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ABSTRACT:  The purpose of this study was to assess the association between
occupational exposure to low levels of airway irritants, and airway responsiveness
to histamine.

In 688 male workers, symptom prevalence was assessed according to the British
Medical Research Council (BMRC) questionnaire.  All subjects performed a 30 s
tidal breathing challenge test.  Airway hyperresponsiveness (AHR) was defined as
a 20% fall in forced expiratory volume in one second (FEV1) at ≤32 mg·ml-1

histamine.  On the basis of job titles and working department, the exposure status
of all workers was characterized into seven groups: 1) reference group; 2) white
collars; 3) SO2, HCl, SO4

2-; 4) polyester vapour; 5) oil mist and oil vapour; 6)
polyamide and polyester vapour; and 7) multiple exposures.

Using multiple logistic regression, no association was found between the exposure
groups and a higher prevalence of AHR.  A higher prevalence was significantly
associated with a low FEV1, a history of allergy, and the presence of chronic
respiratory symptoms.  Subjects in the SO2 group and the oil mist group with ≤5
exposure years had a lower prevalence of AHR,  probably due to pre-employment
selection procedures.  There was some trend for subjects with more than 5 yrs
exposure to polyester vapour and to oil mist and to oil vapour to have a higher
prevalence of AHR.  Analyses using the dose-response slope according to O'Connor,
revealed similar results and provides no additional information.

We conclude that no association could be demonstrated between low grade
exposure to airway irritants and airway hyperresponsiveness, and that further
research is needed to elucidate this relationship.
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Studies of general populations and occupational popu-
lations indicate that occupational exposure to fumes and
vapours in combination with dust, is a risk factor for
developing chronic obstructive lung diseases (COLD),
whereas this is less clear for exposure to fumes and
vapours without concomitant exposure to dust [1].  It has
been reported that exposure to fumes and vapours can
be related to airway hyperresponsiveness (AHR).  Ex-
posure to high levels of irritants may induce persistent
AHR due to mucosal inflammation of the bronchus,
whereas exposure to low levels of irritants may provoke
an airway narrowing due to a direct effect on the bron-
chial irritant receptors [2–6].  It has not been investigat-
ed whether exposures to irritant gases or fumes at levels
commonly found in occupational settings result in obstruc-
tive lung diseases [1, 7].

We carried out a cross-sectional study of the relation-
ship between exposure to low levels of airway irritants
without concomitant dust exposure, and the presence of
AHR among workers from synthetic fibre plants.  As the
level of responsiveness is also associated with smoking,
allergy and respiratory symptoms [8, 9], we wanted to
determine whether the relationship is different for smok-

ers, for subjects with a history of allergy, and for sub-
jects with chronic respiratory symptoms.  Furthermore,
the relationship of duration of exposure to airway respon-
siveness was investigated.  During the 5 years prior to
this study, pre-employment selection had taken place for
workers who applied for jobs in a working environment
with exposure to SO2, SO4

2- and oil mist.  This potential
selection bias will be addressed in the Discussion sec-
tion.  In the analyses, we defined responders as subjects
with a provocative concentration of histamine producing
a 20% fall in forced expiratory volume in one second
(PC20) of ≤32 mg·ml-1.  In addition, we used the dose-
response slope as a continuous variable for airway respon-
siveness [10], because this index of responsiveness can
be calculated for all subjects, and may provide additional
information [11, 12].

Methods

Study design

The study was conducted among workers from syn-
thetic fibre plants that belonged to the same industrial
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site, and was carried out from April to July 1989 during
working days.  The study was approved by the Ethics
Board of the Groningen University Hospital and Medical
School.  Written informed consent was obtained from all
participants.

Study population and exposure groups

Male employees from departments with potential expo-
sure to airway irritants, and a control group from depart-
ments presumed to be free from exposure, were invited
to participate in the survey.  In May 1989 the total num-
ber of workers eligible for investigation was 909 men.

On the basis of job titles and working department at
the time of the survey, the current exposure status of all
workers was characterized. The workers were divided
into seven groups. 

1)  Reference group. This group consisted of workers
of the forwarding department, the reelers of the indus-
trial yarn plant, and the texturizers of the carpet yarn
plant.  These workers were not subjected to exposure to
airway irritants.

2) White collar group.  The data on workers who were
not directly involved in the production of the yarn and
fibres were analysed separately.  They were process tech-
nologists, production instructors, production floor man-
agers and clerical workers.

