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Abstract
Objectives—To investigate a large popula-
tion of cotton textile weavers for reported
respiratory symptoms relative to occupa-
tional factors, smoking, and exposure to
dust. Cotton processing is known to
produce a respiratory disease known as
byssinosis particularly in the early proc-
esses of cotton spinning. Relatively little is
known about the respiratory health of the
cotton weavers who produce cloth from
spun cotton. By the time cotton is woven
many of the original contaminants have
been removed.
Methods—1295 operatives from a target
population of 1428 were given an inter-
viewer led respiratory questionnaire. The
presence of upper and lower respiratory
tract symptoms were sought and the work
relatedness of these symptoms deter-
mined by a stem questionnaire design.
Also occupational and demographic de-
tails were obtained and spirometry and
personal dust sampling performed.
Results—Byssinosis was present in only
four people (0.3%). Chronic bronchitis
had a moderate overall prevalence of
about 6% and was related predominantly
to smoking. There were several other work
related respiratory symptoms (persistent
cough 3.9%, chronic production of phlegm
3.6%, chest tightness 4.8%, wheezing
5.4%, and breathlessness 2.3%). All of
these were predicted predominantly by
smoking (either past or present), with no
consistent independent eVect of exposure
to dust. Work related eye and nasal symp-
toms were more common (10.4% and
16.9% respectively).
Conclusion—Byssinosis is a rare respira-
tory symptom in cotton weaving. Other
work related respiratory symptoms were
reported but their presence was predomi-
nantly related to smoking with no consist-
ent eVects of exposure to dust.
(Occup Environ Med 1999;56:514–519)

Keywords: cotton; textile; weaving; byssinosis; respira-
tory symptoms

Cotton, either in the pure form or mixed with
other fibres, is widely used for fabric produc-
tion. Imported in bales, it undergoes extensive
processing before yarn suitable for weaving is
produced. Although the process of weaving has
undergone several changes over the years, the
basic principle—that is, the interlacing of warp
threads (running along the length of the cloth)
and weft threads (running perpendicularly

across the cloth)—has remained the same. This
process was first mechanised in 1733 by John
Kay when he invented the fly shuttle. Over
subsequent years, faster means of achieving
this have emerged.

Ramazzini is credited with the earliest
accounts of illness related to flax dust.1 Indus-
trialisation resulted in progressive deterioration
in the environment within which people
worked. Successive public health workers and
novelists drew attention to the problem.2–5

However it is with the relatively recent
landmark studies of Schilling et al6 7 in the late
1950s and early 1960s that the course was set
for an extensive scientific evaluation of the tex-
tile industry.

Many large scale epidemiological studies
have been performed all over the world on tex-
tile workers, with particular attention focused
on the presence of byssinosis and other
respiratory problems. However, most of these
studies were performed on cotton spinners
rather than weavers. Smaller studies were
performed on cotton weavers and identified a
lower prevalence of byssinosis than that associ-
ated with the spinning processes.8–11 Indeed, in
some studies the weavers were used as a control
population for comparison with spinners.12 13 A
few studies have reported high prevalence of
byssinosis in weavers,14–17 but none of these
were recent studies. Other respiratory
symptoms—such as production of chronic
phlegm—are reportedly common among
weavers.8 18 Thus, unlike spinners, there is a
paucity of data from investigation of weavers.
We therefore conducted a large cross sectional
study of weaving establishments. The aims of
this investigation were to determine the preva-
lence of respiratory symptoms in this group of
workers and to identify the factors which were
associated with the prevalence of these symp-
toms, including exposure to dust.This is a sur-
vey of workers in the weaving industry includ-
ing preparation (winding, creeling, beaming,
and sizing), weaving, cloth inspection, and
sewing.

Methods
STUDY POPULATION

A list of textile weaving mills in the area was
provided by the Cotton Industry War Memo-
rial Trust. Of 20 mills approached (in the order
of listing), 16 weaving mills in the vicinity of
Manchester and South Lancashire agreed to
take part in the study. Every employee within
these establishments was invited to take part.
Each mill had given approval for the study at
both managerial and works council level.
Ethics committee approval was obtained for
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the study. This investigation had a cross
sectional design. It used a respiratory symptom
questionnaire, spirometry, and measurement
of total inhalable dust in the personal breathing
zone.

