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Creek (after Senior, 1992) . 

The 66% pr~ion falling into the plastics category (by item count) of liner trapped 

was made up of just five litter item types: 

• Plastic bags 

• Pla, t ic sheeting and film 

• Plastic confectionery and crisp wrappers 

• Take-away food containers 

• Free di,triblltion item, (I unk mail). 

Manns (2003) the mellSureowtll and rMuC(ion of urban/iff'" enteritlg ,-Wnnwalet dtai/lag~ .I)'.'f~m.,_ 
Chapter 2 : The urban linerprobJem. 
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Otllt-r findings "nr thai liller accumulation " 'as particu larly noted near fast food 

outlets, a utomatic lell('1' mac hines, wpenn3rLels. tip S1I::s, I'C'qcl ing depots and ra ll"'a), 

lines, 

2.6,2 The Coburg Study 

Tilt- MCTTi Creek srudy blued the tra l) for an iu-depth study of litter depoSition in the 

Cobllrl!, catchment siruatro about 10 km north o f Melbourne's CBD. The mOIlltOred 

area was a 50 hectan: calchmml en!;OmpaSSlllg §Ome 35% oomruerciaJ (shopping 

«"mre, library and faS! food oullcul and 65% resldr.iliaj (m iddle IDCQlTle stngle 5t<=y 

dwe lling urutsat a density ofaboUi 10 units per ~re) land uses (Al lison and Chiew. 

1995). 

(a) r.li.wd COJIJIII",ciat ,' r .. i<If!l~ ta t 

,it~ 

(,) Light ind .... "i.1 'h 

"'" m. 

(h) R~.ld~I"IRJ ~tl~ 

PI .. I;c, 
9'1. M.ulo 

I',. Paper 
,~ 

Odlu 

". 

(d) Downstream ~be 
Plaslic$ 

R'h MtIBl . 

78". 

figure 2-2 : Littcr composition by dry lIlass From difrerent catchments in Coburg 

(lifter AIII~ulI & C lliew. 1995) 

Mlnli (003) nw """",w,.."."...' u"'l ..... d~,.,It>~ ~furlJ"q 1111<'1' ~n&.'riNg $t"..m,,:alt"r <lrr""~lle w s/<'..,. 
a."",e< 2 ' The ut1>an line< problem.. 
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Data from the study indicated that an average ofapproximatdy 30 kglba of dry litter 

(100 kglba wet litter) is washed off these urban catchments p~r annum. The HtlCT 

profiks obtained arc shown in the fonn of pie charts in Figure 2-2. They demonstrate 

the variability of the compo:;ition of the litter with differcntland-uses and densitics. 

2.6.3 The Auckland Stud~' 

Similar profile:; to the Coburg Srndy wcrc also obtained for Auckland (Cornelius ct al., 

1994). Nine storm water outfalls discharging from Auckland City into the Hauraki 

Gulf. representing three basic land usc types (commercial, industrial and residential), 

were sampled from Kovember 1992 to October 1993 to detennine if the quantity and 

composition of storm water debris discharges varied with catchment land use. 

It was fOWld that the commercial catchments were the most significant sources of litter 

by mass. The estimated daily contributions originating from the three land use types, 

commercial, industrial and residential, yielded Jitter loading rates of 1.3, 0.9 and 0.5 kg 

per ha per annum respectively when converted to annual rotes. Although these loading 

ralCS arc considerably lower than for the Coburg study, garden debris. which was a 

significant component of the Coburg litter profiles. was not recorded in this :;tudy. 
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Fi~urr 2-"~ : Littrr compo,ition by count "rom dil'f'rrrnt land usr t} pes inA uckland 

(after Cornelius et aI., 1994) 

Mora;, (2003) The mrusuremenr and reducrion of urban Iiller entering sWrmwalu' Jrainag~ _'Y-"em._ 
Chapter 2 : The urban tmer JWOblem. 
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The srndy fOlmd that 73% of the waste was composed of organic matter while 5'~"o 

consisted ofn:cyclab1e products. The litter profile obtained is depicted as a pie chart In 

figure 2-4. 

pla;tie, 

4 10/. 

S,.,d and 

bFr 

10.:% 

Other 

1.3"'/. 

VeEl"t.ole 

29.6% 

Figure 2-4 : Litter composition by dry mass for Vingulgati and Mtambani 

(after Kivaisi and Rubindama~'ugi, 2000) 

Amongst the recommendations made by the study were: 

i) The government and municipal authorities should establish solid waste 

management legislation and regulatious to define the role of community based 

organisations (eBOs), non-government organisations (NGOs) and private 

enterprises involved in the provision of collection services, recycling or 

composting schemes. This legislation should provide clear and viable 

guidelines to those in the private secter participating in the solid waste industry. 

By-laws and regulations should facilitate the operation of community-based 

waste management schemes under healthy conditions, and enable coHection 

fees and prices of compost and recyclable products to be set and enforced at 

economic rates. 

"'tara .. (2003) The measurement and redUClion a/ urhan litter entering slarmwater drainage systems. 
Chapter 1 The uTban litter problem. 
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Field investig~tions were carried ont from December 1993 to December 1994. Six 

,ector, with different soci~i and economic characteristics were ~Jcctcd. The resnlts for 

two of these, the Gabriel TOlin! Hospital and Ihe Hiltd de rAmi/it are not di>cussed 

here a~ they relate to spedaliscd land-u~c,. Hamdallay~ is ~ I~rgely nnp<lvcd, high 

den,ity (with many f~milies per hou,ehold und a :;ignificanl number of livestock). low 

income residential area while Falaje-SEMA is ~ medium den,ity (one family per 

household), midille income re,identiaJ area with fewer livestock and Ics~ p!l1>torill 

activity. The River Quarler i, u well-wooded, medium to low den:;ity. high incomc, 

primarily re~idcntial area with SoOme schools ~nd offices. The Urban Centre is where 

imen,e commercial and public ,crvice activities takc place. 

In each o[ the seclors at lea~t eight site visit~ per month were undertaken to collect 

household re[u,e between December 1993 and December 1994. Workers isolated the 

different refuse types ,orting the re[u,e by hund and then weighed Hlld recorded the 

results. The restllts obtained for the four sedor:; are summari>ed in T~ble 2-1: 

-C-'T~~ 
.--~ . '.-- --.- , 

~·tor 

ll......d ... la). ~~~~_St~~~ ._IIJ~ ''< QlI.I&ctH \.1,,,,,,,, C<nt"::-

l.~"cn., Co. MiJcIl. Iligh 
,-, -

Ykdium \(l L-<>w 
High <lcn,il), Medium dcn,ily C(Jrnmcroi"l 

l""d-u,.. Re,iJential 
Rc,iJcmial Residemial Puhlic S~n'i"< 

(al "" shop, ond "flie",) - ,-

Rdus< gOl\OOralod 

ik!0,,,,...,",~Nda~·1 4.94 9_21 , , 

(kglc~pi""'da~-) 0.6'1 IS' , , 
" - ' --.- - - -

\l.o~n R.r, ... C""'I'",<iI;"" h~' \b .. ---
()c,~nic(%) 39,35' ~b.48" 7~,~Y ~7.~0-7H_2~ 

-

1'''I,"r I ';;'1 - , 1_7()_ll,'~ 
._. 

___ ~'Ii< (%) '" '''' I 
,.", 2,94 ],06 

-

\It!~l (.-.,) L2~ LOl 1190 ()4~ 2~7 
- -- ._-

(;1.,,",(%) 0." 0,70 0,47 0,12 - 0_57 
------- --_ .. 

-.Soi!J%) ~~,32 __ W.71 21.26 -",26 28,2~ 

Table 2-1 : Results obtained for four sectors iu Bamako District (after Ouedraogo 

et ai., 2000) 

!>l"'oi, (200_,) "11,~ meusunmefll lind r"JuCljan oj u,vlln ii/ler ~meri"g , WrmwWa dminallc .'y,w'm.'_ 
ChClpler 2 : Th" urban liner pwblem. 
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Fourteen samples were taken from the structure and analysed to derive a typical litter 

profile for the catchment. Figure 2-5 depicts the resnlt in the form of a pic-chart. As 

the quantity ofvegetatiOil trapped by the structure W.lS negligible it was not measured. 

Poly"yrene 
t w. 

Other 
~~'; 

Pla>li::< 
62'10 

Paper 
10% 

Tm oam 
IO~, 

Figure- 2-5: Litter composi1ion hy ,,,Iume 1rapped in Springs (aner Armitage- et 

a!. 1998) 

The litter deposition ['.Ite for the commercial I industrial area was estimated at about 

550 kglha.yr using the standard density to convert the measured volumes into masses. 

Of the amount deposited, about 18% was estimated to enter the stOITllWater drainage 

system yielding an average annual litter load of about 82 kglha.yr for the entire 

catchment. 

2.7.2 Marine litter originating from Sea Point, Paardcn Eiland and 
M.ilnerton (Cape Town) 

The aims of this study, carried out under the auspices oftbe Percy Fitzpatrick Institute 

3t the University of Cape Town, were threefold (Arnold & Ryall. 1999): 

i) To estilffilte the amount ofliuer entering the sea from stormwater runoff. 

Marois (2003) The ",easurem~m and reduction of urlJan litter entering stormwoter drainage 'Y_,tem.,_ 
Ch.pt.r 1 : The mb.n litter problem_ 
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ii) To identify key source.' "r' ;mild wasle enlering wa, [e water syslem,. 

iii) To target these speci fi c sources with an education I involvement campaign to 

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

The stonnwatcr drain outlets from three small urban catchment, in Cape Town were 

equipped with litter traps in the form of polypropylene netting. The three catchmcnts 

chosen were Sea Point {a high income, mixed commercial-residential area of 6.24 hal. 

Paarden Eiland (an industrial area of 2.5 hal and Milnenon (an upper middle-class 

residential are~ of 4.7 hal. Allthcse areas had regular refuse collection (once to twice a 

week) and the commercial area of Sea Point also enjoyed regular street sweeping. The 

drains were netted for five to twenty-two days during the winter of 1996. Litter 

collccted from the Ilets was dried, weighed, counted and sorted to identify probable 

litter sources. 

The litter profiles obt~ined for the three c~tchments arc depicted in Figure 2-6 in the 

fonn of a bar chart. 

60 

50 

40 

Percentage 30 

20 

10 

0 

Debris Type 

• Ind .. trial 

• Commercial 

[] Ro»;i<IIIJaI 

j:igul'c 2-u: [ ittcr comp",;tioll hy ma" f ... ,m 1111"cc urban land use types in C.pc 

To"n (after A .... "ld and Ryan, 1999) 

Marais (2003) The mRasurernent ar>d ",due/ion of ur/:Jan litter entering stormwatn drainage system.J. 
Chaptcr 2: The urban httor problem. 
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Figure 3-1 : Map sho"iDg the Cl\IA and the locations oflhc 

seleded utchmenh 

M.r.i, (2003). The measurement and reduc7ion of urban /iller emer;ng <lOrm""ler drainage <y.te",,­
Ch.pter 3 : The pilot catchIn<-nlS. 
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Rl'sidentiai Other 

Income 

~"~~~~ 
I \Velgemoc<!./ i\l()Tllagu Garden. 

Density 

ICape Towll ClUj 

Irmiprno YClhJ 

Figun' 3·2; Socio-economic and land use ch:lracteristil'S orlbe selttt~d drainage 

catchments 

i) hnizamo Yethu _ a low income. (aver<lge of R21 000 per household per annum) 

high density re~idcntiaI area compri<>ed of site-and-~en'ice and informal plots; 

ii) Ocean View - a low income (average of R25 000 per hOU8ehold per annum), high 

density residential area; 

iii) Cape Town Centrnl Bu,incs~ District (CBO) including office bloch and hotels; 

iv) Cap" Town CBO lnclucllllg open-air market and row ~hops: 

v) Cape Town CBO including the bus terminus; 

vi) Fre,naye - a high income (average of R97 000 per household per annum, medium 

density residential area (including apartment,); 

vii) Summer GITcns _ a medium income (average or Ri.'O(x) per hOlLsehold per 

annum), medium density residential area; 

Marais (2003) , Th" mea.<Yr,m,'" aM reduction of urban litter entering ,IOrmwater drainage systelflj. 
Chap!er 3 : 'llle pilot catchnlttll', 
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viii) YfOTlliJgu Gardcn~ illdllstri~1 park: 

IX) Wdgemoed - a high i~come (~verJge of R178 000 per household per ~nnum), low 

density residential area. 

3.4 Physkul descriptions 

The catchmenls ranged in ~rca from 3.4 hectares (hal (for the market and row shops and the 

bus termillus in the C~pe Town CRD) to 25.4 ha (Fresnayc) with an average area of 

10.8 ha. They covered a wide range of topographies ~nd vegel~lion Iypes with 8ignific~nl 

v~riutions in rainfalL Imizamo Yelhu. Fre,nayc and Welgemoed are situated on the sides 

of mountains or hills while the Cape Town CBD, Summer Greens and Montague Gardens 

are situ~led on flul lerrJin. The section of Ocean View comprising the study area is 

characterised by gentle slopes, The me~n ~nnual precipitation in Imizamo Yethu exceeds 

ROO mm while the mean ~nnual precipitation is less th~n 500 mm in Fresnaye. 

Physic~l descriptions of the catchments fo llow: 

3.4.1 A: Imizllmo Yethu 

This is a high-density low-income site-and-service residential settlement. There are almost 

no permanent structures and the v~st majority of the residents live in shacks. About 70% of 

the sell1ement is fully serviced with each elf having an individual water connection. a toilet 

with waterbome sanitation and frontage onto a snrfaced ro~d or walkway. These erven 

average J 25 m' in area. 

The remainder of the settlement is provided with communal taps and toilets or bucket 

latrines. The study urea of 53 150 m' falls into the fully serviced area which is however 

downstream of ure~s wilh rudimentary services. In the absence of proper services, many 

households on the periphery of the selilement nse the stormwater catchpits as disposal 

points for nightsoil and refuse. The site is also extremely dusty and and a considerable 

quantity of sand finds its way into the dr~inage system exacerbated by erosion of the steep 

slopes (r~ngi ng from 8% in the study area to more than 20% on the periphery of the 

selilement) and the relatively high rainfall (in excess of 800 mm per annum). 

Mara;, (2003). Th. ''''-Qsuremenl mw redue,;Of< ~f orban /iller entering $lormwater drainag~ :;yjtems. 
Cba[>ler 3, 'The pilot catchment, 
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Figure 3-3; A typical view of Imizamo Yethu 

There is little vegetal cover other than the remains of II pinu,' pinea (stone pine) plantation 

and the topsoil is largely composed of clay. Very few of the residents ha~e gardens and 

there is also II considerable amount of silt that washes off the mountain slopes above the 

settlement in addition to the silt generated locally. These slopes have been destabilised by 

mountain fires and the growth of the settlement beyond its fonnal boundaries. 

