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Respiratory disease in cotton textile workers in the People's
Republic of China
I. Respiratory symptoms
by David C Christiani, MD, MPH,' Ellen A Eisen, SeD,' David H Wegman, MD, MS,2 Ting-ting Ye,3
Pei-lian LU,3 Zhl-chu Gong,3 He-lian Dai3
CHRISTIANI DC, EISEN EA, WEGMAN DH, YE T-T, LU r-t., GONG Z-C, DAI H-L. Respiratory
disease in cotton textile workers in the People's Republic of China: I Respiratory symptoms. Scand J
Work Environ Health 12 (1986)40-45. The prevalence of byssinosis and nonspecific respiratorysymptoms
was studied in 887 textile workers with at least two years of employment in two cotton mills and one
silk mill in Shanghai, the People's Republicof China. A standardized respiratory questionnaire was used,
and environmental sampling was performed with vertical e1utriatorsand colorimeter grading. Eight percent of the cotton textile workers complained of byssinosis. The reports of byssinosiswere mostly mild
(grade 1/2), more prevalent among women, and unrelated to duration of employment or elutriator dust
levels. Nonspecific respiratory symptoms were significantlymore prevalent among cotton textile workers
than silk workers. After adjustment for age, gender, and smoking in logistic regression models, the odds
ratios for the effect of working in cotton textile mills on chronic bronchitis, chronic cough, and frequent
chest illness were 3.3, 2.9 and 4.7, respectively. Although none of the symptoms were related to current
dust levels, the range of exposures was narrow, and information was only available on current levels of
cotton dust. This study represents the first respiratory survey of the textile industry in China using diagnostic criteria similar to that used in the United States and England; it defines a cohort for prospective
investigation.
Key terms: byssinosis, chronic bronchitis, chronic respiratory disease, cotton dust.

The People's Republic of China is a major cotton
'pro ducer (15), yet there has been only a single report
from that country on the respiratory effects of cotton
dust, a clinicophysiological study from Shanghai describing 21 cases of byssinosis in workers exposed to
cotton dust in the yarn preparation areas of several
'mills (34, 35). Although there have been numerous epidemiologic studies of the acute and chronic effects of
cotton dust exposure in developed countries, the
literature, particularly on chronic effects under conditions of low dust exposure, remains inconclusive and
controversial (2,3, 14, 16,20,21,24,31,33).
This study was undertaken in order to investigate
further the relationship between exposure to cotton
dust and chronic lung disease. The Chinese textile
workers were a desirable study population because of
the relatively low prevalence of cigarette smoking, particularly among women, in that country. Furthermore,
the cotton in China is still hand-picked, allowing us
to examine whether hand-picked cotton is associated
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with less adverse health effects than cotton that is
picked by machine.
The prevalence of byssinosis, chronic respiratory
symptoms, and impaired pulmonary function were
studied in workers from two cotton textile mills in
Shanghai. Diagnostic criteria and pulmonary function
equipment similar to that used in the United States and
England were used so that results would be comparable
to previously reported findings. This report describes
the acute and chronic respiratory symptoms observed
in this population. The results of the pulmonary function analysis are the subject of a separate report (6).

Subjects and methods

Study population
Workers were selected from the yarn preparation areas
(opening, carding, drawing, combing, winding, and
spinning) of two cotton textile mills. All the subjects
were day shift workers without a history of respiratory
disease before entering work in the mills and with at
least two years of exposure. This population represented
60 % of all day shift workers in yarn preparation. Virtually all of the remaining 40 % were newly hired
workers with less than two years' experience, as the
textile industry had expanded rapidly in the postcultural revolution period. Approximately 90 % of the
eligible workers were surveyed.

Synthetic textile manufacturing workers were considered as possible referents. However, they were not
studied because all of the synthetic mills in Shanghai
were found to be recently converted cotton mills.
Instead, silk workers in a nearby factory were chosen
as a comparison population since there have been no
reports of excess respiratory disease in that industry.
The same exclusion criteria were used to select the reference population, as well as the exclusion of silk workers with a past history of cotton dust exposure or a
current cotton dust exposure in one of the silk-cotton
blending areas . These criteria resulted in approximately
60 0J0 of all silk-mill day shift workers being eligible
for testing. Of these eligible silk workers, 90 070 participated in the study.
All of the cotton and silk workers lived in one of
two large workingclass neighborhoods in urban Shanghai, and individual earnings in the mills were identical.
Both factories were built in the 1920s and then retrofitted with their current ventilation systems in the late
19505. Plant officials stated that production and dust
control methods in yarn preparation had remained
unchanged since the late 1950s.

