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ABSTRACT

It is projected that by 2025 three-quarters of the world's population will live in the coasta
zone. This is an darming datidic, with a consequently Sgnificant impact on smal coasta
towns and the adjacent marine environments. Developing communities within the coasta
zone of South Africa have proved to be a dgnificant pollution source of storm water.
Studies have shown that sform water that is deposited in the ocean will be trapped in the
near shore marine environment causng poor seawater qudity over a large distance
Furthermore, this can pose a dgnificant threet to the hedth of recreationa users and
important marine ecosystems. In Jeffreys Bay storm water qudity is thought to pose a
threet to the maintenance of the internationd Blue Hag dtatus for its beach. The am of the
current project was to investigate the main sources of storm water and subsequent marine
pollution a Jeffreys Bay and to develop an agppropriate management drategy using the
integrated environmental management framework. In order to achieve this objective, it was
a0 necessay to determine the current qudity of water a vaious points within the
caichment and near shore marine environment. Even though the storm water was found to
be severdy contaminated no evidence existed for a negative impact on the marine
environment. None the less, a precautionary approach was adopted and a risk assessment
employed in order to condder potentid impacts on the marine and agquatic environment,
human hedth and socio-economic welfare within the town. Significant sources of storm
water contamination included grey water, domestic solid wagte disposd and informal
ablution. These ggnificant aspects were investigated further and it was found that solid
wade management in the catchment was poor with dgnificant quantities of waste,
primarily (76%) from domestic sources, being disposed of illegdly. A study of sanitation
management showed inadequacies where up to 58% of the resdents from the informa
settlements disposed of their grey water into open spaces. The ratio of resdents to toilets in
these areas was 28:1, therefore supporting the outcome of the risk assessment. Due to the
fact that dl the sgnificant aspects were related to anthropogenic waste, an integrated waste
management plan (IWMP) was developed that would not only facilitate the reduction of
pollution of sorm water, but would dso dlow for sudainable community-based

development.
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ABBREVIATIONS

COD Chemica oxygen demand

Comm Community-based intervention

DEAT Department of Environmenta Affairsand Tourism

DWAF Department of Water Affairs and Forestry

EcoSan Ecologicd sanitation
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CHAPTER 1

GENERAL INTRODUCTION

1.1 BACKGROUND

Geness 121 of the Bible (New Internationd Verdon) says, “God created the great
cregtures of the sea and every living and moving thing with which the waters teem
according to its kind and every winged bird according to its kind. And God saw that it was
good.” Today the coast is appreciated as a specid and exceptiona pat of earth tha
contains many unique ecosysems. The maine environment offers dgnificant benefit to
humans, including nutritional resources, recregtiond opportunities and potentid  trestment
for diseases. This has lead to coasta areas growing in popularity but, regrettably, adso a
gan in the quantity of toxic effluent and solid waste from human activities reaching the
ocean. Some pollutants are able to biodegrade while others accumulate and cause short-
and long-term harm to the marine environment (DEAT, 2001).

It is projected that two-thirds of the world's population live within the coastd zone and
that this figure could incresse to three-quarters by the year 2025 (DEAT, 2001).
Furthermore, population growth in the coastd zone is twice that of the globd trend
(Farmer & Garcia, 2002). This is an darming tendency, with a consequently huge impact
on a relatively smal coastd area and its adjacent marine environment. In the developing
world coasta population growth and coastal urbanization is of an even greater concern
(UNEP, 2000a). As this trend of population growth in the coastd zone continues, so will
the threat of inshore marine pollution from land-based activities.

It was as late as the 1950's when concern for pollution to the sea was first raised (Albaiges,
1989). Radioactive tracers were found in seawater, sediment and biota samples and this
indicated that pollution in the world's oceans had the capability to disperse proving that
international cooperation was essentid to combat the threat (Albaiges, 1989). One of the
ealiest atempts to edtablish internationa law reaing to land-based marine pollution was



the Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other
Matter, 1972 better known as he London Convention, which was amended in 1996. At
aound the same time, the Internationa Convention for the Prevention of Pollution from
Ships (MARPOL) was eddblished in order to reduce marine pollution from ships
(Fanshawe & Everard, 2002). Despite the development and ratification of internationd
agreements and policies to protect the marine environment from poliution, little is being
done in developing countries to understand and reduce anthropogenic land-based marine
pollution. When taking into corsideration the population growth in coasta areas and the
importance of marine resources to developing economies, it is clear that new and
ugtainable initiatives are necessary to find solutions to the problems that coastd and
marine management is facing. Before developing appropriate and sustainable solutions, the
categories and effects of land-based marine pollution need to be better understood.

12 THE MAIN CATEGORIES AND EFFECTS OF LAND-BASED MARINE
POLLUTION

Marine pollution can be defined as “...the introduction by humans directly or indirectly, of
substances or energy into the marine environment that cause harm to living resources, are
hazardous to human hedth, hinder marine activities including fishing, or impar the qudity
of seawater or coastal amenities’ (DEAT, 2001). Either land-based activities or activities
a sea can be responsble for the pollution of the marine environment. Although events
such as ail soills from maritime vessds result in much publicized disestrous effects, it is
often sources that recelve less public and local government attention that contribute the
most to pollution of the marine environment (DEAT, 2001).

Statidics show that land-based pollution is responsble for 75% to 80% of dl the pollution
that ends up in the worlds oceans, this compared to only 10% that originates from the
maritime industry (Dittke, 2000). Others argue that over 80% of the pollution to the ocean
comes from land (Globd Environmentad Fecility, 2000). Pipdines, land-use runoff, storm
water discharge, submarine groundwater and atmospheric fadlout are the main contributors
(DEAT, 2001; Finkl & Krupa, 2003). Vidgble maine pollution such as litter, ol and

sediments are evidence of human impact on the marine environment. Other contaminants



of the marine environment such as heavy metas and persstent organic pollutants are not as
vigble, but they are dill detrimentd. Smilarly, some of the effects of marine pollution, for
example oiled marine animals, are more obvious than other effects such as the heavy metd
bicaccumulation within marine organisms (DEAT, 2001). The man caegories of land-
based marine pollution, according to UNEP (1995), are sewage, persstent organic
pollutants, heavy metds, oils nutrients, sediment, litter and radioactivity. These marine
contaminants can originate from human activities such as mining, agriculture, indusry and
urban sdtlements. The following sections will describe the man categories of marine
pollution and their effectsin more detall.

1.2.1 Sewage

The flushing of urine and faeces down a pipe with water creates what is cdled sewage
(Audtin & van Vuuren, 2001). This is one of the mogst problematic pollutants of the marine
environment, due to the fact that it is often discharged in grest quantities directly into the
ocean and may contain polluting agents such as pathogens, nutrients and heavy metds
(Idam & Tanaka, 2004). The problem is further complicated by the discharge of
chemicds, for example detergents, into the sewage system that prevents microbiologica

processes from breaking down sewage during treatment operations.

In large cities, huge volumes of sewage are generated and then require disposd. In the
developed world it used to be standard practice to dump sewage in the ocean dthough this
practice has now been discontinued or is in the process off being phased out (Clark, 1992).
Nevertheless, raw sewage 4ill finds its way into the ocean (UNEP, 2000b) as a result of
oills, lesking sewers and septic tanks as wdl as sewer overflow during times of heavy ran
(UNEP, 1995; Dorfman, 2004). In the United States of America the Environmenta
Protection Agency (EPA) reported that over 1.3 trillion gdlons of raw sewage enter the
environment and recelving water bodies due to combined storm water and sewer  overflow
each year (Dorfman, 2004). They dtributed this to ineffective sawage systems, population
growth, increased storm water runoff due to urban sorawl and globa climate change that
has resulted in more rainfall.



The picture in the developing world is, however, very diffeeent snce a dgnificant
proportion of sewage that is generated in these countries is discharged untreated or only
partly treated into receiving water bodies (UNEP, 2001). Where sewage treatment plants
exis, thar operation is usudly inadequate (UNEP, 2000b; UNEP, 2001). In the Caribbean
it was found that less than 2% of urban sewage was trested before disposa, with the
percentage in the rura areass even lower. The lack of sanitation in these areas leads to

marine pollution, primarily through contamination of surface water runoff (UNEP, 2001).

Sewage-contaminated marine environments pose sgnificant hedth threats to users.  UNEP
(2000b) dated that one out of every twenty people swimming in water only somewhat
polluted with sewage later become sck. Pathogens usudly enter the human body through
the mouth, broken skin, nose, ear, eyes, anus or genitourinary tract and wave action can
dlow for cetan contaminants to become arborne resulting in people inhding disease
causng agents and toxins. Chemicals or toxins from agd blooms found in the ocean due
to maine pollution can aso cause skin irritations and various other diseases (Dorfman,
2004). Filter feeders such as mussdls and clams harvested from sewage-contaminated
waters are another threat to human hedth because they can accumulate human pathogens,
and consumption of infected shellfish may result in diseases such as hepatitis (Clark, 1992;
Dorfman, 2004). Globaly, at least 50 000 to a 100 000 people die every year due to te
consumption of infected seafood (UNEP, 2000a), and this is one of the reasons why the
United Nations has placed sewage discharges to sea on top of ther lig of concerns

regarding the marine environment (Clark, 1992).

The negative impact on public hedth as a result of consumption of contaminated seefood
and bathing in polluted seaweter dso has negative economic implications. UNEP (2000b)
stated that globa socia costs due to sewage pollution have reached US$ 1.2 hillion a year.
It is further edimated that globally, 3 000 000 years of man-hours are lost every year due
to disability after consuming polluted sesfood or using polluted waters for recreationa
purposes (Farmer & Garcia, 2002). Apart from negative impacts on humans, sewage aso
poses a direct threat to marine ecosystems. Cetaceans and other marine mammals are aso
vulnerable to bacteria and viruses from human sewage. Viruses such as influenza, herpes

and meades as well as bacteria for example Escherichia coli, Mycobacterium tuberculosis,



Vibrio cholera and Salmonella sp. are zoonic and capable of infecting marine mammals
(Idam & Tanaka, 2004). These mammas represent the top of marine food chains and
therefore disturbance of the hedth of these animas may impact on entire ecosystems. The
nutrient content of untreated sewage is dso of concern to the hedth of marine ecosystems
and isdiscussed in detall in the following section.

1.2.2 Nutrients

Nutrients such as nitrogen and phosphorus compounds can enter the marine environment
from land-based sources by means of point and diffuse sources, both atmospheric and by
means of surface water runoff. A maor source of nutrients to the marine environment is
sawage from coastd communities, while other sources include nutrient-enriched effluent
from indudries, such as food processng plants, and nitrogen originating from vehicle
emissons (UNEP, 2001). Cultivated lands may aso contan excessve phosphates and
nitrates from fertilizers and livetock manure causng nutrient enrichment of surface
waters, which ultimately flow into the ocean (Idam & Tanaka, 2004). In the developed
world, large water drainage basins, for example the Missssippi watershed, transport one
million tons of nitrates to be depodted into the sea each year, mainly due to agriculturad
activities (Walsh, 2004). In developing countries, the nutrient load entering the marine
environment is increased by lack of sanitation, specificaly in those catchments supporting
denseinforma settlements (Wright et al., 1993).

From as early as the 1970's scientists have been reporting that the chemistry of the oceans
is changing due to human impact. These changes have resulted in dterations of the marine
food web dructures with far reaching effects on marine biota (Snger, 1970). One of the
most conspicuous changes is the eutrophication pattern found in some of the world's
oceans. Due to excessve inputs of nutrients into the oceans, the growth of phytoplankton
can be over-gimulated causng harmful agd blooms and eutrophication. In serious cases,
red tides can occur. These phytoplankton blooms are of such intendty that discolouring of
the ocean is caused. Bacteria feeding on dead dga from red tides severely deplete the
oxygen in the water (Clark, 1992; UNEP, 2000b). This loss of oxygen and other effects
aisng from red tides, such as toxic rdease and the clogging of gills and other structures,

can result in the death of numerous marine organisms.



1.2.3 Pergstent organic pollutants

Peragtent organic pollutants (POPs) can be defined as “fa-soluble toxic chemicds that do
not easly degrade, persst for many years in the environment and concentrate up the food
chan” (UNEP, 2000b). POPs, found in industrid waste and some pesticides (eg. DDT),
mainly gain access to the environment through cardess disposa of hazardous waste, lesks
and spills or through cardess use in agriculture and pest control (UNEP, 1995). Even
though the use of DDT in first world countries has been banned, there is sill an estimated
28 000 000 tons of DDT being produced globdly of which 25% is presumed to reach the
oceans (Idam & Tanaka, 2004). POPs then gain access to the marine environment by
means of surface water and the atmosphere (Singer, 1970). When POPs have been released
into the environment, remediation will pose anear impossible task (UNEP, 1995).

Concentration of POPs within food chains happens by means of bio-concentration and
biomagnification. With bio-concentration, chemicals and pedticides concentrate in the faity
tissue of an organism through lipophilicity, while biomagnification is the accumulaion of
toxins within an organism by means of digesting contaminated foodsuff (Idam & Taneka,
2004). Of concern is the uptake of POPs into marine plankton, which then dlows entry
into the marine food chain. Those a the top of the food chain, which include humans, can
show dgns of large concentrations of these chemicds and pedicides (Idam & Tanaka,
2004). Toxins originging from POPs can dso ham the habitat of fish and other marine
organisms. Live cora reefs, sea grass beds, and other marine vegetation can decrease due
to toxins, such as herbicides, which originate from land-based sources (UNEP, 2001). This

could indirectly result in the loss of marine biodiversty.

1.2.4 Heavy metals

Heavy metds are found as naturd dements within the earth, but where their biochemica
and geochemicad cycles have undergone changes due to anthropogenic activities, anormal
quantities of heavy metads can be reeased into the environment. The problem with the
rleese of excessve heavy metds into the environment lies with their persstent nature
which, in return, results in a continuous threat to the marine environment (UNEP, 1995).
Although metals such as manganese, iron, copper and zinc are needed for metabolic

processes in different forms of life, these metas can however become toxic if organisms



absorb excessve amounts. The toxic nature of heavy metds is due to cations that combine
short cabon chains within organiams, which subsequently interferes with a range of the
organisms  metabolic processes. The fact that heavy metals are not biodegradable, alows
for these dements to concentrate within organisms and food chains as time progresses
(Idam & Tanaka, 2004). A second group of heavy metds including lead, mercury,
chromium and cadmium can however be toxic even if low quantities are consumed,
meking the monitoring of the environment essentid if exposure to these heavy meds is
expected (Fatoki & Mathabatha, 2001).

Natura phenomena, for example weethering, eroson, volcanoes and fires that involve
rocks that contain metals, can facilitate release of heavy metads to the environment (Clark,
1992). However, a number of anthropogenic sources such as indudrid activities, mining,
sewage discharge, metd piping, and the burning of fossl fuds can contribute to heavy
metal pollution. As with POPs, heavy metds can then find their way into the ocean by
means of the atmosphere or surface water runoff (UNEP, 2000b). Clark (1992) argues that
the main path for heavy metds to reach the ocean is the atmosphere while Fatoki and
Mathabatha (2001) have dated that the main contributors of heavy metals to ports are
gorm water drains and tributaries that drain industrid and urban areas. Once in the ocean,
heavy metds are absorbed in the sediments where accumulation takes place in the ocean
floor. If the sediment is then disturbed, heavy metas may be released into the seawater
where they pose athreat to marine life (Clark, 1992).

A tendency exids for heavy metd pollution and indudridization to occur concurrently
(Idam & Tanaka, 2004, UNEP, 2001). Bioaccumulation of heavy metds can take place
which can lead to disease in marine organisms and which in return can affect public hedth.
For example, the consumption of heavy metd-contaminated seafood has been shown to
result in higher-thanrnorma  concentrations of methyl mercury in maitime communities
such as those in Canada. These toxins can have serious public hedth implications such as
effects on the immune system, brain development, and fertility (Farmer & Garcia, 2002).



1.2.5 Sedimentation

It is currently estimated that 8 hillion tons of sediment enters the world's oceans per year
(UNEP, 2001), which is predicted to increase to 20 billion tons per year towards the
middle of this century, manly due to human activities (Idam & Tanaka 2004). Human
activities that have a widespread sediment didribution potentid include dredging, mining,
land filling, urbanization, deforestation and agriculture  (Clark, 1992; UNEP, 2001).
Sediment loads can then increase in the marine environment by means of direct input or
via streams and rivers (UNEP, 2001).

Certain coadtd habitats, for example estuaries, require sediments for their development and
maintenance, but an overload of sediments can have negative impacts on the marine
environment (UNEP, 1995). For example, sediment can be responsible for smothering of
juvenile cord and increased turbidity can block light needed for photosynthess by marine
flora (UNEP, 2001). Consequently, the habitat for many other marine organisms becomes
affected leading to a loss of biodiverdty in the marine environment. Sediments dso play a
role in digributing pollution loads in the marine environment, for example where certain
inorganic pollutants are attracted to clay particles by means of ion exchange processes.
Organic pollutants on the other hand are associsted with “...organic carbon that is
trangported as part of the sediment load in streams and rivers’ (Idam & Tanaka, 2004). In
this way inorganic and organic pollutants are dispersed exposng different organisms in the
marine environment to potential contamination (UNEP, 2001).

1.2.6 Oils (Hydrocar bons)

Vaious oils can be found in different physologicd forms in the naturd ewironment. In
more refined forms, petroleum hydrocarbons used for various human activities, for
example engine fud, is a large source of land-based marine pollution (UNEP, 1995). As
with many other pollutants, hydrocarbons can reach the ocean via the atmosphere, surface
water runoff or deliberate discharge. The largest percentage of oil or hydrocarbon pollution
in the ocean is derived from industry and urban runoff with only 12% from maritime
operations a sea (UNEP, 2000b). Big oil spills from vessdls in digtress receive sgnificant
dtention in the media while the more chronic land-based oil pollution often goes unnoticed
due to its less vighle effect (DEAT, 2001). Marine terminas where oil tankers discharge



their cargoes are a potential source of contamination. Human error and breakages can lead
to accidents a these gtes reaulting in oll lesking into the marine environment (DEAT,
2001). Coadtd oil refineries are dso a large potentiad source of marine oil pollution. These
refineries sore and process millions of tons of crude oil and regular leskages, spills and
breakages occur. Water that is polluted in the different refinery procedures can dso be a
pollution risk if discharged untreated (Idam & Tanaka, 2004).

It is not only the oil indugtry that contributes sgnificantly to pollution of the marine
environment by hydrocarbons.  Untrested domestic- and indudriad effluent can contain
petroleum hydrocarbons in various forms, even after treatment. Highly developed storm
water cachments dso facllitate entry of oil into the ocean. This is due to vehicles
depositing oil on roads and paved surfaces, which is subsequently washed into surface
water drainage cands and eventudly the ocean during rangorms. The illegd discharge of
used oil by industry, \ehicle repair shops or the public directly into sorm water drains aso
contributes to the above-mentioned predicament (Clark, 1992). Apat from these inputs,
vehicles and industriadl emissons release hydrocarbons into the atmosphere that may
eventudly reach the ocean directly or indirectly by means of sorm water runoff (Singer,
1970). Satistics from Audrdia show that 16 000 tons of oil enter the ocean as a result of
run-off and wade from land-based activities (Idam & Tanaka, 2004). Petroleum
hydrocarbons can have toxic effects on marine biota, and plankton is particularly
susceptible to these toxins (DEAT, 2001). Plankton is dso the firg link in the marine food
web and by depleting this resource dl marine life in the ocean can be affected negatively.
Toxins found in oil can aso lead to increased infections, tumours, reproductive disorders,
disease and even death of marine organisms (Attwood et al., 2000; Idam & Tanaka, 2004).

1.2.7 Litter

Litter in the marine environment can be seen as any “...solid materid from humen origin
that has been discarded of at sea or has reached the sea through waterways or domestic or
indugrid outfdl” (Williams et al., 2000). Even though marine litter is made up of many
different materids, plagic is the mog common (UNEP, 2000b; Idam & Tanaka, 2004),
followed by glass with other items such as metd, rubber, textile and organic matter dso
prevalent (UNEP, 2000b). Plastic represents between 60% and 80% of dl the litter found



in the marine environment (Derraik, 2002). Apart from being the most common among
marine litter, it is dso the mogt problematic. This is due to pladic's adility to floa,
dlowing it to digribute over a very wide area, as well as the prolonged existence of plagtic
in the marine environment due to its durability (Derraik, 2002). For example, plastic bags
can take up to 12 years to degrade while plastic foam containers will take considerably
longer to degrade (DEAT, 2001).

According to Fanshawe and Everard (2002), the mgor land-based sources of marine litter
ae “sawage trestment works, combined sewer overflows, indudrid discharge, urban
runoff, chipping, defence munitions, piers, agriculturd  waste, fishing, fly tipping,
aquaculture, municipad and recregtiond.” The lig shows that most litter originates directly
from coastdl settlements. Once in the ocean, tides, currents, and winds determine the
goreading of litter, which eventualy accumulates at different locations known as dnks
(Fanshawe & Everard, 2002). Litter or marine debris can pose a direct and indirect threat
to marine biodiversty. Maine animas can become entangled in litter such as plagtic lines
and packaging materid with consequent negeive effects for example drowning,
suffocation or starvation (Derraik, 2002; Fanshawe & Everard, 2002). Litter items can aso
be mistaken for food and primary ingestion or secondary (through co-ingestion of prey and
litter) ingestion can occur. Once plagic accumulates in an animd’s stomach it usudly
resultsin death (DEAT, 2001; Derraik, 2002).

Hoating litter can contribute to the soread of invasve maine organisms over long
distances, which can have dgnificant adverse consequences for marine ecosysems
(Derraik, 2002; Fanshawe & Everard, 2002). When litter sinks to the bottom of the ocean
floor, smothering of, in particular, biotic communities but also other marine fauna and flora
can occur. Over a long period of time litter starts breaking down and may release toxic
chemicds and paticles into the ocean causng secondary negative impacts to the marine
environment. A possble indirect impact of marine litter is the harmful effect on habitats
when mechanicd machinery is used to clean the litter that has washed up on the beach
(Fanshawe & Everard, 2002). Solid waste found in marine waters aso poses a potentia
risk to public hedth as items such as glass, tins, or needles on beaches can cause injury.
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Divers can become entangled in marine litter and large floating marine litter is a safety risk
to those using watercraft (Fanshawe & Everard, 2002).

Marine litter can dso have dgnificant economic impacts. Fanshave and Everard (2002)
dated that the public percaives visble pollution such as litter as an indicator of water
qudity. Consequently, the cloang of beaches due to pollution or the loss of tourism from
aestheticaly unpleasing occurrences such as beach litter has large socid and economic
implications for coasta towns that depend on tourism for an income (Dorfman, 2004). In
an datempt to keep coastdl aress litter free, locad councils in the United Kingdom have
spent up to £7 205 489 annually on clean-up costs (Fanshawe & Everard, 2002). Damage
to watercraft and fishing gear can require expensve repar and there may be costs
associated with the loss of productive working time in both the fishing and in the
mariculture industries (Fanshawe & Everard, 2002). DEAT (2001) dated that in South
Africa in 1985, insurance clams by fishing and maritime companies amounted to hundreds
of millions of US dolas which was due to maine litter clogging up engines and
equipment that lead to repair costs and aloss of productivity.

1.2.8 Radioactive Substances

Radioactive substances are materids that include radio nuclides (UNEP, 1995) and were
firsd detected in fish from the open ocean after wegpon testing a sea during the Second
World War Albaiges, 1989). This has left signs of radioactivity in dl parts of the world's
oceans, even up to depths of 4 kilometers (Albaiges, 1989). Much government concern was
rased as a result, which led to an increase in research in this area. The super powers of the
time eventudly redized the danger of radioactivity in the environment upon which they
agreed to 9gn tregties regarding wegpon testing. The result was a steep decline in leves of
radioactivity in marine waters (Singer, 1970).

New concerns are however becoming more gpparent with the sting of nuclear reactors in
the coastad zone. Radioactive substances, found in cooling water discharge and waste
produced by nuclear power plants, can find their way into the ocean (Clark, 1992).
Furthermore, nuclear power plants dso have the potentid risk of releasing dangerous
amounts of radioactive fdl-out in the case of an accident. Other potential sources of
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radioactive contamination include activities such as recycling of fued, the discarding of
radioactive waste, certain medicd wastes and some industrid processes. The transport of
radioactive waste can aso pose a risk of radioactive release (UNEP, 1995). The impacts
asociated with radioactive substances are long-term and the effects of the Chernobyl
nuclear power plant accident of 1986 are dill evident with an increase in the number of
thyroid cancer patients in the affected areas (Tderko, 2004). This accident stressed the
dangers associated with nuclear power plants within the environment at large.

A vaidy of land-based pollutants can have serious negetive impacts on the marine
environment with subsequent socid and economic implications for those who rely on the
maine environment, ether for their livelihood or recregstion. As can be seen from the
above, while some contaminants reech the marine environment directly, the mgority find
ther way to the ocean through indirect routes including sorm water (Fuggle & Rabie,
1992; Wright et al., 1993; Bay et al., 2003). The degree of contamination of storm water
shows dgnificant spatid and tempord variation and therefore, before it can be managed,
the origins and cause of variaion of sorm water quality needs to be explored and
understood.

1.3 STORM WATER AND MARINE POLLUTION

When ran fdls within a caichment, some of the precipitation will be “...intercepted by
vegetaion, and logt through eveporation, infiltrate through the soil surface, or collect in
surface depressions” If the precipitation exceeds the interception and penetration
capability within a catchment, overland flow begins which collects in a stream or cand and
is known as surface runoff or storm water (Wright et al., 1993). Although storm water
itsdf is not a pollutant, it acts as a carrier of pollution, and has received attention from a
number of researchers (Wright et al., 1993; Berry, 2000; Lee & Bang, 2000; Taebi &
Droste, 2004). It has been recognised that rainwater run-off during the early stages of a
ranfadl event is responsble for the suspenson of pollution particles lying on solid
aurfaces. This reaults in what is cdled the “firg fludh" of dorm waer, which is
characterised as being of very poor qudity (Wright et al., 1993). MacKay (1994) states
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that storm water from urban catchments is considerably more polluted than that produced
in undeveloped aress.

The type of pdlutants found in sorm water may vay grealy, and include nutrients,
suspended solids, heavy metas, pathogens, hydrocarbons, persstent organic pollutants and
litter (Wright et al., 1993; Fanshawe & Everard, 2002; DiGiacomo et al., 2004). The
charecteristics of storm water may vay gregtly between developed and developing
countries. Urban gorm water runoff plays a very large pat in the contaminaion of
Southern Cdlifornias coastal waters, where a comprehensve study showed toxic plumes
due to storm water discharged up to 4km offshore on some occasions. The main pollutants
were heavy metas more particularly, zinc and pedicides (Bay et al., 2003). In the
developing world, the man pollutants in dorm water seem to be nutrients and
microbiologica pollution, for example sudies in Iran showed that oxygendemanding
matter found in storm water exceeded that of raw sewage (Taebi & Droste, 2004).
Furthermore, pollutants such as heavy metds have been found to be rdativey low in
developing community caichments, possbly due to the lack of vehicles and industry within
the catchments (Wright et al., 1993).

Studies have shown that storm water that is depodted in the ocean will be trapped in the
near-shore marine environment causng poor seawater quaity over a large distance
(Wright et al., 1993). This can pose a sgnificant threat to the hedth of recreationd users of
the coastd zone and economicaly important marine ecosysems. The problem is of such a
magnitude that DEAT (2001) has warned the public not to bathe or collect seafood near
sorm water discharge points. Vauable research has been done in the area of storm water
pollution from coastd urban catchments (Wright et al., 1993, MacKay, 1994; Berry,
2000). Informa settlements have the potentid to grow extremely fagt resulting in a lack of
basc savice ddivery with minimal waste and sanitation management. The sorm water
originating from these urban catchments is thus often highly contaminated with nutrients,
bacteria, and viruses (Berry, 2000) and becomes a difficult problem to manage. These
contaminants are commonly linked to sawage and it has been found that in developing
countries, sanitation facilities are often misused which, in turn, contributes to storm water

pollution. Broken and blocked sewer pipes, due to vanddism or flushing of non-perishable
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items down sewers, facilitates the spill of raw sewage into urban water ways (Pretorius &
de Villiers, 2003). Interegtingly, combined sewer overflow during periods of high ranfal
has dso proven to be a dgnificant source of diffuse pollution in the United States of
America (Dorfman, 2004).

Solid waste and litter can dso reduce the qudity of storm water and where the ‘skip
method” of solid waste management exids, problems seem to be consderable (Pretorius &
de Villiers, 2003). The primary reason is that communities perceive that the skips are too
far from their homes so they tend to discard household waste a more convenient distance
from their homes. Another reason for misuse of the system is that often the skips are full or
too high for children to reach. All of the above result in people dumping solid waste in
open spaces, rivers, or storm water cands on a regular bass (Pretorius & de Villiers,
2003). Grey water, which is “...wastewater from kitchens, baths and laundries’ (Winblad
& SimpsontHébert, 2004), may include solid waste, oils, and faeca matter (UNEP, 2000a).
Due to an absence of effective dranage in disadvantaged communities, grey waer may
pool around water supplies and form contaminated torrents, which feed into sorm water
cands (Wood et al., 2001). Informd settlements may aso contribute large amounts of
suspended solids b surface waters (Berry, 2000; Wright et al., 1993). The contribution is
ether direct through surface eroson or indirect through increased volume of surface water
runoff. This is manly due to the destruction of vegetation cover and poor storm waeter
drainage within the catchment of these highly populated urban areas (Berry, 2000).

