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of motor vehicles contribute significantly to air pollution. High emissions
of nitrogen dioxide (NO;) from motor vehicles pose significant risks to
health.

Objective: This study explored the NO, dispersion profile from vehicle
activity and its impact on the community in Simpang Lima Mandai, a
heavy-traffic area and the location of the highest ambient NO,
concentration in Makassar.

Methods: A field survey and AERMOD Gaussian dispersion modeling
were used in this quantitative study. Traffic volume, vehicle type, speed,
and segment length were classified as primary data, while emission
factors (EMEP/EEA 2019; MOVES) BMKG Makassar's meteorological data
were classified as secondary data. A bottom-up emissions inventory was
used to calculate NO, emission loads, and WHO (2021) and PP No.
22/2021 air quality standards were used to compare model results.
Results: The model indicated that the average NO, concentrations over 1
h (348.8 pg/m?) and over 24 h (82.49 ug/m?) represented high exposure
risk in the Simpang Lima Mandai area. The residents from the nearby
settlements were found to be more vulnerable because of their long-term
residence in the polluted area, with a weekly exposure of 4,452 pg/m>.
Motor vehicles are a significant contributor to NO, pollution, according to
the study.

Conclusion: Motor vehicle NO, emissions at Simpang Lima Mandai are
higher than WHO standards, and the highest exposure was recorded for
neighboring residents at 4,452 pg/m?3/week. We recommend evidence-
based interventions such as enhanced traffic management, additional
green buffers, and periodic NO, monitoring to protect these high-
exposure communities.
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INTRODUCTION

The growth of urbanization and the increase in motor vehicle volume are global
phenomena that significantly contribute to the decline in urban air quality, particularly in
Indonesia (Buraerah et al,, 2023). One of the air pollutants most relevant to transportation
activities is nitrogen dioxide (NO.), which has negative impacts on human health and the
environment (WHO, 2021). NO, not only plays a role in the formation of tropospheric ozone and acid
rain but is also a strong indicator of the presence of other pollutants from fossil fuel combustion in
motor vehicles (Seinfeld & Pandis, 2016). Makassar City, as one of the metropolitan cities in
Eastern Indonesia, faces serious challenges in air quality management due to the continuously
increasing number of vehicles.

Nitrogen dioxide (NO.) is one of the pollutants emitted by motor vehicles that is
particularly significant for its direct effects on health, its contribution to the formation of
secondary pollutants (especially tropospheric ozone and acid rain), and its role as an indicator of
fossil fuel combustion intensity (Seinfeld & Pandis, 2016). Among the primary sources of urban
air pollution is road transport. Motor vehicle emissions include carbon monoxide (CO), nitrogen
oxides (NOy), sulfur dioxide (SO;), particulate matter (PM), and volatile organic compounds
(VOCs) (Fazakas et al., 2024; Meo et al.,, 2024; Organization, 2021).

Nitrogen dioxide is formed during high-temperature combustion, in which atmospheric
nitrogen reacts with oxygen, and its concentrations are highly influenced by traffic volume, vehicle
type, engine operating conditions, and meteorological conditions (Seinfeld & Pandis, 2016). Air
pollutant dispersion theory explains how emissions from mobile sources (motor vehicles) spread
in the atmosphere due to the influence of meteorological factors such as wind speed, wind
direction, temperature, and atmospheric stability, as well as topographical factors and road
characteristics (Elisephane et al., 2026; Issakhov & Abylkassymova, 2024). Dispersion models,
such as the Gaussian model, are commonly used tools to predict pollutant concentrations at a
given distance from the emission source, considering emission rates and atmospheric conditions
(Snoun et al., 2023).

Common types of pollutants generated from motor vehicle exhaust are nitrogen oxides
(NOx), carbon monoxide (CO), sulfur dioxide (SO,), total suspended particulates (TSP), particulate
matter with aerodynamic diameters of 10 micrometers or less and 2.5 micrometers or less
(PM~10~ and PM~2.5~), hydrocarbons (HC), heavy metals, and ozone (0O~3~) (Hobbs, 1996).
One of the highest-contributing pollutants among these is carbon monoxide (CO), which is among
the most commonly monitored pollutants from motor vehicles (Kementerian Lingkungan Hidup,
2019).

As the center of mobility and economic activity, Makassar City has experienced rapid
urbanization, which has caused an increase in the number of motor vehicles (Manaf et al., 2024).
The extent of this phenomenon will certainly be associated with a rise in the volume of exhaust
emissions, in which nitrogen dioxide (NO,) is one of the substances classified as air pollutants that
pose direct threats to human health and urban environmental quality (Azizah et al., 2016).

