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ABSTRACT

Petrol station workers remain a significant workforce for petrol stations due to high fuel demand, especially in de-
veloping countries where self-service policy is not implemented. In their daily working process, they are exposed to
many air pollutants from air traffic and fuel itself. This review was done to explore the previous studies conducted
to look into the prevalence of lung function impairment, most common respiratory symptoms, lung function pa-
rameters, and factors associated with lung function impairment among petrol station workers. After searching in the
databases using specific keywords, fifty-seven articles were thoroughly assessed, and thirty-eight articles were eligi-
ble and included in the review. From the review, the prevalence of lung function impairment among petrol station
workers is ranging between 26.83% and 85.00%, where the obstructive pattern is the most common finding. Cough
is the most common reported respiratory symptom in these articles. All studies show a reduction of lung function
parameters among petrol station workers in which FVC, FEV,, and PEFR showed consistent significant reductions
as compared to the control group. Duration of employment, smoking, age, job description, and BMI are factors that
have been associated with the development of lung function impairment among petrol station workers. There is an
urgent need for a more confirmatory study to be done so that proper safety and health programmes specified to petrol
station workers can be formulated.
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INTRODUCTION

Accelerated urbanisation and population growth
have resulted in a rapid rise in traffic volumes despite
numerous initiatives and efforts to reduce them, such
as enhancing public transport facilities and carpooling
campaigns (1). An increase in traffic volume will cause
more vehicle emission that contributes to air pollution.
It also will trigger more new petrol stations to be built
as vehicle fuel demand rises rapidly. As predominantly
outdoor workers, petrol station workers are exposed to
many air pollutants in their working environment. The
sources of air pollutants are not only from traffic-related
air pollutants but also from the emission of volatile

organic compounds (VOCs) from the fuel itself. The
air pollutant includes particulate matter (PM), carbon
monoxide (CO), oxides of nitrogen (NOx), and VOCs,
which include benzene, xylene, and toluene (2). Also,
other studies showed some of the pollutants present in
the petrol station environment with the concentration
above the permissible limits. For example, a study by
Adebiyi et al. (2015) using continuous area sampling for
11 hours in 4 petrol stations in Nigeria revealed that the
mean (SD) concentration of PM, and PM, . was 100.5
(21) pg/m? and 30.75 (12.26) pg/m? respectively, which
exceed the World Health Organization’s 24-hours
standard (3). This warrants the need to look at the petrol
station workers’ health, particularly in developing
countries where safety and health legislations and
services are not enforced and limited (4).

Previous studies have shown that being exposed to
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hazardous air pollutants can lead to detrimental effects
on health. For example, due to its size, the particulate
matter can penetrate and deposit on the respiratory
tract, which will subsequently cause respiratory illness
through various mechanisms (5). Apart from that, various
toxic chemicals that are easily evaporated from the fuels
that are known as VOCs, known to have both short-
and long-term health effect which includes irritation to
respiratory systems, gastrointestinal discomfort, central
nervous system dysfunction and narcosis, developmental
effects and carcinogenic (6-11). Due to inhalation is the
predominant route of exposure, the respiratory systems
are heavily affected by these toxic chemicals causing the
reduction in lung function parameters and development
of respiratory symptoms among petrol station works (12).

A closer look at the literature reveals several gaps and
shortcomings. There is an increasing need and scope
for research on the effects of air pollutants on the
respiratory health of petrol station workers. This review
was done with the aim to explore the previous studies
to look into the prevalence of lung function impairment,
most common respiratory symptoms, lung function
parameters, and factors associated with lung function
impairment among petrol station workers.