From the above, poor sewage disposal practices, solid waste disposal, grey water disposa,
and eroson have been identified as having the biggest effect on sorm water qudity within
an urban caichment, egpecidly in lower income or developing communities. Developing
communities are seen in the contexts of this study as people that are “under-developed,”
“poor” or “unsophisticated” (Swanepoel, 1993). However, to date approaches and
examples of addressng the root causes of storm water and subsequent land-based marine
pollution from developing world urban caichments, as suggested by (DEAT, 2000), are
scarce. The relevance and gpplication of an integrated waste management gpproach needs
to be investigated, particularly in poorer communities, whereby the root causes of storm
water pollution are identified and addressed.
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1.4 INTEGRATED POLLUTION AND WASTE MANAGEMENT INITIATIVES IN
DEVELOPING COUNTRIES

The previous section illustrated the unique pollution problems associated with developing
community storm water catchments. These problems appear to require a combination of
both short- and long-term interventions. An example of the former would be the prevention
of polluted storm weater from reaching the maine environment by physcd means.
Potentid interventions are described by Mackay (1994) and include buffer gtrips, gross
pollution traps and bypass sumps. These measures will however not address the root causes
of land-based marine pollution in a holistic way, and by doing so contribute to the vison of
sustainable development which “...meets the needs of the present without compromising
the ability of future generaions to meet ther own needs.” which involves the
“...integration of environmentd, socid and economic factors’ (De Beer, 2002).
Furthermore the above physica measures, described by DEAT (2000) as ‘end-of-pipe
type of controls, are contrary to the am of ‘Integrated Pollution and Waste Management’
(IPWM). IPWM gives priority to prevention and minimization through the integration of
different sectors and the enhancement of public participation.

This functional approach is one of source-based controls aimed a good practice regarding
the production and disposal of waste (DEAT, 2000). Managing diffuse sources of water
pollution can be a complex and daunting task for various reasons (Schoeman, 1997). Table
1.1 provides a short summay of the different barriers facing the management of pollution
a source in developing communities. In South Africa, the Depatment of Water Affairs
and Forestry (DWAF) combined different management drategies for pollution originating
from disadvantaged communities, dthough these drategies have met with varying success
(World Summit Publication, 2002). As polluted storm water is largely anthropogenic in
nature, a community-based participatory approach is needed to ensure the sustainability of
any proposed solutions (Schoeman, 1997; Wood et al., 2001). Through such an approach,
concrete targets can be met with long-term abstract gains such as “...sdf-sufficdency, sdf-
reliance and dignity ...” (Swanepod, 1993).
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Table 1.1: Generd barriersto the reduction of pollution in developing countries.

Barrier Explanation Reference
Education Communities have alack of knowledge regarding Pretorius & de
the efficient use of technologies and the pollution Villiers, 2003; Mord
dangers associated with use. & Forster, 2002
Finances Communities aswell aslocd authorities lack Savman & Lirghart,
aufficient finances in order to implement and 1998; UNEP, 2004

maintain pollution reduction initiatives.
Technicd Communities and local governments often lack the Kaseva & Mbuligwe,

necessary technica equipment in order to provide 2005
sufficient waste management services.
Socid People within communities oppose pollution Clark, 1992;
reduction through illegd actionse.g. vanddism Pretorius & de
andillegd dumping. Villiers, 2003

In the previous section poor sewage disposal, solid waste disposal, grey water disposd, and
eodon were identified as the man sources of sorm water pollution from informaly
developed aress. It is therefore gppropriate to review recent initiatives from both developed
and deveoping countries amed at addressng these potentid pollution sources. Emphasis
will be placed on good practice and incentive-based waste management seeking ways
where pollution prevention and reduction can be linked to the economic empowerment of

the underprivileged.

1.4.1 Sewage

As the gze of a community will directly influence the volume of sawage that has to be
disposed of, the option of source reduction is not viable. Instead, sewage must be managed
in such a way S0 as to prevent contamination of the environment. In the developed world
water-borne sanitation is the preferred technology This system is, however, not dways the
best option in the developing world since it requires skilled personne as well as large
funds to initiste and manage (Sawman & Lirghart, 1998; UNEP, 2004). Furthermore,
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misuse and poor maintenance of such water-borne sysems can result in environmentd
pollution and degradation of water resources (Sawman & Lirghart, 1998; Audin & van
Vuuren, 2001). Alternative methods to treat sewage are available and te following sewage
treatment processes are consdered to be suiteble for developing countries (Koné &
Strauss, 2004):

“Solids-liquid separation;

Settling/ thickening tanks or ponds (nor mechanized, batch-operated);
Unplanted drying beds,

Constructed wetlands;

Pond treatment of faecal dudge supernatants or percolates,

Combined composting (“co-compaosting”) with organic solid waste, and
Anaerobic digestion with biogas utilization.”

O O O O O o o

In certain developing communities, water-borne sawage systems are used and it is essential
to educate the users on the correct use of the systems (Pretorius and de Villiers, 2003).
Education should be focused on explaining to the community that their hedth can become
affected if sewers become blocked or vanddized. Specific issues that can be addressed in
such educational programs are the flushing of solid waste and utensils down the sewer as
wdl as the use of dternatives to toilet paper, for example plastics and newspaper (Pretorius
& de Villiers, 2003), which can result in broken or blocked sewers. Prevention of the
oillage of sawage into sorm water cands during times of excessve rain or overload is a
codly process requiring engineering intervention. An end-of-pipe solution employed in a
developed country by the council of Milwaukee (United States) was to build an

underground sewage dorage tunnel, which was desgned to teke the full volume of
ranwater of the largest recorded rainstorm in that location (Dorfman, 2004).

In South Africa, the provison of sewage disposa to low-income communities within the
coadtd zone seems to be very chalenging. The reason is due to the high level of the coastd
aquifers making the popular pit larine sysem unsuitable (Wright et al., 1993; Berry,
2000). Furthermore, it has been attested that water-borne systems are not aways the best

option in developing countries. Other systems such as bucket latrines and chemicd toilets
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are dso widdly used in South African townships (Berry, 2000). These options, even though
more economica than water-borne systems, can dso involve high cost and have negdive
environmenta impacts (Wright et al., 1993). In many townships the use of communa
sanitation facilities dso creste problems such as misuse and deanliness (Berry, 2000;
Wood et al., 2001). A case study from India showed that a pay-and-use public latrine was
a viable option. However, with this option the needs of the community involved must be
well defined for it is they who will manage and employ the caretaker. An added benefit of
such an intervention is hat it can be used as an economic empowerment project (Wood et
al., 2001).

Sewage sysems that have potentiad for ongte trestment should also be consdered, for
example digestive septic tanks and smal-bore sewers (Berry, 2000). A new sanitation
approach cdled ecologicd sanitation that can “...save water, prevent pollution, and recycle
the nutrients in human excreta’ has recently become a very popular dternative (Winblad &
Simpsor-Hébert, 2004). One such ecologicd sanitation on-Site system that has proven to
be successful in both developed and developing countries is the urine diverson sanitation
gysgem (Audin & van Vuuren, 2001). With the urine diverson toilet, urine is separated
from faeca matter from which compost can be generated. Compost from urine diverson
toilets is suitable to be used for food gardening, or agriculture (Austin & van Vuuren,
2001) and the sdling of the compost can be a profitable enterprise (World Summit
Publication, 2002). In addition, the manufacturing and sdling of toilet components aso
holds potentid for the cregtion of micro enterprises in developing communities. Efficient
traning and development of entrepreneurid skills is however vita for the success of such
initiatives (Holden, 2003).

1.4.2 Solid waste

Solid waste management in developed and developing countries varies extensvely.  In
developed countries sophigticated and costly technologies are often employed with the
emphads on wade minimization, community participation, and drict legidation (Pamer
Development Group, 1996). In contrast, priorities in developing countries lie with meeting
basc human needs when it comes to waste management, which results in a need for more

public participation, prevention, minimisaion and economic empowerment (Pamer
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Development Group, 1996). In developing communities, even where forma waste remova
svices exis, the problem of informa dumping and littering can ill perss (Pdmer
Development Group, 1996; Pretorius & de Villiers, 2003). The change of the community's
atitudes and views are essentia to prevent the above-mentioned problem (Pretorius & de
Villiers, 2003). Furthermore, the use of community-based education in addressing
pollution problems should not be underestimated, and could be more effective than law
enforcement (Derak, 2002). Focusng environmentd educationd activities including
solid waste management, on children has proven to be effective since their habits can ill
eadly be changed and the children then take their newfound knowledge to thar families

and into wider socid circles (Derraik, 2002).

An innovative project in Bangkok, that made children aware of ‘magic eyes tha were
‘watching them’ if they littered reduced litter by up to 90% (Pdmer Development Group,
1996). In South Africa the school-based 2020 Vison for Water program, aimed at
empowering children with knowledge of water conservation, has had a nationwide effect
(World Summit Publication, 2002). Other innovative ways of raisng awareness to curb
solid waste pollution include beach clean-up days, competitions, the use of dideshows, or
videos, or the media, and the distribution of pamphlets (Zurbrigg & Ahmed, 1999).
Where solid waste management sysems are nonexigent or ineffective, dternative
solutions need to be considered. Zurbriigg and Ahmed (1999) dated thet in certain aress in
the developing world, community-based sdf-hdp projects are the only solution to solid
waste management problems. There may be a need for economic incentives to ensure
success of any solid waste program (Derraik, 2002). Community-contract solid waste
management where a member from the community is employed to remove solid waste is
one potential option. There are two different gpproaches to this system, the first of which is
where the community themsdves pay contractors to remove solid waste (Kaseva &
Mbuligwe, 2005). This gpproach is often overseen by a volunteer community committee
(Zurbrigg & Ahmed, 1999; Dahiya, 2003). The second approach is where the locd
government contracts people from within the community to remove solid wase (Pamer
Development Group, 1996; Wood et al., 2001).
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To dae, there have been no South African examples where low-income communities
themsdves were paying for solid waste removd (Pamer Development Group, 1996).
Regardiess of this genera lack of concern in South Africa, Wood et al. (2001) reported
that a community group of a Cgpe Town informa settlement introduced fines to those who
littered and did not use the waste skips, which resulted in an amost unpolluted informa
stlement. The trend in community-contracting solid waste management in South Africa
seems to be dl government funded. These systems, if managed correctly, can however be
more effective than municipd solid waste management. By means of example, the 'Clean
and Green' community-based waste management project in South Africa has led to
improved waste management and has smultaneoudy contributed to poverty rdief through
the creation of jobs. ‘Clean and Green’ employs “...micro enterprises, project leaders,
supervisors, and one-person contractors...” to keep the township aress litter-free
(Earthyear, 2001).

The ‘one-man-contract’ involves an unemployed resdent of a community who is given the
task of collecting solid waste from a designated group of resdences on foot. By traveling
on foot he or she can easly move between dense sguatter houses from where wadte is
taken to a centrd point for find remova (Wood et al., 2001). The ‘one-man-contract’
system can adso involve contractors paying for refuse bags, which they then digtribute
within the community. Contractors will then collect the full bags, which are then bought
back a a higher price by the loca authority (Padmer Development Group, 1996). Other
innovative ‘waste exchange systems incdude ‘gabage for eggs in Yda, Thaland.
Resdents are encouraged to bring recyclable materids in exchange for eggs on a monthly
bass (Mongkolnchaiarunya, 2003). In Curti, Brazil, resdents can exchange their bags of
garbage for bus fares and agricultura and dairy products. These systems have been tried in
South Africa with varied success. In Doornkop, Wallacedene and Khayelithsha food
parces were handed out after a certain amount of refuse bags were received. The instances
where these projects falled were due to a lack of funding and dishonesty from the
community (Pmer Development Group, 1996).

Encouraging recyding dso has the potentid to improve solid waste management and
creste economic empowerment. A very successful recycling and waste management
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program in Suryapet, India, resulted in a town free of roadsde waste bins. After the loca
government removed dl the roaddde waste bins that proved to be ineffective, resdents
were provided with a red bin for recyclables and a green bin for organics. The waste was
collected door-to-door dally by municipd workers. This not only resulted in a cleaner
Surygpet but aso municipd cost recovery by being able to sdl the recyclables and
compost made from the organics (UNEP, 2000a). In other places in the developing world,
recycling initiatives are more scavenger-based. A sudy in Tanzania showed that what
scavengers earn on average in a month could exceed the country’s officid minimum wage.
This has proven to be a way of economic empowerment for the scavengers in order for
them to provide for ther families (Kaseva & Gupta, 1996).

In South Africa, informa resource recovery is a very widespread activity. In the
Johannesburg area ‘Pikitup’ recydling buy-back centres are joint ventures between locd
authorities, maor recycling companies, and loca entrepuneurs. These centres accept
recyclable waste such as paper, glass, plagtic, cans, and duminium. This provides informa
waste recovers with easy access to a market for their goods. In the future ‘PFickitup’ intends
to devdop a “...recyding pak where recyding initiatives include a plagtic recycling
factory, permaculture projects such as vegetable gardens, composting, muti-herbs, and
vermiculture....” (World Summit Publication, 2002). A mgor need is gill to find more
sudainadble markets for recyclable items in South Africa (PAmer Development Group,
1996). Based on the above it can dso be concluded that there is a need to encourage source
Separation and collection incentives.

Compogting initiatives provide potentid opportunities to both reduce informa disposa of
organic solid waste while a the same time providing economic empowerment and job
cregtion. In South Africa, only a few loca authorities, mainly in the Western Cgpe, have
composting operations. While these do not tend to be economicaly vidble, ther vaue is
rather to extend the life of locd landfills (PAmer Development Group, 1996). In other
places in the developing world, composting has proven to be a sustainable option for the
reduction of solid waste pollution. For example, in Shri Shankara Nagar, India, a vermi-
composting operation run by a loca woman's organization has reduced waste generated in
the region by more than 80% (Dahiya, 2003). Another example is of a successful
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community-composting project in Dhaka, Indonesia, where a labour-intensve aerobic and
thermopilic technique is used. The success of this project is attributed to the correct
compogting technique, sound financid management, and a good marketing <Srategy
(Zurbriigg et al., 2002). The above-mentioned case dudies show that community
involvement can be highly beneficid in the management of solid waste and therefore the
reduction of potentid environmenta pollution.

1.4.3 Grey water

Many people do not see grey water @& a hazard even though it is polluted with pathogens
and chemicds (More & Forster, 2002). As such, education regarding the dangers and
disposal of grey water is important. As mentioned previoudy, the collection of grey water
around sandpipes poses a dgnificant environmentd and hedth threet. More
technologically focused solutions to address this issue would be to supply households with
water directly. For example, eThekwini Municipdity in South Africa started to supply
water to homes from an outsdde ground-level water tank connected to the home with a
pipe. There is a connection fee involved and a monthly cost to have the tank filled on a
daily bads. This sysem provides households with a water supply and reduces the use of
communal standpipes and the possible abuse thereof (Wood et al., 2001).

Effective drainage was essentid to solving grey water problems in Paarl, South Africa,
where a temporary drainage system in a densdy- populated informa settlement provided
some rdief from grey water pooling between homes. This sysem involved soak-ways,
which alowed household grey water to gravitate through concrete trenches to a centrd
drainage cand from where the mixed grey water and sorm water flowed to the municipd
sewage treatment plant (Wood et al., 2001). Where grey water diverson to the sawage
sysem is not possble, the condruction of an atificid wetland is recommended. Berry
(2000) describes artificid wetlands as “...cod-effective dternative for  deding with
wastewater treatment.” Wastewater treated by atificid wetlands can have many different
uses for example the watering of food gardens or the practicing of aguaculture. In Midrand,
South Africa, the locd community dong the Kaaspruit and Jukskel rivers have, with the
help of locad government and non-governmenta organisations (NGO), established food
gardens that include artificia wetlands for the treetment of grey water (Wood et al., 2001).
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Other potentiad uses of grey water include groundwater recharge, landscaping, flushing
toilets, and industrid gpplications (Midmore & Jansen, 2003; Al-Jayyous, 2004).

1.4.4 Suspended solids

The improvement of dorm weter drainage in high-dengty developing communities will
reduce eroson and the quantity of suspended solids entering receiving waters. According
to Berry (2000), the collection of storm water in concrete trenches can help reduce eroson
of eath cands, and a community and loca government project undertaken in Soweto-on-
Sea, South Africa, to line storm water canas with concrete proved to be a means of job
cregtion and a sdf-improvement scheme (Wood et al., 2000). Gabions of stones can also
be built to prevent eroson in drainage cands (World Summit Publication, 2002), while the
condruction of atificid wetlands has the potentid to reduce the amount of suspended
solidsin surface water and mitigate the effects of flooding (Berry, 2000).

Since the dedruction of vegetation in and aound informa settlements contributes to
erosion (Berry, 2000) the greening of open spaces in high-dengty aress that have logt their
vegetation cover could reduce eroson and mitigate the flow of suspended solids to water
bodies during periods of high rainfdl. For example in Botshabelo, South Africa, the
community transformed a desolate open space into a green and productive area by building
stone bunds to stop erosion and planted indigenous vegetation (Wood et al., 2001). While
the hierarchicd integrated waste management gpproach has merit, without participation of
dl gakeholders, it is unlikely to achieve its full potentid. Therefore one needs to combine
knowledge of potentid waste management solutions with an integrated environmentd
management approach (IEM) to find sustainable solutions.

15 INTEGRATED ENVIRONMENTAL MANAGEMENT AS A TOOL FOR
IMPROVING STORM WATER QUALITY

Many different conceptud frameworks exist to address pollution reduction. For example,
Integrated Catchment Management (Mardon & Stretch, 2004), Integrated Pollution and
Waste Management (DEAT, 2000) and Integrated Coastal Management (Bowen & Riley,
2003). Researchers however agree that the most suitable system to address matters of
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environmental concern is IEM (MacKay, 1994; Schoeman, 1997; Antunes & Santos, 1999;
Margerum, 1999; Berry, 2000). IEM provides a conceptual framework to address
environmenta issues through incluson of dl the different role players and by doing <o,
increases the qudity of life for those concerned (Berry, 2000).

DEAT (1998) describes IEM as an, “...integrated gpproach for environmenta assessment,
management, decison meaking, the promotion of sudanable deveopment, and the
equitable use of resources” In South Africa the Nationa Environmental Management Act
1998 makes provison for IEM to which planning and development projects must adhere
(Berry, 2000). Plans that aim to sustainably manage water resources need to be developed
within a framework of IEM in order to make the best possble decisons regarding the
environmentad impact of a project. The following principds undeline 1EM (Schoeman,
1997):

“informed decison-making;
accountability for information on which decisons are teken;

accountability for decisions taken;

o O O o

a broad meaning given to the term environment (i.e. one that includes physcd,
biologica, socid, economic, culturd, historical and politica components);

an open, participatory gpproach in the planning of proposals,

consultation with interested and affected parties,

andyss of dterndtive options;

o O o o

an atempt to mitigate negative affects and enhancement of postive aspects of

proposals;

0 an atempt to ensure that the ‘socid costs of development proposas (those borne
by society, rather than the developers) be outweighed by the ‘socid benefits
(benefits to society as aresult of the actions of the developers);

0 democratic regard for individua rights and obligations;

o compliance with these principds during dl dages of the planning implementation

and decommissioning of proposals (i.e. from ‘cradle to grave’), and

0 theopportunity for public and specidist input in the decisonmaking process.”
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Mackay (1994) dated that IEM could be very useful in water qudity management by
forming a framework for problem solving, research and implementation of issues raised by
those concerned and affected. IEM requires ntegration of ecologica, sociad and economic
perspectives, which can be gpplied a different levels to different problems (Antunes &
Santos, 1999). However, no specific examples of the agpplication of IEM in storm water
management could be found in literature. Taking into account the complexity of the
barriers associated with waste management and the potential success of community-based
initiatives, the need for public participation in pollution reduction is evident. The following
sections will describe the basic stegps within the IEM process that should be followed in

addressing an issue such as storm water pollution.

1.5.1 Impact assessment

Identifying environmentad impacts that could effect the environment in a negative way
would be the firg task in the IEM process (Antunes & Santos, 1999). DEAT (1998)
describes the environmentd impact assessment (EIA) process in detal. In brief, a
description of the dudy area is needed that includes basdine environmenta information
and a lig of potentid negaive and podtive environmenta impacts. Then, an appropriate
environmenta assessment method needs to be used to determine the extent of each impact
and to rank the dgnificance thereof. Many different methods exist to assess the impact of
anthropogenic activities on the environment. One such method, which is rapidly growing
in its own right, is risk assessment (RA) (Morris & Therivel, 2001). RA is a method used
to andyse the probability of any potentid negetive effect in the future (Lohani et al.,
1997). This is done by evaduating the probability of occurrence of potentid impacts as well
as the consequence if the impact is not mitigated (Morris & Therivel, 2001). According to
Jooste et al. (2000) RA can be €ffective in managing water resources in a sustainable way.
RA dlows for the identification of dgnificant agpects by means of a sysematic gpproach
tha will ad in planning for effective environmenta management. It can therefore be
concluded that RA is an appropriate approach to identify and address he root causes of
land-based marine pollution associated with a coasta community’ s storm water discharge.
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1.5.2 Decision

At this stage a decison needs to be taken regarding the acceptability of proposed plans
(Fuggle & Rabie, 1992). This decison is based on input from interested and affected
paties, which indude the community and the locd authority. The public participation
process is not only included in the find stage but needs to be integrated throughout the
I[EM process (Berry, 2000). According to Schoeman (1997) the core community
participative dements regarding programs to address diffuse sources of water pollution
indude the fallowing:

o dlowing people to make decisons regarding their own welfare;
o forming of community-accountability structures (i.e. water committees), and
o utilizing community resources to contribute on an ongoing bads for example

community monitoring groups.

1.5.3 Implementation

After the decison has been made to go ahead with the project the proposal can be
implemented. An environmenta management plan (EMP) can be used to give direction
regarding the execution of the project (Fuggle & Rabie, 1992). The EMP ads in making
aure that the environment is protected and that the environmenta benefits of the project are
maximised (Sawvmaen & Lirghart, 1998). The EMP is compiled out of various mitigation
measures, which are dtructured into an organized plan that cover the whole duration of the
project (Fuggle & Rabie, 1992). Throughout the implementation phase, regular monitoring
should take place to see if mitigation measures are effective and adhered to. More forma
intermittent audits can hdp in determining the environmental adequecy of the development
(Fuggle & Rabie, 1992).

As discussed previoudy, the marine environment is of dgnificant economic importance to
many developing countries, primarily as a result of the provison of naturd resources and
the development of tourism. Both could be adversdly affected by the discharge of highly
polluted sorm water, which is often exacerbated by poor waste management in
disadvantaged communitiess.  The South African coast is recognised internaiondly as an
atractive holiday detination and many smal coastad towns in South Africa are reliant on
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tourism as the primary source of income. However, the future of tourism in the region may
well be determined by the ability of coastd towns to effectively manage ther growing
waste streams so as to reduce the pollution of storm water and the near-shore marine
environment. The gpplication of IP&WM and IEM may offer a potentia solution.

1.6 THE APPLICATION OF IP&WM AND IEM TO THE REDUCTION OF
LAND-BASED MARINE POLLUTION FROM SOUTH AFRICAN COASTAL
COMMUNITIES

Satidics in South Africa show that one-third of the populaion live within 60km of the
ocean (O'Donoghue & Marshd, 2003). O'Donoghue and Marshal (2003) have examined
the trends in marine pollution research in South Africa over the lat 40 years and dtate that
there has been a remarkable decline in the amount of research in this area over the last
twenty years and an increased effort is necessary to ensure that our marine resources are
protected. Apart from the London Convention and MARPOL, more generd and regiond
conventions pertaining to South Africa include the Convention for the Cooperation in the
Protection and Development of the Marine and Coastd Environment of the West and
Centrd African Region 1981 and the Convention for the protection and Management of
the Marine Environment in Eastern African Region 1985 (Fuggle & Rabie, 1992).

In South Africa there are around 60 pipelines that release 800 million litters of effluent into
the ocean every day, of which a ggnificant component is sewage (DEAT, 2001). Mardon
and Stretch (2004) found the microbiologicd water qudity of Durban’'s beaches poor
according to international standards due to polluted water from rivers and storm water
cands. This could pose a serious threat to the hedth of people usng Durban’'s beaches for
recregtiond purposes. Based on the results of locd sudies, the primary sources of land-
based marine pollution in South Africa are smilar to those from other parts of the world

and are often linked to the presence of dense, poor communities.
Recent sudies in South Africa have shown that anthropogenic activities can lead to heavy

metd contamination of sediments within ports, and tha the dStuation a these Stes requires

careful monitoring to reduce the threat to mariculture and recregtiond activities (Fatoki &
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Mathabatha, 2001). It is edimated that 25 million tons of oil enter the South African
coastd waters annudly (DEAT, 2001) of which 4000 tons consst of hydrocarbons
entering the ocean due to the burning of petroleum products (Dittke, 2000). A study done
by Wright et al. (1993) showed that an urban catchment in the Western Cape of South
Africa, produced storm water with very high nutrient and organic concentrations, which
was subsequently discharged into the marine environment a Fase Bay. They attributed
this to the growth of informa settlements with little to no basic services such as sanitation
and solid waste remova. The ‘red tide blooms found in the Western Cape of South Africa,
potentidly a result of excessve nutrient input, can have a devastating consequence to marine
life (Attwood et al, 2000), could have sgnificant socio-economic impacts and could pose
public hedth risk.

Sedimentation due to inputs from poor agriculturd practices is of great concern in South
Africa, especidly in fragile estuarine environments (DEAT, 2000). A study conducted by
Wright et al. (1993) in Fase Bay (South Afric) on storm water pollution in a third world-
type catchment showed that eroson facilitated the movement of considerable quantities of
sediment into the marine environment. Berry (2000) dtated that the high levels of eroson
in these urban sorm water catchments was due to the high population densty and the
destruction of vegetation cover. DEAT (2001) reported that as much as 80% of plagtic
found on South African beaches is from land-based sources which is in line with globd
edimates (Fanshawe & Everard, 2002). According to DEAT (2001), it is costing the South
African taxpayer up to R8 million per year to clean littered beaches. A number of towns
along the South African coast depend on burism to drive and support their economies and
dabilization of the South African economy has meant that dgnificant development,
including golf edtates, retirement villages etc. are teking place in the coastd zone. More
people in these areas means that busnesses are growing to support them resulting in
unemployed and unskilled individuas moving into the area to find work. As a conseguence
of the above, the quantity of waste being produced in the South African coasta zone and,
therefore, the threet to the local marine environment, islikely to increase.

Many coastd towns are looking for ways to increase the revenue that they generate
through tourism and one such initiative is for loca beaches to atan Blue Fag daius. The
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Blue Hag is an annud internationd award only given to beaches tha sudain high
dandards in the areas of sofety, facilities cdeanliness and environmentd management
(Wildlife and Environmenta Society of South Africa, 2004). South Africa is the firg
country outsde of Europe to have achieved this award for some of its beaches (WESSA,
2004). As many internationa tourists choose Blue Fag besches as ther holiday
degtination, it is of dgnificant economic importance to loca coasd communities. While
coadd towns have little dternative to the discharge of sorm water directly to the marine
environment, the discharge of polluted sorm waeater close to bathing beaches could
jeopardize the award of Blue Flag datus. Thus, the root causes of storm water pollution

and appropriate mitigation measures need urgent consideration.

Along the southern and eastern coasts of South Africa dramatic development has taken
place over the last few years. Jeffreys Bay's growth started after 1985 when the Chokka
fishing indudry gained momentum (Hift, 1998). Soon &fter this Jeffreys Bay became a
very popular tourig dedination and developers dated investing millions of rands in
timeshare and retirement homes. In 2004 property prices in Jeffreys Bay escalated by up to
300%, which triggered the launch of numerous new property developments (Weidtra pers.
comm., 2005). The work opportunities created by the Chokka fishing and the building
indudtries drew people from al over the country to Jeffreys Bay. This has led to a growth
in the township and informa settlements beyond the point where the municipdity could
keep up with sufficient service ddivery. Currently the problem of insufficient waste and
sanitation service delivery is of great concern to the community of the affected areas (Our
Times, 2004b; Randall, 2004).

Fuggle and Rabie (1992) report that informa settlements within the coastd zone of South
Africa have proved to be a dSgnificant pollution source of storm water. In Jeffreys Bay
urban runoff from both the township and light industry collects in a sorm water cand
which discharges on the south sde of Man Beach. Resdents often complan of raw
sewage and “hazardous’ waste such as glass being deposited onto the Main Beach after
ranfdl via the sorm water cand (Arnolds, 2004; Williams 2004). Surfers and bathers
from the previoudy disadvantaged community manly use this pat of Man Beach and
hedth problems after ranfdl have been reported (Williams, 2004). Furthermore, this

29



source of pollution is an important sumbling block with regards to Jeffreys Bay's intention
of mantaining Blue Flag daus for its beach (Oldman, 2004; Our Times, 20044). Taking
the population growth within the coastal zone into congideration, increased effort is needed
to sustainably manage and protect the marine environment from anthropogenic land-based
pollution. It is predicted that by applying the conceptuad framework of IEM, both pollution
reduction and empowerment of the underprivileged can be achieved in a smdl coastd
town such as Jeffreys Bay.