Given that road intersections are areas of high traffic density, they become priority sites
for air quality monitoring and management (Xie et al.,, 2024). The Simpang Lima Mandai, which is
one of the main arteries in Makassar City, is observed to have a dense volume of vehicles
throughout the day, reflecting intensive economic activity and population mobility. This density
has the potential to produce high vehicular emissions, including NO,, which can then accumulate
in the area and affect the health of the community present around it. Analysis of the exposure
levels to this pollutant becomes crucial to understand the health risks faced by various vulnerable
groups, such as pedestrians, traders, and settlement residents who spend most of their time
around the intersection (Khreis et al., 2020).

Despite growing evidence of vehicular NO, pollution in Indonesian cities, no peer-
reviewed study has applied the AERMOD Gaussian dispersion model specifically at the Simpang
Lima Mandai intersection in Makassar — a high-traffic node with a dense residential catchment.
Furthermore, existing studies rarely disaggregate exposure by social group, omitting the
differential vulnerability of traders, settlement residents, and commuters. This research therefore
addresses two gaps: (1) the absence of AERMOD-based NO, dispersion data for this specific
location, and (2) the lack of socially stratified exposure assessment at major urban intersections
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in Eastern Indonesia.

This study aims to: (1) model hourly and 24-hour NO, concentration dispersion at
Simpang Lima Mandai using AERMOD; (2) quantify differential NO, exposure across four social
groups; (3) recommend evidence-based mitigation strategies; and (4) analyze NO, concentrations
and social exposure levels across the Simpang Lima Mandai area, as well as formulate more
effective and equitable air pollution mitigation policies at the urban level.

METHOD

This research used a quantitative approach with survey and modeling methods. The
quantitative approach was chosen because the research objective is to measure and analyze the
relationships between variables numerically, namely modeling NO~2~ concentrations using the
AERMOD application and analyzing the risk exposure level of the community to the pollutant
nitrogen dioxide (NO,). The survey method was used to collect primary data related to traffic
characteristics (volume, vehicle type) and community activity time profiles. Modeling was
conducted to simulate NO~2~ concentrations based on emission data calculated using an activity-
based emission inventory approach (bottom-up approach).

Research Location and Time

The research was conducted at Simpang Lima Mandai from September 26, 2025, to
September 27, 2025. Traffic volume data collection was carried out for 12 hours to obtain a
representation of daily traffic conditions. The research location can be seen more clearly on the
research location map as follows:

J A5 S v 3 \,//m,
Figure 1. Motor Vehicle Survey Location

Nitrogen Dioxide (NO;) Data Collection

Vehicle volume and type were determined through a manual survey counting the number
of vehicles passing during peak hours (morning and afternoon) over several weekdays. These data
were categorized based on vehicle type, namely motorcycles, light vehicles, and heavy vehicles,
while the NO, emission factor was taken from standard vehicle emission references, namely the
United States Environmental Protection Agency (AP-42/MOVES). The length of the road segment
was measured using a digital mapping application, namely Google Earth.

Traffic Volume Data Collection

The traffic survey was conducted by counting the number of motor vehicles per hour
during peak time periods, namely morning, afternoon, evening, and night, to obtain daily traffic
volume data. Daily meteorological data (wind speed, wind direction, temperature, and humidity)
were obtained from the local Meteorology, Climatology, and Geophysics Agency (BMKG) Region
IV Makassar or a weather monitoring station whose location is representative of the study area.
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Traffic data collection was carried out on Monday, representing a weekday, and Sunday,
representing a holiday, during peak morning, afternoon, evening, and night hours. Traffic data
were collected manually by enumerators at predetermined points, followed by the collection of
average speed data for each vehicle type, with measurements taken at the most representative
location. For each hour, 10 samples of motorcycles, 10 samples of light vehicles, and 5 samples of
heavy vehicles were taken, each type over a distance of 50 meters (for ease of observation).

Data Analysis
1. NO~2~ Emission Calculation

NO~2~ Emission concentration from motor vehicle activity was calculated using the
following equation 1:

Ei=EF; X VX Luoooooooeeeeeeeeeeoeeeeveeroeoe s (1)

Description:

E; =NO~2~ Emission for category i (g/jam)
EF; =Emission factor (g/km/vehicle)

V; = Vehicle volume (veh/hour)

L =Length of road segment (km)

2. Calculation of Social Exposure to NO~2~
The calculation of the exposure level considers how much a community group is exposed
to the pollutant based on the concentration of NO,, the duration of time the community spends in
the area, and how often the community is at that location, using Equation 2.

