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Abstract The Buffalo River and its dams are major surface
water sources used for fresh produce irrigation, raw water
abstraction and recreation in parts of the Eastern Cape
Province in South Africa. Over a 12-month period (August
2010 to July 2011), we assessed the bacteriological qualities
of water from the river and 3 source water dams along its
course. Faecal indicator bacteria (FIB), including total coli-
form (TC), faecal coliform (FC) and enterococci (ENT)
counts, were high and ranged as follows: 1.9×102–3.8×
107, 0–3.0×105 and 0–5.3×105cfu/100 ml for TC, FC and
ENT, respectively. Significantly (P<0.05) higher concentra-
tions of FC and ENT were observed at the sampling sites
located at the lower reaches of the river compared to the
upper reaches, and at Bridle Drift Dam compared to the
other two dams. FIB counts mostly exceeded the recom-
mended maximum values suggested by national and inter-
national guidelines for safe fresh produce irrigation,
domestic applications, full-contact recreation and livestock
watering. These results show that the bacteriological quali-
ties of the Buffalo River and dams were poor, and suggest
that sewage was dumped into the Buffalo River during the
study period. Urban runoffs and effluents of wastewater
treatment plants appear to be important sources of faecal

contamination in the river. We conclude that these water
bodies represent significant public health hazards. Provision
of adequate sanitary infrastructure will help prevent source
water contamination, and public health education aimed at
improving personal, household and community hygiene is
imperative.
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Public health hazards

Introduction

Surface waters, including dams, rivers and streams, consti-
tute an important source of water for drinking, domestic,
agricultural, recreational and other purposes. However, they
are vulnerable to pollution and are frequently contaminated
with faecal matter (Effler et al. 2001; Kistemann et al.
2002). Nonpoint sources of such contamination include
domestic and wild animal defecation, malfunctioning sew-
age and septic systems, storm water drainage and urban
runoff (Kistemann et al. 2002; Chigor et al. 2012). Point
sources include municipal wastewater treatment plants
(Shuval 1990; Okoh et al. 2007; Igbinosa and Okoh 2009;
Lata et al. 2009: Chigor et al. 2010a; Odjadjare et al. 2010),
and drainage from areas where livestock are handled
(Williams et al. 2012).

Coliforms and enterococci are indicator organisms used
worldwide to monitor water quality (Toranzos and McFeters
1997; APHA 1998; Anderson et al. 2005; Harwood et al.
2005; Gersberg et al. 2006). The detection of these indica-
tors in water signifies faecal pollution, which could have
detrimental effects on public health, the economy, and on
ecological balance and functioning (Gourmelon et al. 2007;
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Abdelzaher et al. 2010; MacIntyre and de Villiers 2010).
The public health risks associated with faecal pollution
include the introduction of microbial pathogens (APHA
1998; Pruss et al. 2002; Okoh et al. 2007; WHO 2008)
and antibiotic-resistant strains of bacterial pathogens, which
could result in the transfer of resistance to previously sus-
ceptible strains or species in aquatic environments (Ash et
al. 2002; Zhang et al. 2009; Chigor et al. 2010b).

Contamination of surface water bodies with pathogenic
agents (including bacteria, viruses and protozoa) could re-
sult in the transmission of waterborne and water-related
diseases to people using the water for domestic purposes
(Fong and Lipp 2005; World Health Organization 2008), to
swimmers (Gersberg et al. 2006; Abdelzaher et al. 2010),
and to agricultural workers and the consumers of crops
irrigated with polluted waters (Shuval 1990; Mohanty et
al. 2002; Gemmell and Schmidt 2012). Many viral, bacterial
and parasitic diseases have been associated with waterborne
transmission (Hunter 2003). Such infections contribute sig-
nificantly to the global disease burden (Payment and Riley
2002; Pruss et al. 2002). Among the bacterial pathogens,
toxigenic Vibrio cholerae, the aetiological agent of cholera,
has caused several pandemics and still represents a serious
problem, causing repeated epidemics especially in develop-
ing countries (Stewart-Tull 2001; Zahid et al. 2008).
Salmonella and Shigella species pose serious public health
problems to the developing world (Mills-Robertson et al.
2003; Deering et al. 2012), and the threat from Escherichia
coli pathotypes is a rising global challenge (Chigor et al.
2010b; Bielaszewska et al. 2011). Human enteric viruses are
the major cause of water-related disease and have been
estimated to cause about 30–90 % of gastroenteritis cases
worldwide (Fong and Lipp 2005; Bosch et al. 2008) and
protozoans such as Cryptosporidium and Giardia have been
implicated in outbreaks involving recreational water use and
contaminated municipal water (Wilczynski et al. 2012).