3.4.2 B : Oi:ean View 

The Ocean View catchment is a medium to high density, low-income residential area with 

both economic and sub-economic housing and hostels. Although Ocean View is situated 

on a hillside, the slopes in the study area of 115 250 m' are gentle (less than 6%). All the 

roads are surfaced and many have premix sidewalks. The study area inc ludes a general 

store and butcbery situated opposite a taxi rank whicb was upgraded during [he monitoring 

period. Tbe underground stormwater drainage system discharges into an open canal which 

ultimately empties into the sea. 

M"";o (2003). The mea . .",rement and reduction <if ur/XIn IirTO'r enlering Jiormwater drainage systems. 
Chaplcr 3: The pilot catchment'. 
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Figure 3-4 : H(lSlels and a seelion of the canal rlraining Ocean View 

Many of the house owners have gardens arxl during the study period several extended their 

gardening efforts to include grassing the road verges. This appeared to result in a 

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

_~.4.3 C.]) and E : Cape Town Central Bu~ine~~ m~trict 

This is an amalgatn3tion of three small catchments and includes a wide range of land uses 

inter alia: a bus depot, infonnal traders, parking areas, row shops, hotels, offices, the 

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

Catchment C (with an area of 66000 m') slopes gently downwards from sooth to north and 

is lined with office buildings. hotels and a mix of shops including coffee shops and fast 

food establishments_ The streets are lined with trees but other than this, the vegetal cover is 

limited to isolated flowerbeds. All the sidewalks and streets are fully paved and equipped 

with small plastic rubbish bins mounted on lamp posts. 

Marai. (2003). TM ",easuremenl and reduotion of urimn liller ~n~d"g slorrnwlller drai~ag~ :ry_<t~m.,_ 
Chapter 3 , The pil'" ClItcJunem,. 
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There is a significant amount of both vehicular and pedestrian traffic between the Grand 

Parade at the northern end of the catchment and the government offices, including the 

Receiver of Revenue, at the southern end. 

Figure 3-5: A lypical trash bin in the vicinity oflbe Grand Parade, Central Businns 

District, Cape Town 

Cutchmcllts 0 and E which are essentially level have a combined area of 34 000 m2 • Both 

catchments have considerable numbers of infonnal If"dders and Catchment D also includes 

an open air market with kiosk shops and adjacent public parking situated on the western 

side oflhe Grand Parade. The periphery of the Grand Parade is treed bu t both catchments 

are otherwise unvegetated and complete ly paved - mostly with asphalt. 

Catchment E 1.\ largely occupied by the bus tcnninus and bas a steady flow of commuters 

Irorl\ (bc ncarby ,I(a(jm' arid laxi terminus peaking in the early morniug and late afternoon. 

Marais (200J), The "",a,,,,,·emeni alld reductioll of urban litle" enle<'ing slOrmwaler drainage system •. 
Chapt.". J : T~c pi lot catc~meTI"', 
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Figure 3-6: Cape T,m" eBn : Kiosk shop, "" the G,'and Parade 

Fresnaye is a medium to high-d~nsity upper-income residential area situated on the western 

side of the Cape Peninsula. The study area of 254 000 m' includes residential areas 

composed mostly of detached houses situated 0" the steep mountain slopes (6 10 11%) and 

a small number of blocks of flats. 

The main access road, Kloof Road. carries a fair amount of pedestrian traffic as it leads to 

the shopping precinct of Sea Point, All the sidewalks and roads arc fully serviced and the 

area is "ell vegetated with mature gardens and trees throughout. The rainfall is relatively 

low with the annual precipitation rarely exceeding 500 mm. 

Marai, (2003). The mellSUrement ami reduction of urbon /iller entering $/OnPlwater drainage 'ystelOlS, 
Chaptcr 3: The pilot oatchments, 
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Figurc 3-7: A tHc-llncd 51reet in Frhna)C 

Figure 3-J1 : lUocl;, ofllats 

lining Kloof Road, Fruoaye 

M.raisI1OOJ). 1 .... "' .. " .............. 1 ami re,iw:li()" of ",10m /"'''T DlN. ... "J[ >/"""'''-,,"'r JI"Q,""iP' "'"',..".,. 
Chap .... 3. The 1)1101 ~aKh_ ... ... 
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3.4.5 C; Summer Greens 

Summer Green'> is a m~dium-density middle income residential area. Plot sizes ;u-e 

generally or the order or 250 to 30(] m' and nearly all the hous.es in the study area of 

53200 m';u-e single-storied and free standing. Despite the area being recen!!y de,eloped, 

it is well-grassed and most of the residents have modest gardens. Although road reserves 

arc narrow they are fully paved and there is a small neighbourhood park of about 500 m' 

whieh double, as a storm water detention area, 

The soils of the ;u-ea are sandy and the tl,:>ography IS flat. In the stlidy area the road layout 

does not permit thwugh traffic with the result that nearly all the pedestrian and vehicular 

traffic is generated by the residents themselves. The mean arumal precipitation is about 

530 mm for the area. 

Figure 3-9 : A neighbourh"od park in Summer G reens 

Mol'o;, (200J) The meusurelll"nl alld re.:iucrion ofurb~n lil!~r "nl~I'ing slOmM~I~I' drainag~ n Sfem", 

Ch.pt~ r 3 : The pil'" cotchment,. 
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3.4.6 H: Montague- Gardens 

Montague Gardens i, a light indu>triill catchment. The >tudy area coy<.-rs :m ilrea of 

140685 m' and is almost fully paved. Together with adjacent Marconi l3eilm it is the 

fa~t<lst growing imhlstrial area in the CMA and there is a constant stream of heavy and light 

traffic through the area uuring work houT:S. A substantial workforee inhabits the area 

during the day anu there are several fast fOOt! outlets catering for their needs. There is lillle 

vegetation to ~peak of, although the ownens of ~ome busines~e~ have made an effort to 

plant flowers or b'TilS~ out~ide their premi~e, :md there are a few >eraggly trees, As with 

nearby Summer Greens the soils of the areil arc sandy and the IOpOb'Taphy is flat. The me:m 

annual precipitation is also of the order of 530 mm. 

Figure 3-lIJ : The-light indnstrial area of Montague Gardens 

.1.4.7 I: We-lgemoed 

Welgemoed is a high-income, low-density residential area situated on the slopes of the 

Tygerberg Hills in the northern suburbs of Cape Town, 

Marai, ('(~I.l) The measurement and ,,·duNioll n!,udJan 1i"!'I' enrel'ing .'/OI'lnKatel' dl'Gi""g" .,>,,"'m-, 
Chaptcr.1 The pitoi catchment, 
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Figure 3-11 : The "erda" ! suburb of Welgcmoed 

The propert)· sizes (moce than I 000 m'j and dwellings are large with mature and often 

elaborate gardens. All the houses in the study area of 144 000 m' are freestanding and 

many are multi-level to take advantage of the sloping topography. Slopes are estimated to 

be between 8 and 10%. Although the roads and sidewalks are surfaced, treatment of road 

verges vanes. A few verges displayed erosion problems mostly as a result of excessive 

watering of adjacent gardens rather than as a result of runoff from heavy rainfall. Both 

gardens and road reserves are well-wooded 

3.5 Demographic profiles 

Attitude surveys camed out amongst 1 000 respondents in the State of Florida in the United 

States indicated that those thought most likely to litter are behveen 13 and 24 years of age 

(Florida Centre for Solid and Hazardous Waste Mana!,'l!111ent, 1999). These surveys are 

supported by research conducted in 1968 for Keep America Beautiful Inc. which identified 

specific demographic variables related to littering. Among the findings was that twice as 

many males litter as females, and that adults under the age of35 are twice as likely to litter 

as people aged 35-49, and three times more likely to litter than people over 50 (Florida 

Centre for Solid and Hazardous Waste Management, 1998). Similar demographic trends 

have been noted in Australia. 

Mar.i, (2003). The measurement wui reduction of urfun liller entering ./or"'\Vat~r drainage sy'-te",-, 
Chapter 3 : Tho pilot catchment •. 
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From these results it ~an he construed that littering panerns are strongly linked 10 

demographic profiles. 

To invesligate this link, d~ta from the 1996 census database compiled by Slatistics S.A. 

was used to compile the demographic and socio-economic profiles of the selected 

residential study areas. Although a more recent census took place in 200 I the results were 

not available at the time of writing. The motivation behind utili,ing such census dala i<; to 

gain a broader understanding of the influence of socio-economic circum,tance, on the 

n~ture ~nd amount of litter in these areas. 

The commercial study are~s falling in the Cape Town Cemral Busine,s Di,trict and the 

light industrial study area of Montague Gardens h~ve not been included for two reasons: 

i) The cenws data related to households and pla;;es of re,ideoce. The Cape Town 

CED and Montague Gardens have few residents and their impact on litteriug is 

in,ignificant comp~red to that of the workers and passing vehicles in the area. 

Neither the people who commute to work in these areas nor traffic volumes are 

ret1ected in the census data. 

ii) The set of characteristics should be comparable using a common reference system 

for ~Il the catchments to derive a meaningful comparison. This holds true for all the 

residential catchments where the charactelistics are referenced per re,ident or 

hou,ehold. 

A literature review wa, carried out to guide the choice, of "socio-economic" factors that 

could be extmcted from the census database to formulate the socio-economic profiles of the 

catchments (Matzener. 2000). The intention wa, to select a few. relevant characteristics 

rather than present an excess of inform~tion that might ob,cure the picture. 

The number of characteristic, selected ha< been reduced and subdivided into two ~ubsets 

for thi, the,is, The first subset, which is presented in this section, comprises the following 

characteri,tics: 

• Populalion group 

• Age 
• Type of dwelling 

Marai, (200 3). '[h. measuremm l aM "due,inn of urban 1;,,", entering :;Wrm~'U'"r drainage ,ysJem.s. 
ChapkT 3: The pilol calchmen~. 
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• Dwelling ownership 

• Employment status 

• Individual income 

The >eCond subset relating to thc hou:,ehold service' provHled 1'> pr~,>~nted in Section -'.6. 

Graphs have been compiled from the census data for each of the characteristics in tum to 

facilitate comparison of the study catchments. 

1 ()()01o 

.". 

8Wo 

W" 
6Wo 

50"10 .w. 
30"1. ,w. 
, .. 

tmizamo Ocean View Fre,naY" 
Yelhu 

SUIIlIIlO. Welgemoed 
Green. 

o Unsp<:clfied 

::JWhite 

_I 0 Indian/A""" 

figure 3-12: Pupu!:lliun ~ruup distribution for the residential study catchmcuh 

The racial disaggregation shm\"fl in Figure 3-12 shows fundamental differences between the 

catchments. Imizamo Yethu is predominantly African/Black (87%). Ocean View is 

predominantly Coloured (950/0) while Fresnaye and Welgemoed are predominantly White 

(81% and 91 % respectively). Although the dominant population group in Summer Greens 

is White (47%), a significant number are Coloured (29"10) or not specified (16%). 

The age breakdown for the catchments shows major differences, 

Marai, (2003). The measurement and nxiwclion ofwrban hiler em~ring ,,,,,.,,,,,,mer drainage J)·,t~m.', 
Chapter 3 : Tile pilot catc~ments. 
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Figure 3-13 : Populatiun b y age distributiun ror Ihe res idenlial study catchments 

Although the proportion of the populations below the age oj' 30 is similar in lmizamo 

Yethu. Ocean View and Summer Green~, the proportion oj' children below the age of 15 i~ 

greater in Ocean View (38%) than the other two areas. Thc relatively low proportion of 

children in lmizamo Ycthu (22"/.) compared with Ocean View (3~%) is possibly due to the 

large number of males (70"10) resident in lmizamo Yethu_ 

The median age in Fre~naye and Welgemoed is older at 31 to 40 years than the other 

catchments at 21 to 30 y~ars_ O,er 2(t%, of the populalion in Fr~'lmyc is o\'~r 60 y~ars of 

ag~ compar~d 10 le!;.~ than ]0'% in tilt: oth~r catchm~nts. lmizamo Ycthu and Summer 

Gret:ns hav~ a very low proportion ofpeopJe o,~r the age of 60 years (both 3%). 

Dw~ lI ing I)'P" and own~rship are r acet, 0 f a per,on·, ,ocio-economic status. Figures3-14 

and 3-15 respeclively i llu,trate th~ dwdlmg typ~~ and ownership paUems_ 

).1ara; , (2003). The meal"rli-emem and redlldioo, o/ur/xin /iller en!('fing slormwarer drainage "·,,ems. 
Charter _, _ Th. pilot ""'Chmo" IS. 
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Fresnaye and Ocean View are fairly evenly divided between ownership and non-ownership 

while the other catchments show a predominance of ownership_ However in lmizamo 

Yethu this probably reflects the fact that the occupiers built their dwellings themselves 

rather than a legal right of ownership_ An el\amination of the dwelling type shows thm 

91% oflmizamo Yethu's residents live in infonnal shacks whereas more than 90% of the 

inhabitants in the other catchments live in houses or flats, In Summer Greens (97%) and 

Welgemoed (93%) inhabitants reside o\erwhelmingly in freestanding houses. In both 

Ocean View (39%) and Fresnaye (47%) sib'llificant proportions of the residents live in 

blocks offlats. 

Figure 3-16 ]XIrtrnys the employment starns of the inhabitants of the residential catdunents. 

lmizamo Yethu (15%) and Ocean View (6%) have the greatest proportions of unemployed 

job seekers, Ocean View (35%) has the lowest proportion of employed people while 

Summer Greens (57%) has the highest. 

,.,.. 

70"4 

'"" 

30"4 

20% 

10"/0 

w • 

... ~",,<> .:i,i' 
/c d'~# ,. 

DNA; InSliMi"" 

DNA: Aged <15 

iii Unspe<:ified 

• Not worldng _ none C>fthe o", .. e 

o N<>I work.ing - nO! wishing to ""ork 

o Not working _ dlsahled ""..-.on 

o Not working - ponsiOll",-hetin'd "" ... "" 

o Not working - ""holar/full-time "'udont 

o Not working _ hou.ewifelhome·mahr 

o N<>I workmg - nO! lookiog for work 

o Unomplo)'W - looking fur work 

o EmplOJled 

Figure 3- 16: Population by emplo)'ment status for the residential catchments 

Marais (2003). Th~ ItIea-l"Urement and reduction of urban li"~r ~nt~ring .,torm",mer dralnag~ syslem •. 
Chapt",- 3 : The pilot catchmetll._ 
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Fi;:ure 3·17 : Pup ubni"n by iudi\'idua I muutbly incume fur the r esidential catchments 

The individual monthly income level is used here, nOI household income, as this can give 

an inaccur~te picture (depending on how many members of a family work, for example). 

