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Abstract

The impact of avariety of urban discharges from Bloemfontein on the numbers of microbiological faecal indicator organismsin
the water of the Renoster Spruit subcatchment was investigated using E. coli, C. perfringens and somatic coliphages as microbial
indicators. The no-observed-adverse-effect-levelsfor the occurrence of these organismsin water intended for domestic purposes,
for full-body contact recreation aswell asirrigation of cropsthat may be eaten raw, were exceeded. The resultsindicated that the
faecally polluted urban runoff, in combination with inadequately treated wastewater effluents, overcame the assimilation capacity
of the Renoster Spruit in theimmediate vicinity of the city to such an extent that it posed a possible risk of infection to potential
water usersfor considerable distances downstream from the urban area. Thehigh levelsof faecal indicatorsin the Renoster Spruit
diminished to such an extent downstream that the receiving Modder River, directly downstream from the confluence with the
Renoster Spruit, posed an infection risk for domestic users only but not for recreational usersof thewater. Water at thispoint could

also be used to irrigate crops eaten raw.

Introduction

Urbanisation generatesincreasing l oadsof faecal wastesdischarged
to natural water resources. In many cases, the extent of pollution
causesincreasesin numbersof faecal indicator organismstolevels
which exceed recommended limitsfor water to be used by humans
for purposes such as drinking, recreation, or irrigation of crops
eaten raw.

Surface water bodies have a natural capacity to assimilate
microbiological contaminants without the quality of water
deteriorating beyond its value for ecological sustainability and
human use (DWAF, 1995). Usually in urban, peri-urban and
adjacent rural areas, surface water bodiesreceivefaecally polluted
urban dischargesthat contain pathogeni c micro-organismsin such
high numbersthat the assimilation capacity of the receiving water
body is overcome. This resultsin an increase in the numbers of
faecal indicator organismsinreceiving water, which often becomes
unfit for domestic purposes, recreation or irrigation of crops eaten
raw (Jagals, 2000; Venter et d., 1996).

An impact, in the context of this study, was when faecal
pollution, indicated by the numbers of microbiological indicator
organisms released with the urban discharges, reached such high
levelsthat the assimilation capacity of the receiving surface water
failed to reduce these levels to within acceptable limits (Griesdl,
2001; Jagals, 2000; Chapra, 1997). Acceptable limits for the
occurrenceof faecal indicator organismsinwater arerecommended
invariousnational and international guidelinesand standardssuch
as the South African Water Quality Guidelines (DWAF, 1996a &
b) andtheHealth Guidelinesfor theUseof Wastewater in Agriculture
and Aquaculture (WHO, 1989).
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Significant reduction of microbiological indicator organism
levelswould imply reduction of the numbers of pathogenic micro-
organismsintheseurbandischarges, tolevelswheretheir occurrence
in the receiving water intended for various human uses, is not
expected or observedtohaveadverseeffectsonhumanhealth. This
is referred to as the no-observed-adverse-effect-level (NOAEL)
(Kindzierzki and Jackson, 1998; Kolluru et al., 1996).

In the context of this study, domestic water use means water
peopl e take from the Renoster Spruit and itstributaries and use at
home with limited (generally disinfection with products based on
sodium hypochlorite as an active ingredient) or no treatment
(Jagals, 2000). Recreational userefersto activitieswith full bodily
contact of the water, such as swimming and water-skiing (DWAF,
1996b). Agricultural use meanstheirrigation of cropsthat may be
eaten uncooked (Jagals, 2000; Shuval et al., 1997).

This study was done to determine the contribution of urban
discharges from Bloemfontein City to numbers of faecal indicator
organism numbers in rivers and streams in the Renoster Spruit
subcatchment, which lieswithinthe Modder-Riet River catchment
in the Free State Province, South Africa.