QUESTIONNAIRE

An investigator administered questionnaire was
used throughout the study. The questionnaire
was identical to one used in the study of other
textile workers19 and is based on the original
Medical Research Council (MRC) respiratory
questionnaire20 with additional questions to
identify byssinosis and other work related
respiratory symptoms. The symptom catego-
ries have a stem design and the eVect of work
and temporal factors are approached with open
non-directive questions. If a symptom im-
proved when away from work, it was said to be
work related. Byssinosis was identified from the
reporting of chest tightness on a Monday
which either improved or resolved on subse-
quent days of the week and was graded by
Schilling’s revised categorisation.21 Chronic
phlegm production (expectoration of sputum
for 3 months a year for 2 consecutive years)20;
persistent cough (dry cough for 3 months a
year); non-specific chest tightness (chest tight-
ness not worse on the first or last working day);
wheezing (experienced even without a cold);
shortness of breath was defined and graded
according to the MRC questionnaire20; persist-
ent nasal irritation (itchy or runny nose, even
without a cold, 3 months a year); persistent eye
irritation (itching or watering of the eyes, 3
months a year). The same investigator (SNR)
was trained to administer the questionnaire to
all the participants of the study. He is Pakistani,
multilingual, and was thus able to interview
workers from ethnic minorities. A validation
exercise was carried out in one mill (23 opera-
tives) on two occasions (4 months apart, same

investigator). The response to questions was
investigated for exact fit. For most questions,
this was above 80%.

PERSONAL CHARACTERISTICS

Age, height, sex, and ethnic origin were
recorded. Smoking data included questions to
allow for a calculation of pack-years for
ex-smokers or current smokers and years since
they stopped smoking for current non-
smokers.

OCCUPATIONAL FACTORS AND HISTORIES

Details of the type of cotton being processed
(coarse, medium, or fine) and type of prepara-
tion processes and size formulation (starch,
polyvinyl alcohol, or both) being used were
recorded. The type of loom (shuttle, air jet,
projectile, rapier, or water jet) was also
documented. Occupational histories included
duration of all current and past experience of
textiles. Overall six occupational groups were
identified from over 50 diVerent occupations.
These identified large enough groups to be
included in statistical analysis, with similar type
and extent of exposure in each mill (weaving
1—those working directly on looms, weaving
2—helpers and those in the proximal vicinity or
technicians, weaving 3—cleaners, sweepers,
and overlookers with high exposure to dust
within the weaving shed, preparation workers,
cloth inspection, and sewing).

EXPOSURE TO DUST

Personal dust sampling was performed on a
representative sample of each occupational
group within each mill. Details of dust
sampling techniques used are published
elsewhere.22 Personal breathing zone dust (total
inhalable) was measured with the samplers
developed by the Institute of Occupational
Medicine, Edinburgh (IOM). Whatman GF/A
micro glass fibre filters were mounted in the
cassettes inside the sampling head. The cas-
settes were weighed before the sampling
exercise on a microbalance. In the mill, the
sampling heads were pinned onto the lapels of
operatives, secured safely, and connected to
Casella pumps, flow rate 2 l/min (worn on the
waist) for the duration of the shift. On return

Table 1 Characteristics of the study population by mill

Mill Study population Type of fibre Cotton grade Size used Loom type Male (%) White (%) Current smokers (%) Age (SD)

1 261 C M S SL/RL 47.5 90.0 41.0 38.5 (13.9)
2 144 C M S SL/PL 41.7 91.7 54.9 36.4 (13.5)
3 32 MF M SP RL 62.5 96.9 31.3 42.6 (12.5)
4 99 MF M SP PL 72.7 93.9 45.5 39.7 (11.7)
5 64 MF M S RL 25.0 98.4 35.9 39.7 (13.6)
6 29 MF F S SL/RL 41.4 100 55.2 41.5 (15.1)
7 71 MF C S SL/RL 69.0 100 49.3 39.8 (12.4)
8 34 C F S RL 52.9 100 32.4 44.0 (10.4)
9 30 MF M SP SL 53.3 96.7 50.0 41.1 (16.0)
10 93 P — P AL/WL 86.0 96.8 49.5 31.9 (21.3)
11 50 MF M SP RL 52.0 100 42.0 33.9 (10.0)
12 79 C M S SL 44.3 94.9 57.0 35.7 (9.4)
13 19 MF M SP SL 36.8 100 63.2 49.2 (14.2)
14 19 MF M SP RL 78.9 84.2 21.1 42.7 (12.5)
15 39 MF C SP SL 64.1 100 66.7 41.3 (11.8)
16 232 MF M SP PL/SL/AL/RL 72.0 83.2 50.4 40.1 (13.5)

