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Impaired odor perception in tank cleaners
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AHLSTROM R, BERGLUND B, BERGLUND U, LINDVALL T, WENNBERG A. Impaired odor
perception in tank cleaners. Scand J Work Environ Health 12 (1986) 574—581. The olfactory perception
of 20 men (tank cleaners) exposed to petroleum products (while cleaning oil tanks) was examined. Office
workers and watchmen were used as referents (N = 20 + 20). They were matched with regard to sex, age,
and smoking habits. Odor detection thresholds and the perceived odor intensity of four odorous stimuli,
pyridine, dimethyl disulfide (DMDS), n-butanol, and heating oil vapor (gas phase of heating oil heated
to +40°C), were determined. The results suggested that the tank cleaners had higher absolute odor thresh-
olds for n-butanol and oil vapor than the referents. The psychophysical function of the tank cleaners
and referents differed for all the tested substances in respect to odor intensity. The tank cleaners displayed
an odor deficit analogous to the hearing loss known as ‘‘loudness recruitment,’’ ie, normal perception
of strong stimuli but impaired perception of weak stimuli. This odor deficit was therefore named ‘‘odor
intensity recruitment’” and seems, in tank cleaners, to be associated with occupational exposure to oil
vapor.
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Both aliphatic and cyclic hydrocarbons may have
neurotoxic effects. Those effects, as exerted by organic
solvents with neurotoxic properties known since the
middle of the last century, have been the subject of
extensive study in recent years. The early literature con-
tains a great many accounts of chronic symptoms in-
dicative of more or less permanent damage to the ner-
vous system (18). One latter-day study involved a
comprehensive investigation of the effects on the ner-
vous system of car and industrial spray painters as a
result of long-term exposure to relatively low concen-
trations of solvent mixtures (8). It revealed effects on
a number of functions, effects pointing to involvement
of both the central and peripheral nervous systems.

When air containing solvent is inhaled, the respira-
tory mucosa is continuously exposed to a relatively
large amount of solvent. This solvent is resorbed to
some extent, mainly in the lungs, but even in other
parts of the respiratory mucosa. The nasal part of this
mucosa contains cells (olfactory cells) with the same
structure and basic function as cells in the nervous
system.
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The distribution of solvent in the body depends to
some extent on the air: blood distribution coefficient
(about 10) and the corresponding coefficient for blood
and other organs. For example, the blood: brain dis-
tribution coefficient is 3 (17). So the solvent concen-
tration may be about 30 times higher in the brain than
in the air inhaled by the exposed subject. However,
a long period of exposure is required if this is to be
the case, and equilibrium ultimately ensues. Olfactory
receptor cells are affected by a high concentration right
from the first breath, so they must be regarded as a"~
vulnerable part of the nervous system, even if solvent
concentration in the brain could be higher, in theory,
under certain conditions.

Studies on rat have shown that olfactory exposure
to a low concentration of a number of substances in
an otherwise odor-deficient environment leads to
morphological degeneration of the brain’s olfactory
bulb (5, 14, 20). The sensitivity of the experimental
animals to substances to which they were exposed was
not impaired. But sensitivity to other, but similar, sub-
stances to which they had not been exposed was de-
pressed. This effect has been interpreted as a result of
sensory deprivation rather than that of overexposure,
ie, understimulation in terms of odors in the environ-
ment of the experimental animals in this instance. On
the basis of this assumption, we felt that a study of
the sense of smell of people occupationally exposed
to organic solvent vapor might be of some interest.

Ekblom and co-workers (7) applied a similar rea-
soning in their studies on the effects on the sense of
smell of frogs after exposure to organic solvents. They
studied the effects of toluene, styrene, xylene, tri-
chloroethylene and white spirit. The exposures were
rather brief (maximum 90 min) and of rather high con-



centrations, up to more than 20 times the occupational
exposure limit. They found clear damage to the olfac-
tory cells for several of the mentioned solvents. These
results are of course not applicable to humans exposed
long term during their daily work. However, they
clearly indicate that the olfactory cells might be sensi-
tive to solvent exposure and motivate further studies
on workers exposed to solvent vapors.

After a number of spontaneous complaints about
an impaired sense of smell had been made by people
whose work involved cleaning oil tanks, we decided
that a study of the sense of smell of a group of sub-
jects from this occupational category was warranted.
For a general survey of previous studies of the sense
of smell, see the report of Engen & Mair (11).

