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Pulmonary Function Abnormality and
Respiratory Tract Irritation Symptoms in
Epichlorohydrin-Exposed Workers in Taiwan

Jiin-Chyuan Luo,"'?* Hsen-Wen Kuo,? Tsun-Jen Cheng,* and Ming J.W. Chang'

Background Epichlorohydrin (ECH)is a strong irritant of the eyes, respiratory tract, and
skin. The aims of this study were to examine the dose-response relationship between
observed abnormal pulmonary function tests and respiratory tract irritation symptoms
among epichlorohydrin-exposed workers in Taiwan.

Methods A rotal of 167 workers were randomly selected from a resin synthesis factory.
Sixty-six air samples were taken to determine ECH concentration in the workplace.
Demographic data, work history, smoking status, and respiratory tract irritation symptoms
were gathered by a standard self-administered questionnaire. Pulmonary function tests
were also performed.

Results There were 13 of 41 (31.7%) abnormal mean mid-expiratory flow (MMEF)
among the high-ECH-exposed workers, 11 of 38 (29%) among the low-ECH-exposed
workers, and 4 of 59 (6.8%) among non-ECH-exposed workers. There was a significant
linear trend between ECH exposure and the prevalence of small airway abnormalities
(P =0.007) after adjusting for other factors. There was also a significant dose-response
relationship of respiratory tract irritation symptoms (cough, phlegm, chest tightness, and
dyspnea) among the ECH-exposed workers.

Conclusions This study suggests that obstructive lung abnormalities and small airway
lung damage are associated with ECH exposure. The study also suggests that exposure to
very low concentrations (<0.2 ppm) causes significant higher prevalence of respiratory
tract irritation symptoms. Causal inferences from the findings cannot be made from this
cross-sectional study and further longitudinal studies are needed to better clarify the nature
of the observed associations. Am. J. Ind. Med. 43:440-446, 2003. © 2003 Wiley-Liss, Inc.
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Epichlorohydrin (1-chloro-2,3,-epoxypropane) (ECH)
isacolorless liquid, used for the manufacture of epoxy resins,
surface-active agents, adhesives, paints, varnishes, insecti-
cides, and other agricultural chemicals. Absorption through
inhalation and skin is of practical importance. ECH is a
strong irritant of the eyes, respiratory tract, and skin. Eye
and skin irritation/sensitization was observed in laboratory
animals [Gardiner et al., 1993]. Repeated or prolonged ex-
posure can also cause lung, liver, and kidney damage in
experimental animals [Gardiner et al., 1993]. The USDHEW
recommended standard [NIOSH, 1976 reported eye and
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nasal burning results from 20 ppm ECH exposure; lung
edema and renal lesions may result from exposures greater
than 100 ppm; and liver damage may occur after exposure
to very high concentration levels. Occasional cases of skin
irritation or sensitization have been reported in the workplace
[Ippen and Mathies, 1970; Beck and King, 1983; Prens et al.,
1986]. But human epidemiological studies have not provided
definitive evidence of an association between occupational
ECH exposure and an increased incidence of organ injury or
disease [Gardiner et al., 1993]. In this study, we examined the
dose-response relationship between ECH and pulmonary
function tests and respiratory tract irritation symptoms
among ECH-exposed workers in Taiwan.

MATERIALS AND METHODS

In October 1996, a total of 167 workers were randomly
selected from a total of 467 employees in three workstations
of a resin synthesis factory in Taiwan where epoxy resin
(workstation I), printed circuit (PC) boards (workstation II),
and artificial leather (workstation III) are manufactured.
Personal and area sampling were performed to determine
ECH, dimethylformamide (DMF), and toluene concentration
exposure of workers. Details of the sampling methods and
manufacturing processes are fully described in Kuo et al.
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[2000]. Briefly, a total of 21 area sampling points were
selected throughout the plant, based on proximity to sources
of the solvent emissions; sampling time ranged from 30 to
180 min. Forty-five workers were also selected at random for
personal sampling.

Most workers engaged in epoxy resin manufacturing
were considered to have increased ECH exposure; most
workers in the PC board plant were considered to have both
ECH and DMF exposure; and synthetic leather manufactur-
ing plant workers were considered to have DMF exposure,
and no ECH exposure. Study subjects were divided into three
groups according to ECH exposure concentrations (Table I).
The cut-off point for high and low exposure to ECH was
defined arbitrarily to be 0.2 ppm after considering equal
sample size and work processes.

