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ÖZET

Kayseri ilinde kot ağartma işinde çalışan işçilerde mesleki astım prevalansı

Kot ağartma işlemi, kot kumlama işleminin silikozise neden olduğunun saptanmasından sonra kotu beyazlatmak için kul-
lanılan en sık yöntemdir. Bu çalışmanın amacı; Kayseri ilinde kot ağartma işinde çalışan işçilerde mesleki astım
prevalansını saptamaktır. Çalışma Aralık 2008-Şubat 2009 tarihleri arasında Kayseri ilinde kot ağartma işleminin yapıldığı
dört fabrikada yapıldı. Çalışmaya ağartma bölümünde çalışan 21, diğer bölümlerde çalışan 22 işçi alındı. Katılımcılara so-
lunumsal semptomları da içeren bir anket uygulandı. Solunum fonksiyon testi (SFT) ve tepe akım hızı (PEF) takibi yapıldı.
Tüm katılımcılara posteroanterior akciğer grafisi çekildi. Mesleki astım prevalansı ağartma işinde çalışanlarda %23.8, diğer
bölüm işçilerinde ise %9.1 olarak bulundu (p> 0.05). İşçilerde en sık saptanan semptomlar egzersizde nefes darlığı (%23.3)
ve hışıltılı solunum (%20.9) idi. Kot ağartma işinde çalışma süresi ile SFT arasında ilişki olup olmadığı kot ağartma
işçilerinde (n= 21) incelendiğinde FEV1 ve FEF25-75 ile orta derecede (sırasıyla r= -0.477, -0.449); FEV1% ve FEV1/FVC ile iyi
derecede (sırasıyla r= -0.588, -0.509), ters yönde ve istatistiksel olarak anlamlı ilişki saptandı (p< 0.05). Sonuç olarak; kot
ağartma ajanlarına maruz kalma solunumsal semptomların ortaya çıkmasında, solunum fonksiyonlarının azalmasında ve
mesleki astım oluşumunda önemli rol oynamaktadır.

Anahtar Kelimeler: Kot ağartma, mesleki astım.
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The bleachery procedure is the most frequent method used to decolorize denims since sandblasting has been shown to
cause silicosis. The aim of this study was to determined the prevalence of occupational asthma among denim bleachery
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Despite a significant decreasing trend of most occupa-
tional respiratory system diseases, especially pneumo-
coniosis in countries where primary prevention mea-
sures are regularly executed, the prevalence of occu-
pational asthma (OA) is rising (1). The major cause of
this problem is the constant introduction of several new
substances with unknown short and long-term effects
in work settings (1). The longitudinal studies indicate
that 16.3% of all adult-onset asthma caused by occu-
pational exposures (2). 

The number of substances currently known to cause
occupational asthma exceeds 400 (3). The bleachery
procedure is a method used to decolorize denims. The
bleaching procedure involves the use of several
chemical agents, including sodium hypochlorite
(NaOCl) and potassium permanganate (KMnO4).
When inhaled in high concentrations, NaOCl may
lead to reactive airway dysfunction syndrome (RADS)
(4,5). NaOCl has also been shown to cause occupa-
tional asthma in paper factory and pool workers
(6,7). However, there are no reports in the literature
showing that KMnO4 inhalation, which is used in
metal cleaning and fabric bleaching, causes occupa-
tional asthma. 

The aim of this study was to determine the prevalence
of occupational asthma among denim bleacheary
workers and to determine if this field of work is a risk
factor for occupational asthma.