1.7HYPOTHES SAND RESEARCH OBJECTIVES

Based on the above it can be concluded that storm water originating from coasta
communities poses a pollution risk to the maine environment. This is due to
anthropogenic activities that contribute Sgnificantly to pollution of the sorm water. This
gave rise to the primary objective for the study, which was to investigate the main sources
of sorm water and subsequent marine pollution a Jeffreys Bay and to devdop an
aopropriate management drategy using the IEM framework. In order to reach the primary
objective the following hypothesis and research objectives were identified.

1.7.1 Hypothesis

Environmental management within the sorm water catchment a Jeffreys Bay, South
Africa, is inadequate and therefore poses a pollution threat to storm water and
subsequently, the locad marine environment. Furthermore, an |IEM  gpproach would
fecilitate identification of gppropriste and sudainable drategies to mitigate these pollution
related impacts.

1.7.2 Resear ch objectives
0 To identify the sgnificant sources of storm water pollution within the Jeffreys Bay
storm water catchment;
0 To determine the state and underlying causes of and attitudes of stakeholders to the
identified ggnificant pollution sources, with a emphasis on the sources thought to
pose the greatest threat to storm water quality;
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0 To use an IEM agpproach to develop an appropriate strategy for improved storm
water qudity management in Jeffreys Bay;

0 To identify possble implicaions of the current project for storm water quality
management in other smdl coadd towns that rdy on tourism for a dgnificant
proportion of their income.
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CHAPTER 2

IDENTIFICATION AND ASSESSMENT OF POLLUTION SOURCES
WITHIN THE JEFFREYSBAY STORM WATER CATCHMENT

2.1INTRODUCTION

Vaious naturd factors, for example rocks and soils, can influence the storm water qudity
within a catchment (MacKay, 1994). However, it is often human activities within a storm
water caichment that have the most profound impact on water qudity (Wright et al., 1993;
MacKay, 1994; Bery, 2000; DiGiacomo et al., 2004). Commercid, indudrid and
domedtic activities result in the production of waste and different pollutants within storm
water catchments. These anthropogenic activities can result in both point source and
diffuse (nonrpoint source) discharge to the receiving waters (Taebi & Droste, 2004).
Diffuse pollution does not originate from a single point (Schoeman, 1997), but can smply
be described as water that “...flows on the surface, dissolving and washing away pollutants
and soil sediments dong its path and findly discharging in recaving waes’ (Taebi &
Droste, 2004). Wright et al. (1993) date that up to 80% of the pollution found in storm
water in urban catchments originates from diffuse sources. Recently it has been recognized
that this contaminated urban storm water is a mgor source of marine water pollution
(DiGiacomo et al., 2004).

Storm water catchments that consst of forma housng found in higher income aress in
South Africa generate very little pollution (MacKay, 1994) but include faecd
contamination (mogly from domestic animas, unless a sewer has overflowed) and vehicle
by-products for example oils and heavy metals that are washed off the roads. The legacy of
South Africas political policies of the past have resulted in informd settlements where
people live in extreme poverty coupled with ingppropricte basc service ddivery with
consequently  high levels of pollution (Berry, 2000). The pollution that originaies from
these high-dendty resdentid aress and informa settlements within South  African  urban
catchments has captured the attention of a number of South African researchers (Wright et

32



al., 1993; MacKay, 1994; Schoeman 1997; Berry, 2000; Wood et al., 2001; Pretorius & de
Villiers, 2003). Research has shown that the main sources of pollution in catchments
characterised by informa housng are sewage, solid waste and grey water (Wright et al.,
1993; MacKay, 1994; Berry, 2000; Wood et al., 2001; Pretorius & de Villiers, 2003).

Berry (2000) dates that in many coastad settlements of the South-Eastern Cape of South
Africa, there are little to no sanitation facilities available and people do not understand the
basc principads associated with hygiene. Wood et al. (2001) agreed and dated that in
South Africa 50% of informa settlement resdents have no sanitetion facilities and have to
use open spaces for ablution. At night, resdents use buckets out of safety fears and the
night soil is then discarded on rubbish heaps, open spaces or in storm water cands. During
periods of high rainfal thisfaeca matter pollutes sorm water systems.

In the Eastern Cape of South Africa only 5,9% of the population have access to solid waste
remova by the locd authority a least once a week (Statistics SA, 2001). Uncollected
garbage is one of the most serious contamination risks to urban sorm water systems
(Pamer Development Group, 1996). Pretorius and de Villiers (2003) remarked that the
number of informad dumps in cetan deveoping communities is unacceptable. This
informa dumping can cause dorm water cands to become blocked resulting in storm
water not draining away but collecting in pools, which can then become contaminated by
solid waste. Contaminated water and large proportions of uncollected waste eventudly end
up in surface water bodies (Padmer Development Group, 1996; Pretorius & de Villiers,
2003) or are discharged to the ocean (Derak, 2002) where they pose a threat to the
inshore marine environment, as is the case a many coada towns, including Jeffreys Bay
(South Africa). The previous chapter described the process of Integrated Environmenta
Management (IEM) wherein Risk Assessment (RA) may be incorporated into the impact
assessment process. The objective of this initid part of the sudy was to make use of the
tools of RA to invesigate and develop a prdiminary descriptive modd of the main sources
of sorm water and subsequent marine contamination a Jeffreys Bay. In order to achieve
this objective the following questions were identified:
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0 Which aspects (activities and services) in the catchment posed the most significant
risk to sorm water qudity, marine ecology, human hedth and the socio-economic
datus of the community?

0 To wha extend did ranfall influence the probability of aspects having a negative
impact on receptors?

0 What wasthe current quality of storm water within the catchment?

0 Was there evidence that direct discharge of storm water had a negative impact on
the water qudity of the near shore marine environment at Jeffreys Bay?

22 METHODOLOGY

2.2.1 Description of the study area

2.2.1.1 Location

“Jeffreys Bay is a coastd town developed to the south-west of the Kabeljous River mouth,
in the southern part of the Eastern Province (Figure 2.1). This town forms part of the
Kouga Municipdity, and is located about 85km south-west of Port Elizabeth and about
16km east of Humansdorp” (Biopite, 2004). More specificdly the study area is Stuaed in
the southwestern region of Jeffreys Bay and comprises a section of Ward 2 of the
Municipdity. The study area consists of a storm water catichment of approximately 2.2kn?
in which forma and informd resdentid developments, as wel as light industry, is found.
Towards the north, the study area is bordered by centrd Jeffreys Bay, condgting of small
businesses and resdentid developments. The Man Beach of Jeffreys Bay and the Indian
Ocean lie towards the east. South of the study area the previoudy disadvantaged residentia
areas of Pdlsrus and Tokyo Sexwae can be found. The area towards the immediate west

congsts of anew low-income housing development and private agricultura land.

2.2.1.2 Topography

The study area elevates from a barrier beach to a miocene marine terrace in a northwesterly
direction. The gradient of the dope towards the ocean is less than 2°. At its highest point
the study area is gpproximatdy 65m above sea level. The gentle gradient results in
drainage canals that feed into the storm water system (Biopite, 2004).
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Figure 2.1: Magp of Jeffreys Bay showing the location of the study area (adapted from
Biopite, 2004). The insart shows Jeffreys Bay's location dong the South African coadtline
(adapted from Mackay, 1994).
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2.2.1.3 Climate

Jeffreys Bay has a moderate climate and experience year-round rainfal of between 600
and 680mm (Biopite, 2004). The average temperatures vary between 18°C and 23°C in
summer and 11°C to 18°C in winter. The predominant wind direction is southwest (Biopite,
2004).

2.2.1.4 Geology

This coadline of the study area consists of a rocky shore towards the south and a sandy
shore towards the north, backed by sabilized dune fidds. Geologicaly, the sudy area is
“...underlined by undifferentiated shde and sandstone’ (Biopite, 2004). The shde and
sandstone originate from the Ceres Subgroup, Bokkeveld Group and Cape Super Group
(Biopite, 2004). There are two types of soil groups in the Bokkeveld shales of which the
firg group incdudes supeficid duplex soils and a second group includes deeper well-
drained soils (Cowley, 1984 cited in Berry, 2000).

2.2.1.5 Hydrology

According to the 1:2000 Pdlsrus services map (SW45) published by the Jeffreys Bay
municipality, surface water that is generated within the study area during wet periods flows
into ephemerd drainage cands that discharge into two main sorm water cands (Figure
2.2). The one storm water cand runs from a smal wetland (marked as 10 on Figure 2.2)
that lies towards the center of the study area. Up to this point the cand is open but splits (at
point 8 marked on Figure 2.2) into two separate collector drains that are entirdy below

ground.

The firg collector drain empties on the southern part of the Main Beach (marked as 4 on
Figure 2.2). The second collector drain runs from C-Place (marked as 11 on Figure 2.2)
and mesets up with the second main storm water cana, which drains the northwestern part
of the catchment. The collector drains are adso linked further down. The second collector
drain then leads to a storm water outfal pipe that empties on Main Beach (marked as 3 on
Figure 2.2) towards the north of the first collector drain. The current dong Man Beach

movesin anortherly direction.
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Figure 2.2: The Jeffreys Bay study area and the storm water cand (adapted from the

Jeffreys Bay tourig information magp which can be obtained from the Jeffreys Bay Tourism
Information Centre).
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All dong the main sorm water system, secondary collector drains dlow for further generd
drainage of the study area. The drainage sysem only flows during periods of moderate to
high rainfdl but smdl pools in the wetland and in different sections of the drainage cand
hold water year round. Grey water from informa settlements feeds into the storm water
system at various points along its length.

2.2.1.6 Land-use

The land in the sudy aea is manly used for indudrid, resdentid and recreationa
purposes. A municipd waste digposal Ste and a graveyard are dtuated in the northwestern
part of the study area and a green space, including a wetland (marked as 10 on Figure 2.2)
that is mostly overgrown with dien vegetation, exists in the center of the dudy area The
industrid zone (area around . Croix Street on Figure 2.2) that fals within the study area
congsts of light industry such as surfboard factories and vehicle repair shops.

2.2.1.7 Socio-economic factors

According to Statistics SA (2003), Ward 2 of the Kouga Municipality, which includes the
greater part of the study area, has a population of approximately 7 815 people. The
population increased by 60% since the last census of 1996. The Coloured group represents
50.9%, Blacks 48.2%, Whites 4.7% and Adans 4.1% of the population.  The
unemployment rate cdculated from the totd labour force for this Ward is 36.7%, which is
a 180% increase since the last census of 1996. 20.7% of the people of this Ward work for
private households, 18.4% in retall and 16.8% in the congtruction industry.

The dweling types within the study area are predominantly informa (51.4%) followed by
41.8% formd homes with the rest of the housng having been congructed from traditiona
materids of an ungpecified type (Statigics SA, 2003). Informa or sguatter housing
predominates in what is known as ‘Toksville (Tokyo Sexwae township), which lies north
of Joe Sovo Road. Housng in the extenson between Tornyn and Pel Streets is
characterized by a combination of informa and forma dwdlings. The latter has water-
borne sewage, on-dte water and a forma storm water system. Homes of this type can be
found in the remaning pats of Tokyo Sexwde and Pdlsus within the dudy areds

boundaries.
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In terms of solid waste removd, the municipdity services 79.8% of the tota households in
Ward 2 on a weekly bass while 20.1% make use of a commund dump (Statistics SA,
2003). It is dtated that 98.2% of resdents have access to full water-borne toilets, while the
ret make use of flushtseptic tanks or ventilated-pit-latrines (Statistics SA, 2003). A limited
number of communad water supply points exis and there is no formd drainage
infrastructure for grey and dorm water. The higher income housng that exids in the
northwestern and western part of the study area (marked as 11 on Figure 2.2) s provided
with dl the necessary on-ste services including door-to-door solid waste removal, water-
borne sawage and a forma storm water drainage system. In generd, the infrastructure of
Jeffreys Bay is good with a well maintained access route, namey the N2 (National Road)
and a mgor arport and harbour approximately 70km’'s away in the city of Port Elizabeth.
A coasdd community such as Jeffreys Bay is unique in that tourism causes a seasond
influx of people resulting in amilar fluctuations in waste and sewage volumes. Tourism is
the man driving force behind the economy of the town, with locd and internationa
vigtorstaking pleasure in the beautiful beaches and world renowned surf of Jeffreys Bay.

2.2.2 | dentification and prioritisation of pollution sources

The purpose of this initid component of the study was to use RA methodology (ohani et
al., 1997; Guild & Maras cited in Guild, et al. 2001; Mentis, 2004) to determine which
agpects (activities and services) within the sdected catchment posed the most Sgnificant
threat to sorm water quaity, marine ecology, socio-economic status and hedth of the
community and to what extent the presence of sorm water influenced the probability of
aspects having a negative impact on receptors. It was ntended thet this information would
be used to sdect which aspects required further detalled invedtigation prior to the
development of an integrated pollution management plan. Information pertaining to the RA
was gathered through a process of dte vidts during June 2004, informd interviews with
interested and affected paties (I&APs) and by reviewing avalable literature. The
methodology employed during this phase of the study is described in detail below.

Upon initigion of the sudy, the entire catchment, including the storm water cand, was

surveyed on foot to identify aspects that could potentialy have contributed to the pollution
of the locd gorm water. The location and extent of legd and illegd dumping Stes,
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evidence of informd ablutions and grey water disposd and community behaviour were dl
noted. The risks associated with each aspect were then determined by considering the
potential receptors and the potential impact on each receptor. As discussed above, impacts
of primary concern were sorm water qudity, marine ecology, human hedth effects and
socio-economic effects. The risk associated with each aspect was caculated according to
the following equation:

Risk = (likelihood of occurrence + detection) x consequence (Mentis, 2004)

“Occurence” referred to how regular the aspect was likely to have had an effect, while
“detection” referred to the probability of detecting the effect of the specific contaminant on
the potentid receptors (sorm water, marine ecology, human hedth and socio-economic).
Occurrence and detection were scored according to the ratings described in Table 2.1.
which were based on a worst-case scenario. The higher the probability of occurrence the
higher the rating and if the effect was unlikely to be detected a higher rating was awarded.
“Consequence’ referred to the potentid result or severity of the effect due to a specific
aspect. “Consequence” was rated as described in Table 22, with a more severe
consequence recelving a higher rating. The rating system was based on the precautionary
principle, stating that if there was uncertainty about the ability to detect an impact or the
likelihood of occurrence, therisk rating was high.

The mean vdue of the four impacts (orm water, marine ecology, human hedth and socio-
economic Status) for each specific aspect represented the overal risk rating for each aspect.
The dgnificance of the cdculated risk for each agpect was determined from the overdl risk
rating as described in Table 2.3. An aspect was consdered sgnificant and required further
investigation and mitigation if the risk rating was higher than 50.

2.2.3 Water quality studies

The purpose of this section of the sudy was two-fold, namely to obtain a “sngp shot” of
the quality of the sorm water a various parts within the drainage sysem and to determine
whether there was evidence of a negative impact of sorm water on the near shore marine

sysem. Due to the risk associated with informa ablution, focus was placed on indicators
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of faecd contamination, specificaly faecd coliforms which are a generd indicaor for
faecd pollution, and Escherichia coli (E. coli), which is a very precise indicator for faeca

contamination (DWAF, 1995).

Table 2.1: Likelihood of occurrence and detection rating (Mentis, 2004).

Likelihood of occurrence Rating Likelihood of detection
Don't know/ very high 5 Don't know/ very low
(occurs every day of the year) (undetectable)
High 4 Low
(occurs every week but (detection through a specidist study)
not every day of the week)
Moderate 3 Moderate
(occurs every month but (detection through scientific testing)

not every week in amonth)

Low 2 High
(occurs every semester but not every (detection by means of asurvey)
month in a semester )
Very low 1 Vey high
(occurs every year but not every (detection by trained observer)
semester of ayear)
None 0 Certain
(never occurs) (detection by untrained observer)
Table 2.2: Severity of consequence rating (Mentis, 2004).
Severity of consequence Rating
None (neutrd) 0
Minor (not mesasurable) 2
Low (just measurable) 4
Moderate (stress, safety) 6
High (well being, sustainability) 8
Very high (illegd, unsugtainable) 10
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Table 2.3: Risk rating (Mentis, 2004).

Risk Significance
>50 ggnificant environmenta effect
30<50 moderate environmenta effect
<30 low environmenta sgnificance

2.2.3.1 Storm water quality

The water quaity assessment of the complete sorm water system was conducted on the
20" June 2005 and the 8" October 2005. The purpose of these assessments were not to
address spatid or tempord varidion in sorm water qudity but rather to confirm the
importance of the aspects identified as priorities through the RA process and to assig in the
identification of additional contaminant sources not detected previoudy. As such, an
extendve monthly monitoring programme was not deemed necessary. As the qudity of the
water within the storm water cand was expected to show tempord variation, related
primaily to the timing of ranfdl and subsequent “firg flush” events, the sampling events
were scheduled saven days after the most recent rainfall, when it was expected that the
water within the cand represented the poorest qudity.

500ml grab samples were taken a 07h00 on the 20" June 2005 and 17h00 on the 6
October 2005 a the following locations within the catcchment: Northern Outlet (1),
Industrid Area (7), YWAM (8), Wetland (10) and C-Place (11) (numbering refers to
locations on Figure 2.2). These stes were chosen due to the fact that pools of water can be
found at these dtations year round. The samples were stored in gterile plastic sample bottles
in a cooler box and deivered within three hours to the Environmentd Biotechnology
laboratory (Rhodes Universty) for andyses. The samples were anadlysed to determine the
levels of ammonia, chemica oxygen demand (COD), indicator organisms, nitrate, pH, totd
phosphorous and suspended solids (SS).

All chemica analyses were conducted usng Merck Spectroquant test kits (ammonia-4500-

NH3-C; COD-5220-D, Nitrate-4500-NOs; Phosphorus-14543).  The standard method
2540-D was used to determine SS (APHA, 1998). Commercidly avalable (Sgma) Mac
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Conkey Agar with crystd violet, sodium chloride and 0.15% bhile sdts was used as a
medium for the detection of indicator organisms. The medium was incubated for 48 hours
a 35°C as per the manufacturer’s indructions. The pH of the samples was determined
using a Cyberscan 2500 pH meter.

Higoricd sorm water qudity sampling data was obtained from the Kouga Municipdity’s
Department of Hedth and Community Services. The data was limited to samples taken at
the Northern Outlet (marked as 3 on Figure 2.2) between 9 October 2004 and 21 June 2005
and only included E. coli counts. An environmenta hedth officer (EHO) from the
municipdlity collected the samples gpproximately every 14 days and they were anaysed by
the National Hedth Laboratory Service's (NHLS) regiond laboratory in Port Elizabeth.
The storm water quality data was compared to the South African water quality guideines
for recreationa use (DWAF, 1996b) in order to obtain an estimate of the risk that the water
posed to human hedth.

2.2.3.2 Marine water quality

If sdorm water a Jeffreys Bay had a dgnificant negative impact on the qudity of marine
water in the near-shore environment, it was expected that a decline in marine water qudity
would have coincided with locd rainfal events i.e. peek discharge of sorm water. Marine
water quaity data was obtained from the Kouga Municipdity’s Department of Hedth and
Community Services for the period of 3 October 2002 to 21 June 2005. An EHO from the
municipdity collected maine water samples every 14 days around midday a the Man
Beach a a depth of approximately 0.3m. The exact location of the sampling point is
indicated on Figure 2.2 and was gpproximately 40m north of the Northern Outlet. Water
samples were only andysed for E. coli dso by the NHLS regiona laboratory using

standard techniques.

Rainfal data for Jeffreys Bay for the period 3 October 2002 to 30 June 2005 was obtained
from the South African Weather Service (2005). In order to provide indirect evidence for
the relationship between storm water discharge and the marine water quality, a Spearman
rank corrdation andyses was conducted using KyPlot 20 datigica software. The
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Spearman rank test provides a robust estimation of correlation and was chosen due to the

non-parametric nature of the data (Kanistanon, 1997).

2.3 RESULTSAND DISCUSSI ON

2.3.1 Identification and prioritisation of pollution sources

All aspects in the catchment considered to have posed a direct or indirect threat to marine
ecology, sorm water quality, socio-economic datus and hedth of the community are
indicated in Table 24. The potentid impacts of some of the identified aspects were
consdered to depend to a greater or lesser extent on the presence of rainfal and these are
adso indicated. The nature of the identified aspects, in paticular those that where
conddered to pose a dgnificant threst to the marine environment in Jeffreys Bay, are
discussed below.

2.3.1.1 Solid waste disposa

Three communa waste collection points in the form of wadte disposal skips exiged in the
cachment in the Pdlsus and Tokyo Sexwae townships. Even though the skips were
emptied once a week, the areas around the skips were littered with solid waste (Figure 2.3).
Apat from the areas around the waste skips, bags filled with refuse are dso dumped in
other places in the cachment (Figure 2.4). Refuse dumping was observed to occur
continualy in the storm water cand and in the wetland, which was aso reported for other
aess within South African developing communities (Wright et al., 1993; Wood et al.,
2001; Pretorius & de Villiers, 2003). Although the RA only involved a single forma vist
to the dudy Ste, the dorm water catchment was visted regulaly and the levd of informd
dumping observed during the forma vist was conddered representative of the norma
gtuation within the catchment. As such, the likelihood of occurrence was consdered to be
high.

The accumulation of solid wadtes in resdentid aess is aestheticdly unpleesng and
congdered an environmental and human hedth hazard (Dahiya, 2003). Solid waste that
enters the marine environment could be fatd to marine life (Derraik, 2002; Fanshawe &



Table 2.4. Risk rating of the aspects consdered to thresten storm water qudity, marine
ecology, human hedth and have locd socio-economic impacts within the sudy area.

Aspect Occurrence| Detection | Consequence | Risk rating [ Rainfall
influenced
1. Solid waste disposal 54
Storm water quality 5 3 10 80
Marine ecological effect 4 4 8 64 \
Human health effect 4 2 6 36
Socio-economic effect 4 2 6 36
2. Erosion 35
Storm water quality 3 3 6 36
Marine ecological effect 3 4 8 56 \
Human health effect 3 5 2 16 \
Socio-economic effect 3 2 6 30 \
3. Grey water disposal 58
Storm water quality 5 3 8 64
Marine ecological effect 3 4 8 56 \
Human health effect 5 2 8 56
Socio-economic effect 5 2 8 56
4. Informal ablution 54
Storm water quality 3 3 8 48
Marine ecological effect 3 4 8 56 \
Human health effect 5 2 8 56
Socio-economic effect 5 2 8 56
5. Sewage pump overflow 44
Storm water quality 3 2 8 40
Marine ecological effect 3 4 8 56 v
Human health effect 3 2 8 40
Socio-economic effect 3 2 8 40
6. Sewer overflow 42
Storm water quality 3 1 8 32
Marine ecological effect 3 4 8 56 v
Human health effect 3 2 8 40
Socio-economic effect 3 2 8 40
7. Operation of waste disposal site 22
Storm water quality 1 1 6 12
Marine ecological effect 1 4 8 40 \
Human health effect 1 2 6 18
Socio-economic effect 1 2 6 18
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Figure 2.3: Communa waste skip (marked as 9 on Fgure 2.2) showing large volumes of
solid waste outside the skip.

Figure 2.4: Informa waste dump (marked as 6 on Figure 2.2) showing the problem of
illegd littering within the catchment.

Everard, 2002) and litter, such as glass, on beaches is consdered a human safety risk.
Furthermore, it has been shown that the public associates littered beaches with poor water
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qudity (Fanshawe & Everard, 2002), which may have a negative socio-economic impact
through a loss of tourism (Dorfman, 2004). Litter, particularly plagtic, & prone to be blown
into the ocean a Jeffreys Bay with the predominant and strong southwesterly winds which
blow offshore every week. Light industry seemed to be responsble for solid waste
pollution in the storm water cand adjacent to the indudria zore. After ingpection and
informd interviews with 1&APs, the primary pollution from this source seems to be
deliberate dumping of industrid solid waste in the storm water cana (marked as 5 and 7 on
Figure 2.2). According to survey and initid dSte assessment, quantities of solid waste
disposed of into the sorm water sysem are smal but required further investigation. For
this reason, the consequence and detection ratings of this aspect was consdered low and
the occurrence specificdly for marine ecology, was considered to depend to some extent
on rainfal. Storm water is recognized as a vector for the removad of solid wade &fter a
dgnificant ranfdl event (Maras et al., 2004). The overal mean risk raing of solid waste
disposa was 54 and was regarded as significant.

2.3.1.2 Erosion

Due to the high dendty of people of approximately 1954/ km2 in Ward 2 (edapted from
Statistics SA, 2003), many footpaths and dretches of land existed where the vegetation
cover was completely or partiadly absent. Research in dmilar catchments supported this
observation and indicated that this could contribute to high-suspended solid loads in
surface water runoff (Wright et al., 1993; Berry, 2000). Sediments could have a
snothering effect on marine biota (UNEP, 2001) and potentidly a moderate socio-
economic and human hedth effect by causng discolouring of beach and bathing waters
which could cause injury due to unseen submerged objects (DWAF, 1995). Sediment input
can only occur during periods of ranfdl, which is normdly every month but not every
week of the month. The overdl risk rating was 35 was and regarded as inggnificant.

2.3.1.3 Grey water disposal

Wadtewater produced during washing or cooking in the informal settlement was disposed
of in the passages between the informd homes, and then flowed dong informd drainage
cands to the sorm water system. This wastewater was regarded as highly polluted (UNEP,
2000a). Grey water can dso originate due to the misuse of water standpipes where water
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collects in pools and is contaminated by wastewater and solid waste sources (Wood et al.,
2001). Foul andling grey water tha pooled within the catchment was aestheticdly
unpleasing and could therefore have had a negative socio-economic effect. The potentidly
high nutrient load of grey water Eriksson et al., 2002) could have had a negative effect on
marine ecology (Idam & Tanaka, 2004) and the pathogens often found in grey water could
have a ggnificant negative impact on human hedth (UNEP, 2000b). The occurrence of
grey water reaching the inshore marine environment was believed to have be moderate, as
the quantity of grey water produced was conddered insufficient to reach the marine
environment in the absence of rainfdl. For this reason, dthough the grey water could have
posed a threat to marine ecology, it was conddered less frequent than the potentia impact
on human hedth and socio-economics status of the community. The overal risk rating was
58 and was regarded as significant.

2.3.1.4 Informd ablution

The provison of sanitation within the catchment was, on the whole, consdered
representative of the dtuation in other developing communities where communa  toilets
are badly maintained (Morel & Forster, 2002) and sewers regularly overflow (Pretorius &
de Villiers, 2003). Based on a Ste assessment and informa discussions with 1&APs,
communa toilets were consdered to be congantly in an unhygienic and badly maintained
date. The commund toilets were recently supplemented with chemicd toilets in an attempt
to make sanitation more accessble. Due to a lack of sanitation facilities, resdents made
use of the green area in the centra pat of the wetland and sorm water cand for their

sanitary requirements.

The occurrence of faecd contamination reaching the inshore marine environment was
rated as moderate as rainfall was consdered necessary to wash the faeca matter into the
sorm water cand and then carry it to the ocean. Pathogens associated with faeca matter
have a potentid to affect the hedth of humans (Dorfman, 2004) and marine life (Idam &
Tanaka, 2004). Furthermore, the higher nutrient load due to sewage contamination can
cause harmful red tides that deplete oxygen and affect marine life negatively (Clark, 1992).
The above may be associated with negetive socio-economic impacts resulting from a loss
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of tourism (UNEP 2000b; Farmer & Garcia, 2002). The overdl risk rating was 54 and was
regarded as sgnificant.

2.3.1.5 Sewage pump overflow

A sawage pump dation is located gpproximately 30m fom the storm water outlet on Main
Beach. This fadlity pumps the totd sewage flow from Jeffreys Bay dong a man line to
the sawage trestment plant which is located gpproximately 4 000m west of the pump
gation. On occasion, during peak holiday periods when the flow of sewage is very high or
during periods of high ranfdl (Botha pers. comm., 2004), the sysem madfunctions
resulting in the overflow of raw sewage onto Man Beach via the sorm water outlet. The
likelihood of occurrence was conddered low. As described under ‘informal  ablution’,
sewage has a harmful effect on humans (Dorfman, 2004) and marine life (Clark, 1992,
Idam & Tanaka, 2004) with a potentiad negative socio-economic effect due to a loss of
tourism (UNEP 2000b; Farmer & Garcia, 2002). However, due to the low occurrence, the
overdl risk rating was 44 and regarded as inggnificant.

2.3.1.6 Sewer overflow

During periods of high rainfal, sewers overflow into the sorm water sysem. As with the
sewage pump, this is paticularly problematic during pesk holiday periods when the
population in Jeffreys Bay can triple, causng overloading of the sewerage infrastructure
(Botha pers. comm., 2004). The man contributor to raw sewage in the sorm water outfall
is, however, consdered to be the sewage pump (Botha pers. comm., 2004). The overdl
risk rating was 42 and regarded as inggnificant.

