnoved from the streets aod from the dustbins o the

catchment beiween clearouts:
. the degree of fullness of each uniguely numbered trap and outlet net,

A detailed analysis was to be undertaken once a month in each catchment during the
rainy season (April to September). 1n addition to recording the above data the contents
of each trap and net were to be emptied nto large hags clearly labelled with the rap/net
reference number for sorting and detailed analysis in the UCT Laboratory.

4.4.2 Role ol the Waste Auditor

To carry out the sorting and detailed analysis of the litter an independent Waste Auditor
was appointed for six months full-time over the winter period April to September of
2000 with the intention 1o rcpeat the six month appointment in 2001, 1n the course of
the six months the Waste Aadifor should have heen able to carry ont about six full
analyses of each catchment at a rate of about two per week. For each map or net the
tollowing additional data was recorded by the Waste Auditor:

. the exact mass and volume trapped:
. the trap contents by type, number, volume and mass; and
. the Hkely sources of liter.

The Waste Anditor played a vital role in ensuring that trap contents were collected and
analysed in an acenrate and consistent way. His tasks included:

i) Carrying out checks on each catchmenl in the field (o cnsure that the local

authority teams were properly clearing the catchpits.

i) Assisting with the entry of field data on the standard recording sheet. Although
this was donc by the local authorities™ teams it was found to be essential that the
Waste Awditor assist with this function from experience gained in April 1o
September of 2000, Without supervision, the local anthority tcams did not
record the data correctly and tended o assign the same degree of fullhess to
every trap.

Marais (20030, The measuremeny and reduction of prban {itier entering stormwaier dvaingge svstens,
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Figure 4-3 : Database entry sereens for detailed analysis

i} Capturing the data sheets recorded in the ficld onto the projeet databasc.

iv) Waorking, with the local authority team collecting litter for a detailed analvsis to
ensure that bags were correctly labelled wath trap and net numbers before bemg
transported to the UCT Laboratory.

V) Sorting, weighing, and measunng the bag contents 1 the Laboratory: recording
the results onto a standard check list, and from the checklist onto the project
databasc. The results recorded were the trap contents by type and mass and the

likely sources of litter.
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4.4.3 Classilication of the litter

The hierarchical classification system set ont in Table 4-2 was employed for recording

the litter items. The main categories were selected on the basis of research experience
from elsewhere (Armitage et al. 1998}, This classification system allowed considerable

flexibility as it could be further subdivided as the study progressed if it was thought to
be important to record the incidence of a specific item. For example plastic chip
packets were often encountered in Oceun View, Implementing a strategy that targets

this one item might significantly redoce the amount of litter emanating [rom this

catchmenlt. This would not have heen apparent if the incidence of this specific item was

not monitored nor recorded.

Mickasing

[ atappinyg biss, wrappins.
1.2 Polysiyrcnc Polysiyrene blecks and pellets, cooler boxes.
1. Plastic 1.3 Comainers Containers, bottles, crates,
1.4 Miscellansous Straws, straps, ropes, nels. music casselles, syringes,
caling ulensils.
2.1 Packaging Wrappers, servietles,
3. e 22 Wews/ stationery Newspapersl, adveﬂis}ng flvers, hTM dockers,
2.3 Cardboard Foosd and drink containers, bus dekers,
2.4 Miscellancous
3.1 Cans
d: Mot 3.2 Miscellansous Foil, boltle wps, number plates,
4. Glass 4.1 Bonles
5. Vegetation 2 Lfﬂwm Wit branchos oy
o 5.2 Food Raotten froit and vegetables.
. Sediment 6.1 Sand
7.1 Animal Dead dogs and cats, sundry skeletons.
7.2 Construction material | Shuwers, planks, umber props, broken bricks, lumps
of concrete.
7. Miscellaneaus | 7.3 Cloth CHd clothing, rags.
7.4 Fibre-glass
7.5 Miscellaneous Shoes. sponges, halls, pens and pencils, balloons, oil
filiers. cigaretle buits, byres.

Tahle 4-2 : Litter classification system

Marais (2003}, The mewswrement and rediction of wrban Hiter entering stormwater drafnage systens.,
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4.4.4 Adjustments to the monitoring procedure

Experience gained on site over the first monitoring period (January to September 2000)
led to a number of changes to the monitoring procedure:

® With notable exceptions it was found that without independent supervision it
could not be guaranteed that the data was collected by the local authorities in
such a way that its integrity was assured. In particular the degree of fullness
recorded was found in many cases to be almost completely arbitrary.

® As a consequence it was decided to employ the Waste Auditor for the entire
twelve month monitoring period commencing in February 2001 and ending in
January 2002 so that he could accompany all collections.

® From October 2000 on the local authorities were asked to deliver the litter
collected from their routine clearouts in clearly labelled bags to the laboratory as
for the detailed clearouts so that the total mass of each bag could be determined
and recorded for routine clearouts.

This was requested because the degree of fullness of traps had been found to be
inconsistently recorded by the local authorities. The volume derived from the
degree of fullness of the trap was also found to be an unreliable indicator of
mass as the densities of the litter varied so widely. Sorting into different litter
categories was not however carried out for these routine clearouts.

° It was also decided to dispense with the counting of litter items in 2001 as this
had proved extremely time consuming and once the litter profile had been
established there was little need to continue with this. Litter counts do however
give a better indication of the aesthetic impact of lighter materials such as
plastic bags and packaging which can appear to be negligible in terms of mass.
The litter counts obtained in 2000 are included in the Appendices.

® Due to the large mass of silt accumulating in the Imizamo Yethu traps, the
clearing on a monthly basis conducted in 2000 had proven to be extremely
onerous. Blockage of catchpits had occurred with consequent limited flooding.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 4 : Data collection.
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The frequency of clearing was increased to once a week from mid May of 2001
to lessen the chances of the traps filling to capacity and causing flooding
between clearouts and to ease the task of removing the baskets by reducing the
weight of the litter and sediment trapped in them. Following the same reasoning
the frequency of clearouts in Ocean View was increased with clearouts taking
place on a fortnightly basis from mid May 2001. The frequency of clearouts for
the other catchments was maintained at roughly once a month.

4.5 Constraints and lessons learned
4.5.1 Implementation

It took two months from the selection of the pilot catchments to obtain all the
stormwater drainage data. It rapidly became evident that much of this drainage data
was inaccurate and out of date. In some cases the plans had been drawn up 50 or more
years ago and had not been amended when changes had been made. Sometimes two
plans of the same area showed different drainage routes. Scales also varied from plan
to plan, some maps still being in imperial units. Some of the plans were difficult to
read. Although all of the MLCs cooperated with the project team in locating accurate
information, it was some time before the Project Team could be confident that they had
reliable information.

As the installation of the traps and nets was being funded by the Cape Metropolitan
Council the appointment of a Contractor had to pass through their approval process
which took a further two months.

The Contractor optimistically tendered a three week contract period. The actual
contract period was close to six months. This extraordinary difference can be attributed
to the Contractor underestimating the practical difficulties associated with retrofitting
catchpits of differing dimension, scattered over a wide area, and often filled with sand
and other debris. This was exacerbated in the case of Imizamo Yethu where night soil
was routinely dumped into the stormwater drainage system.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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4.5.2 [Effectiveness of traps

The catchpits equipped with litter traps (wire baskets) were of three basic types; those
with side inlets only, those with horizontal grid covered inlets and those with both side
inlets and horizontal grid covered inlets. In the case of the latter type the litter baskets
were found to trap only a portion of the litter. The items found in the baskets were
mostly those that could easily pass through the concrete grid covers (e.g. small paper
and plastic wrappings) while the larger items tended to escape the basket. These items
were sometimes trapped between the basket and the back of the catchpit underneath the
side inlet. This was because the baskets did not extend underneath the side inlet
opening but were positioned directly below the grid covering. All the litter trapped in
the catchpits, both inside and outside the baskets, was however collected and recorded.
Based on the quantities trapped in the catchpit types not manifesting this shortcoming
the data loss was less than 10%. The incidence of this situation was also noted when
encountered.

4.5.3 The role of the local authorities

Initially it had been hoped that the four participating local authorities (the former
Metropolitan Local Councils) would assist with the collection and volumetric
assessment of trap contents. In practice, it was soon realised that this was naive.
Whenever the Waste Auditor did not appear to be watching, the clearing teams rushed
through the clearing operation with little regard for the integrity of the data. One local
authority team reported every trap to be 50% full irrespective of how full it actually
was. It became clear that without independent supervision and some form of reward,
the team was unlikely to work carefully. In the case of the street cleaning teams
working within the Central Business District, special care had to be taken to ensure that
the teams did not think the Waste Auditor was a “spy” evaluating how much of their
work could be outsourced.

A further problem was interference in the project by other departments of the local
authorities concerned. Despite several attempts to keep all interested and affected
parties informed of the research project, information seldom seemed to be passed down
from the officials to the supervisors and litter was removed, nets tampered with, and
various litter management options were adopted without prior approval of the Project
Team.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 4 : Data collection.
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4.5.4 Assessing the fullness of the traps in the field

In estimating the volume of collected litter in the baskets and nets it was initially
proposed that degrees of fullness 0, 1, 2, 3, 4 corresponding to 0%, 25%, 50%, 75% and
100% full would be employed for recording in the field. However this resulted in error
and confusion on the part of the local authority teams emptying the baskets. The
percentage of fullness (preferably to the closest ten percent) was therefore adopted for
recording the volume of collected litter in the baskets and nets.

4.5.5 Frequency of collection

To begin with the process of litter collection and analysis was generally undertaken
following a monthly clearance schedule or immediately after a (major) storm. This had
been the case in all the monitored catchments except Imizamo Yethu and the Cape
Town CBD. Unauthorised and premature clearing of litter in these two areas (as a
result of flooding in the former) had led to the loss of important data and disruption of
the schedules for clearing. To mitigate this, estimates of mass and volume based on
previous collections were made. These estimates were more reliable in Imizamo Yethu
where the degree of fullness of the baskets had been noted before the litter had been
cleared. More frequent contact with the local authority officials proved necessary to
avoid further unauthorised removal of litter and consequent loss of data.

Experience gained over a period of time indicated that the frequency of clearing the
catchpits could be adjusted from catchment to catchment. Clearing in Imizamo Yethu
and Ocean View, where the baskets were likely to fill within a short period of time,
needed to be more frequent. In contrast, in Summer Greens and Welgemoed, the
monthly frequency initially adopted had proved to be unnecessarily high. Baskets in
these areas were on average found to be less than 10% full. Regular checking of traps
was carried out in order to refine the frequency of collection on an individual basis for
each of the pilot catchments.

Marais (2003). The measurement and reduction of urban litter entering siormwater drainage systems.
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4.5.6 Absence of traps and nets

The absence of baskets and nets and difficulty in opening catchpits complicated data
collection. This was due to a number of reasons which included traps being stolen or
not yet being installed, and removal of nets due to flooding. During the course of 2001
the missing traps and nets were replaced with the most severely affected areas of
Imizamo Yethu and Ocean View enjoying precedence.

4.5.7 Litter categories

Another problem was inherent in the classification and recording of the litter items.
Certain litter items have an impact on the environment (even if aesthetic only) which is
disproportionate to their mass or volume. Statistically, litter items contributing a small
percentage to the litter loading in terms of mass should not be assigned a subcategory.
However if there is a high incidence of the items they may merit a separate sub-
category. Litter items such as plastic bags have a noticeable and persistent negative
impact on the environment even if their contribution by mass is low and have therefore
been assigned separate subcategories.

4.5.8 Establishing baseline data

The litter environment within South Africa is rapidly changing. An example of this
was the declaration by the Minister of Environmental Affairs that the minimum
specification for polyethylene shopping bags was about to be substantially increased.
which will have an impact on the litter finding its way into the catchpits. The former
Cape Town Municipality (CTM) recently introduced a minimum street sweeping
service in all the areas under its jurisdiction. Increasingly local authorities, NGOs and
ratepayers are becoming more pro-active in reducing the quantity of litter in the
environment. This made it impossible to determine baseline litter data.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.,
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4.5.9 Measuring the effectiveness of catchment litter management
strategies

Measuring the effectiveness of different catchment based litter management strategies
was one of the twin objectives of the data collection programme.

Originally it was proposed that after a year of monitoring to establish “baseline data” in
2000, a first round of catchment strategies would be implemented by the Project Team.
The impacts of these strategies would then be determined from a second year of
monitoring in 2001. Based on an analysis of these impacts the strategies would then be
refined and the impacts of the refined strategies assessed from a third year of

monitoring in 2002.

However during the first year of monitoring it became clear that interventions, outside
the control of the Project Team from National Government, Local Authorities, NGOs
and ratepayers, were taking place to address the litter situation. These interventions
impacted on the litter loads. It was concluded that it could not be hoped to simply
implement a catchment litter management strategy and compare it with previous data in
isolation from other initiatives.

The implementation of educational catchment litter management strategies in particular
would have required a major community participation exercise. The Project Team did
not have the budget or adequately trained staff to handle such an undertaking. However
in two catchments, Imizamo Yethu and Ocean View, Fairest Cape and SRK Consulting
had taken over this responsibility. In Summer Greens and Montague Gardens,
Blaauwberg Municipality installed grids over the catchpit entrances whilst in the Cape
Town CBD street sweeping was already in place as a litter control strategy.

The research strategy was accordingly amended with two years of data collection
terminating in January 2002. It should be emphasised that this amendment did not
change the project objectives, in particular the provision of scientific data on the
efficacy of various catchment management strategies in the reduction of urban litter
reaching the drainage systems, as the effects of the litter management strategies
implemented by the various outside parties were monitored.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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4,6 Conclusions

The following conclusions may be drawn from the experience gained in the data

collection process:

i)

iii)

The catchment litter situation in the Cape Town Municipal Area (CMA) is
rapidly evolving as National Government, Local Authorities, NGOs and
Ratepayers attempt to address the problem. This made nonsense of the idea of
“baseline data” prior to intervention. Litter loads were changing in response to
interventions outside the control of the Project Team. It could not be hoped to
simply implement a catchment litter management strategy and compare it with
previous data in isolation from other initiatives.

The data collection process relied on the activities of other authorities, which
did not have the same objectives or urgency as the Project Team. The local
administrations helped greatly with the physical removal of the litter from the
traps, bagging the contents and transporting them to the UCT laboratory for
analysis, but could not be relied upon to record the litter data.

The appointment of a Waste Auditor to carry out the in-depth analyses of the
contents of the litter traps and nets ensured that the contents were analysed in an
accurate and consistent way across all nine catchments.

Monitoring of the clearing of the litter traps needed to be carried out
continuously under the direct supervision of an appropriately trained Waste
Auditor to ensure proper collection of the litter.