MATERIALS and METHODS

The study was conducted in 4 factories, in which denim
bleaching was performed, in Kayseri, Turkey between
December 2008 and February 2009. In all four facto-
ries, KMnO4 was primarily used during bleaching while
NaOCl was used in rare occasions when further decol-
orization of the product was desired. While bleaching
was performed by spray guns in one factory, brushing
was used in the other factories. Bleaching was per-
formed in a separate section in one factory, while there
were connections between all sections in the other

three. Total 98 employees were working in 4 factories.
All of the 22 bleachery workers (100%) were included
the study. 22 employees (28.9%) were selected in other
sections at random (Table 1). Overall, forty-four sub-
jects were included. As one employee working in the
bleaching section quitted his job 1 day after being
included in the study, the data from 43 employees were
analyzed (Figure 1). The 21 subjects working in the
bleaching section who had direct contact with the irri-
tant substances were designated as bleachery workers,
and the remaining subjects who had indirect contact
with the irritants were designated as other section
workers.

Questionnaire

A questionnaire form which was developed by the
European Community Respiratory Health Survey
(ECRHS), and modified by Vandenplas et al., was com-
pleted by face-to-face interviews of all subjects (8).
Questionnarie includes type of the job, duration of work
under the same job, work shift, previous job, previous
asthma history and the nature of symptoms during
working periods, i.e. chest symptoms (cough, sputum,
chest tightness, wheezing, shortness of breath at rest
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tions, were included. A questionnaire about respiratory symptoms was administered. Pulmonary function tests (PFTs) and
serial peak expiratory flow (PEF) measurements were performed. All subjects were evaluated by posteroanterior chest x-
rays. The prevalence of occupational asthma (OA) in the bleachery and other section workers was 23.8% and 9.1%, respec-
tively (p> 0.05). Within workers, exercise dyspnea (23.3%) and wheezing (20.9%) were the most frequent symptoms. The
relationship between the duration of employment and PFTs in bleachery workers (n= 21) was negatively correlated and
statistically significant with FEV1, FEF25-75 (moderate; r= -0.477, -0.449, respectively; p< 0.05) and FEV1/FVC, FEV1% (well;
r= -0.588, -0.509, respectively; p< 0.05). The results of the present study suggest that exposure to denim-bleaching agents
plays an important role in the occurrence of respiratory symptoms, reduction in pulmonary functions, and induction of
occupational asthma.

Key Words: Denim bleaching, occupational asthma.

Table 1. Job type and number of workers.

Job type Number of workers

Bleachery worker 22

Embroiderer 4

Ironer 3

Cutter 3

Sewer 4

Packer 2

Quality control worker 1

Looper 2

Washing worker 2

Manager 1



and/or on exertion, change in voice), general symp-
toms (fever, chills, muscle or joint pain). Information
was also obtained on the timing of the onset of symp-
toms in relation to the beginning of the occupation and
the interval between the last occupational exposure
and the questionnaire. The relationship between work
and respiratory symptoms was also addressed by ask-
ing whether symptoms differed on days at work and
away from work.

Radiologic Evaluations

All subjects were evaluated by posteroanterior chest X-
rays to investigate other respiratory diseases. All X-
rays were evaluated by an experienced radiology spe-
cialist and the researcher. The subjects with abnormal
chest X-ray findings were further evaluated by compu-
ted tomography (CT).

Pulmonary Function Tests (PFTs)

PFTs of all subjects were performed using a
SensorMedics Vmax 20c device in a sitting position
using a nasal clip and were in accordance with the
test procedures recommended by the American
Thoracic Society (9). At least three measurements
were made for each subject, and their best perfor-
mances were recorded. FVC, FEV1, FEV1/FVC, peak
expiratory flow (PEF), and forced expiratory flow 25-
75% (FEF25-75) were measured. All measurements
were expressed as the percentage of normal values,
adjusted for age and height. The test was repeated
15-20 minutes after 400 µg of salbutamol inhalation
in all subjects. A 12% or 200 mL increase in FEV1 or
a 20% increase in PEF was considered as positive
reversibility.

