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Background: Sweepers are prone to develop chronic obstructive pulmonary disease even 

without tobacco smoking.

Purpose: To investigate roadside dust as a cause of air flow obstruction among sweepers, and 

the role of spirometry in its preclinical diagnosis.

Material and methods: One-hundred nonsmoking sweepers (aged 30–60 years) of both sexes 

sweeping on roads for 8–12 hours a day for the Capital Development Authority of Islamabad, 

Pakistan were used as study participants (Group A). One-hundred healthy nonsmokers (aged 

30–60 years) in the same socioeconomic group and living in the same environment represented 

the nonsweeper group (Group B). After proper clinical evaluation and chest X-rays, spirometric 

evaluation was carried out in both groups. Comparisons were drawn between various spirometric 

parameters.

Results: Pulmonary function tests showed that the mean forced vital capacity was 78 ± 1.40 in 

the sweeper group (Group A) and 83 ± 0.86 in the nonsweeper group (Group B). Mean forced 

expiratory volume in 1 second was 66 ± 1.67 in Group A and 85 ± 0.85 in Group B (P , 0.05), 

a difference of 19%. The forced midexpiratory flow was 41% lower in Group A than in Group 

B (P , 0.0001). The pattern of pulmonary function obstruction was shown to be proportional 

to the duration of exposure to dust caused by sweeping.

Conclusion: Occupational exposure to dust leads to an obstructive pattern among sweepers. 

Spirometry is the simplest, noninvasive technique to detect preclinical disease.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a common, progressively 

disabling, and often fatal condition found all over the world. The exact prevalence 

of COPD in Pakistan is not known, but a large number of patients attend outpatient 

and emergency departments across most of the country. The socioeconomic burden 

of COPD is considerable. Apart from smoking, urban air pollution is an important 

cause of COPD.

COPD can be divided into two major categories. The reducing type, such as that 

found in London, consists mainly of carbonaceous particulate matter and sulfur dioxide. 

The oxidizing form, such as that found in the Los Angeles area, consists mainly of 

primary pollutants (hydrocarbons and the oxides of nitrogen) and photochemical 

reaction pollutants (ozone, nitrogen oxide, aldehydes, peroxyacetyl nitrate, and other 

organic nitrates).1 Although a sudden increase in levels of air pollution, such as that 

which occurs with smog, can result in increased morbidity and mortality in patients 
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with established COPD2 or asthma, there is little evidence 

that urban air pollution per se causes COPD in nonsmokers.3 

However, urban air pollution appears to play an additional 

role to that of cigarette smoke in the pathogenesis of COPD, 

and may be partly responsible for the progression of disability 

in already affected patients. Epidemiological studies have 

revealed a higher incidence of chronic bronchitis among urban 

dwellers, implying that air pollution in cities is responsible 

for the increased incidence of respiratory illnesses found in 

urban environments.4 Occupational regulations protecting the 

health of sweepers in most developing countries are seldom 

found; similarly, precautions (eg, wearing protective masks) 

are seldom taken by these workers during their working hours. 

They dry sweep on roads for .8 hours daily, and are thus 

exposed to large amounts of dust, predisposing them to the 

development of respiratory illnesses and COPD. No studies  

appear to be available on the subject, therefore prompting 

this study to be undertaken in Islamabad, Pakistan  

to determine whether dust is a predisposing factor for COPD 

among sweepers.

Material and methods
In this study, the sweepers (employees of the Capital 

Development Authority of Islamabad) who were dry 

sweeping on the roads in the city of Islamabad were 

evaluated for airway obstruction. Of the 130 study subjects  

initially examined, 30 were excluded for various reasons (20 

were smokers, five showed cardiomegaly on chest X-ray, 

and five had a history of underlying lung disease). A total of 

100 sweepers of both sexes (aged 30–60 years) with a history 

of exposure to dust of .5 years’ duration were selected for the 

study (Group A) and 100 healthy nonsmoker individuals of 

both sexes (aged 30–60 years) from the same socioeconomic 

group (eg, shopkeepers, security guards, laborers) were 

selected as the nonsweeper group (Group B). Each of these 

individuals had lived in Islamabad for .5 years. In addition, 

they were shown to be free from any cardiopulmonary 

ailment. Well-informed consent was obtained from subjects 

in both groups. The study also had the approval of the 

Institutional Ethical Committee.

