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INTRODUCTION
Olfactory disturbances are not uncommon and represent a sig-
nificant impact on people’s quality of life (1–3). In order to
assess a complaint such as hyposmia, validated olfactory tests
are currently available and include the University of
Pennsylvania Smell Identification Test (UPSIT) (4,5), Sniffin’
Sticks (6) and the Combined Olfactory Test (7). These tests use
either (or in some cases both) qualitative or quantitative means
to assess olfactory performance and although the Sniffin’
Sticks tests assess olfactory discrimination; none of the tests
consider potential interaction between odours because those
that do test a threshold do so only for one odour. This factor is
particularly important if olfactory threshold testing is to be per-
formed for more than one odour.
An olfactometer, using a ‘staircase technique’ of threshold
detection, has been designed by the Leicester otorhinolaryn-
gology research team (8) with which the aim is to use estab-
lished representative smells, which are easily detected, and do
not significantly interact with each other or significantly alter
olfactory thresholds of the other odours tested. These odours

should represent key areas of the olfactory spectrum, similar to
the different frequencies in audiological testing.

The aim of this study is to assess if there is any influence on
one of these odours after smelling another odour at a supra–
threshold concentration, as this may dictate the need to leave a
time interval between testing the odours to allow for clearance,
or dictate the order of testing.

SUBJECTS AND METHODS
Approval of the study was obtained from a local ethics com-
mittee. Thirty–five normal volunteers were chosen (23 Female:
12 Male, with a mean age of 36 years and age range 20 years –
65 years) without any rhinological disease in a controlled
study. The four odours tested were phenethyl alcohol (PEA,
Sigma–Aldrich Company Ltd., Gillingham, Dorset, UK), ethyl-
mercaptan (MER, Sigma–Aldrich), glacial acetic acid (ACE,
Fisher Scientific UK Ltd., Loughborough, Leicestershire, UK),
and eucalyptol (EUC, Sigma–Aldrich), representing the smell
of roses, propane gas, vinegar and eucalyptus, respectively.

Objectives: To determine if:
1) there is cross contamination between odours tested on thresholds achieved,
2) a delay period is necessary between testing different odours.

Methods: Thirty–five subjects underwent threshold testing with phenethyl alcohol (PEA), ethyl-
mercaptan (MER), acetic acid (ACE), and eucalyptol (EUC) using serial logarithmic dilutions.
On separate occasions subjects were exposed to high concentrations of PEA, ACE and EUC in
random order for two minutes, and thresholds for all four odours re–tested. Pre– and post–high
concentration odour thresholds were compared.
Results: Exposure to high concentrations of PEA, ACE and EUC does not alter olfactory
thresholds by more than 10–2 for the other odours except in specific circumstances with ACE
and EUC.
Conclusions: There is limited cross contamination with ACE and EUC, which is avoided by
specifying presentation order as: PEA, MER, ACE, EUC. Odours PEA, MER, ACE and EUC
are recommended for olfactory testing.
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These chemicals were diluted ten–fold in mineral oil (9) except
acetic acid which was diluted in sterile water) using 28 ml
cylindrical glass vials (10) (VWR International, Lutterworth,
Leicestershire, UK) and arranged sequentially in a rack from

weak to strong (Table 1) giving nine concentrations of each
odour. The vials contained 5 ml of solution, leaving a 23 ml
column of air above it, allowing the solution to vaporise and
fill this space. These odours were chosen due to their apparent
distinctiveness from each other and, as aforementioned, repre-
sent specific entities within the human olfactory range (11). The
odours also had no discernable trigeminal effect at the concen-
trations used in the study. Logarithmic steps were found nec-
essary to cover the potential olfactory range of subjects (8).
Each subject’s threshold for each of the above four odours was
determined by starting with the weakest concentration for each
odour and moving up to the next strongest concentration (com-
paring it to the mineral oil solvent only), in a stepwise manner
until the subject could convincingly detect two successive con-
centrations of the odour in question. The lowest concentration
at which this recognition was reached was recorded as the
threshold. Each subject was then taken to a separate room and
given a facemask with one of the odours (0.5 ml of the
strongest concentration solution on the rack of phenethyl alco-

Table 1. Concentration of chemicals on the rack.
PEA MER ACE EUC
10–2 10–5 10–1 10–1