Fresnaye and Welgemoed have the greatest spread of incomes. Surprisingly the median 

individual monthly ineome in lmizamo yethu is similar to that in Welgemoed but this may 

be explained by the low number of children and housewives who do nOI earn incomes in 

Imizamo Yethu compared to Welgemoed. The area with the highest median individual 

monthly income is Summer Greens although the area with the highest average household 

income is Welgemoed. It should also be noted that the proportions are biased by the 

'·Unspecified" category which comprises over 23% of the inhabitants in the case of 

Imizamo Ycthu. lfmost of these fall into the lowest earning categories the median income 

could be considerably lower. 

Mar.i, (2003). The measurement and red",rio~ of urban litter entering .<tormwaier drainage .<y.<tem.' 
Choptc'r 3 : Th~ piklt co!chlT\Ont. 
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3.6 Servicl' levels 

The unequal access to services in the CMA has been alluded to in the introduction to this 

chapter and is illustrated in this section using data relating to household services derived 

from the Census 96 database. The subset of characteristics selected is: 

• Water supply; 

• Toilet facihties; 

• Refuse disposaL 

1000/0, 

SO% 

70% 

• Borehole/rainwater tank/ well 

o Water carr;er.'tanker 

[I Puhlic tal' 

M , 
[I Piped "",ter on sit. 

0% o Piped water in dw<lling 

Figure 3-18: Household water ~upply for the Tl-siciential catchments 

The nature of the household water supply demonstrates the inequality in infrastructure 

between Imizamo Yethu and the other catchments (Figure 3·\8). Fewer than 20"10 of 

households have access to piped water in their dwelling although 53% have access to piped 

water on their site. This compares with over 86% having access to piped water in their 

dwelling in all the other catchments. 40"10 of Imizamo Yethu households obtain their water 

from a "public tap". 

Marai. (200:1). The measu,emrm ~nd reducfion of urban lilwr entering stormwa1er drainoge systems. 
Chapter:l : The pilot calchmems. 
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Figure 3-19 shows that a similar pattern is evident with toilet facilities with only 56% of 

lmizamo Yethu households having flush or chemical toilets. More ominously the category 

·'none of the above" comprises 22% of lmizamo Yethu households. It is assumed this 

entails urination and defecation in the bush or public areas. Night soil has indeed been 

found in the Imizamo Yethu catchpits on a number of occasions. 94% of Ocean View 

households have flush or chemical toilets while every household in the remaining 

catdunents has a flush or chemical toilet. 

ww. 

800;, 

3001. -

'"" IOO!. -

(l"/o -

"'-
-

-

-

-

I 

--1 

-

CNone oftbe above 

C Pit latrine 

o A""h <)t chernical 
toilet 

Figure 3-19: Household toilet facililie!o for the residflltial cat~hmcttts 

The most critical household service relating to the problem of litter in the stonnwaler 

drainage systems is that of household refuse removal. Figure 3-20 illustrates that only 52% 

of Imizamo Yethu households have their refuse removed at least once weekly and that 240/. 

have no refuse removal at all. In contr.lst at least 97% of the households in the other 

catchments have their refuse rt:moved at least once weekly. This must significantly 

increase the potential for household refuse to become part of the litter stream in the case of 

Imizamo Yethu. 

Marais (2003). The measurement and reduction of urwn /iller enlering slOrmwaler dramage syuems. 
Chapter 3 : The plio! catchments. 
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3.7 Co nclusions 

i) There is a eonsilierrlblc Ilttd 10 improw the knowledge o f the sollr<,;e. type and 
amoun t of l i ll ~r ~In!; the drainage ~yf;lems Iium di fferent types. o f urban 

C8lChrnen ts . This (;lfl be acttit;lved through inSiituting 3 prognullme to oollc-Cl and 

analyse litter data from J range of catchments, 

II) In o.;lmml("ll) wllh other South Afri":;<l1 urban areas In., 'XN C il)frastruelun.' ~ ) r Ih" 

CalX' ~k1mpo'ilan Arca is unequally di~ui bulal. 

iii) 1llc nine pilot cat;;hmcnts arrived at thro ugh the selection pl"O(;ess cover a widc 

n .. nge of different land- uses, soeio-ccononnc levels, population densities arxl scrvke 

lel'cls. The problem.> lhey experience \\" llh respect 10 hlte r in their 5tormwater 

t1minage l>ys1cms an:: probably rrprescntal;\'e of Similar urban c:IlChmenl5 elsewhere 

in South Afnca 

M.r4.,,200J). 11w. IWIISW>._"" """ rrJ!«fiolt oj wOO~ hn....-ftJl<:ri-s J.." .. ~"te, J,..,;",,8" .nU"'. 
C ... p, ..... 3 ·~ "'t(ill earclrmrn". 
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iv) In the absence of prop::r services. it appear.; that some households in infonnal areas. 

such as Imizamo Yethu. use the stQnnw~ter catchpits as disposal points for nightsoil 

and refuse. 

Maca;. (2003), The meOjUremenl and reductiOf1 of urban iitle, mlerinJl .!formwata drainQRt IJ}'s"ms. 
Chop'"' 3 ; The pilO! catclJmcnt,. 
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4. Data collection 

4.1 T ntrodudion 

As noted in the introductory chapter, previous South African studies have concentrated 

on removing litler from drainage system' once it is already there rat~r lhan reciLicing 

the amount of litter entering the dra inage systems. This has led to a pallCity of available 

data on the nature and quantity of lilt~r that finds its way into the stormwatcr drainage 

systems (Armitage et aI, 1998). 

This chapler rela!", how a data collection proce~s was in~lituted in the nine sludy 

catchments to remedy Ihh deficiency. The simple devices used to trap the hUer. the 

steps takcn to implement too process, including the installation of the trapping devices, 

and the monitocing procedure are described. The constraints experienced both in 

>etting up the catchments to enuble li1t;l collection of the data ~nd in recording the data 

aro dh.cusscd. It is hoped that the le~sons leamed will prove useful to researchers 

tackling similar undertakings, 

4.2 Traps and nets 

The litter traps were fabricated of galvanised weld mesh with 25 x 13.4 mm OElt;mings, 

The mesh was folded on site to suit the eatehpit dimen~ions, A minimum horizontal 

c1earunce of 200 mm hctwccn the short ,ide, of the trap and the short W31l, of the 

catchpit was general ly provided to allow for ovcrt10w in the nent of ttle trap becoming 

hlocked. The trap~ rested on two horizontal lengths of angle iron bolted to opposing 

eatehpit wall, whero the configuration of tbe eatchpit allowed. otherwise they hung 

from the lip of the catch pit opening below the grid. Ease of fahrieation and cheapness 

wero paramount considerations in the design as it was thought the traps might be prone 

to t11eft (Figure 4-J). 

Nets made of diamond mesh nylon netting were originally provided at all catchment 

outlet,. Tht,lir intcnded function was to intercept all the tiller which had hypassed thtl 

litter trap~ upstream of the outlet. The end of the net was fastened onto a circular 

gail'anj,ed mild ,tcci lloop fixed to the headwatL A horizontal gap of at least 20 mm 

was left htltwtlen the cnd of t11e emerging pipe and the hoop to allow for the passagtl of 

water in the event of the net fiUing with litter (Figure 4-2). 

Marai, (2003). The mea.tur!!1IU!.,'( and n'duClioll of urbnn Iiller ",minI< ."onm'alec dminal<e D',lems. 
Chapter 4 : Da," collection, 
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/emovable COver 

Catchpit 

Liller (rap 

Figure 4-1 : Cross-section through a typical sidc-cntry catcbpit 

Ea.:h catchpil and outlet net was uniquely identified by a reference llumber with thc 

format ~ ~ ~ til wliere 

• X 
• NNN 

catchment code (see Table 4-1) 

calehpil or outlet net number. 

4.3 Implementation of the data collection process 

A w(lrk~h()p with representalives from the then Municipal Local Councils (MLC's) wa~ 

held On 10 February 1999 where the motivation and methodology of the project were 

outlined. 

Sub>equem to Ihi, worb;hop each MLC identified candidate cmchments for inclusion 

in tbe study_ Tile project team conducted site visits 10 the candidate catchments and, 

together with the MLC's, ,elected (he nine catchments that met the project and [he 

Cape Metropolitan Council's requirements. These sites were approved lor 

implementation by the Cape Mdropolitan Council on 3 March 1999. 

Marais (2003). The mmJur~mm' u"d "du~tio" (if' "rbun liJter en"ri,,/! ,,"'rmw,,/er dminug~ ,"}'Jtml!!. 

Chap!£r 4 : Data collect;,,", 



Univ
ers

ity
 of

  C
ap

e T
ow

n

4-3 

The calchpilS and ,Iormwatcr mlicts to he titted with traps were (hen idenlifkd from 

plan, ,uppliGd by lh~ MLC\c and the ,upply and inotallmion work put nUl to lender. 

The lender process culminated in the appointment of a Conlrlll;lOr on 17 Augu'l 1999. 

The COS[S of manufacturing and im,lalhng the Imp, and llt't<; wne bol.1lc by the Cape 

M~lropolilall Council. 
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A follow-up workshop was held with the MLCs On 23 Augu~t 1999. The purpo,e of 

this workshop wa<; to discu,~ the liuer trup monitoring process, the MLC field ,taff 

involvement and the financial implications of the project. To facililate this workshop, a 

trap n~ar the "Grand Parade" had been in~lalled beforehand, thereby creating an 

outdoor site which the workshop attendee, cotlld vi~il to physically see an installed trap 

and ob~crvc how the volume of !iller was to be recorded. 

AI thut ,(age it was envisaged thai the routine monitoring and clearing of the traps 

would be conducted by the MLC's cl ean~ing field ,taff. Individual workshop, in the 

[our affected municipalities. the South Penin>ula Municaiiry. the Cape Town 

Municipality, Ihe BJaauwbcrg Municipality and the Tygcroerg ~"llnicipality, were held 

to infonn the field staff ofthc lIlflnitoring and recording proccdurc for thc littcr trap,_ 

TIle Contractor commtlnced in~ta1ling lhe Eller traps and catehmenl outlel nels OIl 

18 August 1999. The Imi/.amo Yelhu, Ocean View, Summer Greens, Monlague 

Gardens and Welgemoed catchments were handed over for monitoring on 

26 November 1999 while the CEO catchments were handed ollCr on 3 December 1999. 

The Fresnaye catchment was handed ovcr much later on 28 February 2000. 

The number of ,lonnwater calchpits cquipped wilh lrap, varied from ,ix (draining the 

bus tenninu~ in [he Cape Town CBO) to 35 (Wclgemocd) in each catchmenl at an 

average den~ity of 2,5 per ha. Each catchpit wa.~ equipped with one or more HUer traps. 

In the event of a ,pill from Ihe catchpitlilter trap, the litter should have been caught in 

the nets placed in~ide the catchmtlllt outlet pipe~ or existing grid~ at the outlets in the 

ca.<;e of lmizamo Yethu. Ocean View and Summer Greens. These outlet pipe, varied in 

diametcr from 375 mm (Cape Town CBO) to 750 mm (Fr.;"naYtl. Monlague Gardens). 

Only lhe lower portion of Frcsnaye was cquipped with catehpit traps although the outlel 

pipe was nened, This meant that those areas of Fresnaye along the main access route 

and armngst the blocks of flab could be studied in greater detail than the rcsidcntial 

areas situated on the ,leep mountain slope,. This exception wa;, made for reasons of 

economy in the installation and cleaning of the lrap~. 

The di,tribution of the catchpil\ and catchment outlet~ equipped with lrap' or neh is 

, ummarised in Table 4-1: 

Marai, (2003) , The meas"",mem and ,.eduction oj urban lirrer emering ,rormwaler dminag< sy'lern,,_ 
Ch'l'tcr 4 , Dat~ collocti on. 
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. - --_ ..... .. , ' -" , 
';ide iLILCl Cml C.!ci",,,,,,, 

Calc'h me!li .~"h"rh h>r ma MI,( Ar~" '.'chp'" "a' ~hf"l' (>'~kh 

CoJo (m') {Nil} tl'D) ('10) 

........... ., klL/.amo hllm S",-"I) , , 1<-:1 
" 

1< liO'>;':' 

r- Pcnin,u l. 

1 1~251) , o:;"an Viol" South 2~ , I (45oq,) 

P.ninsula 
-

C Cape Town CBl) <:,~~Town 66 (~': I , " 1 (45oq,) -

D C. TDWWCBD C, Town " I (~25,,) 
-, Cape Town CBD CapeTown 34 (xXI , 1075,,) -

C Fresmy. Cape Town 25,1 000 '/1 I (75O<i) 

G Summor G",c~s Blaauwbcrl moo , I ; 2 (6OC>O,3\Xlot) 

H Mont. ueGard<ws Blaauwbcrlr 14-0 N\~ , 
" I (75001 

, Welgemoed Ty~",t.",~ 144 roo " I (60:)0, 

ALL 8r.1l 285 "' '" '" 
Table 4-1 : Distribution of calchp it~ and outlets for selecled catchments 

4.4 The monitoring procedure 

Monitoring of the instulled litter traps and nelS began during January 2000 and ended 1n 

January 2002. 

4.4.1 Rcspon~ibililics of the Local Authorities 

It was anticip;!ted that the Imps and nets in each catchment would undergo a routine 

cJearoul by the local authorities al least once a month. The following data was to be 

recorded on a standard recording sheet supplied to them: 

• the dale of the c1earout; 

• the duration of the rainfall and precipil'-!lion (if any) during the period pre<:eding 

the clcarout; 

Mora;' (M3), The mrG5Uremrn/ and red",:tion of urban litter ~"Nring ,Wmmw"ler dmim'go ,r).\Ums, 
Ch"l't<r 4: Dol. ""IIce,;o" 
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• the tOiai volume of litter remov£"d fTUm the streets ,md from the dustbin; in Ihe 

catchment between cJearouts; 

• the degree of fullno:ss ot each uniquely numbered trap and oullet net. 

A detailed analysis was to he undertukell alice a month in each catchment during the 

rainy season (April 10 September). In addition to recording the above data the contents 

of each trap ~nd net wcre to be emptied into large bags clearly labelled with the traplnet 

reference number for ,orting and de1ailcd analysis in the VCT Lal>oratory. 

4.4.2 Hole of the IVaMc Audit(Jr 

To carry out the ~orlil1g and delailed analysis of the Iiller an independent Waste Auditor 

was appointed for si:< months lull-lime over the winter period April to September of 

2000 witb the intention 10 repeat the six month appointment in 2oo!. in the course of 

the six months the lVas/e Auditor should have heen able to carry out about six lull 

analyses of each catchment at a ralC of about two per wee!;:, For euch trap or net the 

following additional data was nxorded by the Wllste Auditor: 

• the exact mass and volume trappe..!; 

• the trap conlent'; by type, number, volume and mass; and 

• tlx: likely <;ourees of litter. 