2.3.1.7 Operation of waste disposd Site

The municipd waste disposd dite towards the north of the catchment received solid waste
from Jeffreys Bay and the surrounding area. Through observation it was apparent that the
ste was not well fenced and it was possible for litter to blow towards the ocean in times of
srong south-westerly winds, even though the distance between the waste disposd Site and
the storm water canal was considered to be too far to have any rea impact (approximately
1000m). The overdl risk rating was 19 and regarded as inggnificant.

49



From the risk assessment it was concluded that solid waste disposa, grey water disposa
and informa ablution posed the most sgnificant risk within the Jeffreys Bay sorm water
caichment. The dtuation gppeared to be sSmilar to that in other South African coasta
communities where informa settlements contribute substantidly to  pollution  (Mackay,
1993; Wright et al., 1993; Berry, 2000). All of the three Sgnificant aspects were
condgdered to pose a dgnificant threat to the marine ecosystem dthough the rdatively high
ratings were patly due to the difficulty associated with the detection of negative impacts.
Only grey waer disposd and informa ablution were consdered to have dgnificant direct
impacts on human health.

As discussed previoudy, storm water has proven to be an important contact between the
origind pollution source and the find receptors Clark, 1992; Wright et al., 1993; Berry,
2000; Lee & Bang, 2000; Taebi & Droste, 2004) and a mgjor route for solid waste to enter
receiving water bodies (Derraik, 2002; Fanshawe & Everard, 2002). Even though most
devdoping communities, induding that in Jeffreys Bay, have some sort of rudimentary
solid waste disposa system in place, informa waste disposal can be consdered a persistent
problem (Wood et al., 2001; Dahiya, 2003). Insufficient sanitation and disposa of sewage
dudge (UNEP, 2001), as wel as lesking and overflowing sawers (Dorfman, 2004), are
dso of growing concern as coastd populations expand (Farmer & Garcia, 2002).
Interestingly, grey water may not be perceived as a dgnificant problem by loca
communities (Morel & Forster, 2002) even though research has shown that it may contain
high concentrations of various pollutants (Wood et al., 2001; Kdlerfdt & Nordberg,
2004).

The RA provided an initid estimate as to the mogd likdy sources of pollution of storm
water and subsequently, the marine environment, within the catchment and suggested that
both dorm water and maine water were likdy to exhibit faecd and nutrient
contamination. Detection of these contaminants within the storm weater or near-shore
marine sysem would lend support to the finding that sanitation (incorporating disposal of
human excreta and grey water) within the catchment was of concern and should be
addressed as a priority to decrease the likelihood of potentia negative impacts.
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2.3.2 Water quality studies

2.3.2.1 Storm water quality

The reaults of the fird assessment of water quaity within the sorm water cand ae
summarized in Table 25. When comparing the sorm water qudity results with that of the
South African water quaity guiddines for aguatic ecosysems (DWAF, 1996a) and fresh
water recreationa use (DWAF, 1996b), it was evident that the water did pose a threat to
human and environmenta hedth a certain points. Although the qudity of the sorm weater
was expected to gradually decrease from the top of the catchment (C-Place) to the

Table 2.5: Jeffreys Bay storm water quality data for 20 June 2005 compared to South
African water quality guiddines (DWAF, 1996a; DWAF, 1996b). All values givenin

mg/l unless otherwise specified. Those values exceeding the South African water quality
guiddines arein bold font.

Monitoring Stations

Water Quality Northern YWAM | Wetland | Industrial | C-Place South African
Constituent Outlet Area Water Quality
Guiddlines
Suspended 120 116 100 9% 84 <100
solids (DWAF, 1996a)
COD 1160 765 <100 <100 <100 12.77

Variance: 80%-120%
(DWAF, 1996a)

Phosphor ous 0.3 6.3 0.23 0.09 0.12 <5
(DWAF, 19963).

Ammonium <0.05 <0.05 <0.05 <0.05 <0.05 0.007
(DWAF, 19964).
Nitrate 4.5 5.2 1.6 1.5 2.3 <05
(DWAF, 19963).
PH 7.85 7.86 7.71 8.46 8.44 6585

(DWAF, 1996h)

E. coli 0 cfu/ml 18 000 O cfu/ml O cfu/ml O cfu/ml 0-130 cfu/ml
cfu/ml (DWAF, 1996b)

Faecal O cfu/ml 105000 | Ocfu/ml O cfu/ml O cfu/ml 0-150 cfu/ml
coliforms cfu/ml (DWAF, 1996h)
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discharge points (Northern Outlet) due to the collection of contaminated run-off and
leaching of potentid contaminants from solid waste within the system, this was not the
cae. The most polluted sSte was mid-way dong the southern leg of the sorm water cand
a YWAM (marked as 8 on Figure 2.2), with the water a the Northern Outlet showing
limited pollution.

Water qudity a C-Place and, surprisngly, a the Industriad Area was not highly polluted.
The €evated nutrient leveds a these two sample points could have been due to
decomposing organic mater (DWAF, 1996a) rather than faecd pollution since no
pathogen indicators were detected. The pH a both of these sghts was dightly eevated,
possbly due to the fact that the water a these Stes originates directly from a highly
vegetated sream and physiologica activities such as photosynthess and respiration can
affect water pH (DWAF, 19964). Despite the large quantity of solid waste in the wetland,
the water was reatively unpolluted, dthough the suspended solids were a the maximum
levd as dipulated in the guiddines and nutrients exceeded the levd. Once again, the
absence of indicator organisms pointed towards organic decompostion rather than sawage
pollution. Therefore, water at these three stes did not appear to pose a threat to human or
environmental hedlth, a least not during June 2005. It was predicted that, as the period
between dgnificant rainfdl events increased, pollution would accumulate on  surfaces
adjacent to the storm water cand. During ranfdl events, any run-off would convey this
pollution into the cands, resulting in an devaion of pollution levels of water within the
cand and, consequently, increese the threat to human and environmenta hedth after the
following rainfdl event.

Storm water & the YWAM dte was highly contaminated with respect to both chemica and
potential pathogen loads. At this dte, a storm water outlet fed water from a road where
people regularly discarded their grey water, suggesting that the grey water was the primary
source of both nutrients and potentiad pathogens. SS exceeded the target water qudity,
which could be due to input from the kitchen and laundry water component of the
discarded grey water. Furthermore, the high COD levd (765mg/l) could have been due to
chemicds found in domestic cleaning detergents as wel as organic materid (food scraps,
ol etc) in the grey water from household kitchens. The genera COD of grey water from
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lower income communities in South Africa has been reported as between 530mg/l and
3520mg/l (Eriksson et al., 2002).

Phogphorous levels in the storm water a the YWAM dte also exceeded the target water
qudity leved. Carden et al. (2005) stated that high levels of phosphorous could be expected
where low-cost detergents are being used and again, this was expected to have been rdated
to the digposal of grey water. Although nitrate levels of grey water are not usudly expected
to be very high (Eriksson et al., 2002) the high nitrate figure & YWAM suggested that
urine was ether being depodted in grey water due to a lack of sanitation facilities or that
the community was uringting directly into the sorm water system a that point. The high
microbid counts a the YWAM monitoring doation aso reflected the documented
microbiologica properties of grey water (Eriksson et al., 2002; Kdlefet & Nordberg,
2004; Carden et al., 2005).

At the Northern Outlet, SS and COD values exceeded the target water quaity range and, as
with the YWAM dte, may have been as a result of disposd of grey water higher in the
cachment and/ or depostion of materid as a result of eroson (DWAF, 1996a).
Interestingly, no evidence of faeca contamination was detected a the Northern Outlet
suggesting that grey waeter, with its potentiad faecd contamination, may not have been the
primary cause of the high COD and SS levels No explanation for this apparent
contradiction could be found. In generd, the level of detection of the tests was not able to
fully determine whether ammonium levds were bdow the required limit, but the
concentrations of this contaminant was lower than 0.05 mg/l a dl Stes.

According to the storm water quaity analyses, there was indirect evidence of pollution
from grey water and municipd wastewater to the storm water system, adthough the results
may not have represented a wordt-case scenario. Indeed, rainfdl data for a Sx-month
period obtained from the South African Weather Service (2005) showed that the storm
water quality assessment in June (Figure 2.5) fdl at the end of a high rainfal period (April)
and therefore it is possble that many of the potentid pollutants had been flushed from the
catchment and canad. However, the highly polluted nature of the water a the YWAM dte
indicated that this was a point where contaminants entered the storm water system
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regulaly and in sufficient quantities to incresse the levd of pollutants to above the
maximum dlowable levels specified by waer qudity guiddines. At this dte the water

commonly pooled until ranfal flushed the contaminated water towards the storm water
outlets and into the marine environment.
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Figure 2.5: Monthly rainfall for Jeffreys Bay for the period January 2005 to June 2005.

In order to determine whether the levels of faecd contaminaion obtained during the firg
sample were an accurate representation of the norma date of the storm water, the data was
compared to municipad data for sorm water qudity at the Northern Outlet (Figure 2.6).
According to the data E. coli counts in the sorm water exceeded those stipulated in the
standard on al occasions from November 2004 to June 2005 and therefore posed a threat
to the quality of water a Man Beach. The municipdity’s sorm water qudity data showed
that the day dfter the firg water quaity andyses (21 June 2005), the E. coli count at the
storm water outlet was 649 cfu/ 100ml. This gppeared to contradict the data obtained from
the previous day's andyses when no E. coli were detected at the same dte. However,
shortly after the fird sampling, 0.6mm of rainfdl was recorded (South African Westher
Service, 2005). This ran may have been sufficient to move faecdly contaminated storm



water from the YWAM monitoring dation to the Northern Outlet, which could judtify the
higher E. coli counts on 21 June.
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Figure 2.6: Storm water qudity (E. coli counts) a the Northern Outlet in comparison to
the South African water qudity guiddines for recregtiond use. The legd limit is 130 cfu/
100ml (DWAF, 1996h).

A second water quality analysis was conducted on 7" October 2005 (Table 2.6). The water
qudity findings of this andyses were dggnificantly worse than that of the previous
andyses. COD levels exceeded the target range a dl the stes. This could have been
because the water had been standing n the cand for a longer period than before, and the
high COD was the result of degradation of organic waste within the cand. The high
ammonium levels a the YWAM dte which could have contributed to eevated ammonium
levels a the Northern Outlet, was again attributed to the input of grey water into the storm

55



water at that point as grey water has been shown to contain cleaning compounds with high
concentrations of ammonia or anmonium sats (DWAF, 1996a).

Table 2.6: Jeffreys Bay storm water qudity data for 7 October 2005 compared with South
African water qudity guiddines (DWAF, 1996a; DWAF, 1996b). All vaues given in mg/l

unless otherwise specified.
Monitoring Stations
Water Quality | Northern YWAM | Wetland | Industrial | C-Place | South African Water
Constituent Outlet Area Quality
Guiddines
Suspended 1 2 2 1 23 <100
solids (DWAF, 1996a)
COoD 120 1260 135 185 2310 12.77
Variance: 80%-120%
(DWAF, 19964)
Phosphor ous 0.18 9.38 0 0 0 <5
(DWAF, 19964).
Ammonium 0.02 0.14 0 0 0 0.007
(DWAF, 1996a).
Nitrate 5.6 55.3 374 13.9 35.5 <05
(DWAF, 19964).
PH 7.18 721 8.05 1.77 82 6585
(DWAF, 1996b)
Faecal 60 000 1290000 | Ocfuml 660 000 50 000 0-150 cfu/ml
coliforms cfu/ml cfu/ml cfu/ml cfu/ml (DWAF, 1996b)

As was the case during the first sampling, nitrate levels exceeded that of the target water
qudity range a dl the monitoring gStes dthough a most sampling dations the
concentrations were 10 times higher than previoudy recorded. DWAF (1996a) date that
aurface runoff that is contaminated with faecal metter or fertilizers could be the cause of
high nitrate levels If faecd matter was responsble for high levels of nitrates a these Stes
then it would be expected that faecd coliform counts would adso be high a these gtes.
This was infact the case except & the wetland monitoring dation which was surprisng
gnce this dte showed the second highest of levd of nitrates and initid dSte surveys
revedled a great ded of open defecation in the aea At the indudrid dte the
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microbiologica levels were dso high which pointed to the overflow of sewers or use of the
cand itdf for ablutions The only explanation that could be given for the high microbid
counts at the C-Place dte, dnce the water originated from a densdy vegetated wetland
area, was that open defecation occurred next to the footpath at this monitoring Site.

The mean levd of potentid faeca contamination of Jeffreys Bay storm water (Northern
Outlet and YWAM) was compared to that of other stes with catchments that contained
developing communities (Table 2.7). It was reveded tha many sorm water and river
sysems in coadd regions of South Africa exhibited higher faecd contamination than the
Jeffreys Bay sysem. Neverthdess, the sorm water a Jeffreys Bay sysem was dill
conddered a hedth hazard and the sources of contamination needed further investigation
prior to the devdopment of a management plan.  Interestingly, the other highly
contaminated systems ether received trested sewage or flowed past large poor urban
settlements (Mackay, 1994; Berry, 2004). There was thus further indirect evidence to
support the findings of the current study that these settlements contributed to the poor
qudity of surface water in coada regions, even in the case of Jeffreys Bay where the
populetion isrdatively small.

Table 2.7: A comparison between water qudity assessments in the South African coasta
zone (adapted from Berry, 2004).

Sampling site Sampling station Mean E. coli/ 100ml
Jeffreys Bay Northern Outlet 1300
YWAM 18 000
Port Elizabeth Motherwdll Cand 390 000
Chatty River 320 000
Chatty River Mouth 97 000
Swartkops Estuary 230 000
Plettenberg Bay Gansvle Stream Downstream 1 2 200 000
Gansvlei Stream Downstream 2 7 969
Knysna Ouplaas River Downstream 2 286
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2.3.2.2 Marine water quality

Basad on the initid risk assessment process and the level of contamination of storm water
within the Jeffreys Bay catchment, it was expected that discharge of the storm water into
the marine environment would have had a detectable negative impact on the qudity of
near-shore waters at the economicaly important Main Beach. Furthermore, it was expected
that marine water qudity would be lowest immediady after ranfal events due to the “first
flush” phenomenon and the potentialy high volumes of siorm water.

Monthly rainfal and seawater qudity data (E. coli) for Jeffreys Bay are shown in Figure
2.7. A correlation andyses (KyPlot 2.0) was conducted in order to determine whether there
was a datidicaly ggnificant reationship between sorm water discharge (ranfdl) and
maine water qudity. The timing of ranfal events was compared with fluctuations in E.
coli, and no dgnificant interactions were found (P>0.05). Although there was no datiticad
correlation it was interesting thet the five highest E. coli counts did appear to coincide with
peeks in rainfdl. However as high E. coli counts were detected on days where rainfal was
not recorded (Figure 2.7), another source (other than storm water) was possbly responsible
for the contaminaion of the water off Main Beach. It has been found that surface runoff
plumes of 20mm precipitation can have a shore length of up to 10km's and that the
influence of ocean currents and wind play a mgor role in the digtribution of sorm water
plumes QOiGiacomo et al., 2004). Thus, pssble sources of pollution included the Seekoe
and Kromme Rivers gpproximately 2km and 10km south, respectively.

Water qudity data for the Kromme and Seekoel Rivers was obtained from the Department
of Water Affars and Forestry (Pumsa pers. comm., 2005), and showed faecd pollution
levdls a@ove that of the limits set in South African water qudity guiddines (DWAF,
1996b) only on 10 February 2004 (12 200 faecd coliform/ 100ml for the Kromme River
and 2000 faeca coliform/ 100ml for the Seekoel River) and 6 March 2004 (200 faeca
coliform/  100ml for the Kromme River). Agan, none of these high and <sporadic
contamination levels coincided with reduced marine water qudity a Jeffreys Bay Man
Beach. Dexpite the negdative corrdation, it was dill possble that sorm water had a
negetive impact on marine water quaity, but thet the timing of the fortnightly municipa
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Figure 2.7. Jffreys Bay seawaer qudity (E. coli) and ranfdl data for the period
November 2002 — June 2005.

sampling events missed peek E. coli levels. Indeed, marine E. coli data only existed for 10
of the 179 days on which rain fdl. An dterndive explanation for the negative correlation
was that despite the level of contamination of the sorm weater within the Jeffreys Bay
sysem, it was diluted sufficiently during rainfal events and through mixing with marine
waters that the actual impact on marine water quaity was negligible.

Based on the above, further detailed studies, with more frequent sampling, are required to
determine with certainty whether discharge of contaminated storm water had a dgnificant
negaive impact on marine waer qudity a the study dSte. This conddered, the redively
high-risk vaues assgned to the various land-based pollution sources with respect to their
possble impact on the marine environment may have been too high. Neverthdess until

such time as a more detailled study is conducted on the impact of contaminated storm water
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on the narine environment, it would be appropriate to adopt a precautionary approach. Part
of this gpproach would be to address priority waste management issues.

One of the problems with trying to limit or prevent contact between pollution sources and
receptors is that there are often more than one receptor for a pollutant, and the timing and
duration of contact may be influenced by naturd vectors such as wind and ran. For
example, grey water can collect in hollows and may be rdeased during rainfdl to the main
sorm water system (Wood et al., 2001). Rainwater can furthermore act as a vector for
secondary input of faecal matter to reach the storm water cand from open spaces
surrounding the cand (Wright et al., 1993). Solid waste not discarded of in the appropriate
way can dso spread within the catchment by means of wind and ran Maras & Armitage,
2004) eventudly reaching the sorm water sysem. While it would be possble to reduce
contact between the pollution sources and receptors with a subsequent reduction in risk, it
would be more agppropriate to tackle the issue of pollution at its source with effective
mitigation measures (DEAT, 2000).

The pollution management models described in the literature are predominantly focused on
enginering interventions, runoff cycles and catchment processes (Wright et al., 1993;
Morris & Therivel, 2001). Jooste et al. (2000) suggested, however, that a balance needs to
be found between the “hard sciences’ (i.e. toxicology) and the “soft sciences’ (i.e. socid
issues) within risk assessment modds in order to formulate appropriate and effective
management drategies. A good example of such a baanced pollution management mode
is tha of Maas and Armitage (2004) where planning controls, source controls and
dructurd controls ae combined to formulate an integrated catchment management
drategy for litter. It is suggested that the same route needs to be followed in Jeffreys Bay
in order to reduce pollution within the storm water catchment. This requires a more
detalled understanding of the factors that have resulted in the current poor date of
management of potentid sources of pollution in the Jeffreys Bay cachment, with
particular attention being paid to sanitation and solid waste management.
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2.4 CONCLUSIONS

Due to the potentidly complex interaction of abiotic, biologica, economic and socid
factors, the identification and prioritisation of those aspects within a sorm water catchment
that contribute to environmental pollution can be complex and time-consuming. By using a
risk assessment process, it was possble to screen a wide range of potentia sources of
contamingtion and identify those which were likdy to have had the most sgnificant
impacts, and therefore required further invedtigation prior to the deveopment of a
management plan. The key findings of this chapter may be summarized asfollows:

0 Within the Jeffreys Bay storm water catchment, solid waste disposd and sanitation
(grey water disposa and informd ablution) were considered to be key sources of
pollution;

o While the impact of poor solid waste management and sanitetion on human hedth
was not conddered reliant on the presence of rainfdl, ran may have faclitated the
movement of contaminants from land into the sorm water sysem and was
considered essentid for transport of pollutants to the marine environment;

0 The fird andyses of the qudity of the sorm water within the catchment complied
with the DWAF standards for recreationad use, dthough where grey water entered
the system, the storm water exhibited unacceptably high contamination in the form
of faeca matter and nutrients. A second analyses at a later stage showed a marked
deterioration of water within the system above acceptable levels. Storm water a the
point of discharge was aso unacceptable over an extended period;

0 Although sorm water was severdly contaminated, no evidence exiged for a
negative impact on marine water qudity. It was proposed that polluted storm water
might have resulted in periodic and short-lived reduction of marine water qudity
following rainfdl events

The sources of contamination identified in the current study ae not unique to coadtd
communities and are common in those aress characterized by informa housing and limited
municipd waste management infradructure. However, in coastd aress, the marine

environment is often the primary economic support of the community and therefore
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requires protection from land-based pollution. Sudanable pollution  management
drategies require an in depth understanding of the root causes of the pollution and the
subsequent  chapters will examine solid waste management and sanitetion within the
Jeffreys Bay storm water catchment.
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CHAPTER 3

ASSESSMENT OF SOLID WASTE MANAGEMENT WITHIN THE
STORM WATER CATCHMENT

3.1INTRODUCTION

The results of the risk assessment (RA) demondrated that the management of solid waste
was perceved as a dgnificant threat within the Jeffreys Bay dorm water catchment.
Internationad best practice and nationd policy favours prevention and minimization over
end-of-pipe dternatives, but in order for this to be achieved, it is necessary to understand
in more detail the magnitude and causes of the problem as well as the willingness of the
local population to address the issue.

The main sources of solid waste generation within urban storm waeater catchments have
been described a “...resdentid, commercid, inditutional, congdruction/ demoalition,
agricultural/ anima husbandry, indudtrid, and specid” (Buenrostro et al., 2001). Volumes
and compodtion of solid waste are highly variable, both spatidly and tempordly. Both
Mohee (2002) and Metin et al. (2003) stated that seasond variations were observed in the
generation and compostion of solid waste within thelr respective study aress. Reasons
given for such vaiations included the influx of tourigts into specific areas during certan
seasons, the burning of waste as fued during winter months and a potentia decrease in
gardening waste during the winter. Contrary to these findings Mbande (2003) reported no
seasond  variation of solid waste generation within a developing community of South

Africa

According to recent research, the generaion and dendty of solid waste is highly
dependable upon the socio-economic activity within an area, with factors such as the
income group, culture, population demographics and the pattern of consumption playing a
mgor role (Kaseva & Gupta, 1996; Ojeda-Benitez et al., 2003). Studies show that the
higher the income group the greater the volume and lower the dengty of the solid waste
produced (Kaseva & Mbuligwe, 2005). Contrary to the above, Metin et al. (2003) and
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Mbande (2003) dated that income levd or lifestyle do not play a mgor role in the
generation and dendgty of solid waste within a deveoping community. The difference in
wase compostion between developed and developing countries can be found in the
volume of the organic waste. People in the developed world tend to consume more
processed foodstuff, resulting in less organic waste and more inorganic waste (Mohee,
2002) dthough Mbande (2003) found no dggnificant difference in the compostion of
household waste of low and high-income groups in South Africa Based on the above there
does not appear to be a reliable reationship between the socio-economic datus of a
community and waste generation, and therefore each dtuation requires separate
invedtigation.

By obtaining a better understanding of the type and volumes of solid waste being produced
it might be possble to idetify opportunities for reduction, recycing and reuse
Information regarding the origind source of solid waste often provides a useful indicator
of the type and hazardous properties of the waste. Literature shows that household waste is
mostly comprised of organic matter followed by paper, plastic, glass and metals (Mbande,
2003; Ojeda-Benitez et al., 2003), al of which can be regarded as economicaly vauable
resources (Kaseva & Gupta, 1996).

With regards to solid waste disgposd, it IS necessay to determine whether existing
infradructure is sufficient and used optimdly, as well as the possble reasons for any
misuse. Various methods have been described for the removad and disposd of solid waste
within developing urban areas (Pdmer Deveopment Group, 1996; Mongkolnchaiarunya,
2003; Kaseva & Mbuligwe, 2005). However, despite having solid waste management
systems in place, problems have been experienced with the remova and disposad of solid
wade in developing communities, leaving large amounts of solid waste to pollute the
environment and sorm water catchment areas (Wright et al., 1993; Wood et al., 2001,
Dahiya, 2003). Different reasons have been attributed to these problems, and can be
categorised asingdtitutiond, physical or socid.

Inditutiond problems include inaufficient service ddivery by munidpdities which can
reult in the insufficient clearing of commund wade disposd areas with consequent solid
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waste pollution (Wood et al., 2001). Physicd reasons include factors such as waste
collection skips too far and too high for correct use by children and ederly people,
reulting in informad dumps (Pretorius & de Villiers, 2003). Pretorius and de Villiers
(2003) regarded peopl€e's attitudes and perceptions as a mgor stumbling block in sfficent
solid waste management. People believe tha it is the municipdity’s responghility to keep
the surrounding area cleean and once a polluted environment persds, locd communities
become more and more desengitised, which in turn amplifies the problem.

The magnitude of the solid waste management and associated condraints in the Jeffreys
Bay catchment were not known and needed to be determined before they could be
overcome. Furthermore the dudy of potentid incentives to dl role-players would help
ensure sudtainable solid waste management. Consequently the objective of this part of the
sudy was to assess the current gatus of solid waste management within the storm water

catchment. This was done by answering the following key questions:

0 Where were the main solid waste disposa areas within the catchment?

0 Were there any dgnificant spatid and tempord changes in the quantity of solid
wadte a key points within the catchment?

0 Wha were the main sources of solid waste pollution within catchment?

0 Werethere any Sgnsof reuse or recycling of the solid waste within the catchment?

0 What was the loca perception of the current status of solid waste management and
the potentid impacts on human and environmentd hedth within the sorm water
catchment?

32METHODOLOGY

A range of techniques exist by which to assess the quantity and digtribution of solid waste
within coadad aess. The bads of most of these methods amounts to physica counting,
weighing and identification of solid waste items within a specified area (Veander &
Mocogni, 1999; NSW EPA, 2003; Silvalfiguez & Fischer, 2003). However, none of the
documented methods were gppropriate for use within the Jeffreys Bay cachment due to
the fact that the largest pat of the caichment was within a high crime zone which was
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regarded as unsafe for prolonged sampling and research. Thus, the time-spent sampling in
these areas had to be minimized. Added to this was the large volume of waste produced
within the catchment which precluded remova for detailed separation a a safer location.
For these reasons, the development of a rapid semi-quantitative photographic method of
solid waste assessment was thought to be the most appropriate to rapidly determine if there
was any dgnificant spatid and tempord changes in the quantity of solid waste a key
points as well as the most likely sources of waste within the catchment.

While the photographic andyss of the solid waste provided information regarding the
quantity, qudity and sources of solid waste, it did not provide any information on the
underlying causes of poor solid waste management or the attitude of the community to the
problem. Based on the integrated environmental management (IEM) approach it was thus
necessaty to conduct a community survey to determine the factors that influenced the
digribution and fate of solid waste within the catchment, and the local perception of the
current satus of solid wase management and its potentid impacts on human and
environmentd hedth. This informaion was thought to be essentid for the development
and effective implementation of a waste management plan in the aea A ddaled
decription of methodology involved in the photographic assessment method and
community survey is provided below.

3.2.1 Photogr aphic solid waste assessment method

3.2.1.1 Sample Sites

Eleven solid waste monitoring gtations were chosen for the study, and their locations are
indicated in Figure 2.2. Stations 1 to 4 were chosen on the points of discharge of the storm
water cand and stations 5 to 11 were chosen as points close to expected sources of storm
water contamination. Below is a brief description of each sampling Station:

Station 1: North Beach. The beachesin front of the Northern Outlet, where

storm water is discharged after aranfdl event.

Station 22 South Beach. The beach in front of the southern storm water outlet, where storm
water is discharged after aperiod of heavy ran.
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Station 3: Northern Outlet. Storm water outlet that empties on Main beach that is used for
bathing and recreetion.

Sation 4: Southern Outlet. Storm water outlet opposite Pdlsrus, which only flows after
heavy ranfdl.

Station 5: Scrap Yard. The storm water cand next to a scrap metd yard in Pell Street. An
initid survey indicated that this dte was a regular dumping ground for solid waste from the
industrid area.

Station 6: Informal Dump. The community uses this area in Pdl Street as an informd
dumping Ste.

Station 7: Industrial Area. This Ste was Stuated adjacent to a section of the storm water
canal on St. Croix Street.

Station 8: YWAM. This ste included the section below the storm water headwall opposte
the Youth with a Misson (YWAM) base on Seekoa Street where informa dumping and
littering perssted and where grey water from the Extenson 25 informa seitlement entered
the storm water candl.

Station 9: Waste Skip. This area was Stuated at the waste skip in Tornyn Street, which was
mainly used by the residents of Extension 25.

Station 10: Wetland. This area included the wetland opposite Makukanje Primary School
and Chris Hani Road. This ste holds water year round and flows during periods of rainfal.
Station 11: C-Place. This area included a section of the storm water cand in C-Place, a

high-income residentia area.

3.2.1.2 Photographic survey: semi-quantitative assessment of solid waste

Digital photographs were taken once a week for a period of three months (16 November
2004 - 17 February 2005) at each of the above 11 sStes. Prior to the first photo “sampling”,
a quadrat was marked out a each Ste based on physica reference points to ensure that the
same area was monitored at each successve sample time (Figure 3.1). At the monitoring
dations on the beach physcd reference points were used to identify the location from
which D take the photos, but no reference points were possible to determine the Sze of the
quadrat. Therefore, al photographs were taken a the same angle and camera setting to
ensure that the Sze of the quadrats were conastent. While it would have been preferable
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Figure 3.1: Quadrats for the photographic surveys were based on features such as
vegetation dumps, outcrops etc. represented in these photographs by red dots.

to demarcate the quadrats with permanent stakes in the ground, these would have been
removed frequently and would thus have been unrdligble.

