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Respiratory problems among cotton textile mill
workers in Ethiopia

Mentesinot Woldeyohannes, Yves Bergevin, Amani Yacob Mgeni, Gilles Theriault

Abstract
This study was conducted to investigate the
prevalence of respiratory problems, in par-
ticular byssinosis, and to explore factors
associated with their occurrence among a
group of 595 randomly selected workers rep-
resenting 40-5% of those exposed to dusty
operations in a typical Ethiopian cotton textile
mill. A standard questionnaire on respiration
was administered and pre and postshift forced
vital capacity (FVC) and forced expiratory
volume in one second (FEVI) were determined
for each worker; workers found to have byssin-
osis and other respiratory diseases were com-
pared with workers having no respiratory dis-
eases in terms of the level and duration of
exposure to cotton dust and other variables.
Multiple area air samples from different sec-
tions were analysed for elutriated cotton dust
concentrations (086-3 52 mg/im3). The pre-
valence ofbyssinosis was 43-2% among blowers
and 37-5% in carders in comparison with four
to 24% among workers in other sections. Pre-
valence of chronic bronchitis ranged from 17-6
to 47 7% and bronchial asthma from 8'5 to
20'5% across all sections. Significant across
shift decrements in FEV, and FVC were seen in
those workers with respiratory tract diseases
compared with those workers without such
diseases. A significant dose response relation
for pulmonary function and respiratory illnes-
ses was also found by regression analysis.
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Preventive measures are proposed. Further
research including a nationwide survey of
textile mills is suggested. This is the first
epidemiological study of the textile industry in
Ethiopia.

Byssinosis caused by inhalation of cotton dust is a
continuing problem and occurs world wide. Cotton
production and use have expanded rapidly in devel-
oping countries. The Peoples' Democratic Republic
ofEthiopia, one ofthe cotton producing and consum-
ing countries in Africa, started expanding its textile
industries during the last decade and the number of
people working in the processing of cotton continues
to increase annually.
Many studies in cotton mills have been reported

from developed nations and a few reports regarding
respiratory problems and cotton dust have been
documented from developing countries such as
Egypt,' Sudan,2 Tanzania,3 and Hong Kong.4 No
articles have been published, however, concerning
the problems caused by cotton dust in Ethiopia.
Thus this paper is the first epidemiological study of
the textile industry in Ethiopia and uses diagnostic
criteria similar to those applied in developed
countries such as the United States and Great
Britain.
A few studies of cotton textile workers have

examined the prevalence of respiratory symptoms
and lung function compared with those of control
subjects.'5 Also, a few have reviewed lung function
in cotton textile workers with and without byssinosis
or bronchitis."' Our study investigated the pre-
valence of byssinosis and other respiratory problems
among workers exposed to cotton dust in a textile
mill in Ethiopia and also attempted to explore
determinants by comparing the effect of cotton dust
exposure of workers with respiratory tract diseases
with those without such diseases.
The cotton textile mill was established in the early

1960s and a daily eight hourly shift system operates
continuously for the whole week, intermittently
providing a "day off" for each worker to rest. Despite
an attempt to retrofit current ventilation systems in
the early 1980s, plant officials have stated that the
dusty environment has remained unchanged since
the mill was established.'2
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Methods
DESIGN
A cross sectional study was conducted during 1986
on over 40% of workers exposed to dusty operations
in a cotton textile mill in Bahir Dar, Ethiopia.

POPULATION
The study population consisted of 595 workers (322
men and 273 women) selected randomly from a total
of 1470 workers concerned with dusty operations in
the blowing, carding, drawing, simplex, ringframe,
preparatory, and weaving sections of a cotton textile
mill that hired about 3500 workers overall. All
workers selected participated in the study.

