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Objectives   This study investigated exposure- and subject-related determinants of annoyance and performance
during the chemical odor provocation of healthy persons with self-reported environmental annoyance.
Methods   Persons with self-reported annoyance attributed to (i) chemicals or smells (smell-annoyed, SA,
N=29), (ii) electrical equipment (electrically annoyed, EA, N=16), and (iii) both smells and electricity (generally
annoyed, GA, N=39) were, together with referents (N=54), challenged with n-butyl acetate in an exposure
chamber at levels far below the threshold values for neurotoxic effects and trigeminal irritation. A sequence of
three air concentrations, 0.37, 1.5, and 6 ppm (1.8, 7.1, and 28 mg/m3) was used, counterbalanced within groups,
together with intermittent periods of room air between each exposure level. The response measures comprised
ratings of annoyance and smell intensity and reaction-time tests.
Results   Only the GA group showed clearly elevated ratings of smell annoyance, mucous membrane irritation,
and fatigue, as well as longer reaction times, compared with the referents, in response to the challenge. No group
difference was found for the smell-intensity ratings. During intermittent periods without exposure, only the GA
group maintained higher ratings for mucous membrane irritation and fatigue. Reaction time and all the rating
dimensions showed a positive relationship with momentary n-butyl acetate concentration, while cumulative
exposure had a more limited impact on the ratings and reaction time. A suggestion effect by the chamber
environment before exposure could not be demonstrated.
Conclusions   The results suggest that self-reported annoyance generalized to both electrical equipment and
smells is a better predictor of chemical intolerance than self-reported annoyance to smells only.
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During the last few decades, several environment-relat-
ed syndromes have emerged in medical science. Some
examples are multiple chemical sensitivity, hypersensi-
tivity to electromagnetic fields, hypersensitivity to amal-
gam in dental fillings (“amalgamism”), the chronic fa-
tigue syndrome, and the sick-building syndrome. A
common denominator for these conditions is the non-
specific character of symptoms, including fatigue, head-
ache, mental distress, irritation of the skin and mucous
membranes, gastrointestinal complaints, and vertigo.
Another common denominator is the lack of validated
diagnostic methods in the absence of demonstrable path-
ogenic mechanisms (1). It has been observed that symp-
toms may exist even without a trigger present (2–4). At
a World Health Organization (WHO) workshop in 1996,
it was concluded that it would be appropriate to bring to-
gether the spectrum of medically unexplained disorders

associated with environmental factors under the head-
ing idiopathic environmental intolerance (IEI) (5). This
step would seem logical, not only because of the over-
lap of symptoms (6, 7), but also because of observations
indicating that sensitivity to one environmental factor
often seems to coexist with sensitivity to several other
environmental factors (8–10).

Recent hypotheses emphasize sustained high arous-
al and stress as crucial factors for the development of
idiopathic environmental intolerance (11–13). Long-
term overload or allostatic load (14, 15) is thought to
put the organism in a state in which it is vulnerable to
psychobiological sensitization. In the sensitized state,
the organism reacts to specific triggers with an individ-
ually stereotypic, polysymptomatic stress response (16).
Once annoyance has become linked to such trigger sit-
uations, the organism easily develops negative outcome
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expectancy, which may enhance the annoyance reaction
(17) and reinforce the cognitive and attentive focus on
triggers in order to escape such situations. Such mecha-
nisms may explain why the annoyance reaction in cas-
es of multiple chemical sensitivity does not fit a tradi-
tional neurotoxicologic dose–response relationship.
Rather, it fits an “olfactory threshold model”, in which
cognitive–attentional processes elicit an annoyance re-
sponse in a “none or all” fashion (18). Viewed from this
perspective, a person’s attribution of symptoms to some
specific factor in the environment may be circumstan-
tial (ie, it may be due to the particular sensory cues that
were present in the environment at the time when symp-
toms began to emerge).

Earlier we had developed a challenge method for
studying intolerance to chemical smells. Applying the
method to clinical cases of multiple chemical sensitivi-
ty and chronic toxic encephalopathy (4, 19, 20) result-
ed in a higher increase in ratings of fatigue and mucous
membrane irritation during challenges in both clinical
groups, when compared with age- and gender-matched
referents. A main finding was that neither annoyance
nor test performance showed a relationship to the con-
trasting neurotoxic properties of the two solvents used.
This finding suggests that a neurotoxic effect on the cen-
tral nervous system (CNS) is not the mechanism behind
the intolerance reactions in multiple chemical sensitivi-
ty. However, since the exposure design used the same
standardized, stepwise increase in air concentrations for
all the participants, it was not possible to reliably dis-
cern effects of cumulative exposure from the effects of
momentary air concentration. Another problem was that
the people with multiple chemical sensitivity and those
with toxic encephalopathy were clinical patients and had
possibly entered into a “sick role”. This situation may,
in some respects, have biased the annoyance reporting
and therefore limited the generalizability of results to a
wider population of people experiencing a less disabling
environmental intolerance.

