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Objective  Studies on the association of air pollution and oral and dental health status are limited. This study was aimed to evaluate salivary 
enzymes and oral lesions among gas station workers compared to nearby shopkeepers, in relation to air pollution.
Methods  In this study, we compared the level of total antioxidant capacity, superoxide dismutase and glutathione peroxidase in the saliva 
and oral lesions between gas station workers and shopkeepers. Fifty-two participants including 26 gas station workers and 26 shopkeepers 
were evaluated. These participants had at least 1 year of working experience and worked for 5 days a week. The inclusion criteria for the 
two groups were as follows: Absence of systemic diseases, no history of using immunosuppressive medications or oral spray, no history of 
radiotherapy or chemotherapy, absence of xerostomia and age range of 20–60 years. Shopkeepers were recruited from the nearby shops 
(less than 1 km distance from the gas stations). Saliva samples were collected from all 52 participants and evaluated.
Results  The mean age was 33.08 ± 8.82 years for the gas station workers and 34.19 ± 12.28 years for the shopkeepers. The mean work 
experience was 8.38 ± 6.25 years and 8.38 ± 9.17 years for the gas station workers and shopkeepers, respectively. Level of salivary enzymes 
were not different between the two groups. No difference was observed about oral lesions among the two groups.
Conclusion  This study showed that no difference existed between gas station workers and nearby shopkeepers regarding salivary enzymes 
and the appearance of oral lesions. Further studies are required to assess the effect of environmental pollutants on the saliva.
Keywords  Total antioxidant capacity, superoxide dismutase, glutathione peroxidase, oral lesions, air pollution.

Introduction
Air pollution can have hazardous effects on human health. It 
negatively affects the nervous, respiratory, cardiovascular, 
renal, gastrointestinal system, pregnancy and cell function. 
According to recent statistics, about 3 million people lose their 
life annually due to air pollution, 90% of which, live in devel-
oped countries.1

Environmental and occupational factors play an impor-
tant role in health status of individuals. Occupational and 
environmental exposures may be related to disease symptoms. 
Environmental exposures in a specific patient may necessitate 
some interventions to prevent future side effects and minimize 
the risk of occupational diseases.2 Environmental lead con-
tamination is a global health dilemma. Lead is one of the most 
important environmental pollutants.3–5 It is mainly produced 
by the exhaustion of fossil fuels. Extensive use of lead in indus-
tries has resulted in air pollution and water and food contam-
ination. Thus, the serum and salivary level of lead and its 
accumulation in different tissues in the human body have sig-
nificantly increased in the recent years.6 As mentioned earlier, 
long-term deposition of lead in hard tissues is much higher 
than that in soft tissues.7 Heavy metals such as lead and cad-
mium have no physiological activity and are toxic even in low 
concentrations.8 Some studies have shown that dental hard 

tissue can uptake and store lead and other heavy metals from 
the environment.

Dental hard tissue can become carious or may undergo 
abrasion, erosion or attrition. In the recent years, many studies 
have evaluated the effect of heavy metals on dental caries. 
Moreover, some authors believe that acidic vapors can cause 
non-carious dental lesions. Extensive dental problems can 
compromise the quality of mastication, mental power and 
work quality and result in gastrointestinal and other systemic 
problems. They can also cause serious economic and social 
problems.9

Antioxidants play an important role in inhibition of syn-
thesis of reactive oxygen species such as O2, H2O2 and alkyl 
peroxyl and repairing the damage caused by their activity.10 
The oral cavity is the main route of entry of foods, drinks and 
inhalation substances. Saliva is the first protective barrier 
against environmental factors. Saliva possesses many protec-
tive mechanisms such as secretory immunoglobulin A, enzy-
matic-protein defense system, histatins, lysozyme and 
lactoferrin. The salivary antioxidant system is another defense 
mechanism of the saliva that includes uric acid, superoxide 
dismutase (SOD), total antioxidant capacity (TAC) and glu-
tathione peroxidase (GPX).10 Antioxidants comprise a great 
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portion of our nutritional regimen. These antioxidants along 
with intracellular antioxidants and the enzymatic system pro-
tect the human body against inflammation, infections and 
tumoral processes.11