3)  SO2, SO4
2-, HCl group. This group consisted of pro-

duction line workers and maintenance and instrumenta-
tion fitters, who could have been exposed to SO2 and
HCl vapour and to SO4

2- and HCl aerosols, gener-
ated during the production process of the para-aramid
fibre.  Personal sampling (7 h time-weighted average)
showed maximum concentrations of SO2 vapour of 0.30
mg·m-3, of HCl aerosols of 2.1 mg·m-3, and of SO4

2-

aerosols of 0.5 mg·m-3.   For certain work operations,
peak exposures occur up to 40 mg·m-3 HCl vapour (aver-
aging time a few minutes) and up to 46 mg·m-3 SO2

vapour (averaging time a few seconds). 

4)  Polyester vapour group.  This group consisted of
workers who were involved in the polymerization and
polycondensation of the monomers, terephthalic acid
and glycol, and cutting up of the polyester polymer.
Because of the high temperature (>250°C) during the
polycondensation, some thermodegradation of the poly-
mer can occur.  Workers can be exposed to thermo-
degradation products, such as aldehyde vapours, and to
diphenyl diphenyloxide (used as a heat transfer agent)
vapour.  Personal sampling showed maximum 5 h time
weighted-average concentrations of total aldehyde vapour
of 0.04 mg·m-3, primarily consisting of acetaldehyde.  No
aldehyde peak exposure could be detected (averaging
time 30 min).  Personal sampling of diphenyl dipheny-
loxide exposure showed 8 h time-weighted average con-
centrations up to 7.3 mg·m-3 (n=29; geometric mean (GM)
2.2 mg·m-3) under normal conditions, and as a result of

an incident up to 48.1 mg·m-3 (n=14; GM 8.5 mg·m-3).
For certain operations, peak exposures to diphenyl diph-
enyloxide occur; monitoring (averaging time 30 s) showed
peak exposures up to 60 mg·m-3.  Also, during certain
operations (process temperatures around 250°C) and as
a result of a leak, workers can be exposed to ethylene
glycol vapour. 

5)  Oil mist and oil vapour group. This group was com-
posed of the workers who were involved in winding and
stretching (spin-draw winders) of industrial yarn (poly-
ester and polyamide) and of the workers of the spin-
draw winding and texturizing carpet yarn department.
There was exposure to oil mist and oil vapour emanat-
ing from the synthetic oil mixture that is applied to the
yarn.  Monitoring (averaging time 20–30 s) near the
machines revealed respirable oil aerosols up to 1.1 mg·m-

3 in normal situations, and up to 4.4 mg·m-3 during inter-
ruptions.  Because the yarn is heated (around 180°C),
some thermodegradation of components of the oil can
occur.  The air in the area of one of the three produc-
tion lines of the winding and stretching department is
humidified with a steam humidification system.  The air
in the area of the other two lines, and the air of the spin-
draw winding and texturizing department is humidified
with a cold water spray system.  Exposure to airborne
viable materials from the cold water spray system was
possible.  Results of an occupational exposure study
showed low concentrations of airborne Gram-negative
bacteria (n=6; GM 47 colony forming units (cfu)·m-3),
of fungi (n=6; GM 7.5 cfu·m-3), and of personal expo-
sure to endotoxin (n=5; GM 64 pg·m-3) [13].

6)  Polyamide and polyester vapour group. This group
consisted of the spinners who were involved in spinning
of the melted polyamide and polyester chips to yarn, and
in exchanging spinning garnitures.  Because of the high
temperature of the production process (>200°C), ther-
modegradation products of the polyamide and poly-
ester polymer could arise.  Spinners can be exposed to
vapours of these products, for example oligomers, and
to lactam vapour.  Measurements near the machines
showed 150 min time-weighted average concentrations
of lactam vapour, with a GM of 15.9 mg·m-3 (n=3).

7)  Multiple exposures group. This group consisted of
maintenance engineers.  They were exposed to different
airway irritants depending on location within the plant
(oil mist and oil vapour, aldehyde and oligomer vapours,
lactam, soldering fumes, but no acid aerosols).

