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ABSTRACT
Exposure to PM2.5 dust could enter the human body through inhalation and have a
negative impact on health through the mechanism of the formation of reactive oxygen
species (ROS) in the respiratory tract, where the remaining ROS could burn cell nuclei
and produce a byproduct in the form of malondialdehyde (MDA). In addition, oxygen
radicals that could enter cells could burn DNA and produce §8-hydroxy-2'-
deoxyguanosine (8-OHdG). High levels of MDA and 8-OHdG in the body reflect high
levels of oxidative stress. Analyze sis influence on pap a ran PM 2.5 was an indication
of oxidative stress through examination of urine MDA and 8-OHdG levels in brick-
making workers in Mojokerto. Regency This type of research was observational and
analytical, with a cross-sectional approach. There was an influence of exposure to PM
2.5 dust particles on MDA and 8-OHdG levels. MDA and 8-OHdG levels in the urine
of workers at exposed locations were higher compared to workers at unexposed
locations. The oxidative stress of workers in exposed locations was higher than that of

workers in unexposed locations.
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INTRODUCTION

Globally, around 2.4 billion people are exposed to dangerous levels of household air
pollution when using polluting open fires or simple stoves for cooking using kerosene, biomass
(wood, animal waste, and crop waste), and coal (Lee & Greenstone, 2021). The combined effects
of ambient air pollution and household air pollution are linked to 7 million premature deaths
annually (WHO, 2023). In Indonesia, air pollution is becoming a concern along with the rapid
growth of the industrial sector (Avenbuan & Zelikoff, 2020). This activity makes a significant
contribution to the air pollution problem. Decreased air quality has become an increasingly real
problem in recent years, especially in large cities and in centers of industrial growth such as
Mojokerto Regency, East Java Province. The industrial profile in Mojokerto Regency until 2015
was still dominated by small industries. Several types of small industries (people's crafts) that
contributed quite a lot to the industry in Mojokerto Regency were bricks, which were the leading
industry in Mojotamping Village, Bangsal District, Mojokerto Regency (Amalia & Novianus,
2022).
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Workers in the brick-making industry are often exposed to PM2.5 4us: generated during the
production process (Burleson, 2003). PM .5 dust It has a very small size, less than 2.5
micrometers, so it can penetrate deep into the respiratory tract and reach the deepest parts of the
lungs (Caceres et al., 2020). According to Sembiring, 2020, dust smaller than 2.5 microns (PM
25) is one of the pollutants from emissions that can enter and penetrate the human respiratory
system and bind to the blood through gas exchange in the lung alveoli so that it can cause deposits
in the alveoli and result in cell damage. PM 5 qust can enter an individual's body through the
respiratory tract, reaching the upper and lower airways, including the alveoli within the lungs,
where gas exchange occurs. PM 2 5 qust can come into direct contact with lung epithelial cells. This
can trigger inflammation and induce the production of reactive oxygen species (ROS) (Xuan, Y.,
etal.,2022).

A relevant grand theory that could be applied is Ecosocial Theory, which explores how
social, economic, and environmental factors interact and impact human health. This theory
emphasizes that air pollution, including PM » 5, is not only an environmental issue but also shaped
by broader social and industrial factors, particularly in developing regions. It highlights the
importance of addressing these issues through a holistic approach, integrating environmental
health with social determinants of health to mitigate negative impacts on populations exposed to
pollution, such as brick-making workers

Oxidative stress is a condition where there is an imbalance between the production of free
radicals in the body and the body's antioxidant capacity to fight these free radicals. Exposure to
PM ;5 dust and other factors mentioned previously can increase the production of free radicals,
which can then cause oxidative stress (Nirmala, 2015).

Oxidative reactions occur because exposure to PM s causes the formation of free radicals,
such as ROS. These free radicals can damage cellular components, including lipids, proteins, and
DNA. However, ROS formation is influenced by the activity of the enzymes GPX (glutathione
peroxidase), SOD (superoxide dismutase), and catalase (Ayu, 2021). These enzymes play an
important role in regulating ROS levels in the body and help reduce the potential for cellular
damage caused by ROS. Not all ROS can be neutralized by the body. Residual ROS such as
peroxide can burn cell walls, producing a byproduct in the form of malondialdehyde (MDA).
High MDA levels reflect high levels of lipid peroxidation in cells. Meanwhile, ROS, in the form
of oxygen radicals, can enter cells and damage DNA. Oxygen radicals that enter the cell will burn
DNA (oxidative DNA), causing modifications to the deoxyguanosine nucleotide. One of the end
products of this damage is 8-hydroxy-2'-deoxyguanosine (8-OHdG), which can detect oxidative
damage (Feng et al., 2021). Damage products such as MDA and 8-OHdG can be excreted through
the kidneys and are found in urine. This increase in levels may reflect exposure to PM 1 5 qust and
the damage that occurs in the body (Liu K. et al., 2022).