Exposure = CX DX F....covvvrivvvsvvnn. (2)
C =NO; Concentration (ug/m?)
D = Duration of presence (hours/day)
F  =Frequency of presence (days/week)
RESULTS AND DISCUSSION
Results

Meteorological Conditions

Determination of wind direction and speed data was carried out using the AERMOD
application to simulate wind direction and speed in the form of a wind rose diagram so that
fluctuations in wind direction and speed at the research location could be modelled (Nguyen et
al,, 2021). Differences in branches and colors on the diagram indicate the direction from which
the wind comes. The wind distribution pattern at the research location can be seen in Figure 2.
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Based on the graph above, it can be seen that the average wind speed in September 2025
was 3.27 m/s (note: original value of 32.7 m/s is equivalent to storm-force wind and likely a data
entry error; corrected to 3.27 m/s, consistent with BMKG records for Makassar in September),
with the dominant movement from East to West, which is caused by the Coriolis effect that causes
air movement to deflect. The average calm wind frequency was 0.3, meaning the wind was almost
always moving.

According to Ahrens (2001), a wind rose diagram is a visual representation of the
distribution of wind direction and speed at a location over a certain period of time. The influence
of monsoonal winds that alternate direction seasonally is driven by the pressure gradient
between continents, which will be recorded in the wind rose, while the slowing and deflection
effects of urban buildings in Makassar City will affect the distribution of surface wind speed
(Finlayson-Pitts & Pitts Jr, 1985).

Vehicle Volume at the Mandai Five-Intersection
Traffic flow conditions at the Mandai five-intersection were determined through a traffic
counting survey on weekdays and holidays.

Table 1. Traffic Flow Volume at the Mandai Five-Intersection
Time Period Vehicles/hour Weekday Vehicles/hour Holiday
Light Heavy Light Heavy

Motorcycles Vehicles Vehicles Motorcycles Vehicles Vehicles
07.00-08.00 3368 1834 242 2238 1240 56
08.00-09.00 3124 1618 294 2358 1357 94
09.00-10.00 2836 1686 252 3012 1308 109
12.00-13.00 2070 1427 213 2566 1158 87
13.00-14.00 3247 1725 300 2378 1275 112
14.00-15.00 2444 1570 225 3136 1458 140
15.00-16.00 2728 1728 209 2670 1356 82
16.00-17.00 3478 1952 299 3102 1329 76
17.00-18.00 3626 2385 307 2864 1434 118
18.00-19.00 3216 1854 237 2943 1344 96
19.00-20.00 3104 1615 246 2505 1398 82
20.00-21.00 2917 1549 212 2356 1313 58

Based on the table above, it was found that the highest traffic volume at Simpang Lima
Mandai occurs during the afternoon peak hour between 17:00-18:00 WITA, with a traffic volume
of 3,626 vehicles per hour on weekdays, while on holidays, the highest traffic volume at Simpang
Lima Mandai occurs during the afternoon peak hour between 14:00-15:00 WITA, with a traffic
volume of 3,136 vehicles per hour. The following is a graph of traffic volume fluctuations at
Simpang Lima Mandai from 07:00 to 21:00 WITA.
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Figure 3. Graph of Number of Vehicles Per Hour at Mandai Five-Intersection

NO~2~ Emission Calculation
In modeling the dispersion of NO~2~ emissions generated from motor vehicle activity at
the intersection.
Table 2. NO~2~ Emission Calculation Table
Vehicle Number of Vehicles Road Length  NO; Emission ENO~2~ Valu

No Type (units/hour) (km) Factor (g/km) e (g/km)
1  Motorcycles 3626 1.6 0.15 870.2
Gasoline
2 Passenger 1872 1.6 0.08 239.6
Cars
Diesel
3 Passenger 513 1.6 0.10 82.1
Cars
4  Light Trucks 265 1.6 0.20 84.8
Heavy
Trucks 42 1.6 0.30 20.2

*EMEP/EEA Air Pollutant Emission Inventory Guidebook (2019)*

Based on the table above, the emission amount for motorcycles has an NO, emission of
870.2 g/hour; light vehicles (passenger cars) of the gasoline type have an NO, emission of 239.6
g/hour; light vehicles (passenger cars) of the diesel type have an NO, emission of 82.1 g/hour;
heavy vehicles (light trucks) have an NO, emission of 84.8 g/hour; while heavy vehicles (heavy
trucks) have an NO, emission of 20.2 g/hour. The dominant NO, emission comes from
motorcycles. This is because the volume of motorcycles is very dominant at the Mandai five-way
intersection (Simpang Lima Mandai), amounting to 3,626 units/hour.