Methods
Respiratory questionnaire. On return to work after a
rest period of 48 h, and before entering the workshop,
a standardized respiratory symptom questionnaire (10),
modified to include questions regarding work-related
symptoms, was administered to each worker. Before
the study, the questionnaire was translated into Chinese
and then translated back into English to verify the accuracy of the translation. An intensive training
program was conducted for the Chinese physicians administering the test.
Symptoms were originally defined as follows: Byssinosis: grade 0 = no symptoms; grade 1/2 = chest tightness or shortness of breath occasionally on the first
day or other days of the work week; grade 1 = chest
tightness or shortness of breath consistently on the first
day of the work week; grade 2 = chest tightness or
shortness of breath on the first and other days of the
work week (18, 31); chronic bronchitis: cough and
sputum from the chest for as much as three months
per year for a minimum of two consecutive years;
chronic cough: cough without sputum for at least 5 d
each week, not associated with a recent chest illness;
acute chest illness was defined as acute cough with
sputum or increased cough and sputum with or without fever.
Environmental assessment. Environmental sampling
was done with vertical elutriators (General Metal
Works, Inc) which are designed to collect respirable
particles. With the cone-shaped elutriator, the air
stream is slowly aspirated through the chamber where
particles larger than 15 JL in aerodynamic diameter settle
out and smaller particles (less than 15 JL) with lower
falling speeds are carried upwards and deposited on

the filter. The sampler is designed, therefore, to collect
only the respirable range of inhalable particles. For our
sampling, the operational definition of respirable was
the fraction of airborne material that passed through
the precollection system designed to simulate the upper
respiratory tract (7, 19, 32). Samples were taken with
5-JL polyvinyl chloride hydrophobic filters which were
preweighed and then weighed again on the same
balance (sensitive to 10-5 g) after the sampling.
In addition to vertical elutriator samples, bulk samples were taken from the center of 12 cotton bales and
analyzed for grade. A Nickerson-Hunter cotton colorimeter was used for color grading, and trash and leaf
contents were determined by electronic scanning. This
method of grading is based on standards for grade of
American Upland cotton . The bulk samples were not
large enough for the Shirley Analyzer trash analysis .
Exposure to cotton dust was assumed to be zero for
all the silk workers. Cigarette smoking was measured
in units of pack-years, as well as categorically (only
smokers and nonsmokers, as there were virtually no
exsmokers in this population.)

Analysis. The prevalence of respiratory symptoms was
first compared between the cotton and silk workers
with a chi-square analysis or the Fisher's exact test.
Multivariate logistic regression models were then used
to evaluate the association between cotton dust exposure and each symptom, controlling for the effects of
sex, age, and smoking habit.

Results
Environmental data
Ninety-six percent of the cotton was grown in China
and hand-picked. An analysis of the cotton grade
revealed that all samples were in the white to spotted
range, with no tinged or yellowed cotton . All samples
were uniform in trash content except one, which was
two grades lower in leaf content. Hence, the cotton
in use in these mills was generally of good grade.
The vertical elutriator dust concentrations ranged
from a median of 0.45 to 1.52 mg/rn? (table 1). The
highest concentrations were measured in the opening,
blowing, and carding areas . The range of exposure was
narrow (threefold), and the distribution of exposure
was bimodal with sharp peaks. Thus, the variability
Table 1. Cotton dust levels : Vertical elutriator samples
(mg/m 3 ).
Work area
Opening
Blowing
Carding
Drawing
Combing
Winding
Fine spinning

Number of
samples Mean

26
7
32
23
27
15
8

1.56
1.41
1.44
0.89
0.52
0.45
0.56

Median

Range

1.48
1.07
1.52
0.57
0.49
0.45
0.59

0.42-2.90
0.59-2.32
0.48-2.47
0.22-2.21
0.19-0.98
0.15-0.61
0.28-0.80

41

Table 2. Demographic characteristics and prevalences of
respiratory symptoms in cotton and silk workers. (SEM =
standard error of the mean)

Number of subjects
Mean age (years) ± SEM
Work tenure
(years) ± SEM
Percent male
Percent cu rrent smokers
Mean amount smoked
(pack-years) ± SEM
Symptoms (%)
Chronic cough
Chronic bronchitis
Chest lllness] » 1)
past three years
Byssinosis (all grades)

Cotton workers

Silk workers

448
37.3±0.50

439
35.7±0.51

16.3 ± 0.49
47.8
33.9

16.7±0.57
42.1
23.2'

9.70± 10.1

9.07 ±9.9

19.2
21.2

6.8'
7.1'

8.3
7.6

1.6'
0

Table 5. Respiratory symptoms in nonsmoking cotton and silk
workers (men and women).

