Monitoring natural organic matter and disinfection by-products
at different stages in two South African water treatment plants
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Abstract
Natural organic matter (NOM) is a complex organic material present in natural surface water. NOM can cause problems during
water treatment – most notably the formation of toxic disinfection by-products. This study was undertaken in order to assess
the effectiveness of some of the water treatment techniques employed by selected water supply companies in South Africa in
dealing with NOM. Total organic carbon (TOC) and ultra violet (UV) absorbance at wavelength of 254 nm were measured and
used to calculate specific ultra violet absorbance (SUVA), which was used to determine the changes in NOM concentration
throughout the water treatment train. Other parameters measured include pH, turbidity, chemical oxygen demand (COD) and
conductivity. Water samples were collected from two water treatment plants in South Africa, namely Sedibeng (Balkfontein)
and Midvaal. The overall TOC reduction after the water treatment processes was 33% and 30% at Midvaal and Sedibeng,
respectively. SUVA values were generally low (<2 ℓ∙mg-1∙m-1) indicating the presence of aliphatic compounds and less ‘aromaticity’ in NOM of the water samples. Water insoluble β-cyclodextrin (β-CD) polyurethanes were then applied to the water
to compare TOC reduction in addition to ‘normal’ water treatment processes, and were found to provide up to 19% additional
TOC decrease, and UV absorbance reduction was up to 78%. Results obtained using gas chromatography-mass spectrometry (GC-MS) analysis after chlorination, revealed that the water had the potential to form halomethane compounds with
chloroform being the most dominant. Again, water-insoluble β-CD polyurethanes were applied to the water as a treatment
to remove trihalomethanes (THMs) and were found to efficiently remove up to 95% of THMs formed during the disinfection
step. The treatment processes studied have limited ability in dealing with NOM and are not individually effective in NOM
removal. Results obtained indicate that the application of β-CD polyurethanes in addition to the water treatment processes
may enhance NOM removal in water and significantly reduce the THMs formed.
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Introduction
The goal of potable water treatment is primarily to produce
drinking water that does not pose any health hazard to humans.
During the drinking water treatment processes some microbiological and physiochemical components are removed from the
water, or chemicals are added to kill pathogens. Natural organic
matter (NOM) is a complex organic material found in natural
surface water sources derived primarily from the degradation
of plant and microbial residues (Vanloon et al., 2005). NOM is
found in sources of drinking water at levels generally between
2 and 15 mg/ℓ (Hepplewhite et al., 2004), causing the yellow or
brown colour in water. This colouration is aesthetically unpleasant to consumers, but NOM is also an energy source for bacterial
re-growth (Moreau, 2006) and can cause other treatment-related
problems like the formation of disinfection by-products (DBPs)
and resin or membrane fouling. Furthermore, it consumes treatment chemicals and hence increases the cost of treatment. Treatment chemicals also need careful consideration, since NOM can
facilitate the transportation of inorganic and organic content due
to humic complexation (AWWA, 1990).
The processes and technologies used to remove contaminants from water and to improve water quality are common
in many parts of the world. The presence of NOM in water is
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an important factor in determining the cost and complexity of
water treatment. The choice of water treatment processes and
their efficiency depend on the characteristics of the water, while
balancing the costs of the treatment methods (Richardson,
2007). NOM in raw water that is earmarked for drinking purposes comprises a wide range of organic compounds some of
which are susceptible to removal, due to their size, polarity, or
reactivity, but most NOM is not easily removed since it is poorly
characterised and its composition and impact is not often fully
understood. NOM in a body of water can be estimated using
dissolved organic carbon (DOC), while its removal has relied
on conventional methods such as coagulation, flocculation and
sand filtration. However, each of these treatment methods has
certain limitations: DOC reduction by coagulation, for example
is influenced by the dose and pH at which coagulation occurs
(Van Leeuwen et al., 2005; Qin et al., 2006).
Ozonation has been employed in water treatment for disinfection purposes because of its high oxidation potential. According to the literature, ozone destroys algal taste and odour (Qin
et al., 2006). However, ozonation partially degrades NOM to
smaller compounds which may themselves be toxic. While ozone
is a very strong disinfectant, it does not remain in water for a
very long time, thus chlorine is commonly added to protect the
water from bacterial re-growth while in the distribution system.
Chlorination on its own is a common disinfection method, but
aqueous free chlorine can interact with NOM suspended in natural water to form halogenated disinfection by-products (DBPs)
such as trihalomethanes (THMs) (Freese and Nozaic, 2004).
The presence of various functional groups within NOM (both
charged and neutral) can result in a high yield of DBPs during
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