Tabrizizadeh et al.12 showed that lead can cause acute and 
chronic toxicity with a wide range of oral and systemic mani-
festations. They evaluated mine workers and workers of a tex-
tile company in Yazd city and reported that the observed signs 
and symptoms were not related to systemic intoxication with 
lead. Instead, they were most probably due to direct exposure 
of oral mucosa to lead during respiration. Those occupation-
ally exposed to lead vapor show gingival margin pigmenta-
tion, a blue line along the gingival margin due to deposition of 
lead sulfide as the result of the activity of bacteria in the gin-
gival sulcus, grayish areas on the buccal and tongue mucosa, 
decreased salivary flow, periodontal disease, metallic taste in 
the mouth, and tongue tremor when compressed.12

Winkler et al.13 evaluated and compared mine workers 
working at two different depths in a coal mine and found no 
significant difference in the saliva of the two groups. However, 
they proved that excessive contamination of soil in the working 
environment decreased the saliva flow and consequently 
decreased the salivary level of antioxidants.13

Air pollution adversely affects the human health. On the 
other hand, no previous study has evaluated the effect of air 
pollution on. Thus, we aimed to assess oral lesions and level of 
TAC, SOD and GPX in the saliva and compared them between 
gas station workers and nearby shopkeepers.

Materials and Methods
Study population
This study was conducted on 52 individuals out of which, 26 
were gas station workers and 26 were shopkeepers. All partic-
ipants signed written informed consent forms prior to partici-
pation in the study. Gas station workers were chosen from 
three gas stations in Tehran city and had a minimum of 1 year 
of work experience in gas station and work for 5 days a week. 
The inclusion criteria for the two groups were as follows:

Absence of systemic diseases, no history of using immu-
nosuppressive medications or oral spray, no history of radio-
therapy or chemotherapy, absence of xerostomia and age range 
of 20–60 years. Shopkeepers were recruited from the nearby 
shops (less than 1 km distance from the gas stations).

Sample size calculation
The following equation was used to calculate the sample size 
for the comparison of TAC, SOD and GPX salivary levels 
between the two groups:
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The standard deviation for the level of TAC, SOD and 
GPX was calculated to be 0.13 according to Ceretti et al.14 
Minimum sample size was calculated to be 26 in each group to 
compare a difference with a magnitude of 0.1.

Data collection
1.	� Data were collected through clinical examination 

and mucosal status. The results of laboratory tests 
were also recorded.

2.	� Spectrophotometry and chromatography were used 
for the assessment of TAC, SOD and GPX.

3.	� Disposable dental mirrors and dental explorers were 
used for clinical examination. Also, 15 ml falcon 
tubes were used for saliva collection.

Saliva collection
Patients were instructed to spit into falcon tubes when 
comfortably seated straight to collect unstimulated saliva. 
They were requested to spit into the tubes until 5 mm of the 
tube was filled with saliva. The tubes were then capped, placed 
on dry ice and stored at −20°C. Using saliva kits, the salivary 
level of the three enzymes was measured.

Oral lesions
Oral mucosa was evaluated with a dental mirror and a  
spotlight to determine presence/absence of lichen planus, 
white and red lesions, ulcers, or aphthous lesions. The history 
of aphthous lesions was also evaluated.

Ethical considerations
This study was conducted on patients who signed written 
informed consent forms. The study was approved in the ethics 
committee of Tehran University of Medical Sciences, Interna-
tional Campus (IR.TUMS VCR.REC.1395.1252).

Results
A total of 26 gas station workers and 26 shopkeepers were 
evaluated in this study. The mean age was 33.08 ± 8.82 years 
for the gas station workers and 34.19 ± 12.28 years for the 
shopkeepers. The mean work experience was 8.38 ± 6.25 and 
8.38 ± 9.17 years for the gas station workers and shopkeepers, 
respectively. The difference in this regard was not significant 
between the two groups (Table 1).

Assessment and comparison of TAC, SOD and GPX sali-
vary levels between the two groups are shown in Table 2. Com-
parisons were made using t-test. The difference between the 
two groups was not significant in any of these values (P > 0.05, 
Table 2).

Oral lesions were also compared between the two groups. 
The results revealed that 7.7% of shopkeepers had oral lesions 
while no gas station worker had oral lesions. However, this dif-
ference was not statistically significant between the two 
groups (P > 0.05, Table 3).