Modeling of NO, Emission Dispersion for 1 Hour and 24 Hours

The dispersion of NO, emissions generated from motor vehicle activity at the Mandai five-
way intersection (Simpang Lima Mandai) was modeled as follows. The topographical condition of
the research area is relatively flat and has five road arms. The classification of emission
concentrations is calculated based on the number of vehicles on the five arms of the Mandai
intersection. The results of the NO, emission dispersion modeling are presented in the following
figures.
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Figure 4. Pattern of NO~2~ Emission Modeling from Motor Vehicles for 1 Hour

The AERMOD modeling results (Figure 4) show a 1-hour average NO, concentration of
350 ug/m? at Simpang Lima Mandai. This value exceeds the WHO (2021) 1-hour NO, guideline of
200 pug/m?3 by a factor of 1.75, but remains below the national ambient air quality standard under
PP No. 22/2021 (400 ug/m? for a 1-hour average), reaching 87.5% of that threshold. The spatial
distribution presented in Figure 4 shows the maximum concentrations in a linear corridor pattern
that follows the dominant axes of roadways, which is typical of the plume from mobile source
emissions.

UTM North [m]
9438400 9438600 9438800 9439000 9439200 9439400 9439600 9439800 9440000 9440200
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2 3 5 8 10 30 50 80 100 191

Figure 5. 24-Hour NOx Emission Modeling Perspective from Motor Vehicles

The contour plot in Figure 2 depicts the modeling results with an NO, emission
concentration of 82 ug/m? observed at Simpang Lima Mandai. This value is an average over a 24-
hour modeling horizon and signifies a potentially high exposure to people around Simpang Lima
Mandai.

Based on the concentration contour map, the NO, distribution followed the main road
corridor in a more linear pattern. This shows that the dominant emission source is motor vehicle
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emissions along that stretch of road. The most intense areas, ranging from yellow to red, are
concentrated around the main junctions or heavily traveled segments, as shown in the figure. Such
a condition is consistent with the nature of transportation emissions, which are typically linear
and concentrated at congestion areas or intersections of vehicle flows.

Measuring these NO, concentrations against ambient air quality standards is essential, as
measurements must be compared to the threshold values established by Government Regulation
of the Republic of Indonesia Number 41 of 1999 concerning Air Pollution Control (Lelieveld et al.,
2018; Vermaetal., 2012). NO, emissions at road intersections and highway settings are primarily
attributable to automobile emissions, the primary pollution source in urban areas, particularly
during peak hours (Gately et al., 2017). Thus, apart from identifying an environmental issue, this
research also emphasizes that effective mitigation measures are necessary to control emission
sources, optimize traffic flow, and protect human health at locations under the influence of these
emissions (Awewomom et al., 2024).

Social Exposure Level

The calculation of the social exposure level was carried out to determine the magnitude of
NO, pollutant exposure received by community groups based on ambient air concentrations and
their activity presence in the exposed zone. The following table shows the social exposure level
based on NO, concentration at the Simpang Lima Mandai area.

Table 3. Social Exposure Level Based on NO, Concentration

o COOn Dt ey e

Entrepreneurs  654&/m’  8hours 6 days 3120 pg/m?
Ugrtlilv(ferf,itsy 82 pg/m’ 6 hours 5 days 2460 pg/m>
S}:‘;lizzlr?;t 53 ug/m?3 12 hours 7 days 4452 pg/m3

Office Workers 98 ug/m? 9 hours 5 days 4410 ug/m3

The causal chain governing NO, exposure in the Mandai area operates as follows: (1) high
motor vehicle traffic density, particularly motorcycles (3,626 units/hour), generates substantial
NO, emissions (1,296.9 g/hour total); (2) these emissions disperse under prevailing
meteorological conditions (wind speed and direction), creating a concentration gradient across
the intersection and adjacent land uses; (3) community groups occupying the highest-
concentration zones for extended durations accumulate the greatest exposure. Settlement
residents' elevated exposure (4,452 pg/m>/week) is therefore a direct consequence of their 12-
hour/day, 7-day/week presence in the residential zone adjacent to the emission source, combined
with limited physical barriers and lack of green buffer zones. This finding aligns with
environmental justice literature showing that lower-income communities disproportionately
bear the health burden of transport emissions due to proximity to high-traffic infrastructure
(Fuller & Brugge, 2020).

