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Abstract
Urinary glutathione levels are known to be an early indicator of oxidative stress in travelers. This study analyzed the association between particulate matter
(PM2.5) exposure on the road and urine glutathione levels in Jakarta’s microbus drivers. This cross-sectional study involved 96 microbuses (one of Jakarta’s
public transportations) drivers of nine routes in Kampung Melayu Bus Station, Jakarta, Indonesia. An anthropometric assessment and a structured question-
naire were employed. Along with the participants driving on the road, real-time personal equipment measuring PM2.5 exposure concentrations was used. Total
glutathione levels were measured using a colorimetric method. A correlation test and linear regression analysis were used to examine the effect of PM2.5 ex-
posure on total glutathione levels. The average PM2.5 exposure concentration was 90.9±1.8 µg/m3, with a maximum concentration of 114.7 µg/m3. The av-
erage urinary glutathione level was 1.3±0.5 µM. The regression analysis showed that PM2.5 was associated with urinary glutathione levels after controlling
for body mass index and smoking status. To concluded, the drivers experienced exposure to an extremely high level of PM2.5 that could influence the glu-
tathione levels.
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Introduction
Particulate matter (PM) is a type of air pollution that

is hazardous to human health. When inhaled, PM parti-
cles penetrate deep into the respiratory system (alveoli)
and move to organs outside the lungs, including the cen-
tral nervous system, due to their small size (2.5 µm or
less). PM2.5 can act as an initiator in producing reactive
oxygen species (ROS).1 It can reduce the activity of the
enzyme glutathione peroxidase, resulting in oxidative
stress, which is defined as an imbalance of ROS and an-
tioxidant enzymes in the body, causing damage to tissue,
proteins, deoxyribonucleic acid (DNA), and fats, all of
which contribute to the occurrence of diseases in humans
such as cancer, asthma, arteriosclerosis, and respiratory
disease.2,3 Glutathione (GSH) is a secondary antioxidant
that prevents chain reactions by collecting free radicals,
and ROS plays a function in tissue oxidative stress pre-
vention.4,5 A Canadian study stated that a decline in GSH
was linked to a 12% increase in lung cancer fatalities.6
When oxidant defenses are insufficient, tiny particles
cause an inflammatory and cytotoxic response in the hu-
man lung, as well as systemic inflammation and throm-

bosis. Pollutant effects on the airways (indirect pathway)
or direct systemic transport of pollutant compounds fol-
lowing deposition in the lungs might cause systemic ox-
idative stress and inflammation.7

The yearly averages of PM10 (82 µg/m3) and PM2.5
(45 µg/m3) in Jakarta,8 are significantly higher than the
World Health Organization (WHO) guidelines,9 of 15
µg/m3 and 5 µg/m3, respectively. In 2017 and 2018,
there were 198 days and 196 days of poor air quality,
res pectively.10,11 A previous study stated that the trans-
portation sector was responsible for around 80% of air
pollution in metropolitan areas.12 Public transportation
drivers on the road for lengthy periods are exposed to
high levels of PM2.5, which can cause health concerns.13

A previous study on microbus drivers in Kampung
Melayu Bus Station showed a decrease in lung function
at 30.7%, with obstructive pulmonary disorders at
9.7%.14 Kampung Melayu Bus Station is a city terminal
in East Jakarta Municipality, the Special Capital Region
of Jakarta, Indonesia, that serves 23 transportation
routes, including large, medium, and microbuses; nine of
which are microbus routes that depart and reenter the
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terminal: M01, M01A, M02, M18, M26, M27, M28,
M31, and M32. This study aimed to determine whether
there was an association between PM2.5 exposure and
lower urine GSH levels in Jakarta microbus drivers.

Method
A cross-sectional design was used to evaluate urine

GSH levels of 96 microbus drivers as well as ambient
PM2.5 personal concentrations on nine microbus routes
departing from and returning to Kampung Melayu Bus
Station, M01 (14.4 km), M01A (18.4 km), M02 (20.8
km), M18 (25.8 km), M26 (34.6 km), M27 (15.6 km),
M28 (28.2 km), M31 (30 km), and M32 (24.8 km). A
sampling design for the correlation test was implemented
to calculate the sample size. The participants in this study
were selected randomly from nine microbus routes.
Measurements were made on individual data and length
of exposure. Individual data consisted of age, body mass
index (BMI), smoking status, alcohol consumption sta-
tus, and supplement intake status. The length of PM2.5
exposure consisted of working experience (year) and
working hours. Individual data were gathered through
individual interviews and observations using a modified
questionnaire adapted from prior studies.15,16 Anthropo -
metry was used to determine body weight and height.
The round trip distance in kilometers for each transporta-
tion route was collected from the data presented on
Google Maps.