Photographs were taken using a Photosmart 320 digita camera a exactly the same location
and angle. The photographs were taken around midday to ensure the best possble light and
lessen the effect of shadows in the photographs. The quality of the pictures was 2.1 mega
pixels taken a norma meagnification. The disance from the theoretical quadrat was such
that the area of the quadrat approximeately filled the area of a Sandard photograph.

While approximately the same dSze quadra was photographed each time a each
monitoring dtetion, the square quadrats a the various sampling sites were not dl the same
Sze and depended on the extent of the area thought to be representative of each particular
sample point. For example, larger quadrats were required at the beach Sites compared with
the YWAM sample point. The Sze of the quadrats used in the study were: North Beach 3m
x 58m, South Beach 3m x 58m, Northern Outlet 3m x 30m, Southern Outlet 3m x 2m,
Scrgp Yad 3m x 5m, Informa Dump 3m x 14m, Indudtria Area 3m x 3m, YWAM 3m X
5m, Waste Skip 3m x 22m, Wetland 3m x 12m and C-Place 3m x 5m.
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More traditiona beach litter quantification methods (Veander & Mocogni, 1999; Tudor, et
al., 2002, Slve-lfiguez & Fischer, 2003) may have been more appropriate to use on the
beach, but due to cleaning of the area every morning by municipad workers, it was unlikely
that any litter would have been detected. Insteed, the survey of the solid wadte a the storm
water outlets probably provided a more accurate picture of the quantity of waste that was
likely to have washed onto the beach.

Photographs of quadrats were viewed using Microsoft Power Point 2000. A grid of 16
equaly szed squares was digitdly overlad on each photo in order to facilitate estimation
of the percentage cover of solid waste within the quadrat (Figure 3.2). The four corners of
the digital grid were placed over the corners of the theoreticd quadrat based on physica
features. The photographic data from each solid waste assessment dation was evauated
according to an estimate of the percentage of the surface area that was covered with solid
wadte. This value was then multiplied by an estimated waste depth factor. For example, if
the coverage of waste in a particular quadrat was 75% and the estimated depth was 20cm
(0.2m) then the solid waste coverage index would be 75 x 0.2 = 15. By determining the
wagte index for each of the sample points over a period of time, it was possble to assess
intra-Ste tempord varigtion and to a limited extent inter-Ste spatid variation over the
three-month study period. Due to the difference in the size of quadrats at the different Stes,
the method did not alow for a comparison of the absolute quantity of solid waste at the

various Sites. However, it did indicate relative differences in waste coverage.

3.2.1.3 Photographic survey: identification of sources of solid waste

In order to identify the sources of solid waste pollution within the catchment, a method
involving the use of indicator items was used. This method involved the association of
certain wagte items with specific waste sources and has been used by previous researchers
(Tudor et al., 2002; Slverlfiguez & Fischer, 2003). Agan, in order to alow for rapid
assessment, the study was based on the same photographs as used for the semi-quantitetive
sudy. All waste was divided into three broad source categories namey marine, domestic
and commercid/ indudrid. The chosen indicator item classes for each of these categories
aeligedin Table 3.1.
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Figure 3.2: A grid of 16 sguares was used to estimate the percentage cover of solid waste
in each quadrat.

Table 3.1: Indicator item classes (modified from Buenrostro et al., 2001; Tudor et al.,
2002 and Slva-Ifiguez & Fischer, 2003).

Marine Domestic Commercial / industrial
Fragmented plagtic Glass bottles Building rubble/ waste
Secondary use container Plagtic bottles Scrap metal
Synthetic sponges Madtic bags Processed wood
Fishing gear Food cartons Commercid pladtic
Shipping items Tincans Vehiclerepair waste
Marine organic materid Domestic organic materid Bulk organic materid

For the marine category, indicator classes as described by Tudor et al. (2002) and Siva-
Ifiguez and Fischer (2003) were used. The classes were defined broadly, for example
‘shipping gear’ included items such as buoys and fenders. There was, however, limited
literature describing specific indicator items from terrestrial sources (Buenrostro et al.,
2001) and therefore only broad categories were used (Table 3.1).
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Based on prdiminary invedtigations it was redized that organic waste & many of the dtes
were from two potentiad sources and that for the purpose of the current study, it was
necessary to separate these. Smal piles of organic materid or indudrid items were
conddered to have come from a domestic source while larger piles (>0.5m%) were
consdered to have been commercid in origin where sources could include garden services.
‘Domegtic organic materid’ would include kitchen waste as wdl as smdl piles of garden
refuge. *Vehicle repair waste' would include items such as oily rags or motor parts.

The photographs from each sation were anadysed by means of the dot-grid photographic
method. A variaion of the method has previoudy been used for ecologica quantification
surveys (Hill & Wilkinson, 2004; Macyk & Richens, 2004). Each photograph was overlaid
with a grid contaning 50 randomly placed points usng Microsoft Power Point 2000
(Figure 3.3). As it was impossble to determine the most likely origin (domestic, industrid,
commercia or marine) of every item of waste, the random ‘dot’ method was used to
randomly ‘sdect’ a sub-sample. Once the overlay with 50 randomly placed dots had been
placed over the theoretical quadrat in a photograph, al items touched by a dot were
categorized by source, based on the indicator items shown in Table 3.1. If two or more dots
‘landed’ on a single item, this item was only categorised once. Based on the data collected
by this method, it was possble to determine the most common source of the solid waste
(marine, domestic or commercid / indudrid) a the various dtes and identify what
proportion of the solid waste could potentidly be recycled.

As no previous use of such a photographic method for the assessment of solid waste could
be found in literature, it was conddered appropriate to vadidate the method. The vaidation
test only focused on the dot-grid method since the grid method was only used to provide a
rgpid semi-quantitative method for assessment of the redive change in the quantity of
wadste a the various Stes. The dot-grid method was tested by collecting approximately one
cubic meter of mixed solid waste (including garden waste and a few items to represent the
wagte from a marine source). Each item was then physicaly sorted by source based on the
indicator items (marine, indudtrid/ commercid, domedtic) and the number of items from

each source recorded.
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Figure 3.3: A grid conssting of randomly placed dots was used to determine the types and

sources of solid waste.

A 1m x 1m quadrat was then marked out and the solid waste tipped into the quadrat. One
photo was then taken from the same distance and angle used during the origind study. The
same garbage was then mixed up, twice more and put into a pile and two more photos were
taken. The photos were andysed by means of the dot-grid method based on indicator
items. The mean proportion of items from each of the three source catagories based on the
actua count was then compared to the estimated distributions based on the photographic
dot-grid method (Figure 3.4). A daidica analyss of the data reveded that there was no
ggnificant difference (Mann-Whitney U Test; P>0.05) between the two methods.

Dexpite the datigtica vdidity of the method some problems have been identified (Table
3.2) with the proposed photographic method. When compared to physica collection and
sorting techniques, it was dill consdered a vauable semi-quantitative tool when physica
collection was not possble. However, the method should be subjected to detaled
cdibration and validity tests as part of future studies.
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Figure 3.4. The rdiability of the dot-grid method was tested by comparing the percentage
of itemsin each category.

Table 3.2: Advantages and disadvantages of the photographic solid waste assessment
method.

Advantages Disadvantages
Sampling israpid Smadll items are unaccounted for
Sampling isvery smple Digant items were unidentifiable
Increased safety of researcher Can give fasdy lower numbers of litter
At timesinsufficient light resulted in unidentifigble
items
Unable to distinguish between hazardous and non
hazardous material
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3.2.2 Survey

3.2.2.1 Questionnaires and interviews

In order to determine the local perception of the current status of solid waste production,
digposal (reuse or recycling) and management, as well as its potentiad impacts on human
and environmenta hedth, it was decided to engage with interested and affected parties
(I&APs) by means of semi-structured interviews. It was expected that the data gathered
during these interviews would be essentid when developing an integrated drategy for
managing potentia land-based marine pollution at source.

The interviews involved the use of questionnaires incorporating a combination of closed-
and open-ended questions according to the method described by Cronje (2000). Such semi-
sructured interviews have been described as one of the best techniques to gan ingght
from a community (Fuggle & Rabie, 1992; Swanepod, 1993; DWAF, 20014). According
to DWAF (2001a) the advantages of using semi-sructured interviews include the gain of
vduable opinions and pespectives from 1&APs, which can rewult in  high-qudity
information. The disadvantages are high codt, that they ae time consuming and that
interviewees might fed intimidated which could result in biased information. For logidtica
reasons, it is often not possble to conduct interviews with the entire affected community,
and it was thus necessary to interview a sub-sample of the population. Cronje (2000) stated
that an avallable sample could be used insead of a datigticadly valid sample sze if specific
reasons were provided as to why a datigticaly-vaid sampling technique was not chosen.

For this study an available sample was chosen for the following reasons

0 The population from the avalable sample had a direct influence on the monitoring
dations, specificdly the Wade Skip, Informad Dump, Scrap Yard and YWAM
gtes,

0 From the photogrgphic assessment and prdiminary informal Ste assessment it was
concluded that the chosen residentid cluster was likely to have had a direct impact
on the storm water cand through illegd waste disposd practices and grey water
discharge;
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0 As the ressarcher dreedy had a good working reationship with the target
community, this area was conddered safer to work in rdative to other informa
settlements within the greater sorm water catchment, and

0 This community had dready been identified as a likedy locaion for the

implementation of a pilot project addressing the issue of waste managemen.

The avalable sample conssted of resdents living in Extenson 25 in the center of the
cachment between Tornyn and Pdl Stregts (Figure 2.2). Families in this area lived in a
mixture of low-cogt forma and informa housing that was characteristic of a lower income
group. The am was to interview an adult from each of 30 households, which represented
1.4% of the households of Ward 2 of the Kouga municipaity (Statistics SA, 2003), which
formed the largest pat of the sorm water caichment. The questionnare itsdf is provided

in Appendix A.

In order to obtain a more baanced perspective of atitudes towards waste management in
the Jeffreys Bay catchment, other 1&APs were dso identified and interviewed using
amilar dructured questionnaires. Interviewees included a key representative from the
Kouga Municipdity who was involved in solid waste management (Appendix B), and a
key representative from the Jeffreys Bay busness community (Appendix D). The
questionnaires did not only contain questions regarding solid waste, but dso covered other
issues such as sanitation and environmental management that were rdevant to this study.
Persond information regarding the respondent's household was gathered by means of
questions 1 to 7 (Appendix A) in order to asss with interpretation of the other data and the
devdopment of appropricte waste management drategies. Such demographic  data
(education levels, age, gender, income group etc.) has been linked to patterns in both
production and management of solid waste Kaseva & Gupta, 1996; Ojeda-Benitez et al.,
2003). Questions 8 to 11, 16 and 17 (Appendix A) as well as questions 1, 2, 6 to 8, 11 and
12 (Appendix B) were amed a examining the production and the disposd (signs of reuse
or recyding) of solid waste within the caichment. Questions 12 to 15 (Appendix A),
questions 4 to 6, 10, 13, 14 and 16 (Appendix B) and questions 1 and 2 (Appendix D) were
amed a asessng the I&APs dtitudes and concerns regarding solid waste management
within the catchmen.
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3.2.2.2 Ethica consderations and good practice

The means by which one conducts an interview and the use of the data obtaned has a
number of ethicad implications, which need to be addressed. Some ethicd congderations
deployed during the interview procedure were to mantan the anonymity of the
interviewees and assure them tha dl information would be trested as confidentia
(Swanepod, 1993). Furthermore, it was deemed important to inform the interviewees of
the purpose of the interview and study, in order to gain ther trust. Openended questions
were used a the beginning of the interview in order to put the interviewee & esse. A
conscious attempt was made not to doubt or argue with the interviewee (Swanepod, 1993).

3.3 RESULTSAND DISCUSSI ON

3.3.1 Current state of solid waste management

3.3.1.1 Quantification of solid waste

Figure 3.5 shows the mean waste coverage indices for each monitoring station over the 3
month sampling period. Andlyss of the data reveded that there was sgnificant difference
between the means for the different monitoring dations (Kruskd-Wallis, P<0.05). The
South Beach monitoring station showed the least (mean: 0.01 +0.02) solid waste pollution.
This dte only received sorm water during periods of high ranfdl and was regularly
cleaned by municipa workers. The C-Place monitoring Sation Stuated in the middle-class
housing development at the yoper end of the storm water catchment aso showed very little
solid waste in open areas (mean: 0.02 £0.02). This sample dte was dong a footpath that
was regularly used by individuds waking towards the township and it was suspected that
the litter at this Ste was primarily deposited by those who made use of this footpath.

The mean waste index for North Beach monitoring sation (mean: 0.05 +0.07) was
margindly higher than that for South Beach, possbly due to the higher number of beach
users and greater volume of sorm water. The mean waste index for the two outlet stations
were dso low with the vaue for the Northern Outlet (mean: 0.21 +0.24) being dightly
lower than that of the Southern Outlet (mean: 0.27 +0.2). This result was surprisng since,
according to a spokes person for the municipdity, the Northern Outlet recelved more storm
water and therefore potentialy more solid waste than the Southern Outlet. This result could

76



40
35
30
25
20
15
10

5
0 — 5| = == W ’_T_I

PSP LS T
S T LS

Monitoring station

Mean solid waste
coverage index

Figure 3.5: Spatid variability of solid waste & 11 monitoring dations within the Jeffreys
Bay storm water catchment from 16 November 2004 to 17 February 2005 (vertica bars
indicate standard deviations).

however have been due to daily clean up of North Beach and the associated outlet by the
‘Blue Hag beach cleanup team’, whereas cleenup of the Southern Outlet by municipd
workers was less frequent. This result showed that clean-up teams were effective regarding
the reduction of solid waste and should be consdered as pat of the larger wadte
management Strategy for the catchment.

Despite the gpparent postive impact of the cleanup teams, litter deposition on beaches was
dill evident after rainfdl events (Figure 3.6). It is proposed that while some of the litter
was trangported and subsequently deposited directly onto the beach by storm water flows, a
ggnificant proportion was probably first deposted into the near-shore marine environment,
thus the period from initid relesse from the sorm water system until find depostion on
the beach may be extended, hampering cleanup operations. Figure 3.6 illugtrates the
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Figure 3.6: Solid waste discharged on Main Beach after rainfall.

accumulation of solid waste on a dretch of beach directly down stream of the Northern
Outlet after a large rangorm event. As this dretch of beach is the man section of the
Jeffreys Bay Blue Hag beach, it is evident that inadequate solid waste management within
the storm water catchment could pose a threet to the Blue Flag Status of the beach.

Surprisngly, the quantity of waste at the Industrial Area (mean: 041 +0.72) and the
YWAM sdte (mean: 0.81 +1) were dso reatively low. The later was Stuated directly in
the storm water cand and it was expected that the solid waste pollution would be high due
to the observation of regular littering and illega dumping. This was not the case and could
be due to regular clean up by the ‘Coast care cleatup team’ and remova of solid waste
during the flow of storm water. The quantity of solid waste a& the four remaning sample
stes were reatively high. The mean waste index vaues were 1.89 (£1.55) for the Scrap
Yard site, 4.03 (£3.47) for the Waste Skip, 4.19 (+1.88) for the wetland and 30.02 (+12.82)
for the Informa Dump. During the monitoring it was observed tha the inputs a these
monitoring dations were due to illegd dumping of solid waste and littering (Figure 3.7).
This finding was condgtent with literature where it has been pointed out tha illega
dumping of solid waste and littering in and around storm water cana's has proven to be a
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Figure 3.7: Illegd solid waste dumping and littering within the sorm water catchment.

ggnificant problem in South African developing communities (Wright et al., 1993; Wood
et al.,, 2001; Pretorius & de Villiers, 2003). Figure 3.8 and 3.9 illudrate the tempord
vaiation a the different solid waste monitoring stations. From Figure 3.8 it is evident that
solid wagte a the Informa Dump exhibited a sgnificant increase over the Chrigmas and
New Year holiday season (22/12/04-17/02/05) and while this trend was evident to a lesser
degree a the Wade Skip, the quantity of solid waste at the other dtes remained
consgently low. During the holiday season it is expected that people consume more and
that a more cardess attitude by the public and the municipd workers responsble for
cdeanliness and waste management prevails. Both could have contributed to the increased
levels of waste deposited illegdly in certain of the commund aress.

This finding was incondgtent with that of Mbande (2003), who found that there was no
seasond increese in the production of solid waste within a South African developing
community. Although the quantity of solid waste a& the two beach and two outlet
monitoring dations was relativey low, gquantities did vary with time (Figure 3.9), with
pesks around the 9" and 30 of December 2004 and the 27" January 2005. As was
expected, the quantity of waste a the outlets was dmost dways lower than on the
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corresponding beaches. A Spearman Rank Corrdation Coefficient confirmed that there
was not a datidicdly dgnificant corrdaion between the quantity of waste a ether the
Southern (rs. 0.29; P>0.05) or Northern (rs. 0.12; P>0.05) storm water outlets and the
corresponding beaches. However, the pesk in the quantity of solid waste at both the North
Beach and Northern Outlet on the 27% of January 2005 suggested that there was at least
some evidence that the solid waste found on the beach was deposited by storm water and
that it may have originated within the slorm water catchment system.

In order to further investigate the posshbility that rainfal was responsble for the
transportation of solid waste from  the catchment to the beach, rainfdl data (South African
Wesgther Service, 2005) and solid waste coverage index deta from a monitoring Station
within the caichment, YWAM, and on the beach, namey the North Beach monitoring
gation, were compared (Figure 3.10). It was expected that solid waste within the storm
water cand would have decreased and that solid waste coverage on the beach would have
increased after a ranfdl event. A Spearman Rank Corrdation Coefficient did not however
show any significant association between rainfal and the solid waste coverage index a the
YWAM monitoring gtation (rs. 0.5; P>0.05) or the beach (rs. -0.87; P>0.05).

This result was most likedy due to a combination of the rdatively low waste coverage
index vaues for both Stes and the low resolution of the sampling technique. It was
expected that if a more reliable quantitative waste quantification methodology such as tota
mass or volume of waste had been employed, that significant corrdations between rainfal
events and the quantity of solid waste in the sorm water cand or on the beach may have
been found. Interestingly, based on the pesks in rainfal and the solid waste coverage index
for YWAM around the 22/12/04 and the 31/12/04 (Figure 3.10), there did seem to be some
relationship between rainfal and the transportation of solid waste within the catchment.
The fate of the waste requires further study, specificaly to determine what proportion finds

itsway into the marine environment.

81



120

N

- 100

w
(&)
——fl]
=P
I

Rainfall (mm)

Solid waste coverage index
= N
= O N O W

0.5
]
F I FF PP & O OEOOOO GO
R N XA
Sample Date

—=— YWAM —e— North beach — =+ — Rainfdl

Figure 3.10: A tempord comparison of rainfdl and solid waste coverage index data for
Jeffreys Bay storm water catchment.

3.3.1.2 Sources of solid waste

Using the photographic method, a total number of 919 items were categorised over the
three-month period. Theoreticdly, the maximum number of items tha could have been
identified was 6600, but due to more than one dot faling on a large tem and open spaces
without solid waste coverage, this actud number was gpproximatdy 14% of the theoretica
maximum. The highest proportion of solid waste digposed of informadly or illegdly was of
domestic origin (Table 3.3 and Figure 3.11). Industry accounted for 24% of the solid waste
digposed of illegdly/ informaly and only one item was identified on the beach that could
have come from marine activity. This result was as expected, and confirmed that dmogt dl
solid waste on the beach was terrestrial in origin and that waste management efforts needed
to concentrate on land rather than behaviour a sea It is worth nothing that due to the
method employed, the data could not be used to estimate the volume or mass of solid waste
from each source but nevertheess provided usefull management data.
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Table 3.3: The origin of illegdly or informdly disposed of solid wagte within the Jeffreys
Bay study area.

Source Number of items % Sample
Maine 1 0.1
Domedtic 701 76.3
Indugtrid/ Commercid 217 23.7
Total 919 100

100% -
il B 11

Percentage solid waste
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Figure 3.11: Sources of solid waste a various monitoring stations within the Jeffreys Bay
storm water catchment from November 2004 to February 2005.

At dl the stes, except for the Northern and Southern Outlets, more than 3% of the items
‘sorted” were classfied as having originated from domestic sources (Figure 3.11). The
highest percentage of domestic waste was found a the Informa Dump (92%) and the
South Beach (80%) sampling dte. Surprisngly, the number of items from indudrid

sources was highest at the storm water outlets, which was due to a large amount of
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building rubble (pieces of brick and cement) found a these dtes after a period of high
rainfall. This rubble appeared on the 9" of December 2004 and remained a the sites for the
res of the monitoring period. As very little rubble was found a other stes within the storm
water catchment, it was not clear whether this materid was deposited by storm water or

whether it was Smply exposed when storm water cleared away the sand layer covering it.

Other aress that showed ggnificant input from industrid/ commercia sources were the
Scrapyard (36.8%) and the Industrial Area (32.8%). Items such as pladgtic cable covers,
wood off-cuts and building rubble pointed towards industriad/ commercid sources of
pollution. Within the rest of the catchment the presence of solid waste items such as plagtic
contaners and food wadte, confirmed that the locad community contributed sgnificantly to
solid waste pollution within the catchment. It has been edtimated that informa settlements
can contribute up to 6000 kg/halyr of litter to the proximity of drainage cands Marais et
al., 2004). Based on the results above, the main source of solid waste pollution in Jeffreys
Bay was conddered to have been the locd resdentid community of Pdlsrus and Tokyo
Sexwde and potentid management interventions should focus on the prevention of solid

wadgte pollution from these aress.

When conddering solid waste management, issues such as potentid reuse and recycling
are important. For this reason, further examinaion of the 919 items identified during the
solid waste source classfication exercise was required in order to assess the recycling
potentia. The andyss reveded that approximately 36% of the items were consdered to be
made from recyclable materid. According to a breskdown of those items consdered
recyclable (Figure 3.12), the predominant recyclable materid was plastic, which was
incondgent with literature which showed organic materid to be the most prevaent
(Mohee, 2002; Metin et al., 2003; Mbande, 2004). This was due to the fact that studies in
literature were focused on weight and not number of items, which pointed towards a
weekness in the methodology employed in the current study, since piles of organic waste
(i.e. pile of grass cuttings) were counted as one item. Thus, the totd mass of organic
materid available for recycling in the Jeffreys Bay storm water catchment may have been
higher than expected based on count data.
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Figure 3.12: The dasdfication of that proportion of the illegdly dumped solid waste in the
Jeffreys Bay catchment that was consdered to have recycling potential.

This result was mogt likdy due to a combination of the relativdly low waste coverage
index vaues for both dtes and the low resolution of the sampling technique. It was
expected that if a more rdiadble quantitative waste quantification methodology such as totd
mass or volume of waste had been employed, that Sgnificant corrdations between ranfal
events and the quantity of solid waste in the ssorm water cand or on the beach may have
been found. Interestingly, based on the pesks in rainfal and the solid waste coverage index
for YWAM around the 22/12/04 and the 31/12/04 (Figure 3.10), there did seem to be some
relationship between rainfal and the transportation of solid waste within the catchment.
The fate of the waste requires further study, specifically to determine what proportion finds

itsway into the marine environment.

Thus, once potentid for recycling had been identified usng the photographic method,
more detalled follow-up andyss would then be required in order to assess the actud
quantity (mass) of recyclable materid in the various classes prior to the commencement of
any formd recyding initiaives The semi-quantitative nature of the photographic dot-grid
method may explain why the esimated percentage of solid wadte available for recycling in
the Jeffreys Bay caichment was so much lower than the 61% estimated by other studies
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(Ojeda-Benitez, 2003). Nevertheless this sudy indicated that locd communities were
discarding wagte that could have been recycled, athough some individuas may have been

dready involved in some form of reuse or recyding initiatives.

3.3.2 Community per ception of solid waste management

Of the individuds that were interviewed, 70% were femade between the ages of 16 and 55,
and 30% mae between the ages of 17 and 34. As the survey was undertaken during
working hours, mogt of the men were at work. Those men that were not at work were
Sudents, casual workers, shift workers or unemployed. The sample population that was
interviewed was representative of 101 household members. Of these members 14.9% were
younger than five years of age, 13.9% were between the age of 6 and 15, 50.5% were
between 15 and 35 and 20.8% between 35 and 60 (Figure 3.13). The community therefore
consged of mogly families with young children and young adults Mogt of the
interviewees (66.7% of sample) had obtained secondary leve education while only one
person did not atend any schooling (Figure 3.14). None of the sample population had
receved any tetiay education. All of the interviewees worked in the non-professond
sector that ranged from domestic work to security with only three people claming to be
unemployed. The most common occurring household income (33.3%) was less than R2400
per month (Figure 3.15). Of the individuds that were interviewed, 86% lived in informd
homes made from nonrecognized bulding materid for example corrugated iron and
cardboard, with the remainder living in formaly constructed homes.

Information from the survey showed that on average it was edtimated that households
produced two (+1.23) standard black municipd plastic bags of solid waste per week with
the highest estimate being five bags per week. Paper/ cardboard was regarded as the most
commonly disposed of waste type followed by, in order of edtimated volume, plastic/
rubber, organic matter, metal, glass, wood, garden waste and other items. Once again, these
findings contradict those of Mbande (2003) who reported finding of organics followed by
paper, plagtic, glass, metd and other items. This could be explaned by ether a lack of
accurate knowledge on the part of the interviewees regarding the quantities of the various
waste types being disposed of or a genuine difference in the compogtion of the solid

86



waste dreams a the two Stes. As waste composition is known to be affected by age
profile of communities, socid and
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Figure 3.13: Age digtribution within the households of the sample population (n=30).
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Figure 3.14: Respondents' leve of education (n = 30).
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Figure 3.15: Annud household income of the sample population (n = 30).

economic factors (Kaseva & Gupta, 1996; Ojeda-Benitez et al., 2003) as well as the
seasons (Mohee, 2002; Metin et al., 2003), it is possble that the latter explanation isvalid.

33% of the interviewees remarked that they reused or recycled certain items, specificdly
glass bottles, plastic bottles and plastic bags. Tin, plywood and cardboard were aso reused
a building materid for informa homes. Within Jeffreys Bay, formd recyding of solid
waste from domestic sources only focused on glass bottles and scrgp metal. None of the
interviewees had a composting facility a their house even though it has been shown that
up to 60% of the materid within the municipd solid waste stream could be reduced if
household composting was to teke place (Mohee, 2002). The Kouga municipdity
representative stated that composting was potentialy a viable option for municipad solid
wadte reduction, but indicated that recycling had not proven to be economicdly viable in
Jeffreys Bay dnce the distance for trangporting recyclables from Jeffreys Bay to recycling

factorieswas too large.

Every household within the catchment had the option of curbsde solid waste collection
provided by the municipality (black plastic bags were not provided for refuse remova) at
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identified centra points, once a week. Those living in the informa community who did not
choose to make use of the curbside collection had the option of usng the waste skip for
their solid waste digposd. Those nearer to the waste skip were disposing of their waste a
the sip while people further away from the skip made use of the weekly curbside
municipd wadste collection sarvice Maais and Armitege (2004) stated that the distance
people have to wak and the height of the waste skip contributed to the efficency of this
method. People who have to walk far to dispose of their solid waste or children who cannot
reach to dispose of ther waste indde a skip tend to dump their waste informally. It was
estimated that resdents of Pellsrus and Tokyo Sexwae township had to wak up to 200m
to the nearest solid waste disposd point (curbsde and/ or waste skip) which could have
been a reason why so much informa dumping of solid waste was found within the Jeffreys
Bay catchment. In Extenson 25 residents had to walk up to 100m to the nearest waste skip,
however no interviewees in Extensgon 25 admitted to discarding of waste next to an empty
skip and rather blamed people from other areas who were not supposed to be using the
locd waste skip. Those picking though the trash, were observed to be mainly children who,
based on informd interviews, were looking for items to play with as opposed to
scavenging for economic gain. Only one person admitted to regular dumping of solid waste
on an informa dump.

The survey reveded that 60% of the interviewees were unhappy with the way solid waste
was managed, with 77% of those usng the waste skip method expressng dissatisfaction
(Figure 3.16). Problems with the current date of solid waste management included
physcd nuisance (bad smdl, flies & rats), the wind blowing the litter around, dead
animds, the waste skip filling up quickly, people digging through the trash and throwing
trash out of the skip and the effect on their children's hedth. Few interviewees (3%)
expressed concern for the impact on ‘nature. This was conggent with the findings of
Rahardyan et al. (2004) that people have not much concern about the effect of solid waste
management fadilities on the naturd environment. This informaion would be vauable
when putting together educationd and anti-litter campaigns, which should include issues
such as impacts on public hedth and ecosystem goods and services. More importantly, an
underganding of the affected community’s primary concerns can be used to formulate and

develop incentives for improved waste management.
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Figure 3.16: Community attitude regarding solid waste digposal in the Jeffreys Bay storm
water catchment (n=30).

