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Objectives   This study explored the subjective reactions and psychological test performance of smell-intolerant
subjects during consecutive challenges to chemicals with contrasting neurotoxic properties.
Methods   Women with symptoms compatible with multiple chemical sensitivity (N=10) and healthy referents
(N=20) were individually challenged in an exposure chamber. All the subjects attended two separate 2-hour
sessions of exposure to n-butyl acetate and toluene, in counterbalanced sequence. After an initial phase without
exposure, air concentrations were increased in steps ranging from 3.6 to 57 mg/m3 for n-butyl acetate and from
11 to 180 mg/m3 for toluene. The response measures comprised ratings of annoyance and smell intensity and also
neurobehavioral test performance.
Results   Both groups showed an increase in annoyance ratings and a decrease in test performance in the initial
unexposed chamber phase and also in the first phase of the chemical exposure, these results indicating slight
immediate expectancy or “suggestion” effects. During the six chamber phases, the ratings of mucous membrane
irritation and fatigue showed a steeper increase in the group with multiple chemical sensitivity than among the
referents, while the ratings of smell intensity and smell annoyance were similar in the two groups. A reduction in
test performance was observed during the chamber phases, particularly in the group with multiple chemical
sensitivity. No relation was found between the ratings or performance and chemical substance.
Conclusions   Stronger immediate expectancy or “suggestion” reactions than normal did not characterize the
group with multiple chemical sensitivity. This group showed a stronger than normal gradual build-up of fatigue,
mucous membrane irritation, and reduced performance during chemical exposure. The results offer the most
support to an irritative basis for multiple chemical sensitivity.
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Multiple chemical sensitivity, also known as idiopathic
environmental intolerance, is a condition of acquired in-
tolerance to a broad range of chemical smells. The un-
derlying mechanisms are still not agreed upon; several
competing explanations exist. The negligible previous
exposure to neurotoxins found in most cases of this con-
dition does not fit a traditional neurotoxic explanation,
nor has it been possible to demonstrate a traditional res-
piratory disorder, allergy mediated by immunoglobulin
E, or other immune system dysregulation or dysfunc-
tion in relation to multiple chemical sensitivity (1). Cur-
rent evidence points to a significant psychogenic com-

ponent or, possibly, to a combination of psychological,
psychophysiological, and neurobiological factors (2–4).

One way of studying this controversial condition is
through experimental chemical provocation (5–6). We
have previously developed a method for studying intol-
erance to chemical smells commonly observed in cases
of chronic toxic encephalopathy after long-term solvent
exposure. The toxic encephalopathy group showed a
reproducible pattern of elevated annoyance reactions
during chemical challenge, but without a parallel decline
in psychological performance tests (7–8). In our present
study, we applied the same provocation method to a
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group of patients with multiple chemical sensitivity,
with the aim of exploring self-ratings of smell intensity
and annoyance, as well as psychological test perform-
ance. Specifically, we addressed the issue of whether
multiple chemical sensitivity would show a discrepant
and unique pattern of reactions when compared with
toxic encephalopathy.

Subjects and methods

Subjects

The group with multiple chemical sensitivity was com-
prised of patients with chronic subjective intolerance
reactions to chemical smells, symptoms for which they
were being assessed at the departments of occupational
and environmental medicine, in the university hospitals
of Malmö and Lund, Sweden. Subjects with a history
of long-term chemical exposure of neurotoxic signifi-
cance were not included in this group. Patients with a
traditional allergic reaction or medical or psychiatric
disease, possible explanations for the main symptoms,
were not included either. Further criteria for inclusion
were intolerance to a multitude of chemical smells,
symptoms elicited by very low but identifiable concen-
trations of chemical odors, and symptoms commonly
associated with fatigue and exhaustion (eg, headache
and dizziness) or of a multisystem type. Thus the ag-
gregated criteria roughly fit the mainstream of case def-
initions applied in current research in the United States
(9–11), as well as the suggestions of a workshop held
by the World Health Organization (12). During a 5-year
period, 26 patients were referred to the clinic for sus-
pected multiple chemical sensitivity. Two persons de-
clined participation. Of the 24 patients examined, 5 did
not fulfill the criteria specified for multiple chemical
sensitivity, and 2 were immigrants lacking the language
skills necessary to understand questionnaires in Swed-
ish. Of the 17 eligible patients, 14 agreed to participate
in the challenges, and 13 of the 14 completed both chal-
lenges. As gender is known to be a strong determinant
of self-rated annoyance (13), in order to simplify sub-
sequent analyses, only the data of the female patients
(N=10) have been included in this report. (See the Dis-
cussion.) Their mean age was 47 (SD 6) years, and their
mean education was 11.1 (SD 2.4) years. Each subject
with multiple chemical sensitivity was matched for gen-
der, age, and level of education with two referents drawn
from a pool of 102 female referents (14). The patient
group has been described in more detail in previous
studies of mental distress, personality, and neuropsycho-
logical functioning (14, 15).