Questionnaire

Data on respiratory symptoms and smoking habits were
collected by means of a self-administered Dutch version
of the British Medical Research Council (BMRC) stan-
dardized questionnaire.  Additional questions concern-
ing allergy and work history were included.   Subjects
were considered to have chronic respiratory symptoms:
if they had cough or phlegm production on most days
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or nights for as much as three consecutive months each
year during winter (chronic cough or chronic phlegm):
if during the previous 3 yrs they experienced more than
one period of at least 3 weeks with (increased) cough
and phlegm (episodes of bronchitis);  if they got short
of breath when walking with other people of their own
age on level ground (dyspnoea grade III); if their chest
sounded wheezing or whistling more than once a year
(frequent wheeze); or if they ever had attacks of short-
ness of breath with wheezing (asthmatic attacks).  Subjects
were considered to have a history of allergy if they
answered yes to one of the following two questions:
"Have you ever had hay fever?" and "Do you get eye,
nasal or respiratory symptoms if you are exposed to house
dust, domestic animals or fungi?"

Nonsmokers were defined as lifelong nonsmokers.
Current smokers were defined as those who smoked
one cigarette or more per day for at least one year.  Ex-
smokers were those who stopped smoking for at least
one month before the examination.

Spirometry 

Spirometry was performed from Monday to Friday
between 8:30 a.m. and 4.00 p.m. such that for each depart-
ment the measurements of the workers were equally
distributed over the day, the working week, the shifts
and the survey period.  Spirometry was performed with
a water-sealed spirometer (2400 Pulmonary Function
Laboratory; SensorMedics BV, Bilthoven, NL) with
automatic data processing.  A minimum of three satis-
factory forced expiratory manoeuvres were required for
each subject.  A satisfactory test required that of two
manoeuvres the forced vital capacity (FVC) was repro-
ducible within 5%, with a maximum of 300 ml [14].
Measurements were corrected for body temperature,
atmospheric pressure, and water saturation (BTPS).  In the
current paper, the highest values for FVC and  forced
expiratory volume in one second (FEV1) were used for
analysis.  FEV1 and FEV1/FVC were expressed as a per-
centage of predicted value (FEV1 % pred and FEV1/FVC)
% pred) using the prediction equations of QUANJER and
co-workers [14].

Histamine challenge test 

Airway responsiveness was measured by means of
a histamine challenge test.  Histamine was dissolved in
a phosphate solution: phosphate buffer, pH 7.4 with
0.03% serum albumin and 0.5% phenol.  Histamine
aerosols were generated by a Wiesbaden Doppelinhal-
ator.  The nebulizers were calibrated to deliver an out-
put of 0.13 ±0.01 ml·min-1: with a driving pressure of
2.5 bar, this required an airflow of 6.5 l·min-1.  The neb-
ulizers contained 3 ml of solution at room temperature.
The aerosols were delivered via an inspiratory-expiratory
valve box and mouthpiece.

The challenge test was not performed on subjects with
daily medication for a pulmonary or cardiovascular
disease, or on subjects with a prechallenge FEV1 of less

than 80% predicted.  The basic protocol is the de Vries
modification of the 30 s tidal breathing method: after
pretest with phosphate solution, subjects inhaled sequen-
tial aerosols of histamine biphosphate in concen-
trations of 1, 2, 4, 8, 16 and 32 mg·ml-1 at intervals of
2.5 min [15].  The FEV1 was measured at 30 and 90 s
after each concentration.  The starting concentration of
the short protocol was 4 mg·ml-1 histamine.  Subjects
with a history of asthma-like symptoms, or allergy, or a
fall in FEV1 of at least 6% after phosphate solution, were
selected to start at 1 mg·ml-1.   All subjects skipped the
next concentration if the fall in FEV1 was less than 6%.
After a fall of FEV1 ≤6%, doubling concentrations were
resumed.  The test was terminated if a fall in FEV1 of at
least 18% from baseline FEV1 (=prechallenge FEV1)
occurred, or if the highest concentration had been given.
A software program "Broncho-Challenge" (SensorMedics
BV, Bilthoven, NL) was used for recording the results
of the FEV1 s of the challenge test.

