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Abstract : Automobile exhaust derived air pollutants have become a major
heal th  hazard.  Coupled with  the  inhala t ion of  fuel  vapour ,  as  occurs  in
pet ro l  s ta t ion  workers ,  th is  may lead  to  s igni f icant  impai rment  of  lung
func t ion .  Sp i romet r i c  lung  func t ions  were  s tud ied  in  58  pe t ro l  s t a t ion
workers to examine this possibility. The forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV1),  forced expiratory f low 25%–75%
(FEF 25-75)  and  peak  exp i ra to ry  f low (PEF)  were  r ecorded  and  ana lysed
separately  for  smokers  and non-smokers .  The workers  were divided into
5 groups for analysis of data based on the number of years of work in the
petrol pumps. Outdoor air  analysis was also carried out.  The FVC, FEV1
and PEF dec l ined  s igni f icant ly  wi th  increas ing  years  of  work  in  pe t ro l
s ta t ions  in  bo th  smokers  and  non-smokers .  Smoking  as  an  independent
variable was found to affect the FEV1 significantly but not FVC or PEF.
The FEF25-75 was found to be the most  affected spirometric value with a
significant reduction with increasing years of work. Smoking as such did
not affect it. Oxides of nitrogen (NOx), suspended particulate matter (SPM)
and par t icula te  mat ter  less  than 10 microns  (PM10)  in  outdoor  a i r  were
h igher  than  the  na t iona l  ambien t  a i r  qua l i ty  s t andards .  Exposure  to
au tomobi le  exhaus t  and  fue l  vapour  impa i r s  lung  func t ion  in  a  t ime-
dependent  manner .  Cigaret te  smoking appears  to  accelera te  the  decl ine .
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INTRODUCTION

The rap id ly  mul t ip ly ing  number  o f
au tomobi les  in  mos t  towns  and  c i t i es  and
the corresponding increase  in  a i r  pol lut ion
is a cause of grave concern. Certain groups,
by  v i r tue  o f  the i r  occupa t ion ,  face  an
increas ing  th rea t  o f  i t s  adverse  hea l th
effec ts .  The present  s tudy was  carr ied  out

to  assess  the  dynamic  ven t i l a to ry  lung
func t ions  o f  one  such  group ,  the  pe t ro l
s ta t ion  workers .  In  addi t ion  to  au tomobi le
exhaust  fumes,  these workers  are also at  a
risk of inhaling fuel  vapour.  The combined
effects of the two may result in accelerated
decl ine  of  lung funct ion .  Fuel  handlers  as
well as personnel working in close proximity
to  fue l  exhaus t  such  as  vehic le  mechanics
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and convoy drivers may stand similar risks.
A study carried out on petrol pump workers
in Delhi reported adverse effects in the form
of small  airway involvement and restrictive
impai rment  (1 ) .  This  s tudy  however  on ly
reported the mean values of spirometry of a
group of  pe t ro l  pump workers  who ranged
from 20 years to 40 years as compared to a
group of healthy controls. In addition it did
not  take in to  account  the  number  of  years
the workers had spent in the petrol  pumps.
The  la t t e r  i s  essen t ia l  to  comment  on  the
long term effects of exposure to automobile
exhaus t  and  fue l  vapour  inha la t ion .
Longitudinal studies to monitor the state of
lung function over a period of time, though
idea l ,  a re  d i f f i cu l t  to  ca r ry  ou t .  Th is  i s
especially so in establishments such as petrol
s ta t ions  where  the  workforce  i s  o f  a
temporary  na ture  making  fo l low-up
assessments of lung function very difficult .
As a substitute therefore, the present cross-
sect ional  s tudy was designed to  assess  the
spirometric  lung functions in petrol  s tat ion
workers  wi th  the  a im to  comment  on  the
long term effects  of  the  work environment
on lung function.

