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Abstract
Natural organic matter (NOM) occurs in all natural water sources when animal and plant material breaks down. NOM in
water may react with chlorine and other disinfectants to produce disinfection by-products (DBPs), many of which are either
carcinogenic or mutagenic. In this study the NOM content of the raw water from the Vaalkop Water Treatment Plant (which
uses both chlorination and ozonation as treatment protocols) was characterised after fractionation on ion-exchange resins.
Fractionation at different pH values resulted in the isolation of a neutral, a basic and an acidic component of either predominantly hydrophobic or hydrophilic NOM. In addition, NOM results from 3 open water bodies in Johannesburg were evaluated in the same manner. As expected, NOM from all water sources was predominantly hydrophobic (~60%). Each of the
6 isolated NOM fractions was percolated through synthetic cyclodextrin (CD) polyurethanes to determine the extent to which
the CD polymers can remove NOM from water. The hydrophobic basic fraction and the hydrophilic acid fraction were most
efficiently removed (24% and 10%, respectively). The remaining fractions were not much affected by the polymer treatment.
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Nomenclature

Introduction

β-CD 			 = beta cyclodextrin
CD 			 = cyclodextrin
BSH 			 = Braamfontein Dam
CDK 			 = Coronation Dam
DBP 			 = disinfection by-product
FLR 			 = Florida Lake
GAC 			 = granular activated carbon
HAA 			 = haloacetic acid
HMDI-β-CD		 = polyurethane made by co-polymerising β-CD
					 and hexamethylene diisocyanate
HpoA 			 = hydrophobic acid fraction
HpoB 			 = hydrophobic base fraction
HpoN 			 = hydrophobic neutral fraction
HpiA 			 = hydrophilic acid fraction
HpiB 			 = hydrophilic base fraction
HpiN 			 = hydrophilic neutral fraction
HS 				 = humic substances (a generally hydrophobic 		
					 fraction of NOM)
KHP 			 = potassium hydrogen phthalate
DST/ 			 = Nanotechnology Innovation Centre
Mintek NIC			 – Water Platform
NOM 			 = natural organic matter
oligomers 		 = short polymers (usually <10 monomers)
ppb 			 = parts-per-billion (weight/weight i.e. mg/kg)
SUVA 			 = specific ultraviolet absorbance
THM 			 = trihalomethane

Natural organic matter (NOM) present in most water bodies may
react with chlorine or other disinfectants to produce disinfection
by-products (DBPs), many of which are either carcinogenic or
mutagenic (Xie 2003). For example, haloacetic acids (HAAs),
a DBP component, are considered harmful to human health and
have diverse toxicological effects, including reproductive and
developmental effects, in laboratory animals (Kanokkantapong,
2006). In addition NOM can cause problems of membrane fouling, aesthetically displeasing flavour and malodour, and NOM
has even been implicated in the corrosion of turbines and engineering systems (McDonald, 2004). An understanding of NOM
in water and its removal is therefore important for human health
and in industrial processes.
NOM occurs in all water sources when animal and plant
material breaks down. Since this material is different worldwide, so too is the NOM present in each body of water. NOM can
be broadly categorised into humic substances (HS), microbial
by-products and colloidal natural organic matter, depending on
their source and structure.
Humic substances are generally the hydrophobic fraction
of NOM and exhibit relatively high specific ultraviolet absorbance (SUVA) values as they usually contain relatively large
proportions of aromatic moieties (Chen et al., 2002). Secondly,
microbial by-products are composed of acids, with relatively
high charge density, polysaccharides, amino sugars and proteins
(Vanboon et al., 2005). Finally, colloidal natural organic matter contains relatively polar amino sugars and may exhibit high
membrane fouling potential due to its neutrality.
Granular activated carbon (GAC) is widely used to remove
organic matter from water, but it often fails to remove these to
levels as low as parts-per-billion (ppb) (McDonald et al., 2004).
Ozonation, often used in combination with other treatment processes, should lead to the degradation of NOM and formation of
low molecular weight compounds (Karnik et al., 2005). These
small fragments should be better adsorbed by GAC; however,
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