ENVIRONMENTAL ASSESSMENT
The concentration of airborne cotton dust in the
general environment was monitored with an Ander-
son dust sampler fitted with a vertical elutriator
(General Metal Works Inc) and placed at a height of
1-5 m in selected positions. Samples were drawn at a
rate of 7-4 1/min. Multiple area samples were taken
and the duration of sampling ranged between eight
and 10 hours (mean 8-7 hours). The environmental
monitoring was conducted by the principal investi-
gator. All samples were collected on a Whatman glass
fibre GF/A filter having a 3-7 cm diameter to fit the
sampling heads. Weighing was on a calibrated ana-
lytical balance before and after sample collection, by
a chemist at the Polytechnic Institute analytical
chemistry laboratory (Bahir Dar, Gojjam) after
equilibrating filters in the laboratory for 24 hours.
The concentration of cotton dust was calculated
according to the equation:

concentration (mg/m') =
(final weight - initial weight)

.x 1000
time in minutes x flow rate

INTERVIEWS AND PHYSICAL EXAMINATION
A modified version of the British Medical Research
Council questionnaire (available upon request) was
completed and each worker was fully examined with
emphasis on signs and symptoms suggestive of
respiratory diseases. All workers were interviewed
and examined by the principal investigator who had
no previous knowledge of the workers' section and
health state.
The stages of byssinosis were defined to allow for

subdivision according to the clinical grades sug-
gested by Schilling et al." Subjects who complained
of chronic and recurrent cough or phlegm on most
days for at least three months a year for two
successive years were diagnosed as having chronic
bronchitis."4 Subjects with recurrent attacks of
paroxysmal dyspnoea accompanied by wheezing
that was relieved by antispasmodic drugs were diag-
nosed as having bronchial asthma.'5 Subjects who

complained of sneezing, rhinorrhoea, obstruction of
the nasal passages, conjunctival and pharyngeal
itching, and lacrimation were diagnosed as having
hay fever.'6

PULMONARY FUNCTION TESTS
Forced vital capacity (FVC) and forced expiratory
volume in one second (FEV,) were measured by a
technician using a multipurpose spirometer. The
spirometer was calibrated for volume, time, and
flow before each testing session. Care was taken to
ensure that the instrument was horizontally placed
and none of the air venting slots were obscured.
Measurements were taken on the subject sitting
upright with the nose clipped. Function testing was
carried out on each worker on the first day of the
shift after at least two days absence from work and
repeated at the end of the same shift. Five ex-
piratory efforts were recorded and the mean of the
two highest values was used to estimate the FEV,
and FVC. All volumes were adjusted to body tem-
perature and pressure saturated with water vapour.
The preshift FEV, values were compared with the
expected normal values given by Chemiack and
Raber."'

DATA ANALYSIS
The prevalence of byssinosis, chronic bronchitis,
bronchial asthma, and other respiratory tract symp-
toms was determined. The relative magnitude
(ratio) of proportions between variables was also
established. Then a comparison of means and pro-
portions was carried out for the airborne dust con-
centration and the prevalence of byssinosis and
other respiratory problems, and between categories
of smoking, by X2 analysis and t test.
The acute changes in FEV, over the work shift

were expressed as:
preshift FEV, - postshift FEV, x 100 = FEV1%

preshift FEV1

The acute changes among byssinotic subjects and
between byssinotic subjects and workers having no
respiratory tract disease were compared using x2
analysis. The acute changes in FEV1 during
exposure to cotton dust were analysed according to
Bouhuys et al (a fall in FEV, of less than 0-06 1 was
considered as a non-acute effect, between 0-06 and
0-2 1 as a slight effect, and more than 0-2 1 as a
definite effect).'8
The chronic changes in FEV, among exposed

workers were also analysed according to Bouhuys et
al.'8 Workers with FEV, greater than 80% of the
predicted values were considered to have no chronic
ventilatory impairment, those with FEV, 60 to 80%
slight to moderate, and those with FEV1 less than
60% to have from moderate to severe impairment.

ill



Woldeyohannes, Bergevin, Mgeni, Theriault

Finally, the relative contribution of the indepen-
dent determinant variables to the occurrence of
byssinosis and other respiratory problems was
examined by multiple regression analysis and
estimates of risk were derived.
For each statistical test p < 0-05 was considered

significant.

Results
POPULATION
All 595 workers in the study underwent interview,
physical examination, and testing of pulmonary
function. Only 14 of the cohort were smokers and
four were ex-smokers; all 18 were men. Over 95% of
the cotton workers had not changed jobs or sections
during the course of their employment.

ENVIRONMENTAL ASSESSMENT
Table 1 shows the concentrations of airborne cotton
dust. The highest concentrations were recorded in
the blowing and carding sections and the lowest in
the weaving and preparatory sections. The amount of
dust generated in the blowing and carding operations
was more than twofold higher than that in other
operations and the difference was significant.

