Polish J. of Environ. Stud. Vol. 15, No. 3 (2006), 429-435

Original Research

An Investigation of the Formation of Taste and
Odour Contaminants in Surface Water Using the

Headspace SPME-GC/MS Method

M. Ligor, B. Buszewski"

Department of Environmental Chemistry and Ecoanalytics, Faculty of Chemistry, Nicolaus Copernicus University,

7 Gagarin St, 87-100 Torun, Poland

Received: July 20, 2005
Accepted: November 20, 2005

Abstract

The aim of this study was to optimize of a method for determining of compounds which are responsible
for the earthy/musty odour in surface water. Among taste and odour contaminants the following compounds
are mentioned: (+/-)-geosmin, 2-methylisoborneol, 2,4,6-trichoroanisole, 2-isopropyl-3-methoxypyrazine
and 2-isobutyl-3-methoxypyrazine.

Some experiments were performed to examine the extraction conditions such as fiber exposure time,
temperature of extraction and salt addition. Various SPME fibers such as PDMS, CAR/PDMS and PDMS/
DVB coatings were used for the isolation of tested compounds from water samples. As tested, compounds
2-methylisoborneol, 2-isopropyl-3-methoxypyrazine and 2-isobutyl-3-methoxypyrazine were used.

After SPME optimization, real surface water samples were examined using the SPME-GC/MS
method. Based on preliminary experiments the qualitative and quantitative analyses for the determina-
tion of (+/-)-geosmin, 2-methylisoborneol and 2,4,6-trichloroanisole were performed. The regression
coefficients for calibration curves for examined compounds are R*>0.990. This shows that the used
method is linear in the examined concentration range (from 20.32 to 168.00 ng/L). One of the reasons
for the formation of taste and odour contaminants can be surface water pollution. The changes of water
conditions such as temperature, pH and conductivity were examined. And, for the test of periodical
changes of geosmin concentration in surface water samples, the experiments were performed in various

seasons.
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Introduction

An earthy and musty odour of surface water is a com-
mon problem which occurs especially during late spring and
summer. Among the compounds mainly responsible for this
odour are particularly: 2-methylisoborneol (MIB), 2,4,6-tri-
chloroanisole (TCA) and geosmin ([4S-(4o,4a0.,8af3)]-octa-
hydro-4,8a-dimethyl-4a(2H)-naphtalenol or trans-1,10-di-
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methyl-trans-9 decalol). These compounds can be detected
by the human nose at a concentration as low as 10 ng/L [1].
Geosmin, as an actinomycetes metabolite, is produced by
Streptomyces species, and by strains of Nocardia, Micro-
monospora, Microbispora, Oscillatoria, and Phormidium
as well as Penicillium species [2-13]. The high concentra-
tion of geosmin in water also has been connected with the
presence of algae [4-13]. 2-methylisoborneol occurs as a
metabolite of actinomycetes, blue alga, Oscillatoria tenuis,
and Phormidium species [4]. However, musty-earthy odour
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compounds were determined not only in water. An impor-
tant source of MIB and geosmin are food products (wheat
grain) [14], but TCA was determined in chicken meat, green
coffee, packed dried fruit and wine [4]. These compounds
are very difficult to remove by conventional water treatment
processes and sometimes occur at concentrations above the
odor threshold in consumer tap water.

For the isolation and determination of these com-
pounds, which are on the low concentration level (ppb,
ppt) in water samples, only sensitive and selective meth-
ods such as the solid phase microextraction (SPME), stir
bar sorptive extraction (SBSE) and other methods coupled
with gas chromatography/mass spectrometry (GC/MS)
can be used [15-17]. SPME is a modern, simple, solvent-
less sample preparation method which can be used for
the isolation of odour compounds at low concentrations
[18-24]. It is an inexpensive method that can easily be
moved from laboratory to field and should prove useful
for the monitoring of water quality (surface and potable
water supplies). The coupling of SPME with GC provides
a fast, reliable method for the analysis of MIB, TCA and
geosmin in water samples. The selective nature of SPME
allows the use of an inexpensive flame ionization detec-
tor for analyses at the pg/mL level. Analysis of solutions
of known concentration shows that SPME provides preci-
sion and limits of detection comparable to smaller sample
volumes. The analysis of algae cultures demonstrates that
this method is applicable to real samples. The maximum
selectivity for analysis of MIB, TCA and geosmin may
be achieved if instrumental coupling techniques such as
GC/MS are used for the identification and quantification
of volatile odour compounds in water samples.

