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 com-
pounds that cause bad taste and odour to drinking water. Geos-
min 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/€ (Hep-
plewhite et al., 2004). NOM commonly exists in water at more
elevated concentration levels (mg/{) than geosmin and 2-MIB
(ng/C). Therefore, NOM tends to selectively block adsorp-
tion sites on activated carbon (Tennat, 2004). NOM effects
on micro-pollutants adsorption capacity are more severe for
activated carbons that primarily possess small micropores
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(< 10 A 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 acti-
vated carbon ineffective in the removal of the odorous com-
pounds. NOM, in other words, compromises the adsorption
efficiency of activated carbon significantly resulting in high
costs in water treatment (Newcombe et al., 2002). Also, acti-
vated 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 inter-
action 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/{ 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, geos-
min and 2-MIB from synthetically prepared water samples. In
particular, the specific objective was to determine whether geos-
min 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/¢, 50 ng/t and 100 ng/C

117



were prepared since such concentrations are typical in surface
water. SPME was used to extract geosmin and 2-MIB from the
standards and GC-MS was utilised for the analysis of these com-
pounds. A calibration curve was plotted in order to determine
the concentration of geosmin and 2-MIB after passing the sam-
ple through the polymer.

Humic acid determination

Humic acid was purchased from Sigma-Aldrich and standards
of 1 mg/t, 2 mg/t, 3 mg/C, 5 mg/l, 10 mg/L and 15 mg/C levels
were prepared using HPLC grade water. The UV absorbance
(at 254 nm) measurements were carried out on a CARY-50 UV
spectrophotometer. A calibration curve was plotted from which
the concentration of the samples was calculated.

The synthetic water samples were also analysed on the UV
to determine the concentration of the humic acid after passing
the water sample through the polymer. The measurement was
done at a UV absorbance wavelength of 254 nm (Hepplewhite et
al., 2004: Mozia et al., 2005).

Preparation of humic acid, geosmin and 2-MIB muilti-
standard

Three different multistandard solutions of humic acid, geosmin
and 2-MIB were prepared by varying the humic acid concen-
tration while the geosmin and 2-MIB concentration was kept
constant. The levels were at 5 mg/€ humic acid and 100 ng/t for
geosmin and 2-MIB, 10 mg/€ humic acid and 100 ng/€ for geos-
min and 2-MIB, 15 mg/€ humic acid and 100 ng/C for geosmin
and 2-MIB.

Treatment of water samples

The synthetic standard solutions (synthetic water samples
spiked with humic acid, geosmin and 2-MIB) were treated
with B-CD/HMDI (a polymer produced from the reaction of
B-cyclodextrin and hexamethylene diisocyanate) polymers
(Li and Ma, 2000). The adsorbents (300 mg) were loaded into
empty cartridges and 30 me of the synthetic water sample was
passed through the polymers at a filtration rate of 10 m€/min.
Filtration was further enhanced by the use of a vacuum pump
or water aspirator. The polymer treated water samples were
then extracted using SPME before injection into the GC injec-
tor port. The filtrate was analysed using the GC-MS to deter-
mine the concentration of geosmin and 2-MIB portions in the
treated synthetic water sample.

Results and discussion
GC/MS analysis

The effect of the presence of humic acid, on the adsorption of
geosmin and 2-MIB was studied using synthetic water sam-
ples spiked with humic acid, geosmin and 2-MIB, which were
treated with CD polymers. Figures 1 and 2 show GC/MS chro-
matograms of the spiked water samples before and after treat-
ment with B-CD/HMDIL. It should be noted that while GC/MS
was used solely for the analysis of geosmin and 2-MIB and not
humic acid, some components of humic acid are detected by this
technique. Peaks at retention times 10.3 and 14.1 min, for exam-
ple, were present in the humic acid standards and all samples.
Geosmin and 2-MIB peaks were identifiable at retention time
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Figure 1
GC/MS chromatogram of 5 mg/t humic acid and 100 ng/t
geosmin and 2-MIB before (A) and after passing through
B-CD/HMDI (B)
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Figure 2
GC/MS chromatogram of 15 mg/f humic acid and
100 ng/f geosmin and 2-MIB before (A) and after passing
through B-CD/HMDI (B)

of 13.6 min and 10.2 min, respectively and confirmed by both
the NIST search, and comparison of the fragmentation patterns
(Mamba et al., 2007). Treatment of the water samples spiked
with humic acid, geosmin and 2-MIB showed that the polymers
adsorbed up to less than LOQ, therefore basically 90% based on
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TABLE 1
Percentage adsorption of humic acid after passing through g-CD/HMDI