The frequency of collections and emptying litter traps and nets should be
determined on a catchment by catchment basis as each is unique. This should
be reassessed and adjusted during the monitoring process as more information
about the rate at which the traps and nets fill is obtained.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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5. Analysis of collected data

5.1 Introduction

This chapter presents an analysis of the data obtained from the monitoring programme
for the period 8 February 2000 to 31 January 2002. Each of the pilot catchments is
discussed in turn, with the analysis of the data yielding typical litter profiles for each.
The findings are summarised and compared with the findings from other similar
studies. The chapter concludes with some possible explanations for the littering patterns
portrayed by these profiles.

Only the data obtained from collections for detailed analysis have been employed in
deriving these results. All of these collections were supervised by a Waste Auditor with
the exception of those in the Cape Town CBD (catchments C, D and E) on
19 April 2000, Summer Greens (catchment G) on 25 March 2000, and Montague
Gardens (catchment H) on 25 March 2000. These were not supervised because the
Waste Auditor had not been informed of the collection dates.

Imizamo ¥ethu Y o h 0.0

Ocean View 4 TR T B e Lo R rre B a R Ty L T E/ S R
Cape Town C T S T

Cape Tewn D B T + T ot B« I S S B s L VR B B B T T M
Cape Town E L Gl =

Fresnaye £ TSR NPV, S WG TSNNSO W N S B S S—— —
Summer GIeens -l o L ! o o L o -
Moniague o " ot < S~ e £ L L et - S
Welgemaoed g et i} e i o o o PR

Jan-00 Apr00 Jui00 Oct00 Jan0l Apr0l Judl Ot Jan-02

Dateof colbctiumi

+ Routine Aralysis
o Detailed Aralysis

Figure 5-1 : Record of litter collections
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The previous diagram records the collections carried out in the nine catchments during
the study period:

The data show that an analysis by mass would have been distorted by the large volumes
of sand that were washed into the catchments. This was particularly so in the case of
Imizamo Yethu (95% sand by mass) and Ocean View (69% sand by mass) and, to a
lesser extent, Summer Greens (30%) and Montague Gardens (37%). In the Cape Town
CBD catchments C, D and E, very little sand was recorded in 2000 but a large increase
was noted in catchment D in 2001. Strictly sand cannot be quantified as litter although
it is a problem that needs to be addressed. Construction materials, such as rubble and
stone, or vegetation likewise tended to dominate the data and reduce the impact of the
conventional litter items which were the focus of the study.

Because of this results for each catchment are presented for the following cases:

1) Excluding sand.

ii) Excluding sand, stone, vegetation and rubble.

1i1) Vegetation only.

5.2 A :Imizamo Yethu

This was one of the most difficult catchments to work in. It is a high-density low-
income site-and-service residential settlement. The situation is complicated by the fact
that the number of shacks is much larger than the number of serviced sites. In the
absence of proper services, many households on the periphery of the settlement use the
stormwater catchpits as disposal points for nightsoil and refuse. The site is also
extremely dusty and a considerable quantity of sand finds its way into the drainage
system.

Monitoring of Imizamo Yethu officially commenced on 14 November 1999 and ended
on 31 January 2002, although the first supervised clearout only took place on 16 May
2000. Considerable help was received from the drainage department of the South
Peninsula Administration (SPA) throughout the monitoring period.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems,
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Litter measurement in 2000 was severely affected by:

i)

iii)

Interference by other departments of the SPA who removed litter on at least one
occasion without permission. The quantity of litter was unrecorded.

Removal of traps and nets on a number of occasions.

Implementation of a Community Litter Management Project by the Fairest Cape
Association. Four paid educators were selected from the Community and
trained by a Coordinator from the Fairest Cape Association for a six month
period. A steering committee composed of the Coordinator, the four educators,
representatives from the South Peninsula Administration and the Hout Bay
Health Forum met on a monthly basis. The first phase (training and awareness)
involved the educators joining the SPA’s weekly cleaning rounds, clearing
accumulated piles of rubbish away and educating the residents about the
collection system. The second phase of the Community Project tackled
recycling with prizes awarded to residents who recycled the most items (SRK
Consulting, 2000).

As a result of these interventions the Project Team was unable to determine proper
base-line data for Imizamo Yethu in 2000. On the other hand, the impact of the
community based catchment litter management strategy facilitated by the Fairest Cape

was monitored.

In 2001, the baskets and net were replaced, and weekly clearouts were implemented.

Particularly high quality data was obtained over the period from May 2001 to January

2002.

A plan view of the study catchment in Imizamo Yethu showing the drainage system

and the litter trap and net positions can be found on page D-1 of Appendix D.
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5.3 B :Ocean View

The Ocean View catchment is a high-density, low-income residential area with sub-
economic housing and hostels. Monitoring officially commenced on 14 December
1999 and ended on 31 January 2002, although the first supervised clearout only took
place on 4 May 2000. Once again, some data was lost in 2000 owing to outside
interference. In 2001, the baskets and net were replaced, and bi-weekly clearouts were
implemented. Particularly high quality data was obtained over the period from June
2001 to January 2002.

On 11 October 2000, SRK Consulting Engineers facilitated a workshop for “Litter
Management Strategy for Masiphumelele, Ocean View, Kommetjie and Imhoff’s Gift”
(Report No. 279987/1) on behalf of the Cape Metropolitan Council. The Project Team
attended this workshop. Subsequent to this the public in Ocean View was sensitised to
the litter problem through community meetings and clean up campaigns involving the
school children. The level of service provided by the local administration was extended
to include the clearing of street verges which encouraged several residents to extend
their gardening activities to these verges by planting and maintaining grass. There was
a 37 % decrease in the amount of litter excluding sand and a 52 % decrease in the
amount of sand in Ocean View in 2001 which can be attributed to these strategies.

A plan view of the study catchment in Ocean View showing the drainage system and
the litter trap and net positions can be found on page D-2 of Appendix D.

54 C,D,E : Cape Town Central Business District

This is an amalgamation of three small catchments and includes a wide range of land
uses inter alia; a bus depot, informal traders, parking areas, row shops, hotels, offices,
the Receiver of Revenue and even a corner of the Parliamentary complex. Monitoring
commenced on 15 December 1999 and ended on 17 January 2002 although the first
supervised clearout only took place on 19 April 2000.

A plan view of the study catchments in the Central Business District of Cape Town
showing the drainage system and the litter trap and net positions can be found on page
D-3 of Appendix D.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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In 2000 remarkably little litter found its way from this combined catchment into the
catchpits considering the high density of people and the large quantities of visible litter
on the ground. Further investigation showed that this was due to an extremely efficient
street sweeping service. All areas within the catchment are swept twice a day during
the week with targeted areas around night clubs swept a third time in the early hours of
the morning after the patrons have gone home. Street sweeping removes well in excess
of 95% of the litter falling on the ground within the public areas of the catchment.

In the absence of data, the maximum probable efficiency of litter removal through
street sweeping can be estimated with the aid of Figure 5-2 where

Fow
Fs

average number of days between street sweeping (d) and
average number of days between storms (d).

The efficiency is the total fraction of the litter load that is removed through sweeping
(Armitage, 2001).
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storms (Fsw/Fs)

Figure 5-2 : Plot of estimated street sweeping efficiency against dimensionliess
street sweeping frequency (after Armitage, 2001)
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In view of the extremely diverse users within the CBD catchment and the extremely
efficient street sweeping service, the team recommended in 2000 that there be no
intervention in this catchment. Although only a limited amount of data on street
sweeping service could be obtained, it was possible to investigate the cost-effectiveness
of street sweeping as a litter management option.

5.5 F :Fresnaye

Fresnaye is a medium to high-density upper-income residential area with both free-
standing houses and blocks of flats. It was only finally equipped with traps and nets on
21 July 2000. The first supervised clearout only took place on 29 September 2000 with
the last clearout on 9 January 2002. Litter was collected on a monthly basis. No
catchment management strategies were implemented during the monitoring period.

A plan view of the study catchments in Fresnaye showing the drainage system and the
litter trap and net positions can be found on page D-4 of Appendix D.

5.6 G :Summer Greens

Summer Greens is a medium-density middle income residential area. Monitoring of
Summer Greens officially commenced on 29 November 1999 and ended on
15 January 2002 although the first supervised clearout only took place on 15 May 2000.
Some data was lost owing to the removal of the net and the odd trap. On the other
hand, very little litter was ever captured.

No catchment litter management strategy was implemented in 2001 in view of the very
low litter volumes measured in 2000. However the local authority installed grids across
the catchpit openings in the spring of 2000 which led to an 83 % reduction in the mass
of stone and rubble trapped.

A plan view of the study catchment in Summer Greens showing the drainage system
and the litter trap and net positions can be found on page D-5 of Appendix D.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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5.7 H : Montague Gardens

Montague Gardens is a light industrial catchment. Monitoring of this catchment
officially commenced on 29 November 1999 and ended on 14 January 2002 although
the first supervised clearout only took place on 15 May 2000.

In spring of 2000, the Blaauwberg Administration, without prior consultation or
warning, installed grids over all catchpit entrances thus severely restricting the flow of
litter into the catchpits. The Project Team thus recommended in 2000 that the
monitoring of the catchpits in Montague Gardens continue and the use of grids as a
litter management strategy be evaluated in 2001. This evalution was carried out during
2001. A significant reduction in litter loadings (excluding sand) from 86 kg/ha.yr in
2000 to 22 kg/ha.yr in 2001 was recorded.

A plan view of the study catchment in Montague Gardens showing the drainage system
and the litter trap and net positions can be found on page D-6 of Appendix D.

5.8 1:Welgemoed

Welgemoed is a high-income, low-density residential area. Monitoring commenced on
29 November 1999 and ended on 30 January 2002 although the first supervised clearout
only took place on 2 May 2000.

This was the cleanest catchment and very little litter was ever recovered from the traps
or net. In view of this, the Project Team recommended in 2000 that no catchment litter
management strategy would be implemented, although monitoring of Welgemoed
should continue.

A plan view of the study catchment in Welgemoed showing the drainage system and
the litter trap and net positions can be found on page D-7 of Appendix D.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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Figure 5-3 ;: Bagging and recording of trap contents in progress in Welgemoed

5.9 Summary of findings for the pilot catchments

5.9.1 Introduction

Annual litler loads are extrapolated from the data for each catchment and summarnised

in tabular torm for cach of the following cascs in turn:

1) Excluding sand {Table 5-13,

it} Excluding sand. stone, vegetation and rubble { Table 5-3).

1t} Vegetation only (Table 3-533.

The fourth, fifth and sixth columns of the above tables present the calculated annual

loads for the data collection periods Febiuary to September of 2000, February 2001 to

January 2002 and both data collection periods combined respectively.
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5.9.2 Annual litter loads excluding sand

h
=]

e e _ | Area | Anpual lowd | Annos Toud | Anual 1oad
o  Duscription T 1 e | aor | 200n2001
(Ll es . | shay i dkefbwwny § thefhayiy | dkedhayr
o L:1f|::-rma_i "site and service” )
.anhu residential arca for very poor 5.3 &7 il il
poople — no street sweeping LN L N
1 Sub-economic residential anta
. lor poor people inclhuding both
CQezan View Irecstanding dwellings and 3- 1.5 150 & 1032
storey hizh-deosity apartment
blucks . - no street sweeping
Cape Tinem Centra] Business District : . .
CBD(C) | includig office blocks. hotets, | ¢ © 07 i b
Cape Tuwn line shops, informal traders and 20 i o~ - -
CHD (D) 4 hus terminus, cxlensive sireed ] i \ =
cleaning (up 1o 3 fimes daily)
SE’S (TI;;“"’ with a removal efficicacy of 1.4 155 94 I3
approximalely 99%
' High income. medivm density
Lesdiaye residential area which inchades 254 fi2 22
S0mC Apartments
T P.-ledlum df.tnsiiy_._ medium
s IRCOmE resn@enuul dred — oo 33 a0 N |4
_ street sweeping
Muntugue Lighi ].rlduSlrlEll park - ne streel 141 Gl 2 A5
rardens swLeping
Low density, high income
Wajecimoed residential arca - ao dreet 144 2] Aly 24
SWEETINE

Table 5-1 : Annual litler loads excluding sand

Table 5-1 summanses the annual lider loads, where sand is excluded, for the data
collection periods February to September of 2000, February 2001 to JTanvary 2002 and

both data collection periods combined. Further details are provided in Appendix B .
Tables B-1{a) to (c).

It calculating the loads, the masses measured during the first detailed clearout of each

period for each calchment were not included as the cumulative masses for the routine

clearouts preceding each block of detailed clearouls were not available. Hence Lhe

calcutated annual loads are cxtrapolated annual values based on the data moniloring

periods February o September of 2000, February 2001 o January 2002 and both

periods together.
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An interesting trend was that annual loads in three of the catchments, Ocean View,

Summer Greens and Montague Gardens were considerably less in 2001 than in 2000,

From Table 5-1 it can be seen that:

iii)

The annual litter loads for most of the catchments in 2000 and 2001 fell in a
range between 20 and 57 kg/ha.vr. The exceptions were Ocean View {2000
anly), Cape Town CBD (E) (the bus terminus) and Snmmer Greens {2001 only).

There were significant decreases in litter loads in Ocean View {35%), Summer
Greens (45%) and Montague Gardens (74%) from 2600 to 2001, In Summer
Greens and Montague Gardens grids were installed in the spring of 2000, SRK
Cansulting Engineers were involved in the initial phase of formulating a litter
management strategy for the Ocean View area from late 2000,

The Cape Town CBD(E) catchment, the bus terminus, had a litter load of
113 kg/ha.yr for the combined monitoring pericds. This 15 an adjusted figure to
allow for the abandoning of a number of catchpits between 2000 and 2001.
This resulted from the enclosure of 4 portion of the roadway into ¢ new building
development. The litter loads for 2000 and 2001 were 155 kg/ha.yr and
94 kgfha.yr respectively. The Cape Town CBD (D) catchment, which includes
the Grand Parade and Lower Plein Street areas frequented by informal traders,
and the Cape Town CBI} (C} catchment, which consists mostly of office blocks
and line shops, had litter [oads which were 30% to 40% lower than those for the
bus terminus. All three catchments received regular street cleaning (up to three
fimes daily).

The litter loads for street sweeping and hins for catchment C and catchments D & E

combined in Table 5-2 were extrapolated from six collections. Although the litter loads

were derived from a small number of collections and there was nncertainty as (o

whether they were correctly allocated, they did give an indication of how much liteer

was generated in the CBD catchments. The masses trapped in the catchpits represented
between 1 and 3% of the total and the litter loads could have been up to 100 times as
great were it not for the efficiency of the street sweeping and bin collection services.