RESPIRATORY CONDITIONS
A total of 50 6% of the study population had one or
more respiratory tract problems; the remaining
49 4% had neither symptoms and signs nor a history
of respiratory tract disease. Table 2 summarises the
prevalence of byssinosis and other respiratory tract
diseases. The prevalence ofbyssinosis, chronic bron-
chitis, and bronchial asthma was high (p < 0-001)
among blowers and carders in comparison with those
in other sections. The overall prevalence ofhay fever
(28-3%) was the highest of all the respiratory
problems. Overall, the prevalence of byssinosis,
chronic bronchitis, and bronchial asthma showed a
significant increase with duration of exposure to
cotton dust (table 3). No significant difference was
seen in the prevalence ofbyssinosis between smoking
and non-smoking workers; the effect of smoking on

Table 1 Concentration of airborne cotton dust in study
sections by area sampling

No of Area sampling
Section samples (mg/m3; mean (SD))

Blowing (1) 14 3-52 (0 98)
Carding (2) 18 3-21 (1-09)
Drawing (3) 11 1-62 (0-44)
Simplex (4) 11 1-29 (0 32)
Ringframe (5) 21 1-19 (0-49)
Preparatory (6) 12 0-92 (0-23)
Weaving (7) 25 0-86 (0 35)

Level of significance; (1) v (2) p > 0-05; (1) v (3)-(7) p < 0 0005;
(2) v (3)-(7) p < 0 005.

the prevalence of chronic bronchitis was significant
(table 4).

ANALYSIS OF PULMONARY FUNCTION TESTS
A total of 32 cotton textile workers (11 with byssin-
osis and 21 non-byssinotic subjects) out of the 595
study population (5 4%) had unacceptable curves
either by the reproducibility criteria or by an
inability to perform any forced expiratory man-
oeuvre and these were excluded from the pulmonary
function analysis.

Statistically significant (p < 0-001) across shift
decrements in FEV, and FVC and also a decrease in
the percentage predicted FEV, were noted in the
respiratory tract diseases group when compared with
the group without such diseases. The acute changes
in FEV, during exposure to cotton dust were
analysed (table 5) according to Bouhuys et al'8 and
statistically significant acute effects were seen in
byssinotic subjects compared with those without
respiratory tract diseases (p < 0001). Also, a sig-
nificant increase in percentage reduction in FEV, was
noted with an increase in grade of byssinosis. The
chronic changes in FEV, among exposed workers
were further analysed according to Bouhuys et al 18;
whereas 20% of byssinotics developed moderate to
severe chronic changes in FEV, (p < 0 001), only 1%
of the workers with no respiratory tract disease
showed similar changes (table 6).
Table 7 shows the regression coefficients for

several indices of exposure derived from multiple
regression models for AFEV,%, AFVC%, pre-
valence of byssinosis, chronic bronchitis, bronchial
asthma, and hay fever. The regression analysis was
controlled for age, height, weight, and sex. The
results indicate a highly significant (p < 0 001) dose
response relation between across shift percentage
changes in FEV, and FVC and cumulative cotton
dust concentration, and also between the prevalence
of byssinosis and all indices of dust exposure.
A significant dose response relation with cumu-

lative exposure to cotton dust (p < 0-001) and with
duration of employment in the cotton textile mill
(p < 0 05, one tail test) was shown by the chronic
bronchitis prevalence model.
Models for bronchial asthma and hay fever pre-

valences indicate a significant dose response relation
with cumulative cotton dust exposure (p < 0 05, one
tail test). No significant relation with current cotton
dust exposure was found. Prevalence models for hay
fever and bronchial asthma showed a significant
relation (p < 0-01 and p < 0-05) with duration of
employment in the cotton textile mill.
Models for JFEV, and AFVC showed a highly

significant relation (p < 0 001) with time weighted
cotton dust concentration; no significant relation was
found, however, between exposure to cotton dust and
duration of employment.
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Table 2 Prevalence of byssinosis, chronic bronchitis, and bronchial asthma among workers exposed to cotton dust

Duration of Bronchial
No exposure (months; Byssinosis Chronic bronchitis asthma

Section examined mean (SD)) (No (%)) (No (%)) (No (%))