Symptom

Cotton workers
(N =295)

Chronic cough
Chronic bronchitis
Chest illness (> 1)
past three years
Byssinosis
Grades 1/2 +
Grade 2
All grades

Silk workers
(N =337)

N

%

N

41
40

13.9
13.6

17
18

S.O"
5.3"

14

4.7

5

1.5'

21
3
24

7.1
1.0
8.1

%

0
0
0

, P < 0.05, " P < 0.001.

, P < 0.001.

Table 6. Respiratory symptoms in smoking and nonsmoking
cotton tex tile workers (men only).

Table 3. Respiratory symptoms in female cotton and silk work-

Symptom

ers .s

Symptom

Cotton workers
(N =226)

Chronic cough
'Chro nic bronchitis
Chest illness (> 1)
past three years
Byssinosis
Grades 1/2 +
Grade 2
All grades

Silk workers
(N =253)

N

%

N

32
30

14.2
13.3

12
14

12

5.3

4

23
2
25

10.2
0.9
11.1

%

4.7'*'**
5.S"

1.6'
0
0
0

a Excluding six smoking cotton workers and one smoking silk

worker.
< 0.05 , •• P < 0.01, ,,' P < 0.001 .

, p

Table 4. Respiratory symptoms in smoking cotton and silk
workers (men only) .

Symptom

Cotton workers
(N = 144)

Chronic cough
Chronic bronchitis
Chest illness (> 1)
past th ree years
Byssinosis
Grades 1/2 +
Grade 2
All grades

Silk workers
(N = 101)

N

%

N

%

42
52

29.2
36.1

12
12

11.9' ,
11.9"

19

13.2

2

2.0'

2
6
8

1.4
4.2
5.6

a
a
0'

, P < 0.01, " P < 0.001.

in exposure was essentially limited to two levels (one
at approximately 0.5 rng/rn! and the other at approximately 1.4 mg/rn''). No information was available on
either the work histories of the subjects or on past dust
levels in the mills. Therefore only the effects of current
exposures could be evaluated.

Population
Eight hundred and eighty-seven workers participated
in the study, and completed questionnaires were ob-
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Chronic cough
Chronic bronchitis
Chest illness (> 1)
past three years
Byssinosis
Grades 1/2 +
Grade 2
All grades

Smokers
(N = 144)

Nonsmokers
(N=69)

N

%

N

%

42
52

29.8
36.1

9
10

13.6'
15.2"

19

13.2

2

2
6
8

1.4
4.2
5.6

2.9'
0
1.4
1.4

, p < O.OS, •• P < 0.01.

tained on all the subjects. The demographic and health
characteristics of the cotton and silk populations are
shown in table 2. The workers in both groups were
generally young adults, with a mean tenure of employment of approximately 16 years. All but eight
(0.9 0/0) of the women were nonsmokers. Although a
greater proportion of the exposed men were smokers,
the mean quantity of cigarettes smoked by the smoking men was less than 10 pack-years for both the cotton
and silk workers . There were virtually no exsmokers
(N = I), and only four cotton and two silk workers had
ever quit smoking for six months or longer.

Symptoms
Byssinosis, chronic nonproductive cough, chronic
bronchitis, and acute respiratory illnesses were all more
prevalent among the cotton textile workers than among
the silk workers (table 2). The prevalence of byssinosis
was 7.6 % among the cotton textile workers, and no
silk workers reported byssinosis symptoms. Of the 34
workers with byssinosis (all grades), significantly
more of them also complained of chronic bronchitis
(p < 0.01) and chronic cough (p < 0.001) than their
co-workers without byssinosis. Most cases of byssinosis
were mild (grade 1/2 or I), and byssinosis was reported
much more frequently by nonsmoking women than
nonsmoking men, 11.1 and 1.4 %, respectively (tables 3 and 6).
Further stratification by smoking habit revealed an
excess of respiratory symptoms in both smoking cot-
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Figure 1. Prevalence of chronic bronchitis among smoking and
nonsmoking cotton and silk workers (men only).

