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Introduction: Exposure to air pollutants is a serious concern that leads to
numerous health issues. Power plants are one of the main sources of pollutant
emissions, including sulfur dioxide and nitrogen dioxide. This study aimed to
estimate the non-carcinogenic risk associated with exposure to SO, and NO; at
a power plant in northwestern Iran.

Materials and Methods: SO, and NO: concentrations in the power plant
exhaust gas and the power plant area were collected from official data
recorded during regular monitoring. The health risk of exposure to the
detected concentrations of SO, and NO, was assessed by calculating the
hazard quotient based on the estimated chronic daily intake.

Results: The analysis showed that the concentrations of SO, and NO; in the
studied area were 12.60 and 20.18 ug/m®, respectively. However, the
concentrations of the total studied pollutants in winter were 45.10% higher
than those in summer. In addition, the mean hazard quotient of exposure to
SO and NO; was calculated as 0.0369 and 0.0905, respectively. But, the use
of diesel for energy production in a power plant resulted in a 65.07% higher
non-carcinogenic risk than the use of gas as a power plant fuel.

Conclusion: Although the health risk of exposure to the studied pollutants was
not significant (HI = 0.127) in the current situation, the use of diesel
significantly increased the health risk owing to increased pollutant emissions.

Citation: Sheikhmohammadi A, Mohammadi A, Atafar Z, et al. Health Risk Assessment of Exposure to SOz and NO2
Resulting from Power Plant Fuel Change Using Monte Carlo Simulation. J Environ Health Sustain Dev. 2025; 10(4):

2870-7.

Introduction

2, Moreover, the expansion of health services and

Economic development has been dramatic in the
last century, leading to social and environmental
consequences 1. Urbanization and industrial
development are consequences of economic
development, which has led to an increase in the
demand for energy for domestic and industrial use

the rise in per capita income have significantly
contributed to population growth, which in turn has
been a crucial factor in the increased demand for
energy in recent decades.®. This situation is
significant in developing countries that compete
for economic development 4. Therefore, one of the
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main needs in the world is to provide energy for
domestic and industrial use °. Although efforts to
generate renewable and green energies have been
considered in recent decades ©, fossil fuel power
plants still have a significant share of electricity
production in developing countries 7. Therefore,
the increase in power plant units and electricity
production has led to an increase in the production
of polluting gases, including nitrogen dioxide
(NO) and sulfur dioxide (SO;), which can have
negative environmental and health consequences 8.

Air pollution, which is directly caused by
economic development and the expansion of
pollutant emission sources such as cars, industries,
and fossil fuel combustion, has increased in recent
decades and is a major health problem, as it is a
major contributor to premature mortality and
morbidity * 1% There is now abundant evidence of
the health consequences of air pollution and its
effects on various body organs . Air pollution is a
major cause or aggravating factor for many
debilitating diseases, such as lung cancer, chronic
obstructive pulmonary disease, asthma, diabetes,
stroke, cardiovascular diseases, pneumonia, and
dementia 2. The diversity of air pollutants and
their multiple effects on organs have led to air
pollution being estimated as the fourth global risk
factor for premature mortality ® 3. Awareness of
the serious consequences of air pollution has led to
the development of air pollution control methods
in recent decades, the use of which in high-income
countries has led to a reduction in air pollution °.
However, in developing countries, air pollution
exposure remains a serious concern owing to
economic and technological limitations 4. In
developing countries, power plants are one of the
most important centers of fossil fuel combustion,
which have the potential to emit pollutants such as
particulate matter (PM), SO,, and NO> &,

SO, and NO;, which are important gases emitted
from power plants, have serious health
consequences *°. SO, can cause respiratory diseases
and negatively affect lung function, which is more
severe in people with more exposure . In addition
to exposure time, the concentration of SO, also
affects the occurrence of its health consequences.

CCBY 4.0
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Considering the effect of distance from the emission
source on the concentration of the pollutant, people
living further away will face a lower health risk *'.
For example, with increasing distance to a radius of
300 m from the emission source, the risk of lung
capacity and lung function have been reported by
1.37-fold and 1.62-fold, respectively 8. NO is also
an important pollutant from power plant activity,
and its effects have been reported in the occurrence
of asthma, respiratory diseases, and cardiovascular
diseases 1* %, Exposure to NO. reduces life
expectancy and increases mortality due to
cardiovascular and respiratory diseases 2.