Informed consent was obtained from all subjects.
Demographic data, work history, smoking status, and res-
piratory tract irritation symptoms were gathered by a
standard self-administered questionnaire. In the symptoms
questionnaire, we asked ““‘Did you suffer from this symptom
at least once a week in the past 3 months?” If the person
answered ‘“‘yes,” we treated the response as positive for this
symptom. Smokers were defined as those who smoked at
least 3 days a week. Symptoms of chronic bronchitis were
defined as having cough with phlegm at least 3 months each

TABLE . Characteristics of Taiwan Workers by Categories of ECH Exposure

High-ECH® Low-ECH Non-ECH No-ECH

Variables (n=41) (n=238) (n= 59)" (n=88)°
Demographic

Age (years)® 299" +53 33*+53 373+57 366 +58

Duration of employment (years)d 44*+20 79"+ 38 10.8 6.0 101 +£5.7

Smoking 19 (46.3%) 22(57.9%) 33(55.9%) 52(59.1%)

Sex

No. (%), male 36(87.8%) 38" (100%) 54 (91.5%) 82(93.2%)
Pulmonary function

FVC (% pred)® 102 + 16 98 +£13.8 991 +12.8

FEV, %FVC* 871*+93 886 +74 902 +57

MMEF (% pred)* 72°4+19.7 716*+18.3 82.5+ 181

FEV; (% pred)” 939"+ 114 943+ 122 997 £ 11
Exposure

ECH (ppm)° 17"+2 0.064* 4 0.05 040 0+0

DMF (ppm)° 3*+08 139+10 15+124 148 +16.8

Toluene (ppm)° 16+ 074 105+ 049 7.33+135 898 +14.3

2ECH, epichlorohydrine (high >0.2 ppm; low <0.2, >0 ppm; no = 0 ppm); FVC (% pred), forced vital capacity; FEV; %FVC, forced
expiratory volume in 1 sec as a percentage of FVC; MMEF, mean mid-expiratory flow; FEV;, 1-second forced expiratory volume.

bNon-ECH-exposed workers with PFT available.

CAll non-ECH-exposed workers.

“Mean = SD.

*P < 0.05, difference compared to non-ECH-exposed group.
**P < 0.1, difference compared to non-ECH-exposed group.
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year for at least two consecutive years [Fletcher and Pride,
1984; ATS, 1987; Snider, 1989].

All high-ECH-exposed and low-ECH-exposed workers,
and 59 workers who were randomly sampled from 88 non-
ECH-exposed workers performed pulmonary function tests.
During each pulmonary function test, we obtained raw lung
function values and the percentage of predicted values, which
were compared with the nomogram for Asian people of the
same sex, age, and height.

The data from the 167 workers were encoded, entered,
and analyzed with the assistance of the Statistical Analysis
System (SAS) PC software Package [SAS Institute, 1990]
and Database III plus, 1986. We used Student #-test and
ANOVA to test the differences among the working sections
and controls in means of predicted forced vital capacity
(FVC) value, forced expiratory volume in 1 sec as a per-
centage of FVC (FEV%FVC), and mean mid-expiratory
flow (MMEF). Abnormalities of the pulmonary function tests
were defined as the predicted FVC < 80%, FEV,%FVC <
75%, and the predicted MMEF < 60%, respectively. Two
by two tables and chi-square () tests were performed to
test differences in the proportions of abnormal pulmonary
function tests and symptoms. Odds ratios with 95% con-
fidence intervals (CI) were calculated to show the magnitude
and the difference in prevalence of pulmonary function
abnormality and symptoms between exposure groups and
the non-ECH exposed group. Mantel-Haenszel chi-square
test was applied to calculate the smoking, sex, duration
of employment, and DMF exposure-adjusted odds ratio.
Pearson correlation analysis was used to detect the relation-
ship between any two variables. Multivariate regression
analysis was used to control for the effects of potential
confounders on the association between exposure groups and
lung function tests. Chi-square test was also performed to
test the linear trend between exposure concentration and
positivity.