The Waste Auditor played a vital role in ensnring that trap contents were collected and 

analysed in an aceurUie and consistent way, His tasks included: 

i) Carrying out checks on each catchmenl in the field 10 ensure th" t the local 

authority teams were properly clearing the eatchpit'<. 

ii) Assisting with the entry of field data on the standard recording sheel. Although 

this w~ done hy (he local authorities' teams it wa, found to be essential that the 

WilSie Auditor assist with Ihi<; function from experience gained in April 10 

September of 2000. Wilhom sUpcrv1sion, the local authority teams did nol 

record the data correctly and tended to assign the same degrec of fullness to 

every trap, 

Marai, (2003), The measure,"e'" a"d "duction ot urban litter ,n"'ing ."armw"t,r drainage ,>'SIeJIIJ, 

Chapter 4 . Data l'Oll"ction. 
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o , '" oliO 

" ~22 1 ,hoi "'" 3 pi""",, or ' ~lh 

In 101~ ~"'~ .o i/" ,d . ,.,,,,,;m . ,. ly ED 

" 

Hcurc 4-3: Database entry scree"' for detailed analy.is 

J 

iii) CaptlLring the data sheets recorded in the ticld onto the projecl database. 

iv) \Vorking with the local authority team collecting litter for a detailed analysi8 to 

en8ure that bags were correctly labelled with (mp and net nllmber8 before being 

lnmsportcd to the VCT Laboratory. 

v) Sorting. weighing, and measuring the bag contents in the Laboratory: recording 

the results onto a standard check list: and from the checklist onto the project 

database. The results recorded were the trap contents by type and mass and the 

likely oourccs ofiittcr. 

M",~j, (2003). The n>ea,'Ur"fr,"nl and reductiun uJ rlr&,," !iller enlering ,'!urm~'''''''' drainage ,yue",'>, 
Chapter 4 : Data collection. 
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4.4.3 Classificatiun uf the litter 

The hjerarchic~l classilication system set out in Table 4-2 was employed for recording 

tbe litter items. The main cat~gories were selected on the basis of research experience 

from elsewhere (Annitage el at 1998). This cJu&>ificmion system allowed considerable 

flexibility as it could be further subdivided a, the <;wdy progressed if it was thought to 

be imJXlnant 10 record the incidence of a specific item. For example plastic chip 

packets were often encountered in Ocean View. Implementing a strategy tbat targets 

this one item might significantly reduce the amount of jitter emanating from this 

catchIa:ul. This would not have been appareut if the incidence of this specific item was 

not monitored oor re\:O!Ued . 

.. r ~laia <,..",.....,. Suh",,~quri ... 

r:"1 :; " , . II", " , 
'" ,,' , , " , Pla,lie U , boIt~'. <T,\W'. 

'A MiscoliarteOUs , net,_ mu,;t ta,,,,,UO,, 'yringo" 

~:~ ~ioTlCry 
Pw'; i1 

" 
L """ 

New'!'''rers, .. ;herti,ing nyc,", A TM d,,,,kelS. 

, ;:;~ooro F,~x1 and drink cntllai,,,,,,. bu, ridor,. 

,. \-]Mal i;l. I"". , 
~ ,. V.getatioo I ;., h.", , .. " , 
~; 

" COffitru~tion material ShUlLO"', ;1::'~~~~'~ prop,-, broken brioks, lump. 
of cotlerete. ,. Mi"",U3""OU' " 0,," Old dOOling, Ta~,_ 

H Fibre-glass 

~ " Mi"".lla""otlS _ ~.lhx>ns, oil , . , 

Tlible 4-2 : Litter c1aSliilic3lion syslem 

Jl..bra;" (2003)_ TM m<?u.,Wemenl and mluclion at llmall Iitler emerillg S/arml",]ler drainage sy,IeIt!!>. 
Chapter 4 : Data colkction. 
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Figure 5-3: Bagging and recurding of trap cuntents in progres~ in Wclgemocd 

5.9 Summary of findings for the pilot catchments 

5.9.1 Introduction 

Annual liUer loads are extrapolated from the d~t~ for each catchment and ~ummaTised 

in tabular fonn for each ofthc following ca\.Cs in tum: 

1) Excluding S<lnd (Table 5-1 ). 

iii Excluding sand. stOTh:' vcgdation and ruhhk (T~hlG 5-3), 

iii) Vegetation only (TJbk 5-5), 

The fourth, fifth Jnd sixth column~ of the above tables present the calculated annual 

loads for the datJ collection periods F~bruJry to SeptemkI of 2000, Febnwry 2001 to 

JanUJry 2002 and both data colkction periods combined respectively. 

\hmi, (~{~n)_ DIe "U'a.I'Im,",,,"1 mul r"d1l('lio" ofurhwJ 1i"~F ""'<'J'int ,jm'h1WaIN dJ"viMge »'3IemS, 
{'Ilaplcr -' : "~na l y,i, of c{)tlcc~cd <1",,_ 
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5.9.2 AnnUllllittcr loads excluding ~and 

N.mo 
I)..:,,::ri ~ i I >II !l0J 2001 100(1'::001 

.1",i''''II'' 
y,~h[J 

re,;dell/ial , .\ .. 1 h7 .1.1 ,~ 

illCludin~ l:>oIh 
(l<;~all Vicw ; , I.'i Lill "j llJe 

-, 6.6 " M "7 

street 
2.11 P .1(, (:0 

CaP<' Tuwn 
CBD (F) 

" Ii LI.I " 1 I:i 

jere,na}"(- 25.4 62 62 

SUITln>::r 
(,,,'en, " '.'.(1 " " 

14.1 06 i.1 

'I't'-d~cnK",d residenlial ..-Ca - no ,Ireel 11.1 '.'7 .ill N 

T a ble 5·1 : Alllluallitkr loads excluding sand 

Table 5-1 summarise, the annual litter loads. where sand i, ex<;luded, for the data 

collection periods Fehruary to September of 2fX(l, February 2001 to January 2()()2 and 

both data collection periods combined. Further details are provided in Appendix 13 : 

Tables B-l(a) to (c), 

In calculating the load,. the ma%cs mcasured during the first detailed dearoul of each 

period for ea<:h cat<:hment were not included as the cumulative masse~ for the routine 

c1earouts preceding each hlock of detailed cJeurouLs ",ere not available. Hen<:e [he 

calculated annual loads arc extrapolated aunual values ba.~ed on the data moniLoring 

period, February to September of 2fX(l. february 2001 [0 January 2()()2 and both 

pcrio&, together. 

M.rai , (2(Xn) lhe m,~'um""m an,! m iw/;nn of ulvan litter , ntuing ,,-Wnnwaln dmin~ge .I}",-"'n." 
OIapter 5. Analy, ;, ofcollttlCcI data. 
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An interesting trend wa, that annu~l lo~ds in three of the catchments, Ocean View, 

Su~r Greens and Mootague Gardens were considerahly less in 2001 than in 2000. 

From T~ble 5-1 it can be seen th~t: 

i) The annual litter load~ for most of the catchments in 2000 and 2001 fell in a 

range between 20 and 87 kglha.yr. The exceptiOils were Ocean View (2000 

only). Cape Town CBD (E) (the bus tenninus) and Snrnmer Greens (2001 only). 

ii) There were significant decreases in litter loads in Ocean View (35%). Summer 

Greens (45%) and Montague Gardens (74%) from 2000 to 2001. In Summer 

Greens ilIld Muntague Gardens grids were in~talle(] in the spring of 2000. SRK 

Consulting Engineers were involved in the initial pha~e of formulating a litter 

manngemelll strategy for the Ocean View area from lale 2000. 

iii) The Cape Town CBD (E) catchment, the bus temIinlls. had a litter load of 

I J3 kglha.yr for the combined monitoring periods. This is an adjusted figure to 

allow for the abundoning of a number of catchpits between 2000 and 2001. 

This resulted from the enclosure of a portion of the roadway into a new building 

development. The litter loads fOl 2000 an(] 2001 were 155 kglha.yr and 

94 kgtha.yr respectively. The Cape Town CBD (D) catchment, which includes 

the Grand Parade and Lower Plein Street areas frequented by informal trader.,. 

and the Cape Town CBD (C) catchment, which consi,1s mostly of office blocks 

and line shops. had litter loa(]s which were 30% to 40% lower than those for the 

bus terminu~. All three catchments received regular street cleaning (up to three 

times daily). 

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

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

were (]eriwd from a small number of collections und there wns uncertainty as to 

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

wns generated in the CBD catchmenh. The ma~ses trapped in the catchpits represented 

between [ and 3% of the total and the litter loath could have been up to [00 times as 

great were it not for the efDciency of the street ~weeping and bin collection services. 

"'ora;, (2003). 71,. nlfa'Urfnlent and redu('rion of urban lirr" en/fring ,lOrmwaler drainage '.Y'I~m.'. 
Chapl.' 5 : Analysis (If collected d.,,". 
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Table S-2: AnnnllIlilter load$ for 5trtf1 $",eepln::: and hin cullc~liun fur Ihe COpt 

'rown CBD 

Figure!li ..... : St reet sweepln!: in progress in tht 

tourist area of Cal'e TOl'in'i Grand Parade 

M.'OII \.!OO). TM ",ea"''''''''I!1I' ",.; I't'Jwrd~~ c{wtlldn iiiiff' ~MIe7i"8 .1.,.. .. M"'~r dN.",,1I" SJ5W .... 
ChapleT S A",I)">." of collw ed <!ala. 
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5.9.3 Annul'll litter loads excluding sand, ShIllC, vegetation Hnd rubble 

Table )·3 ,ummarise, the .mnualliner loads. where sand, stone. vegetation and rubble 

are excluded. for the data collection periods February to September ot 200n, February 

2001 to January 2002 and both d~ta collection periods combined_ More details are 

given in Appendix B :Tables B·2(a) to (el. 

"co , ," , , 
]1~:":I<l Cal"''''' C''! l\; ;nir,,·nn 110) 2OXIi21 (\] '<0',., ",,' , 

, 

" Im;',""I<' 
< ,-' 'i9 4 1) " y",h" , " -- , , 

Occ.n V;cw , ] 1.5 " '" ' , , 
, ~.:;;~w,; ~ 

, 

" ol e " 2.' indudinlj! 0~!Ce hlo:;1 ,. Iloteh. 

iin rD' 
Ih .. ,bops. infe>rmal Irad.," and 

.' ,'I ", II) 22 
a bus rerminlL'. e~ten'iw """" 

Cape Tn"," 
.weepinlj! (up 10 3 tiroo' daily) 

~'~'"' 
r, '" 1.1 <,J 

CRD tE) 

;. " , it 
F,-es ":.yc . Include, ,q r r 

~ 0,: ' 
SUrmT"'J I "-ea . no , r 

.' r , 
",'eons 

~ 
, 

• " 
, " I " 'S 

-""""" ," 
r , 

I W. I ~" n"",d I re,;denlial anon· 1IO meet " 
, r r r 

. .we~pin¥ 

Tllbk 5·3; AnnUllllilTcr loads excluding sand, s tone, wgetation and rubble 

A comparison of Tables 5·1 and 5-3 ,hows that: 

i) The tanking of the e .. tchments with respect to liner loads changes when stone, 

rubble and vegetation are omitted in addition to sand. This is i!lu,trated for thc 

rnooitoring period February 200t to January 2oo2 in Table 5·4: 

Marai, (2003). The "",a.""~m~nt and miuc,;on of urban liller '''iuing .<Iormwarer drajna8~ ")",'I&m,,_ 

Chapler 5 : ,\ ""Iy,is of collecled dat,. 

I 

-
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. ; . ;udud;ng both 
; 'ond3- '" 

r 
Vi , 

35 

- -----j 
I are. - no " 

,';'HIlI'''O' 
(" o,'n; 

,M=- ~c,~j----,-,-+--,-+---,-+---"-", , I 
I~, 

j streel " , 

Tahle 5·4 ; R:mking of culchmenL~ in terms of inerea.~inl! liUer load : }ehruar~ 

2001lo January 2002 

ii) Wilh the exception of Ocean View in 2(X)() '-In incre,,* in income level wus 

generally malched by a dec[e'-l'e in liaer load in the n::sidential areas when sand, 

stone rubble and vegelalion were omincd (Table 5-3). This trend was 

particularly marked hctwccn low (lmizamo Yethu) ~nd medium income 

catchments (Summer Greens) where litter loatb were 45 '-Ind 6 kg/ha,yr 

respectively for the combined period. An explanalion for lhis is thai formal 

residential areas generally receive a reliable and effoctive 1-.::J11seI-.::Jld refuse 

removal service while informul ~re~s do not. Also, U1; income rises, population 

density docrease;; resulting in fewer people to jitter. The litter load in Imizamo 

Yethu is over s.cven times that in Summer Grcen~ when nlC'-Isured per unit area 

whereas it is only double when me~sured per person (0. 10 ~nd 0.05 kg/person.yr 

in lmizamo Yethu and Summer Greens respectively), 

)..!ami, (2003), Th~ ""a.<uremm i and redUCl;on of urixln liller 'niel"illg Jlol'mwaler drainag< 'y.lems_ 
Chapler 5 ,Anoly,;s of coll<-etoo d.t., 
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iii) The effect of omitting vegetation, stone and rubble in aduiti(l11 (u ~all(l is 

particularly marked in O~ean View "here the litter luad drops by 54% and in 

Fresnaye all(l Wclgemued where i( effectively drops to zero, 

iv) The litter loatl in Summer Greens lor 2000 redu~es by 70% (20 tu 6 kgiha,yr) 

when stolle, vegetation and rubble are exeluded in addition to sand (Tables 5-1 

and 5-3), As the contributioo of vegetation to the litter load wa~ ~mall 

(2 kgiha.yr) tlus suggest, that the illegal dumping of builder's rubble 

~On(ribulCu ~igniJi~antly to the litter luoo ill this area 111 2000 Fullowing (he 

installation of grates over the ~atehpit openings ill thi~ area in the spring of 

2000, (he stune and rubble load decreaseu from 12 kg/ha,yr in 2000 to 

2 kg/ha.yr ill 2001. 

v) In Montague Gardens the litter load for 2000 reduces by 41% (86 to 

51 kgiha,yr) when stone, vegetation and rubble are excluded in addition to sand 

(Tabks 5-1 and 5-3), 'Ihis again suggests that illegal dumping of builder's 

rubble was taking place, As was the case in Summer Greens, the stone and 

rubble load reduced from 30 kg/ha.yr in 200{) to 7 kgiha,yr in 2001 following 

the installation of grates in the spring of200{). 