The study area
The subcatchment

The study was conducted in the Renoster, Bloem, and Fontein
Spruit systems aswell asthe sector of the Modder River receiving
dischargesfromthesetributaries(Fig. 1). Thestudy arealieswithin
the Middle Modder subcatchment of the Modder-Riet River
catchment. The Renoster Spruit (spruit means stream or small
river) flows past Bloemfontein and drains into the Modder River.
The Renoster Spruit receives a variety of discharges from
Bloemfontein City. Somedischargesaretreated effluentsdischarged
directly fromwastewater treatment facilitieswhileother discharges
are from surface water runoff from informal settlements on its
banks. The Bloem Spruit, atributary of the Renoster Spruit, runs
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Figure 1
Map indicating the
monitoring sites in the
study area of the
Middle Modder
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through the greater part of the city and therefore receives the
majority of the urban surface water discharges, which are then
discharged into the Renoster Spruit.

The city

Bloemfontein City has established modern, economical and sub-
economical residential areas around well-functioning business
sectors and well-developed industrial zones. These areas are all
serviced by water-borne sewer systems. The city expands into
areas of low-cost sub-economical residential settlements aso
serviced by water-borne sewerage systems. Substantial areas of
informal settlement intersperse and fringe the sub-economical
residential areas. Sanitation services in these areas generally
comprise poorly maintained bucket and traditional unimproved pit
latrine systems.

Monitoring sites (Fig. 1)

Bloem Spruit

This stream receives:

» Diffuse urban runoff from Bloemfontein City, population

approximately 350 000 people living in areas serviced by
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water-borne sewer systems as well as areas with limited or
inadequate sanitation systems.

*  Wastewater effluentsfromawell-established wastewater treat-
ment facility (WWTF#1).

Monitoring Site B1 was situated at L och L ogan, asmall impound-
ment in the Bloem Spruit close to the city centre. The site is
surrounded by a waterfront-type entertainment and leisure time
development andisusedfor intermediate-body contact recreational
activities such as canoeing and leisure paddle boating. This point
was selected to indicate the contribution of surface runoff to
numbersof faecal indicator organismsfromalargepart of thewell-
developed western residential suburbs upstream of the impound-
ment, aswell astoindicatethe possiblerisk of infection to users of
the water. Further downstream of B1, the Bloem Spruit receives
runoff from the predominantly commercial, industrial areas of the
city, aswell as runoff from aminor tributary, the Fontein Spruit.

Monitoring Site A1 was selected in the Fontein Spruit just
upstream of confluencewith the Bloem Spruit. The Fontein Spruit
drains surface runoff from the low-cost high-density and informal
residential zonesof southeast Bloemfonteininto the Bloem Spruit.

Monitoring Site B2 was situated approximately 1.2 km down-
stream of the Fontein Spruit confluenceand 5 km downstreamfrom
B1. Water sampled at this point was considered representative of
the city’ sdiffuse runoff, before receiving final effluent discharges
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fromWWTF#1. Site B3, approximately 800 m downstream of the
effluent discharge point, represented the maj ority of urban surface
water discharges from Bloemfontein City.

Renoster Spruit
The Spruit receives:

* Final effluent from awastewater treatment works (WWTF#2)
that, at thetime of the study, had been recently commissioned.
» Polluted urban discharges from the Bloem Spruit.

Monitoring Site R1 was a considerable distance upstream of the
city spherein an agricultural surrounding, sparsely populated by
livestock and humans. Water sampled at this point was considered
to represent stream water draining from areas not influenced by
urban developments. Results from this point were used to reflect
thenatural background microbiological quality of surfacewater in
the subcatchment before receiving discharges from the city. The
numbers of microbiological indicator organisms in the Bloem,
Fontein and Renoster Spruit systems, could therefore be compared
to guideline values, aswell asthe levels of organisms measured at
R1 to get a better idea of the magnitude of the impact of
microbiological urban pollution.