MATERIALS AND METHODS

Online search from various databases like Science
Direct, PubMed, Elsevier, British Medical Journal (BM)),
and Google Scholar was done using a specific set of
keywords. The keywords used for the search include
a “gas station”, “petrol station”, “service station”, “fuel
station”, “pump station”, “filling station”, “lung function”,
“pulmonary  function”,  “respiratory  symptoms”,
“spirometry”, and “respiratory illness”. The inclusion
criteria were an original article published between 2000
until 2021 that assessed lung function and respiratory
illness among petrol station workers. Articles based on
case reports, case series, review articles, or written in
other than English languages were excluded from the
review. The search found a total of 1204 articles and
screened using the title and abstract. Fifty-seven articles
were fully assessed, of which thirty-eight of them were
eligible and included in the review.

RESULTS

Study locations

The studies were conducted in eight countries, of which
twenty-one were from India, six from Indonesia, four
from Nigeria, two from Pakistan, and one each from
Malta, Senegal, Iraq, Nepal, and Zambia. All these
countries were identified as developing countries by the
United Nations except Malta, a developed country (13).

Respiratory symptoms

Eight studies reported the respiratory symptoms
experienced by the petrol station workers, including
cough (with or without sputum), dyspnoea, wheezing,
chest trouble, asthma, chest tightness, sneezing, runny
nose, and shortness of breath. Six studies showed cough
was the most common respiratory symptom among their
respondents, and the prevalence can be as high as 75%
(14-19). Other than that, two studies reported other
symptoms to be more common than cough among their
respondent, which shortness of breath (20) and sneezing
(21).

Prevalence of lung function impairment and its pattern
The range of abnormal lung function tests among the
petrol station workers reported in the studies can be as
low as 26.83% (22) and as high as 85.00% (19). Only
eight studies reported the pattern of abnormal lung
function tests, in which 5 of them showed the obstructive
pattern to be the most common (16,19,22-24) while the
other three studies showed the restrictive pattern to be
the most common (14,25,26).

Lung function parameters

Various lung function parameters were used to
demonstrate the reduction of lung function among
petrol station workers as compared to the control group.
Table I summarises the mean value of the most common
parameters used, which are forced vital capacity (FVC),
forced expiratory volume in 1 second (FEV,), FEV,/FVC,
and peak expiratory flow rate (PEFR). Descriptively, all
parameters’ mean values were reduced among petrol
station workers as compared to the control group in
all studies. A total of twenty-two studies compares the
mean value of FVC between petrol station workers
and the control group, in which eighteen of them were
statistically significant (p<0.05). For FEV,, seventeen out
of twenty-two studies showed a significant reduction of
FEV, among petrol station workers than the control group.
Eighteen articles included FEV /FVC in their comparison,
and eight of them showed a significant result. PEFR was
often widely used to assess lung function, and fifteen
of the seventeen articles that measured PEFR found that
petrol station workers had a significantly lower PEFR
than the control group.

Apart from FVC, FEV,, FEV /FVC, and PEFR, few other
parameters were used in assessing the lung function
of petrol station workers. Three studies found that
petrol station workers had significantly lower maximal
voluntary ventilation (MVV) than the control group
(p<0.05). (16,36,39). The same pattern was also seen
in two other studies; however, the reduction was not
statistically significant (p>0.05) (23,28). As for forced
expiratory flow at 25-75% (FEF 25% - 75%), nine studies
reveal significant reduction in petrol station workers
(9,16,26,30,32,37,39,40,42) and only one study reveal
otherwise (22).
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Table I: Summary of the mean (SD) of lung function parameters among petrol station (exposed) workers as compared to the
control group (unexposed)