In our present study, we applied a modified chal-
lenge design, using six different exposure sequences and
intermittent periods without exposure, with persons re-
cruited from the general population on the basis of self-
reported annoyance to common environmental factors.
The overall objective was to examine whether a unitary
pattern of heightened reactions to one specific environ-
mental trigger—chemical odor—would be found among
different types of environmental intolerance. We aimed
to determine whether it would be present not only
among persons with self-reported intolerance to chemi-
cal smells, but also among those intolerant to electrical
equipment. Moreover, we aimed to determine to what
extent such reactions would be related to (i) basic sug-
gestion or expectancy associated with the chamber envi-
ronment before any contact was made with the odorant,

(ii) the momentary air concentration of the odorant, and
(iii) the cumulative exposure over time, and whether the
reactions would linger during unexposed periods, fol-
lowing exposure.

Study population and methods

Study population

The subjects were previous respondents (N=13 381) to
a questionnaire concerning illness prevalence and health
care consumption, mailed to a representative sample
(N=24 922) of the population in the southernmost coun-
ty of Sweden, Skåne (Scania). Details of the survey have
been published elsewhere (21). The identification of
people for our study was based on five questionnaire
items. Three questions asked about recent annoyance
related to electrical equipment, and two questions asked
about recent annoyance related to smells: “During the
past 14 days, did you experience annoyance that you
associate with: (i) fluorescent tube lighting; (ii) visual
display units; (iii) other electrical equipment; (iv) smells
of chemicals; (v) other smells, and if so, how much an-
noyance did you experience?” The reply options were
“no”, “yes, some”, or “yes, very much”. Environmental
annoyance was defined as a rating of the highest level
of annoyance in at least one of the five questions. Alto-
gether 315 persons were identified as meeting the crite-
ria, after those above the age of 58 years and those who
had reported long-term sick leave or disability pension
in the initial population questionnaire were excluded.
The mailed invitation also discouraged people with se-
rious illness requiring medication (eg, diabetes, asthma,
or psychiatric disorder) from participating. The 84 per-
sons who completed the study were subclassified as (i)
electrically annoyed (EA, N=16), reporting “very much”
annoyance in relation to any of the items listed in ques-
tions 1–3 concerning electricity, but no annoyance pro-
duced by smells, as asked in questions 4–5; (ii) smell-
annoyed (SA, N=29), reporting the highest level of an-
noyance with at least one of the items named in the
questions concerning smells, but no annoyance concern-
ing electricity; and (iii) generally annoyed (GA, N=39),
reporting the highest level of annoyance in either an-
noyance category, together with at least “some” annoy-
ance in the other category. The reference group com-
prised 55 respondents to the population survey who de-
nied having experienced annoyance in response to any
of the items listed in all five questions, randomly se-
lected to match the distribution of the age, gender, and
socioeconomic status of the annoyance group (table 1).

The long-standing nature of environmental annoy-
ance was validated by the Questionnaire on Chemical
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and General Environmental Sensitivity (CGES) (23),
which was extended by an “electrical sensitivity” 8-item
scale. Newly constructed for use in our study, this scale
refers to reactions to electrical equipment (eg, skin rash,
tingling sensations, and fatigue) (questionnaire availa-
ble on request). The participants were checked for pres-
ence or absence of “self-reported multiple chemical sen-
sitivity”, following the established classification crite-
ria of previous studies (ie, reporting maximum annoy-
ance in one or more of the eight questions about sensi-

tivity to chemical smells) (24, 25). Using the same cri-
teria for the eight questions concerning electrical sensi-
tivity, we also checked the participants for the presence
or absence of electrical sensitivity. As expected, the
scores on most of the CGES scales were clearly higher
in the EA, SA, and GA groups than in the reference
group, but few participants were classified as “cases”
of self-reported multiple chemical sensitivity or electri-
cal sensitivity (table 2).

Prior to the chamber challenge, the participants un-
derwent a comprehensive medical workup to ensure the
absence of any significant disease. Migraine during the
past 6 months was reported by one person in each of
the SA and GA groups, but did not occur during the
challenges. One person in the GA group was on sick
leave with work training, and another had recently re-
ceived a disability pension, but both were considered
sufficiently fit to participate. Olfactory threshold was
quantitatively determined during the medical workup
and immediately before and after the chamber chal-
lenge. n-Butanol was used as the test odorant, in a pro-
cedure slightly modified from the one described by the
Connecticut Chemosensory Clinical Research Center
(26). One person in the reference group had signs of per-
manent hyposmia and was excluded from all the analy-
ses. None of the remaining persons had signs of hypos-
mia at more than one out of the three olfactory thresh-
old measurements. A qualitative check of olfactory
function carried out immediately before the challenge,
using cocoa, coffee, peppermint oil, and n-amyl acetate
(smell of banana), showed normal smell discrimination
for all the subjects. Before the challenges were started,
the participants were neutrally informed (17) about the
duration of a session and, also, that they would be ex-
posed to a solvent at levels well below current Swedish
occupational exposure limits. The study protocol was
approved by the Ethics Committee of Lund University
(LU 147–01, LU 343–00).

Table 1. Demographic characteristics of the groups a of the elec-
trically annoyed (EA), smell-annoyed (SA) and generally annoyed
(GA), and reference groups.