In South Africa, although water infrastructures are
well developed in urban areas, in rural communities,
they are either poorly developed or nonexistent (Obi et
al. 2004). Available data (2008) reveals that more than
40 % of the South African populations dwell in rural
areas (DWAF 2010). In many rural areas, over 75 % of
poor households have no access to treated tap water
(DWAF 2004). Consequently, many households (approx-
imately 74 % of all rural households) rely solely on
untreated stream or river water (DWAF 2004; Obi et al.
2004; RHP 2004). Only 13.6 % of the Eastern Cape
population of about 7.3 million has access to pipe-borne
water either in their dwelling place or within 200 m
(MDB 2010). Numerous studies have, however, shown
that such water sources are susceptible to pollution, are
contaminated and constitute serious public health risks
in South Africa (Jagals 1997; Morrison et al. 2001;

Muller et al. 2001; Obi et al. 2002; Diergaardt et al.
2004; Igbinosa and Okoh 2009; Odjadjare and Okoh
2010).

Buffalo River, located in the Eastern Cape Province, is
important as the major water source for urban, rural, indus-
trial and irrigation consumers, as well as for recreational
purposes in one of the most populous areas on the East coast
of southern Africa. Despite its importance, there appears to
be no report on the microbial quality of this river. The 2004
River Health Programme (RHP) report on the Buffalo River
was based on such indices as diversity of habitats, geomor-
phology and riparian vegetation that served as indicators of
ecological health (RHP 2004). Although the report says that
blockages in the sewerage systems, inadequate treatment
capacity and poor management result in the discharge of
partially treated and untreated sewage into the river and
dams, no bacteriological data was presented. The paucity
of reports on the bacteriological quality of Buffalo River and
the source water dams located along its course calls for
attention. It was therefore important to carry out this study
with the primary goal of determining the bacteriological
quality of these essential surface waters to assess the public
health risks attendant to their uses.

Materials and methods

Study area and samples collection

The Buffalo River (Fig. 1) is located in the Eastern Cape
Province of South Africa. Rising at an altitude of 1,200 m in
the Amathola Mountains of the Eastern Cape, it flows south-
eastwards for about 126 km before emptying into the Indian
Ocean at East London harbour. The climate is warm and
temperate, and temperatures are moderate in the coastal zone
(8 to 39 °C) with a warm mean annual value of 21 °C while
inland temperatures vary between −2 and 42 °C with a mean
annual value of 18 °C (RHP 2004). The mainly summer
rainfall in the Buffalo River catchment ranges from 400 to
more than 1,000 mm per year with an annual mean value of
about 700 mm (RHP 2004). Precipitation measurements were
beyond the scope of the present study. Measurements of the
river dimensions and flow were also beyond the scope of this
study. Recorded average width of the highly meandering river
ranged from about 4 m in the upper reaches to between 40 and
50 m at the lower reaches (RHP 2004). South Africa’s only
river port, the Port of East London, is located at the mouth of
the Buffalo River. Along the river there are four dams that
serve as raw water sources for drinking water production by
water treatment works (WTW), including King William’s
Town WTW, Schornville WTW and East London WTW,
supplying water to the urban areas of King William’s Town,
Zwelitsha, Mdantsane and East London and the surrounding
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settlements. Urban built-up and industrial areas cover about
12% of its 1,287-km2 catchment. Agriculture is widespread in
the middle reaches of the catchment, from the foothill zone
downstream of Rooikrantz Dam to King William’s Town and
as far downstream as Bridle Drift Dam. Goat, cattle and sheep
farming prevail. Although subsistence farming predominates,
local areas of intensive irrigation provide fresh produce and
other crops. The coastal zone is commercially important for
tourism, fishing and related activities (RHP 2004). There are
at least nine different wastewater treatment plants (WTPs) in
the Buffalo River catchment discharging effluents either di-
rectly or indirectly (via major tributaries like Ngqokweni and
Yellowwoods rivers) into the Buffalo River (Table 1).