METHODS

A total  of  58 petrol  s ta t ion workers  in
the  age  group  of  18–35  years  vo lun teered
for this study. The subjects were divided into
two groups based on the history of smoking.
The  inc lus ion  c r i t e r ion  for  smokers  was
def ined  as  those  smoking  5  or  more
cigarettes a day for more than one year. Of
the  58  sub jec t s  s tud ied ,  th i r ty - f ive  were
smokers and 23 were non-smokers.  Each of
these groups (smokers and non-smokers) was
further divided into five subgroups (Group A
to E), based on the duration of work in petrol

stations (Table I).  A standard proforma was
used  to  record  par t icu lars  of  the  subjec ts ,
which included height ,  weight ,  durat ion of
work in petrol stations,  smoking habits and
his to ry  of  any  resp i ra to ry  d i seases  in  the
past or respiratory symptoms at present. The
respira tory system was examined cl inical ly
to  ru le  ou t  any  obvious  lung  pa tho logy .
Spi romet ry  was  ca r r ied  ou t  by  us ing  a
microprocessor  based ,  tu rb ine  type
Pneumotachometer  (Medspiror-Med Systems
Pvt  L td . ,  Chandigarh ,  Ind ia )  and  Wrigh t
Peak  F low Meter  (Clement  and  Clarke
Internat ional  Ltd . ,  London) .  Cal ibra t ion  of
the  sp i rometer  fo r  f low and  vo lume was
carried out daily using a standard three-liter
cal ibrat ion syr inge as  recommended by the
American Thoracic Society.  Spirometry was
carried out as per the guidelines laid down
by the  Amer ican  Thorac ic  Soc ie ty  and
European  Resp i ra to ry  Soc ie ty  wi th  the
subjects seated (2). The Forced Vital Capacity
(FVC) was recorded and Forced Expiratory
Volume in  1  second  (FEV1)  and  Forced
Expira tory  Flow between 25% and 75% of
the  FVC (FEF 25-75)  were  ca lcu la ted  by  the
instrument. Peak Expiratory Flow (PEF) was
measured  separa te ly  wi th  a  Wrigh t  Peak
Flow meter .  Al l  t es t s  were  per formed
between 1400 and 1600 hours to exclude the
bias of circadian rhythms (3).

TABLE I : Dis t r ibu t ion  o f  the  sample  popu la t ion
based  on  the  number  o f  yea r s  o f  work
in  pe t ro l  s t a t ions  and  smoking  hab i t s .

Years  o f  work S m o k e r s N o n - s m o k e r s
(n=35) (n=23)

Group  A (< 2  yea r s ) 6 5
Group  B  (2–5  yea r s ) 1 2 9
Group  C  (6–10  yea r s ) 9 3
Group  D (11–15  yea r s ) 5 2
Group  E  (16–20  yea r s ) 3 4
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RESULTS

Subjec t s  in  the  s tudy  groups  A to  E
(smokers and non-smokers) were comparable
in terms of age, height and years of work in
the  pe t ro l  s ta t ions .  The  mean  number  o f
years  spen t  a t  work  in  the  pe t ro l  s t a t ion
ranged  f rom 0 .91±0.37  to  19 .6±0 .57  for
smoking  sub jec t s  and  1 .0±0 .0  to  17 .7±1 .7
years  fo r  non-smoking  sub jec t s .  The
spi rometry  da ta  was  found to  be  normal ly
d is t r ibu ted  wi th  respec t  to  each  of  the
parameters  s tud ied .  The  percen tage  of
pred ic ted  va lue  fo r  the  lung  func t ion
parameters  recorded is  as  shown in  Tables
II and III .