5.9.4 Annual litter loads for vegetation only 

Table 5-5 sUlmnarises the annual litter loads for vegetation only, for the data collection 

period~ February tu September of 2000, February 200 I tu lmlUary 2002 and bulh data 

collection periods combined, Further details are given in Appendix B : Tables B-3(a) 

to (c), 

Figure 5-5 In Welgemoed 

"egctation accountcd for over <j\l'Y~ 

of the litter load "here sand was 

c~c1uded 

\1ar, i, (2003) The mm'"relnenl OIW red"Clion ~f "'WIn Iiller emeri"g "Wfnj)mla drainage ,'p lein.\'. 
Chapter 3 An. Iysi, ~f c~llec .. d data, 
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21XX) 

';:1 " 

IL5 
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1 ,1.1 2'1 

Llble 5-5: Annu"llHt{T load, ['jr \'egdulioll (01)' 

L' 

" 

" 
62 

2y 

From Table 5-5 it can be >een that Summer Greens had a surprisingly low vegetation 

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

well-developed gardens in this comparatively recently developed suburb. 

5_9.5 Compo!>ilion of Hller for cach catchmcnt 

Tables 5-6 and 5-7 summarise the percentage contributions in tenns of mass for the main 

Jitter categories for 311 analyseu collection, in each of the nine catchments for the 

following two ca,es: 

i) Excluding ,and. 

ii) E~cluding ,and, '-lone. vegetation anu n{bblc. 

Tt:.: '"miscellaneous" category 1 n Tahle 5-6 includes rubble and ,tone. 

M..-ai>. (21~G)_ l'h, ml'''''liremml and mluction of urbatl liller enlrrins JlOrmwaier Jminagl' Sj'SI~m. 
al.~p!er 5, Anal}'sis of co!k>clcd dala. 
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, 

Table 5-6 : Composition of litter in terms of percentage by mass excluding sand 

---- -MaIn (';<IeFat) C",,, h,,,,,", 
N",,,,· I'.:; b, In«' " 

r 
. Pjj;.O;-- . 

Pi a",,' M,' ~\I (;1,,;, Mi,ccl "'n,,-,,,,, - . 
InI'I."'''() Yc'lI,u 51! , , , 

" OcC~Jl View ~ I) " 
, , 

" Cl"C T"wn C Eil (C ) -I I' " '" 
, 

" ea ~'. 'I"lW" CBD (DJ I _i ~ 13 , , 
" Co ' '1'0 '"'' CBD (C) , 

" " 
, ; " .. 

Fr"Sl~')-''' " " W W " SUHIHJOl' Gr.'"'" " " 
, 

" " M OIH"!"" C:",-;lC1h n W , ; " \Vcl~cIL ... 'cd ~ " , 
" 

, 
Tallie 5-7 : Composition of litter in terms of peTl'entage by mass excluding sand, 

stone, vegetation and mbble 

A genc,,11 trend is tha t the percentage contribution of plastic to the Jitter load rose in all 

ealchment, from 2(x)() to 2001. If the "miscelluneous" category is excluded from 

Table 5-7, thc main category responsible for the largest conlribution to the litter load in 

all the catchments. except Summer Greens and Welg.:moed, is plas tic, I n those 

catchments the category responsible for the largest contribution is paper. 

From Table 5-6 il can be ",-",n that in Wclgemncd and f'rcsnayc, vegetation accounted 

for 99% of the lQlal liller load whcre sand was excluded. 

Morai , (2003)_ The mW_lUum<m and reduct jon of urblm liller entering s/orm,mter dmjmlR' ,'yWmJ, 

dmp'a 5 : Anat}',; , OfCOj]~N"d dat"-
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viii) Plastic items contributed between 19"10 and 50% of the litter stream by mass 

when sand, stones, vegetation and rubble were excluded. Plastic was the largest 

major litter category in all the catchments except for Summer Greens and 

Welgemoed. 

,. 
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I'igurc 5-6: Anlmalliller loads for the pilot c~tchmcrr1s : Fchruar~ 2000 to 
January 2002 
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Figure 5-7: Litter compo~itlons for the pilot catchments: February 2000 to 
January 2002 

Mantis (200:\). ln~ ml',1>"ureml'nl and re<iuClion a/llrban litter emer-ing 'IOrm",~"'r drainage 'Yst~m'·. 
Chapter 5: An.ly,i. of collect.d d.t •. 
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Figures 5-6 and 5-7 summarise the prirn:ipal finding, for the pilot cah;hments for the 

period February 2000 to January 2002. The mean household income figures are 

derived from the 1996 census. It ,hould be Doted that problems with the data collection 

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

or the annual lilter loads for this catchment. 

5.10 Comparison of findings with other similar studies 

11 Contribution of plastic and pa~r it~lns to the litter load 

Table 5-8 shows the annual pla~tic and paper litter looos derived from the 

collected data. The figures for the residential catchment, are ,haded: 
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Table S-Ii : Annual litter load, for [lla,tie and paplT it"lns 

Ma,a;, (20031, 111t meaJurement ""d ""I"eli,," 0/ urba" liller entering jlormw"'er <imin"g~ ,f}'$lems, 
OIaptcr 5, Analy,is of collected d>!o. 
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• Blockages of small-bore sewers and pump failures due to inappropriate cleaning 

materials. 

• Stormwater pipe~ and canals cloggeJ with solid wa~te. 

• SnJlage water runoff from sUUldpipe areas. 

• SnlJage water thrown into the streets where no drains were provided. 

• The ripping of refuse bag~ ,tild ~preading of their contents by animals. 

• Informal. po:x>rly locat~d solid wa,te sites dotwc1 around the communitic,. 

• Uncollected refuse hugs due to retus.e removal vehic le~ not being able to reuch 

ull part, of the >ettJemenl. 

• lIncolkcted refuse b~gs left next to -,kip, which were too t~1I for children to 

rcae ll. 

• Rctilsc overflowing from solid waste skips. 

• Solid wuste blown off the back of tr:lCtor drawn trailer'. 

• Refuse bags lK>t left out for collection at the correc i tin"les. 

• ?'lo recycling of garden refuse. 

• The dumping of b uilding rubble because the removal cost, were too expen'>ive. 

The intervention, carried out to remedy the identit1ed pollution problems included: 

• repairing and extending toilets and sewers. 

• educating commllllities about the link bet\Veen pollution and health and the 

proper U'oe of toilets, latrine, and refuse collection, ystem<" 

• organi ICing commllllal refuse collection services ood reloc~ting skips_ 

Mami, (200J), The n",,,",uren,,,nt ,UUJ rn/",,/wI! oj urba" Ii,,"" eweriJIg ,\'Inrmwater drainage J)·stems , 

Chap!.Cr 6, Revicw of avoitablc li[ter managc,,",ol '[ra'egle' 
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• employing: loilel block ';L1pervisor,; \0 llxJk after communal toilets, and 

• providing >;ullage drainage point';, 

Most te.'[ ca<;es had remarkable success in reducing pollution load,; and [he impacts on 

the communities involved (Hinsch, 2000). 

A key obs.ervation was that the costs of waste management should not be considered in 

i,;ol;;lion as the pilot ,;tudies revealed a strong link between fillhy, L1nhygienic 

conditions and epidcmiology or environme ntal health i'>SIJe';, 

To fl.llther address [he solid wastei:,sue, the Department of Water Affairs aod Forestry 

(OW AF) together with the Department of Environmeutal Affairs and Tourbm (DEAT), 

supported by the Danish Cooperation for Envirorunent and Developmelll (DANCED), 

has been developing a National Waste Management Strategy. TIle aim is 10 deal with 

the whole wa>;te ,;[ream from generation to final disposaJ with an overall goal to 

"reduce the gener<ltion of waste and its impact on health and the environment so that 

they do not limit socio-economic developmelll" (OW AF, 1999). 

The Nation~l Waste Management Strategy focuses on four S1Iategic arew;: 

i) Wa.,[e minimisation. 

;i) General W:lsle. 

iii) Hazardous wa,te, 

ivj TIle seUing up of a waste inforrnatioo system. 

The key departnfe points of thi,; Slralegy UTe prevcnljng and reducing the generation of 

waste and providing and improving service delivery in un-serviced ~rcas (City of Cape 

Town, 2000). 

6.4.3 Tht! Mt!ss Action Campaign 

The Mess AClion Campaign (MAC) which commenced in 2000 i,; ~II initiative of the 

Cily of Cape Town to address the L1nacceptabJe amount of liller and illcgal dumping 

within the Unicity, 

"''''iI;' (2003). The m€~"'''m'nt (lnd mlHction of "rhan li"er m"';"R ,rtormwatel' drainnge S,'.-r,m,,­
Chapter ~,Revie", "r availahle lilter management strategies, 
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The MAC ,ecognhe1; that the cau>':s of the littering and illegal dumping need to be 

addressed and i" implementing a wide range of programme~ encompa,sing awareness 

and educatiun in ,chools and communitie" in busines, ilIld institutions. tu support the 

operational aspect ami enforcement of littering and illegul dumping (['airest Cape, 

2(02). These programmes have included 

• un arts festival and drama compelitiun in ,chou],: 

• the greening of schools; 

• th~ linking "f a prima,y "chool tu a wetlwld; 

• tackling the problem uf getting refuse from informal settlements in KhayeJitsha to 

collection points accessible by refuse removal vehicle,: and 

• the installation of bins along main route'> in KhayeJilsha. 

As a result of a concencd dfan under the MAC umbrella to increase awareness in the 

community, the tonnage of illegal dumping cleared in Ihe Cape Town Administratiun 

area increased from 5 ()()() tons in 1999 10 approximately 60 (()() tons in 2000 (City of 

Cape Town, 2(00). This was due to hath enhanced puhlic awareness, leading to 

increa,ed reporting of illegal dumping, and greater clcaring efficiencies achieved by 

mllnicipai crews. 

Amongst Ofher initiatives the MAC has cummi%iooed a metro-wide publicity and 

education campaign. This campaign is intended to target all slakeholders in wasle 

production and control. The stakeholders include communities, schools, commerce, 

industry, hawkers, hospitals, institutions. tourists and the staff and councillors of the 

City of Cape Tuwn_ The campaign seck, tu change attitude, tu littering ilIld illegal 

dumping in particular that are fuund acros, the entire sucio-oconomic spectrum of Cape 

Town. 

The firsl phase of this campaign. the "Waste Wise" mass communily edllcation 

campaign which commenced in April 2002, comprises advertisement" on local radio 

stations. in community newspapers and on hillboards and bins on the topic, of littering 

and illegal dumping in English, Afrikaans and Xho,;a (Liehenherg & Stander. 2002). 

)'Iomi, (.'((1.1)_ Th, ""asur,,,,,'" ,md r~du('/i"" of wfum iittu ~"'ui"g .,WI11l1w'"r drainag. 'JJle"<>_ 
Chapler 1>: Rcview or availahlc lillcr managclT1CTI' ,lra'egie,_ 
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6.4.4 Faircst Callc Assnciatinn Initiathes 

The mi,sion of the Fairest CaJX! Association i8 "to promote a cleaner. healthier 

environtnelll by enabling people to I;;lke responsibility for waste", The five aim, of the 

organisation are: 

i) To increwse awarenes, that waste is a re~ouree. 

ii) To facilitate the development of ,y,tem8 to recover and add value to this 

re>ource, 

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

impact on the environment. 

iv) To enable groups to develop appropriate waste management options in 

partnenship with local authorities, 

v) To influence the development of policy and legislation on waste. 

The As<;ociation work> closely with the Wa8te Departments of the City of Cape Town 

and regularly presents the "Principle8 of Solid Waste Management Planning Training 

Course" to participants from the City and the Department of W3ter Affair,. This course 

is designed primarily to a>si81 tho8e local government offici:ils, who are responsible for 

<;Gild waste managemem, to plan and implement more holi8tic solid waste man3gcment 

programmes in their communities or cities. 

During 1999 dle Fairesl Cape A>sociation held worhhops at 27 schools in the City of 

Cape Town a, part of.he ''Wise up on Waste I" programme. The numocr of 'Chools 

participating in litter projects increased to 134 in 2000 with an additional 20 creches 

and community organis3tioos also involved. 

Other educational and training activities carried out by the P"ire,t C3pe A8>ociation in 

2000 included (City of Cape TOWII, 2(00): 

• The hosting of the Dentyrr I ligh School>' Environmental Quiz. 

• The holding of a number of teacher training workshops. 

Morais (lCiJ3) 'Ike ",eu,unimenl and reduclion of urbrmlitrer enlerm~ slormwater drailWge ,)',Ie",,_ 
Cho.pler 6 : Rev",,,, of available litte, management 'trategies. 
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• The sucecssfullaunching of the Lng,'n "Wise up on Wa5te!" Tcachcr Training: 

Proj~cL 

• The Milknnium Mural Competition which depicted the impact of wat~r and 

waste on clltelnnents. 

• The Imizamo Yethu Community Programme in Bout Day which is descrihcd in 

dclllii in Section 5,2 of Chapter 5. 

6.4.5 Waste I\linimisation Clubs 

Tile Waler Re,careh Commission sponsored a project from 1998 to 2000, under the 

al.lSpices of the Pollu\ion Research Group at the University of Natal, 10 estahlish pilo\ 

Wasle Minimisation Cluhs in South Africa and determine \he: fcasibihty of this 

approach in promoting waMe minimisation to industry. A waste minimisation club i~ a 

group uf companies working togcther to reduce waste and save money and may he 

from Ihe sam~ or different indu~trial sectors. TIlC club members mect regularly to 

exchange infonnation lind id~lIs on waste minimisatiun and Iu n;,edv~ training in 

aspccls of wliste minimisatiun. Two pilot Clubs, the Metal Finishing Waste 

MlIIimi,ation Club in the Durblln region and a cm,s-sectional c1uh in the Hamm<lrsdllie 

area were initililly establislred. Both Ih~se area:; are ,ituated in the KwaZulu Nawl 

Province. The proje<;\ i~ ckscrihed in detail in the WRC Report No. K51973 (Barclay, 

2(02). 

Wa,te m.inimi,ation can be defined as lh~ application of a sy:;\~malic approach to 

reducing wa,te at source. It relu.te~ to all input, and output, from an indu~lry, bu,iness 

!iile or process iocluding wliler, energy, chemicals, raw materials, eftIucnt, air emi,siun:; 

and solid wll~le. The aim is to maximise the conver!iion of lhe inputs to the product by 

minimi,ing the discharge of waste to wmer. air lind bnd. 'Ibis results in improved 

procc~s efficicncy and reduced emissions to \h~ environmt:nt which Irllnslme into 

rinancial savings. A, much as 50 % of solid wa~tc di~po:sal can be ~a 'cd throl.lgh 

implementing wa,te minimislilion (Barclay, 2(02). 