A total of six different sampling sites, S-1 to S-6 (Fig. 1)
were identified using a Global Positioning System (GPS)
instrument (eTrex Legend H; Garmin, Olathe, KS, USA), on
the river course including three dam sites (S–1, S–2 and S-5)
and three non-dam sites (S-3, S-4 and S-6). The geographical
coordinates and description of the sites are given in ESM 1.
The sites were selected based on a number of factors including
geographical location, anthropogenic activity/major water
use, rural/urban status and access. Although there are four
source water dams along the Buffalo River course, samples
were collected from only three dams because the bridge
leading to Laing Dam was closed during the study period.

FromAugust 2010 to July 2011, between 8 a.m. and 1 p.m.,
duplicate water samples were collected once monthly, from

spatially discrete points at each sampling site, at a depth of
approximately 15 cm below the water surface, using sterile
1.75-l screw-capped bottles. Ample air space was left in the
bottles to facilitate mixing by shaking before examination. The
samples were immediately placed in a lightproof insulated box
containing ice-packs and transported to the Applied and
Environmental Microbiology Research Group (AEMREG)
Laboratory at the University of Fort Hare, Alice, South
Africa, through a journey of about 2 h. Upon arrival, the
samples were immediately stored at 4 °C until processing.
All the samples were processed within 8 h of collection
as recommended by American Public Health Association
(APHA 1998).

Enumeration of water quality indicators

Equal volumes (500 ml) of the duplicate samples were
mixed and the homogenate analysed. The total coliforms
(TC), faecal coliforms (FC) and enterococci (ENT) counts
were determined by membrane filtration according to stan-
dard methods (APHA 1998). For TC, samples were pro-
cessed by making tenfold serial dilutions with 100 ml of
each composite and filtering 100 ml of water through mem-
brane filters (47-mm diameter, 0.45 μm pore size; Millipore,
County Cork, Ireland). Thereafter, the Millipore filter papers
were placed on m-Endo agar (Merck, Wadeville, South
Africa) and incubated at 37 °C for 24 h. Typical red colonies

Fig. 1 The study area and sampling sites, S1–S6 Maden Dam, Rooik-
rantz Dam, King William’s Town, Eluxolzweni, Bridle Drift Dam and
Parkside. With kind permission from Springer Science+Business Media:
Food and Environmental Virology, Quantitative Detection and

Characterization of Human Adenoviruses in the Buffalo River in the
Eastern Cape Province of South Africa, 4, 2012, 200, VN Chigor and
AI Okoh, Fig. 1
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with a metallic sheen were enumerated and reported as colony
forming units (cfu)/100 ml surface water. For FC, composite
samples were processed by making serial dilutions as de-
scribed above and filtering 100 ml of water through mem-
brane filters (47-mm diameter, 0.45 μm pore size). The
Millipore filter papers were then placed on m-FC agar
(Merck, Wadeville, South Africa) and incubated at 44.5 °C
for 24 h. Colonies exhibiting any shades of blue were counted
and reported as cfu/100 ml surface water. E. coli (ATCC
29522) was used as a positive control in both the TC and FC
tests. For the enumeration of ENT, water samples were diluted
and filtered as described above and the Millipore filter paper
was placed on Enterococcus Selective Agar (Merck,
Wadeville, South Africa). After incubation at 37 °C for 48 h,
all brown to black colonies with a typical dark halo were
counted as faecal enterococci and reported as cfu/100 ml
surface water. Enterococcus faecalis (ATCC 29212) was used
as a positive control. Analysis per sample per parameter was
done in triplicate.

Statistical analysis

Using SPSS (IBM SPSS Statistics 19), one-way analysis of
variance and Tukey’s multiple range tests were used to

compare the mean values of the tested parameters for all
the different sampling sites, months and seasons. Statistical
significance was set at P values<0.05.

Results and discussion

Faecal indicator bacteria (FIB) concentrations observed in
this study were high across all sites. Total coliforms (TC),
faecal coliforms (FC) and enterococci concentrations varied
widely and ranged from 1.9×102–3.8×107cfu/100 ml,
0–3.0×105cfu/100 ml and 0–5.3×105cfu/100 ml, respec-
tively. These concentrations and wide variations are similar
to findings elsewhere (Schets et al. 2008; Lata et al. 2009;
USEPA 2010; Chigor et al. 2012).