EA SA GA Reference
group group group group
(N=16) (N=29) (N=39) (N=54) b

(%) (%) (%) (%)

Gender

Women 50 59 49 54
Men 50 41 51 46

Occupation c

Blue-collar worker 44 34 38 30
White-collar worker 44 55 56 65
Self-employed 12 10 5 6

Employment

Actively employed 94 86 87 93
No present employment

Unemployed or in training 0 3 3 2
On disability pension or 0 0 5 d 0
long-term sick leave
Studying, with loan grant 6 10 5 6
assistance

a Mean age 41.8 (SD 8.4) years for the EA group, 43.4 (SD 9.6) years for
the SA group, 44.3 (SD 9.0) years for the GA group, and 43.7 (SD 9.6)
years for the reference group.

b One subject was excluded due to permanent hyposmia.
c See the Nordic Classification of Occupation (NYK 82) (22), based on

the International Standard Classification of Occupations (ISCO), with a
few modifications.

d One person was on long-term sick leave, but had part-time work as a
trainer, and one person had recently received a disability pension.

Table 2. Annoyance scores and classification data from the modified Questionnaire on Chemical and General Environmental Sensitivity
(CGES) for the electrically annoyed (EA), smell-annoyed (SA), generally annoyed (GA), and reference groups.

CGES dimension EA group SA group GA group Reference group
(N=16) (N=29) (N=39) (N=53) a

Mean SD Mean SD Mean SD Mean SD

General environmental sensitivity I (physical) 25.1 15.1 20.2 7.8 28.4 11.8 14.0 10.5
General environmental sensitivity II (psychological) 17.1 10.8 12.1 8.2 20.0 10.3 10.4 8.4
Body sensitivity and exertion 7.8 5.9 4.2 3.9 8.3 5.7 3.6 3.6
Respiratory sensitivity 5.3 6.8 1.9 3.5 4.6 5.4 1.0 2.1
Nonspecific self-reported multiple chemical sensitivity 10.4 7.6 9.0 4.7 14.2 6.1 5.4 4.7
Self-reported multiple chemical sensitivity 10.4 9.5 8.5 7.3 15.6 10.1 3.9 6.3
Electrical sensitivity 2.1 3.0 1.3 2.9 5.5 7.5 0.4 1.0

Number classified as “self-reported multiple chemical sensitive”, N=20 5 . 2 . 11 . 2 .
Number classified as “electrically sensitive”, N=5 0 . 0 . 5 . 0 .

a One of the 54 referents did not complete the CGES questionnaire.
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Exposure chamber
The exposure chamber had three solid walls and a glass
front door. A stable primary air concentration was gen-
erated by a constant flow of air through a vessel con-
taining the chemical, which was heated to a constant
temperature. By using a combination of valves, we could
dilute the primary mixture with further air to permit in-
stantaneous alterations of the concentration. So that a
final homogeneous mixture of room air and the chemi-
cal would be created, this mixture was led to a box be-
low the chamber floor, containing winding channels.
The final mixture entered the chamber through a 20-mm
wide slot along the entire rear side of the chamber floor.
A slot (0.57 × 0.06 m) in the center of the ceiling pro-
vided an outlet. The mixture was drawn into the cham-
ber by the principle of underpressure, using a distantly
placed fan connected to the outlet. The turnover rate was
145/hour, corresponding to a mean air velocity in the
chamber of 0.05 m/s. The chamber temperature ranged
from 20.9°C to 26.6°C, and the relative air humidity
ranged from 21% to 38%. The air concentration of the
chemical was continuously monitored with an infrared
spectrophotometer (Miran 1-A, Wilks Scientific Corp.,
South Norwalk, CT, USA), with the sampling nozzle in
the approximate lateral center of the chamber, 0.4 m be-
low the ceiling. Measurements of electrical and magnet-
ic fields in the chamber showed that the levels did not
exceed what is commonly found in apartments and of-
fice environments (details available on request). To en-
sure that the participants would not attribute annoyance
to the electrical equipment surrounding the challenge
chamber, we asked them to rate such attribution on the
same type of response scale as used for smell annoyance
during each phase. This rating showed that none of the
groups were disturbed or provoked by the electrical equip-
ment used (data not shown).

Challenge design

The exposure was not masked by any other odor because
the intention was to provoke annoyance to the chemical
odor as such. The provocation substance, n-butyl ace-
tate (BuAc), is strongly odorous at very low air concen-
trations. However, trigeminal irritation is not known to
occur below 100 ppm (6 ppm was the maximum used
in the challenge), and, due to its highly irritative effects
on mucous membranes, no narcotic effects have been
reported for humans at air concentrations that can be
voluntarily sustained (ie, below 3000 ppm) (19). Each
challenge session was divided into eight consecutive
phases of 10 minutes’ duration (figure 1). The initial
phase (phase 0) was a “prechamber” phase in room air
outside the chamber. After the participant entered the
chamber, the chamber sequence started with a phase of
room air. Next followed a phase with BuAc exposure,

followed by another phase in room air. This pattern was
repeated twice, giving three phases of BuAc exposure,
each one being preceded and followed by a phase of
room air. The air concentrations of BuAc used were
0.37 ppm (1.8 mg/m3), 1.5 ppm (7.1 mg/m3), and 6 ppm
(28 mg/m3). Typically, the air concentration stabilized
within 3 minutes of each increase or decrease and var-
ied less than 10% at each exposure level. The six possi-
ble permutations of BuAc sequence (0.37–1.5–6.0,
0.37–6.0–1.5, 1.5–0.37–6.0, 1.5–6.0–0.37, 6.0–1.5–
0.37, 6.0–0.37–1.5) was counterbalanced by the random
assignment of each participant to one of the six sequenc-
es, and balancing was also carried out with respect to time
of day (morning–afternoon) and gender. Towards the end
of the data collection, specific exposure sequences were
selected to obtain optimal final counterbalancing within
the groups. The psychologist administering the challenge
session was blinded to both the group membership and
the exposure sequence of the participants.