Site R2 was selected immediately downstream of the final
effluent discharge point from the then newly commissioned
WWTF#2 to determine whether the discharges caused an increase
in the faecal indicator organism numbers detected in the Renoster
Spruit. Site R3 was immediately upstream of (approximately
300 m) the confluence with the Bloem Spruit and represented the
residua levels of microbial indicator organisms in the Renoster
Spruit before being impacted by the Bloem Spruit. R4 was
immediately downstream of the confluencewith the Bloem Spruit.
The microbiological water quality at this point was considered to
reflect the impact of the majority of urban discharges from
Bloemfontein City on the numbers of faecal organisms in the
Renoster Spruit. R5 wasthe final downstream monitoring sitein
the Renoster Spruit. Results of water quality sampled at this site
were considered to reflect the capacity of the Renoster Spruit to
assimilate the microbiological contaminants from all the various
discharges from Bloemfontein before draining into the Modder
River.

Monitoring site M1 was the reference point in the Modder
River approximately 5km upstream of the Renoster Spruit
confluence. Thissite was at a point of extraction of raw water to
betreated and distributed for domestic, commercia and industrial
supply in Bloemfontein. Water inthe areaisalso used intensively
for recreational activities such as water-skiing events. Results
obtained at this point reflected the background water quality of the
Modder River. Site M2 was selected approximately 300m
downstream of the confluence with the Renoster Spruit. Results
obtained from samples taken at this site reflected the impact the
Renoster Spruit might have on the numbers of faecal indicator
organisms detected in the Modder River.

The effluents of both the wastewater treatment facilities were
also sampled immediately prior to being discharged into their
respective receiving water bodies.

Methodology
Sampling
Water samples (500 ml) were collected at | east biweekly during all

seasons. The samples were collected in sterile Whirlpacks®,
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transported at <10°Ctothelaboratory and analysed within6 h. For
the Bloem and Fontein Spruit systems, sampling was done over a
period of 50 months from January 1996 to March 2000. Samples
weretaken from the Renoster Spruit in two phasesover aperiod of
31 months (August 1997 to March 2000). Phase | ended in
December 1999, just before WWTF#2 was commissioned. This
was to determine the background numbers of faecal indicatorsin
the Renoster Spruit at points R1, R2 and R3. No major human
activities such as informal residential developments etc., were
evidentinthecatchment areaof thissection of the Spruit duringthis
sampling period. Sampling for Phase 2 commenced immediately
after the treatment facility was put into operation to determine
whether the effluent from thefacility would haveany impact onthe
microbiological water quality of the Spruit. Sampling at sites R4
and R5in the Renoster Spruit was done over aperiod of 50 months
from January 1996 to March 2000. WWTF#1 was sampled from
January 1996 to M arch 2000 and sampling at WW T F#2 commenced
after the treatment facility started in January 1999.

Microbiological indicator organisms

A suite of microbiological indicator organism groups was used to
indicate the potential impact of the discharges on the microbial
quality of thereceiving water systems. Escherichia coli wereused
to indicate the presence of bacterial pathogenic organisms in
faecally polluted waters(DWAF, 1996a). Clostridiumperfringens
wereused becausethesebacteriaprovideamorerealisticindication
of the presence of resistant pathogens such as cyst- and oocyst-
forming protozoaof faecal originthan E. coli (Payment and Franco,
1993). Somatic coliphages gave amore redistic indication of the
possible presence of enteric viruses in water than E. coli or
C. perfringens (Grabow, 2001).

Assay methods

The membranefiltration technique (Standard Methods, 1998) was
used to determinethe numbersof E. coli and C. perfringens. E. coli
wereenumerated on Chromocult Coliformen Agar (Merck, 1996),
with dark blueto violet colonies counted asE. coli. Water samples
for C. perfringens analyses were pasteurised prior to filtration to
knock out background flora that might influence the growth of
C. perfringens(Jagal s, 2000; Fergusonet al ., 1996). C. perfringens
were enumerated on supplemented Perfringens (OPSP) Agar
(Oxoid, 1990) with black and black-centred colonies counted as
C. perfringens. The numbers of E. coli and C. perfringens were
expressed as colony-forming units per 100 ml (cfu-100 mlY).
Positive colonies were confirmed using API 20E (for E. coli) and
Rapid ID 32A (for C. perfringens) (BioMérieux, 1998 and 1994).
Somatic coliphages were enumerated by the plague assay method
using the double agar layer technique (Grabow, 2001). Plagues
were counted as somatic coliphages and expressed as plaque-
forming units per 200 ml (pfu-100 ml*).