Shortly before the challenge, all the subjects under-
went a comprehensive medical work-up to ensure the

absence of any other significant disease. The work-up
was supplemented by health checks on the days of the
exposure challenges. No temporary illness, not even a
common cold, was permitted during the 2-week period
preceding the chamber challenges. The olfactory thresh-
old had been quantitatively assessed months prior to the
chamber challenge, through a procedure slightly modi-
fied from the one described by the Connecticut Chemo-
sensory Clinical Research Center (16). N-butanol was
used as the test odorant. The test proved all 30 subjects
to be normosmic. Immediately after each exposure ses-
sion, the olfactory thresholds were rechecked. Slight
hyposmia was only detected for one subject in the ref-
erence group, and only after the second session (tolu-
ene). A supplementary qualitative check of olfactory
function was also performed immediately before each
challenge, using cocoa, coffee, peppermint oil, and n-
amyl acetate (smells of banana). This procedure showed
normal smell discrimination for all the subjects. The
subjects were informed that all the exposures were be-
low the current Swedish occupational exposure limits,
and they were told about the total duration of the ses-
sions. Details of the exposure design, such as the number
or names of substances, were not disclosed until all the
subjects had completed both sessions. The study was
approved by the Ethics Committee of Lund University
(LU 145–98, LU 236–94).

Challenge design

The exposure chamber had a volume of 2.15 m3 (1.03 ×
1.03 × 2.03 m). It had three walls of painted concrete
and a glass front door. By a constant flow of air through
a three-headed vessel containing the chemical, heat-
ed to a constant temperature, a stable primary air
concentration was generated. By using a combina-
tion of valves, the primary mixture could be diluted with
additional air to permit instantaneous alterations of the
concentration. This mixture was led to a box below the
chamber floor, containing winding channels, in order to
create a final homogeneous mixture of room air and the
chemical, entering the chamber through a 20-mm wide
slot along the entire rear side of the chamber. A slot
(0.57 × 0.06 m) in the center of the ceiling provided an
outlet. The mixture was drawn into the chamber by the
principle of underpressure, using a distantly placed fan
connected to the outlet. The turnover rate was 96/hour,
corresponding to a mean air velocity in the chamber of
0.05 m/s. The mean chamber temperature during the ses-
sions varied between 19.6 and 24.5°C. The air concen-
tration of the chemical was continuously monitored with
an infrared spectrophotometer (Miran 1-A, Wilks
Scientific Corp, South Norwalk, CN, USA) with the
sampling nozzle in the approximate lateral center of the
chamber, 0.4 meters below the ceiling.
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The basic experimental design has been described
previously (7, 8). The only modification concerned the
application of lower exposure levels for one of the sub-
stances, n-butyl acetate. Each subject completed two
challenge sessions, one with exposure to n-butyl ace-
tate and the other to toluene. The sessions were coun-
terbalanced within the groups with respect to time of day
(morning-afternoon), substance sequence, and test lead-
er. The two sessions were scheduled 7 days apart at the
same time of day. Each challenge session was divided
into eight consecutive phases (figure 1). The first phase
was a “prechamber phase” in normal air outside the
chamber, followed by a “zero phase” in normal air in-
side the chamber. Next came a series of five phases with
chemical exposure at increasing levels. The stepwise
increase in the exposure levels served to counteract sen-
sory adaptation effects. The final phase was without
chemical exposure and served to acclimatize the sub-
ject to normal room air (data not presented). Exposure
to n-butyl acetate started at 0.75 ppm (3.6 mg/m3) and
followed a geometric progression scale with a ratio of
two up to 12 ppm (57 mg/m3). Toluene exposure started
at 3 ppm (11 mg/m3) and followed a geometric progres-
sion scale with a ratio of two up to 48 ppm (180 mg/m3).
The duration of the chamber phases was 20 minutes at
0 (zero) ppm, 10 minutes at 0.75 ppm for n-butyl ace-
tate (or 3 ppm for toluene), 10 minutes at 1.5 ppm for
(or 6 ppm for toluene), 20 minutes at 3 ppm for n-butyl
acetate  (or 12 ppm for toluene), 10 minutes at 6 ppm
for n-butyl acetate (or 24 ppm for toluene), 20 minutes
at 12 ppm for n-butyl acetate (or 48 ppm for toluene),
and finally 10 minures at 0 ppm. Typically, the air con-
centration stabilized within 4 minutes after each increase
and varied less than 10% at each exposure level.