Challenge response

In the chamber, the participant was seated comfortably
in front of a small table top, facing the glass door. Dur-
ing each phase, the participant rated smell intensity and
annoyance and completed two neurobehavioral perform-
ance tests. Response data were collected with the E-
prime™ test system (Psychology Software Tools, Inc,
Pittsburgh, PA, USA). Stimuli were presented on a 15-
inch liquid crystal display (LCD) monitor, visible
through the glass door, and were responded to on a sim-
plified keyboard. Identical equipment outside the cham-
ber served to familiarize the participants with the re-
sponse procedures and to collect baseline data in the
prechamber phase. Smell intensity was rated on the
standardized 7-point category scale ranging from 0 to
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Figure 1. Phase duration and exposure levels during an exposure
session with n-butyl acetate (BuAc)(exposure schedule, excluding the
delay during exposure increase and decrease).
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6: none, very weak, weak, distinct, strong, very strong,
extremely strong (27). Smell annoyance was rated on a
12-point Borg scale (28) with partial verbal anchorings,
ranging from 0 (none) to 10 (extremely strong), includ-
ing one decimal step of 0.5 (very, very weak). Perceived
stress and strain was rated on a 5-point category scale
ranging from 0 to 4: none, faint, some, much, very
much. All other questions were rated on a visual ana-
logue scale (VAS) (range 0–100) and were categorized
into two indices due to high intercorrelations of single
items: the items for irritation of the eyes, mouth or
throat, and nose were averaged to give an index of mu-
cous membrane irritation, and the ratings of drowsiness,
headache, and concentration difficulties were averaged
to give a fatigue index. The neurobehavioral perform-
ance tests were modified brief versions of two tests from
the Automated Psychological Test System (29) used in
our previous studies (4, 19), converted to the E-prime™
system. In the two-way reaction-time test (RT2), stim-
uli were white circles shown at the far left or right mid-
line of the screen. The participants were instructed to
place their index fingers on the two keys on the far left
and right of a 5-key keyboard (the E-prime™ SRBox)
and to respond as quickly as possible to each stimulus
by pressing the button corresponding to stimulus later-
ality. Immediately following this was the inhibition re-
action-time test (RT-inhib), in which the same visual
stimuli were accompanied by simultaneous strong au-
ditory signals at random intervals (ratio 0.50). The par-
ticipants were instructed to avoid pressing a key when
the white circle was accompanied by the auditory sig-
nal, while trying to maintain the habitual quick response
to “silent” circles. Individual results were expressed as
the mean of the 25 RT responses, and in RT-inhib also
as error ratio (ie, false hits).

Operationalizations of the hypotheses

Three issues were addressed. First, the possible expect-
ancy or suggestion effects (ie, reactions evoked by mere-
ly entering the chamber environment were considered,
studied by comparing ratings and test performance in
the two initial phases without chemical exposure, that
is, the prechamber phase and the first chamber phase).
Second, the reactions to exposure to BuAc across the
total chamber session were observed, studied as ratings
and performance in response to, first, the momentary air
concentration of BuAc (ie, a sensory-related reaction)
and, second, the cumulative exposure to BuAc, during
phases 2–7. The cumulative exposure level represented
the total exposure to BuAc at the time of answering the
questions in each phase, computed as the sum of prod-
ucts of every air concentration (0.37, 1.5, and 6.0 ppm)
and exposure duration, and expressed in ppm-minutes.
The cumulative exposure at the time of answering the

questions ranged from 0.8 ppm-minutes (2 minutes into
phase 2 with 0.37 ppm) to 92.9 ppm-minutes (phase 7).
Finally, the sustained annoyance during intermittent
periods without exposure (ie, phases 3, 5, and 7, fol-
lowing each phase of BuAc exposure) were addressed,
studied as the relationship between ratings and, on one
hand, the air concentration of BuAc in the immediately
preceding exposure phase (ie, remaining annoyance)
and, on the other, the cumulative exposure to BuAc.

Data analysis

The general linear mixed models (MIXED) procedure
in SPSS (version 11.5, SPSS Inc, Chicago, IL, USA)
was used to specify a repeated-measures model. Cate-
gorical predictors were “group” (EA, SA, GA, and ref-
erence), “phase” (prechamber and first chamber),
“BuAc air concentration” (0, 0.37, 1.5, and 6.0 ppm),
and “BuAc air concentration in the previous phase”
(0.37, 1.5, and 6.0 ppm). The “cumulative exposure”
was entered as a continuous predictor variable. Depend-
ent variables were the scores of the rating scales and
reaction-time tests. The models were solved using the
restricted maximum likelihood (REML) method. Statis-
tical inference for the mean structure of the data was
made with fixed-effects models and approximate type
III F-tests and t-tests.

The possible expectancy or suggestion effects were
evaluated with a model involving the predictors “group”
and “phase” and the interaction between the two.