No-observed-adverse-effect-levels (NOAELS)

Jagals (2000) had compiled, from national and international
guidelines, asite-specific set of NOAEL sfor theindicator organism
groups. TheseNOAEL sare used in similar studiesthroughout the
Modder-Riet River catchment. The numbers of microbiological
indicator organisms, detected in the Renoster Spruit subcatchment
during thisstudy, were compared to these NOAEL sfor thevarious
water-uses to indicate the potential microbiological infection risk
to consumers.
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Figure 2
Microbial indicator organism levels detected in the Bloem Spruit system over a period of 50 months

Theuseof E. coli inguidelineshasgenerally been relegatedin
favour of faecal coliforms because of the historically complex
multi-step analysis methodologies required to detect E. coli.
However, E. coli can now reliably be detected in a single-step
procedure (Jagals et al., 2000) and since E. coli isamorereliable
indicator of faecal pollution than faecal coliforms (Jagals, 2000;
Grabow, 1996), it was decided to use E. coli for this study.
Although not common practice, the faecal coliform limits
recommended in international as well as local guidelines, were
adapted to E. coli numbers based on work done by Jagals et al.
(2000). Jagals (2000) did not include any NOAELs for somatic
coliphages or C. perfringens for irrigation of crops that may be
eaten raw since it would appear that no such limits have been
described as of yet. The following NOAELSs were used for this
study:

Domesticuse: TheE. coli and C. perfringens limit within which
only an insignificant chance for infection could be expected is
1.00E+00 cfu-100mlt, Thesomatic coliphageslimit for alow risk
of viral infection is 1.00E+01 pfu-100 ml-.

Recreational use, particular activitiesthat involved full bodily
contact with water: The E. coli limit, below which gastro-
intestinal effects are not expected, is 1.30E+02 cfu-100 ml%; for
C. perfringensthemaximumlimitfor insignificant risk of infection
with water consumption is 5.0E+01 cfu-100 ml* and for somatic
coliphages the limit for a low risk of enteric virus infection is
2.00E+01 pfu-100 ml.
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Agricultural use: The faecal coliform infection risk limit of
1.00E+03 cfu-100 ml2 in the WHO (1989) guideline was, for the
purposes of this study, adapted to 7.90E+02 cfu-100 ml* E. coli
after thework doneby Jagalset al. (2000). NoNOAEL isproposed
for C. perfringens. The faeca coliform guideline approach of
Shuval et a. (1997) was used for aNOAEL for enteric viruses. A
faecal coliform limit of 1.00E+03 cfu-100 mI* was therefore
proposed for enteric viruses in waters used to irrigate crops eaten
raw.

Statistical analyses

Data were described statistically for the sample size, geometric
mean, median and 95% confidenceinterval s, analysedfor normality
and variance between datagroupsusing the non-parametric Mann-
Whitney Rank-sum and Kruskal-Wallis tests for analyses of
variance. In instances where variations between more than two
data groups showed significant differences, the Dunn multiple-
comparison test (MCT) procedure was used to identify the groups
that differed significantly from the others (SigmaStat® 2, 1997,
Helsel and Hirsch, 1995). The datawere displayed in line graphs
with error bars (5" and 95" percentiles) for spatial appraisal, andin
boxplots for statistical appraisal. The 5" and 95" percentiles are
indicated with error bars as well as black-dotted end-points
(SigmaPlot® 7,2001). The various dashed lines in each graph
indicate the respective NOAELSs for domestic, recreational and
agricultural uses.
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Figure 3
The contibution of urban discharges from Bloemfontein City to microbial indicator numbers in the Renoster Spruit

Results and discussion

Microbiological quality of water in the Bloem and
Fontein Spruit systems and implications for human
water users

At Site B1 in the Bloem Spruit, receiving surface runoff from
modern western-style residential suburbs, geometric mean levels
of 4.87E+03, 2.50E+01 and 5.16E+02 per 100 ml for E. cali,
C. perfringensand somatic coliphageswererecorded respectively.
These geometric mean levels exceeded all the NOAEL s sited by
Jagal s(2000) for thevarioususesof water. High numbersof faecal
pollutionindicators such asthesefromwell-devel oped urban areas
arenot uncommon (Jagal's, 1994; Geldreich, 1976). A major faecal
pollution problem in these areas in this study appeared to be
homeless (street) children living under the enclosed sections of the
canals using the stream for toilet purposes.