The FVC (as a percentage of predicted)
was  seen  to  s ign i f ican t ly  dec l ine  in  bo th
smokers and non-smokers as the number of
years  of  work  in  pe t ro l  s ta t ions  increased
(F=3.05 ,  P=of  0 .025) .  Smoking ,  as  an
independent variable was not found to affect
the FVC across the study population. A post-
hoc analysis of the effect of increasing years
of work, as an independent variable, on FVC
revealed s ignif icant  reduct ion in  FVC with
duration of work in both smokers and non-
smokers  (Group  A Vs  Group  E  P=0.005 ,

Analys i s  o f  ou tdoor  a i r  fo r  l eve l s  o f
common air  pollutants was also carried out
a t  the  pe t ro l  s t a t ions  tha t  con t r ibu ted
the  subjects  for  th is  s tudy.  This  was  done
us ing  a  Resp i rab le  Dus t  Sampler -APM
451(Envi ro tech  Ins t ruments  Pv t .  L td .  New
Delhi.  India).  The pollutants measured were
oxides of Nitrogen and Sulphur (NOx, SOx),
suspended  par t i cu la te  mat te r  (SPM) and
par t i cu la te  mat te r  l ess  than  10  microns
(PM10).  Air analysis was carried out for 12
hours  each on two separate  days.

Analys i s  o f  Sp i rometr ic  Data .  The
observed  resu l t s  o f  sp i romet ry  fo r  each
subject  were then expressed as  ‘percentage
of  predic ted’ .  Predic ted  va lues  re fer red  to
were those for healthy Indian males (4). The
mean of the ‘percentage of predicted’ value
for each of the parameters FVC, FEV1, PEF
and FEF25-75 of  each study group (A-E)  was
cons idered  for  the  ana lys i s .  A  two-way
analysis  of  var iance (ANOVA) was carr ied
out  to  de te rmine  s ta t i s t i ca l ly  s ign i f ican t
observa t ions .  Those  resu l t s  found  to  be
stat is t ical ly  s ignif icant  were subjected post
hoc  ana lys i s  fo r  s ign i f ican t  ind iv idua l
differences between the groups (A to E) using
the Least Square Difference (LSD) test  (5).

TABLE II : Mean  pe rcen tage  o f  p red ic ted  FVC and  FEV1 of  smoker  and  non-smoker
pe t ro l  s t a t ion  workers  a s  pe r  yea r s  o f  work  in  pe t ro l  s t a t ions .

F V C F E V 1 $

Years  o f  work
Smokers  (S ) Non-smokers  (NS) Smokers  (S ) Non-smokers  (NS)

Group  A (<2  y r ) 9 3 . 0± 7 . 0 9 9 4 . 4± 5 .6 9 3 . 5± 6 .1 9 6 . 0± 6 .4
Group  B  (2 -5  y r ) 93 .08± 1 8 . 8 9 3 . 1± 1 0 . 1 9 1 . 6± 1 1 . 7 9 5 . 2± 1 6 . 6
Group  C  (6 -10  y r ) 8 6 . 3± 1 3 . 1 8 9 . 0± 5 .2 8 0 . 8± 1 4 . 1 9 4 . 6± 6 .1
GroupD (11-15  y r ) 7 3 . 2± 9 .5 9 0 . 5± 4 .9 7 8 . 2± 1 0 . 2 8 9 . 0± 1 .4
Group  E  (16-20  y r ) 7 1 . 0± 29 .3* 7 7 . 0± 16 .9* 6 5 . 3± 12.7 # 7 8 . 5± 17.7 #

* S ign i f i can t ly  lower  than  Group  A (P=0 .005)  & Group  B  (P=0 .005) .
# S ign i f i can t ly  lower  than  Group  A (P=0 .001) ,  Group  B  (P=0 .001)  & Group  C  (P=0 .01) .
$ S ign i f i can t  d i f fe rence  be tween  smokers  and  non-smokers  (P=0 .01) .
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Group  B Vs  Group  E  P=0.003) .  The
interaction of smoking and duration of work
was not found to significantly affect the FVC
(F=0.77, P=0.20).