The Kouga Municipdity’'s representative dated that the inadequate solid waste
management in the catchment was not due to a deficient solid waste management system.
His concerns were focused on insufficient technicd equipment and doaff. Kaseva and
Mbuligwe (2005) sated that the condition and the availability of solid waste removd
equipment had a direct link to problematic solid waste management. The municipa
representative aso mentioned that deficient socid cooperation lead to a near impossble
task in keeping the catchment pollution free. In a sense this expectation was rot redidic if
the inditutiond arrangements around solid waste remova were not ided. For example, the
rdatively far disance from some homes to formd digposd points, whether skips or curb-
gde collection points, would not facilitate correct disposd by children and the ederly.
Subject to budget dlowances, it would be beneficid to increase the number of available
skips athough the location of these skips would need to be carefully considered to ensure
maximum use. Furthermore, the municipa representative's solutions were al short term
and congdered ‘end-of-pipe. Ingead, solutions should include ways of minimizing waste
production or incressng opportunities for recycling and reuse as precribed by the
Nationd Waste Management Strategy (DEAT, 1999) and the White Paper on Integrated
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Pollution & Waste Management (DEAT, 2000). This would not only reduce pressure on
exigting skips but could generate income.

Even with sufficent skips, abuse of the forma waste management system through illegd
dumping may d4ill be problematic, and effective incentives and “policing” would be
required. The Kouga Municipdity’s representative dated that the locd government’s law
enforcement divison was respongble for the issuing of fines for those who were dumping
illegdly, dthough no fines had been issued for illegd dumping of solid waste. Marais et
al. (2004) dated that the levd of exercigng legidation with regard to illegd dumping and
littering is one of the mgor contributing factors for the state of pollution in sorm water
cachments and therefore issuing of fines for illegd dumping in Jeffreys Bay could
potentialy improve loca solid waste management.

Other suggedtions offered by the Kouga Municipdity were to increese involvement of
loca councillors who could encourage loca communities to aide by the wagte
management legidations, as well as to increase the number of waste skips and the digging
of trenches in which to place waste skips. The latter solution would hopefully overcome
the issue of kips being too high for convenient depostion of waste. Interestingly, none of
the interviewees indicated that skip height was a problem which could be due to the fact
that the waste kip nearest to those that were interviewed had a embankment which
increased accesshility, dthough this was not the case at dl the waste skips in Jeffreys Bay.
Privatisation of the solid waste management service was dso suggested and was
consdered the only option for effective solid waste management due to the current
shortage of equipment and daff. This suggestion was in line with literature where it has
been proven that privatisation is a more viable option than municipa solid waste remova
(Pamer Development Group, 1996; Earthyear, 2001, Wood et al., 2001; Kaseva &
Mbuligwe, 2005).

The Municipdity was of the opinion that locd indudtria operations did not pose a problem
with respect to solid waste management.  The only hazardous wastes that the representative
was aware of within Jeffrey Bay's commercid and industry sector were vehicle batteries,
motor oil and computer parts which, according to him, did not reach the municipa solid
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waste dream but were being recycled. Buenrostro et al. (2001) stated however that
hazardous wagte from light industry in developing countries did reach the municipd solid
wade stream illegdly and dtated that this practice was impossible to prevent. Results from
the current study dso showed that industry and commerce did contribute towards solid
wade pollution dthough the quantity of waste, specificdly building rubble, was not
congdered ggnificant. The locd community and the Kouga Municipdity’s concerns were
echoed by other 1&APs. A representative for the Jeffreys Bay business community stated
that the Jeffreys Bay budness sector was not satisfied with the dae of solid waste
management within the town and that they had brought this issue before council as it was
thought to threaten local economic development.

3.4. CONCLUSIONS

In generd, s0lid waste management within the Jeffreys Bay storm water caichment was
poor, with dgnificant quantities of solid wade, primarily from domestic households, being
disposed of illegdly. The Informa Dump and the area around the waste kip, as wdl as the
wetland, showed particularly high quantities of solid waste. The quantity of waste a many
of the dStes, based on a waste coverage index, varied with time, probably as a result of a
combination of periodic remova by collection services and flushing during rainfal events.
The data to support the hypothess that solid waste from the storm water catchment was
transported to the marine environment was, however, inconclusve and required further
detalled investigation.

A dgnificant proportion of the 1&APs expressed disstidfaction with the date of waste
management and the invedtigation reveded that a combinaion of inditutiond, technicd
and socia aspects were considered to have contributed to the dilapidated State of the
catchment in terms of solid wagte pollution While a lack of municipal resources and a
disregard for pollutionrelated legidation were both thought to contribute to the Stuetion,
there was no evidence that lega avenues had been employed to improve waste
management. It was thus suggested that incentive-based initiatives should be explored.
Based on the concerns of the community, these could potentidly include a reduction of

nuisance and hedth risks. While solid waste was of sgnificant concern, waste Streams
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rdated to sanitation were aso identified as potentidly threatening during the initid RA
and therefore dso required more detailed investigation prior to the development of an
integrated waste management drategy.
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CHAPTER 4

ASSESSMENT OF SEWAGE AND GREY WATER DISPOSAL
WITHIN THE STORM WATER CATCHMENT

4.1 INTRODUCTION

A badsic sanitaion sarvice is defined within the Strategic Framework for Water Services
(DWAF, 2003) as the “...provison of a basc sawege digposa facility which is eadly
accessble to a household, the sustainable operation of the facdility, including the sdfe
remova of human waste and wastewater from the premises where this is appropriate and
necessary, and the communication of good sewage disposd, hygiene and rdated
practices” The risk assessment (RA) described in Chapter 2 indicated that sanitation,
specificdly sewage and grey water disposd, were potentiad sources of storm  water
contamination within the Jeffreys Bay storm water catchment, and therefore required more
detaled invegtigation.

The World Hedth Organization (WHO) estimated that 60% of the world's population does
not have access to appropriate sanitation (WHO, 2000 cited in Kdlerfdt & Nordberg,
2004). The problem of lack of ablution facilities is of particular concern in growing urban
aeas within developing countries (Austin & van Vuuren, 2001) and is recognized as a
maor cause of degradation of the environment and, in particular, receving waters. It is
edimated that on average humans produce “...5001 of urine and 501 of faeces per year”
(Audin & van Vuuren, 2001). Faeca maiter may contain various bacteria, viruses, heavy
metals and nutrients (Idam & Tanaka, 2004) while urine, on the other hand, is rich in
edements such as nutrients, ammonia, phosphates and potassum (Augin & van Vuuren,
2001). As the world's population grows the safe disposal of human waste will become a
growing problem that needs to be addressed if sgnificant environmentd degradation is to
be avoided.
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Closdy related to sewage disposal and also problematic in developing communities is grey
water, which is defined by Ottoson and Stenstrom (2003) as “...wastewater without input
from toilets (i.e. wastewater from laundries, showers, bathtubs, hand basins and kitchen
anks)”. Wadtewater from toilets is generdly refered to as black water (Kdlefdt &
Nordberg, 2004). The volume of grey water produced differs greetly between developed
and developing communities. In Sweden various sudies found the production of grey
water to be between 108| and 133| per person per day (Kalerfdt & Nordberg, 2004), while
Carden et al. (2005) estimated that in South African informa settlements, the water use per
person is 24| per day of which approximately 75% to 80% is released as grey water.

The qudity of grey water dso differs between developed and developing countries.
Kdlefdt & Nordberg (2004) remarked that the most sgnificant difference was in high
chemicd oxygen demand (COD) leves from developing community’s grey water, pointing
towards surplus discharge of oxygen demanding substances such as fat. They dso
remarked tha the high microbiologicd count in the grey waer from deveoping
communities could be due to the washing of baby's ngppies and the preparation of
traditiond African food such as ‘afvd’, which makes use of digestive organs of animds.
Carden et al. (2005) doaed that the use of inexpensve cleanang chemicds in
underprivileged communities might aso have contributed to the poor quality of grey water.

Sanitation in South Africa can comprise of anything from full waterborne sewage disposa
to ventilated improved pit latrines (VIP) Augin & van Vuuren, 2001). Where water-borne
facllities exid, the grey water is modly discarded into the man sewer dream. In non
sewered informd settlements the grey water is mostly thrown on the ground resulting in a
potentid pollution threet (Carden et al., 2005). Carden et al. (2005) have also cdled for
Government to include grey waer when addressing the environmenta needs of poor
communities. A report produced by the Water Research Commission of South Africa
(WRC), Depatment of Water Affairs and Forestry (DWAF), Depatment of Agriculture,
as well as the Department of Hedth and Sludge Consult (2002), described the acceptable
guidelines for the use and dsposad of sewage dudge. However, for the disposa and use of
grey water there are no detalled guiddines or dedicated legidation even though the White
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Paper on basic household sewage disposd (DWAF, 2001b) stated that communities need
to have access to a system for the safe disposa of grey water.

Census data (Statistics SA, 2003) indicated that 98% of the population in the study
population had access to sanitation, but this figure did not represent the sufficiency of
sanitation services. The true datus of sanitation provison within the Jeffreys Bay storm
water catchment was not known and as it was identified as a potentialy significant threat
during the RA, a more detailed investigation was required.  The objective of this part of
the study was therefore to assess the current status of sewage and grey water management

in the sorm water catchment by answering the following questions:

0 How much grey water was produced in the non-sewered area of the catchment and
what was the fate of this grey water?

0 Wha was the daus of sewage disposd in terms of avalability and functiondity of
infragtructure in the catchment?

0 Wha was the extent and primay causes of informa sewage ablution in the
cachment?

0 Did the datus of grey water and sewage disposa pose a threat to human and
environmenta hedth?

42 METHODOLOGY

4.2.1 Survey

The semi-gtructured interview method and sample population described in the previous
chapter was used to assess the current Status of grey water management and sewage
disposd within the Jeffreys Bay storm water catchment. The questionnaires to the residents
and municipdity are provided in Appendices A and C, respectively. Questions 19, 20 and
21 of the community questionnaire (Appendix A) were amed a examining the production
and the disposa of grey water within the catchment. In order to obtain an estimate of the
amount of grey water being produced in the catchment, the sample population were asked
to estimate their dally household production based on the number of buckets of water used

in agngle day (Carden et al., 2005). Evidence of re-use of grey water was dso a focus of
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the dudy. The avalability and functiondity of sewage disposa infrastructure was
determined by questions 25 and 26 of the community questionnaire (Appendix A), and
questions 310 12, and 14 of the municipa questionnaire (Appendix C).

Ingght into the extent and the primary causes of informa ablution was obtained through
quesion 27 of the community questionnaire (Appendix A) and quesion 13 of the
municipal questionnaire (Appendix C). Questions 1, 2 and 17 of the latter were aimed at
determining whether or not the current status of grey water and sewage disposd within the
caichment was perceved to pose a threat to human and environmenta hedth. Data
obtained during the survey was andysed and compared with that of literature to gain a
fundamenta understanding of the dtate of sawage disposd in the Jeffreys Bay storm water
caichment, which was necessary for the formulation of an effective integrated pollution
management drategy.

4.2.2 Grey water monitoring

A dngle sorm waer outlet in the catchment was monitored to provide additiona
information regarding input of grey water to the sorm waer system. This sorm water
outlet was consdered to be the main link between the dreet where people from Extenson
25, an informa housng area, were regularly observed discarding grey water, and the main
dorm water cand. The quantity of grey water entering the sorm water cand is evident
from Figure 4.1. The storm water outlet was monitored over a three-month period to
determine the regularity with which grey water entered the storm water cand. The outlet
was Stuated a the YWAM monitoring sation (indicated as number 8 on Figure 2.2) and
monitoring took place once a week at midday between 4 October 2004 and 12 February
2005. A ‘yes was recorded if discharge was visble and a ‘no’ if there was no vishle

discharge.
4.3 RESULTSAND DISCUSSION
4.3.1 Grey water disposal

The survey reveded tha the mean water use within the sample population was 271 (£23)
per person per day, which was only dightly more than the 241 per person per day reported
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Figure 4.1: A section of the storm water cand at the YWAM monitoring Site (indicated as
number 8 on Figure 2.2) where grey waer drains from a dreet next to an informa
settlement into the storm water cand.

by Carden et al. (2005) but a greet deal lower than in a developed country such as Sweden
(2001 per person per day) Kdlerfet & Nordberg, 2004). Of the 27| of water used per
person per day, based on the values provided by Carden et al. (2005), it was estimated that
the mean production of grey water within the catchment was 211 per person per day
(Figure 4.2), or a totd of 95m® of grey water per day for those who live within the non
sewered areas of the catichment. This figure was based on 1134 households (Statistics SA,
2003) with an average of 4 people per household (x2.3). The mgority of resdents (57%)
disposed of their grey water directly into the environment, ether in open spaces (26%)
(backyards, parks, side walks etc.) or on the road (31%) (Figure 4.3). Therefore, the
edimated amount of grey waer that was discarded directly into the environment and
potentidly reached the dorm waer sysem in the Jeffreys Bay catchment and,
subsequently, the marine environment was estimated as 54 per day.
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Figure 4.2: Edtimated volumes of grey water produced per person (n = 29).
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Figure 4.3: Disposd routes for grey waer from the sample population within the nont
sewered areas of the study area (n=30).

The average nutrient (Totd Kjeldahl Nitrogen, phosphate and ammonia) load of grey water
from developing communities was reported to be 78.7mg/l by Carden et al. (2005).
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Therefore, according to the edimated volume of grey water discarded into the open
environment of the catchment (54.3m% day), it was predicted that 4.27kg of nutrients could
potentidly enter the locd environment per day. Wood et al. (2001) however stated that
where grey waer was manly discaded into the open environment, it would ether
infiltrate the ground or flow into surface water bodies. In surface water bodies some of the
nutrients could be taken up by natural processes such as dgd blooms (Finkl & Krupa,
2003; Dorfman, 2004), and therefore not dl of the estimated 4.27kg of nutrients that
entered the open environment would necessary reach the maine environment.
Nonetheless, this was conddered as an indication of the pollution potentid of grey water to
the near shore marine environment. Another popular (32%) route for the disposal of grey
water was via the communa waterborne toilets (Figure 4.3). Since the grey water was
being diverted to the sewer, this could be considered an safer option with respect to human
and environmenta hedth compared to discarding of grey water into open aress or the road
where it poses a potentid public hedth and storm water contamination risk.

Eriksson et al. (2002) however warned that pathogens contained in grey water could
become airborne and pose a hedth risk if grey water is used during the flushing of toilets.
Typicd pahogens found in grey water include Salmonella and Campylobacter, which may
cause gadro-intestina diseases (Ottoson & Stenstrom, 2003). This was one of the reasons
why grey water received a dgnificant rating during the RA which was supported by high
microbiologica counts (18 000 cfw/ml E. coli and 105 000 cfu/ml faecd coliforms on the
20" of June 2005 and 1 290 000 cfu/ml faecd coliforms on the 7" of October 2005) where
grey water entered the sorm water cand (YWAM monitoring station indicated as number
8 on Figure 2.2). An additional problem associated with the disposa of grey water via
commund tailets is that these facilities are often blocked (Pretorius & de Villiers, 2003)
and therefore users may be exposed to pathogens from waste water when the units
oveflow. Thus while disposd of grey weater into the toilet sysem may be preferable to
disposa into public spaces, there are certain potential hazards associated with this practice
that need to be consdered when developing a waste management plan for the catchment

area.
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During the survey the Kouga Municipdity’s representative remarked that there were no
procedures in place for the management of grey water and the representative did not
consder grey water to be an environmental or hedth problem. Contray to the
representative' s statement, the monitoring of the grey water outlet revedled that grey water
flowed into the storm water canal 82% of the time and, taking into account the estimated
grey water discarded into the environment (54m?¥ day) and the water qudity a the YWAM
monitoring dation, it can be concluded that grey water disposa practices in the non
sewered areas posed a sgnificant potential pollution threat to storm water and potentiadly
the marine environment. Only two of the resdents mentioned that they reused grey water
to wash the floor of ther homes before discarding it into the environment. This practice
could result in a further increase of polluting agents in grey water even though the practice
of reuse could result in a reduced volume of grey water being produced by households.
Other practices of grey water reuse mentioned in literature included the reuse of grey water
for toilet and urind flushing (Eriksson et al., 2002) as wdl as “...washing of vehicles and
windows, fire protection, boiler feedwater and concrete production...” (Santda et al., 1998
cited in Eriksson et al., 2002). However, treatment of grey water before reuse is suggested
and could incude the removad of solids by means of filtration and the reduction of
pathogens by means of storage in detention ponds and/ or chlorination (Al-Jayyous, 2004).

The re-use options from developed countries are, however, probably not applicable to less
developed communities, such as tha in the Jeffreys Bay sorm water catchment, due to the
cost of the treatment of the grey water prior to reuse. Perhaps more appropriate is the use
of grey water for irrigation and the growing of food (Al-Jayyous, 2004) athough Carden
et al. (2005) stated that people distrust the use of grey water to irrigate gardens due to the
percaeived low qudity of the water. This was in line with the Jeffreys Bay study where
none of the interviewees was using grey waer as a means of irrigation and 57% of the
respondents stated that they would not consider using grey water on a garden because the
water was perceived to be ‘dirty’.

4.3.2 Sewage disposal

The survey reveded that 87% of the sample population were usng commund flush toilets,
10% were using private flush toilets and 3% of the sample population were usng a bucket
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indde their home (Figure 4.4). The survey adso reveded tha 69% of those usng the
commund toilets experienced problems with these faciliies This was conggtent with
literature where it was daed tha many townships experience congtant problems with
communa ablution facilities (Berry, 2000; Wood et al., 2001). The problems the locd
community experienced with the public ablution fadilities included the following (liged in
order of significance according to the sample population’ s response):

the toilets were aways dirty (31%0);

the toilets were regularly broken (16%);

the toilets were aways wet insgde (13%);

there were not enough toilets for everyone (13%);

the toilets were frequently blocked with newspaper and rocks (9%);
thetoilet doors could not lock (6%);

the toilets were unsafe to use especidly at night (6%);

the toilets were cold in winter due to broken windows (3%), and
the toilets smelled (3%).

O O O 0O O O o o o

8 Communal flush toilet
E Private flush toilet

O Bucket

87%

Figure 4.4: Types of toilets used by the sample population in the storm water catchment
(n=30).
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Pretorius and de Villiers (2003) dtated that many of the problems associated with broken
and blocked toilets within the underprivileged communities could be overcome with
aufficent education. Community education needs to focus on the risks involved with
insufficient sewage disposal as wdl as the correct use of fadlities The Kouga
Municipdity’s representative remarked that there were currently around 40 communa
toilets within the informa sector of the storm water catchment. Currently these toilets (20
flush and 20 chemicd toilets) were the only commund sewage disposd technology being
used in the informa sdtlements within the catchment. The representative dated that the
municipdity ingpected these toilets once a day during which time they normdly found
goproximately five toilets that were broken. The most common causes for broken toilets
were conddered to have been vandalism and the use of newspaper or solid objects instead
of toilet pgper. He further stated that they did not have a vehicle to regularly remove the
full buckets from the chemica toilets and that the roads separating the informd homes
made accesshility very difficult. This, according to the representative, resulted in buckets
not being regularly collected, which was the main complaint that they receved from the
community.

Based on data from the current study, the ratio of toilets to households living in non
sewered areas was edtimated a 281 and the representative agreed that the ablution
fecilities were not sufficient to serve the community. This Stuation did not conform to the
fird god of the ‘Strategic framework for water services (DWAF, 2003), which states that
“All people living in South Africa have access to an appropriate, acceptable, safe and
affordable basc water supply and sewage disposa service” The only possble solution the
representative saw to the sewage digposd dilemma was the provison of homes and
waterborne saweage disposa for dl the resdents. Ther short-term mitigation included the
provison of chemicd toilets, which was very cogly (R10 000 per month), and a present
the municpdity did not have sufficient funding to expand or even continue this service.
The representative did not know if sewage disposa could be provided for hdf the resdents
of the informa settlements by 2015 as required by the United Nation's millennium
devdopment gods The progress on meeting this millennium development god in Sub-
Saharan Africa received a “no access and no change’ status with the latest United Nations

progress report (United Nations Depatment of Economic and Socid Affars & United

103



Nations Department of Public Information, 2004) which was reflected in the date of
Jeffreys Bay’ s sewage disposdl.

Even though no one that was interviewed in the community admitted to the use of open
areas for ablution, 23% of the sample population stated that when the commund toilets
were broken or very dirty they would use a bucket a home, wak to commund toilets in
other areas, or go as far as the Main Beach in order to use the public toilets. However, the
municipd representative dated that informa ablution was seen as a problem. DWAF
(2001b) dtated that where sewage disposal was insufficient, it was likely to have a negeative
impact on human hedth, induding “...diarhoea, dysentery, typhoid, bilharzias, mdaria,
cholera, worms, eye infections, skin diseases, increased risk from bacteria, infections and
disease for people with reduced immune systems due to HIV/Aids’. DWAF (2001b) went
on to say that improving the sanitary conditions of a community would greatly reduce the
public hedth risks.

Apart from the negative impacts on human hedth, inadegquate sewage digposa can result in
the pollution of receiving waters (@Augtin & van Vuuren, 2001). Koné and Strauss (2004)
dated that there is a welcoming shift from centralized to decentralized sewage disposal
management within the cities of the developing world. They go on to say tha on-ste
treetment of sewage can ad in overcoming the many problems regarding the disposa and
treetment of sewage. Based on information received from the various dtakeholders, the
current state of sawage disposa in Jeffreys Bay is far from the desred satus as described
by the ‘Strategic framework for water services (DWAF, 2003) (Table 4.1), and therefore
poses a potentid pollution threat to the locd terrestrid and marine environment and to the
hedith of thelocad community.

4.4 CONCLUSIONS
The RA indicated that sanitation (grey water and sewage disposal) within the Jeffreys Bay
dorm water caichment posed a threat to human and environmenta hedth. Further

invegtigation provided some origind indght regarding sources and causes of pallution
within the catchment. The key findings of this chapter may be summarized asfollows:
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Table4.1: A comparison of the state of sanitation servicesin the study areawith the sanitation goals of the ‘ Strategic framework for water services' (DWAF, 2003).

Justification

Statusin

Cause

Requirements

Stake holders

Jeffreys Bay in Jeffreys Bay
“ All peopleliving in South Africa have access to an appropriate, Not met A lack of ablution facilities. It is estimated that there are 40 Finance, Local
acceptable, safe and affordable basic water supply and sewage toilets for 1134 residents living in informal homes. Infrastructure government,
disposal service.” Business,
Community
“ All people living in South Africa are educated in healthy living Not met The problem of abuse and over-use of communal toilets | Finance, Education Local
practices (specifically with respect to the use of water and sewage resulting in broken and blocked ablution facilities points government,
disposal services) and the wise use of water.” towards alack of education within the community. Business,
Community
“Water and sewage disposal services are provided; equitably Not met Even though sewage disposal is provided free of chargein Finance, Local
(adeguate services are provided fairly to all people), affordably Jeffreys Bay there are associated problems for example Education, government,
(no oneis excluded from access to basic services because of their dirty, broken and blocked toilets that do not allow for an Infrastructure Business,
cost); effectively (the job is done well); efficiently (resources are efficient service. Inadequate sewage disposal poses an Community

not  wasted);
environmentally, institutionally and socially sustainable); and

sustainably (services are financially,
gender sensitively (taking into account the different needs and
responsibilities of women and men with regard to water services

and sewage disposal)” .

environmental threat with no cost to the user placing the
sustainability of the service under question. Women in
particular feel unsafe to use the toilets (especiadly at night),
which does not allow for gender sensitivity of the provided

facilities.




Table 4.1 continued.

Justification Statusin Cause Requirements Stake holders

Jeffreys Bay in Jeffreys Bay

“The prices of water and sewage disposal services reflect Not met Currently there is no cost involved for residents to Finance, Locd

the fact that they are both social and economic goods (that use ablution facilities, which does not encourages Education, government,

is, pricing promotes access to a basic safe service, careful use or financial sustainability. Infrastructure | Business, Community

encourages the wise and sustainable use of resources and

ensures financial sustainability).”

“Water and sewage disposal services are effectively Not met The status of sanitation management in Jeffreys Finance, Loca government,

regulated with a view to ensuring the ongoing achievement Bay and the management plansin place in order to Education, Business, Community

of these goals.” meet the abovementioned goals are not effectively Infrastructure

regulated. Taking into account the rapid growth of
South Africa's urban areas, an increased effort is
required to assist South African municipalities to
manage their water resources (Pretorius & de
Villiers, 2003).




0 It was edimated that a totd of 24m? of grey water was being produced within the
informal resdentid sector of the catchment per day. Most of the grey water was
being disposed of into open spaces (58%) where it posed a hedth and
environmental threat. The locd sorm water system could potentidly convey the
grey water from the point of digposd to the maine environment and while the
qudity of the grey water was regarded as sufficient to have had an impact on storm
water qudity, the magnitude of impact on the marine environment was not known;

0 The survey reveded that the sanitetion gStuation within the informd area of the
catchment was indeed inadequate. The informa sector within the catchment were
provided with 40 communa toilets, which dlowed for a 28:1 toilet to household
ratio. The insufficient number of toilets appeared to be the primary cause of
problems, dthough the community’s awareness of the correct use of the facilities
was aso problematic;

o Informa ablution was consdered problematic, and was thought to have been
primarily the result of inadequate ablution fadilities for the resdents living in non
sawered informa homes;

0 The lack of sewage disposd and grey water management did pose a human and
environmenta hedth threst.

The municipdity’s short term plans did not show much promise to meet the sewage
disposd demand and effective management of grey water in order to minimize the
impact on the recdving environment. Ther long-term plan was to provide housing
with waterborne sanitation for al. However, with a growing coasta population and
municipdities in South Africa in generd not beng ale to meet the god of building
houses for the masses, the feagshility of providing full waerborne sanitation for dal
must be questioned. As this appeared to be the only measure considered to address
sanitetion in the Jeffrey Bay storm water catchment, the negative impacts on locd
freshwater and marine environments are likely to perss unless dternative drategies
are investigated.

The munidpdity’s proposad of waterborne sewage systems ignores common
knowledge that South Africa is a “water dressed” country, as well as additiord
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negaive environmenta implications such as combined dsorm waer and  sewer
overflow. Alternative sanitation options are avallable and will be consdered as part of
the integrated waste management plan for the Jeffreys Bay storm water catchment
proposed in the next chapter. The chdlenges facing sanitation management in Jeffreys
Bay, regarded asingtitutiondl, socid and educationa, will need to be considered.
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CHAPTER 5

DEVELOPMENT OF AN INTEGRATED WASTE MANAGEMENT
PLAN FOR THE STORM WATER CATCHMENT

5.1 INTRODUCTION

Previous chapters provided evidence tha solid waste, grey water and informa ablution
posed a threat to human and environmental hedth and, potentidly, the marine environment
in Jeffreys Bay. Storm water was congdered the primary link between terrestrid pollution
sources and the marine environment athough based on available data, attempts to correlate
dorm water and marine water qudity were inconclusve. Neverthdess, a precautionary
approach was adopted and it was decided to gpply the tools and principles of integrated
environmental management (IEM) to address the potentiad sources of land-based marine
pollution within the Jeffreys Bay storm water catchment. It was decided to formulate an
Integrated Waste Management Plan (IWMP) consdering the limitations and root causes of
inadequate waste management in the study area as opposed to a broader Environmentd
Management Plan (EMP) as described within the IEM process (Fuggle & Rabie, 1992).
The IWMP was based on immediate short-term and longer-term mitigations that were
needed. It was envisaged that short-teerm mitigations would be amed a improved
management of waste to reduce entry to the sorm water system and that the longer-term
initigtives would concentrate on the prevention, reduction or recycling of waste a its

source.

Mitigation measures, defined by DEAT (1998) as “measures designed to avoid, reduce or
remedy adverse impacts’, could include both technicad and behavioura aspects that
required willing participation and support of communities if they were to be successful
(Dunmade, 2000). Community-based approaches are often more desrable than engineering
mitigations as they can be seen as “...solutions (or projects) that could be implemented by
locd people, manageridly and technicdly, which implies empowerment, participation and
resource mobilization from various sources’ (Mongkolnchaarunya, 2003). While the
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primary goa of the current project was to reduce land-based marine pollution at Jeffreys
Bay, the mogt effective and sustainable way to achieve this would potentidly be to address
the immediate concerns of the affected community regarding waste managemen.
Mitigation measures need to be chosen caefully to ensure no secondary impacts are
crested during the implementation phase (Morris & Therivel, 2001) and that buy-in from
al interested and affected parties (I&APS) is achieved. Therefore a very important part in
the process of choosing appropriate mitigation measures is the participation of those
concerned, in particular those whose lives will be directly affected by the decisons made
(Berry, 2000; UNEP - IETC, 2004). This is a modern tendency in development decison
making, and a more sdf-governing sysem that could result in more ‘buy-in’ from the
community (De Beer, 2002).