Recently, the effective isolation of MIB, TCA and
geosmin from drinking water samples was performed us-
ing the SBSE method [25]. The mentioned compounds
were extracted with high recovery and, in comparison with
other methods such as the closed-loop stripping analysis
(CLSA), this method provides a higher sample throughput
with a better sensitivity, reproducibility and accuracy [25].

In the current paper, optimization of the method for the
determination of earthy/musty odour compounds in surface
water was performed. Among analyzed earthy/musty odour
compounds were the following substances: MIB, 2-isopro-
pyl-3-methoxypyrazine,  2-isobutyl-3-methoxypyrazine,
(+/-)-geosmin, as well as TCA. As tested substances for
SPME optimization of 2-methylisoborneol, 2-isopropyl-3-
methoxypyrazine and 2-isobutyl-3-methoxypyrazine were
chosen. Extraction conditions such as: fiber exposure time,
temperature of extraction, salt addition and the SPME fi-
bers choice were examined. After SPME optimization, real
surface water samples were examined using the SPME-
—GC/MS method. Based on preliminary experiments the
qualitative and quantitative analyses for the determination of
(+/-)-geosmin, MIB and TCA were performed. Therefore,
when optimal conditions were applied, the test of periodical
changes of geosmin concentration in surface water samples
was performed particularly during ten days in the middle
of spring and sporadically in the early spring, in the sum-
mer and in the autumn. As it was proved, the reason for the
formation of taste and odour contaminants can be surface
water pollution. Some parameters of surface water such as:
conductivity, pH, and temperature were determined. Con-
ductivity was informative about the pollution of examined
water samples.

Experimental
Apparatus

The SPME apparatus (Supelco Inc., Bellefonte, PA,
USA) with polydimethylsiloxane (PDMS — thickness 100
um), polydimethylsiloxane/divinylbenzene (PDMS/DVB
— thickness 65 um) and Carboxen/polydimethylsiloxane
(CAR/PDMS - thickness 75 um) coating fibers were used
for the determination of analytes.

Chromatographic analysis was performed by GC/MS,
gas chromatograph - Autosystem XL, mass spectrometer

Table 1. The characterization of the SPME fiber coatings used in the presented experiments.

Stationary phase Description Film thickness Type of function group (structure)
. . CH3 CH3 CH3 CHs CH3 CH3
Polydimethylsiloxane volatile compounds 100 um 00— 0-d_o g o
(PDMS) (non bonded phase) CH3 CHz CH3 CHs CH; ClH3
polydimethylsiloxane/ | volatile, amine, and 65 pm

CH3 CH3; CHs; «H H;  CHz
%1—0—%1—0 5J1 O—#—O—&— o_gjl_
CH3 CHs éHj CH

divinylbenzene (PDMS/ | nitroaromatic com- | (partially crosslinked
DVB) pounds phase)
POMSPhase  Carboxen™ particles (2-10um)
Carboxen/ gases and low 75 um
polydimethylsiloxane molecular weight | (partially crosslinked Fused Silcs Rod
(CAR/PDMS) compounds phase)

Analytes can migrate between
layers-increased capacity
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— Turbo Mass (Perkin Elmer, Shelton, CT, USA), mass
spectrum libraries Wiley and NIST. The RTX-5MS col-
umn (Restek, Bellefonte, PA, USA) with parameters: 30
m x 0.25 mm x 0.25 um was used.

Sorption and Desorption Conditions

The spiked standards or determined analytes were iso-
lated from 25.00 mL of water sample by static headspace
(SHS). SHS vials (120 mL volume) were used in all ex-
periments.

As preliminary study some experiments were per-
formed to examine extraction conditions such as fiber
exposure time (10, 20, 30, 35, and 40 min), temperature
of extraction (30, 40, 60, 70°C) and sodium chloride ad-
dition (0, 15, 25, 30, 35%). Various SPME fibers such as
PDMS, CAR/PDMS and PDMS/DVB coatings (Table
1) were compared for the isolation of tested compounds
from water samples.