Subjects and methods

Examined groups

A group of 20 men from 26 to 62 years of age who
were employed by decontamination companies in the
Stockholm area were selected for the study. Their work
entailed removing sludge at the bottom of oil tanks
and subsequently cleaning the tank interiors. The
sludge consists of oil, slurry, and water condensate.
The heavy oil in oil tanks is heated with heating coils,
so the air temperature in tanks often rises to uncom-
fortable levels. Walls, beams, and stanchions are
scraped with simple hand scrapers, and the viscous,
watery residue on the floor is scraped over to a suc-
tion hose with large, long-handled scrapers. This work
is physically strenuous and causes breathlessness and
high energy consumption. The emptying and cleaning
of a tank takes one-half to two days, depending on
the tank size. Breaks are taken when required, usual-
ly when the heat becomes too uncomfortable, but
sometimes because of dizziness, nausea, or finger
tingling, ie, symptoms which may be due to the acute
effect of solvent on the nervous system. During the
work, personal safety equipment was used, ie, cotton
overalls, rubber boots, and rubber gloves. A mask was
seldom used.

The selection criteria for the 20 tank cleaners were
(i) tank cleaning work for a total of at least two years
and (ii) at least one tank cleaning in the past six
months.

Two reference groups, each matched with the tank
cleaners with respect to sex, age (£ 2 years), and smok-
ing habits (smoker/nonsmoker), were recruited from
oil company officers and security guards. Each tank
cleaner participated in the olfactory tests on the same
day as his matched referent from reference group 1.

Before participating in the study, all the subjects
were presented an extensive questionnaire concerning
medical history (ie, head injury, drug consumption),
work conditions, and living habits. As no differences
were found in this respect between the groups, they
were considered comparable for this study.

Before each experimental session, the subjects were
asked about acute respiratory disorders (allergic or in-
fectious) in order to exclude conditions that may affect
odor perception.

Occupational hygiene measurements

The circumstances prevailing in exposure to hydrocar-
bons during tank cleaning work were studied from
measurements made with seven of the 20 subjects in
the exposed group. They carried out a total of 10 tank
cleanings (two small home tanks containing light fuel
oil and eight large industrial tanks containing heavy
oil. The effective cleaning time in the tanks was less
than 30 min in the home tanks and 33 to 72 min in
the large tanks.

The measurements were made with personal sam-
pling equipment. Vapor was collected in graphite tubes
from which it was subsequently extracted and analyzed
with an infrared spectrophotometer according to the
Swedish standard (4).

Table 1 shows that hydrocarbon concentrations were
higher in the cleaning of heavy-oil industrial tanks than
in the cleaning of home-fuel oil tanks. The difference
was probably due to the fact that heavy oil, which is
highly viscous at room temperature, must be handled
in a heated state and is thereby vaporized to a greater
extent. The time consumed in cleaning heavy-oil tanks
was also longer than for the home-oil tanks, not mere-
ly because the former were larger but also because the
higher temperature reduced work capacity and made
the insertion of brief pauses necessary.

There are no occupational standards for heating oils
in the Swedish list of occupational standards (24). That
for n-decane can serve as guidance however. It has a
limit value of 500 mg/m?® and a maximum allowable
concentration of 625 mg/m?. Fuel oils largely consist
of paraffin hydrocarbons. The heavy oil used for the
olfactometric tests in this study probably contained
hydrocarbons in the C13—C18 interval.

Table 1. Exposure to hydrocarbons during the cleaning of
tanks containing different types of fuel oils — Time-weighted
values.

. Hydrocarbon Sampling
::uelaoul content Tem{;ceé?ture duration
ype (mgim?) (min)®
1 285 21 25
1 255 16 29
3 720 35 61
3 1600 32 59
4 705 34 59
4 1615 43 45
4 250 32 33
4 440 36 72
4 240 36 55
4 395 36 49

W

Type according to Swedish standard (type 1 = light heating
fuel used for small houses, types 3 and 4 = heavy oil used
for factories)

® The number of samples per sampling session = 2—4 (15—25
min per series).
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Odor perception measurements

The studies were conducted in a laboratory especially
designed for olfactory investigations (16). Its experi-
mental chamber was equipped with two exposure
hoods with openings for the subject’s nose and mouth.
The design of the hoods and the high rate of airflow
in them (100 I/min) made it possible for subjects to
take large sniffs without encountering perceptible re-
sistance.