The average concentrations of the FIB were compared
per sampling site across the four South Africa seasons
including spring (September, October and November), sum-
mer (December, January and February), autumn (March,
April and May) and winter (June, July and August). No
seasonal trend was observed. This is not surprising consid-
ering that rainfall and storm events occurred across the
seasons during the study period and previous reports have
shown that extreme rainfall and runoff result in significant

Table 1 Wastewater treatment plants in the Buffalo River catchment

Wastewater
treatment
plant

Technology Design
capacity
(Ml/da)

Operational
capacity
(%)

Microbiologicalb

compliance (%)
Highest risk area Point of discharge entry into

the Buffalo River

Schornville Activated sludge, biofilters,
anaerobic digestion and
sludge drying beds

4.8 133.3 0.0 Poor effluent compliance,
operating capacity
exceeds design capacity

King William’s Town;
upstream of S-3

Zwelitsha Biofilters, anaerobic digestion
and sludge drying beds

9.3 84.9 16 Poor effluent compliance Between Zwelitsha and
Phakamisa; upstream of S-4

Breidbach Oxidation ponds 0.8 162.5 35 Poor effluent compliance,
operating capacity
exceeds design capacity

Via Yellowwoods River;
downstream of S-4

Bisho Oxidation ponds 0.8 237.5 32 Poor effluent compliance,
operating capacity
exceeds design capacity

Via Yellowwoods River;
downstream of S-4

Postdam Biofilters, anaerobic digestion
and sludge drying beds

9.2 51.1 2.0 Poor effluent compliance Postdam Village; upstream
of S-5

Mdantsane
East

Biofilters, anaerobic digestion
and sludge drying beds

24 43.8 0.0 Poor effluent compliance Mdantsane; downstream of
S-5

Reeston Activated sludge and sludge
lagoons

2.5 44 68.0 Poor effluent compliance Reeston; upstream of Umtiza
Nature Reserve

Amalinda
Central

Petro system, Biofilters,
anaerobic digestion and
sludge drying beds

5 154 46 Effluent compliance,
operating capacity
exceeds design capacity

Parkside; upstream of S-6

West Bank Rotating drum screens and
marine outfall

40 33.5 100 East London harbour;
downstream of S-6

Source: Except for the 7th column, the data shown in this table was extracted from the 2012 Green Drop Progress Report (DWAF 2012)
aMl/d Mega litre per day
b The percentage compliance was calculated for E. coli or faecal coliform over the period 1 July 2010–30 June 2011
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increases in microbial loads of surface waters (Kistemann et
al. 2002; Chigor et al. 2012). The continuous faecal con-
tamination of the river appears to emanate also from the
WTPs in the catchment (Table 1). There is a prevalence of
overloading and recorded microbiological non-compliance
amongst the WTPs (RHP 2004; DWAF 2012). Five of the 9
WTPs are currently overloaded with operational capacities
ranging from 133.3 to 237 %. Of the 9 WTPs, whose
effluents are discharged directly into Buffalo River, only
one (West Bank) currently records a satisfactory microbio-
logical compliance (MC). The compliance level of the other
nine ranged from 0 to 68 %, with 77.8 % of the plants
recording MC values below 50 %. While the MC level at
the Postdam WTP was as low as 2 %, the Schornville and
Mdantsane East plants showed zero compliance (DWAF
2012). Consequently, untreated or inadequately treated sew-
age is discharged of into the river and dams.

The contribution of individual point sources to the micro-
bial load of surface water is variable. Inefficient WTPs will
discharge final effluents with unacceptable microbial counts
into the receiving water bodies (Casadio et al. 2010; Odjadjare
et al. 2010). Even in cases where the WTPs are efficient and
there is significant reduction of enteric microbes, heavy rain-
fall events may still result in flooding of these plants and the
washing off of raw sewage into surface waters. Reports have
continued to associate faecal pollution and waterborne disease
with heavy rainfall (Hunter 2003; Drayna et al. 2010). The
study period was preceded by drought (Clarke et al. 2012) in
which the study area experienced very low rainfall, and during
reconnaissance visits and selection of sampling sites in May–
June, 2010, water levels at the dams were observed to be very
low. The heavy rainfall that returned before the onset of
sampling in August 2010 did continue, with varying intensity,
throughout the study period. The results presented in this study
agree with other reports that storm events can lead to high
counts of indicator bacteria in river waters (Kistemann et al.
2002; Hunter 2003; Chigor et al. 2012) and suggest that people
swimming in Buffalo River are at an increased risk of illness.