The reactions to BuAc exposure across the total
chamber session were evaluated with a model involv-
ing the predictors ”group”, “BuAc air concentration”,
and ”cumulative exposure”. To eliminate the impact of
potential or known group differences in the baseline lev-
els for the rating scales and neurobehavioral tests (see
the Results section), defined as the respective level be-
fore any encounter with BuAc, we subtracted the score
obtained in the first unexposed chamber phase for each
rating or test variable from all subsequently obtained
scores. For the purpose of finding differential patterns
of reactions to chemical exposure across groups, the sta-
tistical modeling also included the two-way interactions
”group by BuAc concentration” and “group by cumula-
tive exposure”.

Sustained annoyance during intermittent periods
without exposure was evaluated with a model similar
to the previous one, with the exception that “BuAc air
concentration” was replaced by the predictor “BuAc air
concentration in the phase immediately preceding the
tested phase”.

For all the analyses, an unstructured (UN), a first-
order autoregressive (AR1), and a compound symme-
try (CS) covariance structure was tested, using Schwarz’s
Bayesian Criterion to guide the final selection. Residual
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plots were used to identify potential outliers and devia-
tions from normality assumptions and problems with the
distribution of variances. This procedure showed that all
the variables satisfactorily complied with normality as-
sumptions. P-values of <0.05 were considered statisti-
cally significant. Initially, all the factor terms were en-
tered simultaneously, together with one interaction term
at a time, and each interaction not reaching statistical
significance was removed. Subsequently, the factor
terms not showing statistical significance were also re-
moved one at a time. For the final model, post-hoc test-
ing was done with the estimate marginal means func-
tion and the parameter estimate function in the linear
MIXED models procedure. In post-hoc testing, the EA,
SA, and GA groups were compared separately with the
reference group.

The results have been typically expressed as the
main effect (or interaction effect) P-value, followed by
the post-hoc difference between the mean scores, with
the 95% confidence interval (95% CI), and, finally, the
post-hoc P-value. Only statistically significant findings
have been reported.

Results

Rating scales

Expectancy or suggestion effects during the first cham-
ber phase. The ratings were generally low, and the
changes in the ratings from the prechamber phase to the
first chamber phase were not related to group. The sta-
tistically significant findings were as follows: (i) de-
creases in ratings across phases, irrespective of group,
observed for smell intensity, with means declining from
0.55 to 0.34 (phase: P=0.014; post hoc: -0.21, 95% CI
-0.36– -0.06, P=0.007) and mucous membrane irritation,
with means declining from 15.6 to 11.6 (phase: P<0.001;
post hoc: -4.0, 95% CI -5.8– -2.2, P<0.001); (ii) group
differences in overall ratings, irrespective of phase, as
shown by higher mean ratings in the EA and GA groups,
when compared with the reference group, for mucous
membrane irritation (group: P=0.005; post hoc for EA:
8.0, 95% CI 0.6–15.5, P=0.034; post hoc for GA: 9.1, 95%
CI 3.6–14.6, P=0.001), fatigue (group: P=0.001; post hoc
for EA: 8.8, 95% CI 1.7–15.8, P=0.016; post hoc for GA:
12.3, 95% CI 7.1–17.5, P<0.001), and, in the GA group
only when compared with the reference group, for smell
annoyance (group: P=0.003; post hoc: 0.26, 95% CI 0.11–
0.42, P=0.001) and for stress and strain (group: P= 0.003;
post hoc: 0.55, 95% CI 0.24–0.87, P=0.001).

Reactions to exposure to n-butyl acetate across the total
chamber session. No group difference was found in the
ratings of smell intensity. A strong relationship with BuAc

concentration was found (P<0.001) (figure 2a), and the
ratings differed between all BuAc levels (post hoc:
P<0.001 throughout). A slightly negative relationship with
cumulative exposure was observed, with lower intensity
ratings at higher cumulative exposure (P=0.017; beta= -
0.0025, 95% CI -0.0044– -0.0005).

 The ratings for smell annoyance were related to
BuAc concentration (P<0.001) (figure 2b). They dif-
fered between all the BuAc concentrations (post hoc:
P<0.001 throughout; strongest difference for 0 ppm ver-
sus 6.0 ppm: 3.3, 95% CI 3.0–3.5). The SA and GA
groups had a higher overall rating level (group: P<0.001;
post hoc for SA: 0.9, 95% CI 0.4–1.4, P<0.001; post hoc
for GA: 1.4, 95% CI 1.0–1.9), P<0.001). Moreover, a
higher reactivity to BuAc concentration was observed
in the EA groups (BuAc concentration by group:
P<0.001), all three groups showing higher ratings at 6.0
ppm when compared with the reference group (post hoc
for EA: 1.0, 95% CI 0.1–1.9, P=0.026; post hoc for SA:
1.3, 95% CI 0.6–2.0, P<0.001; post hoc for GA: 1.9,
95% CI 1.3–2.6, P<0.001), while, at 0.37 and 1.5 ppm,
only the SA and GA groups had significantly higher rat-
ings than the reference group, and no group difference
was seen at 0 ppm.