The FEV1 (as a percentage of predicted)
declined significantly with increasing number
of years of  work in petrol  s tat ions in both
smokers and non-smokers (F=4.73, P=0.002).
Post-hoc analysis for inter group differences
in  FEV1 revea led  h igh ly  s ign i f ican t
differences in FEV1 with increasing duration
of work in petrol pumps (Group A Vs Group
E P=0.001,  Group B Vs Group E P=0.001,
Group C Vs  Group E P=0.01) .  Unl ike  the
FVC,  smoking  as  an  independent  var iab le
s ign i f ican t ly  reduced  the  FEV1 (F=5.44 ,
P=0.023). There was however, no significant
interaction between the number of years of
work  and  smoking  wi th  respec t  to  the
deter iorat ion in  the  FEV1.

There  was  no  s ign i f ican t  d i f fe rence
between the  observed mean values  of  PEF
in smokers and non-smokers (P=0.068). The
duration of work in petrol stations was found
to affect the PEF, with a significant decline
evident with increasing years of work in the
stations (Group A Vs E P=0.002, Group B Vs

E P=0.005,  Group C Vs Group E P=0.01) .
Smoking as  an  indiv idual  var iable  d id  not
affect the decline in PEF (P=0.064).

The  FEF 25-75 was  found  to  be  the  mos t
a f fec ted  pu lmonary  func t ion  parameter .  I t
was also the parameter  to show the fastest
deteriorat ion with increasing years of  work
in the petrol  s tat ions.  The reduction in the
FEF25-75 with increasing years of work in the
petrol stations was highly significant (F=8.86,
P=0.0001). The smoking status was not found
to be significant as an independent variable
in the reduction of FEF25-75 across the groups
(F=2.282, P=0.137). There was no significant
in te rac t ion  be tween  the  years  o f  work  in
petrol  stat ions and smoking with respect to
the  de ter iora t ion  of  the  FEF 25-75.  However ,
unlike the other spirometric parameters,  the
FEF 25-75 decreased  to  l ess  than  70% of
pred ic ted  in  those  ind iv idua ls  who  were
smokers  and had worked for  more than 11
years  in  the  petrol  s ta t ions .

The results of air analysis are shown in
Table IV. The levels of NOx, SPM and PM10

were found to be higher than the maximum
permiss ib le  leve ls  as  per  the  Nat ional  Air
Quality Standards of India (6).

TABLE II I : Mean  pe rcen tage  o f  p red ic ted  PEF and  FEF 25-75  o f  the  sub jec t s  a s  pe r  yea r s  o f  work .

P E F FEF 25-75
Years  o f  work

Smokers  (S ) Non-smokers  (NS) Smokers  (S ) Non-smokers  (NS)

Group  A (<2  y r ) 9 0 . 5± 1 1 . 3 9 3 . 2± 1 8 . 9 102 .3± 1 3 . 1 104 .7± 1 0 . 3
Group  B  (2 -5  y r ) 8 8 . 7± 7 .1 9 2 . 5± 1 7 . 7 8 3 . 5± 3 0 . 5 9 0 . 3± 2 5 . 7
Group  C  (6 -10  y r ) 9 0 . 7± 3 .6 9 3 . 3± 4 .0 7 1 . 6± 1 8 . 3 8 5 . 5± 1 2 . 4
Group  D (11-15  y r ) 8 3 . 4± 1 1 . 9 8 9 . 0± 4 .2 6 9 . 2± 3 0 . 0 7 8 . 9± 7 .0
Group  E  (16-20  y r ) 6 1 . 7± 37 .5* 8 6 . 3± 7 . 1 * 4 7 . 1± 14.1 # 7 0 . 6± 22.0 #

* S ign i f i can t ly  lower  than  Group  A (P=0 .002) ,  Group  B  (P=0 .005)  and  Group  C  (P=0 .01) .
# S ign i f i can t ly  lower  than  Group  A (P=0 .008) ,  Group  B  (P=0 .007)  and  Group  C  (P=0 .007) .