Initial concentration

Final concentration

Sample type of humic acid (mg/€) | of humic acid (mg/e) % absorbed
5 mg/¢ humic acid + 100 ng/t geosmin and 2-MIB 5 4.85+0.015*
10 mg/Chumic acid + 100 ng/€ geosmin and 2-MIB 10 9.12+0.003* 9
15 mg/t humic acid+ 100 ng/¢ geosmin and 2-MIB 15 12.01+0.007* 20

* Standard deviation was calculated from triplicate experimental runs.

ion counts, despite the increase in the humic acid concentration  Conclusion

(Figs. 1B and 2B).

The high percentage adsorption of geosmin and 2-MIB onto
the polymers, demonstrates that humic acid did not compete for
adsorption sites on the polymers. This is further confirmed by
the fact that the humic-acid fragments that are not well adsorbed
continue to be detected by GC/MS and UV-Vis spectroscopy.
In contrast, Newcombe et al. (2002) found that site competition
seemed to be the main factor affecting the adsorption of geos-
min and 2-MIB by activated carbon in the presence of NOM. In
that study it was suggested that smaller NOM compounds were
mostly adsorbed as they participated in direct competition with
2-MIB for adsorption sites on activated carbon. This competi-
tion between 2-MIB and certain components of NOM was con-
firmed in a separate study (Hepplewhite et al., 2004).

In our study, since the GC/MS analysis showed that geos-
min and 2-MIB are efficiently adsorbed by the polymers without
any interference from the humic acid, it was imperative that UV
analysis be conducted before and after passage of water samples
through the polymers in order to ascertain whether the humic
acids had been adsorbed by the polymer.

UV-VIS spectroscopy analysis

The analyses in this study were completed in triplicate. The per-
centage humic acid removed by the polymers, together with the
associated standard deviations are reported in Table 1.

UV-VIS analyses in Table 1 show that the polymers did
not remove humic acid ahead of geosmin and 2-MIB. Humic
acid concentration levels before and after treatment with the
cyclodextrin polymers remained unchanged. This suggests
that the odorous compounds being smaller in size compared to
humic acids were most efficiently removed by the CD polymer
— the cavity size of the CD ring probably accounting for such
selectivity since the volume of the CD cavity is too small to fit
the humic acid. In activated carbon the pores are large at the
opening and generally taper internally so some geosmin can
be removed if it reaches the pores first. It has been suggested
by Newcombe et al. (2004) that 2-MIB could reach the adsorp-
tion sites before pore blockage by larger compounds such as
humic acids.

Noteworthy is the fact that the results obtained in this
research further confirm our earlier observations that the
water-insoluble CD polymers are best suited for the removal
of small (molecular) organic pollutants (e.g. trichloroethylene,
nitrophenol and chlorinated benzene) from water than bigger
organic compounds such as humic acids. While activated car-
bon would still remove humic acids during water treatment,
CD polymers would ideally be positioned after activated car-
bon in the water treatment train. The prospect of using the
cyclodextrin polyurethane in a pilot water treatment plant is
currently being pursued.
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Geosmin and 2-MIB were adsorbed efficiently by the cyclo-
dextrin polyurethane polymers despite the presence of humic
acids. This could be attributed to the difference in the sizes of
the organic compounds — humic acids being larger than geosmin
and 2-MIB. Humic acid is a good model of NOM in the water
system and unlike activated carbon; humic acid does not block
the sites of the cyclodextrin polymers. Practically, the findings
in this study suggest that these polymers would be suited for
the penultimate stages of the water treatment train after ozona-
tion, UV and activated carbon filtration for the removal of NOM.
The CD polymers, in the latter stages, would then adsorb micro-
organic pollutants that would not have been removed in the ear-
lier stages of water treatment.
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