10–3 10–6 10–2 10–2

10–4 10–7 10–3 10–3

10–5 10–8 10–4 10–4

10–6 10–9 10–5 10–5

10–7 10–10 10–6 10–6

10–8 10–11 10–7 10–7

10–9 10–12 10–8 10–8

10–10 10–13 10–9 10–9

PEA – Phenethyl Alcohol (C8H10O)
MER – Ethylmercaptan (C2H5SH)
ACE – Acetic Acid Glacial (CH COOH)
EUC – Eucalyptol (C10H18O)

Table 2. Results of subject’s threshold shifts.
SUBJECT PEA IN MASK EUC IN MASK ACE IN MASK

PEA MER ACE EUC PEA MER ACE EUC PEA MER ACE EUC
1 6 2 0 0 1 1 1 2 1 2 2 0
2 1 0 1 0 1 0 0 2 0 0 3 0
3 2 0 0 0 0 0 0 0 0 1 2 0
4 0 0 1 0 0 0 1 0 0 0 0 0
5 OFF SCALE 0 0 0 0 –1 0 0 0 0 2 0
6 6 0 0 0 0 0 0 1 0 0 3 0
7 1 1 0 0 0 0 0 2 1 1 1 1
8 OFF SCALE 0 –1 0 0 0 0 1 0 0 1 0
9 2 0 1 0 1 0 0 1 0 0 3 1
10 2 0 0 2 0 0 1 0 –1 2 1 0
11 2 2 0 0 0 1 0 0 0 1 1 1
12 2 0 2 0 2 1 1 1 2 1 1 0
13 2 1 0 0 0 0 0 1 0 0 2 0
14 OFF SCALE 0 0 0 0 0 0 1 –1 0 0 0
15 0 0 –1 –1 0 0 0 1 0 0 1 0
16 1 1 –1 –1 1 0 0 1 1 1 0 0
17 OFF SCALE 1 OFF SCALE 0 0 0 0 1 1 0 2 0
18 2 0 1 0 0 0 1 0 0 0 2 0
19 1 0 1 0 0 0 0 0 0 0 1 0
20 2 0 0 0 0 1 0 1 0 0 2 0
21 –1 0 1 0 1 1 –1 0 0 1 2 0
22 OFF SCALE 0 1 0 2 0 0 0 0 0 2 1
23 OFF SCALE 1 2 0 0 0 0 0 0 0 2 0
24 2 0 1 1 0 0 2 0 0 1 1 0
25 0 0 0 0 2 0 1 4 1 0 1 0
26 2 0 0 0 OFF SCALE 0 1 0 –1 0 1 0
27 2 –1 0 2 1 2 1 1 0 0 2 0
28 2 1 1 0 0 0 0 0 0 0 2 1
29 3 0 0 0 1 0 0 0 0 0 2 0
30 2 0 0 0 0 0 1 0 1 0 0 0
31 3 0 0 0 0 0 1 1 0 0 2 0
32 4 0 1 0 0 0 1 1 0 0 1 0
33 2 1 0 1 0 0 1 1 4 0 1 0
34 0 –1 0 0 0 0 –1 1 0 0 0 0
35 –1 2 0 0 2 0 0 1 0 0 0 2
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hol, acetic acid or eucalyptol) pipetted and impregnated onto
the inside of a dust mask (Cromwell Tools, Leicester, UK).
Ethylmercaptan was not used in this way due to its unpleasant-
ness when used at strong concentration. This mask was then
held over the subject’s nose for 2 minutes, after which it was
safely discarded and the patient asked to return immediately to
the original room for re–testing of their thresholds for the same
odours in the same way as before. The order in which the
odours were presented was varied in a few of the subjects to
ensure that this did not have any effect on the results. The
before and after threshold values were then analysed using
paired Wilcoxon tests to allow for the non–normal distribution
of the data and 95% confidence intervals for the difference in
medians were calculated (Stata SE for Windows – Version 9.1,
Texas, USA). The odour was considered to have had a signifi-
cant effect on the threshold values if the 95% confidence inter-
val contained a difference of two or more logarithmic steps.
This was based on a preliminary study to look at the effect of
an empty mask placed over the nose on the thresholds derived
afterwards that showed variations of one logarithmic step either
side of the pre–mask threshold (Table 3).
RESULTS

The results, as displayed in Table 4, show that phenethyl alco-
hol (PEA) had no cross contamination effect on the other
odours tested, except for on PEA itself, which is the expected
effect of adaptation. The results with acetic acid (ACE) and
eucalyptol (EUC) were less clearly defined. There did not
appear to be an adaptation effect of EUC on itself, but there
was a possible effect of EUC on PEA, which would need a
greater number of subjects to clarify. With ACE this also
appeared to show a possible cross contamination effect on PEA
as well as having an adaptation effect on itself. However, as nei-
ther EUC nor ACE showed any significant threshold shift fol-
lowing supra–threshold PEA, any potential for cross contamina-
tion can be avoided by ensuring that PEA is the first odour to
be tested, and thus no time delay should be required between
the four threshold tests. When the order of odours presented
was reversed no significant cross–contamination was shown.