Marais (2003). The mieasurenent and reduction af weban figer entering storeewater dradnage svstems.
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Table 5-2 : Annual litter loads for street sweeping and hin collection for the Cape
Town CBD

Figure 5-4 : Street sweeping in progress in the

tourist area of Cape Town’s Grand Parade
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5.9.3 Annual litter loads excluding sand, stone, vegetation and rubble

Table 5-3 summarises the annual hitter loads, where sand, stone, vegetation and rubble

are excluded, for the data collection periods February to September of 2000), February

2001 to Janvary 2002 and both data collection periods combined. More details are

given in Appendix B :Tables B-2{a) to (c).
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Table 5-3 ; Annual fitter loads excluding sand, stone, vegetation and rubble

A comparison of Tables 5

-land 5

3 shows (that

i} The ranking of the catchments with respect to litter loads changes when stone,

rubble and vegetation are omilted in addition to sand. This 18 illustrated for the

monitering period February 200 to January 2002 in Table 5-4:
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Table 5-4 ; Ranking of catchments in terms of increasing litter load : Februars
2001 1o January 2002

ii}

With the exception of Ocean View in 2000 an increase in income level was
cenerally matched by a decrease in litter load m the residential areas when sand,
stone rubble and vegetation were cmitted (Table 5-3).  This trend was
particularly marked hetween low (Imizame Yethu) und medivm income
catchments (Summer Greens) where litter loads were 43 and 6 kg/hayr
respectively for the combined pericd. An explanation for this is that formal
residential arcas generally receive a reliuble and effective household refuse
removal service while informal areas do not. Also. as income rises, population
density decrcases resulting in fewer people to litter. The Ditter load in Imizamo
Yethu is over seven times that in Summer Greens when meusured per unit area
whereas 1t 18 only double when measured per person (0. 10 and 0.03 kgfperson.yr

in Imizamo Yethu and Summer Greens respectively}.
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Iit} The effect of omitting vegetation, stonc and rubble in addition (o sand is
particularly marked in Ocean View where the litter load drops by 54% and in

Fresnaye and Welgemoed where it effectively drops to zero.

v} The litter load in Summer Greens tor 2000 reduces by 70% (20 to 6 kg'havr)
when stone, vegetation and rubble are excluded in addition to sand { Tables 5-1
and 5-3).  As the contribution of vegetation to the litter load was small
(2 kg'hayry this suggests that the illegal dwmping of buildet’s rubble
contributed significantly to the litter load m this area n 2000, Following the
installation of prates over the catchpit openings in this area in the spring of
2000, ihe stome and rubble load decreased from 12 kg'hayr in 2000 to
2 kg/hayr m 2001,

V) In Montague Gardens the htter load for 2000 reduces by 41% (86 to
51 kpg/ha yr) when stone, vepetation and rubble are excluded in addition to sand
{lablcs 5-1 and 5-3). ‘This again sugoests that illegal dumping of builder’s
rubble was taking place. As was the case in Summer Greens, the stonc and
rubble load reduced from 30 kg/ha.yr in 2000 to 7 kgfhayr in 2001 following

the installation of grates in the spring of 2004,

5.9.4 Annual litter loads for vegetation only

Table 3-3 summarises the annual litter loads for vegetation only, for the data collection
petiods Febrouary to September of 2000, Febroary 2001 to Jamuary 2002 and both data
collection periods combined,  Further dertails are given 1n Appendix B @ Tables B-3(a)
to {c).

Figure 5-5 : In Welsemoed
vegetation accounted for over 99%
of the litter load where sand was

excluded

S .ﬂ.i':.'l'.'—ri
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Table 3-5 : Anmeal liter Ioads For vegetation only

From Table 3-3 it can be Sgen that Summer Greens had a surprisingly low vegetation

load for a residential area. This may have been due to the lack of deciduous trees and

well-developed gardens in this comparatively recently developed suburb.

5.9.5 Composition of litter for cach catchment

Tables 5-6 and 5-7 summarisc the percentage contributions in rerms of mass for the matn

litter categones for all analysed collections in each of the nine catchments for the

following two cases:

i)

i)

Excluding sand.

Excluding sand, stone, vegetation and rubble.

The “miscellaneous™ category in Table 5-6 inclndes rubble and stone.
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Table 5-6 : Composition of litter in terms of percentage by mass excluding sand

 Cahment
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Tahle 5-7 : Composition of litter in terms of percentage by mass excluding sand,

A general trend is thal the percentage contribution of plastic to the litter load rose in all

catchments from 2000 to 2001,

Table 53-7, the main category responsible for the largest contribution 1o the litter load in

If the “miscellaneous” category is excluded from

stone, vegetation and rubble

all the catchments, except Summer Greens and Welgemoed, is plastic.

catchments the calegory responsible for the largest contribution is paper.

From Table 5-6 it can be seen that in Welgemaoced and Fresnaye, vegetation accounted

for 994 of the total liter load where sand was excluded.

In those
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5.9.6 Principal findings .

The principal findings from the analysis of the data are:

i)

iii)

V)

vi)

vii)

Comparison of the data from 2000 and 2001 shows that the contribution of
plastic to the litter load increased across all the catchments.

There appears to be an inverse relationship between income and litter loadings
in residential areas when garden refuse is excluded. This is largely due to the
more effective and reliable household refuse removal service received by
affluent areas. However when litter loadings are measured and compared per
unit area rather than per person, this relationship is exaggerated as a result of the
tendency for population density to decrease with increasing income.

The installation of grids over catchpit openings resulted in a significant decrease
in the amount of litter trapped in catchpits in Summer Greens and Montague
Gardens.

There was a significant reduction in litter loads in Ocean View during the
monitoring period. The sensitizing of the community to littering issues from the
end of 2000 and a more frequent and comprehensive litter removal service by
the local authority are plausible reasons for this improvement.

Sand entering the catchpits is a major problem in many catchments as it tends to
become entrained in other litter such as plastic bags resulting in blockages and
flooding of the stormwater system. The problem is particularly acute in
informal areas such as Imizamo Yethu which have very little ground cover to
stabilise the soil.

Street sweeping is an extremely effective method of reducing the quantity of
litter reaching the stormwater system as has been demonstrated in the Cape
Town Central Business District.

Construction rubble is a significant contributor to the waste stream. Catchpit
grids are an effective way of reducing the amount of rubble entering the
stormwater drainage system.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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viii}  Plastic items contributed between 19% and 50% of the litter stream by mass
when sand, stones, vegetation and rubble were excluded. Plastic was the largest
major litter category in all the catchments except for Summer Greens and

Welgemoed.
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Figures 3-6 and 5-7 summarise the principal lindings for the pilot catchments for the

period February 2000 to january 2002, The mean household income figures are
derived from the 1996 census. It should be noted that problems with the data collection

in Imizamo Yethu might have led to an under measurement and hence an underestimale

ol the annual litter loads for this carchment.

5.10

Comparison of findings with other similar studies

Contribution of plastic and paper items to the litter load

Table 5-8 shows the annual plastic and paper litter loads derived Irom the

collected data. The figures for the residential catchments are shaded:
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Table 5-8 : Annual litter loads for plastic and puper items
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From Table 5-8 it can be seen that the highest litter loads of plastic items for the
pilot catchments were from the low income residential areas of Imizamo Yethu
and Ocean View. The loads of paper items from these low income residential
areas were similar to those from the commercial and light industrial areas.

If these low income residential areas are excluded it can be seen that higher
loads of plastic and paper items were transported to drainage systems from
commercial than residential or light industrial areas. This trend was also
suggested by the Coburg Study, Australia (see section 2.6.2) which however did
not include low income residential areas.

The Marine Litter Study carried out in Cape Town (see section 2.8.2) found that
the lowest annual load of plastic items was from the upper income residential
area of Milnerton (approximately 1kg/ha.yr) while both the industrial area of
Paarden Eiland (74 kg/ha.yr) and the mixed commercial and residential area of
Sea Point (5 kg/ha.yr) had higher annual loads.

When sand, stones, vegetation and rubble were excluded the percentage
contribution by mass of plastic items ranged from 19 to 50% for the pilot
catchments (Table 5-7). The comparative figures were 33 to 60% for the
Coburg Study and 34 to 57% for the Marine Litter Study.

Annual litter loads and land-use

The annual litter loads for the residential pilot catchments, excluding sand,
stones, vegetation and rubble, ranged from O to 72 kg/ha.yr (Table 5-3).
However the range reduces to 0 to 6 kg/ha.yr if the low income residential areas
of Imizamo Yethu and Ocean View are excluded. This compares with
0.5 kg/ha.yr obtained for the residential catchments in Auckland (see
section 2.6.3) and 4 kg/ha.yr for the residential area of Milnerton under the
Marine Litter Study (see section 2.8.2).

The annual litter loads for the light industrial area of Montague Gardens were
51 kg/ha.yr in 2000, 14 kg/ha.yr in 2001 and 28 kg/ha.yr for the combined
period 2000/2001. The latter figure compares with the annual litter load for the
entire Coburg catchment of 30 kg/ha.yr but is orders of magnitude greater than
the figure of 0.9 kg/ha.yr for the industrial areas in Auckland.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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On the other hand the comparative figure for the industrial area of Paarden
Eiland under the Marine Litter Study was 138 kg/ha.yr (see section 2.8.2),
which is more than double that for Montague Gardens in 2000. For the Springs
Study (see section 2.8.1), where the catchment was 85% commercial and
industrial, the comparative figure was 82 kg/ha.yr.

The annual litter loads for the commercial areas in the Cape Town CBD ranged
from 42 to 111 kg/ha.yr in 2000 and 23 to 59 kg/ha.yr in 2001. This compares
with the figure for the Springs Study catchment of 82 kg/ha.yr but is again an
order of magnitude greater than the figure for the Auckland commercial
catchments of 1.3 kg/ha.yr.

A general observation is that litter loads in Auckland (New Zealand) appear to
be an order of magnitude lower than in the equivalent pilot catchments in the
Cape Metropolitan Area.

Sand and sediment in the stormwater system

In the pilot catchments, sand contributed as much as 96% and 71% of the litter
loads in Imizamo Yethu and Ocean View respectively in 2000. Although the
study in Bamako (see section 2.7.2) measured household and market refuse
quantities rather than the litter quantities entering the stormwater system, it does
attest to the problem of sand and sediment in low income informal areas. In
Bamako the percentage contribution from soil in the lowest income areas was
56%.

Garden refuse

Garden refuse contributed 99% of the litter load, where sand was excluded, in
the high income residential areas of Fresnaye and Welgemoed. A similar
finding was made in Coburg (see section 2.6.2) where garden refuse contributed
85% of the litter load.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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5.11 Conclusions

The principal findings from the analysis of the data are set out in detail in section 6.9.6.

The following are conclusions relating to the analysis process and comparisons of the

results with other similar studies:

i)

iii)

An analysis of litter by mass can be distorted by large volumes of sand that may
wash into sampling traps. Construction materials, such as rubble and stone, or
vegetation can likewise dominate the data and reduce the impact of the
conventional litter items. Because of this results should be analysed at least for
the following cases:

® Excluding sand.
° Excluding sand, stone, vegetation and rubble.
® Vegetation only.

The installation of litter traps and the monitoring and analysis of the quantities
and composition of the litter trapped on a regular and consistent basis, is a
practical way of determining the impacts of catchment litter strategies
implemented during the course of the monitoring. It is important that there is
ongoing communication between all role players involved in litter strategies and
programmes so that all possible factors contributing to a change in littering
patterns are taken into account in the analysis.

Plastic items are a major and increasing contributor to the litter load. Moreover
their detrimental aesthetic impact and effect on aquatic wildlife far outweigh
their contribution by mass. Special attention should therefore be paid to
measuring plastic items and developing strategies to reduce their contribution to
litter loads.

Litter loads in low income informal residential areas are likely to be
considerably higher than those in formal residential areas largely as a result of
inferior and irregular refuse collection services. A high priority therefore
should be given to improving refuse collection services in low income areas.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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Inhabitants should be informed of the workings of the refuse collection service
and the dangers to health and the environment of littering. They should also be
encouraged to reduce their quantities of refuse through recycling or composting.

Litter loads in middle and high income formal residential areas are likely to be
considerably lower than in informal low income residential, commercial or
industrial areas. And this is despite street sweeping only rarely taking place in
the residential areas. The low litter loads are probably due to the efficient and
regular refuse collection services in these areas, although community awareness
of the environmental consequences of littering is also likely to be strong. This
leads to the conclusion that further interventions in middle and high income
residential areas to achieve reductions in litter loads should be given a low
priority provided current standards of refuse collection services are maintained.
Nevertheless encouraging recycling of plastic items and composting of garden
refuse may effect further reductions.

Garden refuse can be expected to be a major contributor to litter loads in South
African high income residential areas (more than 90% by mass). It is important
that a separate collection service for garden refuse in high income residential
areas be retained and residents encouraged to compost organic materials.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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6. Towards a litter management strategy
6.1 Introduction

Without an integrated catchment management strategy composed of planning controls
(restricting litter generating activities to areas where their impact can most effectively
be controlled and reduced), source controls (reducing litter loads deposited in the
catchment or entering the drainage system through inter alia education and
enforcement programmes) and structural controls (removal of solid wastes from the
drainage system), the problem of urban litter cannot be addressed in an effective and
sustainable manner. As Senior (1992) comments “it is not just the nature of the items
themselves, nor the demands of retailers and manufacturers which are to blame, it is us,
the community, whose behaviour, attitude and awareness are fundamental to the
problem.”

6.2 Review of litter management techniques

The integrated catchment management strategies and litter management techniques
should be evaluated on the basis of cost-effectiveness (cost of measures in relation to
reducing risk), capability (capacity of the local authority or community in terms of
sufficent resources, expertise or powers to implement them) and opportunity (there may
be practical restraints preventing a trap from being installed at a particular location for
example) (Victoria Stormwater Committee, 1999).

Planning controls .

Land-use planning

Urban design

Land management

Integrated

Education and awareness

Source controls ' = catchment
management

strategy

Stormwater treatment

Structural controls '__1

Figure 6-1 : Components of an integrated catchment management strategy

Litter traps
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6.2.1 Planning controls

Planning controls are aimed at adopting land-use policies which:

® preserve existing valuable elements of the stormwater system, such as natural
channels, wetlands and riparian vegetation by restricting the use of such areas;
and

® minimise the risk of litter reaching the drainage system by situating litter

producing activities in areas where it is possible to contain and control litter
accumulation more easily.

Requiring pollution control measures as part of any development application is an

example of such a planning control (Canterbury Urban Runoff Taskforce, 1990).

6.2.2 Source controls

Source controls are aimed at reducing the litter loads entering the drainage system by
dealing with pollution at source.

These are the focus of this particular study and can be grouped into the following broad
categories:

i) Cleansing operations. Source control measures for local government activities
that may effect stormwater quality. These include:

® better placement and design of litter bins,
® more frequent collections of litter,
® monitoring of street sweeping methods to ensure that litter is not swept

into catchpits, and
® placing of communal collection depots to concentrate litter — this may
also be a possible way of creating jobs.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 6 : Review of available litter management strategies.
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Construction activity.  Developing site management plans to avoid
contaminant spills and rubble reaching the drainage system and best practices to
implement them. Such plans should include a description of measures to
mitigate pollution threats to stormwater.