The ratings for mucous membrane irritation were
related to both of the exposure measures, but primarily
to BuAc concentration (P<0.001; post hoc for 0 ppm
versus 0.37 ppm: 1.9, 95% CI 0.3–3.4, P=0.019; post
hoc for 0 ppm versus 1.5 ppm: 3.9, 95% CI 2.3–5.5,
P<0.001; post hoc for 0 ppm versus 6 ppm: 6.7, 95% CI
5.1–8.4, P<0.001) (figure 2c). The P-value for the main
effect of cumulative exposure equaled 0.023
(beta=0.021, 95% CI 0.003–0.040). The GA group had
higher overall ratings (group: P=0.002; post hoc for GA:
8.0, 95% CI 3.6–12.5, P<0.001).

The fatigue ratings were positively related to BuAc
concentration (P<0.001), but only for 6 ppm versus 0
ppm (post hoc: 2.9, 95% CI 1.6–4.2, P<0.001) (figure
2d). Cumulative exposure had a relatively high impact
on the fatigue ratings (P<0.001; beta = 0.064, 95% CI
0.041–0.088) (figure 3). The overall ratings were high-
er for the GA group than for the reference group (group:
P<0.001; post hoc for GA: 8.9, 95% CI 5.4–12.4,
P=0.001). An interaction effect was found for group by
BuAc concentration (P=0.028), showing that only within
the GA group were higher ratings given at both 1.5 ppm
and 6.0 ppm (post hoc for 0 ppm versus 1.5 ppm: 3.0,
95% CI 1.0–4.9, P=0.003; post hoc for 0 ppm versus 6
ppm: 5.7, 95% CI 3.7–7.8, P<0.001). In the reference
and EA groups, higher ratings were observed only at 6.0
ppm when compared with 0 ppm (post hoc for refer-
ence group: 1.9, 95% CI 0.2–3.7, P=0.031; post hoc for
SA: 2.5, 95% CI 0.1–4.8, P=0.040), while the ratings
given within the SA group were unrelated to variations
in BuAc concentration.
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Figure 2. Ratings (means) of smell intensity (a), smell annoyance (b),
mucous membrane irritation (c), fatigue (d), and stress and strain (e)
during the first chamber phase, during 0.37-, 1.5- and 6.0-ppm exposure
to n-butyl acetate, and during each following phase with 0-ppm exposure,
given by electrically annoyed persons (dotted line with squares), smell
annoyed persons (broken line with diamonds), generally annoyed per-
sons (broken or dotted line with triangles), and referents (solid line with
circles).
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Figure 3. Relationships between fatigue ratings on a visual analogue scale
and cumulative exposure for electrically annoyed (squares, dotted line),
smell annoyed (diamonds, broken line), and generally annoyed (triangles,
broken/dotted line) persons and the referents (circles, solid line). The
markers show group means at each estimated level of cumulative
exposure, and the lines indicate the resulting linear regressions.
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The stress and strain ratings were stable and even
tended to decrease across the chamber phases (figure
2e). They were affected only by BuAc concentration
(P=0.002), showing a relatively small effect only at 6.0
ppm (post hoc for 0 ppm versus 6 ppm: 0.12, 95% CI
0.06–0.18, P<0.001).

Reactions during intermittent periods without exposure.
The ratings for smell intensity were generally very low
during the nonexposure phases (figure 2a). A positive,
statistically significant effect was found for BuAc con-
centration in the preceding phase (P<0.001). However,
the observed interaction between group and the BuAc
concentration of the preceding phase (P=0.002) proved
this pattern to exist only in the annoyance groups and
then only after the 6-ppm phase when compared with
phases after lower concentrations (0.37 ppm versus 6.0
ppm for EA: 0.50, 95% CI 0.10–0.89, P=0.013; 0.37
ppm versus 6.0 ppm for SA: 0.48, 95% CI 0.19–0.78,
P=0.001; 0.37 ppm versus 6.0 ppm for GA: 0.31, 95%
CI 0.055–0.560, P=0.001; 1.5 ppm versus 6 ppm for EA:
0.50, 95% CI 0.10–0.89, P=0.013; 1.5 ppm versus 6 ppm
for SA: 0.59, 95% CI 0.29–0.88, P<0.001; 1.5 ppm ver-
sus 6 ppm for GA: not significant).

The ratings of the nonexposure phases were gener-
ally low for smell annoyance but related to the preced-
ing BuAc concentration (P=0.007) (figure 2b). This
finding indicates slightly higher smell annoyance ratings
after the 6-ppm exposure when compared with those af-
ter the lower air concentrations (post hoc for 0.37 ppm
versus 6.0 ppm: 0.20, 95% CI 0.07–0.30, P=0.002; post
hoc for 1.5 ppm versus 6.0 ppm: 0.14, 95% CI 0.02–
0.27, P=0.027).

The ratings for mucous membrane irritation were
generally very low during the nonexposure phases (fig-
ure 2c). They were only related to group (P=0.016), a
finding indicating higher overall ratings than scored by
the reference group in only the GA group (post hoc: 6.4,
95% CI 2.0–10.8, P=0.016).

For fatigue, the ratings were positively related to cu-
mulative exposure (P<0.001; beta= 0.058, 95% CI 0.032–
0.084), but negatively related to BuAc concentration in
the preceding phase (figure 2d). In other words, a 6-ppm
BuAc air concentration in the preceding phase resulted in
lower fatigue ratings than the 0.37- or 1.5-ppm BuAc air
concentrations in the preceding phase (post hoc for 0.37
ppm versus 6.0 ppm: -1.7, 95% CI -3.3– -1.0, P=0.038;
post hoc for 1.5 ppm versus 6.0 ppm: -1.9, 95% CI -3.4–
 -0.3, P=0.016). A slight effect of group was also seen
(P=0.044), indicating higher ratings in the GA group, both
for GA compared with the reference group (post hoc: 7.3,
95% CI 3.6–10.9, P<0.001) and for GA compared with
the EA and SA groups (P<0.003).