DISCUSSION
The results show that by testing first with phenethyl alcohol
there is no significant interaction between the four odours. It is
not surprising that being exposed to a strong odour leads to
adaptation to that same odour when tested afterwards and thus
alters the olfactory threshold achieved. Ideally a larger sample
size should be studied to clarify the effect of eucalyptol and
acetic acid on phenethyl alcohol, but this potential effect can
be avoided by testing the odours in the order phenethyl alco-
hol, ethylmercaptan, acetic acid and eucalyptol. Although
strong concentrations of the odours were used in the mask,
when the odours are tested under normal circumstance with
the olfactometer, lower concentrations are generally used to
determine thresholds (8,12,13). Evidence from an older study con-
firms that cross–adaptation only occurs with high concentra-
tions of odours (14).

Unlike other areas of otorhinolaryngology, such as with otol-
ogy and audiology, little attention is given to olfactory testing
in the UK. Therefore, there is a need for a cheap, quick, accu-
rate, repeatable test that can be performed in the clinic setting
to assess smell. By defining distinct odour groups for testing,
key odours can be targeted for olfactory assessments to min-
imise the number of odours for inclusion. The findings from
this study can now be utilised with the olfactometer being
developed in our centre (8,12,13) to provide a comprehensive
olfactory test battery for clinical purposes.

Previous studies by Carrie and Dawes on the smell map (15,16)

have looked at the similarity of odours in a relative fashion and
this has enabled a greater understanding of certain odour
groups, although this is by no means definitive. Classically
odours have been categorised into various groups, dating back
to the botanist Linnaeus who cited camphoraceous, musky,
floral, peppermint, ethereal, pungent and putrid as the groups
for odour classification in the 1700s (17).
Work by Pierce et al. on odour interaction between
androstenone and 5 similar compounds, found a cross adapta-

Table 3a. Olfactory threshold shifts using a blank mask.
Odour Subject Mean SD Min–Max

Number
PEA 101 –0.1 0.46 –2, 1
MER 101 –0.2 0.56 –3, 1
ACE 101 –0.1 0.37 –2, 1
EUC 101 –0.1 0.47 –3, 1

Table 3b. T–test analysis.
Odour Subject Mean p–value 95% CI

Number difference
PEA 101 –0.10 0.0323 –0.19 to –0.01
MER 101 –0.23 0.0001 –0.34 to –0.12
ACE 101 –0.08 0.0318 –0.15 to –0.01
EUC 101 –0.11 0.0210 –0.20 to –0.02

Table 4. Results of Paired Wilcoxon Tests for Threshold Shifts.
Odour in Odour p–value 95% Cross
mask tested confidence contamination 

interval effect
PEA <0.0001 –3 to –2 yes

PEA MER 0.02246 –2 to 0 no
ACE 0.002808 –1.5 to –1 no
EUC 0.3438 –2 to –1 no
PEA 0.000488 –3 to –1 unclear

EUC MER 0.0153 –2 to –1 no
ACE 0.006531 –1.5 to –1 no
EUC <0.0001 –1.5 to –1 no
PEA 0.03125 –2.5 to –1 unclear

ACE MER 0.003906 –2 to –1 no
ACE <0.0001 –2.5 to –1 unclear
EUC 0.3125 –2 to –1 no
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tion effect where there is a decrease in sensitivity to one odour
after exposure to a different odour. This occurred with odour
similarity, both perceptual and structural. This cross adaptation
effect was even seen on an odour following exposure to a simi-
larly structured but odourless compound. However further
testing found cross adaptation effects with both perceptually
and structurally different compounds, thus emphasizing the
difficulties in predicting odour to odour interaction (18). Other
studies have observed significant psychological aspects to the
perception of odour intensity and familiarity (19,20). The cross–
adaptation effect of dimethyl disulfide and hydrogen sulfide
after exposure to mixtures of the compounds was found in
work by Berglund and Engen to be small (21).

CONCLUSIONS
The odours phenethyl alcohol, ethylmercaptan, acetic acid and
eucalyptol can be recommended for olfactory threshold testing
and are useful in the clinical setting for their range across the
olfactory spectrum, their importance (ethylmercaptan repre-
senting a household gas odour and a potential hazard), and
their familiarity. The appropriate order of presentation should
be phenethyl alcohol, ethylmercaptan, acetic acid and eucalyp-
tol, to avoid a theoretical cross contamination effect when test-
ed at threshold levels.