PM2.5 levels were measured using real-time Air Visual
Pro Monitoring equipment with a one-minute interval for
each round of the route. A 5-mL urine sample was col-

lected from each participant and analyzed following the
enzymatic recycling test method as stated in the manu-
facturer’s instructions using the Glutathione Assay
(Colorimetric) Kit (Cat. # 786-075, G-Bioscience Geno
Technology, Inc., USA). Data were analyzed by univari-
ate, bivariate, and multivariate analyses. The BMI, smok-
ing, alcohol consumption, and supplement intake status
were analyzed univariately. Pearson’s correlation and lin-
ear regression were applied to examine the relationship
between variables and the effect of PM2.5 exposure on
total GSH levels after other factors were taken into ac-
count. The p-value was <0.05 with 95% CI. The data
were presented as a boxplot showing the average distri-
bution of PM2.5 concentrations on nine microbus routes.
The correlation of independent variables (PM2.5 concen-
tration, age, working experience, working hours, BMI,
smoking status, alcohol consumption status, and supple-
ment intake) to total GSH was also presented in tables.

Result
The participants’ PM2.5 concentrations while driving

and urine GSH levels were successfully obtained. Mean
PM2.5 levels varied from 51.10 µg/m3 to 119.95 µg/m3,
with an average of 90.85 µg/m3 (95% CI = 87.14–94.56
µg/m3). The data revealed that the microbus M28 route
had the highest PM2.5 concentration (average 114.8
g/m3) of the nine routes studied (Figure 1). Microbus
M31 (30 km) has the longest round trip mileage among
the nine routes, while Microbus M01 (14.4 km) has the
shortest. The average urine GSH level was likewise de-
termined to be 1.29 µM, with a range of 0.5–3.16 µM

Figure 1. The Average PM2.5 Concentration by Transportation Route
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(95% CI = 1.19–1.39 µM), and 39.6% of participants
had GSH levels above the normal. Most individuals
(63.5%) were smokers, with almost half (50.8%) smok-
ing 10–20 cigarettes daily. More than a third of partici-
pants (34.4%) were overweight, 14.6% drank alcohol,
and 17.7% took supplements or antioxidants (Table 1).
The average age of the participants was 44.7 years, with
an average of 16.9 years of work experience and 9.1
hours of work routine.

The statistical association between PM2.5 levels and
GSH levels had a low power (r = 0.21) and a negative
trend. This result suggested that rising PM2.5 concentra-
tions were accompanied by lower GSH levels (R2 =
0.04). Age, work experience, and working hours had a
weak relationship with GSH levels (r = 0.09, 0.13, and
0.08, respectively) (Table 2).

There were no statistically significant relationships be-
tween GSH levels and BMI, smoking status, alcohol con-
sumption status, or supplement intake (p-values = 0.07,
0.51, 0.74, and 0.23) (Table 3). After controlling for BMI
and smoking status in an inverse relationship, the regres-
sion model revealed a 9.2% influence of PM2.5 exposure
on GSH levels. In other words, the lower the GSH level,
the higher the PM2.5 concentration (Table 4).

Discussion
The PM2.5 concentrations on all microbus roundtrip

routes to Kampung Melayu Bus Station exceeded the na-

tional air quality threshold of 55 µg/m3 daily exposure,17

and were found to be six times higher than the WHO
2021 daily PM2.5 concentration recommendation (15
µg/m3).9 About 80% of air pollution in metropolitan ar-
eas is influenced by the transportation sector.12 In the
long term, exposure to PM2.5 in air pollution will affect
the health of public transport drivers.13 Traveling by
public transportation exposes people to extremely high
PM2.5 concentrations, with a median of 119 µg/m3(IQR
= 104–122 µg/m3).18 Similar risks were observed in
2017 in the Republic Democratic of Congo, where the
average PPM2.5 concentration on the highway was
94.72±27.49 µg/m3, and in India, where the average
PM2.5 concentration on the highway was 72.13
mg/m3.19,20

In this study, the high PM2.5 concentration could be
influenced by the number of vehicles on the road. The
data from Statistics Indonesia in 2019 showed that the
number of vehicles in Jakarta was the second highest in

Table 1. Characteristics of the Participants

Variable                                      Category                             n = 96          %

Body mass index                         >25 (overweight)                    33           34.4
                                            ≤25 (not overweight)             63           65.6
Smoking status                           Smoking                                 61           63.5
                                                  Nonsmoking                           35           36.5
Alcohol consumption status        Yes                                         14           14.6
                                                  No                                          82           85.4
Supplement intake status            Yes                                         17           17.7
                                                  No                                          79           82.3

Table 2. The Association of PM2.5 Concentration, Age, Working Experience, 
              and Working Hours to Glutathione Levels