Sample Size FVC (Litre) FEV, (Litre) FEV /FVC PEFR f)l;::ir)elsec-
Author (Reference) Location
Ex- Unex- E Unex- Ex- Unex- E Unex- Ex- Unex-
pose  posed xpose posed  pose posed xpose posed pose  posed
1.37 3.45
. 1.43 2.75 2.41 0.96 0.88.97 6.26
Okemuo etal- (1) Enugu, Nigeria 64 o4 052 067 O 065 007 013 120 130
Mandal and West Bengal, 59 20 2.70 4.2 (é'gg) 3.4 ) ) (?'23) 6.80
Mukherjee (16) India (0.78) *  (0.87) I~ (0.66) I (0.94)
Zatar (17) Karachi Paki- o0 159 203 306 ol 281 083 0.90 ) )
stan (0.84)* (0.79) ™ (0.81) (0.18) * (0.10)
377 566 203 54 0.78 0.91
Dissi GM (21) Kano, Nigeria 56 59 A38* (111 (1.*20) (114)  (016)* 0.14) - -
. 3.68 3.61 3.14 2.99 0.84 0.86 6 6.72
Deoraetal. (22)  Bhopal, India 4145 gy (060) (0.77) (0,55  (0.09)  (0.06)  (1.94)  (1.95
. 1.78
Al-jadaan and Jab- 2.48 3.93 2.81 6.32 9.19
baralkinany (23) Basra, Iraq >3 60 (053¢ (049 @OV (o3g) 0.9 * (1.5
6.24
. Puducherry, 4.16 4.30 3.47 3.61 0.83 0.84 6.56
Jaiswal (24) India 64 84 (058 (0.60) (0.64) (063 (010 010 12 (099
Jaipur city 343 376 284 347 o083 0.85 7 8.16
Rahul et al. (26) India 40 40 o35)x ©019) O3 ©as ©oe 003 T3 i
. 5.49
Srivastava and Aurangabad, 32 64 ) ) . ) ) ) (1.79) 6.80
Barkule (27) India '* (1.39)
R 2.58
Begum and Rathna Mysore, Paki- 28 28 2.86 3.33 (0.46) 3.01 ) ) 7.47 8.05
(28) stan (0.37)* (0.50) « (0.33) (1.40) (1.59
L. N 3.27 3.24 2.9 0.9
Adeniyi (29) lle-Ife, Nigeria 99 95 0.7) ©07) (07 28060 ) 09007 - -
2.54 7.42
Chakraborty et al. ) 3.07 3.42 3.14 0.83 0.92 8.27
(30) Agartala, India 32 32 056)¢ (052 O @54 006+ 0o 138 (10
0.76 0.81
Vella and Borg (31) Malta 30 30 - - - - (0.05) * (0.04) - -
2.73 7.28
. Ahmedabad, 3.02 3.61 3.12 0.90 0.85 8.22
Solanki et al. (32) India 227227 os6)¢ 046 029 036 (010 006 72 @)
6.49
. Western Maha- 8.91
Patil et al. (33) rashtra, India 60 50 - - - - - - (1 .SO) (1.02)
2.64 6.35
. Kathmandu, 3.44 3.94 3.24 0.77 0.82 7.62
Pandit (34) Nepal 40 0 023+ 025 ©29 (059 ©on* o 027 (045
Anuja et al. (35) Chennai, India 50 51 277 3.03 2.39 2.80 - - (;‘?8) 0.4]
) : ' (0.84)*  (0.49) (0.71)  (0.49) $ (1.48)
2.47 5.61
. 2.59 3.42 3.29 6.39
Dube et al. (36) Nanded, India 80 80 042) % (0.68) (0.5)1) (0.57) - - (1 .;53) (1.69)
3.78
. Pune, Maha- 2.06 4.01 7.38
Salvietal. (37) rashtra, India 30 30 (0.66) *  (0.82) (0'32) (27.5) ) i i i
Shonga and Siziya  \ 4011 zambia 69 121 365 402 32 353 083 0.83 ) )
(38) ! (0.92) *  (0.88) - (0.76) (0.01) (0.02)
2.67 5.98
. . . 2.88 3.77 3.19 0.90 0.90 7.89
Batta and Dhir (39)  Punjab, India 100 100 57« (o133 ©23 7300 o1 ©on 028 (074
CONTINUE
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Table I: Summary of the mean (SD) of lung function parameters among petrol station (exposed) workers as compared to the

control group (unexposed) (CONT.)