Data analysis

Airway responsiveness was analysed both as a dichoto-
mous and continuous variable.  Subjects with a provoca-
tive concentration of histamine causing a ≥20% fall
in FEV1 of ≤32 mg·ml-1 (PC20 histamine ≤32 mg·ml-1)
were considered to be responders; all the others were
consi- dered to be nonresponders.  PC20 was calculated
by log-linear interpolation of the last two data points,
with extrapolation up to one doubling concentration.  For
the continuous variable, the dose-response slope was used
[10].  The dose-response slope is expressed as percent-
age fall in FEV1  per mg·ml-1 histamine (% FEV1 fall per
mg·ml-1).  Distribution analysis showed that the slope
variable had a highly skewed distribution.  Log and rec-
iprocal transformations of the slope variable were explored
to obtain a distribution that was as close to normality as
possible.  Before the transformation, a constant of 0.3
was added to the slope value to eliminate zero and neg-
ative values.

Differences in mean values for the transformed dose-
response slope values between groups were compared
using one-way analysis of variance. Differences in preva-
lence of airway hyperresponsiveness were assessed using
the chi-squared test.  The association between exposure
to airway irritants and the prevalence of AHR was inves-
tigated using multiple logistic regression analysis.  For
the relationship of exposure to the transformed value of
the dose-response slope, multiple linear regression analy-
sis was used.  Both methods allow simultaneous adjust-
ment for covariates, such as age, smoking habit, allergy
by history, chronic respiratory symptoms, and baseline
lung function level.  Normality plots of the standardized
residuals estimated by linear regression analysis, showed
that of the transformed slope variable the residuals of
the reciprocal of the slope (1/(% FEV1 fall per mg·ml-

1+0.3)), were the most normally distributed.  Therefore,
the results of the analysis with the reciprocal of the dose-
response slope is presented.

Of the calculated odds ratios (ORs), 95% confidence
intervals (CIs) are given.  An OR is significant if the CI
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does not include unity.  Associations are considered sig-
nificant at p-values of less than 0.05.  All analyses were
performed using the Superior Performing Software/PC+
(SPSS, Inc., Chicago, USA) programme (version 4.1).

Results

Of the 909 workers who were invited, 790 (87%) par-
ticipated in the survey.  The response rate was 70% for
the white collar group, 84% for the reference group, and
ranged from 88% for the SO2 group to 100% for the
multiple exposure group.  Of these 790 men, 28 were
excluded from the analyses because of different cul-
tural, lingual or racial background, which could influ-
ence questionnaire response or the results of the lung
function test.  Furthermore, 51 subjects were excluded
from the histamine challenge test: one refused; five sub-
jects had daily medication for a lung disease and 15 for
a cardiovascular disease; 22 had a baseline FEV1 <80%
predicted; and eight had no test for miscellaneous rea-
sons.  Eleven subjects had an incomplete challenge test,
and for 20 subjects the quality of the test was poor.  Of
the remaining 680 men, 12 could not be included because
of incomplete data on smoking or lung function (no FVC).
Thus, data from 668 subjects were available for the analy-
ses.

The study population was young, with 50% of the sub-
jects younger than 31 yrs (range 20–58 yrs) (table 1).
The prevalence of current smoking ranged from 44% in
the SO2 and the multiple exposure group to 63% in the
polyamide and polyester vapour group.  A history of
allergy was present in 14% of the nonsmokers, 15% of
the ex-smokers and 12% of the smokers.

The 119 subjects who did not attend the survey were
on average older (38±11 yrs) and had a longer tenure
(11.9±9.0).  The 94 subjects who were excluded from
analyses were also on average older (37±12 yrs), had a
higher prevalence of lifelong nonsmoking (27%) and
ex-smoking (28%), a lower prevalence of a history of
allergy (7%), and a higher prevalence of chronic respir-
atory symptoms (29%).  To the extent that pulmonary
function data were available (n=74), the FEV1% pred
(93%±15%) and FEV1/FVC% pred (93±10%) were lower
in excluded subjects.

Airway hyperresponsiveness

Airway hyperresponsiveness, defined as a PC20 of ≤32
mg·m-1, was present in 23% of the subjects.  The refer-
ence group had a prevalence of AHR of 26%.  The other
exposure groups had a lower prevalence, with the excep-
tion of the polyester vapour group (28%).  Differences
were not statistically significant (table 2).  AHR was
found significantly more often in smokers (26%), sub-
jects with a history of allergy (34%), and subjects with
chronic respiratory symptoms (35%).   AHR was found
more often among older subjects aged 50–59 yrs (32%)
than among younger subjects aged 20–29 yrs (23%), but
this difference did not reach statistical significance.
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The prevalence of AHR increased significantly with
decreasing value of FEV1% pred and FVC%/FEV1 pred.