Figure 2. Prevalence of chronic cough among smoking and
nonsmoking cotton and silk workers (men only).

ton workers (table 4) and nonsmoking cotton workers
(table 5) when compared with silk workers. An internal analysis of respiratory symptoms in cotton workers revealed that smoking cotton workers reported all
respiratory symptoms except byssinosis significantly
more frequently than nonsmoking cotton workers (table 6).
The combined effect of cotton dust exposure and
smoking on the prevalence of chronic bronchitis was
found to be greater than the sum of the two independent risks (figure 1). This greater than additive effect
was also observed for chronic nonproductive cough
(figure 2). The adjusted odds ratios for the effect of
working in the cotton mills on the prevalence of chronic
bronchitis, chronic cough, and frequent chest illness
were estimated from three logistic regression models.
(No odds ratio could be computed for byssinosis because none of the silk workers reported symptoms
compatible with byssinosis.) Age, smoking, and gender
were included in each of the regression models. The
three odds ratios were statistically significant
(p < 0.001) and were estimated to be 3.3 (95 % confidence interval 2.1 to 5.2), 4.7 (95 % confidence interval 2.1 to 10.6), and 2.9 (95 % confidence interval
1.1 to 4.6) for chronic bronchitis, frequent chest illness, and chronic cough, respectively. However, when
current dust level was used to measure exposure in an
internal analysis restricted to the cotton workers, no
association was found between exposure and any of
the respiratory symptoms.

crease. Such reports have come from Egypt (8), Sudan (17), Tanzania (26), and Hong Kong (25). This
report describes the first epidemiologic study of cotton textile workers in China using diagnostic criteria
and equipment similar to those used in the United
States and Great Britain.
Our analysis has shown an excess of respiratory
symptoms among cotton textile workers in China when
compared with silk workers after controlling for the
effects of smoking. The unusually high prevalence of
grade 1/2 byssinosis symptoms relative to grade 1
symptoms can be explained by the unique work schedules in these mills. All workers (cotton and silk) work
on 8-d rotation: two day shifts, followed by two
evening shifts, two night shifts, and then 2 d of rest.
Although all the workers were surveyed after the 2-d
rest period, there were two additional periods in the
week when the workers were away from exposure for
24 h, ie, when they change shift rotations at the end
of each 2-d cycle. Hence, the clinical definition and
grading of byssinosis needed to be adapted to this particular work pattern (Schilling RSF, personal communication). We classified workers who reported definite
work-related symptoms as grade 1/2, regardless of
whether they could remember the symptoms as occurring on the first day back from a 2-d rest. There
were then 14 workers (3.1 %) with symptoms of byssinosis by the classical grading scheme plus an additional20 (4.5 %) with mild byssinosis according to the
adapted classification. It is likely that a number of the
workers with grade 1/2 byssinosis would actually have
been classified as grade 1 or more if further refinement
in the questionnaire had been possible.
Though the work shift rotation explains the unusual
pattern of grades of byssinosis, it does not explain the
low overall prevalence of byssinosis and the generally
mild nature of the symptoms (only 2.6 % grade 2).