Challenge response

In the chamber the subject was seated comfortably in
front of a small tabletop, facing the glass door. The rat-
ing scales and reaction-time tests were presented on an
outside 17-inch visual display unit (VDU) visible
through the glass door, and they were responded to on
a simplified keyboard. Identical equipment outside the
chamber served to familiarize the subjects with the re-
sponse procedures and to collect baseline data in the
prechamber phase.

During each phase the subject rated smell intensity
and several annoyance and irritation items. The admin-
istration was carried out with the programmable mod-
ules of The Automated Psychological Test System
(APT) (17). Smell intensity was rated according to a sev-
en-step Likert scale as none, very weak, weak, distinct,
strong, very strong, or extremely strong (18). All the oth-
er questions were rated on visual analogue scales (range
0–100). Smell annoyance was analyzed separately.
Due to the high intercorrelations between the remain-
ing items, they were categorized into three indices. The
items for irritation of eyes, mouth or throat, and nose
were averaged to give an index of mucous membrane
irritation. Ratings of drowsiness, headache, and concen-
tration difficulties were averaged to give a fatigue in-
dex. Disturbances caused by other, nonsmell-related fac-
tors (ie, light, temperature, humidity, draft, and sound
level) were averaged to give an environmental annoy-
ance index.

The following three psychological performance tests
were given during each of four phases, the prechamber
phase, the zero phase, the fifth phase (3 ppm of n-butyl
acetate or 12 ppm of toluene), and the seventh phase
(12 ppm of n-butyl acetate or 48 ppm of toluene):

1. The digit symbol test of the Wechsler Adult Intelli-
gence Scale – Revised (WAIS-R) (19). For the
present  study, four parallel versions with different
digit-symbol key combinations were used.

2. The APT two-way reaction-time test (RT2). The
stimuli were white squares shown on the left or right
side of the visual display unit, and the responses were
given with either of two corresponding keys. The in
dividual results were expressed in terms of level (the
mean of the 50 reaction-time responses) and varia
tion (the standard deviation of the 50 reaction-time
responses).

3. The APT inhibition test (RT-inhib). This test is based
on the RT2 test, but visual stimuli are accompanied
by a simultaneous strong auditory signal occurring
at random intervals (ratio 0.50). The subject was in
structed to inhibit the habitual response if the audi-
tory signal appeared. The individual results were

Figure 1. Phase duration and exposure levels during an exposure
session with n-butyl acetate (exposure schedule excluding the delay
during exposure increase and decrease). The exposure levels of
toluene were four times higher.

Prechamber
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expressed as for RT2, with the addition of an error
ratio (false hits).

Operationalizations of the hypotheses

Several issues were addressed. First, expectancy or sug-
gestion effects evoked by merely entering the chamber
environment were studied by comparing the ratings and
test performances in the two initial phases without
chemical exposure, that is, the prechamber and zero
phase.

Second, sensory-triggered strong immediate reac-
tions were studied by comparing the increments in the
ratings from the zero phase to the first true exposure
phase. As this phase involves a very low air concentra-
tion of chemicals, it was unlikely to provoke annoyance
or reduce the performance of healthy subjects, while, at
the same time, resembling an everyday exposure situa-
tion that hypersensitive subjects typically describe as
eliciting strong immediate reactions.

Third, dose-effect relationships were studied. For
annoyance and intensity, the persons’ slopes of increas-
ing ratings across all the chamber phases were used. For
the performance tests, the scores from the three cham-
ber phases in which the tests were given were exam-
ined (phases 2, 5, and 7).

Fourth, a dimension of neurotoxicity was studied. To
explore the possibility of a hypersensitivity of genuine
neurotoxic origin, the subjects were exposed to the very
faintly neurotoxic substance n-butyl acetate and the po-
tent neurotoxicant toluene on two separate occasions.
Toluene exposure was kept below the known thresholds
for acute neurotoxic effects among healthy subjects. If
the annoyance reactions of our patients were related to
a genuine hypersensitivity to neurotoxins, a higher ef-
fect should have been found with toluene.

Fifth, session effects were studied (first versus sec-
ond chamber session), to address the possibility of a dif-
ferent pattern of adaptation to the chamber challenges
among our patients.

