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Chapter3. Methodology & Instrumentation 10

collect the volatile compounds. This method has been developed to the extent, that
most water laboratories can easily implement it for routine analysis.

However it suffers from the break-through of the volatile compounds, the same
problem found in most ocpen ended trapping techniques where the outlet of the trap
is vented to the atmosphere. This is of particular importance in the analysis of the
VOCs since these have a large range of boiling points, from the very volatile to

those compounds of medium volatility.

Early break-through occurs for the volatile substances, which then leaves the less

volatile substances incompletely extracted from the water sample.

The use of the closed-loop stripping analysis technique will ensure that all
compounds are in equilibrium with the vapour-gas phase and the sorbent. A
constant partitioning will occur and if the mass of the sorbent is large enough,
equilibrium will shift toward the sorbent phase. The VOCs can therefore be
accurately quantified and the only parameters that will affect the equilibrium, besides
the sample matrix, are the stripping temperature and the sorbent mass. It has been
found that equilibrium is attained sooner at elevated temperatures but the individual
equilibrium constants also change at higher temperatures. The MCT is therefore well

suited to trap the VOCs for analysis by GC-MS.

To optimise the conditions for extraction and analysis a mixture of 53 compounds

was selected. This mixture is a commercially available set of calibration standards
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mass spectrometer was held at 250°C and the source temperature at 210°C. The
mass spectrometer was used in the full scan mode, scanning from 35 to 400
daltons. Analysis of the resulting data was done on reconstructed single ion

chromatograms, using the ions for the various compounds as listed in Table 3.1.
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Chapter 4

Analysis of Taste & Odour Compounds

4.1 Analytical Conditions

Initially, the equivalent of a 20ng aliquot of each deuterated and non-deuterated
standard was placed onto the front end of the MCT with a micro-syringe. The
standards were then thermally desorbed from the trap onto the gas chromatographic
column using the desorption conditions as in 3.3.1 above. Retention times of the

standards and peak shapes were found to be satisfactory using these conditions.

The analysis was done in full scan mode, to be assured of the identity of the
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Figure 4.1 Base peak fragments for Geosmin and d3-Geosmin
showing the retention of the labelled methy group.
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resulting peaks, scanning from 10-400 daltons. The base peaks for Geosmin and
d3-Geosmin differ by three Daltons, being m/z=112 and m/z=115 m/z respectively.
This indicates that the major fragment of the d3-Geosmin retains the deuterated

labelling. Figure 4.1 is a schematic diagram of the deuterated and non-deuterated
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Figure 4.2 Single iontrace of Geosmin and d3-Geosmin using the base peak
and molecitlar ions

base peak fragments, which clearly shows the retention of the deuterium labelled
methyl group. These ions are therefore ideal for single ion monitoring methods, as

separation will be achieved by the mass spectrometer detector.

This can be clearly observed in Figure 4.2. which is a reconstructed single ion trace
of the Geosmin and d3-Geosmin standards using the base peak ions, m/z=112 and
m/z=115 as well as the molecular ions, m/z=182 and m/z=185 respectively [1].
Complete separation is achieved which is essential for quantitative analysis and is

not reliant on the separation by the gas chromatographic column. The molecular ions
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Figure 4 4. Suggested framentation for 2-MIB. The solid circle represents
the d3 labelled methyl group.

Figure 4.4 is a proposed fragmentation pathway for the labelled 2-MIB, [2] which
clearly shows the loss of the labelled methyl group to give a stable ion at m/z=95.
Other fragments such as the m/z=135 and m/z=138 retain the isotopic labelling and
can be used for quantitative analysis [1], but these ions occur at much lower
abundance (ca 20% of the m/z=95 peak abundance) than that of the base peak at
m/z=95 (Figure 4.3). It is therefore quite probable that the lower limit of detection of
this compound might not be reached if these low intensity ions are used for the

analysis.

According to Kort et al.[3] there is no simple way of incorporating the deuterium label

into the 2-MIB base peak.
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From the analyses described above a selection of ions were chosen to use in the

single ion mode MS analysis. This list is tabled in Table 4.1.

Table 4. 1 m/z Values used for SIM analysis

| Compound SIM m/e values
2-Methylisoborneol 95, 135, 168
D3-2-Methylisoborneole 95,138, 171
Geosmin 1127, 182
D3-Geosmin 1157, 185
* jons used for quantitation J

The deuterated standards were now added to a distilled water sample, at a
concentration level equivalent to 20ng/litre water. A 250ml aliquot was then extracted
with the closed-loop stripping apparatus and the organic compounds present were
trapped on the multi-channel silicone rubber trap. The sample was purged at
ambient temperature for 45 minutes to ensure that equilibrium conditions were
reached. The trap was then placed into the thermal desorber ensuring that the end
where the stripping gas from the CLSA entered the trap, was the end where the
trapped compounds would exit the trap on desorption Figure 4.5 is a reconstructed

total ion chromatogram of the analysis.

A number of siloxane peaks were observed in the chromatogram which are easily
recognised by their distinctive mass spectra. These originate from the MCT and are
breakdown products of the silicone rubber. These peaks always occur at the same

retention time and the same intensity under the same conditions and generally do



not interfere with the analysis. No exira peaks occur in the background after

continued use of the trap. Background peaks can therefore, never be interpreted as
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Figure 4.5. Total ion trace of deuterated MIB & Geosmin, desorbed from the MSRT
and analysed at full-scan. Siloxane background peaks are marked with
ar

resulting from the sample (Figure 4.5). These peaks will be filtered out when the
single ion monitoring mode is used and therefore will not have any affect on the

analysis.

To determine the linearity of the analytical method, a calibration curve was drawn
from data obtained from a series of pure water samples spiked with 2ngl”, 4ngl™,

8ngl" and 16ng!" of each of the labelled geosmin and MIB standards. (Figure 4.6).

Samples of 250 mi of the water were purged using the CLSA technique and the
multi-channel silicone rubber trap to absorb the purged compounds. The mass
spectrometer was run in the single ion monitoring mode using the ions listed above.
The curve was drawn for m/z values of 95 & 138 for the deuterated MIB and 115 for

the deuterated geosmin. The linearity of the curve is surprisingly good for
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At this concentration level, good sensitivity and peak shapes are obtained for the
m/z values chosen. The single ion peak at m/z=138 was found to have a signal-to-

noise ratio of about 20:1 (Figure 4.8)

4.2 Conclusion

The multi-channel trap is an excellent alternative to the carbon filter used for the
determination of tastes and odours in drinking water. The retention of these
substances by the silicone rubber is based on dissolution as opposed to the
adsorption onto the activated carbon in the standard filter. This is a major advantage
since the sorption properties of the multi-channel trap remain constant in contrast to
the reliance on the activity of the carbon filter, which deteriorates with usage. The
multi-channel traps can be used repeatedly for extended periods without change in

their sorption properties.

Although these traps produce background peaks, these are distinctive, remain

constant without deterioration and are easily identified by mass spectrometry

The elimination of the micro-extraction step required to extract the adsorbed
substances from the carbon filter with organic solvent is a major advantage of using

the MCT.
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