Sample Size

FVC (Litre)

PEFR (Litre/sec-

FEV, (Litre) FEV,/FVC

ond)
Author (Reference) Location
Ex- Unex- E Unex- Ex- Unex- Unex- Ex- Unex-
Xpose Expose
pose  posed posed  pose posed posed pose posed
. 2.24 2.15 5.05
. Kanchipuram, 1.97 1.68 3.85 3.68 4.30
Madhuri et al. (40) India 30300 044 935 039 059 076) (02 979 (085
halawar and 2.52
Sharma and Agarw- J 3.12 2.85 0.86. 0.91
al (41) Jhalarapatan, 3030 (068 530 OV 023 012+ 008 - -
Sumathi and Coimbatore, 50 50 (5)'28) 3.186 (é‘éi) 2.92 ) ) (15516) 6.88
Neelambikai (42) India i~ (0.76) - (0.64) I~ (1.97)
Semarang, Indo- 3.07 3.36 2.83 2.93 0.90 0.88
Prasetyo et al. {43) nesia 34 3% (0.86) (097 (057 (0720 (007 (0.07) - -

* p-value < 0.05 when compared to unexposed group
FVC = Forced Vital Capacity

FEV, = Forced Expiratory Volume in 1 Second

PEFR = Peak Expiratory Flow Rate

Factor associated with the lung function impairment
Duration of employment was the most common factor
evaluated for lung function impairment. Significant
reduction in lung function parameters was reported as
early as one year of employment (36,44,45) or as late
as sixteen years of employment (46). However, most
of the studies showed a significant reduction of FVC,
FEV,, or PEFR among workers within two to ten years
of employment (31,32,35,42). Table Il summarises the
findings in the articles that correlate the lung parameters
with years of employment. The results showed a negative
correlation where the higher the employment duration,
the lower the lung function parameters.

Apart from that, five articles included smokers in their
study population to explore the effect of smoking on
lung function impairment among petrol station workers.
Four studies showed a significant reduction in FVC,
FEV,, FEV,/FVC, or PEFR among workers who smoke as
compared to those who are a non-smoker (21,31,46,47).

In terms of age, the study by Mandal and Mukherjee
(2020) revealed that FVC, FEV,, FEV,/FVC, MVV, PEFR,
FEF 25% - 75% was significantly lower in workers age

34 and above as compared to less than 34 years old. The
same study also found a significant correlation between
FEV, (r=-3.52) and PEFR (r = -2.27) with age (p<0.005)
(15). The same pattern of correlation was found between
age and PEFR in another study by Ifeyinwa et al. (2016) (r
=-0.226, p<0.005) (18). However, three studies cannot
replicate any significant association between age and
lung function parameters (25,48,49).

The job description also may play an important role as
it affects the level of exposure to air pollutants. A study
among petrol station workers in Indonesia showed
that 96.9% of outdoor petrol station workers having
abnormal lung function test as compared to indoor petrol
station workers (20%) (p <0.001) (50). In another study,
petrol pump attendants who were directly exposed to air
pollutants had significantly reduced FVC, FEV,, PEFR,
and MVV as compared to the control group. In contrast,
indoor petrol station workers exposed to air pollutants
indirectly only had a reduced PEFR than the control
group (51).

Workers who have a lower body mass index (BMI) are
more likely to develop lung function impairment. It is

Table Il: Summary of correlation analysis between duration of employment and lung function parameters among petrol sta-

tion workers

FVC FEV1 FEV1/FVC PEFR
Author (References)
r* p-value r* p-value r* p-value r* p-value
Ramadhany et al. (14) - - - - - - # 0.011
Okemuo et al. (15) -0.718 < 0.001 -0.657 < 0.001 -0.344 < 0.001 -0.727 < 0.001
Ifeyinwa et al. (18) - - - - - - -0.261 <0.05
Mbengue et al. (19) - - -0.36 0.0193 - - - -
Srivastava and Barkule (27) - - - - - - -0.233 #
Patil et al. (33) - - - - - - -0.651 0.001
*Pearson’s correlation
# Not reported

r = Correlation coefficient

FVC = Forced Vital Capacity

FEV1 = Forced Expiratory Volume in 1 Second
PEFR = Peak Expiratory Flow Rate
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evident in the study by Shonga and Siziya (2015) where
workers with BMI less than 18.5 kg/m2 were more likely
to develop abnormal lung function as compared to BMI
of 25 kg/m? or more (OR = 2.87; 95% Cl: 1.18, 6.99)
(38). However, it is contradicted in another study where
FVC and FEV, were negatively correlated with BMI (r =
-2.10 and r = -2.43, respectively, p<0.05) (16).