RESULTS

The basic characteristics of the study cohort are
summarized in Table I. Job descriptions of the 38 low-
ECH-exposed workers with an average of 0.064 ppm ECH
exposure included dipping of glass fiber sheets with epoxy
resin, materials mixing, chemicals recycling, and safety
officers in PC board production. Job descriptions of the 88
non-ECH-exposed workers included spraying of textile with
polyurethane resin, mixing, maintenance, printing, research
and development, quality control, textile preparation in syn-
thetic leather production, PC board pressing and assembling,
and office workers. Non-ECH-exposed workers were signi-
ficantly older than high- and low-exposed workers, had a
significantly longer duration of employment and a higher
prevalence of female workers than the other two groups.
There were significantly lower values for average lung
function tests (FEV,%FVC, MMEF, FEV,) in high-ECH-
exposed workers than in the non-ECH-exposed group
(FEV1%FVC 87.1 vs. 90.2; MMEF 72 vs. 82.5; FEV; 93.9
vs. 99.7). There were significantly lower values for average
lung function tests (MMEF, FEV,) in low-ECH-exposed
workers than in the non-ECH-exposed group (MMEF 71.6
vs. 82.5; FEV; 94.3 vs. 99.7). There was no statistical
difference between 59 workers with tests and 88 non-ECH-
exposed workers in demographic data (age, duration of
employment, smoking status, and sex distribution) and DMF,
and toluene exposure concentrations.

Table II shows prevalence of abnormal lung function
tests by categories of ECH exposure. There were 13 (31.7%)
abnormal MMEF values among high-ECH-exposed workers,
11 (29%) among the low-ECH-exposed workers, and four
(6.8%) among non-ECH-exposed workers. There was a
significant linear trend between ECH exposure and the
prevalence of abnormal MMEF values (P =0.007) after
adjusting for other factors. There were 4 (9.8%) abnormal

TABLEII. Prevalence of Abnormal Pulmonary FunctionTests by Categories of ECH Exposure Among ECH-Exposed

Workers inTaiwan

Variables High-ECH (n = 41) Low-ECH (n = 38) Non-ECH (n = 59) Total (n = 138)
MMEF? 13 (31.7%) 11 (29%) 4(6.8%) 28(20.3%)
OR (95%CI)° 746 (1.63,34.1) 6.82(1.75,26.6) 1 0.007°
FEV,%FVC 4(9.8%) 2(5.3%) 1(1.7%) 7(5.1%)

OR (95%Cl) 15.3*(0.66, 354) 3.82(0.28,52.5) 1 0.16

FVC 3(7.3%) 4.(10.5%) 3(5.1%) 10(7.2%)

OR (95%Cl) 098(0.13,7.24) 2.54(047,13.8) 1 069

Abnormalities of the pulmonary function tests were defined as the predicted FVC < 80%, FEV;%FVC < 75%, and the predicted

MMEF <60 %, respectively.

®0R, adjusted Odds Ratio for smoking, sex, duration of employment, DMF.

CPvalug in liner trend test.
**P < 0.1, difference compared to non-ECH-exposed group.
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FEV,%FVC values among high-ECH-exposed workers, 2
(5.3%) among low-ECH-exposed, and 1 (1.7%) among non-
ECH-exposure workers.

In multivariate logistic regression analysis, high
ECH exposure and low ECH exposure were significantly
associated with abnormal MMEF values (P =0.0085 and
P=0.005, respectively) after adjusting for other factors
(Table III). High ECH exposure was also borderline sig-
nificantly associated with abnormal FEV;%FVC values
(P =0.083). Neither sex, duration of employment, smoking
status, nor DMF exposure was significantly associated with
lung function abnormalities. Age was significantly correlat-
ed with duration of employment (r=0.684, P=0.0001)
(data not shown).

The results of respiratory tract symptoms were shown in
Tables IV and V. Twelve (29.3%) high-ECH-exposed work-
ers, 11(29%) low-ECH-exposed workers, and 13 (14.8%)
non-ECH-exposed workers reported cough symptoms. There
was a significant linear trend between ECH exposure and
the prevalence of cough symptoms (P =0.019) after adjust-
ing for sex, duration of employment, and DMF exposure.
Ten (24.4%) high-ECH-exposed workers, 11(29%) low-
ECH-exposed, and 17 (19.3%) non-ECH-exposed workers
reported phlegm symptoms. There was a significant linear
trend between ECH exposure and the prevalence of phlegm
symptoms (P =0.047) after adjusting for other factors.

