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0-48 7), of the oil mist and vapour group 2-1
(95% CI 0O5-8-6), and of the polyamide and
polyester vapour group 2-9 (95% CI
0O5-15-8). For the normal responsive subjects
these ORs were 1-0 (95% CI 0-3-3-1), 1'5
(95% CI 06-3-7), and 3 0 (95% CI
1 0-9O0). Thus the use of a more restrictive
definition of presence of symptoms resulted
in a stronger association between exposure
and prevalence of symptoms for the hyper-
responsive subjects.

The small numbers of subjects- with a his-
tory of allergy in the various exposure groups
did not allow a similar stratified analysis for
subjects with or without a history of allergy.
The stratified analyses were also performed

with adjustment for level of lung function,
including %FEV, predicted as an indepen-
dent variable. The associations between the
exposure groups and the prevalence of symp-
toms remained the same.
To test whether the differences in ORs for

the exposure groups between smokers and
non-smokers and hyperresponsive and nor-
mally responsive subjects were significant, the
logistic regression analyses of any symptom
(one or more symptoms) were repeated
including interaction terms. The analyses
confirmed the stratified analyses. The ORs
for the exposure group-smoking terms
ranged from 1P5 to 8-3-indicated that the
association between exposure group and a
higher prevalence of symptoms was stronger
for smokers than for non-smokers. The poly-
ester vapour-smoking term was of borderline
significance with an OR of 3-3 (95% CI
0-9-12 1). The polyamide and polyester
vapour-smoking term was significant with an
OR of 8-3 (95% CI 1P3-51A4). Including the
exposure-airway hyperresponsiveness interac-
tion terms caused a small increase in the
exposure ORs. The ORs for the interaction
terms did not reach significance and were, as
was to be expected, less than 1I0, ranging
from 04 to 08.

Exclusion of subjects from analyses might
have influenced the study results. We
repeated the logistic regression analysis with
age, smoking habit, allergy history, and expo-
sure group as independent variables, includ-

ing and excluding 94 subjects of whom we
did not have complete lung function data or
histamine challenge data (28 subjects with
different cultural or racial background not
included). The magnitudes of the ORs for the
exposure groups in these two analyses were
similar.

LUNG FUNCTION
A first examination of the relation of level of
lung function with smoking habit, airway
responsiveness, history of allergy, respiratory
symptoms, work related symptoms, and
exposure group, was assessed by calculating
the mean %FVC, %FEV,, and %MMEF of
the predicted value for each subgroup.
Smokers had significantly lower mean %FEV,
and mean %MMEF values than the non-
smokers. Subjects with hyperresponsive air-
ways and subjects with chronic respiratory
symptoms had significantly lower mean
%FVC, %FEVI, and %MMEF than subjects
with normal responsive airways and no
chronic respiratory symptoms. The mean %
predicted lung function of subjects with and
without a history of allergy and of subjects
with and without work related symptoms, did
not differ significantly. Compared with the
reference group, the polyester vapour, the oil
mist and vapour, and the polyamide and
polyester vapour group had lower mean

%FEV, and mean %MMEF values. The SO2,
the white collar group and the multiple expo-
sure group had higher mean % lung function
values.

Multiple linear regression analyses were
performed to estimate the association
between the exposure groups and the level of
lung function with simultaneous adjustment
for potential confounding factors. With
adjustment for age, length, and smoking habit
the exposure groups were not significantly
associated with a lower level of lung function
(table 5, regression model 1). Adjustment for
airway responsiveness and a history of allergy
did not change these results (regression
model 2). The results did not change with
adjustment for chronic respiratory symptoms
(regression model 3). The MMEF was lower
for the SO2 (-73 ml/s), the polyester vapour

Table 5 Regression coefficients (/1) and standard errors (SEs) for FEV, andMMEF: the coefficients are adjustedfor
age, age-, and height

FEV, (ml) MMEF mills)