Discussion
By the growing population, number of motor vehicles has sig-
nificantly increased. Also, by the increase in industries and 
factories, demand for fossil fuels has increased, resulting in 
significant and irreparable environmental destruction. This 
also has resulted in increased air pollution. Air pollution is due 

Table 1.  Demographic information of participants (n = 52)
Mean Standard 

deviation
Age Shopkeepers 34.19 12.28

Gas station workers 33.08 8.82
Work experience Shopkeepers 8.38 9.17

Gas station workers 8.38 6.25
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to the presence of solid and liquid pollutant particles as well as 
carbon dioxide, sulfur dioxide, nitrogen dioxide and ozone in 
the air. High level of pollutants in the air can cause significant 
health problems for children and the elderly and result in irre-
versible long-term health complications.1

Polluted air includes 10 µ or smaller particles, sulfur 
dioxide, nitrogen dioxide, photochemical oxidants such as 
ozone, carbon monoxide and lead.15 Ozone and solid particles 
produced by the exhaustion of motor vehicles have created 
serious public health concerns.16

Gas station workers are the true representatives of occu-
pational groups constantly exposed to gases and vapors of 
fossil fuels. This exposure has created some concerns due to 
probable long-term effects on human health.17 When entered 
into the blood stream, these materials exert their cytotoxic and 
genotoxic effects.17–19

Exposure to genotoxic materials can occur through 
environmental exposure, non-specific contamination, occu-
pational exposure or accidental industrial exposure.20 Evidence 
shows that gases produced by the exhaustion of gasoline and 
diesel are mutagenic and carcinogenic for laboratory animals 
and probably humans.21

We evaluated the level of TAC, SOD and GPX in the saliva 
and compared them between the two groups of gas station 

workers and shopkeepers. We found no significant difference 
between the two groups in this respect. However, Hallare  
et al.22 in a similar study reported that gas station workers 
compared to controls that had higher number of micronucle-
ated cells.22 Also, Santos-Mello and Cavalcante17 cytologically 
evaluated gas station workers in Brazil and reported a signifi-
cant increase in chromosomal deletions in the metaphase in 
gas station workers (0.829%) compared to controls (0.126%).17 
Similarly, a study by Benites et al.23 showed that gas station 
workers experienced a significant increase in micronucleated 
cells. However, Fredga et al. did not notice any increase in 
number of chromosomal disorders in gas station workers in 
Sweden.23 Similar to gas station workers, police officers  
are also exposed to air pollutants. Such occupational expo-
sures may cause mutagenic damage to epithelial cells of the 
buccal mucosa.24

A previous study showed that the TAC of the saliva 
decreases by an increase in number of carious teeth and 
advanced age.25 Our study indicated no difference in level of 
antioxidants between the two groups. Thus, it may be 
concluded that the level of exposure of gas station workers to 
pollutants was not high enough to affect TAC, SOD and GPX, 
or the level of air pollution was the same up to 1 km distance 
from the gas station. Oral lesions were also evaluated in our 
study. The results showed that the two groups were not 
different in this regard.

To our knowledge, this is the first study of its kind in Iran, 
which is considered as a strength of our study. The present 
study had some limitations. It was difficult to encourage 
people to participate in the study. Also, it was hard to find ade-
quate number of eligible participants to reach the required 
sample size. We offered free dental clinical examination in 
order to persuade them to participate in the study.
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Conclusion
This study revealed no significant difference in salivary level of 
antioxidants and oral lesions between gas station workers and 
shopkeepers. Further studies are required to assess the effect of 
environmental pollution on the saliva.
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Table 2.  Level of TAC, SOD and GPX enzymes in the gas station 
workers and shopkeepers (n = 52)

Enzyme Mean Standard 
deviation

P-value

TAC Shopkeepers 9.37 6.23
0.69Gas station 

workers
9.08 5.04

SOD Shopkeepers 96.63 46.91
0.91Gas station 

workers
93.86 44.14

GPX Shopkeepers 21.74 61.57
0.59Gas station 

workers
62.04 23.80

Table 3.  Oral lesions in gas station workers and shopkeepers 
(n = 52)

Oral lesions

Present Absent

Shopkeepers 2 (7.7%) 24 (92.3%)

Gas station workers 0 26 (100%)
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