Business surveys. Carrying out surveys to determine the nature and extent of
business activities likely to generate litter that reaches the stormwater system.
This can lead to encouraging manufacturers:

® to move to more environmentally friendly packaging and
o to pay deposits on returned containers thus providing an incentive for
recycling.

An example of a successful South African recycling campaign is Collect-a
Can. In 1999, by enlisting the help of the community, some 40 000 collectors
recovered 63% of all used beverage cans, selling them to Collect-a-Can’s
depots and making the can the most recycled packaging in Africa (Institution of
Municipal Engineering in Southern Africa, 2000).

Education. Campaigns targeted at businesses and households to reduce litter
by informing them how the streets, stormwater drainage system, rivers and
oceans are interconnected and how daily activities affect stormwater quality
(Victoria Stormwater Committee, 1999). The rationale behind these campaigns
is that it is “a better investment to educate litterers out of their habit than to go
around just picking up after them” (Florida Centre For Solid And Hazardous
Waste Management, 1998).

Such campaigns include:

® educational programmes aimed at changing people’s behaviour,

e cleanup campaigns which serve the dual purpose of creating awareness
and reducing the amount of litter,

® direct contact with community groups eg. Chambers of Commerce,
service organisations,

® “adopt-a-block” programmes, and

® encouraging separation of litter into different types so homeless people

can collect the recyclable material (Pressend, 1998).

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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Examples of education campaigns and programmes are (Florida Center for
Solid and Hazardous Waste Management, 1998, Canterbury Urban Runoff
Taskforce, 1990 and Cape Metropolitan Council, 1999):

e Storm drain stencilling involves volunteer efforts to stencil anti-litter
messages on storm drains. The focus is to educate citizens about the
direct connections between storm drains and waterways (Florida).

e Xeriscape/Beautification is a programme that addresses litter prevention
through beautification. The programme encourages beautification
through landscaping practices that benefit the environment (Florida).

® “Bag it on buses” is a programme that can be instituted on school buses
and public transportation vehicles. Litter receptacles with plastic liners
are located on the buses and maintained by volunteers or clubs. The
program educates the public about proper waste disposal (Florida).

® Highway billboards with anti-littering messages seemed to reach the
highest number of people (Evansville, Indiana).

® Logo’s painted on catchpits encouraging residents not to litter
(Canterbury, NSW, Australia).

® Educational material included with rates notices (Canterbury, NSW,
Australia).
® Distribution of posters with an environmental theme to interest groups

(Canterbury, NSW, Australia).

® International Coastal Cleanup: 3 644 volunteers took part in the 98
cleanup in the Western Cape and filled 10 624 bags from 374 kilometres
of beaches with an estimated weight of 30 726 kilograms (Western
Cape).

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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V) Enforcement. Measures that can be taken to complement the education and

other management programmes. These include:

® pollution “hot-lines” to permit the general public to report cases of
littering,

® increasing the number of personnel enforcing anti-litter legislation, and

o taxes on types of items that are considered likely to be major

contributors to the litter stream.

Examples are (Florida Center for Solid and Hazardous Waste Management,
1998):

® “Trash troopers” which is a programme that coordinates volunteer litter
patrol officers (Florida).

® “Don’t Be A Litterbug” : Public service announcements explaining how
litter affects the environment and listing a toll-free hotline that anyone
can call to report the sighting of someone littering. (Started in March
1997). A letter is sent to the litterer explaining the effects of litter on
Pennsylvania’s economy with a litter bag for the car (Pennsylvania).

® Clean Communities Act (1986) funded by a tax on items determined to
be most likely to become litter. Manufacturers pay 1% of sales within
New Jersey. Retailers with annual in-state sales of more than $250 000
pay 0.000225%; retailers whose annual sales of these items is under
$250 000 are exempt (New Jersey).

® Returnable Container Law (1982). Enforces a deposit of at least 5¢ on
beer, soft drink, wine cooler, mineral and soda water containers. A 1.5%
handling fee is paid by the distributor to the dealer or operator. The
redemption rate was about 76% in 1996 (New York).

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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6.2.3 Structural controls

These are aimed at intercepting or removing solid wastes after they have enter the
drainage system by installing structures such as traps, nets or diversion systems in the
stormwater system. WRC Report TT 95/98 “The removal of urban litter from
stormwater conduits and streams” focuses on the use of these litter removal structures
(Armitage et al, 1998).

6.3 Applicable litter management techniques and their
achievability in the pilot catchments

Although there has been considerable research in several countries into the problems of
pollution in urban drainage systems much of this has been concentrated on the more
technically rewarding aspects of sedimentology, water chemistry and design of litter
removal devices. Many studies in Western Europe and much of North America have
dealt with combined sewer systems and are therefore of little significance to South
Africa.

In common with South Africa, Australia, New Zealand and parts of the United States
have separate stormwater and foul sewer systems. California and the South Eastern and
South Western states of Australia also have similar weather patterns to the Western
Cape with warm, dry summers and cool, wet winters. However the extreme non-
homogeneity of the population in terms of income, culture and levels of education sets
South Africa and, to a lesser degree, California apart. South African cities are probably
closer in character to many American urban areas than to Australian or New Zealand
urban areas which are characterised by homogeneous living standards. Average
literacy levels are much lower in South Africa which may render ineffective
information and education campaigns which have proved successful elsewhere. Litter
problems peculiar to very low income areas where people are housed in informal
structures are not generally encountered in the comparatively affluent societies of
Australia, New Zealand and the United States of America. Bags and bins emptied by
vagrants, children, dogs etc. are identified as sources of litter in Cape Town (Pressend,
1998) but not in Melbourne, Auckland or Cincinatti. Many South African
neighbourhoods, excepting central business districts, suffer from rudimentary or
minimal levels of municipal servicing not experienced in Australia, New Zealand or the
United States.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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Despite these dissimilarities South Africa shares a common “throw away” culture with
these first world societies. Local aesthetic sensibilities are to a lesser or greater extent
influenced by American trends which have become global through the evangelising
power of cinema and television. The local packaging industry is as sophisticated as in
Australia and America. South Africans enjoy all the conveniences of modern
packaging, automated banking and fast food establishments with their potential to add
significantly to the litter stream as their counterparts. Consequently the extensive
research carried out in Australia, New Zealand and America has some value for South
Africa. Likewise many of the litter management techniques listed in the previous
section are likely to be of application to South African urban drainage systems.

6.3.1 Cleansing options

i) Better placement and design of litter bims. There is agreement that a poor
litter bin design which is susceptible to vandalism or allows the wind or
scavenging animals to remove litter from the bin should be avoided. The City
of Cape Town is currently testing a litter bin prototype in an attempt to
overcome these problems. However Australian studies have shown that
providing additional litter bins does not necessarily reduce the amount of litter
reaching the stormwater system (Australian Bureau of Statistics, 1999). The
rationale is that littering is an anti-social behaviour which is not influenced by
the presence of litter bins. The corollary is that people who don’t generally
litter will carry litter with them, even if it is a fairly long distance, until they find
a litter bin in which to deposit it. Observed in Melbourne, these hypotheses
need to be tested for their universal validity in all the catchments with high
levels of pedestrian traffic.

it) More frequent collections of litter. There is universal agreement that the most
effective way to reduce litter is effective refuse removal. Unfortunately most
South African local authorities do not have the resources to increase the
frequency of their litter collections. There may be a possibility of redistributing
the collection effort based on an analysis of where the greatest needs are without
increasing the resources needed to do so. Imposing recycling levies on
businesses could finance additional litter collections.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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iii)  Monitoring of street sweeping methods. The scope of this option is limited to
those areas, generally commercial districts in South Africa, where street
sweeping is carried out on a regular basis such as the Cape Town Central
Business District. For example it could be ascertained whether litter was being
swept into catchpits rather than picked up and carted away.

iv) Placing of communal collection depots to concentrate litter. The
establishment of community based litter collection to communal depots is an
option which could create jobs in areas with high unemployment such as
Imizamo Yethu and possibly Ocean View. The local authority would in turn
collect from these depots. Savings in collection and transport costs from the
depots to the municipal waste dump sites could be achieved through reducing
litter volumes by removing recyclable materials. This would provide a further
source of income to the local community.

6.3.2 Options related to construction activity

Informal areas such as Imizamo Yethu are characterised by ongoing informal
construction activities which often destabilise areas leading to erosion, silting of
catchpits and also generate rubble. In such areas it is difficult to insist on site
management plans from the builders and even more difficult to police them. Existing
bylaws do provide some control and protection where construction follows a formal
route. There are insufficient municipal staff to police construction sites, however, and
whatever action is taken must of necessity be reactive since the pollution has already
occurred.

6.3.3 Options involving businesses

i) Moving to more environmentally friendly packaging. If it can be shown that
the packaging of a particular product adds significantly to the litter stream it
may be possible to persuade businesses to change their packaging to more
environmentally friendly options or reduce its bulk by taxing them for
packaging that is not biodegradable or recyclable. This strategy is applicable to
all the catchments but particularly to those where there are fast-food outlets and
high levels of pedestrian traffic such as the Cape Town CBD and Montague
Gardens.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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Depeosits on returned containers. If it can be shown that a particular type of
container is a major component of the litter stream, businesses can be pressured
into using recyclable containers by imposing levies for containers that are not
recyclable and by offering incentives such as deposits for the return of
recyclable containers. This strategy is applicable to all the catchments but
particularly to those where there are fast-food outlets and high levels of
pedestrian traffic such as the CBD and Montague Gardens.

6.3.4 Educational options

Education is an essential component of the litter prevention partnership. Its purpose is

to motivate the participants, including people in the judicial system, law enforcement,

local authority departments, private industry, and the public. Educational programmes

will have to be tailored to the particular target group in each catchment. Some

examples of educational strategies include:

i)

iii)

Cleanup programmes and storm drain stencilling which may be appropriate
for school children in residential catchments such as Imizamo Yethu, Ocean
View, Fresnaye, Summer Greens and Welgemoed where the cooperation of
local schools can be obtained. If those involved are paid, it may also be useful
in reaching adults in areas with high unemployment such as Imizamo Yethu.
Attempting to involve adults who work in the CBD or Montague Gardens in
these kinds of programmes is impractical.

“Adopt-a-block” programmes are good candidates for the Central Business
District and Montagu Gardens where businesses can be co-opted by virtue of
garnering favourable publicity and increasing their customer base by improving
their surroundings.

Providing litter receptacles on buses and taxis reaches commuters who use
public transport only. Such a campaign could be successful in the CBD,
Montagu Gardens and the medium and low income residential areas of Summer
Greens, Imizamo Yethu and Ocean View. It is not likely to reach many
residents in Fresnaye or Welgemoed who do not generally make use of public

transport.
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Highway billboards are an option for all the catchments although there may be
objections to them in residential catchments as it is essential that they enjoy
maximum visibility and are next to commuter routes. The main entrance roads
to residential catchments may be acceptable locations.

Educational material with rates notices could be supplied to most of the
catchments. However in the CBD and Montagu Gardens they would be read by
a very small number of the people who actually spend time in these areas every
work day. In Imizamo Yethu many residents are not rate-payers and there may
be problems with literacy levels.

Painting logo’s on catchpits encouraging residents not to litter and informing
them where the litter ends up may be a successful strategy in areas where much
of the littering is from pedestrians eg. low-income areas, the CBD and Montagu
Gardens. Whether people read messages that are at ground level or underfoot
needs to be investigated.

Separation of litter into different types so recyclable material can be
collected is a measure that requires a fair degree of commitment from the
general public to work successfully. The extent to which separation is required
must not be too ambitious. Most consumers have great difficulty, for instance,
in deciding which plastics are recyclable. Schemes which require the separation
of easily differentiable items only, such as tins and glass bottles, have been far
more successful and are certainly worthy of general implementation. “Collect-
a-can” is an example of such a scheme where it is claimed the recycling rate is
63% (Institution of Municipal Engineering in Southern Africa, 2000).

This measure has particular potential where separation of litter can provide an
income to jobless people provided that the portion of the litter for which they
cannot gain any income is not discarded but properly disposed of. A relatively
compact, high-density residential area with high rates of unemployment such as
Imizamo Yethu is a candidate for such a measure.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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6.3.5 Enforcement options

i)

iii)

6.4

Pollution “hot-lines”. For the success of this strategy a high degree of civic
reponsibility and environmental concern is required. Reasonably rapid access to
a telephone is also necessary if offenders are to be successfully apprehended.
This strategy may work in the CBD, Montagu Gardens or a high income, high
density residential area such as Fresnaye which are frequented by sufficient
numbers of environmentally conscious individuals.

Increasing the number of personnel enforcing anti-litter legislation. This
strategy would have to rely on volunteer litter patrol officers, preferably drawn
from the local community, as local authorities do not have the resources to
increase their own staff. It would be of application in the residential areas of
Imizamo Yethu, Ocean View, Fresnaye and Summer Greens and could be
integrated with Neighbourhood Watch programmes.

Taxes on type of items that are considered likely to be major contributors
to the litter stream. The potential effectiveness of this strategy would have to
be determined from the litter analyses in all the catchments. The advantage is
that the taxes would be relatively easy to administer, serve as incentives to
manufacturers and retailers to change to recyclable containers or packaging
which are not taxed, and provide revenue to pay for its administration.

Current South African initiatives

6.4.1 Legislative context

Spearheaded by the promulgation of South Africa’s new Constitution at the end of

1996, numerous environmental management related policy and law reform programmes

have been introduced. The Constitution stipulates fundamental environmental rights

and requirements with regard to co-operative governance. Consequently approaches to

water quality management must promote integrated management and be conducive to

sustainable development (van Wyk et al, 2002).

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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South African water quality management is governed by a hierarchical suite of
environmental legislation and associated policies under the National Water Quality
Management Framework Policy. A description of the relevant sections of the South
African legislation promulgated to date follows:

® Constitution of the Republic of South Africa, 1996 (Act No. 108 of 1996)
Section 24 of the Constitution guarantees every citizen the right to “an
environment that is not harmful to human health or well-being, and to have the
environment protected, for the benefit bf present and future generations,
through reasonable legislative and other measures that prevent pollution and
ecological degradation; promote conservation;, and secure ecologically
sustainable development and use of natural resources while promoting
Justifiable economic and social development”. Statutory requirements have
been promulgated to give effect to this right.

® National Environmental Management Act, 1998 (Act No. 107 of 1998)

This Act sets out the overall framework for environmental management in
South Africa. It gives legal effect to the internationally agreed principles of
sustainable development in South Africa, and makes it a legal requirement that
these principles must be taken into consideration in all decisions that may affect
the environment. The Act also provides for co-operative environmental
governance by establishing

® principles for decision-making on matters affecting the environment;
o institutions that will promote environmental governance; and
° procedures for coordinating environmental functions.