Multiple logistic regression analyses revealed that the
magnitude of the associations between exposure groups
and the prevalence of AHR did not change after adjust-
ment for age, smoking habit, history of allergy, and base-
line lung function (table 2).  The exposure groups were
associated with a lower prevalence of AHR (ORs <1.0)
with the exception of the polyester vapour group (OR
1.1).  The association with a lower prevalence was sta-
tistically significant for the oil mist group (OR 0.5).  An
additional regression analysis, which included chronic
respiratory symptoms as an independent variable, showed
similar ORs for the exposure groups as presented in table
2.

Smoking habit and age were not significantly associ-
ated with a higher prevalence of AHR, with respective
ORs for ex-smoking and smoking of 0.8 (95% CI 0.4–
1.6) and 1.3 (95% CI 0.8–2.1), and for age and age2 of
0.90 (95% CI 0.75–1.07), and 1.001 (95% CI 0.999–1.004).
An additional regression analysis without adjustment
for lung function level, showed no association between
a higher prevalence and older age.  Subjects with a
history of allergy were responders significantly more
often, with an OR of 2.2 (95% CI 1.3–3.8).  Baseline
lung function level was significantly associated with

AHR.   The prevalence of AHR was 1.5 (95% CI 1.3–1.9)
and 2.5 times higher (95% CI 1.9–3.4) when the FEV1

and the FEV1/FVC ratio were, respectively, 10% lower
than the predicted values.

Stratified logistic regression analyses were performed
to investigate whether the association between exposure
groups and the prevalence of AHR was different for
smokers and nonsmokers, for subjects with and without
a history of allergy, and for subjects with and without
chronic respiratory symptoms.  These analyses did not
show marked differences in magnitude of the ORs for
the exposure groups between the strata.  This indicates
that the association between exposure group and the pres-
ence of AHR is not different for smokers, for subjects
with chronic respiratory symptoms or for subjects with
a history of allergy.

The possible association of the duration of the current
exposure with the presence of AHR was examined.
Logistic regression analyses were carried out, stratified
by two duration categories: ≤5 and >5 exposure years
(table 3).  For subjects with ≤5 exposure years, the expo-
sure groups were not associated with a higher preval-
ence of AHR.  The oil mist group was significantly
associated with a lower prevalence (OR 0.3).  For sub-
jects with more than 5 exposure years, the polyester
vapour group (OR 2.3) and the oil mist group (OR 2.1)

LOW LEVEL OCCUPATIONAL IRRITANTS AND AHR

Table 2.  –  The prevalence, the unadjusted odds ratios (ORs) and the adjusted odds ratios with 95% confidence inter-
val (95% Cl) for the prevalence of airway hyperresponsiveness (PC20 ≤32 mg·ml-1) (adjustment for age, smoking habit,
a history by allergy, FEV1% predicted and % FEV1/FVC predicted) (n=668)

Total  AHR Unadjusted Adjusted

Exposure group n n (%) OR 95% Cl OR 95% Cl

Reference 180 47 (26) 1.0 – 1.0 –
White collars 58 15 (24) 1.0 0.5–1.9 1.1 0.5–2.6
SO2, SO4

2-, HCl 119 21 (18) 0.6 0.3–1.1 0.7 0.3–1.2
Polyester vapour  94 26 (28) 1.1 0.6–1.9 1.1 0.6–2.1
Oil mist, oil vapour 141  25 (18) 0.6 0.4–1.1 0.5 0.3–1.0*
Polyamide vapour and 51 12 (24) 0.8 0.4–1.8 0.9 0.4–2.0
polyester vapour
Multiple exposures 25 5  (20) 0.7 0.6–1.9 0.8 0.3–2.1

PC20: provocotive concentration producing a 20% fall in FEV1; FEV1: forced expiratory volume in one second; FVC: forced vital
capacity; % pred: percentage of predicted; AHR: airway hyperresponsiveness. *: p<0.05

Exposure years
Exposure group ≤5 yrs (n=488) >5 yrs (n=180)

n (%) OR 95% Cl n (%) OR 95% Cl

Reference 38 (29) 1.0 – 9 (18) 1.0 –
White collars 11 (29) 1.1 0.4–3.3 4 (20) 1.4 0.3–7.0
SO2, SO4