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

fi SE fi SE fi SE fi SE fi SE f SE

Exposure groups:
White collar 34 94 33 78 30 77 143 196 134 187 128 186
SO2 S042- HCI 53 68 34 57 21 56 11 142 -48 135 -73 135
Polyestervapour -67 73 -55 61 -45 60 -115 153 -81 146 -61 145
Oil mist and vapour 9 64 -18 54 -4 53 -65 134 -145 128 -117 128
Polyamide and polyester vapour -3 93 -15 77 9 76 -62 192 -95 183 -47 183
Multiple exposures 38 124 26 103 55 102 106 257 46 246 103 245
Pack-years -8 3** -7 3** -5 3* -12 6t -9 6 -5 6
Airway hyperresponsiveness - - -298 45** -271 45** - - 876 107** -825 108**
Allergy - - -25 57 1 55 - - 72 133 121 133
Any symptom - - - - -173 43** - - - - -336 104**

tp < 0-1; *p<0.05; **p<0-01.
tOne or more respiratory symptoms present but nasal catarrh was not taken into account.
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(-61 ml/s), the oil mist and vapour (-117
ml/s) and the polyamide and polyester vapour
group (-47 ml/s), but these differences were

not significant.
Smoking expressed as pack-years was sig-

nificantly associated with lower FVC (-8
ml/y), FEVI (-8 ml/y), and MMEF (-12
ml/s y; p = 0 054) values. The levels of sig-
nificance decreased after adjustment for air-
way hyperresponsiveness and respiratory
symptoms (table 5). Airway hyper-
responsiveness was significantly associated
with lower FEV1 and MMEF, but not signifi-
cantly with FVC (-49 ml; p = 0-37). A his-
tory of allergy was not significantly associated
with a decreased lung function (regression
model 2; all p values >0 2).
To investigate whether there was a differ-

ence in the association between exposure
groups and level of lung function for smokers
compared with non-smokers, for hyperres-
ponsive v normally responsive subjects and
for subjects with and without a history of
allergy, we performed linear regression analy-
ses stratified by each of these characteristics.
These analyses showed no indication of a

possible interaction between exposure to irri-
tants and current smoking, airway hyperres-
ponsiveness, and the presence of a history of
allergy.
To investigate whether the duration of

employment in the current exposure group
was associated with a lower level of lung
function, the multiple regression analyses
stratified by four duration categories: <2,
>2-s< 5, >5-A 10, and > 10 years of exposure.
In the first three categories, the exposure
groups were not significantly associated with
a lower level of lung function. In the category
with >10 years of exposure, however, all
exposure groups had lower FVC (ranging
from -110 ml to -197 ml), FEV1 (ranging
from -121 ml to -358 ml), and MMEF
values (ranging from -354 ml/s to - 1247
ml/s). The oil mist and vapour group had a

significantly lower mean FEV1 (-358 ml)
and MMEF (- 1247 ml/s). For the polyester
vapour group the FEVI was not significantly
lower (-295 ml, p = 0-14) but the MMEF
was significantly lower (- 1080 ml/s).

Exclusion of subjects from the analyses
might have influenced the results. We there-
fore repeated the overall analyses, including

66 subjects of whom we had a complete data
set but no histamine challenge data. No obvi-
ous differences were noted in the associations
between the exposure groups and the level of
lung function, compared with the analyses
that excluded these 66 subjects. For the
analyses stratified by the duration of expo-
sure, including the 66 subjects changed the
associations between exposure groups and
level of lung function in the category with
>10 years of exposure, but not in the other
exposure categories. In the category with >10
years of exposure, the polyester vapour and
the oil mist and vapour group were still asso-
ciated with a lower level of lung function, but
these associations were no longer statistically
significant (table 6). Of the 66 excluded sub-
jects 18 (27%) had >10 years of exposure and
10 of these 18 subjects belonged to the refer-
ence group. Excluding these 18 subjects
resulted in an increase in the mean level of
lung function (for example, FEVy increased
from 102% to 106%), and this increase was

greatest in the reference group (for example,
%FEV1 increased from 103% to 112%).
Thus by excluding these subjects, the differ-
ences between the workers with >10 years
exposure of the reference group and the
exposed groups increased.