As of March 2002 there were 17 Waste Minimi:;ation Clubs funni ng in South Africa 

with a further six in Ihe plarming slllge (Barclay, 2002). 

Mar~i, (21 XI3l '1M me,,-,urement and nd"oian ~f "ii,,,,, Iille!' m/a;"g slaimwarer drainage 'y.,lem.< 
Chapter 6 : Review of available litter managen,.,nt strategies. 
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6.5 CunclusioIls 

In thi, Chapter several litter management techniques have been reviewed. The 

applicability uf the litter management tec!miques c1a.~ed a, source controls (aimed at 

reducing litter loads entering the drainage system) have been discussed with p,utkular 

reference to the pilot catchments. Several L"DIrent South African initiatives. which ~eek 

to addre,s problems related to urban litter entering stOlTIlwmer drainage system" 

including the legislative framework behind the,e initiatives. have been de..cribed. 

The following conclusions may be drawn: 

i) The litter problem can only be addre'sed in an effective and sustainable manner 

with integrated catchment management strategies composed of planning 

control>, ,ouree controls (reducing litter loads entering the drainage sy~tem) and 

,tructural controls (removal of solid wastes from the drainage s~tem), 

WPJXlrted by education and enforcement programmes. 

ii) South Africa and the fir,t world ,hare a COllunon "throwaway" cnlture which 

mean, that many of the litter management techniques adopted in Erst world 

COlllltric, with separate stormwater and foul sewer systems could be of 

application to South African urban drainage sy,tem,. 

iii) Litter problem, pc:culi<U" tu very low income <U"ea" where people are housed in 

illformal strudures and suffer from rudimentary or minimal levels of municipal 

,ervidng, ure not encountered in the comparatively affluent societies of the first 

world but arc commonly found in Brazil, Mexico. India and other P3..1ts of the 

developing world. Example, of these problems are dealing with the contents of 

bags and bins emptied by vagrants. children and dog, etc. and night suil in the 

stormwater dr.linage sy,tcm,. However comparatively little re,carch i, 

available into litter in drainage "y~tems situated in the developing world. Thi, 

ha, lead to a dearth of research into the litter problems peculiar to very low 

income arca~. In South Africa, where a large pru]JOltion of the populace live in 

informal dwellings, there is an urgent need tu remedy this through focus.ed 

research in these areas. 

Marais (2()()3). Th, mmsur~m",U and "dudian o/J<ro.ln liller &Jlering ,lorm"'''/<r drainage .I}".'''m,. 
Chapti-"r ~ , Review of .\·"ibbj~ tilter managem~nl ",ategies. 
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iv) The particular physic<ll attrihute8 of a catchment, the socio-ecooomic 

characteristics of its community and the levd of services provided determine 

which source control options are most likely to be effective in reducing the 

volwne of litter entering the ,tormwater drainage systems. 

v) The fundamental environmental rights and requirements guaranteed by the 

South Afric<ln Constitution (Act No. 108 of (996) have given rise to a 

hierarchical su ite of environrnent~l1egisl~tion and associmed policies at national 

and local level. As a resnlt of this underpilllling by the Constitution, which 

stipulates fundamental cnviroomentai rights and requirements with regard to 

cop-operative governance. any approach to water quality management must 

promote integr.l1ed management and he conduche to sustainahle development 

(van Wyk el ai, 2002). 

vi) Current Somh African initi<ltives, such as the Dense Settlements Project, the 

City of Cape Town's Mass Action Programme. the education and training 

programmes IUn by the Faires! C<lpe Association and the promotion of Waste 

Minimisation Clnbs, backed by the promnlgation of enabling legislation and 

associated policies, are conlrihuting valuahle information on the eff""liveness of 

various Iiller lIlilIlagement strategies in reducing the volll1nes of litter entering 

South Afric<ln stormwater drainage ,ystelTL>. 

Mora;, (2003). The ,MaSUreln",,' and reducrion of urban Jiller , merillR slOrmwaier dmjnaR' s,·sJem. .. 
Chaplcr 6, Review of ,vailable liUer management strategies, 
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7. Economic evaluation or alternative litter 
management options 

7.1 Introduction 

From Chapter 6 it can be seen that there arc a number of available litter management 

tcchnique~ which can be used to address the litter problem. Co,ting all thc,c 

techniques is an exhaustive study in itself which falls beyond the scope of this report. 

As a consequence only a selected number of options ure co>wd here to give some 

economic context. Some of thc>c options were implemented in the pilot catchments 

during the monItoring period. ie.: 

i) More frequent collection of litter. 

ji) Street sweeping_ 

iii) Cleaning of catchpits and leadings. 

iv) Imtallation of grid, at the entrance to CJtchpil inlets_ 

Several difficulties were experienced in costing these options: 

i) An economic evaluation demands IMI the effectiveness of the optioll5 is also 

detennined, To meJsure !hi~ it is neceS~Jry to qUJntify eJCh option's dfect in 

leons of the reduction in litter. With educatklnal programmes it iR often 

diftlcult to defIne the extent of the area which is influenced and should 

therefore be con,idned in rneaRuring their effectiveness. 

ii) A~ cleansing operations are in the main carried 0Ilt by local authorities using 

their own Rtaff and plant, unit costs for removing littCJ' arc generally not 

available and have to be deduced, ,Fortunately these operations were 

outsourced in the Cape Town CBD and Fro;naye catchments and the cleaning 

contract ratcs have been used to do::rive unit co,ts. 

iii) Many intervention, urc undertaken by NGOs operating with gl1lnt money and 

often u,ing unpaid volunteers. GenerJlly task ba,erl accounting practiccs are 

not applied by the ~GO, which makes it difficult to e,tabli~h the true co~b of 

the interventions. 

Marais (2003). Tht mea'<I1'~m~n1 awl mlu(.'ti(ln ofl1,han ti"a entning ,tOImwarer drainage .)'<tems. 
Chapter 7 : Ecollomic evaluat1<)1l "I" ",.,rnative litt«" manasem"nt options, 
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7.2 Costing of alternatiH~ options 

To pennit comparison each option is costed in rands pcr kg reduetion in litter reaching 

the stormwater 'ySlem. All costs are based on a.- have been aIljusled to 2001 figures 

and are expressed without VAT. 

7.2.1 }lore frequrllt rnllr('linns oflittcr (residrntial areas) 

As the City of Capo:: Town is oot a profit motivated organisation. the new rate for 

refuse removal of R33 pcr bin per month has been a~sumed to be equivalent to the 

cost of providing this scr.-ice. The bin 1S cleared weekly (i.e_ about four times a 

month). The volume of a filled bin is about 0.14m' and. assuming a oknsity of 

95 kglm', the liuer ma~s is estimated at 15kg. 

• 

• 
• 

Co<,1 Ill" rdlL,C collecti()n ia\ 

~h :J.rseJ hy tb" Cily ()( Cape 

Town) 

Ma" cllllectL'd I"' r hin pcr Illllnth 

Cost of r~ru~~ mll"dioo 

RJJ r.cr IUkr hi" p~r TlIonlh 

Using the annual litter loads reaching the stormwater _~ystem obtained for the pilot 

catchment;; wllL'Te sand, stone. mbble and vegetation were excluded (Chapter 6), and 

assuming each household generates between 30 and 100 kg of household refuse per 

nl()nth. it i, estimated that between 0 ami 0.4% of the household refuse generated 

finds its way into the _~tormwater system, 

Assuming that an additional 250 kg of refuse needs to be collected to rcalise a 1 kg 

reduction of the litter reaching the storm ...... atc:r systc:m, the effective cost of reali<'ing 

this reduction is then of the order of R \,H-50 p~r kg 

M..-ai , (2(XH)_ n,e meu.uremonl flnti retiudion of uroan liller enlenng _,/ormwmrF dmbmlf~ ' ysums, 
CIL"",or 7 : Economic cvwuati on of wlcrnali\'c litter m:>nagol11e"t option" ~ 
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7.2.2 Street sweeping 

This estimate of street sweeping co~ls is arrived at using the example of the strc~l 

swc~ping teams operating in the Cape TOWIl Central Busin~ss District. A team is 

composed of two foreman and IllITe sweepers. Although these a .... full- time municipal 

employees. the S<lJaries ami plant hire costs have been estimated from 2001 contract 

raws. Two rounds are carried out by the team daily llIld a third rn.;chanised round 

takes place at night. For the purposes of the costing it is assumed lhat al llhree rounds 

are carried out hy the team. 

, 

, 

, 

COol ot" (cam ]1<-'[ llIonth: 

2 fcxemdll 

J ,nvecpc'J's 

Plan t 

R45(()\ 2 

R2 5(() , J 

R 16 oon 
Carry 0\1[ tWO (()llerti()Jl, ev~ry 22 )1. 2 

w()11::day 

C",l per c()l1eCl.;on R32 5fXl ! 44 

L-- T<f~~~j I 

. !'-I b (()IJ : 

44 per Illonlh 

± r04{) 

• '\nlll!alliltl'[ load (CBD caldHllcnI<;) 6U 542 kg 

• "<mllt",r or colkCli()[lS per anlltllll 3 per day.\ 6p"r 

wo;ek x 52 week.< 9.~6 

, '\ Vl'ntg" lllll'r l"aU per C()liect;()Il 60 542 kg 19-'6 Ii4 kg 

__ ' __ ,le'"""I",'"f ""(~""e'I","""',"e}p";"",,,-,,,,,,,,, ,k"''--__ R ,,,,74D.' ",I e",4"'",' _ __ -'Rl!:56Ikg 

7.2.3 Installatiiln of grid~ at the cntl'Unce to catch pit inlets 

This stormwater grid is fill~d ova tbe side inlet to a catehpit and prevents large 

objects larger than 50 mrn in dimension en tering tbe catcbpit. The grid is mounted on 

a binge and Cllll be lifted for cleaning purpor.es. The cost for wpplying and installing 

grids of R60 per metre was obtained in September 1999. This ha~ been adjusted to an 

equivaleOl 200 1 coS[ of R73 per metre a~~lIming a compound in~ase of 10% per 

annlIm for the period 1999 to 200 1. These grids were installed in SlImmer Greens and 

Montague Gardens in ,pring 2000. Tb~ annual cost of the grid has been calculated 

assuming a 5 y~ar design life. no :;crap valu~ und an interes t tale of 15% per annum. 

The effective CO,1 is dqx:ndelll on the proportion of the !iller load which tbe grid 

prevents from enwring the cawbpil. To illu,trate this the eulculation is perfunued for 

both Montague Gard~n~ und Summer Greens. 

Marai s (2003). The me",,,r, mem aml m(",:tirm or' urhnl! litter elllu;"s , lOrmwaier draillag_ 'y",m" 
Chap<er 7 : Ecorl<,mic evaloali(l" of allofllalive liner mallagemenl O!~jo"". 
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TIle reduction in mass per annum is derived frum culculating the difference between 

the extrapolaled aJluuaJ load, of ,lone and rubble measured in 2{X)() and 2001. The 

extrapolated loads of stone and rubble were 64.2 kg and 6.7 kg for Slimmer Greens 

and 423.0 kg and 88.9 kg for Montague Garden, in 2000 and 2001 re'jJCctively. 

• 
• 
• 
• 

Co~l of suppl'i an(\ m>lull"lion 0(" grid 

Average length of cillchpi l inld 

CO,! per ca\chpil 

Annual ~o,t of catchpit 

• RedlLction in mass per allllum: 

Summer Greens 

Montague Gardens 

• R~(luClion iTt mass per ca!chpit pcr 

• 

unllum­

SL.lnlTnerGr~cn' 

!l.lonl"gLJe G:udens 

Co,t pt'r grid p'-,r kg 

Sllmnwr Gr(','ns 

57.4 kg/n calc)'piIS 

334.1 k~13() c:lichpil, 

R~I_781'~ __ ~ kg 

!\Iontagll', .Go·."'"n~k"·"",--____ ---"Rc·',IC-',,'"-'.il • ,I ,.I_l,,~ __ 

Rn pcr m 

1m 

R73-00 

K21-7~ 

57..1- I:.~ 

334.1 kg 

-~_5 kg 

11, I kg 

R8-711kg 

R: 1-96Ikg.-----.J 

Following installation, additional street sweeping is reqUIred at a cost of RII-56 per 

kg. This co,t must be added to give the effective cost per kg reduction in liller 

reaching the Slonnwater syst~m. Thus the co'>t of implemcnting this 0plion is 

eSlimated al between R13-52 nnd R20-27 pt'1" kg of litt~r removed from the 

slonnwaler system. 

7.2.4 Community education programmes 

In 20()) a community education prognunme wa, in,tiluled by the Fairest Cape in 

Imi7.amo Ycthu. Four educalon, were employed full-time for a cuntract perioo of six 

month, and a coordinator spent I'h days a week 011 the project for its dl1ration. Thi, 

fir,t phase aimed at training the educaton. ~l1d engendering awareness about litter 

isslles amongst th~ community. A steering group met once a month. Two aims were 

to get residents to undcr,tal1d how the colleclion sy'tem worked and to carry OUI 

cleanups in the area. 

Marais (2003). The mea,u,.ement and red"Nion of ",'/Jail litter tnterinR .'lOrmware,. drainuge .yue",-, 
Chapter 7 : EcoJlom;o:; evalu;llioJl of alt.m;llive litter management optioos. 
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The programme wa, built on five pri/ICiplcs: 

i) A strong, brooo-bascU organio.ational Mructure. 

ii) Public education and communication effort" 

iii) Reward arn:l recognitiOtl progr;uumes. 

iv) Enforcement prograrmnc<;, 

v) Litter meaSl.lremenllook 

From 2000 to 2001 a reduction of 19 kg Iha,yr or 101 kg was achieve{] in Irnizruno 

Yelhu. This may have been considerably greater as the baselille data from which il 

\',115 calculated was nO! reliahle. Il i, assumed that the rcductiOil is as a result of (his 

programme ~s there were no other interventions that were hroughl to the altcnlion of 

the research team. 

! • (\\,1. ,\f I.~"TTI: 
i ,1 Educators <i!' R I OCIOInllh for (j months 

I I Co("dinalur @l R 15()Qilmh for (j months 

RJ3 (XX) 

I R2400J I 
RlJ(X)() 

101 kg 

• ('OS\ of programme pt'r kg l"t'dul'ed R33 fX)()I l:RCc111Clion III litter for 2(1)<V2fX11 

__________________ -cIOc'c"9L' __ -"RcJ"2C'C-7CO"~"'c_ 

Although the cost of this intervention seems expensive there nlay well be ongoing 

benefit> if the n:duclion in litter loads is sustairted in which case the cost per kg will 

fall. Moreover, assuming that 0.4% of the refuse generated by the inhabit~nts reached 

the &lQrmwaler syslem, the towl reduction in refl.lse m~y have been as much as 

2S 250 kg per annum (of all estimated lNnl of 244 ROO kg per ,mnUm which is derived 

from an >IS>umed average refuse generation of 60 kg per household per month). At a 

refuse col1ecLi(J<l raLe of SSe! kg this would represent ~Il annu~ 1 saving of about 

R13 90), The net cost of this intervention then redl.lCes LO R 19 J 00 and the cost per 

kg to R189-111kg but the impacts could be fell for many year,. Iflhi, reducliOIl were 

sustained for two ~nd ~ half yem"S. the savings realised would exceed the COSl of lhe 

programme. 