DISCUSSION

In this review, most of the studies were conducted in
developing countries. This may be due to, in these
countries, the self-service policy was not regulated or
fully enforced. As a result, petrol station workers are
continuously exposed to air pollutants, especially petrol
pump attendants who involved in refuelling activities.
Currently, most developed countries like United States,
United Kingdom, Canada, and Germany imposed the
self-service policy where vehicle refuelling activity was
done by consumers, thus reducing the exposure of air
pollutants to petrol station workers (52).

Even though the cough is the most reported respiratory
symptom among petrol station workers, only two
studies used a standardised questionnaire to assess
the symptoms (16,24). Most of the studies were using
their own definition of respiratory symptoms, which
may differ from each other. The lack of standardisation
will cause different interpretations between studies,
and appropriate comparisons cannot be made. There
are several methods, including questionnaires that can
be used to assess respiratory symptoms, which include
the ATS-DLD questionnaire by the American Thoracic
Society (ATS), the British Medical Research Council
(BMRC) questionnaire, and the National Heart and Lung
Institute (NHLI) questionnaire (53).

The huge range of the prevalence of lung function
impairment among petrol station workers between
studies is due to the differences in inclusion and
exclusion criteria for each study. The studies that
exclude workers who are a smoker and have a history of
respiratory illness will likely have a smaller prevalence.
In contrast, the higher prevalence was seen in studies
that only include workers who have experienced more
than two years and at least eight hours per day of work
duration. More studies show obstructive respiratory
impairment pattern as compared to restrictive pattern
due to exposure to pollutants, such as particulate matter,
can induce the onset and exacerbation of chronic
obstructive pulmonary disease, which will see as an
obstructive pattern in spirometry (54).

Based on the studies, when compared to unexposed
control groups, the FVC, FEV,, FEV /FVC, MVV, and
FEF 25% - 75% among petrol station workers were
significantly reduced. FVC, FEV1, and PEFR show the
most consistent association with the petrol station

workers as it produces the most significant reduction as
compared to other parameters. This may be due to these
three parameters is the most common parameters that
were measured in the studies.

This review identified several factors associated with the
development of respiratory illness among petrol station
workers, including duration of employment, smoking,
age, job description, and BMI. However, several other
factors are essential and not reported in the articles that
may be associated with respiratory illness development.
For example, exposure level or air pollutants
concentration and seasonality were not reported in any
of these articles. Rice et al. (2015) found a link betwee
n long-term exposure to traffic pollution and lung
function decline among the third generation of the
Framingham Heart Study, suggesting that PM,_ is a
predictor of respiratory illness. According to the findings,
each 2 pg/m’ rise in PM, . was linked to a 13.5 ml (95%
Cl: 26.6, 0.3) lower FEV, and a 2.1 ml/year (95% Cl: 4.1,
0.2) faster reduction in FEV, (54). Apart from that, other
factors like personal protective equipment (PPE) (56) and
training (57), which have proven to contribute to the
development of respiratory illness in other workplaces,
were not explored.

CONCLUSION

Respiratory illness is quite prevalent among petrol station
workers, and lung function parameters, especially FVC,
FEV1, and PEFR, are significantly reduced. Duration of
employment, smoking, age, job description, and BMI are
among the factors that contribute to respiratory illness
development among petrol station workers. However,
most of the studies were exploratory and need more
research to establish a causal relationship between air
pollutants and respiratory illness among petrol station
workers.
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