Discussion
Exposure to irritants, as encountered in this
study, was associated with a higher preva-
lence of respiratory symptoms but not with a

lower mean FVC, FEV,, and MMEF. The
workers of the polyester vapour and the oil
mist and vapour group with more than 10
years of exposure had lower lung function
values than the reference group. Stratified
analyses showed that the association between
the polyester vapour and polyamide and poly-
ester vapour group and the prevalence of res-

piratory symptoms was greater for smokers
than for non-smokers. The association
between exposure to irritants and respiratory
symptoms was smaller for subjects with air-
way hyperresponsiveness than for subjects
with normal airway responsiveness.

In the synthetic fibre plants under study,
workers are exposed to a mixture of airway
irritants. In addition to the multiple exposure,
workers are exposed to high environmental

Table 6 Regression analyses of the population with ever 10 years exposure

FEV,: subjects with no histamine challenge data MMEF: subjects with no histamine challenge data

Included Excluded Included Excluded
(n= 81) (n= 63) (n = 81) (n= 63)

fi SE fi SE fi SE fi SE
Exposure group (ml) (ml) (mlIs) (mils)
White collar 129 212 1 217 168 526 49 578
SO, SO2-, HCl - - - - -

Polyester vapour -175 206 -361 206t -898 511t - 1236 550*
Oil mist and vapour -159 185 -465 189* -906 459t - 1495 504**
Polyamide and polyester vapour 156 205 -71 216 58 509 - 185 575
Multiple exposures 192 232 -60 228 140 577 -408 608

tp<0-1; *p<0.05; **p<0-01.
Regression coefficients (0) and standard errors (SEs) for FEV, and MMEF, are adjusted for age2, height, pack-years, a history of
allergy, and chronic respiratory symptoms
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temperatures near the machines at some

places, which may interact with exposure to
irritants.9 Most of the measured (and known)
vapour concentrations are lower than the
Dutch threshold limit values (TLVs) with the
exception of diphenyl diphenyloxide and pos-
sibly lactam. For the polyester vapour group,

personal exposure to diphenyl diphenyloxide
seems to be occasionally high compared with
the Dutch TLV of 7 mg/M3. The Dutch TLV
is mainly based on unpleasant odour percep-

tion. Irritation of the eyes and the mucous

membranes have been reported for exposures
of 19 to 25 mg/M.3"1617 For the polyamide and
polyester vapour group personal exposure to
lactam vapour could reach the Dutch TLV of
20 mg/M3n. Lactam vapour can cause throat
irritation and cough.'8 One of the most sus-

pected thermodegradation products of poly-
ester is acetaldehyde. Acetaldehyde can cause

hypersecretion of the upper respiratory tract
and bronchial mucus.'9 Personal exposure
measurements showed low concentrations of
acetaldehyde compared with the Dutch TLV
of 180 mg/M3. We also found that the level of
exposure was independent of function tasks:
the acetaldehyde exposure of production floor
managers and production line workers of the
oil mist and vapour group and the polyamide
and polyester vapour group were similar. This
means that acetaldehyde was measured, irre-
spective of polyester vapour exposure. Thus
exposure to aldehyde was not a marker for
exposure to polyester vapour. A possible
explanation for the low homogeneous
acetaldehyde exposure is that the measured
acetaldehyde emanated from tobacco
smoke.'0 On average, the workers of the oil
mist and vapour group and the polyamide
and polyester vapour group, smoke a consid-
erable amount when they are not working at
the machines.
The engineers who are responsible for the

maintenance and cleaning of the machines
are more likely to have short term high expo-
sures than production line workers.
Moreover, interviews showed that they are

also exposed to varying environmental tem-
peratures. Engineers reported significantly
more episodes of bronchitis but not more of
the other symptoms. It is possible that as well
as irritant exposure, the varying environmen-
tal temperatures could contribute to a high
prevalence of episodes of bronchitis.
Low level exposure to airway irritant is

