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Abstract
Cyanobacteria are commonly found in freshwater systems that are the source waters for the production of drinking water.
This is of special importance to the drinking water suppliers as several genera of cyanobacteria can produce cyanotoxins
that can affect human health. The possibility that drinking water can be a cyanobacterial-exposure route has resulted in the
development of Cyanobacterial Incident Frameworks (CIMFs) that will guide water treatment managers to deal pro-actively
with cyanobacteria and their associated toxins in source water by using a step-by-step alert levels framework to ensure provision of safe drinking water. In this paper two CIMF models are described, namely a CIMF model using cyanobacteria identification and enumeration as a primary trigger; and a CIMF model using chlorophyll a as primary trigger. These frameworks
are based on the same principle, but differ in minor actions taken, especially at the lower alert levels. It is envisaged that the
developed CIMFs would be the platform on which to evaluate the capacity to manage a cyanobacterial incident. Based on the
requirements stipulated in the CIMFs and their assessment, the drinking water treatment works (DWTW) would then develop
and implement their customised CIMFs.
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Introduction
Cyanobacteria (blue-green algae) are a natural part of the phytoplankton populations of many surface freshwater bodies.
The occurrence of cyanobacteria in freshwater is of special
importance to the drinking water suppliers as several genera
of cyanobacteria can produce offensive taste and odour compounds, as well as cyanotoxins that can affect human health.
The cyanotoxins produced by many of the cyanobacteria (e.g.
Microcystis, Anabaena, Planktothrix, Oscillatoria, Cylindrospermopsis and Nodularia) are a diverse group of chemical compounds, which can broadly be grouped into cyclic
peptides, alkaloids and lipo-polysaccharides (Chorus and
Bartram, 1999; Chorus, 2001; WHO, 2004, Cox et al., 2005;
Falconer, 2005). Cyanotoxins can occur within the cyanobacterial cells (intracellular) or may be released into the surrounding water (extracellular) and therefore, drinking water
treatment works (DWTW) should be able to deal with both
forms of cyanotoxins (European Commission, 2005). The
many reported mammalian health effects (Table 1) of these
cyanotoxins, range from being neurotoxic (e.g. anatoxins,
saxitoxins and beta-methylamino L‑Alanine) or hepatotoxic
(e.g. microcystins and nodularin) to inflammatory or irritants
(e.g. lipopolysaccharide endotoxins) as well as having several
combined effects (e.g. cylindrospermopsin). However, only a
few suspected human poisonings are recorded, probably due
to the fact that people avoid drinking offensive-smelling water
and, more importantly, the common symptoms of cyanotoxin poisoning (vomiting, diarrhoea, stomach pains and head* To whom all correspondence should be addressed.
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aches) are also the symptoms of gastrointestinal illness caused
by bacterial, viral and protozoan infection, and are thus not
linked to cyanotoxin poisoning (Falconer, 2005).
The possibility that humans may be exposed to cyanotoxins
by ingesting contaminated water has resulted in the development of drinking water guidelines and investigations into the
effectiveness of the removal of cyanobacteria and cyanotoxins
during the drinking water treatment process. These developments prompted many drinking water utilities throughout the
world to adopt the World Health Organization (WHO) provisional guideline for microcystin–LR (microcystin–LR 1 µg/ℓ) or
the derived guidelines based on their general approach. To date,
guideline levels or concentration standards for microcystins
have been incorporated into the national drinking water supply
regulations in Australia, New Zealand, Brazil, Canada and the
European Union (Falconer, 2005). In South Africa, water utilities have to produce water of acceptable quality as stipulated by
the South African National Standard: Drinking Water (SANS,
2006). However, the standard does not require any monitoring
of cyanotoxins in drinking water. This is a major shortcoming
of the South African National Standard as many of the South
African freshwater bodies that supply the drinking water treatments plants contain cyanobacteria, for example Microcystis,
Anabaena, Oscillatoria and Cylindrospermopsis spp. (Van Ginkel and Conradie, 2001).
Drinking water utilities can implement various actions,
e.g.:
• Optimising the extraction of source water
• Optimising the conventional treatment processes
• Implementing advanced treatment processes to reduce the
risk of exposing consumers to cyanotoxins (see Fig. 1).
However, in practice, drinking water treatment managers have
found it difficult to implement these actions in a coordinated
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