Blowing 44 201.9 (87-2) 19 (43-2)*** 21 (47.7)*** 9 (20 5)**
Carding 40 200-7 (74 8) 15 (37 5)*** 18 (45 0)*** 5 (12-5)
Drawing 25 239 6 (68 5) 6 (24-0) 8 (32 0) 3 (12-0)
Simplex 42 235-3 (69 4) 10 (23-8) 10 (23 8) 3 (7-1)
Ringframe 174 233 1 (73-2) 30 (17-2) 32 (20 7) 17 (9-8)
Preparatory 128 222-9 (71 5) 14 (10 9) 23 (18-0) 15 (11-7)
Weaving 142 238-7 (67 0) 6 (4-2) 25 (17-6) 12 (8-5)
Total 595 218 3 (79 5) 100 (16 8) 137 (23-0) 64 (10-8)

***p < 0 001.

Table 3 Duration of exposure and prevalence of byssinosis, chronic bronchitis, and bronchial asthma

Duration of exposure Bronchial asthma
(y) No examined Byssinosis (No (%)) Chronic bronchitis (No (%)) (No (%))

<10 105 6 (5-7) 17 (16-2) 2 (1-9)
10-19 208 25 (12 0) 43 (20 7) 12 (5 8)
-20 282 69 (24 5) 77 (27-3) 50 (17-7)
Total 595 100 (168) p < 0001 137 (23-0) p < 005 64 (10-8) p < 0001

Table 4 Effect of smoking on the prevalence of byssinosis, chronic bronchitis, and bronchial asthma among workers exposed to
cotton dust

Duration of Chronic Bronchial
No exposure (months Byssinosis bronchitis asthma

Group examined mean SD)) (No (%)) (No (%)) (No (%))

Smokers 14 205-2 (89 2) 3 (21-4) 9 (643)*** -

Non- or ex-smokers 581 218-4 (79 2) 97 (16 7) 128 (22-0) 64 (11-0)

***p < 0 001.

Table S Acute changes in FEV, during dust exposure (>0-2 )t

No respiratory tract disease Byssinosis (all groups)

No (%) with acute changes No (%) with acute changes
Section No examined in FEV, No examined in FEV,***

Blowing 18 6 (33 3) 17 17 (100-0)
Carding 15 7 (46 7) 13 13 (100 0)
Drawing 7 3 (42-9) 6 6 (100 0)
Simplex 20 7 (35 0) 9 7 (77 8)
Ringframe 91 31 (34-1) 27 20 (74-1)
Preparatory 70 17 (24 3) 11 8 (72 7)
Weaving 73 20 (27 4) 6 4 (66 7)
Total 294 91 (31-0) 89 75 (84-3)

Lung function was not recorded for 11 byssinotic subjects.
tGraded according to Bouhuys et al.'8
***The acute change difference in FEV, between byssinotic subjects and those with no respiratory tract disease was highly significant
(p < 0o001).

Discussion
Our study showed that the concentrations ofairborne
cotton dust in the different sections of the surveyed
textile mill were high, with concentrations greatly in
excess (four to 17 times) of 0-2 mg/m3 of dust-the
threshold limit value recommended for cotton dust
(American Conference of Governmental Industrial

Hygienists, 1983).'9 This was in accordance with
reports on other cotton mills in Sudan and
England.2620 Also, the dust concentration collected at
the early stage of yarn production was high and
similar to that reported by others.22122
The high prevalence of byssinosis in the blowing

and carding processes is similar to that reported by
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Table 6 Chronic changes in FEV, among byssinotic subjects and those with no respiratory tract disease

Chronic changes in FEV,t

No No change; > 80% ofpredicted Moderate; 60-80% ofpredicted Severe; <60% of
Group examined (No (%)) (No (%)) predicted (No (%))

No respiratory tract disease 294 210 (71-4) 81 (27-6) 3 (1-0)
Byssinosis::
Grade 1/2 34 20 (58-8) 13 (38-2) 1 (2 9)
Grade I 24 11 (45 8) 8 (33-3) 5 (20 8)
Grade II 31 9 (29 0) 10 (32-3) 12 (38 7)

All grades 89 40 (44-9) 31 (34 8) 18 (20 2)***

***p < 0 001.
tGraded according to Bouhuys et al.'8
+Lung function was not recorded for 11 byssinotic subjects.

Table 7 Regression coefficients for period of exposure, current cotton dust exposure, and cumulative cotton dust exposure in
byssinosis, chronic bronchitis, bronchial asthma, hay fever, and pulmonary function models