® National Water Act, 1998 (Act No. 36 of 1998)

The National Water Act gives effect to Section 24 of the Constitution with
regard to the water resources component of the environment.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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It is the primary statute providing the legal basis for realising South Africa’s
water quality management policy. In terms of this Act, South Africa’s water
quality management policy must inter alia

® give priority to the satisfaction of basic human needs and the
safeguarding of aquatic ecosystems and their biological diversity;

® facilitate  socially, economically and ecologically sustainable
development;

o promote the efficient and beneficial use of water in the public interest;

® balance the protection of the water resources with the use and

development of the particular resource;

® reduce and prevent pollution and degradation of water resources; and
® recognise the need for the integrated management of all aspects of water
resources.

® Environmental Conservation Act, 1989 (Act No. 73 of 1998)

Although predating the promulgation of the Constitution and the introduction of
the National Water Quality Management Framework Policy, this Act is integral
to the carrying out of this Policy. The objectives of the Act are to reduce
potential negative environmental impacts of activites related to development
and to promote sustainable development. Procedures for Environmental Impact
Assessment that must be complied with for certain activities, including water
and waste, are set out in this Act.

The National White Paper on Integrated Pollution and Waste Management for South
Africa, completed in 2000, complements the National Water Quality Management
Framework Policy. This document includes an outline of the government’s strategic
goals and supporting objectives for addressing the major issues regarding pollution and
waste, as well as for measuring the success of policy implementation.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 6 : Review of available litter management strategies.
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Integrated pollution and waste management is defined as a holistic and integrated
system and process of management aimed at (City of Cape Town, 2000):

1) pollution prevention and minimisation at source,
ii) managing the impact of pollution and waste on the receiving environment, and
ili)  remediating damaged environments.

Section 152 of the Constitution requires local government to provide services in a
sustainable manner, provide a safe and healthy environment for all communities,
promote social and economic development and ensure transparent governance.
Moreover the Local Government : Municipal Systems Act (MSA), 2000 (Act No. 32 of
2000), has certain implications and obligations for environmental management by local
government which must be accommodated and reflected in the institutional framework
and policies of the local government authority. The local authority is obliged to strive
to ensure that municipal services are provided in a financially and environmentally
sustainable manner and to promote a safe and healthy environment. Therefore the
development of an integrated environmental policy by local government is not only
imperative for sustainable development but also a legal obligation (City of Cape Town,
2001).

At local level the Cape Town Unicity has approved the Integrated Metropolitan
Environmental Policy (IMEP) as the first environmental policy for the City of Cape
Town. The IMEP is a set of principles and ethics that sets the framework for
environmental management in the City. “Litter” is one of the six sectoral approaches
that have been identified as priorities under the IMEP. One of the key priorities for the
first implementation of this policy is a programme to eliminate litter and illegal
dumping (Fairest Cape Association, 2002).

6.4.2 The Dense Settlements Project

The Department of Water Affairs and Forestry (DWAF) developed a National Strategy
for Managing the Water Quality Effects of Densely Populated Settlements in
cooperation with the Danish Cooperation for Environment and Development
(DANCED) which culminated in the production of a series of five documents in
June 1999.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 6 : Review of available litter management strategies.
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The implementation guidelines, included in these documents, emphasised that effective
solid waste management was critical to the implementation of the Strategy both in
terms of controlling the contamination of local water resources with litter, and to ensure
the effective functioning of stormwater drainage systems (DWAF, 1999).

The National Strategy for Managing the Water Quality Effects of Densely Populated
Settlements was tested through implementation in nine communities. The nine urban
and rural communities ranging in size from about 50 to 5 000 households were spread
throughout South Africa. In most cases only rudimentary services, often in a state of
disrepair, were present. The settlements impacted on water quality through the waste
generated as part of their normal day to day activities reaching the water resource. This
might be sewage waste from failing or non-existent sanitation systems, household
refuse and litter carried by storm water flows or dirty wash water (sullage water).

The physical failure of the services was often caused by underlying social problems,
such as the improper use or vandalism of the services, or institutional problems where
the services provided were inappropriate to the community’s needs or not properly
maintained. Lack of the financial or technical capacity required for operation and
maintenance of the services was identified as the major cause of ongoing pollution
(Hinsch, 2000).

A “structure facilitated” approach was employed to find the root cause of the problem.
This approach aimed at facilitating interaction between the Department of Water
Affairs or its agencies, the local authority or its service providers and the community.
The required interventions and their respective roles and responsibilities were then
agreed by all stakeholders leading to the drafting of an intervention plan. This plan was
then incorporated into the normal planning and funding processes of the local
government and the Water Services Development Plan.

The main pollution problems were found to be:

° Bush toileting by those sections of the communities without toilets.

® Blockages of toilets and sewers for those sections of the communities with flush
toilets.

® Flooding and overflowing of pit latrines during wet periods.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 6 : Review of available litter management strategies.
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. Blockages of small-bore sewers and pump failures due to inappropriate cleaning
materials.

. Stormwater pipes and canals clogged with solid waste.

. auliage water runoff from standpipe areas.

. Sullage wuter thrown into the streets where noe drains were provided.

. The ripping of refuse bags and spreading of their contents by animals.

. Informal, poordy located solid waste sites dotted around the commuonitics.

* Uncollected refuse hags due to refuse removal vehicles not heing able to reach

all parts of the settlement,

s Uncollected refuse bags left next to skips which were too tall for children to
reach.

. Refuse overflowing from solid waste skips,

. Solid waste blown off the back of tractor drawn trailers.

. Refuse bags not left out for collection at the conrec! times.

. No recycling of garden refuse.

. The dumping of building rubble because the removal costs were too expensive.

The interventions carried out 10 remedy the identified pollution problems included:

. repairing and extending toilets and sewers,

. educating communities about the iink between pollution and health and the

proper use of toilets, latrines and refuse collection systems,

. organising comumunal refuse collection services and relocating skips,

Marais (20030, The measurement and reduciton of urban liner entering stormwater draingge sypstems,
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# ernploying leilel block supervisors 1o look alter commuunal toilets, and
* providing sullage drainage poins,

Meost test cases had remarkable success in reducing pollution loads and the impiacts on
the communities involved (Hinsch, 2000,

A key observation was that the costs of waste management should not be considered in
isolation as the pilol studies revealed a strong link between [ilthy, urnhygienic

conditions and epidemiology or environmental health 1ssues.

To further address the solid waste issue, the Department of Water Atfairs and Forestry
(DWAF) together with the Department of Environmental Affairs and Tourism (DEAT),
supported by the Danish Cooperation for Environment and Development (DANCED),
has been developing a National Waste Management Strategy. The aim is (0 deal with
the whole waste sireamn from generation to final disposal with an overall goal to
“reduce the generation of waste and its impact on health and the environment so that

they do not limit socio-economic development™ (DWAF, 1999},

The National Waste Managemeni Strategy focuses on four strategic areas:

it Waste minimisation.

i) Creneral waste.

iii) Hazardous waste.

iv) The setting up of a waste information system.

The key departure points of this Strategy are preventing and reducing the generation of
waste and providing and improving service delivery in un-serviced areas (City of Cape
Town, 20000,

6.4.3 The Mess Action Campaign

The Mess Action Campaign (MAC) which commenced in 2000 is an initiative of the

City of Cape Town to address the unacceptable amonnt of litler and illegal dumping
within the Uricity.

Marais (20031, The measirement and veduction af weban liger entering sormvwater drainoge svsfems.
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The MAC recommises that the causes of the littering and illegal dumping need to be
addressed and 15 implementing a wide range of programmes encompassing awareness
and education m schools and communities, n business and institutions, to support the
operational aspect and enforcement of littering and illegal dumping (Fairest Cape,

2002). These programmes have included

e un arts festival and drama competition in schools;
» the greeming of schools;

s the linking of & primary school to a wetland;

» tackling the problem of getting refuse from informal settlements in Khayelitsha to

collection puinty accessible by refuse removal vehicles; and
« ihe installation of bins along main routes in Khayvelitsha.

Asg a result of a concerted etfort under the MAC umbrella to increase awareness in the
community, the tonnage of illegal dumping cleared in the Cape Town Admimistration
ares nereased from 5 000 tons in 1999 to approximately 60 000 tons in 2000 (City of
Cape Town, 2000). This was due {o both enhanced public awareness, leading to
increased reporting of illegal dumping, and greater clearing efficiencies achieved by

municipal crews.

Amongst other initiatives the MAC has commissioned a metro-wide publicity and
education campaign. This campaign is intended to target all slakeholders in waste
production and control. The stakeholders inclode communities, schools, commerce,
industry, hawkers, hospitals, institutions, tourists and the staff and councillors of the
City of Cape Town. The campaign Seeks to change attitudes to littering and illegal
dumping in particular that are found across the entire socio-economic spectrum of Cape

Tirwn,

The first phase of this campaign, the “Waste Wise” mass community education
campaign which commenced i April 2002, comprises advertisements on local radio
stations, in community newspapers and on billboards and bins on the topics of littering
and illegul dumping in English, Afrikaans and Xhosa (Liebenberg & Stander, 2002).

Warais (2H3). The measurement and reduction of wrban fiter entering stormwater draia ge systems.
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6.4.4 Fairest Cape Association Initiatives

The mission of the Faircst Capc Association is “to promote a cleaner, hcalthier
environment by enabling people o lake responsibility for waste”. The [ive aims of the

organisation are:

i} To increase awareness that waste is 4 resource.
i) To facilitate the development of systems to recover and add value to this
resourec.

1) To make people aware of the volumes and nature of waste generated and their

impacl on the environment.

iv) To enable groups 0 devclop appropriate wasteé management options in

parttiership with local anthoritics.
V) To influenice the development of polwy and legislation on waste.

The Association works closely with the Wasle Departments of the City ol Cape Town
and regularly presents the *Principles of Solid Waste Management Planning Training
Course” to participants from the Cily and the Depariment of Warer Affairs. This course
is designed primarily to assist those local government officials, who are responsible for
solid waste management, 10 plan and implement more holistic solid waste management

programmies in theit communities or cities.

During 1999 the Fairest Cape Associalion held workshops at 27 schools in the Cily of
Cape Town as part of the “Wise up on Waste!” programme. The number of schools
participating in litler projects increased to 134 in 2000 with an additional 20 créches

and communily organisations also involved.

Other educational and training activities carried oul by the Fairest Cape Association in
2000 incladed (City of Cape Town, 2000):

. The hosting of the Dentyne ligh Schools” Environmental Quiz.

. The holding of a number of teacher training workshops.

Moarais (2003). FThe measurement and redrciion of wrban Hiter entering stormwater dvainnge sysiems.
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. The successful launching of the BEngen “Wise up on Waste!"” Teacher Training
Project.
= The Millennium Mural Competition which depicted the impact of water and

waste on calchments.

s The Imizamo Yethu Community Programme in Hout Bay which is deseribed in
detail in Section 5.2 of Chapter 5.

6.4.5 Waste Minimisation Clubs

The Water Rescarch Comimission sponsored a project from 1998 o 2000, under the
auspices of the Pollulion Rescarch Group al the University of Natal, to cstablish pilol
Wasle Minimisation Clubs i South Africa and determine the feasibility of this
approach in promotling waste minirmsation to industry. A wastc minimisation club is a
group ol companies working together to reduec waste and save moncy and may be
from the same or different industrial sectors. The club members meet regularly to
cxchange information and idess on waste minimisation and 10 receive training in
aspects of waste minimisation.  T'wo pilot Clubs, the Metal Finishing Waste
Minimisation Club in the Durban region and a cross-sectional club in (he Hammarsdale
arca were imitially established. Both these arcas are situated in the KwaZualo Natal
Province. The project is deseribed in detail in the WRC Report No. K5/973 (Barclay,
2002).

Waste minimisation can be defined as Lhe application of a systemalic approach o
reducing waste at source, It relates to all inputs and outputs [rom an industry, business
site or process including waler, energy, chemicals, raw materials, effluent, air cmissions
and solid waste. The aim 18 to maximisc the conversion of the inputs to the product by
minimising the discharge of waste to water, air and land. ‘This results in improved
process cfficiency and reduced emissions to the enviropment which trapslate into
fnancial savings. As much as 30% of solid waste disposal can be saved through

implementing waste minimisation {Barclay, 2002).

As ol March 2002 there were 17 Waste Minimisanion Clubs runpming in South Africa

with a further six in the planning stage (Barclay, 2002),

Mlirais (200031, The measurement aned reduction of weban [iter enfering siormwarer droinage syafens,
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6.5  Conclusions

In this Chapter several litter management techniques have been reviewed. The

applicability of the litter management techniques classed as source controls faimed at

reducing litter loads entering the drainage system) have been discussed with particular

relerence 1o the pilot catchments. Several current South African initiatives, which seek

to address problems related to urban litter entering stormwater drainage systems,

including the legislutive framework behind these initiatives, have been deseribed.

The following conclusions may be drawn:

1)

1)

i)

The litter problem can only be addressed in an effective and sustainable manner
with integrated catchment management strategies composed of planning
controls, source controls {(reducing litter loads entering the drainage system} and
structural controls (removal of solid wastes from the drainage system),

supporled by education and enforcement programimes.

South Africa and the first world share a common “throw away” culture which
means that many of the litter management techniques adopted in tirst world
countries with separate stormwater and foul sewer systems could be of

application to South African urban drainage systems.

Litter problems peculiar to very low income areas, where people are housed in
informal structures and suffer from rudimentary or minimal levels of municipal
servicing, are not encountered in the comparatively affluent societies of the [lirst
world but are commonly found in Brazil, Mexico, India and other parts of the
developing world. Examples of these problems are dealing with the contents of
bags and bins emptied by vagrants, children and dogs ete. and night soil in the
stormwater drwingge systems.  However comparatively litde research 1s
availuble tnto litter in drainage systems situated in the developing world. This
hus lead to a dearth of research into the litter problems peculiar to very low
income areas. In South Africa, where a large proportion of the populace live in
mformal dwellings, there is an vrgent need to remedy this through focused

rescarch in these areas.

Marais (2003}, The measurement and reduction of weban (itler entering stormwaler drainape xvstems,
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The particular physical attributes of a catchment, the socio-economic
characteristics of its community and the level of services provided determine
which source control options are most likely to be effective in reducing the

volume of litter entering the stormwater drainage systems.

The fundamental environmenial nights and requirements gnaranteed by the
South African Constitution (Act No. 108 of 1996) bave given rise to a
hierarchical suite of environmental legislation and associated policies at national
and local level. As a result of this underpinning by the Constitution, which
stipulates fundamental environmental rights and requirements with regard to
cop-operative governance. any approach to water quality management must
promote integrated management and be conducive o sustamable development
fvan Wyk et al, 2002).

Current South African initiatives, such as the Dense Settlements Project, the
City of Cape Town's Mass Action Programme, the education and training
programmes run by the Fairest Cape Association and the promotion of Waste
Minimisation Clubs, backed by the promulgation of enabling legislation and
associated policies, are contributing valuable information on the effectiveness of
varions litter management strategies in reducing the volumes of litter entering
South African stormwaier drainage systems.