Discussion
Byssinosis has been reported in cotton textile workers
in most of the developed world. As developing countries
expand their textile industries, reports of byssinosis in-
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There are three plausible explanations for this finding.
First, the relatively young age and short work tenure
of this population may be sufficient to explain the predominance of early stage byssinosis (II, 14, 20). Second, the medium to fine grade of the cotton used and
low trash/leaf content of the hand-picked cotton may
have resulted in cotton dust which was somewhat less
"biologically active" (I, 4). Finally, the plant physicians had informed us that workers who develop
respiratory diseases such as tuberculos is or "asthma"
are systematically removed from areas of cotton dust
exposure. It seems likely that some of these "asthmatics " were misdiagnosed cases of byssinosis. This
informal medical protection removal policy may
therefore have resulted in an underestimate of the true
prevalence of byssinosis in the two mills.
The prevalence of byssinosiswas substantially higher
among nonsmoking women than nonsmoking men,
11.1 and 1.4 0/0, respectively. Several other investigators have also found more byssinosis among nonsmoking female workers (2, 27). It is unlikely that the
observed gender difference is attributable to true physiological differences between men and women. The
difference in byssinosis prevalence rates is more likely to reflect either a difference in symptom reporting
by sex or a systematic misclassification of exposure by
sex. Among the nonsmoking cotton workers in this
study population, however, the prevalences of nonspecific respiratory symptoms were very similar
between the men and women, and nondifferential reporting is suggested. In each of the studies in which
a gender difference has been observed, exposure was
defined only according to work area . It may be that
within a work area, women's job duties result in systematically higher exposures than those of male workers. In order to better understand the relationship
between byssinosis and dust exposure, more emphasis
is needed in future stud ies on the accurate assessment
of personal exposure.
We were not able to demonstrate a smoking-exposure interaction in the production of byssinosis symp'toms, possibly because the number of smokers in the
mills was small and the amount of smoking quite low
compared with that of westem workers (13). Moreover,
the range of exposure levels present in these cotton
mills was narrower than reported in most other studies (3, 22, 23). Our environmental assessment revealed
that there were basically two levels of exposure, a low
median dust level in the 0.45-0.6 mg/m! range and
another in the 1.07-1.57 mg/rn! range. In the mills
studied by Merchant et al (22) the maximum dust level
was almost 20 times the smallest, whereas in these mills
the range was only threefold. This limited range of exposure will obviously limit the usefulness of a doseresponse model. Otlrer studies of lint-free (eg, vertical
elutriated) dust and byssinosis prevalence have found
a strong linear relationship between the two, although
the slopes of the curves obtained by different investigators vary greatly (3, 22, 23). Moreover there have
44

also been recent epidemiologic and experimental studies which relate cotton dust " potency" or "toxicity"
to airborne bacterial endotoxin levels (5, 13, 30). Endotoxin levels in the bale cotton and elutriated dust
samples in these two Shanghai mills revealed high endotoxin levels in Chinese-grown cotton, and over 90 %
of cotton processed in these mills was Chinese-grown
(28). As with e1utriated dust levels, symptoms were not
associated with air endotoxin levels in our preliminary
analysis. A more refined model will be constructed for
the comparison between elutriated dust and air endotoxin levels in this population.
Our results are consistent with prior evidence that
chronic bronchitis is associated with work in the cotton textile industry (2, 11, 14, 20, 21, 30). Our data
also suggest that there is a: greater than additive effect
of exposure and cigarette smoking on the prevalence
of chronic bronchitis. The prevalence of chronic bronchitis was significantly higher in nonsmoking cotton
textile workers compared with non smoking silk workers, 13.6 and 5.3 %, respectively, and occurred three
times more frequently than byssinosis in the cotton
worker population. In addition, the byssinotic workers reported significantly more chronic bronchiti s and
chronic cough than the nonbyssinotic cotton workers,
which corroborates earlier findings of Merchant et al
(21), Zuskin & Valic (35), and the more recent findings
of Haglind et al (12). This association between chronic
bronchitis and byssinosis, together with pathology
studies, to date suggest a pattern of asthmatic bronchitis (29). This development has led some investigators
to believe that byssinosis is actually a chronic bronchitis process with superimposed acute phenomena (9).
The characteristic acute feature s of chest tightness,
shortness of breath , and acute decrement in ventilatory
function distinguish byssinosis from chroni c bronchitis. In the late stages of byssinosis the characteristic
periodicity is lost, and differentiation becomes more
difficult. The difficulty in under standing the relationship between byssinosis and chronic bronchitis may be
less one of pathophysiology than of definition. Byssinosis as defined by Schilling is based only on acute
symptoms (31) except for grade 3, in which th ere must
be evidence of disability. Chronic bronchitis is defined
by symptoms persisting for months and years .
China currently leads the world in cotton consumption and is a major producer of cotton (15). China's
textile industry continues to expand. employing greater
numbers of workers every year. The respiratory problems of Chinese cotton textile workers will assume
greater importance in the future, and they currently
pose a major challenge in the field of preventive
medicine. Furthermore, there are a number of problems related to cotton dust exposure which can be
addressed by prospecti ve studies in China : follow-up
of nonsmokers exposed to moderate and low levels of
lint-free dust; the role of gram negative endotoxin; the
male-female distribution of symptoms; and long-term
ventilatory function changes. Well-designed longitu-

dinal studies in China will undoubtedly make significant contributions to our collective understanding of
respiratory disease in relation to cotton dust. Prospe ctive studies need to be undertaken in China to provide a better definition of chronic re spiratory symptoms and pulmonary function among cotton textile
workers. This study provides the cohort and establishes
a base line for future investigations .
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