2-, HCl 21 (18) 0.6 0.3–1.1 0 - <0.1† –
Polyester vapour 16 (28) 1.0 0.5–2.1 10 (27) 2.3 0.7–7.5
Oil mist, oil vapour 13 (12) 0.3 0.1–0.6** 12 (34) 2.1 0.6–7.0
Polyamide vapour and
polyester vapour 7 (24) 1.0 0.4–2.8 5 (23) 1.2 0.3–4.8
Multiple exposures 4 (33) 1.2  0.3–4.8 1 (8) 0.4 <0.1–4.2

Table 3.  –  Prevalence and odds ratios (ORs) with 95% confidence interval (95% Cl) for the prevalence of air-
way hyperresponsiveness (PC20 ≤32 mg·ml-1), stratified by exposure years (ORs are adjusted for age, age2, smok-
ing habit, allergy by history, FEV% predicted and % FEV1/FVC predicted (n=688).

†: no reliable estimation of the OR could be obtained (only three subjects in this stratum); **: p<0.01. For further abbrevia-
tion see legend to table 2.
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were associated with a higher prevalence of AHR, but
these associations were not statistically significant.

Associations between exposure groups and prevalence
of AHR might have been compromised by the presence
of subjects who had recently changed jobs or were
employed.  Restricting the analysis of table 2 to subjects
with at least 6 months of exposure, and an analysis with
subjects with at least one year of exposure, did not change
the results.  ORs for the exposure groups remained essen-
tially the same.

Exclusion of subjects from analyses might have biased
the results of table 3.  Of the 94 subjects who were
excluded (subjects with different racial or cultural back-
ground not included), 32 subjects had >5 exposure years,
and a relatively large proportion belonged to the refer-
ence group: 15 subjects.  Taking the relationship of lung
function level to airway responsiveness (57% of the sub-
jects with an FEV1 of 80–89% pred were responders) and
the lower mean FEV1% pred of the excluded subjects
into account, one can postulate that exclusion of subjects
with >5 exposure years might have resulted in a lower
prevalence of AHR in the reference group, explaining,
at least partly, the stronger association between the preva-
lence of AHR and the polyester vapour and oil mist
group.

Dose-response slope

Analyses were also performed with the continuous vari-
able dose-response slope.  The geometric mean (GM) value
of the dose-response slope was 0.31 % FEV1 fall per
mg·ml-1.  This corresponds with an average fall in FEV1

of 10% at 32 mg·ml-1 histamine.  The GM dose-response
values of the exposure groups compared with the refer-
ence group, correspond with the prevalence of AHR data
(tables 2 and 4).

The results of the linear regression analyses confirmed
the results of the logistic regression analyses, with the
exception of the significance level of the difference
between the reference group and the SO2 group and the
oil mist group.  The value of the intercept of 1.432 cor-
responds with 0.36% FEV1 fall per mg·ml-1 histamine for
a 20 year old subject from the reference group with nor-
mal lung function.  The explanatory variables in the
regression analysis (table 4) explained 20% of the vari-
ation of the dose-response slope.

Stratified analyses revealed no additional information.
In the analysis stratified by duration of exposure, the
association between ≤5 yrs of exposure and lower dose-
response slope value was significant for the SO2 group
and for the oil mist group (table 5).  Subjects from the
polyester vapour group and the oil mist vapour with >5
exposure years had higher mean dose-response values
than those from the reference group.  The difference was
of borderline significance for the polyester vapour group.
These results are in agreement with the logistic regres-
sion analysis presented in table 3.

Discussion

In this analysis, no association could be demonstrated
between exposure to airway irritants encountered in this
study and a higher prevalence of AHR.  On the contrary,
there was a tendency for a lower prevalence among
workers exposed to irritants.  Adjustment for smoking,
allergy by history, and baseline lung function level did
not alter the associations between exposure groups and
airway responsiveness.  Stratified analyses did not indi-
cate that the association was different for smokers, for
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Table 4.  –  Geometric mean, the unadjusted and adjustedlinear regression coefficients (β) for the dose-response slope
1/(% FEV1 fall per mg·ml-1+0.3) adjustment for age-20, (age-20)2, smoking habit, a history by allergy, (%-100%)FEV1

predicted and (%-100%)FEV1/FVC predicted) (n=688)

