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Abstract

Background: Petrol pump attendants are the norm rather than self- service, increasing the opportunity for expo-
sure to petrol fumes during refuelling. Long term exposure to petrol vapours has shown to affect the different physiological
systems in the body with the highest impact on the respiratory system.The present study aims to evaluate and compare the
combined effect of petrol fumes and automobile exhaust on pulmonary functions in petrol station attendants and normal
unexposed subjects. Methods: The present study was conducted among 50 petrol pump workers working in refuelling ar-
eas and 51 individuals who were not occupationally exposed to petrol fumes. Demographic and anthropometric details
were collected and pulmonary function tests were performed on both the groups. Results: : The mean age of the exposed
and unexposed group was 27.48 + 6.54 and 25.12 +6.68 respectively. The present study involved 26 females (Exposed -11
and Unexposed-15) and 56 males (Exposed- 20 and Unexposed- 36).The mean BMI of the exposed and unexposed group
was 22.14+3.04 and 23.86+4.93 respectively. There were no statistically significant differences between the groups with
regard to age and BMI. Forced Expiratory Volume in 1 sec (FEV1) and Peak Expiratory Flow Rate (PEFR) declined signifi-
cantly (p < 0.005) in the exposed group when compared to the unexposed group. Conclusion: Periodic medical surveillance
inclusive of pulmonary function testing should be insisted among petrol pump workers. In addition, the development of
appropriate equipment for monitoring and testing for environmental elements in the community and in workers would
prove to be beneficial.
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Introduction

about 20 hours/day. The filling attendants, working
in refuelling areas are continuously exposed to the
organic and inorganic constituents present in the
petrol. Long term exposure to petrol vapours has
shown to affect the different physiological systems in
the body, with the highest impact on the respiratory
system. (7)

In most towns and cities, the increase in auto-
mobiles with the associated air pollution, noise pollu-
tion and road traffic accidents are causes of grave con-
cern.(1)The associated alarming increase in fuel con-
sumption, increased inhalation of occupational sol-
vents into the human body and a resultant hike in the
incidence of health hazards have been increasingly
observed in the recent days.(2) Numerous epidemiol-
ogical studies have documented decrements in pulmo-
nary function and various other health problems asso-

Petroleum products and its exhaust can
cause significant respiratory symptoms like chronic
cough, breathlessness and wheezing.(7,8) In high
concentrations they cause marked systemic pulmo-
nary inflammatory response. The particles generated

ciated with long term air pollution exposure.3-6)

Petrol has become an essential commodity in

our life. Its production and distribution in spite of
price hikes of the crude oil is continuously soaring. In
this context, occupational health hazards due to inha-
lation of petrol vapours are gaining significance. The
average daily exposure to these chemicals amongst
petrol pump workers in India generally exceeds to

from petrol exhaust are extremely small and are pre-
sent in the nuclei or accumulation modes, with di-
ameters of 0.02nm and 0.2nm respectively. Further,
the surface area is large and so they can carry much
larger fraction of toxic compounds, such as
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hydrocarbons and metals on their surface. They can
remain airborne for longer periods of time and de-
posit in greater numbers and deeper into the lungs
when compared to the large sized particles. (9)
Transport of oxygen to cells is hindered by MetHb, a
by-product of benzene metabolism in the body re-
sulting in functional anemia. As the level of MetHb
increases, symptoms like shortness of breath, palpi-
tation, anxiety and confusion occur. (10,11) Typical 8
hr benzene exposure concentrations in distribution
and retail operations constitute an average of less
than 1 ppm, although exposures can reach to 2-3
ppm for shorter periods.(12)

Carbon monoxide also has stronger affinity
for haemoglobin when compared to oxygen (230
times) resulting in tissue hypoxia Effects of sulphur
dioxide on the respiratory system range from re-
versible decrease in lung function to constriction of
the bronchioles to severe airways obstruction, hy-
poxemia, pulmonary edema and death in minutes.
(13) Further NOz impairs the lung’s immune defence
mechanisms. It increases the susceptibility to infec-
tions, asthma attacks and it induces inflammatory
changes. Solid particulate matter produced from
emissions gets adsorbed onto soot particles and
penetrates into the lungs increasing the risk of pneu-
moconiosis and malignancies. (14)