Mlarais (20031, The easurement and redieciion of urban Ntter entering stormwater draiage svstems.

Chapter 6 Review of avajlahle litter munagement strategies,



¥

7.1

7-1

Economic evaluation of alternative litter
management options

Introduction

From Chapter 6 it can be scen that there are a number of available litter management

techniques which can be unsed to address the litter probiem, Costing all these

tcchniques 15 an exhaustive study in itseif which falls beyond the scope of this report.

As a conscquence only a selected number of options are costed here to give some

ecancumic context. Some of these opticns were implemented in the pilot catchments

during the memitoring period. ic.:

i}

i)

iii)

v}

Mouore frequent collection of litier.

Street sweeping.

Cleaning of catchpits and leadings.

Installation of grids at the entrance fo catchpirt inlets.

Several difficulties were experienced in costing these options:

i}

11}

iii)

An economic evaluation demands that the effectiveness of the options is also
determined. To measure this it is necessary 1o quantify each option’s effect in
terms of the reduction in litter. With educational programmes it {s often
difficult to define the extent of the area which is influenced and should
therefore be considered in measuring their effectiveness,

As cleansing operations are in the main carried out by local authorities using
their own staff and plant. unit costs for removing litter are generally not
avallable and have to be deduced. Fortunatcly these operations were
outsourced in the Cape Town CBD and Fresnaye catchments and the cleaning

contract rates have been used to derive unit costs,

Many interventions are undertaken by NGOs operating with grant money and
often wsing unpald volunteers. Generally task based accounting practices are
not applied by the NGOs which makes it difficult to establish the true costs of

the interventions.

Marais (20031, The meassrement and reduction of urban litter FRICFILE Stormwater drainage svstems,
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7.2 Costing of alternative options

To permitl comparison each option is costed in rands per kg veduction in litter reaching
the stormwater system. All costs are based on or have been adjusted o 2001 figures

and are cxpressed without VAT.
7.2.1 More tfrequent collections of litter (residential areas)

As the City of Cape Town is not a profit motivated organisation, the new rate for
refuse removal of R33 per bin per month has becn assumed to be equivalent to the
cost of providing this service. The bin is cleared weekly (i.e. about four limes a
month), The volume of 2 filled bin is about 0.14 m® and, assuming a density of
95 kg/m?, the litier mass is estimated at 15kg.

. Cosl ol reluse  collection  [as R33 per hiler bin per rnonth

charged by the Cuy ol Cape |

Terw1l}
" Mass collected per bin per month Approx, 60 ke
» Clast of refuse collection S3cikg

Using the annual litrer loads reaching the stonmwater system obtained for the pilot
catchments where sand, stone, rubble and vegetation were cxcluded (Chapter 6), and
assuming each household gencrates between 30 and 100 kg of houschold refuse per
month. it s estimated thalt between 0 and 0.4% of the household refuse generated

finds its way into the stormwater system,

Assuming that an additional 250 kg of rcfuse needs to be collected to realise a 1 kg
reduction of the litter reaching the stormwater system, the effective cost of realising
this reduction is then of the order of R137-50 per kg

Murais (2003). The measurement and redwction of webon fitter emtering slormwater draiuage svstems,
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7.2.2 Streel sweeping

This estimate of streel sweeping costs 15 armived al using the example of the strect
sweeplng teams operating in the Cape Town Central Business District. A team is
composed of two foreman and three sweepers.  Although these are [ull-titne municipal
emplovees. the salaries and plant hire costs have been estimated (rom 2001 contract
rates. Two rounds are carried out by the team daily and a third mechanised round
takes place at night. For the purposcs of the costing it is assumed that all three rounds

are carried out by the team.

. Const of weam per mongh: R32Z 500

2 foremian R4 500 % 2 RS 000

3 swecpers R2 500 % 3 K7 504

Plant R 6 (0 | Rio0oo

. Carry  out  two  collections every 22x 2 | —l—l per mionth

wiorkday

= Cusl per collection R32 500/ 44 4+ R4

= Aanual Huer load (CBD calchoents) 6l 342 ke
s Nuamber ol cotlections per annutn. 3 per day x 6 per

week x 52 weeks Y36

= Averuge lilter load per collection 60 542 kg /936 td kg

= Cnst of street sweeping per kg R740/ 64 kg R11-536/kg

7.2.3 Installation of grids at the entrance to catchpit inlets

This stormwater grid 15 fitted over the side inlet to a catchpit and prevents large
objccts larger than 50 mm in dimension entering the catchpit. The grid is mounted on
a hinge and can be litted for cleaning purposes, The cost for supplving and installing
grids of R60 per metre was oblained in September 1999, This has been adjusted to an
equivalent 2001 cost of R73 per metre assuming a compound increase of 10% per
annum for the period 1999 to 2001. These grids were installed in Summer Greens and
Montaguee Gardens in spring 2000. The annual cost of the grid has been calcniated
assuming a 3 year design life, no scrap value and an interest rale of 15% per annum.
The effective cost is dependent on the proportion of the litler load which the gnd
prevents [rom entering the catchpit. To illustrate this the calculation is performed for

both Montague Gardens and Summer Greens.

Marais (20003, The measnrement and redieetion of wrbar fitter entering stormwater deainage svstems,
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The reduction in mass per annum is derived from calculating the difference between
the extrapolated annual Joads of stone and rubble measured in 2000 and 2001, The
extrapolated loads of stone and rubble were 64.2 kg and 6.7 kg for Summer Greens
and 423.0 kg and 88.9 kg for Montague Gardens in 2000 and 2001 respectively.

'-— Cost of supply and nstatlation ol griﬂ R73 perm
s Averase lenoth of calchpil inlet | m
. Cost per catchpit R73-00
# Annoal cost of catchpit R21-7¥
® Reduction i mass per anung

. Summer Greens 574 ke
.T'VI:,‘.IJ'I'[HL_?,.LIIZ‘._Ga['dCJlS 334t g
s Rueiduclion i mass poer caichpit per
HFRRRINAR I
Surnmer Greens 37 4 kg/23 culchpits 25k
Muonlague Gandens 334.1 kef30 calchipits 11.1 ke
. Cost per grid per kg
Summer Greens R2[-78 /2.5 kg RB-71/kg
Montague Gardens R21-78 /111 ky R1%%/kg |

Following insiallation, additional strcet sweeping is required at a cost of R11-56 per
kg, This cost must be added to give the cffective cost per kg reduction in litler
reaching the stormwater system. Thus the cost of implementing this option is
estimated al between K13-52 and R20-27 per kg of litter removed from the

slormwaler system.

7.2.4 Community education programmes

In 2000 a commumnity education programme was instiluted by the Fairest Cape in
Imizamo Ycthu, Four educalors were emploved [ullHime lor a contract period of six
months and a coordinator spent 1Yz davs a week on the project for its duration. This
first phasc aimed at training the cducators and engendering awareness about lifter
tssues amongst the community. A steering group met once a montl. Two aims were
to get residents to understand how the colleclion system worked and to carry oyl

cleanups in the area.

Maras (2003). The measurement and peducttan of wrban (itter entering stornmwarer draliiage systems.
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The programme was built on five principles:

i) A strong, broad-based organisational structure.
i) Public education and communication cfforts.
i) Reward and recognition prograrmmnies.

iv) Enforcement programmes,

V) Litter measuretmnent leols.

From 2000 to 2001 a reduction of 19 kg /ha.yr or 101 kg was achieved in Imizamo
Yethu. This tay have been considerably greater as the baseline data from which il
was calculated was not reliable. Tt is assumed that the reduction is as a result of this

programme as there were no other interventions that were brought to the attentlion of

the rescarch team.

. Cloml. Ul"le.mu B33 000
4 Bducators @ R 000/mxh for 6 months R24 006
I Coordinator ® R15004mth for 6 months RY 000 |

. Reduetion i Litter for 2Z00€0/2001 101 kg

- {ost of programme per kg reduced R33 000

101 ke R326-70/kg

Although the cost of this intervention scems expensive there may well be ongoing
benefits if the reduction in litter loads is sustained in which case the cost per kg will
fall. Moreover, assuming that 0.4% of the refuse generated by the inhabitants reached
the stormwater sysiem, the total reduction in refuse may have been as much as
25 250 kg per annum {of an estimated Lolal of 244 B0 kg per annum which is derived
from an assumed average refuse generation of 60 kg per household per month). Al a
refuse colleclion rate of 55¢ / kg this would represent an annual saving of about
R13 900. The nct cost of this intervention then reduces 10 R19 100 and the cost per
kg 10 R189-11/kg but the impacts could be fell for many years. 1T this reduction were
sustained for two and o half years, the savings realised would exeeed the cost of the

progranime.
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7.3 Discussion

The equivalent costs per kg reduction in the mass of litter reaching the stormwater

system for the four strategies arc summarised in the table below.

- Morc frequent collections of litter {residential urcas) RIi37-50
L Street sweeping R11-56
Installation of grids at the entrance to catchpit inlets R13-32 to R20-27
E Community education programmes (net cost) Ri%9-11

‘Table 7-1 : The vost per kg reduction in the litter load for four alternative litter
management options

The cost of cleaning the catchpits and leadings (the pipes which link them to the main
stormwater system) is estimated at R4-64 per kg, A contract cost (awarded in 2001)
[or ¢leaning catchpits and leadings of R130-00; provided by Mr Doug Austin of the
Stormwater Management Deparmment of the Cape Town Administration, has been
employed in deriving this estimate as follows:

. Cost of cleaning eatchpi ; e adings Rl30cuch
. Volume éi&ﬂmﬁd @ 0.297 m&
Typic NOO S 300 x 1000 mm T 0240 m? |
\3 mim diam leuding ;

n Iengtl't | 20% x4 <1039 | 0057 m |
. Mass per calchpit and  leading 02970y x 95 kg/m? 28kg
- (assmme densuey of 95 kg/ m?) :
. Cost of cleaning catchpits and *
~_toadings per kg R130/28 ka . Rd-6d/kg |

It has been assumed that carchpits will be full when cleaned. However the frequency
of cleaning and the tining in relation to rainfall events will significanuy affect the
volume of hitter recovered and hence the cost per kg of litter.

Marais (2003). The measurement and reduction of wrban liser entering stormwater droinage systems.
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The cost of cleaning the mamn stommwater systern 15 estirnated at R9-62 per kg using

similar 2001 contract rates provided by the City of Cape Town as follows:

] Cost of cleaning main stermwater o
syslernt y RZ3/m
. Volume cleaned per metre:

20% of mean cross sectional aren
of typical 375 mm or 450 mm
diameter pipe

20% x 11/8 x (0.375% +0.450%) (0,027 m¥/m
. Mass per metre (assume density of 95
kg/m?) 0.027m¥m x 95kgim? . 2.6 kg/m
. Cast of cleaning main stormwater
system per kg (R2m/26kgim  R9-62kg |

However these rates assume that litter entrained in the stormwater pipes can be
accessed and removed from manholes, catchpits or outfalls using non-destructive
methods which may not always be the case. If the pipe has to be excavated to remove
i blockage the costs will be considerably higher. It is alse highly likely that once the
litier is in the pipeline it will be washed into the receiving stream before the system is

cleanad.

I is clear that it is cheaper to clean the catchpits and leadings and remove the litter

befare it enters the main stormwater system,

None of the strategies costed are cheaper than the costs of cleaning the litier from the
carchpits and leadings or the mam slormwater systenm, however, apwrt from street
sweeping, their efficacy is not as dependent on programming with respect to rainfall
events. The strategy of installing grids is effective in catchments where there is 4 high
proportion of items such as stones and rubble, and the installation of the gnds is
accompanied by a commitment to regular Street sweeping 1 their vicinity. Street
sweeping only becomes effective when the litler loads are extremely high.

Although the community education programme oplion appears expensive, this is
because only a small part of the area where the lillering behaviour of the public may
have been modified as a result of the programme has been taken into account. It has

afso been assumced thal this change in behaviour will be maintained for a year only.

Marats (20031, The mieasuranent and reduceton of weban Niter enterhitg starsmvater draiitage syvstems,
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7.4 Conclasions

Several litter munagement options have been costed in terms of the reduction in the
mass of litter achieved following their implementation. This gives some economic
conlex! lo a comparison of lifter nianagement strategics. At best these costs should be

treated as indicative only for the following reasons:

i} Many assumptions have had to be made to arrive at the calculated costs.

These assumptions will vary from region to region,

i) The costs are based upon rates applicable in Cape Town in 2001 and will vary
both regionally and temporally.

iii) Besides the implemented optiens there muy be other [actlors which contribute
to a change in littering behaviour.

iv) Only the mass of litter entering the calchpits was monitored and measured.
Generally this represents a small percentuge of the refuse generated. To
assume the percentage reduction achieved in the litter load n the stormwater
systen1 is the sume or similar te that achieved in retuse gencration may be
invalid, This makes it difficull to quantify all the savings achieved by

implementing a particular litter management option.

V) With educational programmes it 15 particularly difficult o guantify their
efficacy s the arca and time period of influence cunnot be eusily defined.

vi} More and better data is required, particularly on costs and cfficiencies, 1o
arrive at o meaningful economic cvaluation of alternative litter mangement

options.

Marais (2003). The measerement aned rednetion of nrban [Htér emiering stormwater drafnage syitems.
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8. Preliminary guidelines for the reduction of
urban litter loads

8.1 Introduction

The focus of this thesis is on the litter management options which fall within the
category of source controls. Source controls are aimed at reducing the litter loads
entering the drainage system by dealing with the pollution at source. A whole range of
such interventions has been identified in Chapter 6.

Accepting that some litter will always escape into the stormwater system, structural
controls, such as litter traps or pollution basins, will always be required. The location
and selection of these litter removal structures is the subject of WRC Report
No TT 95/98 entitled “The removal of urban litter from stormwater conduits and
streams” (Armitage et al, 1998), which is available on the web at:

- http:\www.wrc.org.za\reports\tt95_98.htm.

Alternatively this document has been summarised in Armitage & Rooseboom
(2000a,b,c). This is also available online at:

- http:\\www.wrc.org.za\wrcpublications\wrcwatersa\wsa-apr00.htm  #quantities
#studies
#selecting.

These guidelines are intended to assist in the selection of appropriate techniques for
reducing litter loads entering the drainage system by dealing with litter pollution at
source. When using them it must be remembered that these were derived under the
conditions encountered in the pilot catchments situated in the Cape Metropolitan Area
during 2000 and 2001.

8.2 Factors to be considered

There are a whole host of factors that need to be considered before selecting an
appropriate litter management option to reduce litter loads. Most of these factors are
associated with the land use of the urban catchment.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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In previous chapters it has been shown that the litter loads and profiles for residential,
commercial and industrial areas are significantly different from one another. In
industrial areas vegetation loads are generally insignificant while rubble and large items
are significant contributors. Informal residential areas are characterised by ongoing
informal construction activities that generate rubble and destabilise areas leading to
erosion and the silting of catchpits.