% FEV1 fall per mg·ml-1 Unadjusted Adjusted

Exposure group GM GSD β SE2 β SE

Reference 0.33 1.03 – –
White collars 0.28 0.98 0.151 0.115 0.037 0.114
SO2, SO4

2-, HCl 0.25 0.91 0.233 0.090** 0.202 0.082*
Polyester vapour 0.37 1.19 -0.094 0.097 -0.120 0.089
Oil mist, oil vapour 0.30 1.08 0.082 0.086 0.096 0.078
Polyamide vapour and

polyester vapour 0.33 0.84 0.003 0.121 -0.037 0.111
Multiple exposures 0.31 0.88 0.052 0.162 -0.044 0.150
Intercept – – 1.588 0.057 1.432 0.094

GSD: geometric standard deviation. For further abbreviations see legend to table 2. *: p<0.05; ** p<0.01.

Table 5.  –  Linear regression coefficients (β) for 1/(%
FEV1 fall per mg·ml-1 +0.3), stratified by exposure years;
the coefficients are adjusted for age-20, (age-20)2, smok-
ing habit, a history by allergy, (%-100%)FEV1 predicted
and (%-100%)FEV1/FVC predicted (n=668)

Exposure years

≤5 yrs (n=488) >5 yrs (n=180)

Exposure group β SE1 β SE

White collars 0.076 0.144 0.009 0.221
SO2, SO4

2-, HCl 0.227 0.084** 1.499† 0.490**
Polyester vapour -0.028 0.104 -0.354 0.176*
Oil mist, oil vapour 0.190 0.085* -0.153 0.176
Polyamide vapour and

polyester vapour -0.086 0.136 -0.039 0.205
Multiple exposures -0.019 0.198 -0.135 0.251

†= three subjects in this stratum; #: p<0.05; **: p<0.01. For
abbreviations see legend to table 2.



LOW LEVEL OCCUPATIONAL IRRITANTS AND AHR

subjects with a history of allergy or chronic respiratory
symptoms.  Subjects with more than 5 yrs of exposure
to polyester vapour and to oil mist and oil vapour had a
higher prevalence of AHR than the reference group, but
these differences did not reach a significant level.  Analyses
using a dose-response slope as the parameter for AHR
showed similar results and provided no additional infor-
mation.

It has been reported that single high exposure peaks
of gases or fumes induced transient airway hyperre-
sponsiveness or a persistent hyperresponsiveness [6, 7].
There has been no extensive study of whether exposures
to gases, vapours or fumes at levels commonly found in
occupational settings result in respiratory diseases [1, 7].
SØYSETH and KONGERUD [16] could not demonstrate a
relationship between AHR and airborne exposure to flu-
oride and dust in 339 aluminium potroom workers.
KENNEDY et al. [17] found that workers from a metal
foundry (n=45) and two cedar sawmills (n=413) had a
higher prevalence of AHR than office workers (n=196),
but that this difference was not present after adjustment
for baseline lung function.  In a general population aged
18–73 yrs, BAKKE et al. [18] found no association between
occupational airborne exposure to fumes, mists, gases or
dusts and a higher prevalence of AHR.  The last two
studies did not distinguish between exposure to gases,
vapours or fumes and airborne dust.  Occupational and
general population studies do indicate that occupational
exposure to irritants is associated with chronic respira-
tory symptoms [19–24], whereas an association with a
lower lung function level could not be demonstrated
[25–27], with the exception of the study by XU et al.
[24].  In the latter study, a general population study in
Beijin (China), a significant lower lung function level
was found among subjects with occupational exposure
to gases/fumes classified as high intensity (=very fre-
quent or daily exposure to high concentrations) compared
to subjects with little exposure to gases/fumes.

We, also, could not demonstrate an association between
low level exposure to airway irritants and a higher preva-
lence of AHR, although the workers are potentially
exposed to acid aerosols and acid vapour, oil mist and
oil vapour, aldehydes/acetaldehydes vapour, glycol and/
or lactam vapour, that are known to produce an irritat-
ing effect on the respiratory tract or to induce respirato-
ry symptoms [20, 28–32].  Irritation of the eyes and the
mucous membranes have been reported for diphenyl
diphenyloxide exposures [33, 34].  In a previous report,
we confirmed the reported association between exposure
to irritants and a higher prevalence of chronic respira-
tory symptoms and the absence of an association with a
lower lung function level [35].