In India, petrol pump attendants are the
norm rather than self- service, increasing the oppor-
tunity for exposure. During refueling, people may
easily get exposed to extremely high levels of gaso-
line vapor. Moreover, as the petrol pumps are lo-
cated on busy roads, these workers in addition to
diesel exhaust are also exposed to other air pollut-
ants. The volume of gasoline sold in refueling opera-
tions and ambient temperature can significantly in-
crease the environmental level of benzene, toluene
and xylene (BTX) vapors and subsequently, the occu-
pational risk of service station attendants despite the
growing use of diesel, unleaded and reformulated
gasoline. The present study aims to compare the
combined effect of inhalation of petrol fumes and
automobile exhaust fumes on the dynamic ventilator
lung functions in petrol station attendants working
in re fuelling areas and normal unexposed subjects.
It was also planned to correlate the pulmonary func-
tions of petrol pump workers to their age and the
duration of exposure.

Material and Methods

Study design and Sample selection criteria:
The present study was conducted to evaluate the
pulmonary function in petrol pump workers working

in the refuelling areas of various petrol bunks in
Chennai for more than 8 hrs a day. The study was car-
ried out among 50 petrol pump workers and 51
healthy individuals of both sexes in the age group of
18-50 years. Subjects were included by convenient
sampling after taking permissions from various petrol
bunk managers. The benefits of the study were ex-
plained and informed consent was obtained from the
study participants

Demographic details:

Information regarding the demographic de-
tails, smoking status and years of exposure to petrol
fumes was obtained by administering a questionnaire.
General and clinical examination of the respiratory
system, evaluation of anthropometric parameters and
pulmonary function tests were performed on both the
groups. Subjects were selected based on the following
inclusion criteria: age range of 18-50 yrs,exposure
duration >1yr. Exclusion criteria comprised of age <
18yrs, exposure < 1yr, smokers and family history of
bronchial asthma.

Anthropometric measurements:

Measuring tape was used to measure the
standard height in centimetres. Weight in kgs was
recorded using the portable weighing machine and
the body mass index (BMI) was calculated by using
Quetelet’s index.

Pulmonary function tests:

Koko legend spirometer (606055G) which
performs as per the specifications of the American
Thoracic Society was used to assess pulmonary func-
tion. It is a desktop portable device capable of per-
forming both pre and post- bronchodilator forced and
slow expiratory manoeuvres and calculating the stan-
dard spirometric indices. PFT was done after ruling
out recent surgery of thorax or abdomen, thoracic,
abdominal or cerebral aneurysms, recent eye surgery
(e.g., cataract), unstable cardiovascular status or re-
cent myocardial infarction or pulmonary embolus and
haemoptysis of unknown origin as per the AARC Clini-
cal Practice Guidelines - Spirometry, 1996. (15)

The selected volunteers were advised not to have
meals 1 hour prior to the test and also not to smoke
or consume alcohol or inhale bronchodilators 6 hours
prior to the test. The following parameters were as-
sessed by spirometry-FVC (Forced vital Capacity),
FEV1 (Forced expiratory volume in 1 sec) and PEFR
( Peak expiratory flow rate). The best values of three
attempts were taken. A complete flow-volume loop
was obtained from the spirometer. The spirograms
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(flow-volume loop) were directly downloaded from
the instrument and a print out was taken. All the vol-
umes were corrected to conditions of the body tem-
perature and pressure saturable with water vapour
(BTPS). ATS criteria were followed for excluding the
poor invalid efforts. Most of the sources of variation
in pulmonary function assessment such as motiva-
tion, effort and body position were controlled. Single
investigator was involved in the recording of the pul-
monary function and anthropometric measurements
to control inter- investigator variability. A total of
31valid records of petrol pump workers and 51
healthy individuals were obtained for final analysis.

Results

The exposed group (petrol pump workers in
the refuelling areas n=50) were in the age group of
27.48+ 6.54 years, while the non exposed group (n=
51) were in the age group of 25.12+ 6.68 years. Our
study included 26 female participants (Exposed= 11,
unexposed=15) and 56 male participants
(Exposed=20, unexposed= 36). Both the genders
were included in the study to evaluate the sex predi-
lection with regard to occupational exposure. Chi
square test of distribution of men and women in the
exposed (Males- 20, Females- 11) and unexposed
group (Males-36, Females-15) was not statistically
significant (p value= 0.369).