Figure 2 shows the spatial variation in the counts of the FIB
in the Buffalo River and compares the 12-month mean values

for the three indicators assessed in this study. The significantly
higher (P<0.05) mean concentrations of the indicator bacteria
recorded at Bridle Drift Dam (TC, 3.4×104cfu/100 ml; FC,
1.9×103cfu/100 ml; ENT, 2.9×102cfu/100 ml) compared to
the two other dams, Maden (TC, 3.9×103cfu/100 ml; FC,
3.8×102 cfu/100 ml; ENT, 1.5×102 cfu/100 ml) and
Rooikrantz Dam (TC, 6.0×103cfu/100 ml; FC, 2.0×102cfu/
100 ml; ENT, 7.1×101cfu/100 ml) indicate that this is the
most contaminated dam.

A uniform trend was observed for the three bacteriolog-
ical parameters tested. Significantly higher (P<0.05) mean
concentrations of FIB were recorded at the sampling sites
located at the lower reaches (King William’s Town,
Eluxolzweni, Bridle Drift Dam and Parkside) of the river
compared to those at the upper reaches (Maden Dam and
Rooikrantz Dam). For TC, mean concentrations observed at
Maden Dam and Roikrantz were 3.9×103cfu/100 ml and
6.0×103cfu/100 ml, respectively, while at the lower reaches
mean concentrations ranged from 3.4×104cfu/100 ml
recorded at Bridle Drift Dam to 3.2×106cfu/100 ml ob-
served at Parkside. Both the FC and enterococci showed
trends similar to that of TC with the lower-reaches sites
yielding significantly (P<0.05) higher mean concentrations
ranging from 1.9×103–2.7×104cfu/100 ml for FC, and from
2.9×102–4.8×104cfu/100 ml for enterococci. This could be
attributable to anthropogenic activities and increased popu-
lations in the different catchments.

A recent report (Williams et al. 2012) highlighted the need
for land-use types associated with particular areas of a water-
course to be considered as a central factor in models that aim
to predict pathogen risk in environmental waters. In this study,
the least counts of FIB were detected at Maden and
Rooikrantz dams. Although there are a few sparsely populated
settlements, much of the catchment upstream of this area is a
protected state forest, so pressures from human activity are
limited to forest management and recreational activities. The
significantly higher counts recorded at the lower reaches
including at King William’s Town, Eluxolzweni and Bridle
Drift Dam could be attributed to catchment conditions and
land-use patterns, which our data suggests to have remained
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unchanged nearly a decade since the RHP studies (RHP
2004). This area is heavily impacted by dense rural and urban
populations, and WTPs (Table 1) which are reported to be
overloaded and spilling effluents that are either untreated or
insufficiently treated into the river (DWAF 2012). Irrigation
agriculture along the river catchment, even on steep slopes, is
extensive and in situ herd watering is common. Downstream
of Bridle Drift Dam, the Buffalo River passes through the
Umtiza Nature Reserve where anthropogenic impacts are low
and the river’s self-purification process is therefore enhanced.
The impact of this, in addition to high salinity of the estuary
would have been very low bacterial counts at Parkside.
Conversely, higher counts (Fig. 2) were recorded, and this
could be attributed to the impact of the Amalinda Central
WTP effluents and stormwater runoff from the East London
city centre (RHP 2004).

Expectedly, the general trend at all the sites was that TC
concentrations were significantly (P<0.05) higher than FC
concentrations. It is also evident from Fig. 2 that across the
sites, FC concentrations recorded in this study were always
higher than the ENT concentrations, except at Parkside
where the mean ENT concentration was higher than that of
FC. Previous studies have reported that FC shows greater
persistence in freshwater than ENT (Sinton et al. 2002;
Anderson et al. 2005). In their report on the persistence
and differential survival of faecal indicator bacteria in sub-
tropical waters and sediments, Anderson et al. (2005), who
measured persistence by decay rates (change in culturable
concentrations over time), showed that faecal coliform
decay rates were significantly lower than those of ENT
in freshwater. This higher persistence of FC has been
attributed, in part, to the sensitivity of ENT to photo-
oxidation (Bernier et al. 2009) that results in ENT
surviving less easily, compared to faecal coliforms, in
river water. The higher ENT concentrations observed at

Parkside could be attributable to the fact that ENT have
been shown to survive harsh environments that is asso-
ciated with river estuaries (He and Jiang 2005) and
characterized by extremes of salinity as observed at
Parkside (range, 32.47–33.62). Longer persistence of
ENT than of FC in saline waters has been documented
(Davies et al. 1995).