Data analysis

Data were analyzed with SPSS 10.0 for Windows (20).
The four reaction-time variables were logarithmically
transformed to comply with normality assumptions. All
the data were analyzed with the SPSS general linear
models repeated-measures analysis. A univariate full
factorial four-way balanced model was used (ie, includ-
ing all higher-order interactions, with type III sums of
squares). The standard analysis model included the
terms group (patients with multiple chemical sensitivi-
ty, referents) and exposure sequence (toluene then n-
butyl acetate versus n-butyl acetate then toluene) as

between-subject factors, and substance (n-butyl acetate,
toluene) and phase (prechamber, zero, 12 ppm, and 48
ppm) as within-subject factors. This standard model was
used in the analysis of test performance across chamber
phases 2, 5 and 7. In the analyses of the ratings and per-
formance tests in the initial phases without chemical
exposure, the terms substance and exposure sequence
were replaced by session (first versus second) to give a
simpler three-way model. Preliminary analyses of rat-
ings across all phases using the standard model revealed
strong increases across all five rating scales or indices
in both groups. To focus the analysis on the persons’
patterns of increase for the ratings during the challenge
to the chemicals, irrespective of baseline differences, the
gradient of increasing ratings (ie, the slope steepness)
was chosen as the most relevant dimension to study.
Thus each subject’s increase in the ratings across the
chamber phases (ie, from the zero phase through the five
steps of the geometric exposure increase) was examined
with the “curve estimation” module of SPSS. This pro-
cedure showed that a linear regression equation provid-
ed the best fit for the individual rating slopes across the
six chamber phases (with few exceptions highly statis-
tically significant individual fits). Since the chamber
phases were coded 1 to 6 and the exposure level in-
creased geometrically, the resulting linear regression
corresponded to an approximated log-linear function.
Thus the slope steepness for each subject and substance
was summarized in the beta coefficient. This procedure
gave a three-way repeated-measures model, with group
as the between-subjects factor and exposure sequence
and substance as the within-subjects factors. The same
three-way model was used to study sensory-triggered
strong immediate reactions in the first phase of the
chemical exposure, but beta was replaced with the per-
son’s rating increments from the preceding zero phase.
Where appropriate, Greenhouse-Geisser-corrected re-
sults have been reported. In cases in which a statistical-
ly significant interaction of factors appeared in the re-
peated-measures analysis, t-tests (paired or independent
due to the nature of the data) were used for further in-
vestigations. Statistical significance was assumed at an
alpha level of P=0.05.

Results

Ratings scales

Prechamber and zero phases. See table 1 and figures 2–
5 for detailed information on the prechamber and zero
phases. The smell intensity ratings were stable across
the phases, sessions, and groups. The smell annoyance
ratings showed an effect of phase, increasing slightly
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Table 1. Intensity and annoyance ratings during the initial phases of the study with no chemical exposure and the  results of the repeated
measures analyses.

Referents (N=20) Patients (N=10) P-values

Session 1 Session 2 Session 1 Session 2 Within subjects

Mean      SD Mean     SD Mean     SD Mean       SD Phase Session

Smell intensity (1–7)
Prechamber phase 1.4 0.7 1.3 0.4 1.5 0.8 1.3 0.7 0.08 0.44 0.15 None
Zero phase 1.5 0.9 1.3 0.6 1.8 1.1 1.9 0.9

Smell annoyance (0–100)
Prechamber phase 7.2 14.6 5.4 14.3 9.6 16.2 5.2 12.5 0.01 0.19 0.37 None
Zero phase 9.2 19.1 11.6 19.0 22.8 26.4 16.6 22.0

Mucous membrane irritation (0–100)
Prechamber phase 13.0 15.2 8.7 11.6 30.2 22.6 22.3 22.8 0.02 0.03 0.01 None
Zero phase 17.2 19.2 12.0 16.8 35.9 23.3 31.7 27.7

Fatigue (0–100)
Prechamber phase 7.3 10.4 7.4 13.3 15.6 16.6 25.5 24.6 0.10 0.11 0.04 None
Zero phase 11.2 17.8 12.5 17.5 22.6 22.7 25.5 24.1

Environmental annoyance (0–100)
Prechamber phase 9.9 13.2 8.4 13.5 16.0 21.7 16.3 23.9 <0.001 0.50 0.16 None
Zero phase 19.6 a 19.3 16.0 b 18.0 30.0 a 23.2 28.9 b 25.1

a P ≤ 0.05, posthoc t-test; prechamber phase compared with zero phase.
b P ≤ 0.005, posthoc t-test; prechamber phase compared with zero phase.

Between Interactions
subjects with P-value

< 0.05

Figure 4. Ratings (medians) for mucous membrane irritation on a
visual analogue scale during rising levels of exposure to n-butyl
acetate (solid lines) and toluene (broken lines) for the subjects with
multiple chemical sensitivity (triangles) and the referents (squares).