associated with a higher prevalence of respira-
tory symptoms. Chan-Yeung and coworkers
reported more cough, phlegm, and wheeze in
797 aluminium smelter workers exposed to
low concentrations of hydrogen fluoride (0-48
mg/M3, eight hour time weighted average)
and SO2 (2-0 mg/m3, eight hour time
weighted average)." Osterman and coworkers
showed in a health study in 145 silicon car-

bide production workers that the prevalence
of symptoms such as phlegm, wheeze, and
dyspnoea were significantly and dose-depen-
dently related to SO, measured cumulatively,
or by average SO, exposure while employed.
They reported mean current exposure to SO,

of 0-69 mg/M3 (eight hour time weighted
average), which is low, but 20% of the work-
ers had daily exposure to SO2 of 2-7-4-0
mg/M3.22 Experimental studies with volun-
teers showed that exposure to 2-66 mg/M3
SO2 ( 1 ppm) can cause acute falls in FEV,
FEF50,%, and FEF,5%" and that asthmatic,
non-allergic subjects are much more sensitive
to the effect of inhaled SO2 than non-asth-
matic, non-allergic subjects.23 24 This suscepti-
bility of asthmatic persons to exposure to SO2
was the reason why the company did not
employ subjects with a suspected history of
asthma like symptoms in the para-aramide
plant, because of the possible exposure to
SO2 and S042-. This was done ever since the
para-aramide fibre came into production in
1984. The low prevalence of chronic respira-
tory symptoms and of the airway hyperres-
ponsiveness in the S02 group are probably
due to this pre-employment selection. As well
as selection, the maximum exposure duration
of only four and a half years at the time of the
survey may contribute to the low prevalence
of respiratory symptoms and to the fact that
the mean level of lung function did not differ
from the reference group.
A higher symptom prevalence in workers

exposed to oil mist has also been reported by
others. Robertson and coworkers reported
current asthmatic symptoms in 25 patients
due to various oil mists.25 Jarvholm and
coworkers found a higher prevalence of cough
and phlegm in 164 metal workers exposed to
mineral and emulsified oil mist.28 It remains
unclear whether in our study the association
between exposure to oil and respiratory
symptoms is due only to oil exposure. The
spindraw winders were also exposed to air-
borne microorganisms and endotoxins,
although the measured concentrations were
low." Although Jdrvholm and coworkers
found respiratory symptoms, they did not
find differences in FVC and FEVy between
the exposed metal workers and non-exposed
office workers. The minimum duration of
exposure was three years.'8 Also in other cross
sectional studies, no association was found
between exposure to oil mist and lower levels
of lung function.'728 Kennedy and coworkers
found acute FEVy falls during the working
days among 89 car workers exposed to oil
mist, but no falls in FEVy occurred over the
course of the working week. At the beginning
of the working week, no differences were
found in FEV, between exposed machinists
(n = 89) and the controls (assemblers; n =

42). All workers had worked for at least five
years for the company and all workers per-
formed the same job in the same area for at
least six months. These authors concluded
that the results of the cross sectional lung
function data may have been biased because
non-participants had lower lung function
than the participants, and workers who had
respiratory symptoms might have left the
company within five years of employment.'9
Thus in a cross sectional study of a working
force, selection bias, such as self selection and
pre-employment selection (SO2 group in this
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study) may explain a finding of no association
between exposure and a lower lung func-
tion,2930 and may underestimate the associa-
tion between exposure and prevalence of
symptoms. As well as selection, 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 exposure
level within each exposure group may differ.
Within the polyester vapour, the oil mist and
vapour, and the polyamide and polyester
vapour group, workers can have different
main function tasks, resulting in personal
exposure differences. For the SO2 group the
personal exposure may differ from time to
time because certain function tasks were
rotated.