Duration of exposure Current exposure cotton dust Cumulative exposure cotton dust
(months) concentration (mg/m') concentration (mg/m3)

Byssinosis 0-002*** 0-308*** 0 001***
Chronic bronchitis 0-042t 0-065 3-76 E-04***
Bronchial asthma 0-066* 0-117 0 075t
Hay fever 7-14 E-04** 0-066 0 077t
AFEV,% 0-427 0 054 0-154***
LIFVC% 0-005 0-006 0-060***

*p < 0 05; **p < 0 01; ***p < 0-001.
tp < 0-05 in one tail test (the hypothesis from the outset was unidirectional).

other investigators.223 Its high prevalence in draw-
ing, simplex, and ringframe spinners may be because
the concentration of cotton dust was also high in
these sections.

Despite the controversy surrounding the relation
between the prevalence of byssinosis and the dura-
tion of exposure, our study showed a significant
increase in the prevalence ofbyssinosis with duration
ofexposure to cotton dust. The same relation has also
been found in Sudan and Egypt.2202' The progres-
sion of the stages of byssinosis in relation to the
duration of exposure support previously reported
conclusions that the different grades of byssinosis
follow each other in diseased subjects.2202' Our
results also showed a significant association between
the prevalence of byssinosis and time weighted dust
concentration. This is in agreement with the studies
of Fox et al.24 Smoking had no significant relation
with the prevalence of byssinosis in our study,
probably because of the small number of smokers.
Although previous investigators724 found that the

prevalence of chronic bronchitis was not related to
dust concentrations, the significant relation we found
agrees with the findings of El Karim2 and Merchant
et al.2" Although cigarette smoking is the single most
important etiological factor in causing chronic bron-
chitis, occupational and environmental exposures are
now receiving more attention as possible contribu-
tions. This is supported by our findings.
We also showed that bronchial asthma was high

among the blowers and had a significant relation with

cumulative cotton dust exposure. Most subjects with
asthma developed the problem after they had worked
for several years in the textile mill. Even though most
of these reported negative family histories of allergy,
34-4% had had intermittent symptoms of rhinitis
that were mostly seasonal.
Our findings showed no significant relation bet-

ween hay fever and current dust exposure but the
relation of hay fever with duration of employment in
the cotton textile mill and cumulative cotton dust
exposure was significant. This finding may be be-
cause an allergic reaction does not occur on first
exposure. The latent interval during which sensitisa-
tion occurs varies from a few weeks to many years.
When hay fever and asthma first develop some years
after an employee enters an industry, it is easy to
understand that an occupational origin may be
overlooked. In our study most hay fever cases
developed the symptom complex after many years of
work in the textile mill.
Even though there is some evidence that byssinosis

is not more prevalent among atopic than non-atopic
workers,26 our findings indicated that most byssinotic
subjects (55%) had a clear cut characteristic symp-
tom complex of hay fever (allergic rhinitis). In
agreement with this and as described by Jones et al,27
atopy might be an important risk factor in the
development of byssinosis and this shows the im-
portance of identifying atopic workers.
Our study showed that byssinotic subjects had

significantly greater acute decrements in their FEV,
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throughout a work shift than those without res-
piratory tract diseases, supporting the findings of
earlier investigators.92829 The cotton exposed work-
ers with byssinosis also had a significant chronic
change in FEVI when compared with those workers
having no respiratory tract disease, which agrees with
the findings of previous investigators.28 9 3032

In conclusion, our findings suggest that the higher
the concentration of cotton dust and the longer a
person is exposed to it, the higher the risk of
developing byssinosis, chronic bronchitis, bronchial
asthma, and other respiratory problems. This sig-
nifies a high occupational health hazard that merits
attention. Also, an immunological dysfunction such
as atopy may be a risk factor in the development of
respiratory disease induced by cotton dust. Bearing
in mind that cotton dust has a diverse content as
described by many investigators, the extent of
association between exposure to cotton dust and
chronic bronchitis, bronchial asthma, and hay fever
and also the extent of development of byssinosis and
other respiratory problems among atopic and non-
atopic workers should be further investigated and
analysed in depth.
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