Geometric mean levels of 5.90E+04, 4.02E+02 and 9.10E+03
per 100 ml for E. cali, C. perfringens and somatic coliphages,
recorded at A1 in the Fontein Spruit, draining surface runoff from
the surrounding low-cost, high-density residential and informal
sectors of Bloemfontein, were substantially higher than those at
B1. Thenumbersof indicator organismsdeterminedat A 1 exceeded
the NOAEL s recommended for all the various water uses.

At B2, geometric mean levels of 1.51E+04, 2.78E+02 and
6.34E+03 per 100 ml for E. coli, C. perfringens and somatic
coliphages, indicated that thecompoundedimpact of theBland Al
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discharges exceeded the NOAEL s for domestic, recreational and
agricultural purposes.

The geometric mean levelsat B1, A1 and B2 were higher than
the faecal coliform ranges between 1.00E+02 and 2.80E+03 per
100 ml, detected downstream from an informal settlement in
Gauteng (Grabow et a., 1996), but are similar to those reported for
studies done in this area by Kéning (1999) and Jagals (1997); by
Kienzleetal. (1997) intheKwaZulu-Natal area; andintheWestern
Cape by Wright et al. (1993). All the results showed that runoff
from both devel oped and devel oping urban settlements constituted
amajor sourceof faecal pollution, with thehigher level of pollution
emanating from the lesser-devel oped residential areas.

The E. coli numbers released with the final effluent from
WWTF#1 generally exceeded the faecal coliform standard of
0.00E+00cfu-100 ml* (often relaxed to 1.00E+03cfu-100 ml2 in
DWAF permitsgrantedfor reuse) requiredinthe General Sandard
in Requirements for the purification of waste water or effluent
(Republic of South Africa, 1984). Nevertheless, the E. coli
numbers released in the effluent were generally at least one log
phaselower than those detected in the water of the Bloem Spruit at
B2. C. perfringens and somatic coliphage |evels were also above
the NOAEL srecommended for the water use categories as shown
in Fig. 2. Thisimplied that runoff from the city was of a poorer
microbiological quality than the quality of effluent from this
treatment facility that did not appear to have the capacity to
maintai n effluent of amicrobiological quality below human health
impact recommended inthe General Standardin Requirementsfor
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the purification of waste water or effluent (Republic of South
Africa, 1984).

The geometric mean indicator organism levels of 4.28E+03
(E. coli), 2.82E+02 (C. perfringens) and 5.27E+03 (somatic
coliphages) per 100 ml, measured at B3, were indications of the
microbiological water quality of the majority of urban surface
discharges from Bloemfontein City. These qualities all exceeded
the NOAEL s proposed for all the water use categories. Upstream
from B3, the water from the Fontein Spruit (as measured at A1)
substantially elevated the numbers of indicator organisms in the
Bloem Spruit. Theselevelswere then maintained by the numbers
of indicator organismsin the effluent discharged from WWTF#1.
Downstream of this point, the Bloem Spruit discharged its high
levels of faecal indicator organismsinto the Renoster Spruit.

Microbiological quality of water in the Renoster Spruit
and implications for human water users

The background numbers of faecal indicator organisms of water
sampled at R1, R2 and R3 are shown in Fig. 3 asthe Phase 1 data.
Therewereno significant differencesin thewater quality sampled
at the three sites during this phase (for E. coli P =0.189;
C. perfringens P =0.859; somatic coliphages P =0.989). This
implied that the faecal indicator organism numbersvaried littlein
their natural background state before the commissioning of
WWTHR#2.