The anthropometric parameters of the par-
ticipants were measured in both groups (Exposed
group: Weight=57.7 + 10.3 kg, Height=161.1 #*
9.1cms and Unexposed group: Weight= 63.0 + 12.9kg,
Height = 162.7 + 7.0cms). Using the above measure-
ments, BMI was calculated using Quetelet’s index for
both the groups and was found to be 22.14+ 3.04,
and 23.86% 4.93) in the exposed and unexposed
groups respectively. There were no statistically sig-
nificant differences in anthropometric measurements
in both the groups.

Table 1 shows the observed values of the
various lung function parameters such as FVC, FEV;
and PEFR in the exposed and unexposed group.
There was a statistically significant decline in the
observed values of FEV; of exposed group compared
to the unexposed group (p=0.003). Statistically sig-
nificant decline in PEFR (p=0.001) was also ob-
served. Though FEV1and PEFR were declined signifi-
cantly (p <0.005) in the exposed group when com-
pared to the unexposed group there was no statisti-
cally significantly decrease in FVC in the exposed
group. Further, the influences of duration of expo-
sure and age on these lung function parameters were
assessed. There was a statistically significant decline
in the observed values of FVC, FEV1 and PEFR in
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exposed group with increase in the duration of expo-
sure (Table2).No significant difference in the varia-
tions of the pulmonary function tests were observed
between the age groups of the exposed study subjects
(Table 2)

Lung function Exposed Unexposed
p Value

parameters Mean + SD Mean + SD
FVC Observed 2.77+0.843  3.03+0.493 <0.075
FEV1 Observed  2.39+#0.707 2.80+0.494 <0.003*
PEFR Observed 5.00+2.19 6.41+1.48 <0.001*
e -p<0.05 is considered to be statistically significant

Table 1: Lung function parameters among exposed and
unexposed groups

Duration of Exposure

Lung function

<5yrs >5yrs
parameters p Value
Mean * SD Mean + SD
FVC Observed 3.03+ 0.633 1.87+ 0.89 .001*
FEV1Observed 2.57+ 0.554 1.78+ 0.866 .006*
PEFR Observed 5.48+ 2.07 3.35+ 1.84 .021*

* - p<0.05 is considered to be statistically significant

Table 2: Influence of duration of exposure and age on the
lung function parameters

Discussion

About 95% of compositions in the petrol va-
pour are aliphatic and acyclic compounds while less
than 2 % are aromatic compounds.(16) Inhalation of
petrol fumes is associated with risk of cancer, respi-
ratory and cardiovascular diseases.(17) Similarly the
particles generated from diesel exhaust are extremely
small and are present in the accumulation modes
with diameters of 0.02 and 0.2 nm respectively. These
small sized particles by virtue of greater surface area
to mass ratio carry a much larger fraction of toxic
compounds, such as hydrocarbons and metals on
their surface and there by lead to chronic inflamma-
tion of the respiratory tract and lung parenchyma.(9)
The increase in the number of petrol outlets has pro-
vided work opportunities to many. However it has
simultaneously exposed the people to hazardous
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chemicals present in petrol and diesel fumes result-
ing in adverse health effects. Petrol pump workers
are the most vulnerable group to the ill effects of
gasoline, in whom the respiratory symptoms are the
commonest.Kesavachandran et al have observed that
high prevalence of respiratory symptoms was pri-
marily a consequence of exposure to the petrol va-
pors found in the workplace in the petrol filling sta-
tions.(18) Ayers et al have also demonstrated that
workers exposed to diesel & automobile exhaust had
increased airway resistance, increasing closing vol-
ume and reversible decrease of FVC.(19) On exposure
to these toxic compounds for a longer duration, the
petrol pump workers present with impaired lung
function.(20,21) In the present study participants
belonging to both the genders were included in the
exposed and unexposed groups. The influence of oc-
cupational exposure to petrol fumes on gender was
studied and found to be not statistically significant.
Further, there were no statistically significant differ-
ences in the anthropometric parameters and BMI in
both the groups. Similar results were also observed
by Sandip et al.(22) On the contrary, Nazia et al have
observed a significant increase in BMI among the
petrol pump workers with increase in the years of
exposure.(7)