Figures 3 to 5 show the monthly variation in counts of
faecal indicator bacteria observed at the six sites on the
Buffalo River.

The FC counts were significantly (P<0.05) higher at
King William’s Town in 8 of the 12 months than at all the
other sites. In August 2010 and September 2010, although
FC counts at King William’s Town and Eluxolzweni were
significantly (P<0.05) higher than the counts recorded at the
rest of the sites, the difference between the means at both
sites was not significant. For ENT, significantly higher
counts were recorded at King William’s Town than at all
the other sites throughout the study period, except in June
and July during which counts at Parkside were significantly
higher. The significantly higher counts of the indicator bac-
teria recorded at King William’s Town compared to the
other sites suggests that this is the most contaminated site.

The general trend suggests that Buffalo River is continu-
ously being polluted with faecal matter from a variety of
sources; resulting in for example, severe eutrophication and
extensive growth of water hyacinths. The level of algal growth
observed at Eluxolzweni stretch of the Buffalo River should
not be overlooked. Besides representing the ecological risks
attendant to faecal pollution of surface waters, blooms of
various planktonic species have been shown to release cyano-
bacterial toxins into waters thereby presenting an additional
water supply hazard (Hitzfeld et al. 2000). The very high
counts of indicator bacteria recorded at Parkside (FC, 3.0×
105cfu/100 ml and enterococci, 5.3×105cfu/100 ml) in June,
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which were also signicantly (P<0.05) higher than counts
encountered that month at all the other sites, suggest that
sewage was dumped into the Buffalo River around that site.

A part of the spatial variations in FIB concentrations
recorded in this study could be attributable to the time of
sample collection during each sampling trip (Whitman and
Nevers 2004). According to a recent report by the USEPA,
previous studies have identified diurnal variation in indica-
tor density in freshwater environments including rivers,
streams, and non-flowing inland waters (USEPA 2010).
The report shows that all other factors being equal, when
measured by culture methods, faecal indicator bacteria dem-
onstrate a predictable pattern of highest density in the morn-
ing, decreasing density during the day (often by several
orders of magnitude), reaching the lowest density in the

mid-afternoon (USEPA 2010). The decrease of indicator
bacteria during daylight hours results from inactivation of
organisms by incident solar radiation among other factors
(Sinton et al. 2002). In this study, sampling at Maden Dam
and Rooikrantz Dam were always done between 8 a.m. and
9 a.m., while collection of samples at the remaining
sites occurred around noon. This could help explain
why, despite limited anthropogenic influences at both
dams, the FIB counts at both upper catchment dams
(Maden and Rooikrantz) were in some cases not signif-
icantly different from those at the other three freshwater
sampling sites located in the lower reaches of the
Buffalo River, as evident in Figs. 3, 4 and 5, and
typified by the concentrations recorded in September,
October and June for FC, ENT and TC respectively.
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Fig. 5 Monthly variation in concentrations of enterococci in water
samples collected from the six sites (S1–S6) located on the Buffalo
River. Each composite sample, collected monthly at each site, was

analysed in triplicate. The triplicate values obtained for each sample
were averaged to obtain the results reported

Environ Sci Pollut Res (2013) 20:4125–4136 4131



Further, despite its location in the lower catchment,
Bridle Drift Dam recorded lower FIB counts compared
to Maden and Rooikrantz dams at the upper catchment
in some of the months (e.g. October for TC and ENT
and April for TC and FC). This, however, may not be
as a result of reduced faecal pollution, but could be due
to dilution in higher water volumes at the Bridle Drift
Dam.

Contamination of watercourses with faecal matter repre-
sents a significant risk to public health due to the associated
risk from human pathogens, and the concentration of indi-
cator microorganisms in a body of water is used to estimate
the health risk to users for domestic, irrigational and recre-
ational purposes (Abdelzaher et al. 2010). Table 2 shows the
results of the evaluation of the pollution level of the Buffalo
River based on bacteriological standards and guidelines.
Faecal coliform and even total coliform counts should be
zero (per 100 ml) of sample in domestic water supplies,
piped or unpiped, treated or untreated (DWAF 1996a;
WHO 2008). While all the samples (100 %) exceeded this
acceptable limit for TC count, 89 % of the samples yielded
counts that were above the FC standard limit, indicating that
the quality of Buffalo River water is very poor. Poor water

quality poses a serious health risk for rural communities,
since many households rely solely on untreated river water
for domestic purposes (RHP 2004). The river water poses
greater health risks for infants, some of the elderly, and
people with severely compromised immune systems. The
potential impact is more profound considering the high
number of people, in the Eastern Cape, whose immune
systems are compromised by HIV/AIDS (Obi et al. 2006).