All the subjects in the exposed and reference groups
were examined with respect to their ability to detect
odor (absolute odor threshold) and to scale odor in-
tensity (magnitude estimation). Four test odors (odor
stimuli) were used in the study.

Odor stimuli. The four test substances used in the study
were pyridine (Merck, analytical grade), n-butanol
(Merck, analytical grade), dimethy! disulfide (Merck,
analytical grade), and oil vapor (the gas phase of
heated heavy oil). They were selected on the basis of
their various properties as regards odor and assumed
effect on the nasal mucosa.

Pyridine and dimethy! disulfide have a disagreeable
odor. Pyridine is also an irritant; therefore it elicits
activity conducted via the trigeminal nerve (10), apart
from stimulating olfactory cells.

n-Butanol can be regarded as having a relatively
pleasant smell, at least at concentrations below the limit
value. Another reason for including n-butanol is that
it has been selected as a reference substance for the
standardization of odor intensity measurements (19).

We also wished to test a complex gas mixture which
was representative of gas encountered in oil tank en-
vironments and selected the vapor phase of heavy oil
from a heated experimental oil tank (size 3 m?, 50 %
filled with oil heated to +40°C). The vapor was as-

Table 2. Concentrations of odorous substances used in the
threshold and odor intensity determinations.2

Odorous substance

Step
number Pyridine g:g:ﬁftll:jyel n-Butanol  Qil vapor®b
1 4 4 10 2
2 8 8 20 4
3 12 12 30 5
4 16 16 40 8
5 24 24 60 21
6 64 64 160 45
7 160 160 400 105
8 431 431 1120 223
9 1145 1145 2 860 471
10 3026 3026 7 560 1000

2 The listed values are targets which were allowed to vary by
5 % at the most during the experiments. The values are
stated in parts per billion except for oil vapor, specified as
a promille amount of the strongest concentration (step 10),
representing a dilution factor of 66, ie, the number of times
the undiluted gas phase was diluted with pure air. Concen-
tration steps 1 to 10 were used in the threshold measure-
ments. Steps 5 to 10 were used for the odor intensity mea-
surements. .

Four persons with normal olfactory perception participated
in a pilot study in which the 10 concentration steps for oil
vapor were determined.

o
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sayed by gas chromatography (nonpolar glass capil-
lary column, temperature-programmed with 7°C/min
from 50 to 290°C, splitless injection for 1 min, flame
ionization detector) and the contents identified by
means of mass spectrometry. The most prominent
substances were aliphatic hydrocarbons in the
C13—C18 range.

Olfactometric system. A high concentration of pyri-
dine, dimethyl disulfide, or n-butanol was formed from
the blowing of charcoal-filtered air through a glass
flask (thermostate-regulated at + 30°C) containing one
of these substances. The different concentrations for
each substance were obtained with the aid of steel cap-
illaries of varying length and diameter through which
the gas mixture continuously passed to insure a con-
stant flow. For the sampling of oil vapor, charcoal-
filtered air (about 200 1/min) was blown over the sur-
face of the oil in the experimental tank. A portion of
the air-oil vapor produced in this manner was fed into
a glass vessel to which dosing capillaries were con-
nected.

By means of a system of magnetic valves, the gas
flow from one or more of the capillaries could be in-
jected into the continuous airflow of the exposure
hoods. One of the two hoods was used for the oil
vapors and the other for the three pure substances. The
different concentrations of the pure substances were
continuously monitored with the aid of a photo ion-
ization detector (AID Portable Organic Vapor Meter,
model 580).

Absolute odor thresholds. There are a number of meth-
ods for measuring odor thresholds (9, 16, 26). The
present study employed the method of limits with a
concentration series in up to ten steps. The concen-
trations were selected so that they covered a range from
a little less than the anticipated threshold up to a level
somewhat below the Swedish occupational standard.
For dimethyl disulfide and oil vapor, for which no oc-
cupational standards exist in Sweden, a reasonable ac-
ceptable level was chosen. The stimulus concentration
steps chosen for the experimental substances are listed
in table 2. Since the odor system compresses the signal
input, the interstimulus steps were increased with con-
centration. The choice of the final stimulus concen-
trations were guided by pilot tests. In the utilized ver-
sion of the limit method, each stimulus concentration
was presented paired with pure, odorless air (blanks).
The task of the subject was then to identify the pres-
entation with an odor (16). For each concentration
step, the subject had to judge whether or not the two
sequential presentations (odor/blank) smelled ‘‘alike”’
(“‘alike’” was also to be the judge when the two pres-
entations were found to lack any smell) or ‘‘different.”
If they were ‘‘different,”’ the subject was to report
““odor in the first’’ or ‘‘odor in the second’’ of the two
presentations. The paired stimulus presentations con-



sisted of odor/no odor pairs and no odor/no odor
pairs in random sequence. Each subject took part in
three presentation series for each odorous substance.

