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Abstract
Geosmin and 2-methylisorboneol (2-MIB) are major organic pollutants responsible for undesirable taste and odour in water.
These compounds impact greatly on the aesthetic quality and general consumer acceptability of drinking water. The use of
granular activated carbon (GAC) in the removal of geosmin and 2-MIB is generally ineffective since these compounds are
present at very low concentrations (ng·ℓ-1). Water treatment technologies that can remove geosmin and 2-MIB from water
below human detection threshold (<10 ng·ℓ-1) are highly sought by drinking water supplies, e.g. Rand Water. The removal of
these odour-causing compounds from water samples using cyclodextrin- based nanoporous polyurethanes was investigated in
our laboratory. Geosmin and 2-MIB were extracted from water samples by solid phase micro-extraction (SPME) and analysis
was carried out using gas chromatography-mass spectrometry (GC-MS). Results from the analysis demonstrated that these
polymers were highly effective in removing geosmin and 2-MIB.
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Introduction
Geosmin and 2-MIB cause musty-earthy odours in drinking
water and are mainly produced by cyanobacteria (blue-green
algae) and actinomycetes (bacteria). Cyanobacteria such as
Anabaena, Oscillatoria and Phormodium species grow extensively in the summer season in reservoirs, rivers, canals, dams
and within water treatment plants (Westerhoff et al., 2005; Ikai
et al., 2002). Actinomycetes, on the other hand, are commonly
found in soil and are introduced into the water system when soil
is washed off during spring rains runoff.
The identification, quantification and removal of these compounds from water are essential since these compounds impact
on the aesthetic quality and consumer acceptability of drinking
water (Sung et al., 2005). Geosmin and 2-MIB are detectable by
the human nose at concentrations of as low as 10 ng·ℓ-1in water
(Lloyd et al., 1998). Therefore the removal of geosmin and 2MIB from water is critical for water providers, both locally and
internationally.
Treatment methods such as the use of powdered activated
carbon (PAC), ozonation, biological degradation and conventional methods such as coagulation, flocculation, sedimentation, filtration and disinfection have been used for taste and
odour control. However, these methods fail to remove geosmin and 2-MIB from water at ng·ℓ-1levels. For example, in
a study conducted by Cook et al. (2000) it was found that
the application of PAC in the removal of these odorants from
water was mainly affected by the type of activated carbon
used and the presence of background organics such as natural
organic matter (NOM). NOM commonly exists in water at

* To whom all correspondence should be addressed.
 +27 11 406-8074; fax: +27 11 406-2761;
e-mail: rkrause@uj.ac.za
Received 24 March 2006; accepted in revised form 2 February 2007.

Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 33 No. 2 April 2007
ISSN 1816-7950 = Water SA (on-line)

more elevated levels (mg·ℓ-1) than geosmin and 2-MIB (ng·ℓ-1).
Therefore the NOM competes with geosmin and 2-MIB for
adsorption sites on PAC in the water (Tennant, 2004). This
renders the PAC ineffective in the removal of geosmin and 2MIB. Ozonation, on the other hand, has also been employed
in the treatment of these compounds because of its strong
oxidation potential (Sagehashi et al., 2005). However, a high
ozone dosage is needed for the removal of these compounds
because NOM reacts much faster with ozone than geosmin
and 2-MIB hence the ozone is depleted quickly. Furthermore, the application of ozone also leads to the formation
of by-products such as bromate, which has been confirmed
to be harmful to humans by the World Health Organisation
(WHO) (Sagehashi et al., 2005). In our laboratories the use
of insoluble cyclodextrin polymers in water treatment has
been extensively investigated. These polymers have already
been tested in the removal of a range of organic compounds
present in water at ng·ℓ-1 levels and were found to be very
effective (Mhlanga, 2006).
Cyclodextrins (CDs) are cyclic oligomers made from
enzymatic degradation of starch through the action of Bacillus macerans. These glucose units are joined together through
α-(1, 4) linkages (Bender and Komiyama, 1978). The three
most commonly used CDs, (α), (β) and (γ), consist of 6, 7
and 8 glucose units, respectively. One outstanding physical
feature of the cyclodextrin molecule is its central cavity
which provides an excellent site for hydrophobic molecules
such as organic compounds. The cyclodextrin cavity is made
up of glucose units that are linked by glycosidic oxygen atoms
whilst the outer surface is lined with primary hydroxyl groups
on one rim of the cone and secondary hydroxyl groups on
the other rim (Sabadini et al., 2006). The cavity is non-polar
relative to the outer surface. This provides a microenvironment into which appropriately sized non-polar compounds
can enter and form inclusion complexes as depicted in
Fig. 1.
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