Humic acid as a model for natural organic matter (NOM) in the
removal of odorants from water by cyclodextrin polyurethanes
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Abstract
Current practices in some water-treatment facilities have reported that natural organic matter (NOM) blocks the adsorption
sites of activated carbon resulting in lower geosmin and 2-methylisoborneol (2-MIB) removal. Humic acid has been reported
to compete with geosmin and 2-MIB removal in the same way. The removal of odour chemicals such as geosmin and 2-MIB is
important for potable-water treatment by water supply companies and municipalities. We have previously demonstrated that
cyclodextrin polyurethanes are capable of removing a number of organic pollutants from water, but are not able to reduce the
levels of NOM significantly. We wished to determine if the polymers would selectively remove geosmin and 2-MIB, despite
the presence of NOM. Humic acid was chosen as a model for NOM since NOM constitutes about 70% of humic acid. Results
obtained from this study indicate that the presence of humic acids at different concentrations could not affect the removal of
geosmin and 2-MIB when cyclodextrin polymers were used since 90% removal was achieved. However the UV-Vis analysis
showed a low removal of humic acids (3 to 20%).
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Introduction
Geosmin and 2-methylisoborneol (2-MIB) are organic compounds that cause bad taste and odour to drinking water. Geosmin and 2-MIB are detectable by the human nose even at 10
ng/ℓ levels. Therefore highly effective treatment methods are
required to remove these compounds to low concentration levels
(Hepplewhite et al., 2004).
Natural organic matter (NOM) occurs in all natural water
sources when animal and plant materials break down. The main
NOM component is attributed to humic substances. Humic
substances can be divided into three groups depending on the
method of isolation from the original substance. These are fulvic
acid, humic acid (HA) and humin. Humic substances adversely
affect the quality of drinking water since they impart colour and
serve as precursors for the formation of chlorinated compounds.
They also have complexing properties that include association
with toxic elements and micro-pollutants (De Wuilloud et al.,
2003).
Activated carbon is currently used in the adsorption of
geosmin and 2-MIB. It has, however, been noted that the
removal of micro-organic compounds by activated carbon is
not reliable, including geosmin and 2-MIB, particularly at low
concentrations. This reduced performance can be attributed
to the presence of NOM which is usually found in drinking
water at concentration levels of between 2 and 15 mg/ℓ (Hepplewhite et al., 2004). NOM commonly exists in water at more
elevated concentration levels (mg/ℓ) than geosmin and 2-MIB
(ng/ℓ). Therefore, NOM tends to selectively block adsorption sites on activated carbon (Tennat, 2004). NOM effects
on micro-pollutants adsorption capacity are more severe for
activated carbons that primarily possess small micropores

* To whom all correspondence should be addressed.
 +2711 559 6516; fax: +2711 559 6425;
e-mail: bmamba@uj.ac.za
Received 1 August 2008; accepted in revised form 1 December 2008.

Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 35 No. 1 January 2009
ISSN 1816-7950 = Water SA (on-line)

(< 10 Å in width). For activated carbon that has a broader pore
size distribution that includes larger micropores and small
mesopores the effect is less pronounced (Quinlivan et al.,
2005). This NOM effect may consequently render the activated carbon ineffective in the removal of the odorous compounds. NOM, in other words, compromises the adsorption
efficiency of activated carbon significantly resulting in high
costs in water treatment (Newcombe et al., 2002). Also, activated carbon loses its adsorption effectiveness once saturated
with moisture from air and this causes the adsorbed pollutants
to leach out (Li and Ma, 2000). It has been shown that interaction of water and carbon-oxygen complexes can influence
activated carbon adsorption (Li et al., 2002).
The synthesis and application of cyclodextrins in the removal
of geosmin and 2-MIB has been extensively investigated but
to date the effects of NOM on the adsorption process have not
been examined. These polymers have been tested in the removal
of geosmin and 2-MIB present in water at ng/ℓ from synthetic
solutions and real water systems and were found to be effective
(Mhlanga et al., 2007; Mamba et al., 2007).
Therefore, the aim of this study was to apply water-insoluble
cyclodextrin polyurethanes in the removal of humic acid, geosmin and 2-MIB from synthetically prepared water samples. In
particular, the specific objective was to determine whether geosmin and 2-MIB would be removed by the cyclodextrin polymers
in the presence of humic acid.

Experimental
Extraction techniques, gas chromatography-mass spectrometry
(GC-MS) analysis of water samples and evaluation of the solid
phase micro-extraction (SPME) technique used in this study
have been previously reported (Mamba et al., 2007).
Preparation of geosmin and 2-MIB standards
Geosmin and 2-MIB standard samples were purchased from
Sigma-Aldrich and standards of 10 ng/ℓ, 50 ng/ℓ and 100 ng/ℓ
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