Textile fibre: C=pure cotton; P=pure polyester; MF=cotton and other fibres (blends).
Cotton grade: F=fine cotton; M=medium cotton; C=coarse cotton.
Size used: S=starch; P=polyvinyl alcohol; SP=starch and polyvinyl alcohol.
Loom types: SL=shuttle looms; RL=rapier looms; PL=projectile looms; AL=airjet looms; WL=waterjet looms.

Table 2 Features of people with byssinosis

Byssinosis
grade Age Sex Smoking

Years in cotton
industry

Years in
weaving Occupation

1 63 M Ex 28 28 Overlooker
1 24 F Never 7 7 Weaver
1 56 M Never 24 24 Knotter
2 28 M Never 13 10 Weaver

Respiratory symptoms in Lancashire textile weavers 515
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from the mill, the cassettes inside the sampling
heads were reweighed to obtain the weight
change. Mean change in the weight of blanks
(sampling heads not opened in the mill) was
called the correction factor and was subtracted
from the weight change of cassettes used for
sampling to obtain the corrected weight
change. Three hundred and two workers
participated in this exercise, yielding 471 dust
samples (169 operatives were sampled twice).
The mean dust concentrations for each occu-
pational group in a mill were obtained. This
value was ascribed to all members of the same
occupation not undergoing sampling in the
same mill. Current personal exposure to dust
has been used as one of the variables for both
univariate and multivariate analysis of symp-
toms.

STATISTICAL ANALYSIS

Dbase111+ software was used to store all
questionnaire data. Statistical analysis was per-
formed with SPSS and BMDP software.
Univariate analysis of factors associated with
symptoms was performed with Student’s t test
or 2 × 2 ÷2 tests with Yates’ correction where
appropriate. The geometric mean was used for
testing data that were not normally distributed.
Finally, forward step logistic regression analysis

was performed to study independent predictive
factors for individual symptom categories or
symptom complexes. These included personal
factors, smoking data, occupational factors,
and occupational history. Variables were en-
tered in the order of significance obtained from
univariate analysis. The level of significance
throughout was 5%.

Results
PERSONAL FACTORS

Altogether 1295 workers took part in the study
(response rate 90.7% of operatives requested to
participate) from 16 mills. Mill population size
varied from 19 in the smallest (mill 15) to 261
in the largest (mill 1). Each mill had at least one
weaving shed and other processes were en-
countered in some mills only. Of the study
population 57.3% were men, 92.6% were
white, and 7.2% Asian. The other three work-
ers (0.2%) were Afro-Carribean. Mean (SD)
age of the study population was 38.6 (13.2)
years. The mean (SD) duration of employment
in the textile industry was 14.6 (12.1) years.
Duration of employment varied by occupation,
being greatest for weavers (15.2 (12.0)) and
shortest for beamers (7.9 (9.2)). Of the
workforce 47.2% were current smokers, and
16.5% were ex-smokers. White workers were
significantly older and taller than their Asian
counterparts. The white workers tended to

Table 3 Univariate analysis; factors associated with work
related persistent cough

Factor
t Or (÷2)
value p Value

Cumulative smoking (pack-years) 2.0 0.05
Total personal dust exposure 2.4 <0.05
Female sex (5.0) <0.05
Current smoking (6.6) <0.05
Fine cotton (7.0) <0.05

÷2 Value in parenthesis.

Table 4 Univariate analysis; factors associated with work
related chronic production of phlegm

Factor
t Or (÷2)
value p Value

Age 3.4 0.001
Cumulative smoking (pack-years) 6.4 <0.0001
Years in current mill of work 2.7 <0.01
Years in cotton industry 2.5 <0.05
Years in current workroom 3.4 0.001
Current smoking habit (16.9) <0.0001

÷2 Value in parenthesis.