A series was terminated when the subject had re-
ported three correct answers in a row. The presenta-
tion sequence for the four test substances was ran-
domized in such a manner that each tank cleaner and
his two matched reference subjects received a sequence
unique to them. The subjects were instructed to take
one or two normal nasal inhalations during each stimu-
lus presentation.

The absolute threshold calculation was based upon
the proportion P of the subjects’ answers, P being de-
fined as the total number of correct answers (f)
minus the number of affirmative odor responses when
no odor was present, ie, false alarms (f,), in propor-
tion to the total number of available answers
(fe + fra):

p=de=lma o 100, equation 1
Je + Sea

The absolute group threshold was defined as the
stimulus concentration at which the group perceived
an odor in 50 % of the cases (P = 50), ie, effective
dose 50 (ED 50). This value was obtained by fitting
a straight line to the P values as a function of the
logarithm of the concentration. An interpolation at
P = 50 (Py,) gave the absolute threshold value.

Perceived odor intensity. The perceived odor intensity
was studied in relation to the stimulus intensity. This
relationship (the psychophysical function) can be ex-
pressed mathematically as a power function with the
equation:

R =c5", equation 2
in which R is the perceived intensity, S stands for the
corresponding stimulus intensity, ¢ is a multiplicative
constant reflecting the subject’s scale unit, and # is an
exponent, which is a measure of perceptual sensitivity,
that varies for different individuals. For most odorous
substances, this exponent is less than one, ie, perceived
odor intensity does not increase to the same extent as
stimulus intensity (1, 3). An important feature of the
power function is that it becomes rectilinear in a double

logarithmic coordinate system, ie,

log R =log ¢ + n log S. equation 3
The symbols are the same as in equation 2.

The method of free number magnitude estimation
(2, 23) was used in this experiment for measuring per-
ceived odor intensity. With this method subjects as-
sign numerical values to perceived odor intensities in
such a manner that the relationship between the nu-
merical values is equivalent to the relationship between
odor intensities. Six concentrations (steps 5—10 in ta-
ble 2) were selected as stimuli for each of the odorous
substances. The lowest of these was above but near
the absolute threshold, and the highest slightly below
the Swedish occupational exposure limit. In one pres-
entation sequence, all concentrations appeared ran-
domly before each of the six concentrations. Thus each
concentration was judged six times by a subject. The
rate of presentation was two per minute; therefore each
sequence lasted 15—20 min.

The presentation order of the test substances was
different for different subjects, but the same for an
exposed subject and his two matched referents. They
were also assigned the same unique presentation se-
quence.

Results

Absolute odor thresholds

The detection data obtained from the different sub-
jects were treated together in order to obtain one
threshold for the exposed and the two reference
groups. The group thresholds were corrected for guess-
ing by adjustment for false alarms according to equa-
tion 1. The values calculated in this way are presented
in table 3.

The tank cleaners displayed an impaired odor sen-
sitivity to both oil vapor and n-butanol in compari-
son to their referents. (See table 3.) However, there
was no difference in absolute threshold for dimethyl
disulfide and pyridine. The threshold values obtained
for pyridine, dimethyl disulfide, and n-butanol were
within the range of different published thresholds (22).
Oil vapor has not previously been studied in this re-
spect. It should be noted that even if the tank cleaners
in the present study displayed a higher n-butanol

Table 3. Absolute threshold values (at Ps) and length of the interquartile ranges (at P;5—Pys).2

Exposed group

Test substance

Reference group 1 Reference group 2

Pso P7s—P2s Pso P7s—Pas Pso P7s—Pas
Pyridine 45.6 64.9 43.4 93.1 38.9 53.8
Dimethyl disulfide 13.9 41.0 13.2 27.4 204 49.5
n-Butanol 74.6 288.3 50.5 122.3 452 94.8
Oil vapor 76.6 208.3 35.0 69.4 26.1 295

2 All values are stated in parts per billion except for those for oil vapor, which are given as the promille value of the strongest
concentration employed in the threshold determinations. See footnote a of table 1.

