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Abstracts: Background &Objectives: Bus drivers are highly exposed to diesel exhaust and other atmospheric 
pollutants. Thus the study was planned to study ventilatory lung function tests of bus drivers in Pune city. 
Methods: Age and height matched control group subjects (n=31) lung function tests were recorded by 
computerized spirometer and were compared with bus drivers working for 5-10 years (study group I, n=31) 
and working for 10-20 years (study group II, n=31) Data was analyzed by student's unpaired‘t’ test. 
Results &Interpretation: Study group I and Study group II bus drivers showed statistically significant decrease 
in ERV, FVC and FEV1 than control group subjects. Study group II showed statistically significant reduction in 
FVC than study group I subjects. Conclusion: Ventilatory lung function tests were decreased in study group 
subjects. The results suggested combined (obstructive and restrictive) nature of lung diseases.  
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Introduction:  
Pune city is growing rapidly owing to the expanding 
economic base. This has led to an increase in the 
use of motor vehicles with a subsequent rise in the 
levels of air pollution.  Among the motor vehicle-
generated air pollutants, highly significant 
percentage of the air particles are emitted by 
diesel exhaust. Bus drivers are consistently 
exposed to diesel exhaust and other atmospheric 
pollutants. 1      
The air quality index shows that Pune city is 
moderately polluted in all the seasons.2 Increased 
number of vehicles result in slow traffic movement 
which is further compounded by acceleration and  
de-acceleration  of  the  vehicles  on the congested 
roads. This leads to increased air pollution in the 
city. Pollutants may be changed by chemical 
reactions after being emitted. Oxides of nitrogen 
and volatile organic compounds from automobile 
exhaust react with sunlight and produce ozone.3      
Acute effects of the exhaust exposure include 
irritation of eyes and nose, headache, fatigue, and 
nausea.4Chronic exposure is associated with cough, 
sputum production, backache, increased stress5  
and decrease in lung function.6 The most important 
traffic-related air pollutant is particulate matter 
(PM). Fine particles of particulate matter (PM 2.5) 
can reach smaller airways and alveoli leading to 
decrease in the pulmonary compliance.7 
Pulmonary function tests (PFTs) are an important 
tool in the investigation and monitoring of patients 

with respiratory pathology. Spirometry is the most 
commonly used lung function screening study. It 
has been observed that exposure to automobile 
exhaust and fuel vapor impairs lung function in a 
time dependent manner.  If changes in pulmonary 
functions can be detected in the earliest stages, 
then preventive or corrective measures are likely 
to be more beneficial. 
Numerous studies1.3.4.7 have been done to study 
effect of air pollution in petrol pump workers and 
mechanics but it is not studied in bus drivers of 
public transport workers of Pune city. Thus the 
present study was aimed to assess ventilatory lung 
function status of bus drivers in Pune city.  
Material and Methods:  
The study was approved by institutional ethical 
committee and the procedure was done in 
accordance with the Helsinki Declaration of 1975. 
It was an observational cross-sectional study 
conducted from May 2015 to May 2016 in public 
transport bus depot in Pune.  It was conducted on 
105 volunteers in the age group of 25 to 45 years 
who were driving the bus from 5 to 10 years to 10 
to 20 years. Purpose and procedure of the study 
was explained to the subjects and a written 
consent was obtained. History was taken and all 
subjects were clinically evaluated in detail as per 
the proforma. Subjects were chosen based on 
inclusion and exclusion criteria. Subjects with habit 
of smoking and alcohol consumption, with any 
acute illness or suffering from respiratory diseases 
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like asthma, bronchitis, COPD or taking 
medications, such as steroids and bronchodilators 
were excluded.  
Subjects were divided in to two groups. Control 
group (n=35) consisted of height, weight and age 
matched indoor office staff without any history of 
occupational exposure. Study group (n=70) bus 
drivers were further divided into two groups. Study 
group I (n=35), bus drivers who had been driving 
bus for 5 to 10 years and study group II (n=35), bus 
drivers who had been driving bus for 10 to 20 
years. 
Both the groups were first interviewed by a 
questionnaire which included personal data and 
occupational history. Personal data included 
history of smoking, tobacco chewing and 
alcoholism. Occupational history included 
questions regarding present employment, duration 
of employment as bus driver, working hours and 
job responsibilities. 
Ventilatory lung function tests were recorded on a 
computerized portable Schiller lung function unit 
SP-1(RS 232). Anthropometric parameters like 
height and weight were recorded as per standard 
guidelines.8The recorded parameters were 
compared with the inbuilt pulmonary function 
norms for the Indian population depending upon 
the age, sex, height, and weight. 
Recording of static and dynamic pulmonary 
function tests was conducted on subjects in 
standing position as FVC and VC are 2% higher in 
standing position.  
All the pulmonary function tests were recorded at 
noon before lunch as expiratory flow rates are 
highest at noon.9 Anthropometric measurements 
and lung function tests were taken in standing 
position on the same day and at one sitting.8  Three 
satisfactory reading were taken as per guidelines of 
American Thoracic Society. The reading showing 
the maximum effort was selected.  
The parameters recorded were Tidal Volume (VT - 
Lit), Expiratory Reserve Volume (ERV - Lit), 
Inspiratory Reserve Volume (IRV-Lit), Forced Vital 
Capacity (FVC-Lit), Forced expiratory volume at the 
end of first second (FEV1- Lit), FEV1 / FVC ratio. 
Statistical analysis: 
Data analysis was done using SPSS version 20.0. 
Data was expressed as Mean ± SD. Student’s 
unpaired ‘t’ test was done and ‘p’ value was 