Examination of malondialdehyde (MDA) and 8-hydroxydeoxyguanosine (8-OHdQG) levels
in workers' urine as indicators of oxidative stress (Gangwar et al., 2020). Malondialdehyde is a
byproduct of lipid oxidation that is a common biomarker for oxidative stress, while §-
hydroxydeoxyguanosine is a biomarker for oxidative DNA damage (Azizah, 2019).

RESEARCH METHOD

The researched would held this used typed researched and analysis observasional (Fussell
& Kelly, 2020). The research design was used cross sectional, conducted in Sumber Pandan
Hamlet, Mojotamping Village, Bangsal District, and Mojokerto Regency as exposed locations
and in Kuripan Hamlet, Jumeneng Village, Mojoanyar District, and Mojokerto Regency as non-
exposed locations. The population in this study was 20 brick-making workers in Sumber Pandan
Hamlet, Mojotamping Village, Bangsal District, and Mojokerto Regency as the exposed group
and 20 workers in Kuripan Hamlet, Jumeneng Village, Mojoanyar District, and Mojokerto
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Regency as the unexposed group (Dhingra et al., 2020). This sample used total population (Wyer
et al., 2022).
RESULTS AND DISCUSSION

Table 1. Differences in PM 25 Dust Levels between Brick Making Workers in
Exposed Locations and Workers in Unexposed Locations

. Mean elementary
Variable Group N (mg/ m3 ) school p-value
Exposed 20 2,945 5,184
US! : 2 . 2
PM 25 s Not Exposed 20 0.310 0.265 0.029

Respirable dust standard: 3 mg/m3 ‘RI Minister of Manpower Regulation number 5
0f 2018 concerning K3 Work Environment)

From Table 1, the group of workers in exposed locations had an average PM 2.5 dust level
of 2. 945 mg/m3, and the group of workers in unexposed locations had an average PM 2.5 dust
level. amounting to 0.310 mg/m3. The average PM 2.5 dust level in the exposed group was
higher than that in the non-exposed group. The group of workers at the exposed location had a
standard deviation (SD), meaning the average distribution of PM 2.5 dust levels in the group of
workers at exposed locations was 5,184, while the group of workers at unexposed locations had
an average distribution of PM 2.5 dust levels of 0.265. It shows that the variability of the group
of workers in exposed locations was higher than that of the group of workers in unexposed
locations (Gao et al., 2020).

Based on the independent sample t-test (a t-test of two independent samples), a p-value of
0.029 was obtained, meaning it was much smaller than the significance level a . = 0.05, so there
was strong evidence that there was a statistically significant difference between the averages. the
average group of workers at exposed locations and the group of workers at unexposed locations.
In other words, exposure conditions had a significant impact on the measured results,
corresponding to a higher mean and a very small p-value =0.029 (Giakoumi et al., 2009).

Table 2. Differences in MDA Levels between Brick Making Workers in Exposed
Locations and Workers in Unexposed Locations

Mean elementary
Group N (nmol/ml creatinine ) school p-value
Exposed 20 2,187 1,315
0.001
Not Exposed 20 1,106 0.455

From table 2, the group of workers at exposed locations had an average MDA level of 2,187
nmol/ml creatinine, and the group of workers at unexposed locations had an average MDA level
of 1,106 nmol/ml creatinine. The average MDA level of the exposed group was higher compared
to the unexposed group. The group of workers in exposed locations had a standard deviation (SD),
meaning that the average distribution of MDA levels in the group of workers in exposed locations
was 1. 315, while the group of workers in unexposed locations had an average distribution of
MDA levels of 0. 455. It shows that the variability of the group of workers in exposed locations
was higher than that of the group of workers in unexposed locations.

Based on the independent t-test, a p-value of 0.001 was obtained, meaning it was much
smaller than the significance level a. = 0.05, so there was strong evidence that there was a

1108  Atikah, Soedjajadi Keman, Yudied A. Mirasa



[The Effect Of Pm2.5 Dust Exposure On Mda And 8-Ohdg Urine
as an Oxidative Stress Indication Of Brick Workers in Mojokerto
Vol. 2, No. 10, 2024 District, 2024]

statistically significant difference between the average group of workers at the exposed location
and the group of workers in unexposed locations. In other words, exposure conditions had a
significant impact on the measured results, corresponding to a higher mean and a very small p-
value =0.001 (Creswell & Creswell, 2009).

Table 3. Differences in 8-OHdG Levels between Brick-Making Workers in Exposed
Locations and Workers in Unexposed Locations

Mean elementary

Group (ng/mg creatinine ) school p-value
Exposed 20 29,492 36,741
0.039
Not Exposed 20 11,405 8,812

From table 3, the group of workers at exposed locations had an average 8-OHdG level of
29,492 ng/mg creatinine, and the group of workers at unexposed locations had an average 8-
OHAJG level of 11,405 ng/mg creatinine. The average 8-OHdG level in the exposed group was
higher compared to the unexposed group. The group of workers in exposed locations had a
standard deviation (SD), meaning that the average distribution of 8-OHdG levels in the group of
workers in exposed locations was 36.741, while the group of workers in unexposed locations had
an average distribution of 8-OHdG levels of 8.812. It shows that the variability of the group of
workers in exposed locations was higher than that of the group of workers in unexposed locations.
Based on the independent samples t-test (a t-test of two independent samples), a p-value of 0.039
was obtained, meaning it was much smaller than the significance level o = 0.05, so there was
strong evidence that there was a statistically significant difference between the averages. the
average group of workers at exposed locations and the group of workers at unexposed locations.
In other words, exposure conditions had a significant impact on the measured results,
corresponding to a higher mean and a very small p-value =0.039 (Putri & Andriansyah, 2022)..