In the present study, there was decrease in
observed values of FVC, FEV: and PEFR in the ex-
posed group when compared to the unexposed
group . However, statistically significant decline was
noted only in FEV; and PEFR, not in FVC. These find-
ings could be attributed to the exposure to high ambi-
ent concentrations of petrol vapours that can cause
well defined and marked systemic pulmonary inflam-
matory response.(23) Decline in observed values of
VC, FVC, FEV: among petrol pump workers indicating
restrictive type of lung disease was also observed by
Kesavachandran et al. (18 ) Sadiqua Begum et al have
showed a statistically significant decrease in FVC, and
FEV: in petrol pump workers when compared to
their controls. However, their ratio (FEV1 %) did not
differ between the groups. These findings indicate the
restrictive pattern of pulmonary involvement in the
study group.(24) A decline in FVC and FEV; has also
been reported in tunnel and bridge workers and traf-
fic police men due to exposure to automobile ex-
hausts.(25,26,27,28) Paggiaro et al have shown that
occupational exposure to organic solvents might
cause chronic air way impairment with non specific
bronchial hyper responsiveness in shoe factory work-
ers.(29) In addition, diesel particulates in the ambient
air enhance the allergenicity of certain allergens. Not
only can diesel particles enhance allergenicity, they
also act as allergen carriers thus making allergens
more accessible to the deep lung regions .(30) More-
over, in combination with particulate pollutants, SO-

and NO; have a greater chance to reach the deeper
parts of the lungs causing permanent pulmonary
impairment.(13) Workers exposed to daily average
values of SOz present with respiratory symptoms
leading to allergic and chronic bronchitis probably
due to repeated episodes of bronchoconstriction.
(14) Moreover, flow rates in small airways (FEF25-
75 and FEF50) with internal diameters of less than 2
mm may be reduced leading to both obstructive and
restrictive changes.(13)The lung function parame-
ters such as FVC, FEV1 and PEFR were altered in ac-
cordance to the duration of exposure. It was also
observed that as the number of years of exposure
increased there was a decline in FVC and FEV1 indi-
cating a restrictive airway disease. This could be due
to the trapping of the burnt products of fuel vapour
by the small airways leading to lung injury.(1) In
addition, chronic exposure to petroleum products
can lead to chronic inflammation of respiratory tract
and lung parenchyma. The gaseous pollutants may
also alter the properties and concentration of surfac-
tant and may thus contribute to early closure of
small airways. (13) The present study had few limi-
tations. Air analysis was not done, hence the quanti-
fication of the amount of fuel vapour inhaled by the
subjects could not be commented on. It was also not
possible to carry out urine analysis for the metabo-
lites of benzene and toluene to indicate the magni-
tude of fuel vapour inhalation in the subjects studied.

Conclusion

This preliminary study highlights the
adverse effects of petrol fumes in the respiratory
system and the deterioration of lung functions in the
petrol pump workers. Lung function abnormalities
could be attributed to the lack of health awareness
and protective measures during work among petrol
pump workers. Hence, considerably improved
awareness of the sources of toxins in the community
would help the individuals to avoid them. Improve-
ment in the engine design, soot filters and fuel modi-
fication may provide the best approach to control the
exposure to these fumes.(31) As ambient air quality
guidelines in India are not available the need of the
hour is to set a guideline for safe standard level for
benzene for a better environment. Further, medical
screening and screening of benzene and CO in air
may protect workers from developing chronic respi-
ratory disorders. Early recognition and possibly the
removal of sensitive workers from the working place
before chronic impairment develops will help. Peri-
odic medical surveillance inclusive of pulmonary
function testing should be insisted among petrol
pump workers. In addition, the development of ap-
propriate equipment for monitoring and testing for
environmental elements in the community and in
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workers would prove to be beneficial. Finally, the
researcher’s effort should be increased to identify
genetic and other factors that predispose workers to
environmental agents and to assess risk factors
among them. Further longer term perspective studies
of petrol pump workers would help us to get a more
comprehensive picture of the long term effects of
these pollutants, as the present study would serve as
a bench mark.
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