Litter loads in middle and high income residential areas, which are dominated by the
contribution made by garden refuse, are lower than in low income residential,
commercial or industrial areas. Plastics are a significant contributor to litter loads for
all urban land use types where vegetation and sediments are excluded.

While these should not be regarded as a comprehensive list, nine factors influencing the
selection of a particular option are dealt with in greater detail below:

1) The composition of the litter.

i) The volume of the litter.

iit) The presence of a street sweeping service.

v) The nature of the refuse removal service.

V) The nature of the land tenure.

vi) The composition of the community.

vii) The pedestrian volumes.

viii) Community awareness of litter and the environment.

ix) The layout.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems,
Chapter 8 : Preliminary guidelines for the reduction of urban litter loads.



8.2.1 The composition of the litter
Important considerations relating to the composition of the litter are:
® Is the litter dominated by stone or rubble?

® Does packaging constitute a significant proportion of the litter and does it
come from a particular business?

® How much of the litter is composed of recyclable materials (such as glass
bottles, cans and plastic containers)?

® Is there a significant proportion of garden refuse?

® Do entrained sediments add appreciably to the mass of the litter?
® Is there evidence of contamination by heavy metals?

® Are oil and grease spills evident?

8.2.2 The volume of litter

The volume of litter generated has a direct bearing on selecting the most appropriate
litter management option. If only small volumes find their way into the stormwater
system it is difficult to justify street sweeping, while installing well situated and
designed litter bins may prove cost effective.

8.2.3 The presence of a street sweeping service
Where street sweeping is infrequent or non-existent it may be inappropriate to

introduce methods, such as installing grates across catchpit entrances, which result in
an increase in the amount of litter that accumulates in the roadway.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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There may be potential to improve an existing street sweeping service by ensuring that
litter is not merely swept into the nearest convenient catchpit; or a study could be
undertaken to identify areas with high rates of litter accumulation and sweeping times
and resources reallocated accordingly, to name two examples.

8.2.4 The nature of the refuse removal service

The nature of the refuse removal service that is in place is important because there is a
clear link between service levels and litter loadings. Generally low income areas
receive inferior refuse removal services which result in higher litter loadings in the
stormwater system. If skips are provided, aspects such as appropriate maximum
distances to walk to deposit refuse and skip heights, which allow children to toss
rubbish into the skip, are critical to their effectiveness.

8.2.5 The nature of the land tenure

In residential areas, the nature of the land tenure is an important determinant of the
community’s sense of ownership and responsibility for their surroundings. Where this
sense of ownership is lacking it is extremely difficult to motivate the community to
change their littering behaviour for example through educational programmes.

8.2.6 The composition of the community

The size of the community that it is intended to reach will determine whether mass
media such as newspapers, radio and television will need to be employed or whether it
is feasible to train educators to engage directly with the community. If there are large
numbers of children, programmes to promote environmental awareness, discourage
littering and encourage recycling etc. can be effectively propagated through the schools.
Where there are large numbers of unemployed in the community, community based
litter collection to communal depots or recycling initiatives can provide employment
and income.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 8 : Preliminary guidelines for the reduction of urban litter loads.



8-5

8.2.7 The pedestrian volumes

Routes which carry large pedestrian volumes generally have higher litter loads than less
trafficked routes. The provision of frequently cleared litter bins along these busy routes
can be an effective way to reduce the quantity of litter reaching the stormwater drainage
system. Billboards erected along these routes with messages encouraging proper
disposal of litter or recycling can be expected to reach a large number of people
whereas they would clearly have a marginal impact on the community if erected in
areas with low pedestrian traffic.

8.2.8 Community awareness of litter and the environment

Where there is already a good understanding of the environmental problems caused by
littering and the need to reduce the quantities, recycling programmes can be effectively
implemented. If this understanding does not exist, an awareness programme would
first have to be undertaken before recycling programmes could be considered.

8.29 The layout

The layout often dictates which particular options are possible.  Important
considerations are:

® Are there generous road reserves which permit the creation of swales to trap
litter and contaminants such as heavy metals, oil and grease before they reach
the stormwater system?

® Is there access to every dwelling for refuse removal trucks or is it necessary
for litter to be brought to central collection areas?

e Are road verges surfaced or not (unsurfaced verges can suffer erosion
resulting in high silt loads)?

° Are the dwellings informal or formal (informal areas often generate more
rubble because of ongoing building activity)?

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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8.3 The appropriateness of particular litter management
options

The appropriateness of particular options and the applicability of the concomitant litter
management techniques have been discussed in some detail in Section 6.3 with
particular reference to the pilot catchments. Some of these options have been costed in
Chapter 7. These costings are used to derive broad “rules of thumb” for implementing
these options.

For the purposes of this document an option is considered economically worthwhile if
the cost per kg of litter is less than the R10 per kg cost of cleaning the main stormwater
system (2001 costs). However this does not take into account the value put on the
environment which is essentially a socio-political decision.

The following ten litter management options are considered:

i) More frequent collections of litter.
i) Street sweeping.

iii) Cleaning of catchpits.

iv) Installation of street grids.

V) Community education programmes.
vi) Additional litter bins.

vii) Grassing or hardening of verges.
viii) The provision of swales.

ix) Recycling and composting.

X) Waste minimisation.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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8.3.1 More frequent collections of litter

The most effective way to prevent litter finding its way into the stormwater system is to
provide a frequent litter collection service which obviates the tendency for it to be
illegally disposed of in public spaces such as roadways. However most South African
local authorities do not have the resources to increase the frequency of their litter
collections. In commercial areas additional collections can however be funded by

levying businesses.

As a rough guide, based on costs obtained for Cape Town Central in 2001, it is
economically worthwhile considering instituting more frequent collections if more than

5.5 % of household refuse ends up in the stormwater system.

This implies that an additional 18.2 kg of refuse (1 kg/5.5%) must be collected to
effect a 1kg reduction in the mass entering the stormwater system. If a lesser
percentage ends up in the stormwater system, the potential reduction in litter entering
the stormwater system does not economically justify the additional cost of collection.
However this does not take into account the value put on the environment.

8.3.2 Street sweeping

Street sweeping is an extremely effective option where there are large litter loads
generated within a manageable area (for example the streets of Commercial Business
Districts, open air markets and taxi and bus stations). For economic viability the litter
density should exceed about 6 900 kg/ha.yr based on costs obtained for the Cape Town
Central Business District in 2001 (refer to Section 7.2.2).

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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» Maximum cost ol streel sweeping per
ke R 1ka
@ Cost of wam per month: R3.2 500
2 foremian R4 500 x 2 5 RO 000
3 sweepery R2 500 x 3 ) R7 500
Plant R 1106 R16 000
. Carry our two collections every 22x 2 44 por month
workday _ :
" Cost per collection K32 500/ 44 + 12740
. Minimum  average  lilter load  per _
' collection . R740/ R10/ ke 74 kg
| » Number of cotlections per annuin 3 porday x 6 per
; wiek ¥ 52 weeks Yiadvr
. Minimum annual litter load G036 % 74 kghr 0% 264 kptvr
. Muanageable ared for tcam (rrad  length < : A ha
: 1 k)
s Minimum litter density 69 264 1/ 10 6 926
katha.yr

8.3.3 Cleaning of catchpits

Cleaning of catchpits and linking pipes becomes economically worthwhile when the
catchpits are greater than 46 % full on average. This is based on the assumptions that
the volume of a Lypical caichpit and linking pipe is approximately 0.3 m?, the density of
the litter 15 about 95 kp/m? and the cost of clearing a catchpit is R130-00, The resultant
cost per kg of litter removed will then be less than the R1O per kg cost of removing the

litter from (he main stormwater system.
8.34 [Installation of strect grids

For the installation of street grids over stormwater catchpit inlets 1o be considered,
stone and rubble must constitute a large proportion of the litter load. This is often the
case in industrial areas and informal residential areas. Installation must be Tollowed up
with a regular sweeping programme, if it 1s not already in place, to remove the stone
and rubhle that will accumulate at the grids. Grids may also delay the entry of plastic
bags or large leaves into the stormwater system although ultimately (hese items tend 1o

pass through or under the grid.

Marais (2003). The measarement and reduetion of wrlban Hver entering stormweater diaidage syviems,
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8.3.5 Community education programmes

Community education programmes are appropriate where there is a lack of
environmental awareness and a high prevalence of littering behaviour. The
programmes should be tailored to the particular target group.

8.3.6 Additional litter bins

Areas where there are high concentrations of pedestrians should be targeted for the
placing of additional litter bins. Examples of such areas are adjacent to markets, fast
food places or bus and taxi ranks and along major pedestrian routes. The bins should
be easily accessible and emptied regularly. The design of the bin should permit ease of
emptying while preventing wind or scavengers from removing the contents.

8.3.7 Grassing or hardening of verges

Areas with unsurfaced road verges commonly have high sediment loads as a result of
erosion of the road verge. Grassing these verges or surfacing them considerably
reduces erosion and sediment loads originating from the road verges. However
surfacing also increases flood peaks and facilitates the movement of pollutants.
Grassing should only be considered for verges which have low pedestrian traffic and
can be maintained and watered during the dry season.

8.3.8 Swales

Swales are commonly used along rural highways and residential streets to convey
runoff. Like ditches they collect stormwater from roads, driveways, parking lots and
other hard surfaces. Unlike ditches they have gently sloping sides and are vegetated to
prevent the slopes from eroding and to help filter pollutants during and after rain.
Because they are wider than they are deep, stormwater flows are spread over a broader
area and slowed. The vegetation can then filter the stormwater flow and remove
sediments, heavy metals, oil and grease. Temporary ponding in the swale allows time
for water to soak into the ground which assists in reducing the volume of runoff and the
amount of pollutants. Swales are easy and relatively cheap to construct. Drawbacks
are that they require generous road servitudes and must be regularly mowed and cleared
of litter.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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8.3.9 Recycling and composting

Where there is a high percentage of recyclable materials present in the refuse generated
by households and businesses, recycling can significantly reduce the quantity of the
refuse and hence the potential litter load that reaches the stormwater system. This also
holds for the composting of organic material where this is a large component of

domestic refuse.

Separation of litter into organic, recyclable and non-recyclable components can provide
an income to jobless people if businesses are prepared to pay for the recycled items.
Organic waste can be converted into compost and sold. Relatively compact, high-
density residential areas with high unemployment rates are candidates for such a

measure.

8.3.10 Waste minimisation

Waste minimisation can be defined as the systematic approach to reducing waste at
source. It relates to all inputs and outputs from an industry, business site or process and
aims to maximise the conversion of the inputs such as water, energy, chemicals and raw
materials to the product while minimising the production of effluent, air emissions and
solid waste. The application of waste minimisation techniques is most suited to
industrial and commercial areas.

8.4 The recommended selection procedure

The above factors and litter management options are combined in Figure 8-1 in matrix
form to simplify the selection of the most appropriate options. The process which
should be followed is:

1. Identify the factors which are relevant to the particular situation.

2. Select the appropriate options by determining which options are associated
with the largest number of the identified factors.

Marais (2003). The measurement and reduction of urban litter entering siormwater drainage systems.
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Figure 8—1 : Selection matrix for litter management options

Maruis (030 Phe measupement and peduction of afan Leer entenmg stormmeater drainare vosteimns

Chapter ¥ 0 Preliminary guidelines for the reduction of websan [0er Jouds.



8-12

8.5 Conclusions

These guidelines do not provide a comprehensive list of all the available options for
reducing litter loads entering the drainage system. However they do provide a quick
method of making a preliminary selection of appropriate litter management options for
a given set of factors. The selected options should be investigated further and
preferably implemented on a pilot basis in the area under consideration to determine
their likely efficacy before proceeding with full implementation.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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9. Conclusions

It is clear that litter in urban stormwater runoff is a serious problem which needs to be
addressed. While the impact of litter pollution of urban stormwater runoff may appear
to be mainly of visual and aesthetic importance, litter also seriously interferes with

aquatic life in the receiving streams, rivers, lakes and oceans.

Littering is considered to be a social behavioural problem. The temptation to litter is
increased where there is a general failure by authorities to enforce effective penalties as
a deterrent to offenders and where littering is not countered by a strong environmental
ethic amongst the population at large. The general inadequacy of litter refuse services
leads to a rapid and sustained accumulation of litter. This is particularly evident in
South Africa and other developing countries where litter collections are often

infrequent.

In attempting to understand and address the litter problem this study built on the

following two premises:

1) The composition of the litter varies with different land-uses, income and service

levels and population densities.

i) The particular physical attributes of a catchment, the socio-economic
characteristics of its community and the level of services provided determine
which litter management strategies are most likely to be effective in reducing
the volume of litter entering the stormwater drainage systems.

As a result of the historical inequalities in public spending on the different population
groups, the basic infrastructure of South African urban areas, including the Cape
Metropolitan Area, is unequally distributed. Litter problems peculiar to very low
income areas, where people are housed in informal structures with rudimentary or
minimal levels of municipal servicing, are not generally encountered in the
comparatively affluent societies of the first world. Examples of these problems are
dealing with the contents of bags and bins emptied by vagrants, children and dogs etc.
and night soil in the stormwater drainage systems. These and other litter problems
cannot be addressed in an effective and sustainable manner without an appropriate
integrated catchment and litter management strategy.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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Litter management in South Africa has been hindered by the shortage of scientifically
verified data indicating the likely effectiveness of different options in the reduction of

urban litter.

Current South African initiatives, such as the Dense Settlements Project, the City of
Cape Town’s Mess Action Programme, the education and training programmes run by
the Fairest Cape Association and the promotion of Waste Minimisation Clubs, backed
by the promulgation of enabling legislation and associated policies, are, however,
contributing valuable information on the effectiveness of various litter management

strategies.

The twin aims of this study were to complement these initiatives by

i) Improving the knowledge of the source, type and amount of urban litter ending
up in the stormwater drainage systems from different types of urban catchments;
and

it) Determining the effectiveness of different litter management options in the

reduction of urban litter reaching the stormwater drainage systems,

The first aim was largely achieved with the institution of a two year monitoring
programme in nine pilot catchments in the Cape Metropolitan Area. These catchments
were selected to cover a wide range of different land uses, socio-economic levels,
population densities and service levels. The problems they experience with respect to
litter in their stormwater drainage systems are probably representative of similar urban
catchments elsewhere in South Africa. Litter traps and nets were installed and a data
collection process, whereby the litter trap contents were regularly measured and
analysed, was instituted. Although some problems were experienced much useful data

was obtained.