Marai, (2(XH). TIl<! mMsur~"'mr (lnd ",ducriOI! or "rhnn litter enrerinR .<1mmwa"r drainage J}""fllS. 
ell,,!,!er 7 : EcoooJllic evaluati on of altornative litter management option,. 
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7.3 lli'iCIISsioll 

The cquivakn( CO-I'> per ~g reduction in the mas~ of litter reaching thc .Iomlwater 

"y,lclll foc the fou r i>lr~(~sies arc ,>ummaTi..cd in the (able below. 

~'I"rc frequent ooJlcc. ioll~ 

fab le 7·1 : Tho· I'l'l>l 1"'1' li lt n,oduCIKM) in Ihe Jiller load for four 'IU"lll~'h'e lit h!r 

manageme.llopliOtls 

The COS! of cleaning tbl: C<llehril~ and lC3ding<; (the pipe, which link (hem to thc main 

SIOTmwa(er sY"~Ill) is r.stim<l(cd <I( R4-64 per kg. A cootracl ~OSI (awarded 10 2001) 

roc cleaning C!dchpi~ un<llcadings of R 13().()(1. pmvidcd by Mr Doug Ausun of (he 

Storrnw-.der M:magellknt Depanmt:nt o f the Cllrc TowlI Admini ~trati,,". 11a~ beell 

employro in dcrivi llg Ihi~ e!itimale:lll follow~: 

• 
• 

• 

Cost of cleMlng C'llchpjl~ll'ndjllg' 

V olume eJean~u: 

Typj~al cll.Chpit 

Z(n 01 301.1 mm dj~m IcadllllJ 

<I m on kngth ZO'!'< ,4xllx(IV-I 

\ 1"", p.:r ."tChP,1 alld lC.ld' llg I) !97,,>' ~ 9_~ ~ !yrn) 

(a.~,umc dcn<Jly 01 ')5 kg! m') 

• Crn;t nf cleanl,,!/; I'lltchpit., :lnd 

L_-,~,,"d~ln!:sper k'"'-___ ___ cR"-"iJ~O~I_'2~",,kRg __ 

RUO ca."h 

1),2S17 m' 

02·10 111' 

tlUS7 m' 

211 k~ 

II has been <t,..tI~d thnt calcbpitl. wm be full when cleaned. Hnwever tb~ fn.>tl ueocy 

of cil:aning and the lIuhng on relalion to r.tlnfal l e\em~ ",ill ' ignirk:llllly aHccl the 

volutl"ll' of ti ttt'!' Iet.l" ercd ::tnd lJc,occ tlK: co:.t per I..g of liller. 

M"",iJ; (2003). no.- ""'a"" ...... '" wuJ u-Jw.IW~ of "tNN Ii"" ... "e,.;,,~ S/ontIMUlN JlQino.~r 5 .. ' ....... 

C1qlI .. 7 E<'''''''OUlC ~'3luo""n of all("',,".., lIIIer "","'W"n .. nl "",,(1M 
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The cost of cl~~ning the mum SIOTmwater ~y-,Iern "estimated at R9-62 per kg u~ing 

similar 2001 contract rutes provided by the City of Cape Tow~ as follows: 

• Cost of cleaning main SlOrmwater 

~yslem 

• Vol un..., cleaned per metre; 

20'k of mean cross sectional area 

of typical 375 mill or 450 mm 

diameter pipe 

20% x Ili& x (0.375' +0.450') 

• Muss per metre (u"sume de~sily of 95 

kg/m'l 

• Cost of ('leaning mam storm"~ter 

system ]>t'r kg 

R25/m 

o.on m'/m 

O.027m'/m x 95kg/m' 2,6 kg/m 

However these rutes assun..., that litter e~trained in the siormwater pipes can be 

accessed and removed from manholes, cmchpits or outfalls using no~-destructive 

TTlelhotls which may 001 always be the case. If the pipe has to be excavated to remove 

~ blockage the costs wil l be considerably higher, It is also highly likely thm GrICe the 

liner is in the pipeline it will be washed into the receiving stream befoll' the system is 

cleaned_ 

It is clear that it is cheaper to clean the catchpits und leuding~ and Il'mll\'e the litter 

before it enters the main stonnwuter ,y>tem, 

None of the strale gi e~ co~tell are cheaper than the costs of cleuning the litter from the 

catchpits and leadings or the main stormwmer system, however, upalt from street 

sweeping, their efficacy is nOi as dependent on programming with reSj:ect to rainfall 

event" The strategy of installing grids is effective in catchn...,nt~ where thell' is a high 

proportion of items such as stones and rubble, and the installation of the grid~ i, 

accompanied by a commitment to regular streel sweeping ]J\ their vicinity_ Slreel 

sweeping only becomes e ff~ctiv~ when the litter load~ are extremely high. 

Although the community etkLcution programnw. option appears expensive, this is 

because only a smull part of the area where lhe lillering behaviour of the public TTlay 

ha\'e been mollified a, a re~ull of the programme has been tuken into account. It ha, 

also be~n assumell thm tillS change in behaviour wi II be maintai Iw.d for a year ani y. 

M .. ois (2I )JJj. TIJ , nlN,,"rem, nt mid redUCIion or I1rh~n li""- emerillR ,""mrwmer dmill~~' "Y''''n.', 
ChapLe,7 : E',,""'fl1ic "valu,..i,., of "ILer""Livc lilLer m""agerne"' op,io",_ 
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7.4 Conclusions 

Several litter rn.arrngemenl options have heen costed in terms of the rcdu<:tion in the 

mass of litter achie,'ed following their impJemenlalion. This gives some economic 

conle)(1 to a comparison of litter management strategies. At best thes.c costs ,hould he 

treated as indicative only for Ibe following reasons: 

i) Many assumptions have had to be made to arrive at the cmculated costs. 

The>" assumptions will vary from region to region. 

ii) The costs an: bas.ed upon rates applicahle in Cape Town in 2001 and will Y~ry 

both regiOilally and temporally. 

iii) Besides the implemented options there may be oIher [actor, "hi<:h contribute 

10 a change in littering behaviour. 

IV) Only the mass of jitter entering the calchpit> was monitored and measured. 

Generally this represents a small percentage of the ferU,e generated. To 

assume the percentage reduction achieved in the liller load in the stormwater 

system is 

invalid. 

the same or ,imilar to that achieved in rcfu>c generation may be 

This makes it diff1eull to quantify all the r.avings achieved by 

implementing a particular liller management option. 

v) With educational programmes it is particularly diflieult to quantify their 

efJ1cacy as the area and time period ofinflueIlCe cannot be easily defined. 

vi) More and better data is required, particularly on costs and efficiencies, to 

anive <It a me<lningful economic evaluation of alternative Iitrer mangement 

options. 

M .... i' (2((1:1). n" mea,uremmi unJ nJuaiofi oj urbwi {ilia enreriflg siormwaler druin~ge 'y"ena. 
C""h"pI~r 7: ECO!1Omic enlllfl{ion of fll{erna{iw liner maoogemen! options. 
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Part 4 : Conclusions and 
Recommendations 

M"";, 12003) 1'1>; "......-,,' ......... , w!d "'dud"''' ,., "'~ '" /,/1...-"" .... ant ,,,,,,,,~,"rI' d .... mwc <"f"~ifU. 
P..n ~ C'i>,",I~", ,'''' ~nJ It, ... ""' ..... ",! ... ,,'''' 
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Marais The measurement and reduction litter stormwater un"",!up systems. 
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• Maximllm co,! 01' sired S\v""pini: I"" 
kg 

• 

• 

i • 

• 

i • 

, . 
• 

• 

Co<,t of tealll per month: 
2 forcman 
:l ow~epe r>; 

Plant 

R4 SOO x 2 
R: 500 , :l 
R 16 000 

Carry out two rolkc tiolls "vcry 2: x 2 
workday 
Cost per collection rn2 500 / 44 

~IinirnLJll1 a\' e rag~ liller load per 
('oll ~cliol1 r040 / RIO/kg 

"\" urn I:>;:r or col kCI ion" per ann um 

.vlinilllum anlluallitwr load 
Manag~abk are a fur team 

Minimum litter d~llsit~· 

3 pe r day x Ii per 
,,·eek \ 52 w~eh 

'Hei x 74 kg/yr 
(road kn::;th " 
I kllli 
692M/IO 

8.3.3 Cleaning of catchpits 

\{ IO/kg 

~_,RJ2 50() 

~~:I 
RlliOOO 

44 per month 

:t 1040 

74 kg 

'<36/1'r 
W 264 kglyr 

10 ha 

6 'l26 
kg/iJa.yr 

Cleaning of catchpits and linking pipes becomes economically worthwhile when tbe 

catch pits are greater than 46 % full on average. rhis is bru;ed on the assumption, that 

the ",Illme of a lypical cmchpil and linking pipe h approximately 0.3 m', the density of 

the litter lS about 95 kg/m' and the cost of cleaning a c!llchpit h RI30-OQ, Tbe resultant 

cost per kg of litter removed will then he less than the RIO per kg cost of removing the 

litter from fhe main stomlwater sy,tem. 

S.3.4 lnstallation ofstrcct grids 

For the installation of street grids over stormwater catchpit inlets to be considered. 

stooe and rubble must con,titute a large proportion of the litter load, This is often the 

CUi;e in industrial area, and infonnal residential areas. Installation must be fo llowed up 

with a regular sweeping programme. if it is nOI already in place. to remove the stone 

and rubble that will accumulate at the grids, Grids may also delay the entry of plastic 

bags or large leaves into the stormwater system although ultimately lhe~e items tend to 

pass through or under the grid. 

Marai, (2(Xnl. l'he m'a.,urem',,{ and r"u<ction rJf ",-/Jan litter "nterinR ,lOrmy.Wer druitlaI!< .IJ.""m,'. 
Olal'lL'r 8 : Preliminar), guidoli",,, for lhc rcdocO"<1 ()f urban liner toad,. 
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\bmi, f2(XI.\1. m" m('(1.WH>""''' 'lOti ,."11''''1;..,,, of ,,,hem lill<'l' ",teflflR 'IOml'mlu til''''''''"" 1)'.1'11'10'< 
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Figure 9-1 : Annuallilter loads for the pilot calchmenls : FchruaQ 20110 to 

January 2002 
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Figure 9-2 : Litter compositio". ror the pilot catchments: February 2000 10 

."',,"arJ 2002 

Marai. (2003). The mernuremenl and reducUolJ of urban /iller entering .lorm.wfEr drainage .fJ'Slems. 
Chapter 9 : Conduswns. 
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Appendix B : Tables of annnallitter loads for 
the pilot catchments 

B.l Introductioll 

Annual litter loads arc extrapolated from the data for each catchmenl and summarised 
in tahular form for each oftlle following cases in tum: 

i) Excluding sand (Appendix B : Table,; 8-l(a) to (ell, 

ii) Excluding sand, stone. vegetation and rubble (Appendix B :Tahles B-2(a) 10 
(el), 

iii) Vegetation only (Appendix B : Tables B-3(a) to (el). 

The first, secood and third table of each sel present the calculated annual loads for the 
data coliectioo periods Pebruary to September of 200J, Febnlary 2001 to January 
2002 and b<:>4h dala collection periods combined respectively. 

8.2 Tahles of annual litter loads 

lmiLa"' ... , 
Yclllll 

l'-,ito,nct, .. ' .. I 
area [Of very pooT pwf>1e - no ,ITcel 

() n 
]:>C(I!>1c i b<,!h 
dwelling, and _-

tl orea !~) , 
n,; 

~.~"~ . ~ '",,'" , , " it:;. _ offi,'C hloch, ~()lcl', iiTIC <.hOI", 
I . I 'c ., onlmnal lra<lcn and a b", terminus, 
,_ ;:·;{i; it;)-:- cx~n .. Y~ ,hul cleanln~ (l~p 10 3 tim<' 
I~ dally) WIth" removal effIcIency of 

" ~ 
I'r,,,,,,,y, ,- l ~TCa which i 

i S""""c, 11 -it, 1 

i~=' " ___ ~' , i '.-lnr""gl I.i J 

• 

, 

Ii' 

12:U> 67 

I I,' !:ill 

1 ~2 

152 

, . (JoOA 152 15~ 

-+-+----1 
":5,: 

'"' '" 
HI 06 

14.4 148 . 

Tahl~ B-1 (a) : AnnllalliUer loads excluding sand: F"bruaQ' to S"ptl"mhl"r 2UOU 

Marai , (200~), 11" mea,uremem and ",due/lot, of urban UII., enterin8 , lOnnl>-mer drainag" ' y.-rell1J, 
Appolldi~ B : Tat>le, of annual hUe, loads fOf the pilo\ crnchment'. 
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Cal"hifl<'TK . .",,' , 
" ,,,Coo 

" 
Nan" 

r'-',,,,ill!ion 

." ;~ ,., ," (Lrrt>".)T, 

fi; 
, , , ,M ar.,1 , > , 

" imlZ"flIl) I , nO=1 " 281.1 .1.\1) .i.i Ydl,u , 

r~ , " iI~_1"JO< 
I Ot'can Vi"", ",," . I IU 9:10.1 .'.j 1 " "ad _-, , , 

. ,I "~"'I 
. 

~:'t;" (j.6 J84.8 323 M office blocks. holel,. line ,hop,. 
'~/~:n I 

inform,1 lrode .. aO><l. bu, IenniT1\l. , ,,0 98,7 323 " extensi\'e Mreel cleaning (up to 3. time, 

~':r; :)wn j d«i:)'1 ",th a ~."""\"l e:; of IA I 16.3 323 W 

FTCSTldY. I TC151<)oTIMI ,."," w~id i .. m ", "5.-1 1.098.8 V, ('.' 