By the United States Environmental Protection Agency
(USEPA) limits, recreational waters with concentrations
exceeding the maximum contaminant limit of 33 or
200 cfu/100 ml for ENT or FC respectively presents a health
risk (USEPA 1986; Abdelzaher et al. 2010). The South
Africa Department of Water Affairs (SA-DWAF) sets target
water quality ranges for both parameters of 0–30 cfu/100 ml
for ENT and 0–130 cfu/100 ml for FC (DWAF 1996b). The
percentage of water samples in this study that exceeded
these limits were 71–79 % for FC and 82–85 % for ENT.
At Parkside, where recreational activities are most pro-
nounced on the Buffalo River, unacceptable ENT concen-
trations were observed in 92–100 % of the water samples.

Agriculture is widespread in the middle reaches of Buffalo
River catchment (from the foothill zone downstream of

Table 2 Evaluation of the pollution level of the Buffalo River based on bacteriological standards and guidelines

Water use Standard limit/target water
quality range (CFU/100 ml)

Number of samples (%) with FIB concentrations that exceeded standard/guideline limitsa

Maden Rooikrantz
Dam

King William’s
Town

Eluxolzweni Bridle Drift
Dam

Parkside Total

Domestic/drinking WHO/South Africa

<1 TCb 12 (100) 12 (100) 12 (100) 12 (100) 12 (100) 12 (100) 72 (100)

<1 FC 11 (92) 10 (83) 12 (100) 12 (100) 9 (75) 10 (83) 64 (89)

Full-contact recreation USEPA

200 FC 9 (75) 3 (25) 12 (100) 12 (100) 8 (67) 7(58) 51 (71)

33 Enterococci 10 (83) 8 (67) 12 (100) 10 (83) 8 (67) 11 (92) 59 (82)

South Africa

0–130 FC 10 (83) 7(58) 12 (100) 12 (100) 8 (67) 8 (67) 57 (79)

0–30 Enterococci 10 (83) 8 (67) 12 (100) 11 (92) 8 (67) 12 (100) 61 (85)

Abstraction of raw water
for full treatment

European Community

5,000 TC 4 (33) 4 (33) 12 (100) 9 (75) 7(58) 1(8) 37 (51)

2,000 FC 0 (0) 0 (0) 9 (75) 2 (17) 3 (25) 2 (17) 16 (22)

Unrestricted irrigation
(fresh produce)

USEPA/South Africa

<1 FC 11 (92) 10 (83) 12 (100) 12 (100) 9 (75) 10 (83) 64 (89)

WHO/USEPA

≤1,000 FC 1(8) 0 (0) 12 (100) 5 (42) 4 (33) 1(8) 23 (32)

Livestock watering South Africa

0–200 FC 9 (75) 3 (25) 12 (100) 12 (100) 8 (67) 7(58) 51 (71)

References: Blumenthal et al. (2000), (DWAF 1996a, b, c, d, f), Tebbut (1992), USEPA (1986, 1992), WHO (2008)
a Number of samples collected per site012; total number samples collected from the Buffalo River and its dams072
b TC total coliforms; FC faecal coliforms; CFU colony forming units; FIB faecal indicator bacteria; WHO World Health Organization; USEPA
United States Environmental Protection Agency
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Rooikrantz Dam to King William’s Town and as far as Bridle
Drift Dam), with local areas of intensive irrigation that provide
fresh produce (RHP 2004). Irrigation water used for fruit and
vegetable crops can be a potential cause of contamination with
microbial pathogens. For unrestricted irrigation (that is, for
uses that include crops likely to be eaten uncooked), only
32 % of all the 72 water samples analysed in this study
exceeded the WHO guideline for faecal coliform bacteria
(≤1000 FC/100 ml) (Blumenthal et al. 2000). This, however,
gives an underestimation of the potential hazards that may
arise from the use the Buffalo River water in fresh produce
irrigation. The USEPA and SA-DWAF have recommended
strict guidelines of no detectable faecal coliform bacteria
being allowed in 100 ml of water for fresh produce irrigation
(USEPA 1992; DWAF 1996c, e). In this study, FC concen-
trations exceeding this zero limit were detected in 89 % of the
water samples.