The use of public paticipaion in edtablishing wade reduction initiaives can exis a
different levels. The fird is to gain indght into proposed mitigation measures by evauating
opinions and suggestions made by the I&APs UNEP - IETC, 2004). The second levd is
the importance of choosng initigives with maximum participation of the community. A
gudy in Turkey showed that more than 80% of the sample population was willing to take
pat in community-based waste management projects (Metin et al., 2003). This willingness
of people to be pat of managing their environment can be channdled into initiatives that
improve the basic sarvices and the process of environmental management. In India a study
showed that n areas where the locd community where not involved in waste managemen,
it resulted in negative environmentd impacts (Dahiya, 2003). The same results were
obtained after studying the environmenta impact assessment (EIA) experience for 15 years
in the Philippines, where many problems were rooted in inadequate public participation
(Lohani et al, 1997). South African legidaion makes provison for the public participation
process within the environmenta management guiddine documents (DEAT, 1998). In
these guiddines it is suggested that ingght from the public needs to be gained during the
mitigation of impacts. It is furthermore dtated that public participation is the cornerstone
for developing and implementing the White Paper for Integrated Pollution and Waste
Management in South Africa (DEAT, 2000).
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Chapter 1 described barriers to waste management which  need to be considered when
preparing a mitigation drategy (Dunmade, 2002). The objective of this pat of the study
was to develop a loca IWMP in order to address the pollution within the Jeffreys Bay
sorm water caichment based on the principds of public participation. This IWMP was
specificaly amed a the reduction of sorm water pollution by solid waste, sewage and
grey water digposd within the catchment. In order to creste an effective IWMP the
following research questions had to be answered:

0 What opportunities existed for integrated management (prevention, reduction, re-
use and recycling) and potentid beneficiation of solid waste, grey water and
sewage within the catchment?

0 Wee the potentid dternatives that were identified favoured by the various
community stakeholders?

o0 To wha extent were community members able/ willing to contribute to the
implementation and maintenance of identified mitigations?

0 Wha werethe potentid barriers to implementation of the above mitigations?

0 Could potentid short and long-term incentives be identified to improve the
sudtainahility of the mitigetions?

0 Weas the potentid loss of Blue FHag satus sufficient incentive to introduce measures
to improve the quaity of sorm water at Jeffreys Bay?

52METHODOLOGY

5.2.1 I dentification of mitigation measures

Severd methods were combined to identify the best possble measures for integrated
management (reduction, re-use and recycling) and potentid beneficiation of solid waste,
grey water and sewage within the catchment. From a review of the relevant literature,
which is incorporated into Chapter 1, a lig of potentidly suitable mitigation measures were
identified for each dgnificant aspect. These mitigation measures represented a wide field
of disciplines and were drawn from international as well as South African case dudies. A
method of comparative anadyses (Mentis, 2004; Bracken et al., 2005) was used to screen
dl potentid measures and diminate ingppropriate mitigation measures.  This method
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involved the assessment of the drengths and limitations for each dternative mitigation
measure within the local context. In order to conduct this screening a custom &t of criteria
and indicators were used by which dternative mitigations were judged (Table 5.1). For
each of the above-mentioned criteria, a score was awarded. A vaue of one indicated that a

mitigation measure was perceived as favourable and zero perceived as poor.

5.2.2 Public participation process. Survey

The sami-gtructured interview method described in Chapter 3 was dso used to engage with
I&APs regarding potentia mitigation measures. The same sample population was used to
gan indght from the locd community while a representative of the Kouga Municipdity
and a representative from the Jeffreys Bay busness community provided additiond input.
Questions 22, 23, 28, 29, 31 to 33 (community questionnaire; Appendix A), 9 (municipa
questionnaire (solid waste); Appendix B), 15 and 16 (municipd questionnare (sanitation);
Appendix C) were amed & identifying to what extent the various community stakeholders
favoured the potentid dternatives.

The potentid bariers to implementation of mitigations were determined by means of
questions 24 (community questionnaire; Appendix A), 9 (municipa questionnaire (solid
wade); Appendix B) and 16 (municipd quedtionnaire (sanitation); Appendix C). The
extet to which community members were able willing to contribute to the
implementation and maintenance of identified mitigations was determined by means of
questions 18, 30, 34, 35 (community questionnaire; Appendix A), while questions 15
(municipd quedtionnaire (solid waste); Appendix B), 3 and 8 (busness community
questionnaire; Appendix D) were amed a invedigating if potentid short and long-term
incentives could be usad to improve the sudainability of mitigations. Questions 36 to 40
(community quedtionnaire; Appendix A), 18 to 20 (municipd questionnaire (sanitation);
Appendix C) and 4 to 7 (busness community questionnaire; Appendix D) were aimed at
invedtigating if the potentid loss of Blue Hag datus provided sufficient incentive to
introduce measures to improve the quaity of sorm water at Jeffreys Bay.
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Table 5.1. Criteria and indicators for the comparaive andyses of various mitigation

measures (modified from Bracken et al., 2005). These criteria were used as an initid

screening of potential mitigation measures.

CRITERIA

INDICATOR

Cost

Financid cogsto implement and sugtain the
mitigation.

Low initiation and maintenance
cost =1
High initiation and maintenance
cost=0

Difficulty

Sills required to implement and sustain the
mitigation.

No/ limited skills = 1
Tertiary qualification/ specidlised
ills=0

Socio-economic

The potentid of the mitigation to provide return
such asincome, employment or fresh produce to the
previoudy disadvantaged community.

Gengratereturn = 1

Generateno return =0

Environment

The potentia of the mitigation to protect the

environment & large.

Protection at source=1

Protection end-off pipe=0

Acceptability

The probability of the mitigation measure being
excepted by 1&APs due to financid, indtitutiond,

legd, cultural or convenience reasons.

High probability = 1
Low probability =0

Ingtitutional requirements

The potentid for the mitigation to function without
locd government involvement.

No involvement =1
Involved =0
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5.3 RESULTSAND DISCUSSI ON

5.3.1 Descriptive model

The information from the previous chapters was used to form a descriptive mode (Figure
5.1) to illugtrate the impacts of aspects on sorm water qudity and, potentialy, the marine
environment. The vaue of this modd was that it provided a amplified overview of the
wade dreams and impacts and faclitated the identification of points where mitigation
measures could be implemented within a rdatively complex sysem. The modd illustrated
the findings that both sanitation (grey water disposd and informa ablutions) and solid
wadte posed a direct threat to human hedth and the qudity of storm water, and an indirect

threat to the marine environment.

Furthermore, these threats were primarily linked to domestic houses rather than the light
industry within the catchment. Certain direct and indirect impacts on the socio-economic
datus of the town were dso indicated on the mode and highlighted the complexity of the
wase management problem even on this reativdy smdl scde Potentid  mitigation
measures included education (Ed), engineering (Eng) and community-based (Comm)
interventions and could be applied a many different points of the waste didribution
pathway. By consdering the various pathways and impacts of the waste dreams, it was
possble to identify points of mitigation, usudly closer to the source, that were likedy to
have mogt dgnificant postive impact within the sudy Ste. Those points of mitigation with
limited pogtive impact could dso be identified, thus assding in the screening of potentia

mitigation options.

5.3.2 Identification of mitigation measures

The descriptive modd (Figure 5.1) indicated the potential points and broad categories
(education, enginering and community-based initiatives) of mitigation that may have
assiged in the prevention or reduction of pollution sources from having an impact within
the caichment area and the adjacent marine environment. Based on a literature review,
more gpecific potentid mitigation measures were assgned to each dgnificant aspect.
Where possible the measures chosen incorporated, or could be linked to, some form of

non-legidative incentive to facilitate empowerment and increase buy-in from the
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Figure5.1: Descriptive mode of the potential risks posed by various waste-related activities within the sorm water catchment in

Jeffreys Bay and potentia points and types of mitigation.



community. Both were conddered essentid to the long-term sudainability of the waste
management plan. Where community-based approaches were not possible, engineering
interventions were consdered. However, these end-of-pipe type mitigations were not regarded
as ided dnce symptoms, and not the root causes of the problem, were being addressed. The
initid literature-based survey lead to the identification of 13 interventions that could be used
to address waste management issues in the Jeffreys Bay catchment. The various mitigation

measures are summarized below.

5.3.2.1 Solid waste disposa

(& Community-based composting (Comm, Ed). Community contributes organic waste, which
is then composted. Funds obtained could then be used to support solid waste remova services
(Palmer Development Group, 1996; Zurbriigg et al., 2002; Dahiya, 2003).

(b) Community-based recycling (Comm, Ed). Community separates their waste for recycling
purposes. Funds obtained from the sale of recycled items are then used for solid waste remova

services (UNEP, 2000a).

(c) Gross Pollution Traps (Eng). Grids used to prevent solid waste from entering storm water
pipes (Mackay, 1994; Marais & Armitage, 2004).

(d) One-man-contract (Comm). A contract that employs a member or members from a
previoudy disadvantaged community to collect refuse from each dwelling to a centrd
collecting point (Pamer Development Group, 1996; Earthyear, 2001; Wood et al., 2001;
Dahiya, 2003; Kaseva & Mbuligwe, 2005).

(e) Waste exchange program (Comm). Community exchange waste for food or money (Pamer
Development Group, 1996; Mongkolnchaiarunya, 2003).

5.3.2.2 Grey water disposal

(& Mulch bed (Comm, Eng). Grey water can be diverted into a shdlow pit filled with grave
a the bottom and leaves on top. The microbes ad in the decompostion of organic materia
contained in the grey water and the gravel ads in the evgporation of the grey water. Trees can
be planted to aid in removal of excessive grey water (Kd8lerfet & Nordberg, 2004).
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(b) Soak-away (Eng). Specificdly designed drains that dlow for grey water from informa
settlements to flow into the sewerage (Wood et al., 2001).

(c) Tower garden (Comm, Ed). A bag filled with soil, dlowing for the growth of vegetables
adong the gdes which is irrigated with grey water deposted down a soak-away center
(Crosby, 2004).

5.3.2.3 Informal ablution

(& Pay-and-use latrine (Comm). A public water-borne latrine fecility that is maintained by a
member from the community. Usas of the fadlity pay the community member who is
appointed (Wood et al., 2001).

(b) Urine diversion toilets (Comm, Eng, Ed). Environmentaly-responsible (if used correctly)
latrines that separate liquids from solids (Austin & van Vuuren, 2001).

5.3.2.4 Generd mitigations

Generd mitigations were conddered to be measures that may have asssted in the prevention
or reduction of pollution from al the sgnificant pollution sources

(& Education (Comm, Ed). Creative methods can be used to educate the community on
pollution reduction. These can include youth programs, community clean-up days, cleanliness
competitions, didribution of pamphlets and dide- or video shows (Pamer Development
Group, 1996; Zurbrigg & Ahmed, 1999; Derraik, 2002; Pretorius & de Villiers, 2003; World
Summit Publication, 2002).

(b) Wetlands (Comm, Ed). These are naura buffer zones, condsting of vegetation and ponds
specificaly designed to intercept pollutants (Berry, 2000; Wood et al., 2001; Koné & Strauss,
2004; Schuyt, 2005). Plants such as cocoyams and sugarcane can be cultivated in restored
wetlands as a means of income generation (Grobicki, 2002; Schuyt, 2005).

(¢) First-flush bypass sump (Eng). An engineering mitigation that is designed to divert the
base flow after arainstorm to a sewage treatment facility (Mackay, 1994).
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All 15 mitigations were subject to an initid screening process (Table 5.2) in order to rule out
those that would be unlikely to be sustainable or achievable in the locd context. The criteria
againg which the mitigations were assessed are described in detail in 5.2.1. and were al based
on a desktop study. The highest scoring mitigation measure for each aspect was thought to be
potentidly appropriate to include in a IWMP to address the issue of storm water qudity and
land-based marine pallution in Jeffreys Bay. The results of the prdiminary screening process
are discussed below.

5.3.3. Preliminary screening of mitigation measures

5.3.3.1 Solid waste disposa

Community-based composting, community-based recycling, gross pollution trgps, one-man
contract and a waste exchange program were identified as potentid mitigations measures to
address the issue of solid waste pollution within the storm water catchment. Community-based
composting and recycling where separaion is done a household level requires acceptability of
the community and a high leve of supervison (Ojeda-Benitez, 2003). These measures do not
require a high levd of <kill but as suitable (economicaly viable) markets for the products
(compost and recyclable materids such as glass and paper) do not dways exis, long-term
externd funding may be required to support the initiatives (PAmer development group, 1996;
Horan pers. comm., 2005). Therefore the acceptability rating for this intervention was low.

Egtablishment of a community-based composting operation can be as costly as R500 000 for a
medium dze town (Horan pers. comm., 2005), while dterndive recycling ventures that
require less capitd equipment are often less expensve. Community-based composting and
recycling would however successfully reduce the quantity of wagte that would otherwise be
discarded into the environment (Mohee, 2002) and could have socio-economic advantages for
those who sdl recyclable materid Kaseva & Gupta, 1996). It can furthermore be argued that
compogting or recycling would not necessarily reduce pollution unless sufficient solid weste
collection and disposd measures were in place, and that the associated faecilities adhered to

environmenta best practice. Waste exchange programs have the potentia for effective waste
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Table 52 Compadive andyses of the identified mitigation measures. 0 = Poor: 1=
Favourable.

Mitigation Cost | Difficulty Socio- Environment | Supervision | Acceptability | Total
economic
Solid waste disposal
Community- 0 1 1 1 0 0 3
based
composting
Community- 1 1 1 1 0 0 4
based recycling
Gross pollution | 0 0 0 0 0 0 0
traps
One-man- 1 1 1 1 1 1 6
contract
Waste 0 1 1 1 0 0 3
exchange
program
Grey water disposa
Soak-away 0 0 0 1 1 0 2
Tower garden 1 1 1 1 1
Mulch bed 1 1 1 1 1 0 5
Informal ablution
Pay-and-use 0 1 1 0 0 0 2
latrine
Urinediversion | 1 1 1 1 1 0 5
toilets
Generd mitigations
Education 0 1 1 1 1 1 5
First-flush 0 0 0 0 0 0 0
bypass sump
Wetland 1 1 1 0 0 1 4
rehabilitation
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disposal and socio-economic empowerment, but these initiaives demand a high level of
supervison and acceptability by the community, which have not dways been the case in pilot
dudies (PaAmer development group, 1996; Mongkolnchaiarunya, 2003). These initiatives have
involved problems, for example corruption (PaAmer development group, 1996), but only
limited skill is required to conduct such a venture. The cost of running such a project was
thought to be high with continud finances needed from ether loca government or externd
funding.

An end-of-pipe engineering mitigation such as gross pollution traps could be successful in
reducing litter entering the sorm water sysem and the marine environment (Mackay, 1994;
Maas & Armitage, 2004). Such engineering mitigations are however expensve and require
skilled labour to congtruct which may not make them acceptable to financialy congrained
South African municipdities These measures dso require regular supervison to prevent
breakdown (Mackey, 1994; Kdlerfelt & Nordberg, 2004). Except for a few job opportunities
being created duing the building phese and improvement in community hedth, these
initictives were not conddered to have any long-term socio-economic benefits. One-man
contracts on the other hand has proven acceptable in developing countries for example India
(community funded) (Dahiya, 2003) and South Africa (loca government funded) (Earthyear,
2001) as it is a more effective, convenient and financidly viable method than traditiond
municipd deanang. The method furthermore dlows for socio-economic empowerment by
means of job creation (Earthyear, 2001) and a definite improvement in the environment
opposed to the waste skip method (Nd pers. comm., 2005). Case studies have shown these
initiatives to be sdf-sugtaning by means of communities paying a smdl fee for the remova of
slid wage from ther homes and community committees being responsble for the

management of the scheme (Dahiya, 2003).
5.3.3.2 Grey water disposal

For the problem of informa grey water disposd various mitigation measures were suggested,
for example trestment (Al-Jayyous, 2004) and reuse (Eriksson et al., 2002) as well as
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congtructed wetlands (Ddlas et al., 2004). These were however large scde engineering
interventions and not conddered suiteble for informa sattlements that manly exist illegdly.
The soak away was dso regarded as an engineering intervention of a smdler scae that was
suggested in literature as a means of addressng informd grey waer disposd in informd
settlements (Wood et al., 2001). This mitigation received low ratings in the screening process
due to skilled labour and high codts required for implementation. Except for the cregtion of a
few job opportunities during congruction, this intervention would create no work in the future.
This intervention could aso prove to be unfavourable with loca government due to high cods
and, dnce the informd settlements in Jeffreys Bay exig illegdly and there are plans to
relocate the people in the future, locd government would not be willing to congtruct any
permanent facilities. This intervention did however recdve a favoursble environmenta rating
since a soak-away would address the problem of informa grey water disposad a source and
the supervison of thisintervention would aso be minimdl.

Mitigations that received a favourable evauation to address the issue of grey water a source
were the tower garden and mulch bed. Both the tower garden and the mulch bed are relatively
easy to build, can be built a a very low cogt with readily available materid and do not require
supervison from locd authorities snce the intervention is maintained a household leved. The
tower garden and mulch bed could aso result in less grey water being discarded into the open
environment at source. In the case of the tower garden, grey water can be used to grow
vegetables, and fruit trees can be planted next to the mulch bed which will take up excessve
grey water with consequent socio-economic benefit. The benefit of usng the tower garden
over smply irrigating vegetables (root vegetables not suitable) with grey water, is that the
soak-away center of the tower garden dlows for grey water to be applied to the roots of the
vegetables (Crosby, 2004), whereas basic application of grey water would alow it to come
into contact with the vegetables and thereby pose a greater hedth risk. Hedth risks associated
with tower gardens have not been fully established and until is has, training and supervison on
the correct use of tower gardens to minimize hedth risk will be essentid. The resauts of the
survey, which was discussed in Chapter 4, showed that 57% of the people in Jeffreys Bay
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would not consder usng grey water to irrigate a garden. Crosby (2004) showed however that
after people were educated and shown that vegetables could be grown from grey water, their
scepticism subsided. Therefore, this measure was given an acceptable rating not only due to
the fact that these non-permanent low-cost structures would be more acceptable to local
government, but aso by the loca community once they had received appropriate education.
The mulch bed received a less favourable rating in the acceptability category than the tower
garden due to the fact that the mulch bed occupies a rdatively large surface area which is
often not avalable in dense informd settlements, whereas to the tower garden, that is build in
avertica fashion, requireslittle horizontal space (Crosby, 2004).

5.3.3.3 Informal ablution

To mitigate informa ablution, the exiging commund sanitaion facilities could be upgraded to
a ‘pay-and-use latrine sysgem. This sysem does have the potentid for socio-economic
upliftment by the work created for un-skilled people that will be managing and cleaning the
ablution faciliies (Wood et al., 2001). Mantenance of the toilets would be community
funded, but locd government would ill be required to mantain the sewer. Cleaner public
toilets could result in less people forced to defecate in the open environment athough the
results of the survey (Chapter 3) showed that commund ablution fadlities were insufficient in
number to meet the needs of the loca community and even if they were clean, the impact on
the leve of informa ablution would probably have been limited.

Motivating people to build inexpensve urine diverson toilets at their homes could prove to be
a olution to the informa ablution that was taking place in within the catchment. These toilets
can be built a low cost (R200-R600) with unskilled labour and it has been proven that micro-
entrepreneurs  have  benefited economicdly by building uwine diverson toilets  within
communities (Holden, 2003). Urine diverson toilets dlow for environmenta protection due
to the fact that there is no hamful sewage dudge tha needs to be treated in a centrdized
fadlity (Audin & van Vuuren, 2001). The urine diverson toilets could be maintained without
locd government involvement, but it has been shown that these toilets are not dways
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accepted by every community (Jackson & Knapp, 2005). Furthermore, the success and safe
use of these systemsis criticaly dependent on user education.

5.3.3.4 Generd mitigations

Generd methods to reduce storm water pollution that stood out as favourable during the
evduation, were the rehabilitation of the wetland and community environmental education.
Wetlands are recognized as having the potentid to increase water qudity (Berry, 2000; Wood
et al., 2001; Koné & Strauss, 2004; Schuyt, 2005) and socid and economic benefits (Schuyt,
2005) have been redised through the growth of cash crops (Grobicki, 2002) and use of the
sysems for aguaculture (UNEP, 2004). However, the wetland within the dudy Ste was
located too high in the Jeffreys Bay storm water caichment to make a large impact on water
qudity. Neverthdess, the potentid exised for schools to become involved in the generd
cleanup of the wetland, which would have dgnificantly reduced costs and would have had
exceptional  environmental  educational value. Due to a wetland's sdf sudtaining capabilities,
once restored the level of supervison would be low and, due to the high aesthetic vaue, it was
likely to have been acceptable within the community.

Community educetion can take on vaious forms and needs to be incorporated into al
community-based mitigations. Environmenta  education programs have proven to be very
successful in protecting the environment (Derraik, 2002) and acceptable amongst communities
as a means of socio-economic empowerment Hill et al., 2001 cited in Pretorius & de Villiers,
2003). For Jeffreys Bay, education appeared particularly appropriate since the survey (Chapter
3) reveded that the locd community was not aware of the potentid hedth and environmenta
impacts of poor waste management. The disadvantage to educationd programs is that they
tend to be costly (Fanshawe & Everard, 2002) and require skilled people to conduct, but if
volunteers or funding were available no locd government involvement would be required.
The third generd intervention, the firg-flush bypass sump, was ruled out as unfavourable for
the same reasons discussed for the gross pollution traps.
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According to the comparative andyses, the potentid mitigation measures that are appropriate
to address the significant aspects Jeffreys Bay's storm water catchment were tower gardens to
address grey water, urine diverson toilets to address informa ablution and one-man-contract
waste remova to address solid waste pollution. Methods that would address dl of the
ggnificant agpects to some extent were the rehabilitation of the wetland within the catchment
and the initiation of an environmental education program. The problem with the comparative
andyses thus far was that the postive and the negative aspects of the possble interventions
were based on trids and case studies at other sStes, and there was no specific information
available for Jeffreys Bay. As discussed previoudy, implementation of any waste management
drategy without community gpprovad is likey to be unsuccessful. Therefore it was necessary
to determine the acceptability of the proposed mitigation measures among the different 1&APs
within the grester Jeffreys Bay community. Of particular sgnificance was the willingness of

|& APs to contribute towards these initiatives. The results of the survey are discussed below.

5.3.4 Public participation process

Based on the above, the favourable interventions (tower gardens, urine diverson toilets, one-
man-contract waste remova and the rehabilitation of the wetland) were evaluated through a
questionnaire-based survey and were subjected to further investigation to assess the likelihood
of success within the Jeffreys Bay storm water catchment. A more detailed description of the

various technologies and the results of the survey are provided below.

5.3.4.1 Tower gardens

The building of tower gardens (Figure 5.2) as a disposa route for household wastewater was
congdered an gppropriate measure for the mitigation of grey water and the provision of socid

and economic upliftment through food production. The building of the tower garden is
described in Crosby (2004). According to this author it is important to build the tower garden
as upright as possible, to prevent the water from running down the middle too fast and to flush
the system with fresh water once a week. Education in the safe handling and gpplication of
grey water in this type of food production is very important. These systems are favourable for
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Figure 5.2: Grey water soak-away of the tower garden type (Crosby, 2004).

the planting of aboveground leafy crop vegetables, which are not eaten raw (Crosby, 2004).
Education must include the washing of hands after coming into contact with grey water and

dlowing aufficient time between irrigation and harvesting as well as cooking of dl vegetables
irrigated with grey water (Salukazana et al., 2005).

The survey reveded that 73% of the sample population was interested in the tower gardens
and that they were willing to condruct such a sysem a their home. Those who were not
interested foresaw problems such as vandalism, odour, anima damage, a lack of space, bad
plant growth and the landlord’s disgpprovd as potentid barriers to implementation. Carden et
al. (2005) dso found that people were concerned that grey water would inhibit plant growth,
dthough Sdukazana et al. (2005) found a sgnificant increase in plant growth when irrigated
with grey water instead of tap water.
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5.3.4.2 Urine diversion toilets

Urine diverdon toilets were identified as a means to meet the sewage disposd backlog and
thus decrease informa ablution that could leed to storm water contamination in Jeffreys Bay.
Many different urine diverson sysems have been developed over the years (Winblad &
Simpson-Hébert, 2004). Holden (2003) describes in detail the building of a low-cost urine
diverson sysem (Figure 5.3) that is easy to congruct either indoors or outsde and is popular
with sdf-hdp intigives (Ausin & van Vuuren, 2001). In brief, this sysem dlows for
nutrient-rich urine to be diverted into a shalow soakaway where trees are planted to take up
the excess nutrients (Holden et al., 2003).

Figure 5.3: Urine diverson toilet (Winblad & Simpson-Hébert, 2004).

The faeces is collected in a bucket where wood ash and dry soil is added in order to ad in the
drying of the materid and the destruction of pathogens (Winblad & Simpson-Hébert, 2004).
When the bucket is full the faeces is left to desccate in-situ and once dry, can be burned or
compogted in a shdlow pit (Holden et al., 2003). After a period of sx to 12 morths the
compost can be used as a soil enricher. The urine can dso be collected and used as a fertiliser
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if carefully gpplied, instead of dlowing the urine to drain down a soakaway (Audin & van
Vuuren, 2001; Winblad & Simpson-Hébert, 2004). The survey dso reveded that 76% of the
sample population would consder using urine diverson toilets, even though only 63% would
congder building such a facility a ther home. This was mainly due to a lack of space and the
fact that the land did not beong to them The Kouga Municipdity representative had never
heard of urine diverson toilets but after a brief introduction to the concept, agreed that it was
apossible solution to the sewage disposa backlog in the Kouga region.

The minimum cog of buldng a urine diverson toilet ingde a home was edimated to be
between R200 and R600, depending on the materid being used. If it was decided to build the
toilet outsde, the superstructure could cost between R300 and R1800, once again depending
on the materia being used (Holden pers. comm., 2005a). 83% of those who were willing to
build urine diversgon toilets a their homes were not willing or adle to contribute the minimum
amount required to build such a facllity. This figure was derived by means of adding the
percentages (Figure 5.4) of those who would not or were not able to contribute more than the
minimum amount of R200 (Holden pers. comm., 20058) that was required to build a toilet.
This echoed Holden pers. comm. (2005b) who dated that government's promise of free
sewage digposd undermines any sdf-hdp sHdf-pay sewage disposa option. Interestingly, one
individua was willing to pay between R900 and R1000 for a urine diverson toilet (Figure 5.4)
while 50% of respondents were not willing to contribute anything.

5.3.4.3 One-man-contract

It was thought that a more effective solid waste disposd system coupled with environmenta
education would result in less illegd dumping and littering. The one-man-contract solid waste
removal sysem was thought to be gppropriate and would contribute towards socia and
economic upliftment. The survey reveded that the one-man-contract solid waste remova
sysem was favoured amongst the 1&APs. 60% of the sample population was willing to
contribute financidly to such a one-man-contract solid waste remova service (Figure 5.5).

The most people were willing to pay was between R75 and R80 per month and the least
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Figure 54: The financid contribution towards condruction of urine diverson toilets by
resdents within the Jeffreys Bay storm water catchment (n=30).
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Figure 5.5: Monthly contributions for a one-martcontract solid waste remova system (n=30).
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between R1 and R5. This was consgtent with Pretorius and de Villiers's (2003) findings that
people in South African developing communities would be willing to contribute towards a
efficient solid waste remova system in order to have a cleaner living environment. The Kouga
Municipdity representative adso agreed that a one-mancontract solid waste remova system
would work. One person could service up to 400 households in a single day (Zurbriigg &
Ahmed, 1999) meaning that three people would need to be employed to service the informa
aress of Jeffreys Bay. Studies in the developed world showed that private contractors could be
15% less codly than municipd waste collection for the same standard of service (Pamer
Development Group, 1996). In the developing world the finding was the same. In Rio de
Janeiro municipal waste collection was twice as cogsly as in S&o Paulo, which made use of
private contractors. Solid waste management was dso of a higher standard in S&o Paulo
(Palmer Development Group, 1996).

5.3.4.4 Wetland

As discussed previoudy, the location of the wetland towards the edge of the storm water
catchment above the resdentid area meant that its vaue in terms of the remediaion of
contaminated storm water was limited. However, its cleanup was expected to have a postive
impact on the aesthetics of the area and could be used as a means of enhancing environmentd
awareness amongst learners. 77% of the sampled population was aware of the wetland and
that it was very polluted. They believed the pollution came from grey water, resdentia solid
waste, animas, and transport and storm water. Of this group, only 6% ajreed that clean up of
the wetland would benefit the environment, while the rest wanted the wetland to be cleaned
for persona (hedth and welfare) reasons.

Literature showed that people in the developing world do express sgnificant concern for the
conservation of wetlands, especidly if ther liveihoods depended upon it (Wattage & Mardle,
2005). Interestingly, in the current case, none of the resdents relied on the smal wetland for
ther livdihood and the vdue was primaily that of aesthetics As such, environmentd
dewardship needed to be linked to hedth and qudity of life by means of educating the
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community regarding this link. To use educetion plans to concentrate solely on environmenta
issues is unlikdy to have a long-term impact. The respondents were willing to contribute
finances (mostly between R5,01 and R10,00) (Figure 5.6) and time (mostly one to two hours
per week) (Figure 5.7) to the rehabilitation of the wetland. The vaue in these figures lies in
illugrating the willingness of communities to participate in activities thet will increase their

qudity of life

5.3.4.5 Support generation

Even though the mitigation messures discussed above were partly ranked favourable due to
ther potentid to be sdf-funding, some seed funding and incentives would be required to
initiate many of the proposed mitigation messures. In Jeffreys Bay the Kouga Municipaity
had incentives in place in order to reduce waste from industry. The businesses were placed
into categories according to the volume of solid waste requiring remova and businesses in a
particular category were then charged the same specific service price. The price charged
increased with the quantity of waste produced. This was thought to be an acceptable incentive
to reduce solid waste from indudry. The Jeffreys Bay busness community representetive
dated that a lack of solid waste management and sewage disposal impacted on the commercid
sector of the town due to a perceived loss of tourism. The representative's concern was
confirmed in literature where it was daed that litter (Slva-Ifiguez & Fischer, 2003) and
sewage (Dorfman, 2004) on beaches and in marine waters could result in a loss of tourism and
income for coastd communities. Therefore, an incentive exised for loca busnesses to
upport  environmental  management  initigtives  in  the previoudy disadvantaged aress.
According to the same source, additiona indirect benefitsto loca business resulting from the
proposed waste management initiatives would include black economic empowerment, job
crestion and building a better future for South Africa.