The tested substances 2-methylisoborneol
(c=0.824 pug/mL), 2-isopropyl-3-methoxypyrazine
(c=1.289 pg/mL) and 2-isobutyl-3-methoxypyrazine
(c=1.154 pg/mL) were selected and used. Analyzed
standard solutions were prepared in water.

Experimental conditions for the comparison of extrac-
tion efficiency of MIB and other compounds with vari-
ous coated fibers were used as follows: the SPME fibers
PDMS, CAR/PDMS, PDMS/DVB; water sample volume
spiked with standards 25.00 mL; sorption time of 40 min;
temperature of 40°C; NaCl concentration of 25%.

Experimental conditions for the study of salt con-
centration effects on extraction efficiency of MIB and
other compounds were used as follows: the SPME fiber
CAR/PDMS; water sample volume spiked with standards
25.00 mL; sorption time of 40 min; 40°C temperature.

Experimental conditions for the study of the extrac-
tion time profile corresponding to extracted mass of MIB
and other compounds were used as follows: the SPME
fiber CAR/PDMS; water sample volume spiked with
standards 25.00 mL; NaCl concentration of 25%; 40°C
temperature.

Experimental conditions for the study of tempera-
ture dependence of extracted mass of MIB and other
compounds were used as follows: the SPME fiber
CAR/PDMS; water sample volume spiked with stan-
dards 25.00 mL; NaCl concentration of 25%; sorption
time 40 min.

Finally, examined standards for the preparation of cali-
bration curves and real sample solutions contained an op-
timum 25% of sodium chloride salt (6.25 g of NaCl for 25
mL of water sample). The optimal temperature of isolation
(40 + 1°C) was obtained by refrigerated circulator Julabo
F 25 (Julabo Labortechnik GmbH, Seelbach, Germany).
The stirring was not used during isolation. An optimum
sorption time of 40 min was applied. All samples were in-
cubated during 40 min at 40 + 1°C before extraction by
SPME. Temperature of desorption was 220°C. The fiber
was exposed in the injection port to desorbed volatiles for
1 min (splitless). The carryover tests of the analyte de-
sorption process for 2 and 5 min were performed. All the
analytes were desorbed during 1 min, after which the oven
temperature programme was started (split). Total GC run-
time was 23 min. The SPME fibers were preconditioned
(220°C, 10 min) before and after all analyses.

Samples and Standard Preparation

The calibration was performed by external standard
method. For the calibration procedures methanol standard
solutions of (+/-)-geosmin (concentration 101.9 ng/mL),
MIB (concentration 101.6 ng/mL) and TCA (concentra-
tion 56.0 ng/mL) were diluted in water.

Standard solutions were dissolved in water (free of
volatile organic compounds and obtained from Milli-Q
apparatus (Millipore, El Paso, TX, USA). Final concen-
tration of analyzed compounds was in the range from
20.32 to 168.00 ng/L. The calibration curves for deter-
mined compounds in various samples were evaluated.
The calibration data are listed in Table 2.

The calibration procedure and determination of
(+/-)-geosmin, MIB and TCA in real surface water sam-
ples was carried out in the same analysis conditions.

Table 2. The calibration data of standard mixtures by SPME-GC/MS method (n=5).

Compound .
Parameter 2-methylisoborneol (MIB)

2,4,6-trichloroanisole (TCA) (+/-)-geosmin

Average of retention time (t,) 10.93 min

13.54 min 14.86 min

Calibration curve y=1174.5x + 56251

y=345.9x—-5191.3 y=2137.9x — 39301

Correlation coefficient (R?) 0.9904

0.9991 0.9971

Range of concentration of

standard solution 20.32-152.40 ng/L

56.00 — 168.00 ng/L 20.38 — 152.85 ng/L

Detection limit 15 ng/L

> ng/L 10 ng/L
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GC/MS Conditions

Carrier gas: helium (99.999%) — linear velocity —
30 cm/s. The temperature of the split—splitless inlet was
220°C (splitless time — 1.0 min).