Variable                                            r                          R2                   p-value

PM2.5 concentration                     -0.208                    0.043                   0.042
Age                                                0.099                      0.01                   0.338
Working experience                       0.130                    0.017                   0.206
Working hours                               0.075                    0.006                   0.465

Table 3. The Association of Body Mass Index, Smoking Status, Alcohol Consumption, and Supplement Intake with 
             Glutathione Levels

Variable                                      Category                             Mean            SD         Mean diff.           p-value           95% CI

Body mass index                         >25 (overweight)                 1.43            0.58             0.20                   0.07           -0.01–0.42
                                            ≤25 (not overweight)          1.22            0.47                    
Smoking status                           Smoking                              1.32            0.56             0.07                   0.51           -0.14–0.29
                                                  Nonsmoking                        1.25            0.43                    
Alcohol consumption status        Yes                                      1.25            0.65            -0.05                   0.74           -0.35–0.25
                                                  No                                       1.30            0.49                    
Supplement intake status            Yes                                      1.43            0.49            -0.17                   0.23           -0.44–0.11
                                                  No                                       1.26            0.61                    

Notes: SD = Standard Deviation, CI = Confidence Interval

Table 4. Regression Model of Concentration of  PM2.5, Body Mass Index, and 
              Smoking Status

Variable                               Coeff. b              p-value               r                  R2

PM2.5 concentration              -0.006                0.026             0.303           0.092
Body mass index                    -0.222                0.043                                          
Smoking status                      -0.098                0.362                                          

Sidebang, et al. Oxidative Stress Levels of Fine Particulate Matter (PM2.5) and Urinary Glutathione of Microbus Drivers
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Indonesia, thus it is necessary to reduce the number of
vehicles on the road drastically.21 The entry of PM2.5 re-
sulting from the combustion of material transportation
fuel and road ash into the microbus will be influenced by
the situation of public transportation with an always-
open passenger door, as well as the opening of passenger
and driver windows. Participants with GSH levels less
than or equal to the average were found to be greater
than those with GSH levels beyond the typical means,
according to this study. Compared to GSH levels in peo-
ple continually exposed to mercury in the village of Lebak
Situ Village, Lebak District, Banten Province,16 the re-
sults of this study were lower.

GSH levels in autistic children were shown to be low-
er than those who have not, which was exacerbated by
an oxidative stress-inducing environment.22 The GSH is
an antioxidant in response to environmental exposure by
lowering its concentration, interfering with immune cell
function regulation, and causing failure to combat
ROS.23 Antioxidant enzymes (such as glutathione per-
oxidase/GPx) play a critical function in the cell’s oxida-
tive stress defense mechanism. According to Brucker’s
study, the GPx enzyme activity was statistically lower in
taxi drivers than in the control group.24

The negative connection between PM2.5 concentra-
tion and GSH levels found in this study suggested that
high PM2.5 exposure from microbus drivers lowers GSH
levels in the body. The finding was consistent with the
previous study, which demonstrated that air pollution
lowers antioxidant activity in the body.25 The GSH helps
protect the body from oxidative damage caused by ROS
produced by the body’s metabolism when PM2.5 is
breathed into the alveoli,25 and it can react with ROS in
a nonenzymatic way. GSH is the major nonenzymatic an-
tioxidant effective in protecting cells against reactive oxy-
gen products and toxins, and GSH is involved in respons-
es to various stresses. GPx uses GSH as an electron
donor to reduce organic hydroperoxides, decreasing the
amount of GSH in the body and thereby causing oxida-
tive stress.26

Although this study included a higher proportion of
smokers, no association between smoking and GSH le -
vels were observed. The results differed from a previous
study which found a decrease in glutathione S-transferase
and glutathione peroxidase antioxidant activity in smok-
ers compared to nonsmokers.27,28 Adult male smokers
produce more ROS than nonsmokers and those who
have stopped smoking, resulting in lower GSH levels in
smokers.25 The non-significant association discovered in
this study could be influenced by glutathione reductase
activity, which is favorably correlated with smoking ex-
posure. A study by Kamceva, et al., showed a significant
difference in the activity of GPx among active smokers
and nonsmokers. The number of cigarettes smoked is es-

sential in increasing oxidative damage and reducing an-
tioxidant defense.28

All participants’ characteristics, such as BMI, alcohol
consumption, and supplement intake, had no significant
relationship with their GSH levels. However, certain epi-
demiological and clinical investigations have discovered
an association between obesity and oxidative stress, as
measured by various biomarkers.29,30 A previous study
has found a positive linear relationship between obesity
and oxidative stress.31 Compared to BMI classifications
of overweight and obese, people with normal and low
BMI are less likely to have lipid peroxidation due to ox-
idative stress.31 Although the drivers’ BMIs were not
overweight, their sedentary lives, lack of physical activity,
and irregular eating patterns endangered their health.
This study’s finding supports a previous study that found
no association between age and GSH levels in mercury-
exposed employees.16 The findings of this study, how -
ever, were inversely related to Venkateshappa’s study,
finding that GSH levels decreased with age. This condi-
tion indicates that the capacity for detoxification in cells
decreases as humans age.32