Table 5 Univariate analysis; factors associated with work
related non-specific chest tightness

Factor
t Or (÷2)
value p Value

Loom speed 2.4 <0.05
Years spent in beaming 2.1 <0.05
Years in sewing room 2.2 <0.05
Current smoking (15.4) 0.005

÷2 Value in parenthesis.

Table 6 Univariate analysis; factors associated with work
related wheeze

Factor
t Or (÷2)
value p Value

Cumulative smoking (pack-years) 2.4 <0.05
Years in winding 2.2 <0.05
White ethnicity (4.66) <0.05
Current smoking (20.7) <0.0001

÷2 Value in parenthesis.

Table 7 Univariate analysis; factors associated with work
related breathlessness

Factor
t Or (÷2)
value p Value

Age 3.5 <0.0001
Years in present mill 2.4 <0.05
Years in cotton industry 2.7 <0.01
Years in present workroom 2.8 <0.01
Years in cloth examination 2.5 <0.05
Cumulative smoking (pack-years) 2.4 <0.05
Current smoking (7.0) <0.05

÷2 Value in parenthesis.

Table 8 Univariate analysis; factors associated with work
related nasal irritation

Factor
t Or (÷2)
value p Value

Age 3.6 <0.0001
Height 5.2 <0.0001
Cumulative smoking (pack-years) 2.6 <0.01
White ethnicity (10.4) 0.001
Female sex (70.4) <0.0001
Working with pure cotton or cotton

blend (11.1) <0.001
Starch size (16.6) <0.001
Fine cotton grade (16.1) <0.001
Employment in sewing room (13.8) <0.01
Working with shuttle or airjet looms (10.0) <0.05

÷2 Value in parenthesis.

Table 9 Univariate analysis; factors associated with work
related eye irritation

Factor
t Or (÷2)
value p Value

Height 2.6 <0.05
Personal dust exposure −2.0 0.05
Female sex (10.8) <0.001
Working with pure cotton or cotton

blend (9.2) <0.05
Work in sewing or preparation room (21.5) <0.0001
Working with shuttle or rapier looms (9.5) <0.05

÷2 Value in parenthesis.
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have worked for longer within the industry,
compared with the Asian workers. White work-
ers were also more likely than Asian workers to
be current or past smokers (p<0.0001). There
was a preponderance of white workers in the
weaving shed compared with other workrooms
(p<0.0001). Women were older than the men
(p=0.05); and they were more likely to be
employed in the sewing room than their male
counterparts. Table 1 presents the personal
features of the study population by mill.

SYMPTOMS

Overall, persistent eye and nasal irritattion
were commoner than lower respiratory symp-
toms (experienced in 13.0% and 19.8% of
workers, respectively). Non-specific chest
tightness was the commonest lower respiratory
symptom (8.4%). Of the work related symp-
toms, eye and nasal symptoms were once again
the most common (10.4% and 16.9%, respec-
tively). The prevalence of work related symp-
toms was production of chronic phlegm 3.6%,
persistent cough (dry) 3.9%, non-specific chest
tightness 4.8%, wheeze 5.4%, shortness of
breath 2.3%, persistent ocular irritation
10.4%, and persistent nasal irritation 16.9%.
There were four cases of byssinosis within the
study population giving an overall prevalence

of 0.31%, which corrects to 0.33% if the work-
ers exposed only to polyester are removed from
the calculation. The features of the workers
with byssinosis are presented in table 2.

Factors identified on univariate analysis for
work related symptoms are presented in tables
3–9. For persistent cough these were female
sex, exposure to fine grade cotton, current
smoking and greater cumulative smoking, and
high exposure to dust. Workers with chronic
phlegm were likely to be older, have smoked
more, and have been employed in the cotton
industry for longer. Those with non-specific
chest tightness were more likely to be current
smokers; they had spent longer in the sewing
room and a shorter time in the beaming room;
when working in the weaving shed they tended
to work on slower looms. For wheezing the fac-
tors were smoking and white ethnicity; when
winders were aVected, they had spent more
time in this occupation. Shortness of breath
tended to aVect older smokers with greater
occupational exposure (particularly cloth in-
spection). Those with a history of persistent
nasal irritation tended to be young, white,
women, and of shorter height; they were more
likely to have smoked less; occupational factors
associated with this symptom were fine cotton
fibre, starch size, and work in the sewing room;
when employed in the weaving shed they
tended to work on shuttle or air jet looms. The
personal factors associated with persistent
ocular irritation were female sex and shorter
height. These people were more likely to work
with cotton (rather than man made) fibre, but
in a less dusty environment. Women were more
likely than men to report symptoms
((p<0.0001), although this symptom reporting
was largely an excess of eye and nasal
symptoms). Many of the factors of univariate
analysis were not independent predictors of
respiratory symptoms. Results of logistic
regression are listed in tables 10 and 11. The
most consistent predictor of all lower respira-
tory symptoms was smoking. Occupational
factors also predicted some symptoms. Current
exposure to dust was a predictor only of
persistent cough. For non-specific chest tight-
ness, an inverse relation with current exposure
to dust was found. Predictors of nasal irritation
were personal (young, white, women) and
occupational (fine cotton fibre or blend).
Predictors for ocular irritation were similar.
Current exposure to dust was not a predictor
for either.