Oven temperature program: the initial temperature of
60°C was kept for 2 min, then raised 8°C/min to 220°C
(kept for 4 min). The sample was ionized by electron ioni-
zation (EI) at an energy of 70 eV and MS (quadrupol) ion
range m/z = 35 + 500 amu (quant. ions 95, 107, 108, 195,
197,212, 112, 125 and 149, or ions for selected ion moni-
toring). The temperature of the interface was 200°C.

Results and Discussion

In order to compare the extraction efficiency of
musty-earthy odour compounds from the water sam-
ple with SPME fibers such as PDMS, PDMS/DVB
and CAR/PDMS, the extracted mass of MIB, 2-iso-
propyl-3-methoxypyrazine and 2-isobutyl-3-me-
thoxypyrazine were used. This comparison is pre-
sented in Fig. 1.
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Fig. 1. A comparison of extraction efficiency of MIB and other
compounds by SPME with various coated fibers.
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Fig. 2. The effect of salt concentration on MIB and other com-
pound extractions performed by SPME.

The highest extraction efficiency for 2-isobutyl-3-me-
thoxypyrazine is observed. The most satisfactory results
were obtained when CAR/PDMS fiber was use. This in-
formation is helpful in choosing the appropriate SPME
fiber for optimal extraction of volatile organic compounds
from water samples. Therefore, obtained data confirm that
the thickness of coatings and their chemical properties ex-
ert an influence on extraction recoveries.

On the other hand, in order to optimize the sorption and
desorption processes, accounts were taken of all the fac-
tors influencing the equilibrium between the analytes in the
water samples and on the fiber. For example, the matrix in
which the extraction takes place has a great influence on
the extraction rate. The matrix effect includes a number of
factors affecting the equilibrium between the sample and
the coating, in particular salt concentration, time, and tem-
perature of extraction. The dependence of compounds ex-
tracted mass on salt concentration for MIB, 2-isopropyl-3-
methoxypyrazine and 2-isobutyl-3-methoxypyrazine shows
that the extracted mass increases with the growth of the salt
concentration until saturation of the sample (Fig. 2).

For final analyses of surface water samples a 25% salt
concentration was used. This amount of salt in the ana-
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Fig. 3. The extraction time profile corresponding to extracted
mass of MIB and other compounds by SPME.
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Fig. 4. The temperature dependence of extracted mass of MIB
and other compounds by SPME.
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lyzed samples is enough to obtain a high extraction effi-
ciency of the determined compounds. Obtained data, for
the selection of extraction time confirm that the time, 40
min, is adequate for the highest extraction efficiency of
MIB, 2-isopropyl-3-methoxypyrazine and 2-isobutyl-3-
methoxypyrazine extracted from water sample (Fig. 3).

As shown in Fig. 4, the choice of extraction tempera-
ture depends on the extracted mass of compounds. For
SPME method it is necessary to extract the highest possi-
ble quantity of compounds. Sorption temperature of 40°C
was taken into consideration as suitable for the extraction
of components of water samples.

In these investigations a thermal desorption of compounds
from water sample was complete after 1 minute at the injec-
tor port at 220°C. This is the optimal temperature for total
desorption of determined compounds without destruction of
these as well as the fiber coating, according to ref. [6-8].

According to preliminary experiments the qualitative
and quantitative analyses for the determination of MIB,
TCA and (+/-)-geosmin from water samples were per-
formed. Water samples were taken from the lake in the
town park (Torun, Poland). The presence of MIB, TCA

Table 3. The highest concentrations of determined compounds
in real surface water samples by SPME-GC/MS method (n=3).

Surface water

Compounds ¢ [ng/L]
2-methylisoborneol (MIB) 38.49 £4.62
2,4,6-trichloroanisole (TCA) 17.54 £2.11

(+/-)-geosmin

126.16 +12.88

and geosmin in real surface water sample is confirmed by
SPME-GC/MS analysis (Fig. 5).