No interaction or main effect was found for the stress
and strain ratings (figure 2e).

Performance tests

Expectancy or suggestion effects during the first cham-
ber phase. No group difference was found for expect-
ancy or suggestion effects during the first chamber
phase. The statistically significant findings were an in-
crease in RT2 reaction time (phase: P<0.001; post hoc:
28 ms, 95% CI 23–34, P<0.001) and decreases in RT-
inhib reaction time and the error ratio score (phase for
RT-inhib: P=0.011; post hoc for RT-inhib: -14 ms, 95%
CI -25– -4, P=0.011; phase for RT-inhib error ratio:
P<0.001; post hoc for RT-inhib error ratio: -3.2%, 95%
CI -4.8– -1.6, P<0.001). The mean reaction times in the
first chamber phase are shown in figure 4.

Reactions to exposure to n-butyl acetate across the total
chamber session. BuAc concentration was positively
related statistically significantly to RT2 reaction time
(BuAc concentration: P=0.002). However, this result
was somewhat inconsistent since this relationship was
found only for 0.37- and 6.0-ppm exposures (post hoc
for 0 ppm versus 0.37 ppm: 6.7 ms, 95% CI 1.7–11.6,

            550 

            500 

            450 

            400 

            350 

            300 

             Phase 1     0.37    After 0.37     1.5      After 1.5      6.0      After 6.0 

  Phase condition (ppm) 

(ms) 

a. RT-inhib 

b. RT2 

Figure 4. Reaction times (means) of the electrically annoyed (dotted
line with squares), smell annoyed (broken line with diamonds), and
generally annoyed (broken/dotted line with triangles) persons and the
referents (solid line with circles) in the RT-inhib test (a) and RT2 test
(b) during the first chamber phase, during 0.37-, 1.5-, and 6.0-ppm
exposure to n-butyl acetate, and during each subsequent phase of 0
exposure. (RT-inhib = inhibition reaction-time test, RT2 = two-way
reaction-time test)
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P=0.008; post hoc for 0 ppm versus 6 ppm: 9.4 ms, 95%
CI 4.1–14.7, P=0.001) (figure 4). A positive relation-
ship was also found between cumulative exposure and
RT2 reaction time (P=0.003; beta= 0.14, 95% CI 0.05–
0.23). The BuAc concentration was positively related
to RT-inhib reaction time, but only for 6 ppm versus 0
ppm (P=0.032; post hoc: 11 ms, 95% CI 3–19, P=0.007).
Finally, RT-inhib was also related to group (P=0.036),
showing higher overall reaction times than for the ref-
erence group only in the GA group (post hoc: 36 ms,
95% CI 11–62, P=0.005). The error scores of the RT-
inhib test showed a floor effect (ie, were typically zero)
across all groups and phases, and the data were not an-
alyzed further.

Discussion

To summarize the results, only the GA group, with self-
rated annoyance to both electrical equipment and smells
or chemicals, showed widespread elevations in the an-
noyance ratings in response to the chemical provoca-
tion, comprising smell annoyance, fatigue, and mucous
membrane irritation, when compared with the reference
group. Moreover, only the GA group showed a pattern
of sustained fatigue and mucous membrane irritation
after each temporary cessation of the exposure. In ad-
dition, the GA group was the only group with a lower
performance than the reference group in one of the neu-
robehavioral tests in response to the challenge. By com-
parison, only a few scattered deviations were observed
in the two groups with self-reported high annoyance re-
stricted either to smells or chemicals (SA group) or to
electrical equipment (EA group).

Regarding the exposure-related determinants of
challenge reactions, it was primarily the momentary
BuAc concentration that affected the ratings and reac-
tion-time performance, and the finding was general and
not specific to the environmental annoyance groups.
However, the impact of BuAc concentration on the
smell annoyance ratings was stronger in all three annoy-
ance groups than in the reference group, and a similar-
ly stronger effect of BuAc concentration on the fatigue
ratings was found for the EA and GA groups. Another
exposure-related effect observed across the groups was
a positive relationship between cumulative exposure and
mucous membrane irritation, fatigue, and RT2 reaction
time. It could not be demonstrated that a situational sug-
gestion effect on the annoyance ratings and perform-
ance, induced by the chamber environment as such be-
fore the start of the chemical exposure, characterized the
reactions of the annoyance groups. Only RT2 reaction
time showed a slight increase after a participant entered
the chamber, but the increase also occurred in the ref-

erence group. This general effect on RT2 reaction time
during the initial chamber phase has been observed in
two previous challenge studies, and it is possibly due to
slight tension among participants (4, 19).