577



REF 1

REF 2
PYRIDINE

n-BUTANOL

OIL YAPOR

Tl

2 3

1.2 3 1 1 2 3
Figure 1. Absolute subgroup thresholds for the exposed (EXP)
and reference (REF 1 and REF 2} groups divided into subgroups
according to the duration of the exposure-free interval prior

to the olfactory test (1 = <1d,2=1—30d, and 3 = >30d)
(DMDS = dimethyi disulfide)

threshold than the referents, their threshold was still
within the normal range. Comparison with other
studies may be dubious, since the different methods
and olfactometers used may not produce comparable
results.

Subdividing the tank cleaners into three groups
enabled us to examine whether the elevated odor
threshold was related to the length of the period elaps-
ing between the latest exposure and the odor study.
The tank cleaners were therefore divided into the fol-
lowing three subgroups according to latest exposure
to oil vapors: (i) subjects exposed the day before the
olfactory test, (ii) subjects exposed 2—30 d before the
test, and (iii) those exposed more than 30 d before the
test (maximum length 432 d). The distribution of age,
smoking habits, and number of workdays per year
were relatively similar among the subgroups. (See table
4.) However, the total number of years in the profes-
sion was somewhat different.
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Figure 1 shows the absolute threshold values for the
three subgroups of tank cleaners and the correspond-
ing subgroups of referents. The recently exposed tank
cleaners (subgroup 1) displayed a higher threshold
value for all test substances than the other two sub-
groups. These results provide some support for the
view that the elevated absolute thresholds for the tank
cleaners might be an acute effect.

Perceived odor intensity

The perceived odor intensities were calculated as
medians of the 120 judgments for each stimulus con-
centration and group (six judgments per subject and
20 subjects per group). The median was chosen because
of the fairly large number of zero judgments, ie, when
subjects were unable to detect any odor even though
odor stimulus had been presented. In all but four cases
the number of zero judgments was less than 50 %. Be-
fore the group medians were calculated, the perceived
odor intensities for each subject were corrected ac-
cording to Lane et al (15), ie, the individual grand
means were transformed to the grand mean of the
group.

The odor intensity scale values (median) of the three
groups are shown in figure 2 for each test substance
as functions of the stimulus concentration, in log-log
coordinates. The figure shows that the psychophysi-
cal functions of the reference groups are power func-
tions, since the data fit well to straight lines in a log-
log coordinate system. On the other hand, the psycho-
physical functions of the tank cleaners are, for all test
substances, bisected. Their upper segments have slopes
which coincide with the power functions of the refer-
ents, whereas their lower segments display steeper
slopes. The straight lines in figure 2 are fitted to the
data by means of the method of least squares (25).

In figure 3 the number of zero judgments is shown
as a function of the stimulus concentration for the four
test substances. For all four the tank cleaners provided
a larger number of zero judgments than the referents
at the lowest concentrations. If the zero judgments are
excluded from the calculations of the perceived odor
intensity scales, the distortion of the psychophysical
function is still present in the data of the tank cleaners
for all four test substances.

Also for the odor intensity scales, the tank cleaners
were divided into the same three subgroups (according
to exposure-free days) as for the absolute thresholds.
(See table 4.) For pyridine and dimethyl disulfide dis-
torted psychophysical functions were found in sub-
group | and for n-butanol in subgroups 1 and 2. (See
figure 4.) For oil vapor, however, this was true for sub-
groups 2 and 3 but not for subgroup 1.

Discussion

The results of the present study suggest odor threshold
elevations for the exposed group, especially for oil
vapor and n-butanol. The psychophysical functions of
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Figure 2. Psychophysical relationships between perceived odor intensity (ME) and stimulus concentration [parts per biflion
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Table 4. Subdivision of the tank cleaner group with respect
to the time (in days) elapsing between the latest tank cleaning
and the olfactory test.