PEF

All subjects were informed and trained to use a peak
expiratory flow (PEF) meter. They were asked to per-
form PEF measurements 4 times daily; 3 measure-
ments per each time point (1 at 08:00 before starting
work, 2 during work at 10:00 and 15:00, and 1 before
leaving work at 18:00) and the best of 3 measurements
were recorded at each time for 3 weeks, including
weekends (1). All subjects were checked on day 2 to
assure that they were using the PEF meter correctly.
PEF variability was calculated for each day using the
following formula, and the values > 20% were consid-
ered to be positive (4):

PEF highest PEF value - lowest PEF value 
variability= ––––––––––––––––––––––––––––––––––––– x 100 

1/2 x 
(highest PEF value + lowest PEF value) 

Diagnosis

According to American College of Chest Physicians
(ACCP) criteria, subjects with one of the asthma symp-
toms (cough, chest tightness, wheezing, and shortness
of breath at rest and following exercise; which were
determined by questionnaire) that lessen or disappear
when the subject leaves the work environment, with
reversibility in PFT plus variability in PEF > 20%, and
did not have a history of asthma before their employ-
ment, were diagnosed with occupational asthma (4).

Statistical Analysis

All statistical analyses were performed using SPSS 15.
Between group comparisons of parametric variables
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The number of workers were determined.
Total 98 workers (90 men,  8 women)
22 bleachery workers;

Reported for screening

22 bleachery workers (100%)

1 worker quitted job; 21 bleachery
workers (95.4%)

22 other section workers (28.9%)

Figure 1. Flow chart showing subject selection.



were made by a student’s t-test and non-parametric
variables by a chi-square test. Pearson correlation
analysis was performed to evaluate the correlation
between the duration of employment and PFT results.
Descriptive analysis of data expressed as mean ± stan-
dard deviation (SD), range and percentage, a p value
of < 0.05 was used as the level of statistical signifi-
cance.

RESULTS

Among 43 subjects (39 men and 4 women) included in
the study, 21 were bleachery workers and 22 were
other section workers. The mean age of bleachery
workers was 29.4 ± 6.8 years, and the duration of
employment was 32.9 ± 32.3 months. The mean age
of the other section workers was 32.5 ± 10.8 years, and
the duration of employment was 57.1 ± 70.5 months.
There was no significant difference between the two
groups in terms of age and duration of employment (p>
0.05).

The smoking status of the workers was as follows: 26
(60.5%) current smokers, 15 (34.9%) never smoked,
and 2 past smokers. The total cigarette consumption of
the workers was 9.0 ± 9.6 pack years. Fifteen bleach-
ery (71.4%) and 11 other section workers (50%) were
current smokers. Two of the bleachery workers were
past smokers. The total amount of cigarette consump-
tion of the bleachery and other section workers were
8.1 ± 7.9 and 10.4 ± 12.0 pack years, respectively.
There was no significant difference between the two
groups in terms of smoking status and the total amount
of cigarette consumption (p> 0.05).

Among asthma symptoms, shortness of breath fol-
lowing exercise was present in 10 workers, wheezing

in 9, cough in 8, shortness of breath at rest in 4, and
chest tightness in 2 workers. When asthma symp-
toms in the bleachery and other section workers were
compared, all asthma symptoms except chest tight-
ness were found to be more frequent in the bleachery
workers. No significant difference was observed
between the two groups in terms of asthma symp-
toms (p> 0.05).

The mean FEV1/FVC was 81.7%, the mean FEV1 was
4.0 L (101.8%), and the mean FVC was 4.8 L
(104.8%) in all workers. When bleachery and other
section workers were evaluated separately, FVC%,
FEV1%, FEV1/FVC, PEF, PEF%, FEF25-75, and FEF25-

75% values were lower in the bleachery workers, but
the difference was not statistically significant (p>
0.05; Table 2).

The relationship between the duration of employment
and PFTs in bleachery workers (n= 21) was evaluated
by Pearson correlation analysis. The duration of
employment was negatively correlated and statistically
significant with FEV1, FEF25-75 (moderate; r= -0.477, -
0.449, respectively; p< 0.05) and FEV1%, FEV1/FVC
(good; r= -0.509, -0.588, respectively; p< 0.05).