Although suggestion effects among idiopathic envi-
ronmental intolerance cases have previously been ob-
served in a challenge study by Dalton & Hummel (30),
another challenge study of similar cases did not find sig-
nificant suggestion effects (4). Our results suggest that
among “generally annoyed” persons, a chemical odor
is required as a perceptual “trigger” to initiate annoy-
ance, which thereafter evolves rapidly (ie, within min-
utes) and persists to a considerable degree during inter-
mittent breaks in exposure. This strong “off-on” reac-
tion to the chemical odor seems to fit well into the
“olfactory threshold model” suggested by Bolt & Kiess-
wetter (18). The sustained annoyance after the cessa-
tion of exposure, found particularly in the GA group,
also corresponds with the earlier observation made by
Dalton et al (17), that a negative “cognitive bias” to-
wards the exposure situation affected the ratings of irri-
tation both during exposure to an odorant and after the
cessation of exposure. The additional finding of slight-
ly elevated smell intensity ratings in the EA, SA, and
GA groups during intermittent phases without BuAc
exposure may, in this context, be interpreted as hyper-
vigilance towards, or “somatosensory amplification”
(18) of, potential environmental threats as a common
denominator for persons with different types of envi-
ronmental intolerance. By contrast, no group difference
was observed for the smell intensity ratings during ex-
posure, a finding that corroborates several previous find-
ings of a normal intensity perception of suprathreshold
olfactory stimuli among smell-intolerant persons (4, 19,
31, 32).

Whereas most previous chemical-challenge studies
of idiopathic environmental intolerance have examined
clinical cases, the participants of our study were non-
patients identified by five simple questions about recent
annoyance to odors or electrical equipment. The appli-
cation of this crude method still seems to have been suc-
cessful in singling out persons with longstanding envi-
ronmental annoyance, as shown by the elevated scores
in the CGES questionnaire filled out prior to the chal-
lenge. Interestingly, the combination of self-reported
annoyance attributed to both smells and electrical equip-
ment (ie, by the GA group) in the initial five questions
replied to 3 years previously was, in this study, associ-
ated with the highest CGES scores among the groups.
These scores were not only high for the electrical and
chemical sensitivity scales, but also for the two “gener-
al environmental sensitivity” scales covering sensitivity
to a wide range of everyday stressors, including light,
noise, and mental strain. This finding suggests that self-
reported annoyance to several environmental factors
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may be the best predictor of high reactivity and wide-
spread annoyance to any specific environmental factor,
as shown in our study by the reactions of the GA group.

The limited reactivity to the chemical challenge ob-
served in the SA group—restricted to higher smell an-
noyance ratings compared with those of the reference
group—may indicate that a population sample with self-
reported sensitivity restricted to smells has a relatively
benign type of environmental intolerance, which is less
likely to interfere with everyday life. Obviously, the SA
group had a milder smell intolerance than the persons
meeting the criteria for multiple chemical sensitivity,
who, in previous studies, have shown pronounced an-
noyance in response to chemical challenge (4, 19, 31).
Since the possible presence of annoyance due to envi-
ronmental triggers other than smells was not examined
in these latter challenge studies, it remains unknown
whether those with multiple chemical sensitivity in fact
had a more widespread environmental annoyance simi-
lar to the GA group in our study. However, in view of
our current findings and also those of others (7–9), it
could be expected that they did. Presumably, people re-
porting reactions to a wide range of environmental trig-
gers are more inclined to seek medical advice. It is
therefore not surprising that subjective health complaints
may lead to various diagnostic labels, such as “multiple
chemical sensitivity”, “electrical allergy”, “chronic fa-
tigue syndrome”, and the like, depending on the medi-
cal specialty of the diagnostician and the context or ill-
ness belief system of the patient (7, 33).

Our study did not aim to assess the impact of neuro-
toxic versus sham exposures. It has been shown in pre-
vious double-blind, placebo-controlled challenge stud-
ies that people claiming hypersensitivity to chemicals
and electromagnetic fields develop symptoms when ap-
praising chemical exposure, whether actually exposed
or not, but not when the exposure is masked. [See, eg,
Andersson et al (2) and Dalton & Hummel (30)]. The
purpose of our study was, rather, to determine the rela-
tionship between self-reported environmental annoy-
ance in everyday life and the reactions to various as-
pects of exposure to chemical odors. A wealth of data
has documented the commonness of psychiatric disor-
ders in idiopathic environmental intolerance, particular-
ly somatoform, mood, and anxiety disorders, suggest-
ing a constitutional mental vulnerability as one predis-
posing factor for the development of annoyance reac-
tions attributed to the environment (34, 35). On the other
hand, other data suggest that a large percentage of peo-
ple with no previous history of emotional problems is
at risk of developing idiopathic environmental intoler-
ance-like conditions in the aftermath of extraordinarily
stressful life events. For example, a substantial number
of the military personnel deployed in the Persian Gulf
War developed a sensitivity to chemical smells (36). The

common denominator for running the risk of develop-
ing idiopathic environmental intolerance-like conditions
seems to be emotional distress. In states of arousal, the
human being has an enhanced vigilance for danger, is
prone to act on simplistic beliefs and to revert to basic
coping strategies such as avoidance, and has an en-
hanced susceptibility to conditioning processes, facili-
tating a spread of triggers (30, 37–39). Data suggest a
high prevalence of milder variants of idiopathic envi-
ronmental intolerance in the general population (40). In
the final analysis, it may well turn out that the onset of
environmental annoyance reactions is one of several
signs of a long-term inability to cope successfully with
the demands of life encountered in modern society.
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