Based on a questioner, a medical history was taken 

and a physical examination conducted. This consisted of 

a chest radiograph (posteroanterior view), and spirometry 

was performed on each individual in each group using a 

Vitalograph® with pulmonary function test printer (Vitalograph 

Ltd, Buckingham, UK). Group A was then divided into three 

groups based on age as well as the duration of their exposure to 

dust – Group I: 30–39 years of age (n = 57); Group II: 40–49 years 

of age (n = 25); and Group III: 50–60 years of age (n = 18). 

Comparisons of various pulmonary functions were then made 

between Group A (sweepers) and Group B (nonsweepers). 

Three spirograms that met the standard criteria of acceptability 

were recorded.5,6

Statistical analysis
The data were analyzed using SPSS version 13 (SPSS 

Inc, Chicago, IL, USA). The chi-squared test was used 

for categorical variables and Student’s t-test was used for 

continuous variables with normal distribution. The Mann–

Whitney U test and the Wilcoxon signed-rank test were used to 

compare nonparametric continuous variables. The relationship 

of various spirometric parameters between cases and controls 

were compared. P , 0.05 was considered significant.

Results
The mean forced vital capacity (FVC) was 78 ±  1.40  in 

Group A (sweepers) and 83 ± 0.86 in Group B (nonsweepers) 

(Tables 1 and 2).

The mean forced expiratory volume in 1 second (FEV
1
) 

was 66 ± 1.67 in Group A and 85 ± 0.85 in Group B. The 

FEV
1
 was 19% lower in Group A. Study subjects in Group A 

with a mean exposure to dust of 10 years showed mild airway 

obstruction. The FEV
1
/FVC ratio (measured) was 14.5% 

lower in Group A.

The percent predicted value of FEV
1
/FVC was 13% lower 

in Group A. The mean forced midexpiratory flow (FMEF) 

was 53 ± 1.98 in Group A and 94 ± 1.91 in Group B. The 

mean FMEF was significantly lower in Group A (41%; 

P , 0.0001). The mean FMEF/FVC ratio in Group A was 

65 ± 2.24 and 102 ± 2.02 in Group B. These mean values 

are shown in Tables 1 and 2.

Table 1 Results of pulmonary function tests in Group A 
(sweepers)

Spirometric  
indices

Total 
(n = 100)

Male 
(n = 55)

Female 
(n = 45)

P-value

FVC (% predicted) 78 ± 1.40   80 ± 2.0   76 ± 1.74 .0.05
FEV1 (% predicted) 66 ± 1.67   68 ± 2.40   63 ± 2.10 .0.05
FEV1/FVC ratio  
(measured)

71.5 ± 1.29   70 ± 1.64   73 ± 2.01 .0.05

FEV1/FVC −13 ± 1.26 −14 ± 1.60 −12 ± 2.01 .0.05
FMEF 53 ± 1.98   52 ± 2.75   53 ± 2.81 .0.05
FMEF/FVC ratio 65 ± 2.24   58 ± 2.44   73 ± 3.68 ,0.001
PEF (% predicted) 43 ± 1.96   42 ± 2.74   43 ± 2.81 .0.05

Notes: Data represents mean ± standard error; −13 means that the measured value 
is 13% below the predicted value.
Abbreviations: FEV1, forced expiratory volume in 1 second; FMEF, forced 
midexpiratory flow; FVC, forced vital capacity; PEF, peak expiratory flow.
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There was a significant difference in the spirometric 

parameters between the two groups.

Chest X-ray evaluation revealed that nine subjects showed 

evidence of COPD in the form of increased bronchovascular 

markings and thickened bronchial walls (five subjects) 

and hyperinflation (four subjects). The rest of the subjects 

had normal chest X-ray results. Study subjects (sweepers) 

were analyzed according to their symptoms, ie, cough with 

expectoration and shortness of breath. A linear relationship 

between exposure to dust and COPD symptoms was evident, 

as shown in Table 3.

Discussion
Environment plays a critical role in the development of 

COPD. Respiratory problems as an occupational hazard in 

a variety of professions have been studied by a number of 

researchers,7–10 but there is limited data in the English medical 

literature on the topic of dust as a nonindustrial occupational 

hazard among sweepers. This cross-sectional study focused 

on sweepers who were exposed to dust for prolonged periods 

during their working hours. There are no occupational health 

and safety regulations for sweepers in underdeveloped 

countries like Pakistan, and since sweepers do not use masks 

or other protective equipment during working hours, they 

are exposed to the potential hazards of dust. A comparison 

of various spirometry parameters was made between a 

group of sweepers and nonsweepers living in the same 

area. Spirometric values were observed to be significantly 

lower among sweepers, thus implying that inhalation of 

dust in street sweepers is a significant occupational hazard. 