A complex matrix such as the surface water samples re-
quires the appropriate method of preparation. The presence
of a variety of substances (eg. lipids, humic acids and other)
would reduce the amount of musty/earthy odour compounds
in the headspace of the sample and results in low detection.
These substances could influence the matrix effect in sur-
face water. Additionally, examined compounds are charac-
terized by lipophilic properties. For the preparation of stan-
dard solutions all standards in methanol were diluted with
water. The quantitative analysis of determined compounds
was performed by the external standard method. The pre-
sented SPME method has been optimized for rapid analysis
of limited sample volume. The use of large sample volumes
(25 mL), long exposure time (40 min) and mass spectro-
metric detection in selected ion monitoring mode permits
the analyses at concentrations as low as 5 ng/L (for TCA
standard solution). The regression coefficients of the cali-
bration curves for the examined compounds are as follows:
MIB — R?=0.9904, TCA — R? = 0.9991, and for geosmin
R?=0.9971. This shows that the used method is linear in the
examined concentration range.

The presence of musty/earthy odour compounds in
water samples can be connected with the fact that atmo-
spheric factors like temperature or sunlight and the con-
centration of nutrients (phosphorus and nitrogen) caused
the growth of organisms, which produce these compounds
in water. The highest concentrations of the determined
compounds in real surface water samples by SPME-GC/
MS method are presented in Table 3.

In the middle of spring the highest concentration of
MIB, TCA and geosmin in surface water were determined.
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Fig. 5. The extracted ion chromatograms for MIB (ion m/z 95), TCA (ion m/z 197) and geosmin (ion m/z 112) from an analysis of odour
compounds in surface water sample. Spectrum of geosmin compound — standard (A), real sample (B).
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Fig. 6. The change of geosmin concentration in surface water samples during ten days, depending on water conditions: (A) temperature,

(B) pH, (C) conductivity.

In other seasons these compounds were not detected in
analyzed water (autumn, winter) or the concentration of
MIB, TCA and geosmin were on lower levels (summer).

Additionally, for the test of periodical changes of
geosmin concentration in surface water samples, some ex-
periments were performed during ten days in the spring.
Obtained data in this part of the study are presented in
Fig. 6. Particularly, the changes of geosmin concentration
in surface water samples during ten days, depending on
water conditions such as temperature, pH, and conductiv-
ity of water, were taken into consideration.

The investigations, which were performed in various
seasons particularly in the early spring, in the middle of
spring, in the summer and in the autumn, allow the state-
ment that musty/earthy odour compounds in surface water
are formed generally in the middle of spring to be true. In
the middle of spring the temperature of ambient air was
about 20°C, also an intensive sunlight was observed and
the concentration of nutrients was at a high level. And
they caused a growth of microorganisms, which produce
these compounds in water.

The water samples were obtained from the lake in a
city park. The quality of water from this lake, particularly
the presence of musty/earthy odour compounds in spring
and summer, was important for people using the park. The
musty/earthy odour from the lake water was unpleasant for
older people and children. However, the way to remove
this problem could be the oxygenation of this lake water.
The oxygenation of lake water could be performed by us-
ing mixing or splash installations. But in the summer, in the
autumn and in the winter the problem of lake water aroma

is not an issue, which is connected with the change of atmo-
spheric factors. In cases when the surface water could be
used for consumption, water treatment technology would
be needed. In the removing of odour compounds from the
surface water the chlorination and ozonization processes as
well as the use of filters with activated charcoal have sig-
nificance.

The SPME-GC/MS method for the determination of
volatile organic odour compounds in water, which was
optimized in this study, can be useful in the routine analy-
sis in environmental laboratories.

Conclusions

SPME is an inexpensive method that should prove its
usefulness for monitoring water quality in potable water
supplies and aquaculture systems. The coupling of SPME
with the GC/MS technique provides a fast, reliable analy-
sis of MIB, TCA, geosmin and other odour compounds
in water samples. The selectivity of SPME helps obtain
results with high precision and with limits of detection
which are comparable to smaller sample sizes.

During a few days the concentration of geosmin in
surface water has been changed in the increasing function
from 52.14 + 8.34 ng/L to 126.16 £ 12.88 ng/L, which
corresponds to a higher ambient temperature and high
water pollution (spring season). The water treatment tech-
nology based on the chlorination effect, which is applied
for the preparation of potable water, is efficacious in the
removal of geosmin from surface water.
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