~. -, 
I 

" 
5.:1 1'),8 .,26 " , 

! , ' '4.1 nl.~ .,26 !: , 
W.-l~'-'n"""1 

W" , , 
I U :\<:)(j,O :1:\(; :>11 , 

" 
Tnhle H-I (Il) : Annual litter loads I'xcluding sand: February 20lll to January 2002 

r~lchmcn' 
Nome 

imi/amu 
Yclbu 

(k oaTI Viol" 

, 
, , 

, , 
,treet 

I ' " 

, , 

'" I a,-"a which i d 

Luw "en,;l),. higl l i ",,,,,ne , 
" 

1 1.5 

" 
2.0 

" 
~A 

, • 
14.1 

14.4 

L(",(] 

1 880,4 ~8_' 102 

574 .. ~ ~.,' .j "' 
17l.5 47.\ M 

206.7 47~ I U 

I .l98.8 .1:'.1 "' 
lOll :'2·j " 
8712 ,. " 
5';2,5 ,~ 29 

Table 8-1 «("I: AnnllHllittu lo~ds ~~duding ~~nd ; F~bruar) to September 2000 and 
Lfebrllary 2001 to JanuHry 2002 comhined 

Marais (2003), Til< mra,"rrmmr and reducrinn oj urban Iilr., en"ring normwarer dmilwR t , ys!em.!. 
Ai>I"'ndix B : Tabl., of .nnuallil1e, load , for {he pilot catchn", m,. 

, 

i 
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B-3 

, , ; , , 
Cot-'hm",,! 

DCIO:ripli,,,, 
7~~ I" gih"-)T) :-Jan", 

,", , , '''" ,,' 
l"",an,,' " , , c ""d .' " 1 'i , , 
i'olh" 

" ,lreC! 3 .. 1 ! URI P I-. ~9 

~ ----j ." 
people 1 I g b,tlll l 1 (x,,"'" ,'ic'\<' JU 5"9,7 ")" ,. 
d",elh n~, "I1d: l' I I , 

; 
, 

i '~J t

l --, 
, ~::~: :~" 

, 
oJ, 11 4.9 I ~ " " , 

" rIlee bloch, 1><#1>., line shey" 

~"~:" 
Lnfrx-mal traders and" bus l~rnllnus. 

2.(1 38.7 152 '" exten,i", Wee! '","ooping (up lO 31lme. 

, ;/;," I d~ily) willI a removfli efficiency of 
'A M,' J52 '" 4E;' , 

2.1.4 he,,,,\}' aTe. ",hid; , , , 

~;, " , , 
5 .. 1 

I 
1 7,~ 198 ,. 

" , 

l"r " 

I~ 
"il part _ no ,tTeel 

14 .1 3.~.U I ~II 51 , 
l',-'dgCH"",d 

, , , 
I·U 10 '" 0 

, 

Table B_2 (0): Annuallitler loads exduding sand, stone. vegetation and rubble: February 
10 September 2000 

C<>II.:hll'.,,,, r"',,,,rir!i(),, ( tg.lho.~r) 
1\"".., 

Jmi"",,,, " 
, 

Y . lhu 
area rot vcr)' ]XU ptqJJe - no m.el 5 .. 1 :'05'(1 ,~O ,1(1 

, .rca 
I>",,!,ic 1 "'" 1 1.5 ' 14 .1) 1'1 I I) 
dwe lling. and 

" ,---, , ,,' ,':1,' .;:.'.' 
" offICe bloch, hOle!>, line ,IK"", 

int,.-mal trnde" and a t>u; Lcrmin"", 
2.0 17,9 .l2.1 W cxl<-'n,i <" " Teel swooping (up to 3 times 

d"il)'l .. itL" rerr",v"l efficiency of 
IA 43.4 323 " 

FT,,,n,,yc' , ,; ore. 2~A .\,2 323 0 

~.~ 28,9 .l2~ , 
14.1 182. (. 3:& " 

Wd~c'm, ,-'J " 14.4 "' 336 0 

Table B-2 (b) : Annualliltcr loads excluding sand, stone, vege-tation and rub hie : 
Fcbruar} 2001 10 January 2002 

.\tara;'; (2003), The m,"-'ur~m""t mid I~d!,,"ion of W-b'I11 lilla mlaing jjOtmw,,'er Jmuwge jJ.",'m", 
Append;, B: Tallie, of onnual li ucr 1000' fnr the l,ilO! ca!CllI",-,nt" 
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, 

C.t<:l1n""" 
.01" .... 

.1_11101 

~,,,,,T;oIiw p~;:;:J .. ,\nm",r k,Jd 

N~. 
Tk",ri .. i,,,, 

T,';'.! i (k~.)'r) 

, ' " J~ -.1 

Tmiz,,,,"' 
hlii,J'l1\al ",i!,' ami ,,,nj,'e ' ftsidt:"ial 

I area for "err poor people - no street I 5.3 31:\,T 47~ " YeLh" 
· ,wo" Jn~ 

Sub-tt"nnmic ,e,idemial art. fo, pOOf 

("""m View 
people iocluding hn!i1 frccstan,jing 

TU 744," .183 ., 
dw"llin~' and 3-'tmey "i:rh_den'i!}' , apamnem bloch 00 ,trO"1 ''''''''pio!: , 

C'I>< TQw" Cem .. l DusiIlCSS District in<:looing 00 195.4 475 n CIJD(C) office bloc~" howls.lille ,bops, 
C4" To\\," inform,1 tr>de" 'lid" bu, terminus, 

L() 56.fI 475 U CllDi['Jj I exlen",,'. streel ,weeping (up 10 3 lime, 

C'T'" To,," : Jaily) Wilh a fen..,,'at eff.dency of 

" 
108.1 m '" .S'!!'!)J~:) : "vr.:,;ximalCl '99% 

High income, medium dtnsity 
fOre","y" ,o,idenlial area which inctude, ,om" 25.4 3.2 3n 0 

; artIncnl, 

\U'LI""" ! Medium den,ity, medium incomo 5,3 46., 524 " (;rc,"", : ,e,ide,~ial area - flO street sw"" HI 

"l(jma~\l" Light iooustri"T park - 110 ,If""t 
14.1 538.3 "" '" G<lrdens ~-"CP'"£ 

W I I ' Low Je"'ily. high inco"", re,idt,~i>1 14.4 ',0 'M " """fl.'''' J : ... ping -.J C ::orca _ 110 ,"eci '''' ... In . . ....... -'. 

Table E-2 (c): Anrll.allitler loads excluding salld, stolle, ,'egctatioll ,,,,d rubble: 
Febnmry to Sepwmhl'r 2000 and Februar~' 2001 to Jauunry 2002 combined 

C"",l1mcnl 
, 

" ik~ ~~ :'0/....., 
O" .... r;l~icn 

. "" ~~ 
If " Ill, "j , , , ., , 

" 
, 

1 'LlII,"Hlll area for very poor peev1e - no sIT", t -i. , I " 12(; , 
Y"I.I\" 

id , 
: {k,'-,," Vic'" 

, , 
11.5 .107,1 " , " iii '-

• ~~"~ 
, 

, 
· ;;;~~':, 6.6 70.9 '" '" " . ,;;;;;;',.; ;;;,;;; 

~ 
, , , 

) .!) 34.0 15? " -LIJT--
exlensive ,treel 'weepIng (up t 

" dally) W!tll a remo\'lll efI1C\enc}' of 

" 

23.6 1~2 " , 
~. ",' 

''i A fr."",}\' . " , , , . >OtllC 

SLLrLlHICf ~ " 5.3 ),0 198 , 
~"" , " ", · , " ",,~d 

14.1 ,".0 I~n , 
" L • · , 

\',' < I ,'"'' ,, )Cd 
, hi , 

11.1 15~5 '" n , , . . , 

1 able E-J (a) : Allnual1it1er load~ ror vegetation only, February to S~ptemher 2000 

Marai, (2001), Th. measureme!!! and reductilm ,,/' umall Uft"' ,nrering ,\"Oroll,'",,, dmmase '-"Siems, 
ApP"lIdi, Il : T,*,l~, of annualliuer I""'h for lhe pilot c"'chm~nt'. 
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C",,,hn,,,'" 
I)c",- r i I ~i ('" 

:<I","" 

'" 
, ,I"'il " , , , 

11Itl/.alll<l , 
are" for vcry pmr reapl. - no moet 5_.1 557 ,_~n " Yell," 

" 
()(:O;HI Vicw 

;, 
115 MS,7 \., I "' 

, 
" 292,8 32_~ " offke blocks, boIel., Ime ,hop" 

informal trad.rs .nd a bus terminus, ,.0 73,9 32_~ " exten,ive ,tree! 'weepin~ (up 10 3 time, 
) with" relllOvru emeie",,}' of 

" 
54,9 323 " 

h~","yC W~ " .")1.0 1~_' '" 
" , 14,,) 326 , 

" 9.~ "" 
Wdgcnn:d 

;, 
1'1 _189.9 '" 2~ 

in 

Tab]", B-3 (b): Annuallitlel'loads ['or vcgeta[ion only: Fchruary 20()1 [0 January 20()2 

I ,=,,, .. ,, Aro;! C""".b.h .. "",," .",~'t\;;d 
!)e,;,oripli"" ""~ flybo,yr) 

N"",c 
(h . ) I l') (lbl 

1",,1-",,", 
Illli'''I[,al -,;,~ 000 ,,, r,'ie,, re,idenli,,1 
area fCO' ver)' poc4' reaplo - I't<' street .1_.1 56_9 47(' " Y,'Lh" swoop;n, 
Sub_oconomic r~,iJcT>!ia l ..-~. lor pOOT 

o.:c"n Vi,-w 
reorle inclooin£ both l'rce'tandjn~ , , 976,] m " dwellings and 3-'tore}' hlgh-den'it}' 
~partmell\ block; _. no ,treet ,weePin" 

ClpC Tn"," Cent!'.1 Business p;,trict incl uding 

"" 363,7 '" " CJlniC) oft1ce bkK'k<,l>oocb, hne <1101'" 
Cal'."i(;~-;;-- inft.-mailraJc" "[1<1 a hu, {e,minus, 

'.0 I ()7 ,9 '" " ClJl) (Il) ex\en,ive 'lrec! ,weeping (up to 3 times .. 
e,['CTn",,, daill') with a removal cffkiellC}' oj' 

" 
78.5 '" .1:\ 

CEll ibJ ap~~Xlm"teJ)' ~, ------
Hi~h incoTTlC, medium den,ity 

""""'Y" re,idential area which i!>eludes some 2:'i_'1 1 394,5 m h2 

" ])lenl, 

S"'lLH'"' Medium den,ity, medium income .I __ ~ 19.8 '" ; 
Gree", ",idcnti.1 am. - no s1rool ,wee '" Mnnl",,,,,, l,ighl indlNlrial p..-l- I);) ,[reC! 

14.1 44,& "" , 
n,,'den< .'''''''' '" 
"\'cl~cm,,,,J 

Low density, high lJ>come ,.e~dellli,,1 
14.4 04'<,+ +8+ 2Y 

area - no street ",·ceri ng . 

T3bl~ R-3 (C): Annurli li1t~r load, for \·cg",tatiorl only: F",hruary to Scptember 
2000 and Ft'hruary 20()1 to January 20()2 comhined 

Marais (2003), The mras"""nmr (IJ1d reduction of "I'i,",,, limr '·'''!"ring WOf11lwat"r drainage :ry$l'"", 
Appendix B : Tobl", of annuallilicr k>ad, r", [he pil(>! calchmenl'_ 
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Appendix C 

UNIVERSITY OF CAPE TO\VN 

,"'",fRef 
(lu, Ref 732JAI11JWmirn 

E["I< ifi" 10 M J '>1arai.' 

IJ,., 29 Fcbruilr)' 200.1 

Depar1ment of Civil Engineering 

Univerlily oreape T(}WD Roodebosch 7701 
Teleph<Jue: 650-2~84 

Fax No: (021) 689-7471 
E-mail: civil@engfao:UC1.a:.z,a 

Water Research Commission Project ~o. K5/l051 

"The reduction of urban litter ill drainage systems through integrated catchment 
management" 

J ub Tille: 

Relations" ilh : 

Respunsible to: 

T ... k Summary: 

Requirements COl' 'Va~te i\uditor 

Wa<te Auditm 

Project Team. Municipal Local Cmlllcii OiTIcials and Empl<Jyeel_ 

Project Leader (Mf Neil Armitage) and Researcher (Mr 1I1ark Maraisl. 

, 
2. 

3. 

4. 

6. 

Carrying out of ,pol cht.::k> on each catchment in the field to 
emure thai the MLC learns are properly cleaning the ca(chpitl and 
recmding the vo lumes of Iiller. 
Capturing of the data ,heel' filloo in by the MLC team, l"Ccordiug 
the volume, and ~oJ](ents [)f the liner traps OJ](O ao ACCESS 
database. 
Marking of btter b~g' t[) be fi1100 by the.MLC teams fOf purposes of 
a cumplete analysis afler rerum 10 the VCT Laboralul)' (twu 
calChmenls per we~k). 
Working with MLC (e~m can:ying out complete analysis (u enSure 
(hat bag' are C<J1Tectly laool1~d and transported tu the VCT 
L~ooralOry . 
Sotling. weighing. ~uuming. measuring uf liner in the Laooratocy: 
re~(lfdiug of res ults on c~k list: arid data entry from checklists to 

ACCESS databa.<;e (twu catchments P"f week). 
Disposal of liner (0 W ASITfECH container al vcr. 
Liaison with Project Team. 
Liaisun with MLC Officials to infunn them whi~h catchment 
requires a complete analysis. 

9. Attendance at woclshup, wilh ProjeCl Team and/ur MLC's. 

Morai, (200:1) Th, measuremmt unJ mmcljon of urban liller enlering slOrmwaler drainage ,yslems. Appendix C : 
Requirement' for WaSle Auditor. 
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Joh Specifk otion : 

I<:mplo)'ment Details: 

l. 
2. 
3. 

C·2 

Ability to work in a team. 
Good interpersonal skiUs. 
Good communication skills 
recommendation. 

4. Literate. 

ab ility to ,p.eak. Xhosa a 

5. Basic computer literacy (b"-'ie lnowledge of comput~'1"S and data 
entry)_ 

6_ Mallie or equivalent experie"",,_ 
7_ Light vehicle driver', ticence - trampoo1 provided. 
~_ 26 year< or oldtlT_ 

l. 
2. 
3. , 

Salary of R ____________ p::r month. 
TranlJXlrt provided. 
Perioo of employ""'"t - _ 
Emptoyed by 

to __ ____ _________ full -tiroo. 

Marais (2(1((1). The IMaJurem<:n! and "'Nelian or urban Ii"er en tering ",'orrn-;.-atu drainage .1)'''''''''. Appendix C : 
Requi r~mon", f,,< W"'t~ Audiul<_ 
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Appendix D : Plan views of study catchments showing the 
drainage systems 
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Mara" COO] i. I he ,",''',IfI.'-el!1m' 'I'"i 'edIiOio" orurool! Ii""r 1'"'1'6111: s!(lFmw"fec d,'·"i!1ag., sv_,lemJ 
Append;, Ll ' ~IJn vi.w, of , rudy <""llm.n" ,l~lwin~ the d,","ago ,y,tcm,_ 
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