In our study, current smoking modified the
association between the polyester vapour and
polyamide and polyester vapour group and
respiratory symptoms. Osterman and cowork-
ers also found that the association between
exposure to SO2 and respiratory symptoms
was greater in smokers than in current non-
smokers.22 Studies in general populations did
not show significant interactions between cur-
rent smoking and either dust or fume expo-
sure on prevalence of symptoms.83' In our
study, it remains unclear whether there was
really an interaction between smoking and
exposure to irritants or whether the numbers
of the never and ex-smokers are just too
small. Anyhow, the stratified analyses showed
for the smokers a more accurate estimation of
the association between exposure group and
the prevalence of symptoms than the unstrati-
fied analyses.
An explanation for smaller ORs for the

exposure group of the hyperresponsive sub-
jects compared with the ORs of the normally
responsive subjects (table 4), may be that
subjects with airway hyperresponsiveness and
symptoms have not been employed at all or
have left their jobs. In occupational health
surveillance, the presence of airway hyper-
responsiveness in workers can be an exclusion
criterion for employment. In our study popu-
lation it was, as mentioned before, an exclu-
sion criterion for employment in the
production plant of the para-aramid fibres
(the SO2 group), and to a lesser degree also
for employment in the industrial yarn plant
(oil mist and vapour group). In the years
1984-9 the medical department of the syn-
thetic fibre plant had a tendency not to
employ subjects with a history of asthma like
symptoms as spin-draw-winders. This was
done because respiratory problems had been
reported by some workers, which were sus-
pected to be work related. For employment in
the production departments of the other
exposure groups, no such respiratory health
criteria were applied.

In general, allergy may be associated with
increased risk of developing chronic airway
obstruction and chronic symptoms.32 A his-
tory of allergy was an important predictor of
prevalence of respiratory symptoms, but not
of a lower level of lung function, although

34% of the allergic subjects had airway hyper-
responsiveness. Also Fletcher and coworkers
did not find an association in a male working
population between a history of allergy and
the FEV,.3' Population based data indicate a
decreasing prevalence of allergy after the age
of 40.34 Thus because of the relatively young
age of our population (76% younger than 40)
the role of allergy in the prevalence of symp-
toms may be greater than in older popula-
tions. In the current study, a history of allergy
is assessed on the basis of the self reported
estimate of being allergic and this estimate
may be less reliable than positive skin tests to
common airborne allergens. Thus the associ-
ation between allergy and symptoms may dif-
fer from studies in which allergy is defined on
the basis of positive skin tests to common air-
borne allergens.

Although our study results may have been
biased by factors as mentioned in this dis-
cussion, it might also be possible that
exposure to irritants at levels commonly
found in industrial settings, does not lead
to an increased loss of pulmonary function
or only to a lesser degree. A study in a
general population and in an occupational
population, showed that exposure to gases or
fumes was associated with a lower lung func-
tion only in the presence of simultaneous
exposure to heat or dust.89 Osterman and
coworkers studied silicon carbide production
workers, and found that respiratory symp-
toms were associated with low exposure to
SO2, but that a lower lung function was not
associated with SO2 but with exposure to
dust.2235 In our study, workers who are
exposed to irritants are not simultaneously
exposed to airborne dust. Although the evi-
dence of an association between occupational
exposures to gases, vapours, fumes and a
lower lung function, is not consistent,6 occu-
pational studies do report that there is an
association between these agents and a higher
prevalence of chronic respiratory symptoms.8
222635 Our study is in agreement with these
findings.

In conclusion, our findings show that
exposure to multiple airway irritants encoun-
tered in these synthetic fibre plants is, com-
pared with a reference group, associated with
a higher prevalence of chronic respiratory
symptoms. This association was seen most
clearly in the workers who smoke. Our study
could not show an overall association
between the irritant exposure and a lower
level of lung function. The results indicate
that workers with more than 10 years expo-
sure to polyester vapour and to oil mist and
vapour have a decreased lung function.
Furthermore, we found no indication of a
possible interaction between exposure to air-
way irritants, airway hyperresponsiveness,
current smoking, or a history of allergy on
level of lung function. We agree with
Becklake6 that further investigation is needed
to clarify the relation between occupational
exposure to low concentrations of irritants
and respiratory health problems in the
absence of exposure to airborne dust.
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