Iran is a developing country that has increased
the number and capacity of power plants in recent
years owing to the increasing energy demand,
which mostly uses fossil fuels. Although pollutants
such as SO and NO; are monitored regularly in
Iranian power plants, these data are not routinely
compared with national and international standards
and are the basis for decision-making. Some
previous studies have reported the risk from SO,
and NO; emissions in fossil power plants in other
parts of Iran® 22, considering the climatic variation
of Iran and the effect of climatic conditions on
pollutant concentrations, as well as the lack of risk
assessment for power plant workers, further studies
could lead to increased scientific evidence for local
policymakers to adopt risk control approaches.
Therefore, assessing the health risks from exposure
to these pollutants in proportion to the exposed
population and pollutant concentration is a
knowledge gap. This study aimed to assess the risk
of SO, and NO. emissions from a fossil fuel power
plant in northwestern Iran for plant workers and
the population living near the plant.

Materials and Methods

Study area

This study was conducted in northwestern Iran,
where pollutants emitted from a fossil fuel power
plant were analyzed. In this combined cycle power
plant, gas and diesel were used alternately in the
experiments. Cities near the studied power plant
included Khoy at 38.5455° N, 44.9590° E, and
Urmia at 37.5498° N, 45.0786° E. The populations
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of Urmia was 1040000 people and the population
of Khoy was 198000, making the total population
living near the studied power plant 1220000
people. This region has a mountainous and cold
climate with heavy snowfall. Winds blow 165 days
a year at a speed of 7-16 m/s, and the average
temperature is 9.8-10.8 °C,

Data gathering

SO and NO; concentrations in the power plant
exhaust gas and the power plant area were
collected from official data recorded during regular
monitoring. Based on the recorded sampling
characteristics, the sampling height was three
meters, and the type of fuel used by the power
plant was considered in the recorded data. The data
were obtained by monitoring the pollutants from
March 2024 to March 2025 (1403 Iranian
calendar), which included monitoring conducted in
all months. Pollutant detection was performed at 7-
day intervals, so that four values were prepared for
the studied pollutants each month.

Risk assessment

Sheikhmohammadi A, et al.

Estimating the health consequences of
exposure to air pollutants using risk assessment is
a common technique based on pollutant
concentration and exposure duration 22, In this
study, the health risks associated with exposure to
the detected concentrations of SO, and NO; were
assessed by calculating the hazard quotient (HQ).
Equation 1 was used to estimate the chronic daily
intake (CDI) & 2%, After estimating the CDI for
each pollutant, the health risk associated with
exposure to each pollutant was estimated by
calculating the HQ using Equation 2 8. Finally,
the hazard index (HI), which includes the sum of
the HQ values, was calculated using Equation 3.
The definitions and values of the parameters used
in the equations are listed in Table 1.

CXIRXEF XED

CDI == Bw @
o 2! :
Q=77 @
HI = YHQ 3)

Table 1: Details of risk assessment parameters & 22

Parameter Definition Value/Unit
CDI Chronic daily intake ug

C NO; or SO; concentration ug/m®
IR Inhalation rate 20 m®/day
EF Exposure frequency 365 day
ED Exposure duration year (30)
AT Time average period EFXED
BW Body weight 70 kg
HQ Hazard quotient -

RfD Reference dose ng /kg/day
HI Hazard index -

Results

The detected concentrations of the studied
pollutants, including SO, and NO,, are listed in
Table 2. The results showed that the average
concentration of detected NO: at the power plant
chimney outlet was 7.101 mg/m?, whereas the
average concentration of detected SO, was
10.441 mg/m3.  In addition, the detected
concentrations of NO; and SO in the power
plant area were 19.65 pg/m® and 13.23 pg/m?,

JEHSD, Vol (10), Issue (4), December 2025, 2870-7

respectively. A comparison of the concentrations
of the studied pollutants resulting from the use
of different fossil fuels in the power plant is
shown in Figure 1. The results showed that the
concentration of NO; resulting from diesel
combustion was 43.11% higher than that
resulting from gas combustion. In addition, the
concentration of emitted SO, resulting from gas
combustion was 55.41% lower than that
resulting from diesel combustion.
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Table 2: Average concentration of studied pollutants in the chimney (a) and the power plant premises (b) (pg/m®)