Ancther potentid incentive to reduce marine pollution was the Blue Hag project. Only two

people within the sample population knew of the Blue Flag project. This was surprisng snce
67% of the people within the sample population visited the beach between once aday and
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once a month (Figure 5.8). The activities people most often engaged in when visting the
beach ae illustrated in Figure 59. The data showed that 40% of the sample population
indicated that they swam when at the beach and could therefore be exposed to polluted marine
water. 25% of the sample population stated that they had experienced problems with waste or
the water quality at the beach, and 33% said that they were aware that grey water, solid waste
and sawage had an impact on the marine environment. This finding could prove to be vauable
as an entry point for environmental education since the survey showed that protection of the
beach environment was relevant to the sample population.

The Jeffreys Bay business community representative agreed tha there were visble sgns of
the impact of pollution on the Main Beach. The representative also dated that the loca press
regularly reported on the public outcry regarding waste and water qudity on the beach
(Arnolds, 2004; Our Times, 2004a; Williams, 2004), which showed that it was a concern of
not only business but dso the resdents of Jeffreys Bay. He regarded the main link between the
date of the beach and seawater qudity as the storm water cand that drained the study area
The representative stated that the Jeffreys Bay business community would not only be willing
to contribute financidly to projects that would reduce the risk of contamination of the beach
and marine environmet but would aso contribute time and skill. In Mexico the finding was
the same where up to 93% of I&APs were willing to pay to keep the beach clean (Silva-
Iniguez & Fischer, 2003), and in South Africa there have been many examples of
environmental management partnership initiatives between business and communities  (World
Summit Publication, 2002).

The Kouga Municipdity representative however fet differently. The representative Stated that
there have been no problems with waste or water quality on the beach. The representative did
not know the financid vaue of the Blue Hag datus for Jeffreys Bay and did not think that the
date of informd ablution and waste management in the informa housng area had a negdive
impact on the Blue Flag status of the beach. Finkl and Krupa (2003) and Dorfman (2004) al
cdled for an improved attitude and recognition by government to solve land-based marine
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pollution problems. It is thus suggested that educetion of the locd community as wdl as
government play an important role in addressng the issues of land-based marine pollution.
The information generated by the study this far was used to formulate a IWMP, which is
described in the section below.

5.3.5 Integrated Waste M anagement Plan

By refining the initid descriptive modd (Figure 5.1) based on the information gathered
during the assessment of the various potentiad mitigation measures, it was possble to prepare a
fina descriptive modd (Figure 5.10) for integrated waste management within the Jeffreys Bay
sorm water catchment. The plan itsdf has its foundation in the concept of an “Eco-indudrid
park” as described by Todd et al. (2003). The Eco-indudtrial park concept dlows for the
management of waste as a resource with the benefit of commercidly viable byproducts being
produced. For Jeffreys Bay such a concept could mean improved waste management with a
subsequent  reduction in orm water and marine pollution with the added benefit of the
impoverished community profiting by means of again in fresh produce and/ or income.

The cornerstone of the descriptive model was considered to be education which, as suggested
in literature, is essentid and has formed the foundation of many other initiatives (Pretorius &
de Villiers, 2003; Derraik, 2002). Education needs to dretch across the complete spectrum of
I&APs which include the community, locd government and the business sector of Jeffreys
Bay. For each of the three dgnificant aspects (informa ablutions, grey water and solid waste
disposd) a mitigation measure was assgned in order to minimize the aspect's potentid for
contamination of storm water. The measures amed a addressng informa ablution and grey
water within the catchment incorporated the philosophy of ecologicd sanitation (EcoSan),
whereby nutrients from wastes were recycled. As can be seen from Figure 5.10, the suggested
technologies were urine diverson toilets and tower gardens, while the one-mancontract
combined with composting was consdered agppropriate for the improvement of solid waste

managemen.
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Despite the apparent complexity of the proposed integrated waste management system, it
was thought to be gppropriate to the exiding level of skill and financid resources within
the sudy aea and maximized opportunities for community participation and loca
economic development. The sysem is dso highly modular and flexible, and can thus be
developed according to changes in the needs of the community, waste volumes and
fluctuations in markets for the end products. While the core sysem dements such as the
urine diverson toilets, tower gardens and one-man-contract were thought to require
immediate implementation to avoid further contamination of sorm weater and the marine
environment, certan of the optiond vadue-addition units eg. aguaculture could be
implemented & a later age. The various dements of the sysem and their linkages are

described in more detail below.

The urine diverson sysem has the potentid to be introduced by means of a micro-
enterprise, and could thereby lead to job creation opportunities (Holden, 2003; Pretorius &
de Villiers, 2003). It has been suggested tha the method of implementation should be the
congruction of one or more demondration units at a drategic place within the non-sewered
area of the catchment Morel & Forster, 2002). This gpproach could result in people taking
this initistive further by themsdves with the benefit of people gaining in sdf-rdiance and
lower costs as opposed to smply building hundreds of units a the outsst. A church
congregation could be seen as a viable action group for such a community development
effort (Swanepod, 1993). An intereted and unemployed community member with
building experience could be empowered to Stat the micro-enterprise but would require
ditable traning regarding the building of the urine diverson toiletls as well as basc
bookkeeping and marketing of the product (Holden, 2003).

It is suggested that if this type of ecologica sewage disposd systems are introduced on a
large-scale in an urban context, the waste material should be collected and teken to a
centralised compogting facility by the municipdity or a private organisstion (Winblad &
Simpson-Heébert, 2004). This stage of the operation could be funded through the sde of the
composted materia for use by domestic, community or commercid vegetable initiatives,
dthough initid dart-up capital would be required. Education will provide the cornerstone
for the safe use of this sysem, specificaly management of the faeca materid and urine.
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Therefore, an educationad program focused on behaviour change in the areas of hedlth,
hygiene and the correct use of the urine diverson toilets would be essentid. Just as
important is the monitoring and evauation of the project after implementation (Winblad &
Simpsorn-Hébert, 2004) in order to detect any misuse and associated threats to the heath o
users, the community or the environment. As discussed above, it is proposed that partialy-
dabilised faecd materid be sanitised and converted to a safe, useable product via a
composting process (Pretorius & de Villiers, 2003; Winblad & Simpson-Hébert, 2004)
while the urine could be used as afertilizer for the growing of vegetables.

The tower garden can dso be integrated with the urine diverson toilets. Well-composted
wase maeria, probably a combination of faecd matter and other suitable organic
materid, can be used in building the tower garden, which could then be irrigated with
household grey water (Crosby, 2004). The growing of food from waste (solids and liquid)
and the job creation potentid of EcoSan would add to socid and economic upliftment. As
with urine-diversgon toilets, it has been suggested that examples of tower gardens should
adso be built in drategic places within the non-sewered storm water catchment areas to
creste community awareness and serve as examples for further duplication (Mord &
Forster, 2002).

By employing people in a labour intensve one-man-contract solid waste remova system
jobs can be crested which could ad in socid and economic upliftment (Pamer
Development Group, 1996; Earthyear, 2001; Wood et al., 2001; Dahiya, 2003; Kaseva &
Mbuligwe, 2005). Through an appropriate tendering process a contract could be granted to
a private person within the community. This person could then divide the informa housing
areas within the catchment into sections and employ people from those areas to collect
solid waste on a weekly basis. The bags of solid waste should then be taken to a centrd
point where the municipdity would be responsble for digposd in a landfill. These
community contractors would be responsble for the education of the public on issues
related to solid waste pollution (Wood et al., 2001). Alternatively, the one-man-contract
could be linked to a waste separation and recycling initiative.
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Even though large-scde community-based composting and  recycling initigtives were
excluded based on the results of the comparative analyses, it is suggested that household or
private commercid composting should be consdered as a means to facilitate sustainable
development. Should a commercia operation be consdered economicdly viable, the one-
man-contractors could encourage separation of waste in the solid waste stream at source
i.e. & the household leve. The organic fraction could then be used for composting and
recyclable materid including glass, metd and cardboard sold for recycling (Kaseva &
Gupta, 1996). Only tha fraction of the waste not suitable for either compostiing or
recycling would be taken to aformd landfill for disposdl.

Conventional compost is a relatively low-vaue product and therefore economies of scae
goply to composting operations. However, vermicomposting, where un- or patidly-
dabilised organic materia is composted by suitable earthworm species results in a higher
vaue compog-like vermicast  (Dahiya, 2003) and worms. As with conventiona compos,
vermicast can be sold to the public or used in the congtruction of tower gardens or food
garden projects. The additional worms produced could be sold either as bait or used as feed
in an aquaculture operation. As is the case with other such integrated systems, the nutrient-
rich wastewater from the aguaculture operation could be incorporated into large food
gardening inititives (Todd et al., 2003). As Jeffreys Bay dready attracts a significant
number of tourigts annudly, these vistors could both directly and indirectly support many
of the above initiatives through purchase of products such as vegetables, fruit and fish.

As discussed previoudy, the vadue of the rehabilitation of the wetland would lie in the
contribution “...to mentd hedth by providing sdentific, aesthetic and Soiritud
information” to the locd community (de Groot, 1992 cited in Schuyt, 2005). The
rehabilitetion of a wetland by means of volunteer community involvement is described by
Collins (2000). In brief, this process would include the assessment of the wetland, setting
of ams drawing up of a management plan, executing the management plan and
monitoring. Maras & Armitage (2004) stated that schools could be encouraged to be
involved in wetland rehabilitation which woud dlow for the added benefit of education. In
Jeffreys Bay the rehabilitation of the wetland could involve the locd primary school
Stuated directly adjacent to the wetland. Such an initiative could be started with a clean-up
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competition, followed by the planting of indigenous trees and plants. The sugtainability of
such a project could be enhanced by forming an ‘eco-club’ a the school and encouraging

the members of such aclub to take ownership and care of the wetland.

The willingness of locd busness to contribute towards community-based initiatives
financidly and through the provison of skills will dlow for initigtive such as the urine
diverson toilets to be implemented, since the community stated that they were either not
willing or able to contribute financidly. The support of the Municipdity would aso be
essentid for the success of such an initigive, spedificdly in the maintenance of existing
toilets and landfill Stes.

5.4 CONCLUSIONS

A find descriptive modd illustrated conceptudly how the implementation of community-
basad, private and municipd mitigation initiatives could not only reduce land-based marine
pollution, but aso add to local socid and economic upliftment. The cornerstone for such a
modd was the education of 1&APs in not only efficient operaion and maintenance of the
proposed initigtives, but increased knowledge regarding protection of the environment. The
key findings of this chapter may be summarized as follows:

0 The compadive andyses identified the one-man-contract, the tower garden and
urine diverson toilets to mitigate solid waste pollution, grey water disposa and
informal ablution, repectively, as appropriate based on locd conditions;

0 Education would be essentiad to the success of the proposed initiative and the
rehabilitation of the wetland was regarded as an effective means of educating
younger members of the community through school-based cleartups,

0 The proposed mitigations were furthermore evaluated by means of a public
participation process which indicated that various community sakeholders
favoured the proposed measures,

0 The public participation process furthermore showed that community members
were not willing to contribute to the implementation and maintenance of the urine
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diverson toilets, but were willing to contribute towards the one-man-contract and
the rehabilitation of the wetland;

0 Potentid bariers to the implementation of the mitigations according to the various
I&APs were vanddism, smdl, anima damage, a lack of space, bad plant growth,
the landlord's disapprova, a lack of space and the fact that the land did not belong
to them,

0 Short-term incentives were currently only amed a wade reduction by locd
commerce and indugry even though the busness community showed enthusiasm
towards long-term incentives such as black economic empowerment, job creation
and building a better future for South Africa through improved solid waste and
sewage disposa service ddivery;

0 Locd government and the locd community did not see a lack of sewage disposa
and solid waste management as a threat to the Blue Flag Status of Jeffreys Bay's
Man Beach. However, the threat to the Blue Flag status was regarded as a
gonificant incentive for the locd budness community to support waste
management initiatives within the storm weater catchmen.

0 Education of not only the community but al stakeholders was essentid regarding
pollution control and potential dternatives in order to reduce the risk smal coada
communities pose to marine resources,

0 It was strongly recommended that some sort of contribution or participation by the
loca community be incorporated into the project, whether in finance or labour, in
order to bresk the dronghold of dependency experienced in South African
developing communities.

The folowing chepter will draw conclusons from the dudy in order to highlight
recommendations for pollution and waste management at of other smdl coagta towns that
rely on tourism for a sgnificant proportion of their income. Areas of further research are
aso discussed.
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CHAPTER 6

GENERAL CONCLUSIONS AND RECOMMENDATIONS

For smal coasta communities that rely to a large extent on tourism, the protection of the
marine environment as a socia and economic resource becomes an important matter. As
the population in the World's coastd zones increases, so too will the negative impects of
development, including those associated with inadequate waste management. The impact
of ligud and solid wades generated in lower-income formd and informd housng
developments in the coastd zone is of particular concern and further study is required
worldwide to identify the true dtate of waste management, the root causes of waste
management problems and possible incentives to improve the Stuation. The purpose of the
curent dudy was to examine storm water quality management a Jeffreys Bay (South
Africa), with emphags on the link between sorm water and marine pollution, and the use
of a paticipatory gpproach to develop a plan for the improvement of loca pollution and
waste management. It was hoped that the findings of this study would have broader
goplication, not only for improved planning and waste management in Smilar smal coasta

towns, but dso in in-land areas where waste management is problematic.

Many tools exig to manage environmentad risk, but a tool with an emphass on susainable
community-based development was thought to be essentid to address the contaminant
sources with ‘buy-in’ from dl intereted and affected parties (I&APs). Integrated
environmentd management (IEM) is one such a tool that provides an andyticd framework
for issues of environmentd concern and emphasizes public paticipaion in sgting
mitigation targets and was therefore thought to be appropriate for Jeffreys Bay. As part of
the integrated process to address the contamination of storm water in Jeffreys Bay, a risk
asessment identified grey water disposd, domestic solid waste disposd and informd
ablution as the main contributors to storm water and therefore, potentidly aso, marine
pollution. Even though this risk assessment was thought to be sufficent to identify the
ggnificant aspects, it was recommended that additiond methods such as dte assessments
by means of geogrephica information sysems be incorporated into the risk assessment in
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order to dlow for a more thorough assessment. This could adlow for a better understanding
of the interactions between water qudity variables and land-use practice in order to
identify sgnificant contaminant risks.

Waer qudity studies were undertaken in order to verify the theoretical risk within the
cachment. Although it was evident that storm water qudity was a rik to human and
environmenta hedlth, the effect on the marine environment was thought to be periodic and
short-lived following rainfdl events The sudy showed that the proposed internationa
Blue Hag criteria of waer qudity sampling every fortnight was insufficient snce these
sampling times may not adways coincide with which can lead to flushing of pollutants from
dorm water systems into the marine environment. While the guidelines may be appropriate
for certain aress, it is unlikely to be frequent enough to detect short-term tempord changes
in water qudlity in those aress close to sorm water outlets. More frequent sampling is
recommended in order to provide accurate and reliable data regarding marine water quality
and associated hedlth risks to the recredtiond users. It is further suggested that researchers
should develop a modd, which could be used by local councils to determine the prolonged
effect of contamination of marine waters by storm water following a rainfdl event and the
duration and extent of contamination events. This could aso prove vauable in the
protection of the health of recreational users.

Even though the water qudity studies did not provide sufficient evidence to prove that
gorm water posed a dgnificant risk to the marine environment, the remainder of this study
followed a precautionary approach and further investigated potentid pollution sources such
as a lack of solid waste and sanitation management. An assessment of the status of solid
waste management within the caichment revedled that the locd resdentid community was
manly regponsble for pollution through illegd dumping and littering. Even though
indtitutional and technical aspects such as a lack of saff and equipment contributed largely
to the problem, the socid aspect, including the community’s desengtisation towards solid
waste management, was consdered the most sgnificant contributing factor. It is strongly
recommended that education of resdents form an integra pat of any municipd solid
waste management plan as legd action agang polluters was regarded as logidticdly
difficult, paticulaly in informal communities. New educaiond campagns that ae
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combined with a series of well-amed incentives need to be developed and could include
comptitions for the cleanest street or block within the informa housing devel opments.

Where the solid waste assessment pointed towards socia aspects as the main contributor of
pollution, the in-depth study of sanitation (grey water and ablutions) reveded that
inditutional and technicd aspects outweighed the socid aspects The root cause of
informal ablution was regarded as a lack of sufficent formd toilet fadilities within the
cachment community. Apart from the insufficient number of units, resdents dso indicated
that toilets were in a poor dtate of repair and often did not function. Socid aspects such as
the vanddism and ingppropriate use of exiging commund sanitation faciliies were
however recognised as contributing to the problem. Once again the importance of
education in the use of sanitaion facilities was recognised as important, dthough a greater
incentive would be low-cost privady owned ablution faciliies which have proven
successtul in other regions.

This said, it has been recognised that the absence of sdf-hdp sewage disposd initiatives
within the South African context is of grave concern and, according to experts, is manly
due to Government's promise of free services It is therefore recommended that
government policy be reviewed and adapted towards a focus on short-term initiatives thet
will dlow communities to take lead in improving ther own living conditions. Government
policies should be geared towards abstract gains such as sdf-reliance and empowerment at
household leve, while a the same time achieving concrete gains such as improved
sanitation. Rilot projects that will dlow communities to become eactively involved in
overcoming poverty-rdated issues such as a lack of sanitation, including the establishment
of an ecologica sanitation pilot project in the area, were regarded as usefull.

Based on the study of the key sources of gorm water and, potentidly, the marine pollution
a Jeffreys Bay, it was decided that the development of an Integrated Waste Management
Man (IWMP) involving community input was the most appropriste gpproach. The IWMP
was not only amed a addressng the aspects of land-based marine pollution, but were
geared towads socid and economic upliftment of impoverished communities An
integration of various technologies was suggested, but the importance of education of not
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only the locd community but dso al the stakeholders, was thought to be of paramount
importance. It is therefore recommended that & APs regularly workshop together in order
to work towards a common god. Interestingly, the business community did not only
pledge financid support for community-based projects, but aso ther time and sill. This
volunteer human resource is invauable and it is recommended that local governments aim
to have a closer partnership with the volunteer sector in order to benefit from this resource.
It is further suggested that research is needed in the seiting of sugtainability indicators for
the implementation and maintenance of community-based pollution reduction projects in
coastd communities. Apart from education, the other key ingredient to this type of
approach, which requires participation from a number of different dtakeholders, is the
identification and promotion of appropriste incentives for the different <Stakeholders.
Without these incentives the various I&APs may not paticipate in a proposed waste
manegement drategy. Incentives could include improved living conditions and some kind
of return such as income or fresh produce for the loca community. Loca busness can gain
by means of increased tourism due to clean and pollutionfree beaches of an internationd
dandard. Lagly, the incentive of the implementation of an IWMP for locd government
could be aggnificant financid saving.

While the current project focused on the issue of environmental pollution and waste
management within a smdl sorm water catchment in Jeffreys Bay, indghts gained could
be applied to the reduction of land-based marine pollution a other coasta resort towns.
The key to any such initigtive is firdly to accuratdy determine the most Sgnificant
sources of pollution, and then to investigate the root causes and impacts, both direct and
indirect, of the pollution not only on the immediale community but on a broader
dekeholder group. The resson for the latter is that the participation of a range of
dakeholders with different strengths, resources and skills is likedy to be required to
implement a successful integrated waste management initiative. As discussed  above,
education and incentives are vital to the success of the initiative and therefore need to be
invedigated fully. The proect furthermore chalenged conventiond pollution and
community upliftment drategies by placing a srong emphasis on ‘sdf-hdp’  participative
goproaches by means of a patneship between volunteer, community and locd
government factions. Not only could this become the only viable option for developing
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coastd communities due to the envisoned population growth in coastd aess with
consequent financid condraint on locd authorities, but potentidly a means of bregking the
poverty frame of mind of the people. The end result for smal coastd communities could
be that their vauable marine resource, the ocean, would continue unaffected by man as
adways and the locd people can remark with dignity that with the help of God we have
doneit ourselves.
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APPENDICES

APPENDIX A

COMMUNITY QUESTIONNAIRE

Interviewer's Name: Number:
SECTION A: RESPONDENT'SDETAILS

1. Ageof respondent.

2. Mdeorfemde

3. Compostion of the household. (State number of persons within specific age group)

0-5
6-15
16- 35
36 - 60
61-75
75+

4. Levd of education. (Mark off)

None

Primary school
Secondary schoal
Tertiary education



5. Household income annualy. (Mark off)

R1- 2400

R2 401 - 6 000

R6 001 - 12 000

R12 001 - 18 000
R18 001 - 42 000
R42 001 - 54 000
R54 001 - R72 000
R72 001 - R 96 000
R96 001 - R132 000
R132 001 - R192 000
R 192 001 - R360 000
Over R360 000

Unspecified

6. Employment type.

7. Dwadling type. (State: forma or informal)

SECTION B: SOLID WASTE

8. How many bags of solid waste do you produce per week?

9. What do you do with your solid waste?




10. What are the most common objects you dispose off? (Classfy in order of merit by
means of numbering)

Organic matter (i.e. vegetable, animd)?
Paper/ Cardboard?

Glass?

Garden waste?

Wood?

Metd (tinsetc.)?

Fastic/ Rubber?

Other?

~ 0o o 0 T @

2 Q@

11. If you use the locd skip do you place the waste into the tip or next to it? Why?

12. Areyou happy with the way solid waste is managed in your aree?

13. Arethere problems with the operation of the waste skip? If yes, please provide details.

14. How would you like to see the system change?




15. How do you think the solid waste impacts on the environment?

16. Do you recycle or reuse any objects? If so, please give details?

17. Do you have a compost fecility a your home that is used regularly? If so, what type of
material do you compost and what do you do with the compost?

18. Would you be willing to contribute money to a one-man-contract solid waste remova

sarvice? If yes, how much per month? (Mark off)

None

R1- R5,00
R5,01 - R10,00
R10,01 - 15,00
R15,01 - 20,00
R20,01 - R25,00
R25,01 - R30,00
R30,01 - R35,00
R35,01 - R40,00
R40,01 - R45,00
R45,01 - R50,00
R50,01 - R55,00
R55,01 - R60,00



R60,01 - R65,00
R65,01 - R70,00
R70,01 - R75,01
R75,01 - R80,00
R80,01 - R85,00
R85,01 - R90,00
R90,01 - R95,00
R95,01 - R100,00

SECTION C: WASTEWATER (GREY WATER) & SEWAGE DISPOSAL

19. How many buckets of water do you use each day? (Standard 5 litter bucket)

20. What do you do with your wastewater from washing and cooking?

21. Would you congder using this water on a garden?

22. Would you use a soak away? (Explain design and show illustration)




23. Would you be willing to congtruct such a system on your premises?

24. Can you for see any problem with this design?

25. Where is the toilet that you and your family make use of ?

26. Do you experience any problems with these facilities?

27. Do you dways use these facilities? Explain answer?

28. Would you consider using an urine diversion toilets? (Show picture and explain design)

29. Would you be willing to building such afacility & your home?

Vi



30. Would you be wiling to contribute money to

home? If yes how much? (Mark off)

Not anything

R1,00 - 100,00
R100,01 - 200,00
R200,01 - 300,00
R300,01 - R400,00
R400,01 - R500,00
R500,01 - R600,00
R600,01 - R700,00
R700,01 - R800,00
R800,01 - R900,00
R900,01 - R1000,00

SECTION D: THE WETLAND

the building of such a facility a your

31. Areyou aware of the wetland that runs through this area?

32. Do you think that this wetland is very polluted? If yes where does the pollution come

from?

33. How would clean up of the wetland benefit the community?

VI



34. Would you be willing to contribute money to the rehabilitation of the wetland? If yes
how much? (Mark off)

R1,00 - 5,00
R5,01 - R10,00
R10,01 - 15,00
R15,01 - 20,00
R20,01 - R25,00
R25,01 - R30,00
R30,01 - R35,00
R35,01 - R40,00
R40,01 - R45,00
R45,01 - R50,00
R50,01 - R55,00
R55,01 - R60,00
R60,01 - R65,00
R65,01 - R70,00
R70,01 - R75,01
R75,01 - R80,00
R80,01 - R85,00
R85,01 - R90,00
R90,01 - R95,00
R95,01 - R100,00

35. Would you be willing to contribute time to the rehabilitation of the wetland? If yes how
many hours per week? (Mark off)

VIl



SECTION E: MARINE POLLUTION

36. How often do you or your family vist the loca beach? (Mark off)

More than once aday
Once aday

Once aweek

Once amonth

Once ayear

Never

37. When you are there, what do you do most often? (Mark off)

Fish

May _
Surf

Swim

Lie on beach

Wak

Other

38. Have you experienced any problems with waste or the water qudity on the beach? If
yes, provide details.

39. Areyou aware of the Blue Flag project? If yes, what isit?




40. Are you aware of the impact of solid waste, grey water and sewage on the beach or

sea?




APPENDIX B

MUNICIPALITY (SOLID WASTE MANAGEMENT)
QUESTIONNAIRE

1. What are the different systems used for solid waste remova in Jeffreys Bay?

2. How isit decided whether to use awaste skip or curbside solid waste remova system?

3. How do you fed the solid waste management sysem is working in tems of
environmental protection and providing a socialy acceptable service?

4. What are your grestest frudrations regarding the Kouga solid waste management
sysem?

5. Wha ae the man complaints that you receive about the solid waste management

sysem?

Xl



6. What do you see as possible solutions to the current state?

7. Do you provide black bags for the people to put their waste in? If not why not?

8. Why is a curbsde collection not an option for the whole of the township instead usng
the waste skip method?

9. Do you think a one-man-contract system will work? If not why not?

10. Would you be willing to move waste skips to increase community accessibility?

Xl



11. Whose respongihility is it to issue fines for illegd waste dumping? Have any fines been
issued over the last year?

12. What do you think of the possibility of recycling and composting?

13. In your opinion, is the management of waste from industry problematic?

14. If yes, can you provide any examples? Which industries pose the biggest problem?

15. Are incentives in place to encourage industry to reduce the volumes of wade
produced?

16. To the best of your knowledge, do any d the indudries in the vicinity of the sudy area
produce toxic or hazardous waste?

X1



APPENDIX C

MUNICIPALITY
(SEWAGE DISPOSAL AND GREY WATER MANAGEMENT)
QUESTIONNAIRE

1. Do you consder grey water as an environmental and health problem?

2. What management actions are planned to mitigate grey water pollution?

3. How many toilets are currently available for informa settlement residence in Jeffreys
Bay?

4. What type of sewage disposal technologies are being used?

XV



5. Do you think the sewage disposd services for Pdlsus and Tokyo Sexwde ae
aufficient?

6. What isthe current ratio of residents to toilets?

7. What are the primary problems, if any, regarding Kouga sewage disposal delivery?

8. Wha ae the man complaints that you recelve regarding sewage disposd service
ddivery?

9. What do you see as possible improvements?

10. What percentage of the toilets are not working at any one time?

XV



11. What are the most common causes of toilets not functioning?

12. How often does the municipdity check public toilets?

13. Is informa ablution perceived as a problem and are there plans in place to address this
issue?

14. 1s Jffreys Bay likdy to comply with the millennium devdopment gods in tems of
provison of sewage disposal?

15. Have you heard of urine diverson toilets (ecologicd sewage disposa)? Explan if
necessary.

XVI



16. Do you think urine diverdon toilets is a possble solution for the Kouga sewage
disposa backlog? If not, why not?

17.How do you think solid waste and a lack of sewage disposd impacts on the

environment?

18. Have you experienced any problems with waste or the water qudity on the beach? If
yes, provide details?

19. What isthe financid vaue of the Blue Hag Satusto Joay?

20. Do you think that the state of sewage disposd and waste management in the informd
housing area can have a negative impact on the Blue Fag status of Joay? If yes, how?

XVII



APPENDIX D

BUSINESS COMMUNITY QUESTIONNAIRE

1. Are you sisfied with Kouga service deivery regarding solid waste management and
sewage disposal?

2. How would you like to see the system change?

3. Do you think the current dtate of solid waste manegement and a lack of sawage
disposa impacts on the commercid sector of the town?

4. Do you see a link between poor waste management and sewage disposd in the
informa community and the dae of the beach / seawaer qudity? If so, what is the
link?

XVII



5. Have you experienced any problems with waste or the water quality on the beach? If
yes, provide detalls.

6. Are you aware of the impact of solid waste, grey water and sewage on the beach or

sea?

7. Do you think that busnesses in the town would be willing to contribute financidly to
projects that reduced the risk of contamination of the beach and marine environment?

8. Would the business community see any other benefits in supporting waste management

initigtives in the town?

XIX