Ind ian  J  Phys io l  Pharmaco l  2008 ;  52(3 ) Lung  Func t ion  in  Fue l  Hand le r s 259

DISCUSSION

In  the  p resen t  s tudy ,  the  resu l t s  o f
dynamic spirometry were found to be within
the  normal  range  for  most  of  the  subjec ts
when  compared  to  the  p red ic ted  va lues .
These  f ind ings  appear  con t ra ry  to  tha t
reported by Singhal et al (1). This is possibly
due to the difference of methodology adopted
to analyze the spirometr ic  data .

A graphica l  represen ta t ion  of  lung
func t ion  versus  t ime  spen t  a t  the  pe t ro l
stations shows that subjects who had worked
for  a  longer durat ion at  the petrol  s tat ions
had lower  ‘percentage of  predicted values’
for  mos t  o f  the  parameters  s tud ied .  This
reduc t ion  i s  no t  due  to  increas ing  age  of
subjects  since each parameter was analysed
as  a  percen tage  of  p red ic ted  va lue ,  thus
ca te r ing  fo r  the  age  re la ted  dec l ine  in
sp i romet r ic  va lues .  I t  i s  l ike ly  tha t  th i s
decline in lung function is due to the factors
such  as  exposure  to  a i r  po l lu tan t s ,  fue l
vapour  inha la t ion  and  c igare t te  smoking .
The  resu l t s  o f  a i r  ana lys i s  show tha t
the  leve l s  o f  NOx,  SPM and  PM 10 were
h igher  than  the  maximum permiss ib le
leve l s ,  suppor t ing  the  above  assumpt ion .
Hydrocarbons derived from fuel vapour were

not  assessed  hence ,  quan t i f i ca t ion  of  the
amount  o f  fue l  vapour  inha led  by  the
subjec t s  cannot  be  commented  on .  I t  was
also not possible to carry out urine analysis
for  the metaboli tes  of  benzene and toulene
to  ind ica te  magni tude  of  fue l  vapour
inhalat ion in  the subjects  s tudied.

Automobile exhaust is a complex mixture
of  d i f fe ren t  gases  and  par t i cu la te  mat te r .
These  inc lude  ox ides  o f  n i t rogen  (NOx) ,
carbon  monoxide ,  Su lphur  d iox ide  (SO 2) ,
hydrocarbons  and  par t icu la te  mat te r  (PM).
Animal  s tud ies  have  demons t ra ted  tha t
exposure to particulate matter combined with
exposure  to  an  i r r i t an t  gas  such  as  NO 2,
resul ts  in  greater  damage to  the  lung than
when  exposed  to  e i ther  subs tances
ind iv idua l ly  (7 ) .  Par t i cu la te  mat te r  o f  the
size of 2.5 m and 10m (PM10, PM2.5) and NO2

have been found to be significantly associated
wi th  reduced  FVC.  S imi la r  e f fec t s  o f
automobile exhausts on the FVC and FEV1
have  been  repor ted  in  tunne l  and  br idge
workers, traffic wardens and shopkeepers (8–
11). Smoking has been reported to accelerate
the decline in FEV1 (12, 13).

FEF25-75 is  considered a fair ly good test
to identify early small  airway disease (14–
16) .  The  f ind ings  o f  the  p resen t  s tudy
indicate that small airways probably bear the
brunt  of  the  a i r  pol lu t ion  and fue l  vapour
re la ted  lung  in jury .  This  f ind ing  i s  in
agreement  wi th  mos t  s tud ies  on  po l lu t ion
inf l ic ted changes in  lung funct ion (10,  17,
18) .  In  combina t ion  wi th  par t i cu la te
pol lu tan ts ,  SO 2 and  NO 2 have  a  g rea te r
chance  to  reach  the  deeper  par t s  o f  the
lungs. The gaseous pollutants may also alter
the  p roper t i es  and  concen t ra t ion  of
sur fac tan t  and  may  thus  con t r ibu te  to  the

TABLE IV : Levels of outdoor air pollutants measured
a t  two  pe t ro l  s t a t ions .