Figure 2. Smell intensity ratings (medians) during rising levels of
exposure to n-butyl acetate (solid lines) and toluene (broken lines) for
the subjects with multiple chemical sensitivity (triangles) and the
referents (squares).

Figure 5. Ratings (medians) for fatigue on a visual analogue scale
during rising levels of exposure to n-butyl acetate (solid lines) and
toluene (broken lines) for the subjects with multiple chemical sensitiv-
ity (triangles) and the referents (squares).

Figure 3. Smell annoyance ratings (medians) on a visual analogue
scale during rising levels of exposure to n-butyl acetate (solid lines)
and toluene (broken lines) for the subjects with multiple chemical
sensitivity (triangles) and the referents (squares).
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from the prechamber phase to the zero phase. The mu-
cous membrane irritation ratings showed effects of
phase, session, and group; the ratings were markedly
higher among the patients than among the referents
already in the prechamber phase, increased similarly in
the two groups from the prechamber to the zero phase,
and were generally lower in the second session. The fa-
tigue ratings only showed an effect of group, with higher
levels in the patient group (irrespective of phase). An-
noyance to nonsmell-related factors (ie, the environmen-
tal annoyance index) was the dimension that showed the
most marked effect of entering the chamber; the mean
ratings on the visual analogue scales were approximately
twice as high inside the chamber in both groups.

First exposure phase. The increase in the smell intensi-
ty and smell annoyance ratings from the zero phase to
the first true exposure phase showed no relationship with
substance, group, or exposure sequence. However, for
smell annoyance and fatigue, a higher increment in the
reactions was observed in the initial session than in the
second (interaction substance by exposure sequence:
smell annoyance, P=0.013; fatigue, P=0.027). The mean
increment in the ratings on the visual analogue scale for
smell annoyance was 37 during the first session versus
22 during the second (posthoc P=0.02). For fatigue, the
corresponding means were 17 and 7, respectively
(posthoc P=0.03).

Chamber phases. See table 2 for information on the
chamber phases. The smell intensity and smell annoy-
ance ratings increased with similar slopes in both groups
(figures 2 and 3). The ratings of mucous membrane ir-
ritation and fatigue showed steeper development among
the patients than among the referents (figures 4 and 5).

There was no effect of substance or exposure sequence
on the slope steepness for any of the five rating dimen-
sions. Interaction of a magnitude reaching statistical sig-
nificance was observed only for the fatigue index (sub-
stance by group by exposure sequence, P=0.03), indi-
cating that within the reference group a tendency to-
wards a steeper fatigue slope during the second session
than during the first was observed, bordering on signif-
icance posthoc (P=0.068, paired t-test).

Performance tests

Prechamber and zero phases. The RT2 level and varia-
tion increased (deteriorated) in both groups from the
prechamber to the chamber zero phase, but the other
test variables did not show any corresponding dete-
rioration (table 3). There was also a general effect of
session on the three RT-inhib variables and the digit
symbol score, with higher performance in the second
session (tables 4 and 5). In addition, the RT2 and
RT-inhib variation and the RT-inhib level variables
also showed an effect of group, representing a lower
performance in the patient group irrespective of phase.
Statistically significant interactions of phase by session
appeared for the RT2 level and the three RT-inhib vari-
ables. This result indicates a more pronounced differ-
ence from the prechamber phase to the chamber zero
phase in either the first or second session, but a co-
herent pattern was lacking. RT-inhib errors improved
during the first session only (P=0.030). A statistically
significant interaction effect phase by session by group
for the RT2 level variable indicated that, for this varia-
ble, the phase effect was statistically significant only
during the first session for the patient group and only

Table 2. Regression coefficients (beta) for the intensity and annoyance rating slopes during the chamber sessions with exposure to n-
butyl acetate and toluene and the results of the repeated measures analyses. (ES=exposure sequence, Gr=group, Su=substance)

Beta coefficients P-values

Referents (N=20) Patients (N=10) Within subjects Between subjects

Mean    SD Mean SD Substance Group ES

Smell intensity (1–7)
n-Butyl acetate 1.0 0.2 1.1 0.2 0.97 0.41 0.93 None
Toluene 1.0 0.2 1.1 0.2

Smell annoyance (0–100)
n-Butyl acetate 13.3 5.2 16.0 4.6 0.29 0.13 0.88 None
Toluene 13.5 5.2 16.9 4.6

Mucous membrane irritation (0–100)
n-Butyl acetate 7.9 4.9 12.2 7.1 0.22 0.02 0.62 None
Toluene 6.4 4.5 12.3 6.7

Fatigue (0–100)
n-Butyl acetate 6.6 4.8 10.5 4.5 0.87 0.02 0.97 Su × Gr × ES; P=0.03
Toluene 6.0 4.7 11.2 5.7

Environmental annoyance (0–100)
n-Butyl acetate 8.3 4.8 9.6 6.4 0.72 0.29 0.86 None
Toluene 7.6 5.2 10.7 5.8

Interactions
with P-value
< 0.05
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during the second session for the reference group
(P=0.015 and P=0.005, respectively).