A study in South Korea has linked elevated levels of
the liver enzyme g-glutamyltranspeptidase (g-GTP) to an
increase in PM2.5 pollutant concentrations.33 The levels
of g-GTP are influenced by PM2.5 concentrations, which
are higher in participants who drank alcohol once a week
than those who did not. Elevated liver enzymes have been
linked to an increased risk of cardiovascular disease,
metabolic diseases, and diabetes.33 A study in Turkey
shows that GSH levels were significant in patients with
type 2 diabetes mellitus (p-value<0.005).34 This conflict-
ing conclusion could be influenced by the number of
drivers who did not consume alcohol which was higher
than the number of drivers who did. Data on alcohol in-
take gathered through direct interviews with participants
was deemed a taboo topic for discussion because of the
negative stigma connected with it, such as being associ-
ated with sin. As a result, participants’ unwillingness to
further discuss this topic was this study’s shortcoming.

Drivers’ work experiences showed no significant re-
lationship with GSH levels. This finding differed from a
previous study by Tan, et al., showing that an increase in
the work time of traffic police officers by one hour per
day for one year was associated with a decrease in GSH
level.4 According to a study by Ledda, et al., there was a
negative association between total GSH and pesticide ex-
posure in agricultural workers after pesticide exposure.
Total GSH levels were lower in workers exposed to pes-
ticides, with an exposure duration of 3.7±1.4 hours/day,
compared to organic farmers who were not exposed to
pesticides.35 According to this study’s result, the average
working experience of participants, was expected to be
long, and PM2.5 exposure was likely to be chronic.

Kesmas: Jurnal Kesehatan Masyarakat Nasional (National Public Health Journal). 2023; 18 (1): 9-15
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However, the findings showed that tenure positively cor-
relates with GSH levels. This was most likely because the
participants were generally in their 40s, had no record of
chronic diseases, and lived a non-alcoholic lifestyle. As a
result, antioxidants in the body could respond to envi-
ronmental exposure without being influenced by long
working hours. 

This study had several strengths in terms of objectives
and data collection. A study examining the effect of
PM2.5 exposure on oxidative stress conditions with total
GSH biomarkers conducted in Indonesia is still relatively
few, especially using urine samples. Data collection using
urine biomarkers, which is non-invasive sampling, mini-
mizes the use of tools that contain organic/metal and
minimizes the artificial formation of oxidative damage to
the molecules in the sample. Furthermore, urinary levels
of biomarkers provide a graded index of redox balance
over time compared to blood levels.36 In contrast, similar
studies often use serum or plasma for total GSH testing
(invasive testing).37-39 The PM2.5 concentration data
were collected by following the driver along the trans-
portation route departing and returning to the terminal,
providing an overview of the PM2.5 exposure drivers al-
ways receive during their activities. Total GSH analysis
was carried out by experienced laboratory assistants in
trusted educational laboratories. In this study, the total
GSH value obtained was very good, as indicated by opti-
mizing the linear sample with the total GSH standard
curve (R2 = 0.9946).40

The limitations of this study were time constraints
that made it impossible to use a cohort or case-control
design to prove a cause–effect relationship between vari-
ables in assessing PM2.5 exposure and total GSH levels
in the driver’s urine. It is recommended to reduce the
time spent on the road and the number of vehicles on the
road to reduce PM2.5 exposure to the drivers. Further
study for analyzing the cause–effect relationship between
PM2.5 exposure concentration and GSH level by imple-
menting a cohort design will provide insight into the find-
ing. 

Conclusion
Microbus, a public transportation in Jakarta,

Indonesia, drivers are exposed to extremely high PM2.5
levels along every nine routes, resulting in GSH levels of
0.5–3.16 µM. On-the-road PM2.5 personal exposure in-
fluences the GSH levels of microbus drivers after con-
trolling for BMI and smoking status. The higher the
PM2.5 exposure concentration on the road, the lower the
GSH levels among those exposed to PM2.5 for a long
time. PM2.5 exposure can harm the health of microbus
drivers by causing oxidative stress and a drop in urine
GSH levels. This study suggests that the time spent on
the road and the number of vehicles on the road should

be drastically reduced. Further study for analyzing the
cause–effect relationship between PM2.5 exposure con-
centration and GSH level by implementing a cohort de-
sign will clarify the finding.
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