None of the individuals had an asthma history which
diagnosed by a doctor. Seven subjects (16.3%) in the
study population, with asthma symptoms (cough,
chest tightness, wheezing, and shortness of breath at
rest and following exercise) which began after they
started to work in their current occupation and less-
ened or disappeared when they left the work environ-
ment, with PFT reversibility plus PEF variability, were
diagnosed as occupational asthma according to
ACCP criteria (Table 3). Five of the 7 subjects were
bleachery workers, with 3 using brushing and 2 using
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Table 2. Comparison of PFT results of the bleachery and other section workers.

Bleachery workers (n= 21) Other section workers (n= 22)
PFT parameters Mean ± SD Mean ± SD p

FVC (L) 5.0 ± 0.6 4.7 ± 0.2 > 0.05

FVC (%, predicted) 103.7 ± 11.9 105.4 ± 3.1 > 0.05

FEV1 (L) 4.0 ± 0.7 3.9 ± 0.2 > 0.05

FEV1 (%, predicted) 98.4 ± 17.0 105.1 ± 3.5 > 0.05

FEV1/FVC (%) 79.4 ± 9.9 83.9 ± 2.0 > 0.05

PEF (L/minute) 9.7 ± 2.1 9.9 ± 0.5 > 0.05

PEF (%, predicted) 102.4 ± 20.9 115.9 ± 5.6 > 0.05

FEF25-75 (L/minute) 3.8 ± 1.1 4.5 ± 0.4 > 0.05

FEF25-75 (%, predicted) 81.0 ± 22.5 99.0 ± 7.9 > 0.05

PFT: Pulmonary function test, FVC: Forced vital capacity, FEV1: Forced expiratory volume in 1 second, PEF: Peak flow, FEF: Forced expiratory flow.



spraying methods. Four of the bleachery workers
who were diagnosed with occupational asthma
described bleaching as the procedure responsible for
their respiratory symptoms. The 2 other section
workers with occupational asthma were employed in
factories without separate sections, and their work
place was close to the place where the bleaching was
performed. The prevalence of occupational asthma
in the bleachery and other section workers was
23.8% and 9.1%, respectively, and there was no sta-
tistically significant difference between the groups
(p> 0.05).

The smoking status of workers with occupational asth-
ma was as follows: four asthmatic workers were current

smokers, 1 was a past smoker and 2 have never
smoked. There was no statistically significant differ-
ence between subjects with or without occupational
asthma, in terms of smoking status (p> 0.05).

When subjects with (n= 7) or without (n= 36) occupa-
tional asthma were compared, FVC%, FEV1, FEV1%,
FEV1/FVC, PEF%, FEF25-75, and FEF25-75% values
were lower in the asthma group. There was a statisti-
cally significant difference between the groups in terms
of FEV1/FVC and FEF25-75% values (p< 0.05). Also
PEF variability in workers with or without occupational
asthma was 33.1% and %11.7, respectively, and the
difference was statistically significant (p< 0.05).
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Table 3. Diagnosis of OA, detailed examination.

Diagnosis Bleachery Bleachery Bleachery Bleachery Bleachery Other section Other section 
of OA worker 1 worker 2 worker 3 worker 4 worker 5 worker 1 worker 2

Cough + - + + + - +

Chest tightness - - - - - - -

Wheezing + + + + + - -

Shortness of - - + + - + -
breath at rest

Shortness of + + + + + + +
breath on 
exercise

Status of Better Better Better Better Better Better Better
respiratory 
symptoms on 
working days as
compared with 
days away
from work

Interval 3 months 96 months 4 months 24 months 36 months 120 months 6 months
between 
onset of 
exposure at
work and 
onset of
symptoms 

Asthma before - - - - - - -
starting work 
that causes 
symptoms

PEF 28% 40% 33% 40% 22% 36% 33%
variability

Reversibility 290 mL 210 mL 210 mL 240 mL 240 mL 420 mL 210 mL
in PFT (22%) (6%) (5%) (7%) (7%) (12%) (5%)

OA: Occupational asthma, PFT: Pulmonary function test, PEF: Peak Flow.