Discussion
This study represents the largest and most
comprehensive study of textile weavers to date.
Due to poor record keeping in the mills
surveyed, the characteristics of the 133 workers
not examined were not available. Thus, selec-
tion bias cannot be ruled out altogether. On the
other hand, cross sectional studies of spinners
in the Lancashire area8 19 have achieved a simi-
lar participation rate, and still showed a raised
prevalence of byssinosis and other respiratory
symptoms. However, the main limitation of the
study is that it is cross sectional, and as a result
the eVect of symptomatic people leaving the

Table 10 Logistic regression analysis: independent predictors of work related lower
respiratory symptoms

Factor B SEM of B p Value

Chronic phlegm production:
Cumulative smoking (pack-years) −9.8 E−5 2.9 E−5 <0.001
Current smoking 1.04 0.39 <0.01
Years present workroom −0.4 0.17 <0.05

Persistent cough:
Cumulative smoking (pack-years) −9.6 E−5 2.7 E−5 <0.001
Sex −0.79 0.30 <0.01
Fine cotton grade 1.03 0.46 <0.05

Non-specific chest tightness:
Current smoking 1.04 0.29 <0.001
Current personal dust exposure 0.35 0.18 <0.05

Shortness of breath:
Cumulative smoking (pack-years) −9.8 E−5 3.1 E−5 <0.01
Years in present occupation −0.46 0.20 <0.05

Wheezing:
Cumulative smoking (pack-years) −9.7 E−5 2.6 E−5 <0.001
Current smoking 0.72 0.31 <0.05

0=symptom present, 1=symptom absent.
Sex (1=male, 2=female).
Current smoking (1=yes, 2=no).
Fine cotton grade (1=yes, 2=no).
Factors are listed in the order in which they were first entered into the regression equation, not in
order of most significance once the model was complete.

Table 11 Logistic regression analysis: independent predictors of work related eye and nasal
symptoms

Factor B SEM of B p Value

Nasal symptoms:
Age 0.03 0.01 <0.0001
Sex −1.20 0.17 <0.0001
Fine cotton grade 1.14 0.29 0.0001
Work with pure cotton or cotton blend 0.82 0.29 <0.01
White ethnicity 1.33 0.53 <0.05

Eye symptoms:
Age 0.02 0.01 <0.05
Work with pure cotton or cotton blend 0.91 0.34 <0.01
Work in preparation room 0.86 0.21 0.001
Sex −0.52 0.19 <0.01

Work in preparation room or work with cotton or blend (1=yes, 2=no).
0=symptom present, 1=symptom absent.
Sex (1=male, 2=female).
Fine cotton grade (1=yes, 2=no).
White ethnicity (1=yes, 2=no).
Factors are listed in the order in which they were first entered into the regression equation, not in
order of most significance once the model was complete.

Respiratory symptoms in Lancashire textile weavers 517
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industry and subsequently leaving a healthy
population behind remains unresolved. De-
spite these weaknesses, important findings
were found.

The prevalence of byssinosis in the study
population is much lower than that found in a
study of cotton spinners performed in the same
geographic area (prevalence 3.7%).19 The
reason for the low prevalence of byssinosis is
probably related to the fact that the causative
agent for byssinosis is not specifically the
cotton dust itself, but some contaminant of
cotton dust, which has largely been removed
before reaching the weaving process. Weaving
is the final stage of cotton processing and the
contaminants of cotton present at the start of
processing (bract and microbial contaminants
including endotoxin) have largely been re-
moved by the various stages of cotton spinning.