TABLE IIl. Multivariate Logistic Regression Analyses Between Abnormal
Pulmonary FunctionTests and Related Indicators for ECH-Exposed Workers
inTaiwan

MMEF* FEV,%FVC FVC
Duration
0(>8) 112(0.35,356)°  2.16(023,199)  119(0.24,5.87)
1(<8)
Smoking
1(yes) 091(0.35,2.39)  184(0.3,114) 0.64 (0.16,2.56)
0(no)
Sex
1(m) 0.25(0.05,1.35)  0.29(0.02,44) 26.5
0(f)
Exposure categories
1 (high ECH) 746(163,34.1)*  153(0.66,354) 0.98(0.13,7.24)
0(no ECH)
1(low ECH) 6.82(1.75,26.6)  3.82(0.28,525) 254(0.47,13.8)
0(no ECH)
DMF
1(>10 ppm) 1.26(0.37,4.3) 2.39(019,30.3)  0.14(0.01,1.28)
0(<10 ppm)

#Abnormalities of the pulmonary function tests were defined as the predicted
FVC < 80%, FEV;%FVC < 75%, and the predicted MMEF < 60%. (yes =1,no = 0).
®0dds Ratio adjusting for other indicators.

*P < 0.05.
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Sixteen (39%) high-ECH-exposed workers, 12 (31.6%) low-
ECH-exposed workers, and 16 (18.2%) non-ECH-exposed
workers had chest tightness symptoms. There was a signi-
ficant linear trend between ECH exposure and the prevalence
of chest tightness symptoms (P =0.038) after adjusting for
other factors. Seven (17.1%) high-ECH-exposed workers,
five (13.2%) low-ECH-exposed workers, and three (3.4%)
non-ECH-exposed workers reported dyspnea symptoms.
There was a borderline significant linear trend between ECH
exposure and the prevalence of dyspnea symptoms
(P =0.078) after adjusting for other factors.

In multivariate logistic regression analysis, high ECH
exposure and low ECH exposure were significantly asso-
ciated with cough, phlegm, chest tightness, and dyspnea
symptoms after adjusting for other factors (Table V). Chronic
bronchitis was significantly associated with smoking status
(P =0.043) after being adjusted for other factors, but it was
not associated with ECH exposure. Females had significantly
more complaints of chest tightness (P =0.02) and dyspnea
(P =0.066). Cough and phlegm symptoms were also signi-
ficantly associated with duration of employment (P = 0.074,
and P =0.013, respectively).

DISCUSSION

Obstructive lung function abnormalities and small
airway lung dysfunction were associated with ECH expo-
sure. There was a significantly higher prevalence of small
airway abnormalities in ECH workers than in control work-
ers, and a significant dose response between prevalence of
small airway abnormalities and ECH air concentration was
observed. There was a borderline significantly higher pre-
valence of obstructive lung abnormalities in high-ECH
workers than in control workers, but not when compared
to the low-ECH group. Our study suggests that exposure to
low ECH (<0.2 ppm) is enough to cause small airway
abnormalities, but high ECH (range 0.2—-5.9 ppm) is needed
to cause obstructive lung abnormalities.

Small airways under 2 mm in diameter are the primary
site of deposition of inhaled toxins and can be affected
earliest and most severely [Rao et al., 1992; Chiang and Hsu,
1997]. MMEF is a simple, sensitive, and early indicator of
obstruction in smaller airways [Rao et al., 1992; Chiang and
Hsu, 1997]. Methacholine inhalation provocation tests are
noted to be helpful in evaluating an asymptomatic individual
worker with suspected occupational asthma, or identifying
workers with already hyper-reactive airways who might be at
greater risk for disease [Pepys and Hutchcroft, 1975; ATS,
1980; Anonymous, 1989; Brooks et al., 1990]. Twenty-eight
of 79 (35.4%) ECH-exposed workers had obstructive or
small airway lung lesions, seven of them received provo-
cation tests, and one (14.3%) worker proved to have a
hypersensitive airway. He is a 33-year-old male maintenance
worker with 5 years on the job and 1.1 ppm ECH exposure.
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TABLE 1V. Prevalence of Respiratory Tract Irritation Symptoms by Categories of ECH Exposure Among

ECH-Exposed WorkersinTaiwan

Variables

High-ECH (n = 41)

Low-ECH (n = 38)

Total (n =167)