Subgroup 1 Subgroup 2 Subgroup 3

(N=7) (N=7) (N =86)
Number of
exposure-free days
Median 1 1 143
Range 1 2—30 31—432
Median age (years) 39 35 385
Median of the length
of employment as a
tank cleaner (years) 8 11.5 153
Number of smokers 3 3 3
PYRIDINE DMDS
Tog ME i . . . log ME .
2.0F ] 2.0
1.0 1.0
0.0F 0.0
-1.0f -1.0
-2.0t -2.0f
-3.0r - ) ] -3.0 3 ) B
0.5 1.5 2.5 3.5 0.5 1.5 2.5 3.5
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Figure 4. Psychophysical relationships between perceived odor
intensity (ME) and stimulus concentration [parts per billion
(ppb) or promille] for the tank cleaners divided into subgroups
according to the duration of their exposure-free interval prior
to the olfactory test. [DMDS = dimethyl disuifide, tri-
angles = subgroup 1 (<1 d), circles = subgroup 2 (1—30 d),
and squares = subgroup 3 (>30 d)]

the exposed group were distorted for all the test sub-
stances. The exposed subjects showed markedly lower
odor intensity values at the lowest stimulus concen-
trations than the referents (figure 2). Furthermore they
provided a larger number of zero judgments at the
lowest concentrations, and this finding indicates an
impaired odor sensitivity. It should be noted that, even
when the zero judgments are excluded from the cal-
culations of perceived odor intensity, the psychophysi-
cal functions of the exposed group still remain distorted
(bisected). Bisected psychophysical functions have
earlier been shown for subjects with certain types of
hearing damage and referred to as ‘‘loudness recruit-
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ment’’ (21). In analogy, we suggest the term ‘‘odor
intensity recruitment’’ for the demonstrated odor per-
ception impairment of the tank cleaners. It is impor-
tant to remember that a recruitment function may also
display patterns other than the bisected function illus-
trated in figure 2 (13). In the literature on hearing,
recruitment is commonly linked to elevated thresholds.
However, such a relationship was not consistently
found in this study, possibly due to large steps between
the concentrations used for the odor threshold deter-
minations.

The comparison with hearing impairment could also
be taken a step further. Hearing impairment can affect
different frequency ranges. The question then arises
as to whether odor intensity impairment displays a cor-
responding selectivity in respect to the odor spectrum,
the term ““spectrum’’ here referring to different types
of odors (odor qualities). A study of the entire odor
spectrum would obviously be of interest, but such a
task is presently not possible in practice. Doty et al
(6) has suggested a standardized test, incorporating dif-
ferent odors, for examining large parts of the odor
spectrum. A standardization of testing for clinical ap-
plication is currently in progress (University of Penn-
sylvania Scratch-n-Smell Identification Test). In the
future, it could be used for elucidating the spectral dis-
tribution of an olfactory deficiency.

The fact that we found a deficit in odor perception
in the exposed group for all the tested substances points
to a general system effect rather than to a specific
receptor effect. This general effect could be restricted
to the nasal mucosa, but it may also involve other parts
of the nervous system, either in the olfactory part, at
a central level, or in other associated parts of the cen-
tral nervous system. Such a central effect might fol-
low a pulmonary uptake of the oil vapor.

Morphological studies of the sense of smell in rats
have disclosed that olfactory receptor neurons are nor-
mally subject to continuous renewal. The renewal time
and life time of these neurons have been found to be
15—20 d and 30 d, respectively (12). Thus the sense
of smell differs from other parts of the nervous sys-
tem, where no neuronal renewal is known. If a simi-
lar renewal prevails in humans, it might interfere with
the interpretation of the present findings, both con-
cerning the question of chronic or acute effects and
their location in the nervous system. Even if a part of
our findings could be explained by acute effects, the
possibility of odor intensity recruitment becoming
chronic over a long period of time should not be
ignored.

One interesting finding is that, for oil vapor, an odor
intensity recruitment was likely in subgroups 2 and 3
(no occupational exposure to oil vapors during the last
24 h) but not subgroup 1, which was exposed on the
day before the olfactometric test. This finding indi-
cates that the odor intensity recruitment might be a
permanent effect that can be disguised by normal sen-
sory adaptation to acute exposure.



Conclusions

The experimental results suggest that the exposed
group (tank cleaners) had higher odor thresholds than
the reference groups for n-butanol and oil vapor and
displayed an impaired odor sensitivity for all four test
substances (pyridine, dimethyl disulfide, n-butanol,
and oil vapor) in the form of ‘“‘odor intensity recruit-
ment.”’

It should be noted that the largest differences in
olfactory sensitivity between tank cleaners and refer-
ents were found for oil vapor. This finding supports
the suspicion that prolonged occupational exposure to
oil vapor is accompanied by adverse effects on odor
perception.

The odor perception deficits demonstrated among
the tank cleaners seem to be wholly or partially acute
(ie, transient) since they in general were most salient
among those tank cleaners occupationally exposed to
oil vapor within the last 24 h.
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