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Abstract
The study was aimed at assessing techniques, which would provide an accurate indication of the planktonic bacterial pollution load in the Berg River, Western Cape, South Africa. Sampling of sites started in June 2004 and continued for a
period of 1 year until June 2005. The most probable number (MPN) technique was used to determine the level of faecal
coliforms and E. coli, while the heterotrophic plate count method was used to determine the amount of culturable microorganisms in planktonic samples. The flow cytometry (FCM) and direct acridine orange count (DAOC) (epifluorescence
microscopy) techniques were employed to evaluate total bacterial counts in planktonic (water) samples. The highest MPN
and heterotrophic plate counts were recorded in Week 37 at site B2 at 1.7 x 107 micro-organisms/100 mℓ and 1.04 x 106 microorganisms/mℓ, respectively. In comparison, the viable FCM counts, were significantly higher (p < 0.05) for that period at
1.7 x 107 micro-organisms/mℓ. The highest total FCM count of 3.7 x 107 micro-organisms/mℓ was recorded in Week 41 at Site
B2. In comparison the highest DAOC of 8.3 x 106 micro-organisms/mℓ was obtained in Week 29 at Site B2. Results showed
that on average the heterotrophic plate count represented a fraction (< 3.65%) of the total FCM counts. The total DAOC count
also represented a fraction (< 43.08%) of the total FCM count for most of the sampling period. Results therefore showed that
the FCM proved to be more effective in evaluating microbial pollution in water samples.
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Introduction
Water scarcity is becoming a major problem in South Africa, as
dams serving communities with drinking water and water for
daily household use, have been less than 30% full in recent years
(Department of Water Affairs and Forestry (DWAF), 2005).
River water, in combination with groundwater, is considered
a suitable alternative as a utilisable and potable water source.
However, in South Africa, rivers are steadily becoming more
contaminated and in some cases even toxic, due in large part,
to urbanisation. Communities located in rural and some semiurban areas lack adequate domestic water supplies and wastewater treatment facilities. In many instances sullage and excreta
from these informal settlements are discharged into stormwater drainage pipes, which directly flow into nearby rivers. The
low rainfall and increasingly high temperatures then leads to
the proliferation of micro-organisms which in turn leads to a
significant increase in waterborne diseases (Gerba, 1996; WHOUNICEF, 1999). The contaminated river water also affects the
farms downstream from the pollution source that utilises the
water as a means of irrigation.
The Plankenbrug River (Stellenbosch) and Berg River
(Paarl) are two rivers in the Cape Metropolitan-Boland area that
are regarded as highly polluted. Informal settlements inhabit
their banks, and stormwater drainage pipes from these settlements flow directly into these rivers (Barnes, 2003). Previous
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studies have recorded an E. coli count as high as 2.44 x 109 CFU
per 100 mℓ water in the Berg River at an Mbekweni stormwater
drainage pipe during the 2003 summer season (Barnes, 2003).
Raw sewage spills from sewer pump stations in Wellington
(near Paarl), overstressed sewer mains in the Paarl area. and
stormwater effluent from informal settlements in the Paarl and
Wellington areas were identified as possible sources of the pollution. These microbial counts significantly (p < 0.05) exceed
the stipulated water quality guidelines indicating that these rivers, which serve as recreational and irrigational water sources,
need to be monitored on a regular basis.
The most probable number (MPN) technique is routinely
used to determine levels of all gas-producing contaminants in
river water, which include the faecal coliforms and E. coli.  However, this technique does not determine or indicate the level of
other culturable micro-organisms that might be present in the
water. For this purpose a conventional heterotrophic plate-count
technique is performed. There are, however, two fundamental
problems which inhibit the effectiveness of this quantitative culturing technique, i.e. the culturability of the samples on which the
technique relies, as well as the selectivity of the medium on which
bacteria are cultivated (Ward et al., 1992; Amann et al., 1995).
Therefore, to base viability solely on the plate count method
would not be sufficient proof of the total cell count. Furthermore,
certain organisms such as Vibrio cholerae and E. coli have the
ability to enter a non-culturable state in response to adverse environmental conditions (Xu et al., 1982; Colwell et al., 1985).
Flow cytometry and epifluorescence microscopy are techniques widely used not only to determine total cell counts, but
also the ratios of live (viable) cells to permeabilised (injured)
and dead cells (Hiraoka and Kimbara, 2002). Epifluorescence
microscopy, in conjunction with specific fluorochromes, has
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