Running nose

OR (95% Cly*
Stuffy nose

0R (95%Cl)
Sneezing

OR (95%Cl)
Sore throat

0R (95%Cl)
Cough

0R (95%Cl)
Phlegm

OR (95% Cl)
Chronic bronchitis

0R (95%Cl)
Wheezing

OR (95%Cl)
Chest tightness

OR (95% Cl)
Dyspnea

OR (95%Cl)

10
154 (0.45,5.27)
13
137(043,444)
15
292(0.77,111)
12
249(059,10.5)
12
471(136,16.3)
10
374(108,129)
3
16(0.28,9.3)
4
253(0.26,24.3)
16
3(104,867)
7
4.86(0.85,27.7)

5
0.74(0.23,2.32)
9
129(05,3.35)
7
0.87 (037,2.08)
8
146 (0.54,3.95)
1l
292(107,792)
1l
2.36"(0.89,6.3)
6
246(0.71,85)
4
2.71(065,11.3)
12
241 (0.94,6.2)
5
51 (101,25.8)

30
068°
44
042
44
016
34
0.22
36
0019
38
0047
17
058
12
026
44
0038
15
0078

?0R, 0dds Ratio adjusting for smoking, sex, duration of employment, DMF.

®Pvalue in liner trend test.
**P < 0.1, difference compared to non-ECH-exposed group.

TABLE V. Multivariate Logistic Regression Analyses Between Respiratory Tract Symptoms and Related Indicators for ECH-Exposed Workers inTaiwan

Variables

Cough

Chronic bronchitis

Chest tightness

Dyspnea

Duration
1(>8)
0(>8)

Smoking
1(yes)
0(no)

Sex
1(m)
0(f)

Exposure categories

1 (high ECH)
0 (no ECH)
1 (low ECH)
0(no ECH)
DMF
1(>10 ppm)
0 (<10 ppm)

2.34(09,6.11°

1(045,2.23)

2.75(0.29,25.8)

4.71(136,16.3)

2.92(107,7.92)

117(046,3)

319(1.25,817)°

154(0.68,3.49)

193(0.21,182)

374(108,129)

2.36(0.89,6.3)

145(0.59,3.56)

2.29(0.68,7.77)

39(102,149)

25

16(0.28,9.3)

246(0.71,85)

094 (0.29,3.07)

0.86(0.36,2.08)

155(0.7,3.46)

018 (0.04,0.8)

3(104,867)

2.41(0.94,6.17)

119(048,2.92)

0.7(015,3.19)

104(03,3.68)

0.18(0029,1.16)

4.86(0.85,27.7)

51(101,25.8)

106(0.23,4.95)

#0dds Ratio adjusting for other indicators.

bp 005.
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He complained of cough with phlegm, chest tightness,
wheezing, and dyspnea for at least the past 3 months. His
obstructive lung abnormalities returned to normal 5 months
later (FEV/FVC 53.4% — 86.5%; MMEF 50.7% — 64%)
after medical treatment, and by avoiding unnecessary expo-
sure through adequate personal respiratory protection and
proper engineering controls in the plant. During the 5 months
of follow-up, the lung function of five out of six negative
provocation workers also had recovered for the same reasons.
The above results indicate that ECH might cause reversible
obstructive lung abnormalities via airway irritation and in-
flammation, and also might cause a hyperactive airway.

There was a significantly higher prevalence of res-
piratory tract irritation symptoms (cough, phlegm, chest
tightness, and dyspnea) in ECH-exposed workers than in
non-ECH-exposed workers, and there was a significant dose
response between the prevalence of the above symptoms and
ECH air concentrations. These are consistent with results of
other reports [Hine and Rowe, 1968; Wexler, 1971; NIOSH,
1976; Gardiner et al., 1993] that airway irritation can occur in
ECH-exposed workers. Results also indicate that exposure to
very low concentrations (<0.2 ppm) which was far below the
current OSHATLV of 2 ppm can cause a significantly higher
prevalence of symptoms over non-exposure.

Respiratory tractirritants represent a diverse spectrum of
compounds, gases, and chemicals that when inhaled result in
irritation to mucous membranes manifested as nonspecific
inflammation. The water solubility and concentration of the
irritants determine the site of injury. Extremely water-soluble
compounds such as ammonia cause injury in the upper air-
way, whereas insoluble gases such as the nitrogen oxides
cause peripheral airway and alveolar injury. ECH is a less
soluble gas with a 6.48% water solubility, which might ex-
plain its effect on the lower respiratory tract and not on the
upper airway.