Although the geometric mean E. coli numbers exceeded the
NOAEL for domestic use (Fig. 3), water in the Renoster Spruit
could, at this stage, be used for domestic purposes with home
treatment. The water contained E. coli in humbers below the
converted faecal coliform level of 2.0E+02 cfu-100 ml* reported
by Venter et al. (1996) to be a raw water quality suitable for
treatment for domestic use. However, the geometric mean levels
for C. perfringens at these points also exceeded the NOAEL for
domestic purposes. This was an indication that riparian users
should use a high-energy home treatment method such as boiling
to treat this stream-water since disinfection with chlorine-based
products would generally not inactivate pathogenic spores.

Land use in this part of the Renoster Spruit is generally
characterised by small-scale riparian agriculture. Since a faecal
coliform NOAEL of 1.00E+03cfu. 100 ml* can be used for both a
bacterial and viral infection risk limit (Blumenthal et al., 1999;
Shuval et al., 1997; Westcot, 1997), the E. coli numbersindicated
that thewater at thisstagewassafeto usefor agricultural applications,
especialy for irrigating crops to be consumed raw. A risk of
infection for full-body contact recreation was not indicated by any
of the three indicator organism groups (Fig. 3).

Aswith WWTF#1, the E. coli numbersin thefinal effluent of
WWTHF#2 generally exceeded thefaecal coliformstandardstipul ated
in the General Sandard in Requirements for the purification of
waste water or effluent (Republic of South Africa, 1984) for the
duration of thestudy. Sinceitscommencement stage, thetreatment
facility did not appear toreducethenumbersof indicator organisms
in the raw sewage it received. The NOAELs for agricultural use
were also exceeded (Fig.3).

The effluent would, therefore, not be suitable for irrigation
reuse on crops that could be eaten raw should its reuse for such
purposes berequired, e.g. for theirrigation of community gardens.
Furthermore, itisquestionablewhether the potential environmental
health impact, that could be caused by the effluent should the
system fail to reduce the numbers of faecal indicator organism
numbers to below the recommended NOAELSs, was considered
during the design and operation of the treatment system.
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The numbers of microbiological indicator organisms detected
at R2 and R3 after the commissioning of WWTF #2, are shownin
Fig. 3 asthe Phase 2 results. The increase in the numbers of the
three indicator groupsis significant at R2 (P = <0.001 for E. coli,
C. perfringens and somatic coliphages) and R3 (for E. coli P =
<0.001; C. perfringens P = 0.042; somatic coliphages P = 0.002).
After dischargecommenced, theeffluent had such animpact onthe
water in this sector of the Renoster Spruit that it became totally
unsuitable for the particular domestic, recreational as well as
agricultural uses discussed in this study.

The water quality improved somewhat downstream of R2
towardsR3, whichisanindication of the assimilative capacity that
exists in the Renoster Spruit to reduce the numbers of micro-
organisms. However, based ontheE. coli numbersindicatedinFig.
3, thisimprovement was only to the extent that the water became
generally safeto usefor crop irrigation in thevicinity of R3. The
microbiological quality indicated for theother two usesdownstream
of WWTF#1, remained above their respective NOAELSs.

The results of this part of the study indicated that the newly
commissioned wastewater treatment facility had anegativeimpact
on the quality of water in the Renoster Spruit. Faecal indicator
organism numbers increased and the water that could previously
(Phase1) beusedfor recreation and agricultural useswererendered
totally unsafefor all thewater usecategoriesat | east for theduration
of the study.