Chamber phases. RT2 level and variation and RT-inhib
level increased (deteriorated) in both groups across the
chamber phases (tables 3 and 4). The RT-inhib varia-
tion and error variables and the digit symbol scores were
not clearly affected by phase (tables 4 and 5). Substance
or exposure sequence had no effect on any of the test
variables. Interaction phase by group was observed for
the variables RT2 level, RT-inhib level, and the digit
symbol score. This finding indicates a steeper increase
in the reaction-time levels in the patient group, albeit
statistically significant reaction-time increases across
both groups and substances were seen only for the RT2
level variable posthoc. For digit symbol a trend towards
successively improving (higher) scores was seen only
in the reference group, but with a statistically signifi-
cantly increased score versus the zero phase only in the
final phase of the toluene condition. A further interac-
tion substance by exposure sequence for the RT-inhib
level and digit symbol score variables indicated better
performance for these variables during the second ses-
sion. The higher-order interaction phase by substance
by exposure sequence appeared for the RT-inhib level

and variation variables, indicating that increases oc-
curred mainly (level) or exclusively (variation) during
the second session.

Discussion

In our study, situational expectancy could not be dem-
onstrated as a major factor behind acute symptom de-
velopment in multiple chemical sensitivity. The initial
chamber phase, during which the subjects did not know
whether chemical exposure had begun or not (as verifi-
able by smell), induced only a slight increase in the
mucous membrane irritation ratings, and some deterio-
ration in the RT2 test, and these effects were seen in
both the reference and the patient groups. Moreover, we
did not observe a notably stronger response to the first
few minutes of genuine chemical exposure in the pa-
tient group. However, across the full series of chamber
phases the patients did show a steeper development of
mucous membrane irritation and fatigue than the refer-
ents. Reaction times also deteriorated more in the pa-
tient group during the consecutive chamber phases, and
only the reference group showed learning in the digit

Table 3. Two-way reaction-time (RT2) scores for the Automated Psychological Test System during the prechamber phase, zero phase,
and phases with exposure to n-butyl acetate and toluene and the results of the repeated-measures analyses. (ES=exposure sequence,
Gr=group, Ph=phase, Se=session)

P-values

Referents (N=20) Patients (N=10) Within subjects Between subjects

Mean SD Mean SD Phase Substance Group ES

RT2 level (ms)
n-Butyl acetate

Prechamber 325 59 352 49        Prechamber phase versus zero phases
Zero phase 353 59 405 75 <0.001 Se: 0.33 0.06 – Ph × Se; P=0.002
3 ppm phase 377 a 75 464 115
12 ppm phase 379 b 75 521 a, c 163

Toluene
Prechamber 323 53 360 56                         Chamber phases
Zero phase 356 60 396 38 <0.001 0.86 0.01 0.74 Ph × Gr; P=0.009
12 ppm phase 391 b 91 460 a 66
48 ppm phase 380 a 90 488 a 117

RT2 variation (ms)
n-Butyl acetate

Prechamber   61 21   75 20               Prechamber versus zero phases
Zero phase   75 31   99 58 <0.001 Se: 0.65 0.005 – Ph × Se × Gr; P=0.02
3 ppm phase   88 52 100 31
12 ppm phase   92 47 129 c 53

Toluene
Prechamber   56 14   79 28                         Chamber phases
Zero phase   66 17 105 51 0.001 0.57 0.01 0.16 None
12 ppm phase   99 a 68 116 33
48 ppm phase   93 a 63 127 a 43

a P ≤ 0.05, posthoc t-test; exposure phase compared with zero phase.
b P ≤ 0.005, posthoc t-test; exposure phase compared with zero phase.
c P ≤ 0.05, posthoc t-test; 12 ppm compared with 3 ppm (n-butyl acetate) or 48 ppm compared with 12 ppm (toluene).