REFERENCES
1. Hummel T, Nordin S. Olfactory disorders and their consequences

for quality of life. Acta Oto Laryngologica. 2005; 125: 116–121.
2. Landis BN, Hummel T, Hugentobler M, Giger R, Lacroix JS.

Ratings of overall olfactory function. Chem Senses. 2003; 28: 691–
694.

3. Wysocki CJ, Gilbert AN. National Geographic Smell Survey.
Effects of age are heterogenous. Annals of the New York
Academy of Sciences. 1989; 561: 12–28.

4. Doty RL, Shaman P, Dann M. Development of the University of
Pennsylvania Smell Identification Test: a standardized microen-
capsulated test of olfactory function. Physiology & Behavior. 1984;
32: 489–502.

5. Doty RL, Shaman P, Kimmelman CP, Dann MS. University of
Pennsylvania Smell Identification Test: a rapid quantitative olfac-
tory function test for the clinic. Laryngoscope. 1984; 94: 176–178.

6. Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G. ‘Sniffin’
sticks’: olfactory performance assessed by the combined testing of
odor identification, odor discrimination and olfactory threshold.
Chem Senses. 1997; 22: 39–52.

7. Robson AK, Woollons AC, Ryan J, Horrocks C, Williams S,
Dawes PJ. Validation of the combined olfactory test. Clin
Otolaryngol Allied Sci. 1996; 21: 512–518.

8. Philpott C, Goodenough P, Robertson A, Passant C, Murty G.
The effect of temperature, humidity and peak inspiratory nasal
flow on olfactory thresholds. Clin Otolaryngol Allied Sci. 2004; 29:
24–31.

9. Philpott C, Goodenough P, Wolstenholme C, Murty G. What sol-
vent for olfactory testing? Clin Otolaryngol Allied Sci. 2004; 29:
667–671.

10. Wudarski TJ, Doty RL. Comparison of detection threshold values
determined using glass sniff bottles and plastic squeeze bottles.
Perceptual & Motor Skills. 2004; 98: 192–196.

11. Amoore JE, Ollman BG. Practical test kits for quantitatively evalu-
ating the sense of smell. Rhinology. 1983; 21: 49–54.

12. Philpott C, Wolstenholme C, Goodenough P, Clark A, Murty G.
A comparison of subjective perception with objective measure-
ment of olfaction. Otolaryngol Head Neck Surg. 2006; 134: 488–
490.

13. Philpott C, Wolstenholme C, Goodenough P, Clark A, Murty G.
Which variables matter in smell tests in the clinic? J Laryngol
Otol. 2007; 121: 952–956.

14. Berglund B, Engen T. A comparison of self–adaptation and cross–
adaptation to odorants presented singly and in mixtures.
Perception. 1993; 22: 103–111.

15. Carrie S, Scannell JW, Dawes PJ. The smell map: is there a com-
monality of odour perception? Clin Otolaryngol Allied Sci. 1999;
24: 184–189.

16. Dawes PJ, Dawes MT, Williams SM. The smell map: commonali-
ty of odour perception confirmed. Clin Otolaryngol. 2004; 29: 648–
654.

17. Weinstock J. Contemporary Perspectives on Linnaeus 1985.
18. Pierce JD, Jr., Wysocki CJ, Aronov EV, Webb JB, Boden RM.

The role of perceptual and structural similarity in cross–adapta-
tion. Chem Senses. 1996; 21: 223–237.

19. Distel H, Hudson R. Judgement of odor intensity is influenced by
subjects’ knowledge of the odor source. Chem Senses. 2001; 26:
247–251.

20. Cain WS, Schiet FT, Olsson MJ, de Wijk RA. Comparison of
models of odor interaction. Chemical Senses. 1995; 20: 625–637.

21. Berglund B, Berglund U, Lindvall T. Olfactory self– and cross–
adaptation: effects of time of adaptation on perceived odour inten-
sity. Sens Processes. 1978; 2: 191–197.

Julian A Gaskin MBChB MRCSEd DOHNS
Department of Otorhinolaryngology
University Hospitals of Leicester NHS Trust
Leicester Royal Infirmary
Infirmary Square
Leicester LE1 5WW
United Kingdom

Tel. +44(0)–116–258 5643 
Fax. +44(0)–116–258 6082
E–mail: julesgaskin@hotmail.com