Health risk of SOz and NOz in power plant exhaust gas

NO:2 SO»
a b a b
Sorl 5376.38 16.98 2347.91 11.60
pring (SD=5112) (SD=1.63) (SD=1812) (SD=1.33)
Summer 7894.44 22.12 1483.61 9.25
(SD=6315) (SD=194) (SD=975) (SbD=1.1)
A 6002.50 12.78 3246.25 13.31
(SD=4938) (SD=1.03) (SD=219.3) (SD=0.95)
Winter 9131.81 26.74 34689.77 18.78
(SD=823.1) (SD=211) (SD=224.9) (SD=1.53)
Gas fuel 6747.22 16.19 2162.22 5.11
(SD=536.9) (SD=1.19) (SD=293.6) (SD=0.61)
Disel fuel 11270.15 23.7 72520.24 11.46
(SD=917.7) (SD=1.82) (SD=463.7) (SD=1.42)
Total 7079.77 20.18 7335.58 12.60
(SD=606.3) (SD=1.8) (SD=517.4) (SD=1.51)
23.7
11.46
NO2 502

mNO2 mS02

u Gas fuel m Disel fuel

Figure 1: Concentration of pollutants detected in the power plant area affected by different fuels (Lg/m?®); the horizontal
graph shows the total concentration, and the vertical graph shows the individual pollutant concentrations.

As shown in Figure 1, fuel changes affect the
concentration of pollutants emitted from power
plants; however, climate and weather conditions
can also affect the intensity of exposure to
pollutants. The results showed that the average
concentration of NO; detected in the chimney in
summer was 13.55% lower than that in winter,
whereas the concentration of NO; detected in the
power plant area was 17.27% lower in summer
than in winter. In addition, the concentration of
SO, detected in the chimney and power plant area
was 23.4 times and 50.74% lower in summer than
in winter, respectively. The results of the non-
carcinogenic risk assessment of exposure to the
mean concentrations of SO, and NO; are shown
in Table 3. This assessment was based on
monthly average data detected in the power
plant's internal premises and aimed to assess the

CCBY 4.0

risk for power-plant workers. Therefore, the
concentration of pollutants resulting from the
current situation of alternating diesel and gas use
was used for risk assessment. The results showed
that the HQ values due to exposure to SO, and
NO. were 3.69E-02 and 9.05E-02, respectively.
The results of the HQ assessment for NO; and
SO,, the pollutants considered in this study, are
shown in Figures 2 and 3. The results showed that

the HI resulting from exposure to the studied 2813
) 4

pollutants was 2.32E-01.

Table 3: Assessed risk based on average data

NO2 SO2
CDI 1.81 1.11
HQ 9.05E-02 3.69E-02
HI 1.27E-01
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Figure 2: Calculated HQ associated with NO2 exposure by Monte Carlo simulation.

1.000 Trials Frequency View 583 Displayed
HQ-S02
/]
&0
0.06
50
0.05
40 T
- =
2 o004 %,
=
2 30 g
2 00
o
20
0.02 5% = 6.08E-2
IMean = 3.65E-2
Certainty Max = 3.28E-2 10
oo Certainty Min = 3.10E-2
Certainty = 7.41% 0
0.00 |5 . " T T T
1.00E-2 2.00E-2 3.00E-2 4.00E-2 5.00E-2 6.00E-2 T.00E-2

P 31082 |

—

4 [3.28e2 |

Figure 3: Calculated HQ associated with SO2 exposure using Monte Carlo simulation.

Discussion

Although SO, and NO; emissions from
electricity generation in power plants have been
reported in many previous studies °, the
concentration of emitted pollutants is affected by
various factors, including the fuel type &
Nurhisanah and Hasyim. (2021) reported the SO.
concentration from power plant activity in
Indonesia as 0.085 mg/m® & Wang et al. 2012
studied the pollutants emitted from power plant in
China and reported the NO; concentration by 9.58

JEHSD, Vol (10), Issue (4), December 2025, 2870-7

Tg in 2007 24 Therefore, different concentrations
of pollutants, including SO, and NO;, have been
emitted from power plants. The power generation
technology in the power plant and pollutant control
equipment have a significant impact on the
concentration of the emitted pollutant 2%, which
could be one of the important reasons for the
different reported concentrations. In addition, as
the results of this study showed, the type of fuel
can cause changes in the concentration of
pollutants emitted from power plants. For example,

CCBY 4.0
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Alavi et al. (2017) reported a difference in the SO
concentration emitted from a power plant owing to
the use of different fuels, including gas and diesel,
by 15.