Results, illustratedin Fig. 3 showed that although effluent from
WWTRF#2 had an impact on the numbers of indicator organisms
detected in the Renoster Spruit at R2 and R3, the increase in the
indicator organism numbers had no influence on the already
excessive indicator densities at R4. The data for the indicator
organism numbers at R3, B3 and R4 since WWTF#2 was
commissioned, werecompared to determinewhether thedischarge
from WWTF#2 created an additional increase in faecal indicator
numbersover and abovetheincreaseinindicator organismnumbers
aready caused by the Bloem Spruit. Statistical analyses with the
Kruskal-WallisANOV A of Ranks showed statistically significant
differences (P = 0.001 for E. cali, C. perfringens and somatic
coliphages) between the data sets, but it was not clear which data
set(s) differedfromtheother(s). Toidentify theset(s), al threedata
sets were compared with the Dunn MCT procedure.  All three
indicator groupsat R3 differed significantly (P =<0.05for E. coli,
C. perfringens and somatic coliphages) from those determined at
B3 and R4, the latter two showing no significant differences.

Accordingtotheseresults, it canbeconcludedthat althoughthe
level of faeca pollution in the section of the Renoster Spruit in
which R2 and R3 werelocated, increased since receiving polluted
dischargesfrom WWTF#2, theseincreaseshad noinfluenceon the
indicator levelsat R4. Thisisbecausethe mainimpact interms of
the numbers of faecal indicator organisms at R4 was coming from
the Bloem Spruit.

The quality of the water in the Renoster Spruit improved
downstream between R4 and R5 (Fig. 3). The geometric mean E.
coli level measured at R5 was within the NOAEL for agricultural
use. Thewater remained unfit for domestic, recreation aswell as
for treatment for domestic purpose uses.

The assimilative mechanisms in the sector of the Renoster
Spruit from R2 to R3 appeared to be more effectivein reducing the
micro-organism numbers than the longer sector from R4 to R5,
especidly for C. perfringens and somatic coliphages. As C.
perfringens and somatic coliphages are more resistant to adverse
conditionsin environmental waters (Payment and Franco, 1993),
the slower reduction in the section of the Renoster Spruit from R4
to R5 is probably due to a build-up from the high levels of faecal
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pollution constantly being discharged by the Bloem Spruit over a
longer period of time.

Microbiological quality of water in the Modder River
and implications for human water users

Thewater at sampling SiteM 1, upstream of the confluencewiththe
Renoster Spruit, could be extracted and treated for domestic
purposes, while the NOAEL s for recreation and agricultural uses
were also not exceeded with geometric mean levels of 2.00E+01
(E. coli), 4.00E+00 (C. perfringens) and 0.00E+00 (somatic
coliphages) per 100 ml.

To determineif the Renoster Spruit (R5) had an impact on the
quality of water in the Modder River, the water quality at M1 was
compared to the quality at M2 and R5. Resultsindicated that the
data of al three groups differed significantly (P=0.001). To
identify the data sets(s), that differed, al three data sets were
compared with the Dunn MCT procedure. All three indicator
organismgroupsat R5differed significantly (P=<0.05) fromthose
a M1 and M2. The latter two sampling points showed no
statistically significant differences. It can therefore be concluded
that although the level of faecal pollution in the Modder River
increased after receiving the polluted water of the Renoster Spruit,
theseincreases did not cause statistically significant differencesin
theindicator organism levelsat M1 and M2. It would appear that
thesection of theRenoster Spruit from R5totheconfluence, aswell
asthelarger water massintheM odder River, could moresuccessfully
assimilate the faecal indicator numbers than the section upstream
from R5 in the Renoster Spruit during the time of the study.

Conclusion

Results from this study showed that the water quality in the
tributaries of the study sector of the Modder River generaly
exceeded microbiological infection risk limits proposed in water
quality guidelinesfor domesticwater use, recreation, andirrigation
of crops eaten uncooked. This is due to polluted surface water
runoff fromthecity, aswell asdischargesfrom thetwo wastewater
treatment facilities. While it appears, for the moment, that the
Modder River could successfully negate the impact, the rapid rate
of urbanisation currently experienced in the area, could increase
pollutionfrom urban sources, thusintensifying thenegativeimpact
beyond the assimilative capacity of the river. This could have a
negativeimpact onthehealth of peopl e, depending ontheuseof the
water from the river. Effective catchment management, with a
strong focuson public health protection, should beimplemented as
a matter of urgency.
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