Interactions
with P-value < 0.05

Test
variable
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Table 4. Reaction-time (RT) scores for inhibition on the Automated Psychological Test System during the prechamber phase, zero
phase, and phase with exposure to n-butyl acetate and toluene and the results of the repeated measures analyses. (ES=exposure se-
quence, Gr=group, Ph=phase, Se=session, Su=substance)

         P-values

Referents (N=20) Patients (N=10) Within-subjects Between-subjects

Mean SD Mean SD Phase Substance Group ES

RT inhibition level (ms)
n-Butyl acetate

Prechamber 407 89 468 116         Prechamber phase versus zero phases
Zero phase 398 91 469 129 0.52 Se: <0.001 0.02 - Ph × Se; P=0.01
3 ppm 400 100 519 127
12 ppm 400 91 554 168

Toluene
Prechamber 405 97 473 76                         Chamber phases
Zero phase 401 78 508 82 0.03 0.12 0.002 0.79 Ph × Gr; P=0.04
12 ppm 421 116 519 76 Su × ES; P=0.003
48 ppm 406 110 581 156 Ph × Su × ES; P=0.02

RT inhibition variation (ms)
n-Butyl acetate

Prechamber 78 37 105 41         Prechamber versus zero phases
Zero phase 77 38 102 72 0.87 Se: <0.001 0.015 - Ph × Se; P=0.02
3 ppm 85 79 119 48
12 ppm 95 76 123 80

Toluene
Prechamber 81 50 98 29                         Chamber phases
Zero phase 75 30 125 63 0.19 0.21 0.02 0.64 Ph × Su × ES; P=0.02
12 ppm 108 96 118 45
48 ppm 88 67 163 118

RT-inhibition error ratio (%)
n-Butyl acetate

Prechamber 3.2 3.1 2.4 3.4         Prechamber versus zero phases
Zero phase 2.2 2.7 2.8 3.8 0.06 Se: <0.001 0.62 - Ph × Se; P=0.03
3 ppm 2.8 3.9 2.8 3.8
12 ppm 2.4 2.7 2.4 2.8

Toluene
Prechamber 4.0 3.7 4.4 4.8                         Chamber phases
Zero phase 3.0 3.6 1.2 1.9 0.90 0.52 0.69 0.40 None
12 ppm 2.6 3.3 2.0 2.1
48 ppm 2.4 3.3 2.4 2.8

Interactions with
P-value < 0.05

Test
variable

Table 5. Raw scores on the digit symbol test of the Wechsler Adult Intelligence Scale—Revised during the prechamber phase, zero
phase, and phase with exposure to n-butyl acetate and toluene and the results of repeated-measures analyses of variance. (ES=exposure
sequence, Gr=group, Ph=phase, Se=session, Su=substance)

         P-values

Exposure Referents (N=20) Patients (N=10) Within subjects Between subjects

Mean SD Mean SD Phase Substance Group ES

n-Butyl acetate
Prechamber 66.0 8.9 64.3 11.9                    Prechamber phase versus zero phases
Zero phase 66.8 8.8 63.8 12.4 0.31 Se: <0.001 0.52 - None
3 ppm phase 67.8 7.4 61.4 12.9
12 ppm phase 69.1 7.3 63.9 a 13.5

Toluene
Prechamber 65.4 8.3 63.6 10.2                                    Chamber phases
Zero phase 66.6 7.1 64.8 9.3 0.23 0.65 0.16 0.89 Ph × Gr; P=0.04
12 ppm phase 67.4 8.2 61.6 12.3 Su × ES; P<0.001
48 ppm phase    68.6 b 8.8 61.6 14.6

a P ≤ 0.05, posthoc t-test; 12 ppm compared with 3 ppm (n-butyl acetate) or 48 ppm compared with 3 ppm (toluene).
b P ≤ 0.05, posthoc t-test; exposure phase compared with zero phase.

Interactions
with P-value < 0.05
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symbol test. On the other hand, the smell intensity rat-
ings (irrespective of annoyance) showed a strikingly
similar development across groups throughout the se-
ries of exposure steps.

Annoyance was found to be unrelated to the neuro-
toxic properties of the two substances. Toluene was not
perceived as stronger or more annoying than n-butyl ac-
etate, in spite of the acutely neurotoxic properties of tol-
uene and the fourfold air concentrations used. Congru-
ent results were found in the performance tests. These re-
sults discourage an acute neurotoxic effect on the cen-
tral nervous system as the explanatory mechanism be-
hind the symptoms of multiple chemical sensitivity.