The precise mechanism of ECH-induced airway abnor-
malities is still unclear. Studies on the other less water-
soluble gases such as nitrogen oxides and ozone may shed
light on the above. Studies in animal model show that nitro-
gen dioxide exposure may produce morphologic alterations
in the terminal and respiratory bronchioles and adjacent
alveolar ducts and alveoli [Evans et al., 1972, 1975; Rombout
et al., 1986; Kubota et al., 1987]. Within the ciliated cells of
bronchiolar epithelium, acute exposure results in hypertro-
phy and hyperplasia of the type 1 cells followed by death and
desquamation of these cells and proliferation and replace-
ment by type 2 and causes a thickened air-blood barrier.
Chronic exposure may result in alterations in lung archi-
tecture resembling those of emphysema [Haydon et al., 1965;
Glasgow et al., 1987]. Studies on ozone described inflam-
matory and biochemical changes in the airways following
ozone exposure [Sletzer et al., 1986; Koren et al., 1989;
Chang et al., 1998]. Ozone-induced airway reactivity to
methacholine was associated with polymorphonuclear
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leukocyte (PMN) influx into airways with interleukin 8 and
changes in cyclooxygenase metabolites of archidonic acid.

DMF and toluene are not noted to cause pulmonary
function abnormality and respiratory tract irritation. Glass
fiber can induce upper respiratory tract irritant responses.
There have been few case reports of pulmonary disease due to
glass fiber exposure. Prevalence studies of chest radiographic
findings, respiratory symptoms, and lung function in expos-
ed workers have in general been negative [Christiani
and Wegman, 2000]. Fibrous glass sheet was used in the
PC board production in this study. Twenty of the 38 low-
ECH-exposed workers have been exposed to glass fiber dust
during the dipping process of PC board production. Using 18
no-fiber-exposed workers in low-ECH-exposed group as
control, the association between fiber exposure and respira-
tory symptoms and lung function are as follow: running nose
(r=0.057, P=0.73), stuffy nose (r=-0.032, P=0.85),
sneezing (—0.093, P=0.58), cough (r=0.025, P=0.88),
phlegm (r=-0.092, P=0.58), chest tightness (r=—0.15,
P=0.37), dyspnea (r=-0.099, P=0.56), wheezing (r=
—0.19, P=0.25), chronic bronchitis (r=—0.023, P =0.9),
FVC (r=0.09, P=0.6), FEV,%FVC (r=0.084, P=0.62)
and MMFP (r =0.09, P = 0.59). Our data was consistent with
Christani’s article in that there was no association between
glass fiber exposure and respiratory symptoms, lung func-
tion tests.

This study showed no association between chronic
bronchitis and ECH exposure. It may indicate the current
ECH exposure concentration of 1.1(02—5.9 ppm), and dura-
tion of employment of 4.4 (1-9 years) in high-exposed group
was not enough to cause chronic lung abnormalities. Further
follow-up of this cohort will clarify this observation.

This study found a significant association between
tobacco smoking and symptoms of chronic bronchitis, which
confirms that smoking is the major cause of chronic bron-
chitis [Koren et al., 1989; Chang et al., 1998; Sethi and
Rochester, 2000]. Smoking also can cause obstructive lung
function abnormalities [Freedman et al., 1972; Fletcheret al.,
1976; Burrows et al., 1977; PHS, 1984; Dockery et al., 1988;
Chang et al., 1998; Senior and Shapiro, 1998]. In this study,
there was no significant relationship between small airway
abnormalities or obstructive lung abnormalities and smoking
status. The crude estimation of smoking status may have
contributed to this finding. Further precise delineation of
smoking patterns may be able to clarify this effect.

This study is limited by its small sample size and thus
results in borderline significance inherent in a cross-sectional
design. This study suggests that obstructive lung abnor-
malities might be produced by ECH concentrations (range
0.2—5.9 ppm) and that exposure to very low concentrations
(<0.2 ppm) which are far below the current OSHA TLV of
2 ppm might cause a significantly higher prevalence of
small airway lung dysfunction and airway irritation symp-
toms. Causal inferences from the findings cannot be made
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from this cross-sectional study and further longitudinal
studies are needed to better clarify the nature of the observed
associations.
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