determined. p <0.05 was considered as significant. 
Spearman correlation test was used to correlate 
duration of exposure and age.  
Results:  
Out of 105 subjects only 93 subjects completed the 
whole study. From control group 4 subjects were 
unable to meet ideal spirometry FEV1 standards 
and from study group subjects 8 suffered viral 
infection so could not complete the study.   
Table 1 shows baseline characteristics of the 
control and study group subjects such as age, 
height and weight. Baseline characteristics of all 
the subjects were similar.  
  
Table:1 Comparison of Anthropometric 
parameters in control group and study group 
subjects 

 
p> 0.05 - statistically not significant 
 
Table:2 : Comparison of ventilatory lung function 
tests in control group and study group I 
 

Parameters  Control 
group 
(n=31) 

Study group I 
(n=31) 

p value 

 Mean SD Mean SD  

VT (L) 0.68 0.17 0.66 0.19 0.348 

IRV (L) 1.47 0.27 1.52 0.30 0.518 

ERV (L) 1.02 0.12 0.83 0.11 <0.001** 

FVC (L) 3.2 0.53 2.58 0.35 <0.001** 

SVC (L) 3.01 0.56 2.75 0.56 0.081 

FEV1 (L) 2.78 0.42 2.15 0.5 <0.001** 

FEV1/FVC 0.9 0.19 0.85 0.24 <0.05* 

 
p< 0.05*- statistically significant 
p < 0.001** - statistically highly significant 
 
 

Parameters
  

Control group 
(n=31) 

Study group  
(n=62) 

p value 

 Mean SD Mean SD  

Age 
(years) 

39.33   6.58 39.01 7.57 
> 0.05 

Height 
(cm) 

165.53 4.96 169.93 5.59 
> 0.05 

Weight 
(kg) 

65.93   8.61 70.09 11.23 
> 0.05 
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Table:3 : Comparison of ventilatory lung function 
tests in control group and study group II 

 
p< 0.05*- statistically significant 
p < 0.001** - statistically highly significant 

 
Table:4 : Comparison of ventilatory lung function  
tests in Study group I and  study group II 

 
p < 0.001* - statistically significant 
 
Discussion: Bus drivers of Pune city are exposed to 
automobile exhaust and atmospheric pollutants. 
All the subjects were middle ages individuals. It’s a 

well-established fact that aging physiologically 
reduces the lung function parameters.10 As the 
mean age of control group was matching with the 
study group (Table no 1), it might prove that 
occupational exposure   was the main culprit for 
observed effects of lung function parameters in 
bus drivers. In the present study the subjects 
having habit of smoking were excluded as smoking 
has been reported to accelerate the decline in 
FEV1. 11 