The PEF results of two subjects with or without occu-
pational asthma are presented in Figures 2,3.

One of the posteroanterior chest X-ray evaluation of
the bleachery workers revealed a reticulonodular pat-
tern. He was further evaluated by computed tomogra-
phy and mediastinal lymph nodes were noted.
Parenchymal evaluation revealed centrilobular nodules
in both lungs, especially prominent in the upper and
middle lobes (Figure 4). The PFT results of the subject
were as follows: FEV1/FVC, 41%; FEV1, 1.31 L (34%);
FVC, 3.17 L (70%); and FEV1 reversibility, 290 mL
(22%). When the subject’s occupational history of
sandblasting for 4 years beginning 10 years ago was
taken into account, the worker was diagnosed with sil-
icosis.
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Figure 3. The PEF results for one of the other section worker (days 6, 7, 13, 14, 20, and 21 were weekends). The observed
daily PEF variability was lower than 20%.

Figure 4. Centrilobular nodules were noted on the CT scan of
the subject diagnosed with silicosis.
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Figure 2. The PEF results for one of the bleachery worker (days 6, 7, 13, 14, 20, and 21 were weekends). The observed daily
PEF variability was 22%, and a significant increase was noted in PEF values in the weekends.



DISCUSSION

Occupational asthma has been reported to be associ-
ated with several occupation groups in the literature,
including automobile and furniture painters, hair-
dressers, bakers, paper factory workers, carpenters
and furniture makers, florists, healthcare staff, and car-
pet factory workers (10).

Occupational asthma may be observed in paper facto-
ry workers exposed to NaOCl, sodium sulphate, alka-
line soda, and sulphur compounds. Orman et al.
reported the prevalence of occupational asthma in
paper factory workers to be 3.1% (6). Low molecular
weight agents, particularly isocyanate, may cause
occupational asthma in automobile and furniture
painters (11). In a study conducted in Eskisehir, the
prevalence of occupational asthma in automobile and
furniture painters was 9.6% (12).

The diagnosis of occupational asthma is based on the
presence of a specific agent, which is known to cause
asthma, in the workplace, the presence of asthma
symptoms, and the demonstration of a causal rela-
tionship with this agent. The most common method
used to identify this relationship is PEF monitoring. It
has been suggested that respiratory questionnaires
and PEF monitoring may be good alternatives to non-
specific bronchial provocation test (NSBPT), to
demonstrate airway hyperreactivity in practice (13).
Although NSBPT has been recommended to be used
in the diagnosis of occupational asthma, certain limi-
tations of the test have also been stated as it requires
experienced staff and can be performed in specific
centers (14,15). In two studies involving furniture and
automobile painters, it has been suggested that a
detailed occupational and respiratory system history
should be obtained for the diagnosis of occupational
asthma, and serial PEF monitoring is appropriate to
demonstrate the symptom-workplace connection in
Turkey where NSBPT is not widely available (16,17).
Patient related factors such as respiratory infection
within the 6 weeks prior to testing, and gastroe-
sofageal reflux disease can impact the NSBPT results
(4). Furthermore, Leroyer et al. have found that sensi-
tivity and specificity of PEF monitoring is higher than
FEV1 monitoring (18).