Differences in the concentrations of pollutants
emitted from power plants have also been reported
in other studies. Two studies in Taiwan and China
showed that the concentrations of pollutants
resulting from power plant activities, including
SO, and NO;, were higher in the cold than in the
warm season. Zhang et al. (2021) reported the SO,
concentration resulting from the operation of a
power plant in China as 25.74 ug/m® and 15.63
pug/m® in  winter and summer, respectively,
indicating a 39.2% difference in seasonal variation
%, In addition, increasing the distance from the
power plant will cause a decrease in the pollutant
concentration, such that the concentration of NO-
detected at a distance of more than 4.7 km from the
studied power plant in Taiwan decreased by 21%
17

The health consequences of exposure to air
pollutants are a serious concern, the severity of
which depends on pollutant concentration,
exposure duration, and physical characteristics 2.
In recent years, the development of techniques for
assessing the carcinogenic and non-carcinogenic
risks associated with air pollutants has provided a
method for ranking the severity of the
consequences of air pollution ?’. The difference in
the calculated risk for the studied pollutants is due
to the difference in pollutant concentrations and
the difference in the reference dose associated with
each pollutant 8 However, differences in exposure
time and individual characteristics can also affect
the level of risk associated with a pollutant.
According to Fouladi-Fard et al. (2025), the
concentration of NO2 emitted from a power plant
in Iran was reported as 4.19, and the associated
Hazard Quotient (HQ) was calculated to be
0.03.Also, in a study in China, the HQ resulting
from exposure to 0.085 mg/m? of SO emitted from
a power plant was reported to be 0.0959 8,

Considering the range of variables affecting the
non-carcinogenic risk of exposure to air pollutants,
risk assessment using Monte Carlo simulation can

CCBY 4.0
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provide more accurate results than risk assessment
based on the average of the data 28. Considering
that an HI higher than 1 indicates a significant
health risk 8, it can be concluded that the studied
pollutants did not pose a significant health risk
considering individual characteristics and the
exposure time in the current situation. These
results are comparable to the risks assessed in
previous studies. Fouladi-Fard et al. (2025),
reported the HI resulting from exposure to SO, and
NOx emitted from a power plant in Iran was
reported by 0.69 8. The difference in fuel type has
an important effect on the concentration of emitted
pollutants, including SOz and NO., which could be
an important factor in the difference in the
calculated HI in different studies 18 2228,

The results showed that the use of diesel in the
power plant led to an increase in the concentrations
of SO, and NO; by 55.41% and 43.11%,
respectively. Therefore, reducing the proportion of
diesel used in power plants is suggested to reduce
the health risks of exposure to emitted pollutants
from power plants. Although the health risk
calculated in this study was not significant (HI less
than 1), reducing the exposure time by reducing
working hours can reduce the health risk. This
study had both strengths and limitations. The use
of Monte Carlo simulation to assess health risks,
which led to more accurate results, was a strength
of this study. However, assessing the risk for the
population beyond the power plant site was a
limitation of this study, which could be considered
in future studies.

Conclusion

The concentrations of SO, and NO; resulting
from the operation of a power plant in northwestern
Iran were studied, and the associated health risks
were assessed. The results showed that the average
concentrations of SO, and NO, were 12.60 and
20.18 pg/m®, respectively. The type of power plant
fuel was effective in the concentration of emitted
pollutants, such that the total of emitted SO, and
NO, when using diesel and gas as power plant fuel
was 35.16 and 21.30 ug/m® respectively. The HQ
resulting from exposure to SO, and NO, was
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estimated to be 6.08E-02 and 1.71E-01,
respectively, for the children. Considering the HI
less than 1 (2.32E-01), the health risk resulting from
exposure to the detected concentrations was not
significant. However, the effect of using diesel as a
power plant fuel regarding the sharp increase in
pollutant concentrations (65.07%) was important.
Therefore, reducing the use of diesel in power plants
should be considered in future studies. In addition,
the increase in pollutant concentrations in the cold
season could be due to the increased use of diesel
and atmospheric conditions such as inversion.
Therefore, when using diesel as a power plant fuel
in the cold season, the regular use of personal
protective equipment is necessary.
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