Present study showed reduction in ERV in bud 
drivers (Table no 2,3) which was in accordance 
with the study done by Mahdi Kargarfard et al. 6 
They found that ERV was reduced in individuals 
exposed to polluted air. 
Various studies11,12 observed that ERV and FVC 
were reduced in restrictive lung diseases. This 
might be due to alteration in chest mechanics and 
due to decreased lung compliance. In another 
study, reduced mechanical properties of breathing 
were attributed to exposure to benzene in the 
vapors of petrol.13,14 FEV1 was reduced (Table 
no.2,3) in both the study groups indicating that 
there might be some obstruction during expiration 
and decrease in FVC might be due to some degree 
of restriction being present in the respiratory tract 
of bus drivers.   
The data recorded in the study reflects failure of 
subject to inhale or exhale completely.  
The subjects residual volume might be more as the 
expiratory flow is so slow that subject cannot 
exhale long enough to empty lung to residual 
volume. Decrease in SVC in study group might be 
indicating restrictive type of pulmonary 
dysfunction. (Table no.4)  
When FVC maneuver is performed, there is high 
dynamic compression and airway collapse which 
reduces the ability to mobilize air volume during 
expiration and therefore causing air trapping. 
Consequently, FVC values could be lower than SVC 
values. As SVC is measured through an unforced 
attempt, there is comparatively less intrathoracic 
pressure, and, consequently, one could mobilize a 
larger volume of air. 15  
Chawala et al 16 reported that FEV1 declined 
significantly with increasing number of years of 
work in petrol stations. Similar results have been 
found in the present study. (Table no 4) In 
restrictive lung disease as FVC is reduced 

Parameters  
Control group 

(n=31) 

Study 
group II 
(n=31) 

p value 

 Mean SD 
Me
an 

SD 
 

VT (L) 0.68 0.17 0.66 0.19 0.348 

IRV (L) 1.47 0.27 1.52 0.30 0.518 

ERV (L) 1.02 0.12 0.83 0.11 <0.001** 

FVC (L) 3.2 0.53 2.58 0.35 <0.001** 

SVC (L) 3.01 0.56 2.75 0.56 0.081 

FEV1 (L) 2.78 0.42 2.15 0.5 <0.001** 

FEV1/FVC 0.9 0.19 0.85 0.24 <0.05* 

Paramete
rs  

Study group I 
(n=31) 

Study group II 
(n=31) 

p value 

 
Mea

n 
SD Mean SD 

 

VT (L) 0.66 0.19 0.69 0.21 0.54 

IRV (L) 1.52 0.30 1.46 0.34 0.456 

ERV (L) 0.83 0.11 0.81 0.16 0.424 

FVC (L) 2.58 0.35 2.32 0.23 <0.001** 

SVC (L) 2.75 0.56 2.56 0.61 0.231 

FEV1 (L) 2.15 0.5 1.96 0.42 0.11 

FEV1/FVC 0.85 0.24 0.84 0.16 0.921 
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consequently FEV1 is also reduced. Thus if only 
FEV1 is evaluated this gives a false impression of 
obstructive airway disease.17 

