Abundance of pathogenic bacteria and viral indicators in
chlorinated effluents produced by four wastewater treatment
plants in the Gauteng Province, South Africa
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Abstract
The failure of South African wastewater treatment plants to produce effluents of a high microbiological quality is a matter
of great concern in terms of the pollution of water resources. This study aimed at assessing the effectiveness of 4 wastewater treatment plants in the Gauteng Province, namely the Zeekoegat, Baviaanspoort, Rayton and Refilwe Water Care Works
(WCW), in the removal of pathogenic bacteria and viral indicators. Also taken into consideration were free chlorine concentrations and turbidity levels, which were measured using standard methods. Conventional methods and/or polymerase chain
reaction (PCR) techniques were used to detect and identify pathogenic bacteria and coliphages. The turbidity ranged from
2.39 to 62.40 NTU and the concentrations of free chlorine ranged from 0.03 to1.60 mg∙ℓ-1 for all plants. Despite high free
chlorine residual concentrations in treated effluents, the survival and occurrence of Escherichia coli, Salmonella typhimurium and Vibrio cholerae were significantly higher at Baviaanspoort (100%, 88.2% and 35.3%), Refilwe (87.5%, 59.4% and
21.9%) and Rayton (75%, 38.2% and 9.4%) compared to Zeekoegat, which only showed the survival of E. coli, at a much
lower occurrence rate of 8.8%. Somatic and F-RNA coliphages were removed at 15.57 % and 13.96% for Baviaanspoort,
11.62% and 22.42% for Refilwe, 25% and 32.10% for Rayton, and 40.41% and 52.57% for Zeekoegat WCW. Significant
correlations were found between pathogenic bacteria and coliphages at all plants (r = 0.765 for Baviaanspoort, r = 0.904 for
Zeekoegat, r = 0.680 for Refilwe, r = 0.796 or the Rayton WCW, p < 0.01). A combination of sedimentation, rapid sand filtration and chlorination processes was found to be a major prerequisite for the reduction of turbidity levels and viral indicators
and the successful removal of pathogenic bacteria in the Zeekoegat WCW. This study therefore suggests an upgrading of the
wastwater treatment plants by including processes such as rapid sand filtration and UV disinfection, which have proved to
be effective in the removal and inactivation of pathogenic bacteria and viruses.

Keywords: wastewater, chlorination, effluent, pathogenic bacteria

Introduction
A lack of basic services such as water supply and sanitation is a
key symptom of poverty and underdevelopment. The provision
of such services must therefore be part of a coherent development strategy if it is to be successful. In developing countries,
a large percentage of the population lacks access to safe clean
water and sanitation, particularly in Asia and sub-Saharan
Africa. This has then been associated with high rates of waterrelated diseases (WHO and UNICEF, 2000).
One of the priorities in the treatment of wastewater is the
removal of pathogenic microorganisms in order to comply with
the required discharge standards for the treated effluent. In
general, the proper implementation of this management strategy results in: the protection of the quality of water sources;
the reduction of the cost of drinking water treatment; and
the control or prevention/elimination of waterborne diseases.
Although wastewater has been treated in certain developing
countries, the major aim of producing effluent of a high microbiological quality remains a matter of great concern. In Africa,
for example, the 34 million people who have gained access to
a sewer connection in the 1990s represent only 20% of the new
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African population, an estimated 169 million people (WHO
and UNICEF, 2000). Despite access to improved sanitation
systems, most of these wastewaters collected through the
sewer systems are inadequately treated, and discharge significant amounts of faecal pollution indicators and pathogenic
microorganisms into the receiving water bodies, leading to a
reduction in the quality of the water sources (Bahlaoui et al.,
1997, Momba and Mfenyana, 2005). A more serious concern is
that these water sources are used by communities for multiple
purposes, which include drinking, recreational and agricultural
purposes (Toze, 2004; Momba et al., 2006a).
The role of water in the transmission of disease tends to
be forgotten in developing countries by consumers and especially by managers of wastewater and drinking water treatment
plants. However, waterborne diseases remain an ever-present
threat to communities and to everyone relying on direct use
of water from rivers without any treatment. Globally, waterrelated causes account for approximately 80% of all communicable diseases (Wagstaff, 2002). An estimated 1.7 million people in developing countries die annually from diseases linked
to unsafe water and sanitation and poor hygiene. Children are
the most vulnerable population, as more than 6 000 children
die every day from diseases associated with unsafe water and
inadequate sanitation (WHO and UNICEF, 2000).
In order to assess the effectiveness of a wastewater treatment plant, a monitoring system must be able to determine
whether a facility is effectively removing pathogens from the
influent. There are specific measuring techniques in place that
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