The second aim was not achieved as originally intended. It proved impractical for the
Project Team to implement litter management options and measure their effectiveness
in isolation from other litter management initiatives that were taking place. However
the effects of the litter management initiatives implemented by various parties were
monitored and their effectiveness assessed where possible.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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The data collection process relied on the assistance of the local administrations, which
did not always have the same objectives as the Project Team. They helped greatly with
the physical removal of the litter from the traps, bagging the contents and transporting
them to the UCT laboratory for analysis, but could not be relied upon to record the litter
data. To ensure proper collection of the litter and consistent and reliable recording of
the litter data in the field, detailed monitoring of the clearing of the litter traps needed to
be carried out continuously under the direct supervision of an appropriately trained
Waste Auditor. The carrying out of the in-depth analyses of the contents of the litter
traps and nets by the Waste Auditor ensured that the contents were analysed in an
accurate and consistent way across all nine catchments.

It was found that the frequency of collections and emptying litter traps and nets was
best determined on a catchment by catchment basis as each was unique. This collection
frequency had to be regularly reassessed and adjusted during the monitoring process as
more information about the rate at which the traps and nets fill was obtained.

The analysis of the data obtained from the monitoring programme yielded annual litter
loads and typical litter profiles for each of the nine pilot catchments for the periods
February to September of 2000, February 2001 to January 2002 and both data
collection periods combined.

During this time the catchment litter situation in the Cape Metropolitan Area (CMA)
rapidly evolved as National Government, Local Authorities, NGOs and Ratepayers
attempted to address the litter problem. This made nonsense of the idea of collecting
“baseline data” prior to intervention. Litter loads were changing constantly in response
to interventions outside the control of the Project Team. Thus it could not be hoped to
simply implement a catchment litter management option and compare it with previous
data in isolation from other initiatives. However it was possible to determine the
impacts of several catchment litter strategies implemented during the course of the

monitoring programme from the collected data.

The main findings of the study are presented here in two sets corresponding to the twin
aims of the study. The first set of findings, relating to the composition of the litter in
the pilot catchments, follows below. Figures 9-1 and 9-2 depict the annual litter loads
and litter compositions respectively obtained for the pilot catchments for the period
February 2000 to January 2002. It should be noted that problems with the data
collection in Imizamo Yethu might have led to an under measurement and hence an
underestimate of the annual litter loads for this catchment.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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iii)

vi)

Plastics made up a significant proportion of the litter in all types of land-uses
and densities surveyed, contributing between 19% and 50% of the litter stream
by mass where sand, stones, vegetable and organic matter were excluded.
Plastic was the largest major litter category in all the catchments except for

Summer Greens and Welgemoed.

Paper products were often the most significant contributor in commercial and

high income residential areas.

A notable phenomenon in low-income areas was the substantial contribution of
sand to the litter load. Sand entering the catchpits was a major problem in many
catchments as it tended to become entrained in other litter such as plastic bags
resulting in blockages and flooding of the stormwater system. The problem was
particularly acute in informal areas such as Imizamo Yethu which have a lack of
hard surfacing and very little ground cover to stabilise the soil.

The data showed that an analysis by mass would have been distorted by the
large volumes of sand that were washed into the catchments. Construction
materials, such as rubble and stone, or vegetation likewise tended to dominate
the data and reduce the impact of the conventional litter items which were the
focus of the study.

In the absence of proper services, it appeared that some households in informal
areas, such as Imizamo Yethu, used the stormwater catchpits as disposal points
for nightsoil and refuse.

There appeared to be an inverse relationship between income and litter loadings
in residential areas when garden refuse was excluded. Litter loads per ha in low
income informal residential areas were considerably higher than those in formal
residential areas. This was largely due to the more effective and reliable
household refuse removal service received by affluent areas. As income rises
population density also tends to decrease as can be seen from Figure 9-1.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.

Chapter 9 : Conclusions.
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iii) It is crucial that local authorities render & régular and efficient refuse removal
service to all communities as this has a major impact on the amount of urban

litter entering the stormwater drainage systems.

iv) Street sweeping is the most effective way to reduce litter entering the
stormwater drainage system in areas with high rates of litter accumulation (such
as commercial areas, markets, taxi ranks and bus termini.

V) Sustained education and awareness programmes are important for changing
people’s behaviour in the medium term but have limited immediate impact on
litter.

vi) Even with improved public awareness of litter and illegal dumping, structural
controls to intercept litter such as traps and booms in streams will remain

necessary.

vii)  Reducing the amount of packaging or encouraging the use of recyclable
packaging is a litter strategy that can be implemented relatively easily by
targeting manufacturers and businesses while having an immediate effect in

reducing litter.

The fundamental environmental rights and requirements guaranteed by the South
African Constitution (Act No..108 of 1996) have given rise to a hierarchical suite of
environmental legislation and associated policies at national and local level under the
National Water Quality Management Framework Policy which governs South African
water quality management. The National White Paper on Integrated Pollution and
Waste Management for South Africa, completed in 2000, complements the National
Water Quality Management Framework Policy in addressing the major issues regarding
pollution and waste. Both these policies provide the framework within which the
problem of litter in urban stormwater runoff can be tackled.

Clearly this problem can only be addressed in an effective and sustainable manner with
an integrated catchment management strategy composed of planning controls, source
controls (reducing litter loads entering the drainage system) and structural controls
(removal of solid wastes from the drainage system), supported by education and
enforcement programmes. This management strategy will require constant refinement
based on information collected from ongoing monitoring,.

Marais (2003). The measurement and reduction of urban litter entering stormwaler drainage systems.
Chapter 9 : Conclusions.
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10. Proposals for research opportunities

During the course of this study several allied research needs have been identified. In

particular there is a need for research into:

i)

ii1)

iv)

Dealing with the problems of sand, silt and builder’s rubble in urban
stormwater drainage systems. These gross pollutants were found to be
significant contributors to the litter loadings in many of the pilot catchments.
Sand entering the catchpits is of particular concern as it tends to become
entrained in other litter such as plastic bags resulting in blockages and flooding
of the stormwater system. The problem is particularly acute in informal areas
which have very little ground cover to stabilise the soil.

Heavy metals and bacteriological pollutants in stormwater runoff. Toxic
pollutants from vehicles and other sources wash off roads into the stormwater
system and are taken up by the stream and river sediments where they may have
serious effects on the aquatic ecology. Similarly bacterial contamination of
sediments occurs from practices such as the disposing of night soil into the
stormwater drainage system in many informal areas. Very little information is
available about the seriousness of this problem in South Africa.

The cost effectiveness of street sweeping as a litter management option. It
is clear that street sweeping is only cost effective in areas with a high rate of
litter deposition such as commercial districts, markets, taxi ranks or bus termini.
However there is little information available for South African conditions about
how this deposition rate should be determined and the frequency of the street
sweeping that should be applied This knowledge is critical to local authorities
in deciding where to allocate their often limited street sweeping resources.

The way men and women view pollution in the drainage system. American
research has shown that there are differences in littering behaviour between men
and women and between people of different ages but little similar research has
been undertaken in South Africa. This knowledge is vitally important in
optimising the effectiveness of education and awareness programmes.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
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V) Litter bin collections. There are conflicting opinions as to the effectiveness of
litter bin collections. This needs to be tested in catchments with high levels of
pedestrian traffic. Little guidance is available on the number and size of the
bins, their spacing (a function of how far people are prepared to walk to deposit
litter items) and the frequency of emptying.

vi) The litter patterns and loads in the pilot catchments in two to three year’s
time. This is important to establish any trends if any. The study could be
widened to include other types of land use.

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems.
Chapter 10 : Proposals for research opportunities.
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Appendix A : Standard forms

Appendix A.1 : Standard field recording sheet for litter clearouts

Water Research Commission Project No. K5/1051

“The reduction of urban litter in drainage systems through integrated catchment management”

Standard Recording Sheet for Litter Clearout Sheet Number of
Muncipal Local Council : Suburb :
Number of litter traps : Number of outlet nets :
Date of clearout (YYMMDD) :
Duration of rainfall (HH:MM) . : Precipitation (mm) :
Volume of litter removed from streets and litter bins (m®) :
Degree of fullness : 0 - empty Full apalysis: Yes No
1 - 25% full
2 - 50% full
3 - 75% fuil
4 - full
Litter trap/ { Degree of Litter trap/ | Degree of
Outlet net fullness Comments QOutlet net fullness Comments
number number

Marais (2003). The measurement and reduction of urban litter entering stormwater drainage systems. Appendix A :
Standard Forms.
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Appendix B : Tables of annual litter loads for
the pilot catchments

B.1 Introduction

Annual litter foads are extrapolated [rom the data for each catchment and summarised
in 1abular form tor each of the following cases in tum:

i) Excluding sand (Appendix B : Tables B-1{a} to (),

11} Excluding sand, stone. vegetation and rubble (Appendix B :Tahles B-2(a) 1o
{e).

1ii) Vegetation only (Appendix B ; Tables B-3(a) to {c}).
The tirst, second and third table of each sel present the calcutated annual loads for the

data collection periods February to September of 2000, Febrwary 2001 1o January
2002 and both dawa collection periods combined respectively.

B.2 Tahles of annual litter loads

2 : | wen | Cumelatiye
:':f S Tl W"{m@ \ _._,:. ?& i I.l. I-'-p'%—; e
2 Feitile S ‘ N2 I-t:--: Ii rﬁh‘f | \{H‘_E}ll-._
Pl Infarmal “site and seeyvice™ residential ; ? _ .
i areq fcrr very poor neople - no strecl b, 123 [:25 7
= sweeping _ o :
Subeceonomic residental area for poor | ;
. " weople including botk froestandin . oy : - :
Cloean Wiow m::,}-;]iﬂgs atiil 3-storey high—dﬂllsigl}r | 1,5 a3 242 130
! apariment blocks — no siresi swegping o o
Cape Fown Central Business District including - T 153 69
P CBDH ) | office blocks, hotels, line shops, L ™ AEE e
[ Cape Frwn imormial iraders and a bus terminus, o 475 152 57
] TR0 S crlensive sreel cleaning (up (o 3 times s e &
Cape Fuswn duilyd with a removal efficiency of . ; i
E’.‘Hllj 144 approximately 99% ke 9“'4_ 152 153
High income, medivm densily
[Fresndye residential area which includes some s - -
e dparloients L
| Stizhnser Medium density, medium income 53 57.3 ENE] 2
| Gireens | residential arca - no strect sweepitly e = 5 |
: }:an.mguc Lichi ilndusu'iul park - no street 141 500 4 180 | it
 Gardens | sweeping !
£ I Lo density. high incomy resamal 14.4 1565 a8 o
(e aresl - et sireel SWEEPIND . I ] | 1|

Table B-1 {a) : Annual ltter loads excluding sand : February to Septemher 2004
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Appendix B : Tables of annual litier loads for the pilot catchinenis.
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Table B-1 (b} : Annual litter loacds excloding sand : February 2001 to January 2042
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Table B-1 (¢) : Annual litter loads excluding sand ; February to September 2000 and
February 2001 to January 2002 combined

Marais (20030, The measurement and reductian of urban litter entering starmwaler drainage svstens.

Appendix B @ Tables of annwal liter loads for the pilot catchments.



[5-23

=t L S

bt st b lermad “site andd service” residential
f?'*h. i, arga far very poor peaple — oo slreel 53 R 126 549
i sweeping ! . ) '

A | Bub-ceompric residential area for poor

vt e peaple including both freestanding e ot . ,

i | dwellings and 3-storey high-density b3 AR i G2z 25 ’
. 1 gpartment blocks — 0o slrecl sweeping o
: Cope Tuwn | Central Business Districl including - L1 = .
CORRC) alfice blocks, botels, line shops, ! P 2 i, o |
ﬁaﬁg{hﬂen 1 infornal traders and a bus terminus, 741 187 157 46 :
L LDTIEY | estensive sireet sweeping {op (0 3 times i ! piks

Cupe Town daily) with a removal efficiency of |
CBDE] | approximately 99% L4 i e Hil

0 ;1 High incame, medivm density

Lrosnye residential area which includes some 254 - . -

Apartments

Sumeer Medigen density, meditm income s 175 198 b

(ineens residential area - o street sweeping 2 Q) <
Mauae Fugarmiystial park - ho wpi 141 | 3357 180 5|

(-‘__.1;;:3_1‘4;‘;1111". | sweeping f

| Low density, high mcome residential

‘elmeioed b : 4.4 |43 4

"».Mlg e Ared - o sirect sweeping el _ 4 s
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Table B-2 (b) : Annuat litter loads excluding sand, stone, vegetation and rubble :

February 2001 to January 2002
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Appendix C

UNIVERSITY OF CAPE TOWN

Department of Civil Engineering

Your Rl Umversity of Cape Town . Rondebosch 7701
O Tl T323AMIM/mjm Telephone: 650-2584
Etiquiries ton b J Marais Fax No: (021) 659-747 |
Pute 29 Februiary 2000 E-mail: civit@engfac nerac.za

Water Rescarch Commission Project No. K5/1051

“The reduction of urban litter in drainage systems through integrated catchment
management” -

Requirements for Waste Auditor

Joh Title : Waste Auditor

Relations with : Project Team, Municipal Local Council Officials and Employees.
Responsible to Project Leader (Mr Neil Armitage) and Researcher (Mr Mark Marais).

Task Summary : | Carrying out ol spot checks on each catchment in the field o

ensure that the MLC feams are properly cleaning the catchpits and
recording the volumes of liter,

2, Capuring of the duta sheets filled in by the MLC teams recording
the volumes and comtents of the Tiner traps onto an ACCESS
database,

3. Marking of litter bags to be filled by the MLC teums for purposes of
a complete analysis afler retmn to the UCT Laboratory (two
catchments per week).

4. Working with MLC 2am careying out complete analysis o ensure
that bags are correctly labelled and transported to the UCT
Laboratary,

5 Sorting. weighing, counting, measuring of litter in the Laboratory;
recording of results on check list; and data entry from checklists to
ACCESS database (two catchments per week).

f1. Disposal of Liver 10 WASTETECH cotuaines al UCT.

il Liaison with Project Team.

B Liaison with MLC Officials to inform them which catchment
requires a complete analysis.

4. Attendance at workshops with Project Team and/or MLC's.

Marais (230 The measurement aned redoction of wrbar fitter entering stormwater drofnage sysiems, Appendix C
Requirements for Waste Auditor.



Joh Specification

Employment Details :

o =l

itk

.
v

Ability towaork in a team,

Good interpersanal skills.

Good communication skills - ability to speak Xhasa a
recommendation.

Literate,

Basic computer literacy (basic knowledge of computers and data
eriry ).

Matric or equivalent expenence.

Light vehicle driver's licence — transport provided.

26 years or older.

Salary of R______ per month.

Transport provided,

Period of employment— o full-time.
Employed by

Marais (2003, The measurement and reduction of urban lifter enforing stovmwater drainage svstems, Appendix C -

Requirements for Waste Auditor.
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Appendix E : Charts of litter profiles
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Figure E-1 : Summary of Clearouts - Imizamo Yethu (A)

Marais (2003), The measurement and reduction of urhan liter entering stornanaater drainage svstems. Appendix E :

Charts of litter profiles,
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