Cases that had a mean duration of 10 years’ exposure to 

nonindustrial dust, according to the criteria of Braun for 

grading the impairment of respiratory function,11 had mild 

Table 2 Results of pulmonary function tests in Group B 
(nonsweepers)

Spirometric  
indices

Total 
(n = 100)

Male 
(n = 56)

Female 
(n = 44)

P-value

FVC (% predicted)   83 ± 0.86   83 ± 0.93    83 ± 1.25 .0.05
FEV1 (% predicted)   85 ± 0.85   85 ± 0.92    84 ± 0.91 .0.05
FEV1/FVC%  
(measured)

  86 ± 0.37   85 ± 0.40    85 ± 0.64 .0.05

FEV1/FVC%  
(% predicted)

  +2 ± 0.36   +2 ± 0.38 1.12 ± 0.89 .0.05

FMEF (% predicted)   94 ± 1.91   94 ± 2.04 92.5 ± 2.84 .0.05
FMEF/FVC ratio 102 ± 2.02 103 ± 2.1    97 ± 3.27 .0.05
PEF (% predicted)   74 ± 1.8   75 ± 1.9    68 ± 4.37 .0.05

Note: Data represents mean ± standard error.
Abbreviations: FEV1, forced expiratory volume in 1 second; FMEF, forced 
midexpiratory flow; FVC, forced vital capacity; PEF, peak expiratory flow.
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airway obstruction. Concomitantly, the FEV
1
/FVC ratio was 

also significantly lower in this group (Table 1). This means 

that all the cases had mild airflow obstruction according 

to the criteria of Fahey.12 A linear relationship between 

development of obstructive airway disease and duration 

of exposure to dust was shown. Subjects with exposure to 

dust for .17 years were symptomatic, and had significant 

airway obstruction. In contrast to this, no subject in Group B 

(nonsweepers) living in the same environment displayed the 

same symptoms. However, it is possible that the appearance 

of clinical signs could lag behind symptomatology. Similar 

conclusions were made by Morgan and Reger, who showed 

that people working in dusty atmospheres in various 

occupations showed an increased prevalence of cough and 

sputum production.13 The current study shows conclusively 

that exposure of .10 years duration to nonindustrial dust can 

be sufficient to cause a moderate degree of airflow obstruction 

as defined by Fraser et al without clinical signs.14

The current study also demonstrated that spirometry is a 

very important diagnostic tool for preclinical diagnosis. The 

data showed that FMEF was significantly lower (P , 0.00001) 

in Group A than in Group B, indicating small airway disease. 

It is at this point, before development of COPD, that removal 

of these workers from an environment harmful to them, as 

well as the adoption of other means to reduce their exposure 

to dust, would be beneficial. These findings should be an eye 

opener for public health planners and warrant regular health 

assessment of these workers, together with the provision of 

necessary precautionary measures, eg, masks, in addition to 

regular spirometric evaluation.

There have been many attempts in the past to correlate 

occupational exposure to the development of COPD. Kuhn 

and Askin studied a random sample of 8515 adults from 

the Midwest and Eastern US; they found that subjects 

who had been exposed to dust, gases, and fumes showed 

a significantly increased incidence of respiratory disease 

and airflow obstruction (FEV
1
/FVC ratio , 0.6).15 No 

element of fibrosis was found in the current study (based 

on the spirometric parameters and chest radiographs, eg, 

proportional reduction in FEV
1
 and FVC with normal/

supernormal ratio of FEV
1
/FVC). An explanation for the 

variation may be related to particle size and deposition 

patterns. For example, large particles tend to impact on 

the airway and cause airflow obstruction, whereas smaller 

particles reach alveolar airspaces where they induce fibrosis 

and a restrictive ventilatory pattern.16 Individuals who are 

exposed to nonindustrial dust for .10 years could further 

be evaluated for hypoxia by means of serial arterial blood 

gas analysis. This may also be helpful in Pakistan for 

evaluation of cor pulmonale in younger age groups.

Conclusion
In conclusion, this study reveals that the long and continued 

inhalation of nonindustrial dust is an important factor in the 

development of the symptoms of COPD among sweepers 

as shown in their obstructive spirometric patterns. The 

conclusions drawn from this study impose great responsibility 

on health services and employers to adopt measures to reduce 

morbidity in this poor population. Furthermore, it has been 

shown that spirometry is the single most important as well 

as the simplest, cheapest, and noninvasive technique aiding 

in the detection of preclinical cases before the development 

of sweeper’s lung disease.
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