Effect Pm2.5 Dust Exposure on Mda And 8-Ohdg Levels

Table 4. Effect of PM 25 dust levels on MDA levels and 8-OHdG levels in urine
between brick-making workers at exposed locations and workers at non-exposed locations

Rate
p-value MDA levels -OHdG PM , 5 dust
Pearson MDA levels i 0,000 0.606
Rate 8-OHdG 0,000 - 0.662
PM 55 dust 0.606 0.662 -

Based on Table 4, it was known that the Pearson correlation coefficient (r) valued between
PM 2.5 dust levels and MDA levels was 0.606, meaning it shows the strength and direction of the
linear relationship between the two variables, which was positive, and the significance value (p-
value) was 0.000, meaning it was much higher. Small than the significance level a = 0.05,
indicating the correlation was statistically significant. Meanwhile, the Pearson correlation
coefficient (r) valued between PM 2.5 dust levels and 8-OHdG levels was 0.662, meaning it shows
the strength and direction of the linear relationship between two positive variables and p-value a
significance of 0. 000, meaning it was much smaller than significance level a= 0.05, indicating
the correlation was statistically significant (Alrashed et al., 2021).
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Discussion

PM2.5 dust Exposure levels have a significant influence on increasing MDA and 8-OHdG
levels. The considerable contribution of exposure to PM2.5 dust was 3.37% towards increasing
MDA levels and 87.41% towards increasing 8-OHdG levels. The microscopic size of PM2.5
increases its potential to penetrate deep into the respiratory tract. With a size of 2.5 microns,
PM2.5 can enter the circulatory system and even the brain. Short-term symptoms of exposure to
high levels of particulate matter include irritation of the throat and airways, coughing, and
difficulty breathing (Albano et al., 2022).

The MDA level in the group of workers at the exposed location was 2.1866 + 1.31478,
while the MDA level in the group of workers at the unexposed location was 1.1065 + 0.45548.
Meanwhile, the 8-OHdG level in the group of workers at exposed locations was 29.4923 +
36.74095, while the 8-OHdG level in the group of workers at unexposed locations was 11.4050
+ 8.81246. Based on this data, categories of oxidative stress levels can be created for workers at
locations exposed to PM2.5 dust as follows MDA level Average = 2.1866 and 8-OHdG level
Average =29.4923.

So the categories of oxidative stress levels:
1. Low
a. MDA level <1.5
b. 8-OHdG levels <15
2. Currently
a. MDA levels 1.5-2.5
b. 8-OHdG levels 15— 30
3. Tall
a. MDA level > 2.5
b. 8-OHdG levels > 30

In workers at exposed locations, an average MDA level of 2.1866 indicates oxidative stress
at a moderate level, and an average 8-OHdG level of 29.4923 also indicates oxidative stress at a
moderate level. Meanwhile, at unexposed locations, the average MDA level was 1.1065,
indicating low-level oxidative stress, and the average 8-OHdG level was 11.4050, also indicating
low-level oxidative stress. The combination of markers for MDA and 8-OHdG levels shows that
the group of workers at exposed locations experienced higher levels of oxidative stress, namely
at a medium level with indications towards high, than the group of workers at unexposed locations
who only experienced oxidative stress at low levels (Rovira et al., 2020).

Malondialdehyde (MDA) is the product of lipid peroxidation and is often used as a marker
of oxidative stress. Higher MDA levels indicate greater lipid damage, which is caused by
exposure to pollutants and hazardous substances in the work environment. This is following
research results that show that workers who are exposed to air pollution in their workplace, such
as dust and chemicals, tend to experience increased oxidative stress 8-hydroxy-2'-deoxyguanosine
(8-OHdQG) is a marker of DNA damage due to oxidation. Higher 8-OHdG levels indicate more
significant DNA damage, which can be caused by exposure to the same pollutant. This DNA
damage has the potential to lead to a variety of health problems, including chronic disease and
cancer (Abduh et al., 2023).

CONCLUSION
MDA and 8-OHdG levels in the urine of workers at exposed locations were higher
compared to workers at unexposed locations. The average MDA leveled in workers at exposed
locations was in the medium category, while the MDA leveled in workers at unexposed locations
was in the low category. The average 8-OHdG levels in workers at exposed locations were in the
medium category, while those in workers at unexposed locations were in the low category.
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