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PTR-MS characterisation 
of an olfactometer

Abstract. Proton-transfer-reaction mass spectrometry (PTR-MS) [1] was used to characterise the performance of an olfactometer typically used in olfactory dysfunction 
assessments. PTR-MS signals of the olfactometer pulses indicated that relative peak maxima were compound-dependent and varied with pulse duration, with an increase in the 
latter producing a peak intensity increase. This could indicate compound losses in the delivery lines and/or instrumental performance problems. A temporal decrease in 
maximum intensity for identical pulses over an extended duration showed headspace concentration depletions, indicative of Henry's law effects.

Results and Discussion. A linear increase in set aroma pulse intensity (set at relative 
levels of 100, 50, and 25 %) was not reflected in the PTR-MS signal maxima (see fig. 
1; values normalised to 100 % level). Ethyl butanoate displayed the best 
performance, with only slight deviation from expected values. 2,3-butanedione and 
ethyl hexanoate achieved correct tendencies, albeit with up to 20 % deviation from 
set levels. Hydrogen sulphide, on the other hand, showed no linearity. Results 
indicate either a non-linear olfactometer performance or delivery problems to the 
PTR-MS of such brief pulses.
To establish the pulse duration dependence on the PTR-MS signal, the olfactometer 
set pulse period was varied (pulse intensity constant). The PTR-MS signal maxima 
increased with prolonged pulse duration (constant, 100 % signal expected; see fig. 
2). Ethyl butanoate again performed best, albeit with >20 % intensity variation over 
the four pulses. The other three compounds showed larger variations, with signal 
intensities increasing with pulse duration. Results indicate that shorter pulses were 
delivered less accurately to the PTR-MS, although it remains uncertain if this resulted 
from memory losses in the delivery line or from olfactometer performance problems.

Introduction. An olfactometer is an instrument that generates defined pulses of 
odorants at its outlet port and is used to enable assessment of impairment of the 
human olfactory system. The accuracy of this instrument is intrinsic in a patient's 
diagnosis, thus it is important that the odour output pulses reflect set conditions. A 
hs-PTR-MS (Ionimed Analytik) was used to assess commercially available OM2s and 
OM6b olfactometers (Burghart, Wedel, Germany) in terms of pulse intensity and 
duration. The aim of these experiments was to evaluate the olfactometers’ operating 
performance in terms of the aforementioned parameters.

Experiment. 
Compound characterisation. A selection of odorous compounds were initially tested 
for their suitability for the olfactometer assessment measurements: fragmentation 
patterns of the pure compounds were ascertained (listed in Table 1 below) and PTR-
MS signal response times were assessed. Hydrogen sulphide, 2,3-butanedione, ethyl 
butanoate, and ethyl hexanoate proved suitable for subsequent assessments.

Figure 3. Top left: Mean individual compound pulse 
maxima for identical pulse duration and intensity of a 
four-compound mixture over a 50 min period. Bottom 
left: Frequent detection of ethyl butanoate over a ~6 
min period revealed a continuous, steady decrease. 
Bottom right: log intensity plot for ethyl butanoate for 
assessment of Henry’s law constant.
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Figure 2. Mean individual compound pulse maxima 
for varying pulse duration (constant, 100 % 
intensity) of a four-compound mixture. Values in 
graphic indicate relative levels, as determined by 
PTR-MS.

Figure 1. Mean individual compound pulse (200 ms) 
maxima for varying set intensity levels of a four-
compound mixture. Values in legend represent set 
intensity level at olfactometer. Values in graphic 
indicate relative levels, as determined by PTR-MS.

Two commercially available 
olfactometers manufactured by 
Burghart. Left: the mobile OM2s 
machine, with 2 odorant 
channels. Right: the 6-channeled 
OM6b instrument, with bi-rhinal
functionality.

Olfactometer functional principles. Odorous compounds in the olfactometer are 
provided either from a gas cylinder (e.g. for hydrogen sulphide) or individually (liquid-
phase) diluted in a water chamber, through which air is continually purged to 
establish dynamic headspace conditions. The odorant gas enters a dilution air flow 
(at different volume mixing ratios), which is then delivered to the outlet port of the 
olfactometer at defined pulse durations. The mixing chamber and delivery hose are 
maintained at 40 °C. Further details on functionality may be found in [2].
Olfactometer assessment. For the tests described herein, the PTR-MS inlet was 
directly coupled to the olfactometer outlet port. The olfactometer aroma pulse 
intensities and durations for the compound test mixture were monitored via the 
respective PTR-MS signals. An initial series of measurements established the 
minimum suitable PTR-MS m/z dwell time to be 50 ms (data not shown), which was 
used for all subsequent tests. The relative PTR-MS signal maxima were measured for 
three pulse intensities (constant 200 ms pulse duration). Thereafter, pulse intensity 
was kept constant and four pulse durations (200, 500, 1000, and 5000 ms) were 
monitored. Finally, pulses of identical intensity and duration were monitored over a 
period of 50 min. Data represent mean values of three pulse repetitions.

A further assessment was made of the compound signal intensities for identical 
pulses over an extended duration of ~50 min. A significant fall-off in PTR-MS signal 
intensity (around 80 %) was observed over this period for 2,3-butanedione, ethyl 
butanoate and ethyl hexanoate (see fig. 3; top left). Despite variations in the 
hydrogen sulphide signal, no systematic loss was seen. A possible explanation for this 
behaviour relates to the source of the compounds: the latter was delivered via a gas 
cylinder whereas the former compounds were from the headspace above their 
respective mixing chambers, indicating chamber headspace concentration depletion 
according to Henry's law. 
Subsequent assessment of ethyl butanoate allowed the partition coefficient to be 
determined explicitly for this compound. Regular pulses of ethyl butanote were 
monitored over a ~6 min period and found to deplete in a continuous, steady 
manner (see fig. 3; bottom left). From a plot of the natural logarithm of the PTR-MS 
signal versus time (fig. 3; bottom right) the gradient of the linear data fit could be 
used to calculate a value for the partition coefficient, according to the method 
described in [3]. The calculation produced an estimate for the Henry’s law constant 
of ethyl butanoate of ~3.1 M atm-1, which correlates well with the value of 2.8 M 
atm-1 reported in literature [4].

Conclusions. This first performance assessment of the olfactometer for pulse duration and intensity indicated compound-dependent behaviour. Pulses of varying intensity 
were mostly non-linear; only ethyl butanoate displayed an acceptable performance. Furthermore, peak maxima intensity increased with pulse duration, suggesting that pulses 
of lesser duration suffer from losses and/or instrumental performance problems. Signal decreases from mixing chamber compounds over an extended period were also present, 
indicating losses according to Henry's law. Therefore, when operating the olfactometer with compounds mixed in water, temporal compound losses must be taken into 
account.