A limitation of this study was the power.  Power analy-
ses showed that differences in prevalence of AHR between
groups should have been at least 15% to be statistically
significant.  However, the main finding of this study is
not that we could not demonstrate a significant higher
prevalence of AHR among exposed workers, but that we
were faced with a lower prevalence in the SO2 group and
the oil mist group for workers with ≤5 exposure years.
The known susceptibility of asthmatics for exposure to

SO2 [36, 37], was the reason for the company to have
the policy not to employ subjects with a suspected his-
tory of asthma-like symptoms in the para-aramide plant,
because of the possible exposure to SO2 and SO4

2-.  This
was the case ever since the para-aramide fibre came into
production in 1984.  Pre-employment selection also took
place for workers of the oil mist and oil vapour group.
In the years 1984–1989, the medical department of the
plant had a tendency not to pass subjects with a history
of asthma-like symptoms for employment in a workplace
environment with exposure to oil mist and oil vapour.
This was necessary because respiratory problems that
resembled the syndrome of endotoxin fever had been
reported, resulting in transfer of a few workers [13],
although the respiratory problems reported were not
accompanied by an increased AHR.  The other exposure
groups were not subjected to pre-employment selections.
Our findings may also have been biased by the fact that
some workers from the current reference group have an
occupational work history at other departments.  Moreover,
the level of exposure within each exposure group may
differ.

The finding that the exposure groups were not asso-
ciated with a higher prevalence of AHR, might also be
because the level of exposure is too low, despite peak
exposures during certain task performances, or because
the exposure time is too short.  In the 10–15 yrs prior
to the study, the company adjusted machines and improved
the active ventilation to reduce airborne exposures.  If
the exposure had the same potency to induce AHR as
for example red cedar, isocyanates, or some high mole-
cular weights agents (e.g. flour and cereals), some sub-
jects would have developed asthmatic symptoms within
a few years [38].  This would have been noticed by the
occupational health department.  It is more likely that
the airway irritants at exposure levels encountered in this
study incite respiratory symptoms, preferentially in sub-
jects with hyperresponsive airways [6], which would also
explain the presence of work-related respiratory symp-
toms as described in a previous report [39].

In addition to pre-employment selection, exclusion of
subjects from analyses might have influenced the results.
In particular, it might have contributed to the relatively
low prevalence of AHR in workers from the reference
group with more than 5 exposure years.  Thus, the ques-
tion remains open whether exposure of more than 5 yrs
to low levels of irritants, as encountered by the workers
of the polyester vapour group and the oil mist group, is
associated with a higher prevalence of AHR (table 4),
or whether it is partly an artifact caused by exclusion of
subjects from analyses.

On average, the response was high.  The lowest res-
ponse was among the white collar workers, in whom no
exposure related AHR was to be expected.  The major
reason for these workers not attending was lack of time.
Of the other exposure groups, reasons for not attending
varied from no interest, no time (production had higher
priority), absence from work due to illness and vacation.
The low nonresponse in combination with the variation
of reasons not to come, will probably not have caused a
strong bias towards no effect.
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In this study, the associations between AHR on the
one hand and current smoking, a history of allergy, and
chronic respiratory symptoms on the other hand are in
agreement with other studies [9].  Also, the lack of a
significant association between a higher prevalence of
AHR and current smoking after adjustment for lung func-
tion level is described by others [17, 18, 40].

In contrast to the PC20, the dose-response slope can be
calculated for each subject and, therefore, the dose-
response slope may have a greater statistical power than
PC20 [11].  But, the explanatory variables accounted for
only 20% of the variation of the dose-response slope.
PEAT et al. [11] found a similar result in their study of
a general population sample.  Our hypothesis was that
analyses with the continuous parameter dose-response
slope would show the same associations between airway
responsiveness and risk factors as the analyses with the
dichotomous variable responder versus nonresponder [12].
The results of the analyses were indeed similar.

In summary, the current analyses could not demon-
strate a significant association between exposure to irri-
tants and increased airway responsiveness.  The good
health surveillance and the achievement of reduced expo-
sure levels might have contributed to this result.  However,
long-term respiratory health effects might still occur, as
suggested by the finding that subjects of the polyester
vapour group and the oil mist and oil vapour group with
more than 5 exposure years had higher prevalence of air-
way hyperresponsiveness.  No additional information was
obtained by using the continuous dose-response slope
variable compared to the analyses with the dichotomous
airway hyperresponsiveness variable.  This study justi-
fies further research to elucidate the relationship between
exposure to airway irritants and airway responsiveness.
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