Although both groups of women displayed some
degree of declining test performance during chemical
provocation, the decline observed in the patient group
was more pronounced. Such a drop in performance was
not found among men with toxic encephalopathy and
intolerance to chemical smells in our similarly designed
previous study (8). However, the toxic encephalopathy
group showed a similar pattern of steeper development
of fatigue and mucous membrane irritation during the
chamber phases, when each patient group was compared
with their respective gender-matched reference group
(7). Some more general findings, irrespective of group,
replicated in our present study, were the previously ob-
served generally lower test performance during the first
challenge session and the higher mucous membrane an-
noyance ratings during the initial phases without expo-
sure of the first challenge session. Our present study also
showed that the increments in the ratings of smell in-
tensity and fatigue during the first phase of the chemi-
cal exposure were generally higher in the first challenge
session when the subjects faced the novelty of the situ-
ation. This finding suggests that tension and expectan-
cy have an impact on ratings, a finding congruent with
the notion of emotional state as a possible modifier of
the subjective perception of chemical smells and other
environmental factors (21, 22). However, the general
decrease in such psychological reactions from the first
to the second session, observed in both groups, does not
support the hypothesis that people with multiple chem-
ical sensitivity would have a deviating habituation re-
sponse to repeated exposures.

A more peripheral observation concerns the marked
gender differences in the annoyance ratings when the
present female referents were compared with the male
referents in our previous challenge study (7, 8). The
women showed a steeper increase in ratings across most
of the annoyance dimensions during the chamber ses-
sions, a fact which stresses not only the importance of
gender matching in the design of chemical challenge
studies, but also the general significance of gender when
reports of annoyance attributed to environmental factors
are evaluated (23).

Our present study suggests that people with multi-
ple chemical sensitivity have a similar increase in an-
noyance reactions during experimental chemical chal-
lenge as patients with toxic encephalopathy with many
years of occupational solvent exposure. The smell in-
tolerance in toxic encephalopathy can be regarded as a
learned response due to a prolonged experience of as-
sociating chemical smells with acute neurotoxic symp-
toms (24). Possibly, the compromised functioning of the
nervous system and the resulting asthenia characteristic
of toxic encephalopathy might also enhance the vulner-
ability for such learning or lower the tolerance for its
effects. It is less obvious how a learning process may
apply to the syndrome of multiple chemical sensitivity,
as it develops even after cumulated exposures to chem-
icals and smells far below levels of neurotoxic signifi-
cance. Very intense or noxious unconditioned stimuli,
highly aroused or neurotic subjects, and a longer pas-
sage of time between learning and testing have been
suggested as factors that may arrest the natural extinc-
tion process or even give a paradoxically increased re-
sponse (25, 26) and may trigger sensitization instead of
habituation (27). In our present study, the group with
multiple chemical sensitivity showed longer reaction
times already at the beginning of the study, replicating
the previous finding of isolated deviations in reaction-
time tests in a neuropsychological screening of a larger
group of patients with multiple chemical sensitivity (15).
It is unclear whether this finding indicates the presence
of a subtle brain dysfunction in multiple chemical sen-
sitivity. A vulnerability to conditioning and sensitiza-
tion due to a deviation in the functioning of the limbic
system has been suggested (28). Such vulnerability
could be explained in different ways. Speculatively, it
may be constitutional or it may be due to long-term
mental overload—or a mixture of both (4, 29).

Another possible explanation is that the condition of
multiple chemical sensitivity represents a somatization
disorder or panic disorder (6, 30). From this perspec-
tive, higher annoyance—both in the baseline procedure
and in terms of reactivity to chemical challenge—may
reflect personality factors, such as high trait anxiety, or
strong beliefs about the hazardousness of chemicals and
other environmental agents (31, 32). Some challenge
experiments have indeed given results indicative of eas-
ily provoked psychogenic mechanisms like panic attacks
or symptom attribution among most patients with mul-
tiple chemical sensitivity (5, 6). Although the compara-
bility of the results may be limited due to the obvious
differences in purpose and methodology, our present
findings seem to stand in contrast to the findings of these
previous studies. We did not observe a single case
of demonstrative behavior or panic during the chamber
sessions. Moreover, our group with multiple chemi-
cal sensitivity showed neither abnormal initial
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expectancy reactions nor extreme reactions to the
first minutes of weak exposure. In these respects the
group of female patients with multiple chemical sensi-
tivity had a response pattern close to that of the fe-
male referents. A reservation must possibly be made
for the fact that the patients with multiple chemical sen-
sitivity had a higher “baseline” level of complaints—
expected and typical for both multiple chemical sensi-
tivity and toxic encephalopathy (7, 14)—which may
have masked the full potential of reactions during the
chemical challenges. One possible explanation for the
divergent outcomes may be variations in the selection
criteria applied: We took care not to include any smell-
intolerant patients with suspected psychiatric disorder
in our group of subjects with multiple chemical sensi-
tivity. We have, in a previous study, also empirically
verified that personality deviation, psychiatric disease,
or elevated risk perception were not characteristic of our
group of patients with multiple chemical sensitivity (14).
Because our sample of patients with multiple chemical
sensitivity was small, and did not include men, our find-
ings should be interpreted with caution and should pref-
erably be replicated in a larger group of patients.
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