In studies of cotton spinners, it has been
shown that people need many years of exposure
before developing the symptoms associated
with byssinosis. Two of our cases were
relatively young (<30) but the minimum work
exposure for them was 7 years. It was 28 years
for the oldest member of the group. The
second youngest person had previously worked
in spinning before working in weaving. It is
unknown whether there was any health selec-
tion process relating to the change from
spinning to weaving. As byssinosis is diagnosed
purely by history and in this study by responses
to a questionnaire, it is possible that false posi-
tive cases are identified. This is minimised by
the stem nature of the questionnaire design.
For example, the use of this questionnaire with
several hundred man made fibre textile workers
resulted in the identification of only one case
fulfilling the criteria for byssinosis. However,
this person had worked for many years in cot-
ton spinning and developed the symptoms
before transferring to spinning man made
fibre.19 It is likely that the cases in this study do
represent genuine cases of byssinosis. Clearly
four cases are insuYcient for any analysis of
associated factors.

Chronic bronchitis, as defined by production
of chronic phlegm for at least 2 consecutive
years, has an overall prevalence of about 6%
(work related 3.65%) within this population.
This compares with 7.1% in cotton and 4.2%
in man made fibre from the prospective study
of textile spinners.23 Clearly the two study
populations are not directly comparable. How-
ever, the order of magnitude is similar. The
analysis of factors associated with the symptom
complex of cough with phlegm (whether work
related as reported in table 4 or for all cases of
chronic phlegm, which is not tabulated) smok-
ing is the most important predictive factor
(both pack-years and current smoking). In the
univariate analysis increasing age and years
spent generally in the textile industry were all
associated with reporting of this symptom.
After accounting for smoking in logistic
regression, increasing years spent in the current
workroom remained the only other predictive
factor. This could be acting as a surrogate for
any measure of duration of textile exposure or
even age. Current exposure to dust did not

emerge as an independent predictor. This
compares with the strong eVect of exposure to
dust on the prevalence of chronic bronchitis in
cotton spinners.23

The other respiratory symptoms which
showed a work related eVect probably identify
people with several diVerent respiratory ill-
nesses, including those with byssinosis and
those with chronic bronchitis. Also some will
have asthma for which the irritant eVect of
exposure to dust caused a temporal relation to
work. For all of these work related lower respi-
ratory symptoms, smoking is the most impor-
tant predictive factor. The predictive factor
could be a measure of lifetime exposure (pack-
years) or current smoking. For persistent
cough there is a positive relation with exposure
to dust, but for chest tightness the relation is
inverse, with more symptoms in the lower
exposure category. There is no obvious expla-
nation for this inverse eVect. It raises the possi-
bility that the eVect of the working environ-
ment on respiratory symptoms is not the
exposure to dust at all. There may be a
contaminant of dust which is not directly
related to the absolute concentrations. The
range of possibilities is large with endotoxin
being the most likely. This has been shown to
contaminate the air of cotton spinning mills
and was deemed to be responsible for an
outbreak of respiratory symptoms (byssinosis)
in a wool weaving establishment.24 Other possi-
bilities include a component of the size used,
although the individual type of size was not
found to be a factor on analysis, or alterna-
tively, an undetermined microbial contami-
nant.

Work related eye and nasal symptoms have a
relatively high prevalence. This is in keeping
with studies previously identifying high levels
of these symptoms in both cotton spinners25

and wool workers.26 Factors associated with the
reporting of these symptoms are not dissimilar
to the previous studies with more symptoms
reported by women and young workers. This
may be an eVect of the type of work performed
rather than necessarily a true sex eVect.

In summary this extensive study of cotton
weavers has shown low levels of byssinosis in
this group of textile weavers. There are moder-
ate levels of work related respiratory symptoms
but smoking is the most important and
consistent factor in determining the presence
of symptoms. There seems to be no consistent
relation between exposure to dust and any
work related respiratory symptoms within the
study population. However, work related ocu-
lar and nasal symptoms are prevalent and are
more common in young female workers. The
analysis of the eVects of symptoms and
exposure to dust on lung function will be the
subject of a separate publication

We thank the Cotton Industry War Memorial Trust for their
financial support which made this study possible.
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