The bacterial water quality represents significant threats to
the health of not only agricultural workers but also the con-
sumers of fresh produce irrigated with the Buffalo River water,
as previous studies have demonstrated the presence and pro-
longed survival of excreted pathogens on the surface of vege-
tables irrigated with faecally contaminated water (Beuchat
2002; Gemmell and Schmidt 2012). Considering that cattle
farming and in situ herd watering are extensive in the catch-
ment, it is worth noting that the carriage of E. coli O157 in
cattle (LeJeune et al. 2004) and irrigation with water contam-
inated by animal faeces were the vital factors in the emergence
of this pathogen in South Africa (Effler et al. 2001). The risk
attendant to irrigation with contaminated water is heightened
by the demonstrated ability of this pathogen and Salmonella to
migrate to internal locations in plant tissue and thus gain
protection from the action of sanitising agents by virtue of
inaccessibility (Solomon et al. 2002; Deering et al. 2012).

Of the three dams serving as source raw water for drinking
water production, the biggest, Bridle Drift Dam (with a ca-
pacity of 101.6 million cubic metres) is the most polluted,
with 58 and 25 % of all samples collected this dam yielding
TC and FC counts, respectively, that exceeded international
limits. The European Union guide limits for surface waters
used as raw water for normal full physical and chemical
treatment with disinfection suggests maximum concentrations
of <5.0×103 TC/100 ml and <2.0×103 FC/100 ml, respec-
tively (Tebbut 1992). It is known that most waterborne patho-
gens have low infective doses (WHO 2008). Knowing also
that inadequately treated water may contain pathogens, and
that an accidental water treatment failure may pose significant
risk to public health, there is an urgent need for provision of
adequate sanitary infrastructure that will help prevent source
water contamination. People from low socio-economic rural
communities in the Buffalo River catchment draw water di-
rectly from the river for domestic use which they often drink
without any form of treatment like boiling or filtering, as long

as it “appears clean”. The USEPA source water quality coli-
form limits for filtration avoidance required that the FC con-
centration in water prior to disinfection must not exceed 20/
100 ml in at least 90 % of the samples, or that the TC
concentration must not exceed 100/100 ml in at least 90 %
of the samples (USEPA 2004). The data presented in this
study by far exceed these limits that seek to prevent water-
borne diseases. The Buffalo River water therefore constitutes
a potential health hazard to consumers.

It should be pointed out that specific pathogens were not
evaluated in this study. The implication is that there is a
probability that a part of the data presented could represent
false-negatives (in which FIB were absent in water samples
and pathogens were present) or false-positives (FIB were
present in the samples and pathogens were absent) results.
The risks therefore could have been overestimated or under-
estimated. In addition, some studies on the relationships
between indicator microbes and pathogens have shown that
bacteriological indicators might not estimate, reliably, the
sanitary risk related to faecal contamination and viral par-
ticles in water (Jurzik et al. 2010). However, although in a
recent study Abdelzaher et al. (2010) assessed the presence
of selected members all three classes of pathogens (viral,
protozoan, and bacterial) as well as indicator microbes, the
assessment of all possible pathogens is not economically,
technologically, or practically feasible. The determination of
faecal indicators, such as faecal coliforms or E. coli, as a
means for assessing faecal pollution in environmental fresh-
waters in temperate regions like Europe and North America
is widely accepted (Toranzos and McFeters 1997).
Enterococci are recommended for assessing coastal water
quality (Ahmed et al. 2009; Abdelzaher et al. 2010).

Conclusions

The distinct increase in bacterial indicators as the
Buffalo River flowed from its source downstream
through settlements reveals the deterioration of the wa-
ter quality and reflects the degradating impact of settle-
ments and anthropogenic activities on the quality of the
river. Our results indicate that the bacteriological water
quality of the Buffalo River and dams are poor. The use
of these source waters for fresh produce irrigation, full-
contact recreation, domestic and herd watering purposes
therefore represent significant public health hazards.
Future research should focus on the assessment of these
surface waters for the presence of bacterial and viral
pathogens in the interest of public health. Provision of
adequate sanitary infrastructure will help prevent source
water contamination, and public health education aimed
at improving personal, household and community hy-
giene is imperative.
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