FEV1/FVC indicates the condition of the bronchial 
musculature. FEV1/FVC ratio is used for 
differentiating obstructive pattern from restrictive 
pattern of lung diseases.  In obstructive lung 
diseases FEV1 is reduced disproportionately more 
than FVC, so FEV1/FVC ratio is reduced. In 
restrictive lung diseases, FEV1 is disproportionately 
less reduced than FVC, so FEV1/ FVC ratio is normal 
or increased. 18 
As evident from our study FEV1/FVC ratio was 
reduced but was within normal limits. (Table no. 
2,3). This might indicate obstructive pattern of lung 
diseases in our exposed study group subjects. In 
the present study exposure to automobile exhaust 
for more than 10 years was associated with a small 
but statistically significant reduction of FVC 
without a significant reduction of FEV1/FVC in study 
group II as compared to study group I. (Table no. 4) 
Similar results have been observed by Solanki et al. 
19 They observed that reduction in FVC without any 
absolute change in FEV1/FVC might suggest 
restrictive nature of lung disease. 
Similar results have been observed in a study done 
in transport workers of one of the most polluted 
city, Dhaka.20 Results concluded that 41.7% had 
obstructive and 4.6% had combined features of 
pulmonary impairment. 
Diesel exhaust particles (DEP) constitute major part 
of atmospheric particulate matter (PM). It has 
carbonic mixture composed of various organic 
compounds. The polyaromatic hydrocarbons after 
deposition in airway mucous surfaces easily pass 
through epithelial cells resulting in release of pro-
inflammatory cytokine and cause inflammatory 
changes in lungs. 21 
Not only chronic prolonged but also acute episode 
of exposure to high levels of PM10 elevate 
circulating levels of IL-6. The cytokine induces a 
systemic response which plays an important role in 
the pathogenesis of cardiopulmonary adverse 
health effects associated with atmospheric 
pollution. 22,23 
PM2.5 which is smaller in size inhaled deeply into 
the lung and exerts their toxic effects on alveolar 
cells including macrophages, neutrophils and 
epithelial cells. During the interaction between the 

PM2.5 and alveolar cells, inflammatory mediators 
are secreted and phagocytosis takes place in order 
to protect the organism. 24,25 
Ultra-fine particles (UFP) are particles with less 
than 0.1µm in diameter, primarily produced by 
combustion in diesel engines. Urban air contains 
UFP in large number. Due to the smaller size, they 
are able to penetrate epithelium and vascular walls 
to enter into the bloodstream. UFP are found to 
provoke carcinogenicity, autoimmune disorder, and 
increase cardiovascular disorders.26 
When compared to fine particles, the UFP have a 
higher deposition probability particularly in small 
airways and the alveolar region of the lungs. They 
penetrate into and interact with alveolar epithelial, 
interstitial, and endothelial cells and are less well 
phagocytized by alveolar macrophages. They 
release proinflammatory and anti-inflammatory 
mediators in abundance. All these characteristic 
lead the UFP to a high access to the blood 
circulation, induce more oxidative stress and more 
inflammatory responses than larger particles. 27,28 
Zuskin E et al1 in their study observed a 
significantly higher prevalence of most chronic 
respiratory symptoms when compared to control 
workers. Bus drivers and mechanics employed for 
more than 10 years also exhibited higher 
frequencies of respiratory symptoms and the 
ventilatory capacity data demonstrated lower 
values for all parameters. 29,30 

Vehicular exhaust particularly organic diesel 
exhaust particle induce reactive oxygen species in 
macrophages and bronchial epithelial cells which 
are the key cell types targeted by the particulate 
matter in the lung. Reactive oxygen species in turn 
activate the promoters of cytokines and 
chemokines leading to allergic inflammation 
through activator protein 1 and nuclear factor 
kappa B signaling pathways. 31 
These particles also act via mitochondrial pathway, 
induce apoptosis and necrosis in bronchial 
epithelial cells. These observations indicate that 
diesel particles themselves can induce airway 
inflammation.30,31 The changes might be in the 
tissue of the lungs due to chronic irritation by 
pollutants. Earlier studies in workers exposed to 
petrol and diesel exhaust, it was observed that the 
reductions of FEV1, and FVC were reversible if 
measures are taken earlier.13 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zuskin%20E%5BAuthor%5D&cauthor=true&cauthor_uid=1417501
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Conclusions  
Thus considering the results of ventilatory lung 
function tests it is evident that bus drivers of Pune 
city might have combined (obstructive and 
restrictive) nature of lung diseases and long term 
employment as bus driver may be predominantly 
associated with restrictive nature of lung diseases. 
So it is very important to identify vulnerable 
individuals and take precautionary measures at the 
earliest. 

Limitations: 

 Diffusing capacity of the lung for carbon 
monoxide was not done. 

 Sample size was small 
Recommendations: 

 Periodic evaluation of pulmonary function 
test and early recognition chronic lung 
function impairment and if possible change 
in nature of job from driving to office work  

 Compulsory use of protective equipment 
like nose air filter masks 

 Intensive promotion of use of CNG buses 
by government agencies  
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