Max. Site 1 Site 2
Pol lu tant Permissible* ( µ g / m 3) ( µ g / m 3)

( µ g / m 3)

Sulphur Dioxide (SO2) 8 0 78 .54 64 .19
Oxides of Nitrogen (NOx) 8 0 201 .88 91 .31
PM10 1 0 0 294 .11 181 .97
S P M 2 0 0 955 .84 448 .00

*Indian Nat ional  Ambient  Air  Qual i ty  Standards .
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ea r ly  c losure  o f  smal l  a i rways .  Many
termina l  b ronchio les  may  be  compromised
before other  pulmonary funct ion tes ts  such
as FEV1 are affected (14). Histopathological
s tud ies  have  prov ided  ev idence  tha t  the
smal l  a i rways  a re  the  s i t e  o f  damage  in
people l iving in areas of high air  pollution
(18) .  An  in te res t ing  observa t ion  in  the
present  s tudy is  the  fa i lure  to  demonstra te
smoking  as  an  independent  var iab le
responsible for the reduction in FEF25-75. This
is more so since it is a well-documented fact
that  c igaret te  smokers  show a reduct ion in
the FEF25-75 as one of the earliest changes in
lung funct ion (19).  These f indings seem to
suggest that there may be no additive effects
of smoking, inhaled fuel vapour and outdoor
air  pol lutants  on small  a irway dysfunct ion.
However ,  i t  would  be  prudent  to  in te rpre t
the results of statistical analysis with caution
in this case since the sample size studied is
smal l .

The use of PEF to assess the functional
s ta tus  o f  the  a i rways  fo l lowing  any
occupa t iona l  exposure  mus t  be  t aken  wi th
cau t ion .  This  f low ra te  i s  h igh ly  e f for t
dependent and within-subject variabili ty has
been  documented .  I t s  use  to  assess  the
ef fec t s  o f  occupa t iona l  exposure  on  lung
func t ion  in  ep idemio log ica l  s tud ies  i s  no t
recommended (14, 19, 20). Thus the findings
of the present study, though suggestive of a
decline in the PEF with increasing duration

of  work  in  pe t ro l  s ta t ions ,  a re  no t  over
emphas ized .

The  l imi ta t ion  of  the  p resen t  s tudy  i s
the small  sample size of subjects,  which is
not ideal for cross-sectional analysis and thus
the  s ta t i s t i ca l  s ign i f icance  of  the  resu l t s
should be interpreted with caution. We were
constrained by the inability to find adequate
number of subjects with different time periods
spent working in the petrol  pumps.  Though
longitudinal follow up of subjects is the ideal
des ign  for  such  a  s tudy ,  the  t emporary
nature  of  workforce in  petrol  s ta t ions  is  a
major  l imi t ing  fac tor ,  wi th  many  sub jec t s
being lost  to  fol low up.  The present  s tudy
can be used as basis for planning longitudinal
or  c ross  sec t iona l  s tud ies  wi th  a  l a rger
sample s ize.

In conclusion, any significant decline in
the lung function with time merits attention,
despite the fact that the observed values may
still  be within the normal range, since they
ind ica te  l ike ly  morb id i ty  in  the  even t  o f
cont inuing  exposure  to  an  of fending  agent
(21,  22) .  Since most  individuals  are  l ikely
to  remain  asymptomat ic  t i l l  s ign i f ican t
pu lmonary  damage  resu l t s ,  r egu la r
moni tor ing  of  lung  func t ion  i s  des i rab le .
Smoking  should  be  d i scouraged  s ince
cessa t ion  of  smoking ha l t s  the  acce lera ted
decline in lung function that may other wise
r e s u l t .
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