Our study involved 43 workers in 4 different factories.
Seven subjects (16.3%) with asthma-like symptoms
related to working hours, PFT reversibility, and PEF
variability were diagnosed as occupational asthma
according to ACCP criteria. The prevalence of occupa-
tional asthma was 23.8% (n= 5) in bleachery workers
and 9.1% (n= 2) in other section workers. The condition

of 2 workers working in the factories where bleaching
was not performed in a separate section was thought to
be related to occupational asthma rather than classical
asthma, as their workplaces were close to the bleach-
ing section, the PEF variability was normal in the week-
ends, and the asthma symptoms appeared after start-
ing work. Although we have observed no statistically
significant difference between these two groups (p>
0.05), our results suggest that the prevalence of occu-
pational asthma and the likelihood of the bleaching
procedure to cause occupational asthma is higher in
bleachery workers compared to other section workers
in the factory. However, employees working close to
the bleaching section might also be at risk for occupa-
tional asthma. It has to be noted that occupational
asthma has not been observed in any of the 7 other
section workers employed in factories where the
bleaching procedure is performed in a separate sec-
tion. Respiratory symptoms associated with agents
used in the denim-bleaching procedure have been
described in previous studies; however, this occupation
has not been defined as a risk factor for occupational
asthma (5-7,19-21). Our results suggest that a history
of employment in factories where jean bleaching is per-
formed (especially in the bleaching section) should be
investigated in patients suspected of occupational
asthma.

It is well-known that a reduction in FEV1/FVC and
FEV1 is an indicator of obstructive abnormalities,
and that a reduction in FEF25-75 is an indicator of
small airway obstruction (22). In a controlled study
involving 166 workers exposed to sodium sulphate,
alkaline soda, sulphur compounds, chlorine, chlorine
dioxide in a paper factory, FEV1 and FEV1%, FVC
and FVC%, FEF25-75 and FEF25-75%, and FEV1/FVC
values were lower in the workers compared to con-
trols, and the differences between the groups in
terms of FEV1/FVC, FEV1/FVC%, and FEV1% were
statistically significant (22). In a Swedish study
involving paper factory workers exposed to chlorine
dioxide and sulphur dioxide, PFT was monitored for 3
years in certain intervals and the reductions in FEV1
and FVC, was associated with the duration of
employment (23). In our study the PFT results of
workers with or without occupational asthma were
compared, FVC%, FEV1, FEV1%, FEV1/FVC, PEF%,
FEF25-75, and FEF25-75% were lower in the occupa-
tional asthma group. A statistically significant differ-
ence was noted between the two groups regarding
FEV1/FVC and FEF25-75% values. The significantly
lower FEV1/FVC and FEF25-75% observed in the
occupational asthma group was in accordance with
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the expected PFT results in asthma. Moreover, when
the correlation between PFT results and the duration
of substance exposure was evaluated, a negative cor-
relation was observed between the duration of sub-
stance exposure and FEV1% and FEV1/FVC (good
correlation), and FEV1 and FEF25-75 (moderate cor-
relation). These results indicated that the duration of
substance exposure in workers involved in denim-
bleaching was associated with a low FEV1 and a
reduction in FEF25-75, indicators of small airway
obstruction, as expected in asthma and was moder-
ately correlated with low FEV1/FVC, another indica-
tor of obstruction.

In this study KMnO4 was frequently and NaOCL was
rarely used for bleaching. Particularly, exposure to
high doses of NaOCL is associated with reactive air-
ways dysfunction syndrome (RADS) and chronic
exposure to this substance may lead to irritant-
induced asthma (IIA) in paper factory workers and
pool workers (7,24,25). To our knowledge, there are
no studies in the literature evaluating occupational
asthma related to KMnO4 exposure. Frequent expo-
sure of employees to KMnO4 and occurrence of res-
piratory symptoms after a mean period of 32 months
(range, 3-120 months) in our study suggest an inci-
dence of irritant-induced occupational asthma. But
the study population is too small and given some lack
of statistical significance. So the exact relationship
between KMnO4 exposure and occupational asthma
can only be determined by further studies comparing
employees with exposure to KMnO4 alone and control
subjects with no exposure to the potential causative
agent.

CONCLUSION

In conclusion, this article suggests that exposure to
denim-bleaching agents plays an important role in the
occurrence of respiratory symptoms, reduction in pul-
monary functions, and induction of occupational asth-
ma. Silicosis should also be considered in employees
with a previous occupational history of sandblasting.
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