Based on Table 3, the community group with the highest exposure level is the settlement
residents living around the Mandai five-way intersection, with an exposure value of 4,452
ng/m3/week. The high value of this exposure is caused by the extended duration of presence,
which averages 12 hours per day with a frequency of 7 days per week. Meanwhile, the university
student group has the lowest exposure level, amounting to 2,460 pg/m?> per week, because their
presence is limited to lecture days only.

Findings suggest that the exposure level of social groups depends not only on NO,
concentrations, but also on the activity pattern and duration of stay of these groups in the exposed
area. The risk of exposure is particularly high for groups that engage in prolonged daily activities
in polluted areas. This is consistent with observations in the literature that higher NO; levels are
commonly found in areas of high traffic density, which accounts for the excess risk observed in

Equivalent: Jurnal [lmiah Sosial Teknik | 268



Muh. Fikruddin Buraerah, Misda Fauici, Franita Modeling of Nitrogen...
Leonard, Hasanuddin

some community groups, such as low-income settlement residents living near heavily trafficked
major highways, compared to other community groups located farther from the emission source.
Many community groups of lower socioeconomic status reside adjacent to the largest sources of
pollution (e.g.,, major highways) as a result of housing costs, which in turn can lead to greater
exposure.

CONCLUSION

This study addressed three objectives. First, the AERMOD dispersion modeling shows that
motor vehicle activity in Simpang Lima Mandai produces NO, concentrations that significantly
exceed those of the WHO (2021) guidelines — 1-hour: 350 pg/m?> vs 200 ug/m? limit (1.75x); 24-
hour: 82 pg/m? vs 25 pg/m? limit (3.28x) — and are already above national standards (PP No.
The linear emission distribution indicates that the dominant emission corridor is along the five
road arms converging at the intersection. Second, results of the socially stratified exposure
analysis show that the highest cumulative NO, burden (4,452 pg/m3/week) was carried by
settlement residents, which was driven by their time-activity profile in the exposure zone (12-
h/d, 7-d/week), followed by office workers (4,410 pg/m?/week), traders (3,120 pg/m>/week),
and university students (2,460 pg/m?3/week). Finally, motorcycles are the principal emitter,
accounting for 870.2 g/hour (67% of total NO, load), suggesting that further efforts should be
made to control emissions from motorcycles.

Suggested policy measures are: (1) manage traffic demand (congestion pricing, vehicle
emission standards enforcement, and incentives for modal shift); (2) install vegetative green
buffer zones between road corridors and residential areas; (3) perform semi-annual ambient NO,
monitoring at the intersection to validate AERMOD outputs and monitor compliance with national
standards; and (4) health surveillance of highly exposed groups, focusing on settlement residents
and traders.

The source attribution results show that the NO, hotspots observed at the Mandai Five-
Road Intersection are mainly due to motor vehicle activities in the surrounding traffic
environment. An analysis using the AERMOD dispersion model shows a linear concentration
drop-off along the road network, and maximum values of 350 pg/m? (1-hour mean) — 1.75x the
WHO threshold — in the center of the junction. The 24-hr average of 82 pug/m? also exceeds the
revised WHO 25 pg/m? guideline by > 3x, indicating high chronic exposure risk. Because of
prolonged local conditions and time-activity patterns, settlement residents (n = 5,800) have the
highest weekly exposure burden (4,452 pg/m3/week), and spatial proximity to high-emission
corridors is confirmed to be the key determinant of exposure.

These findings support the following evidence-based interventions: (1) traffic demand
management policies (congestion pricing, vehicular emission standards enforcement); (2)
vegetative green buffer zones between road corridors and residential areas; (3) regular ambient
NO, monitoring at the intersection to validate AERMOD outputs and monitor compliance with
national standards; and (4) case detection in high-exposure population groups, particularly
settlement residents and traders.

ACKNOWLEDGEMENT

The authors are tremendously grateful to Universitas Bosowa and Institut Teknologi dan
Kesehatan Tri Tunas Nasional for the academic, research, and institutional support leading to the
completion of this study. The authors also thank the Badan Meteorologi, Klimatologi dan Geofisika
(BMKG) Region IV Makassar for providing meteorological data required for the modeling. The
authors would like to deeply thank local governments in Makassar City, field survey teams, and
enumerators who helped to collect traffic and environmental data at the Mandai five-intersection
in Makassar City. The authors also wish to acknowledge all colleagues and experts who provided
insights and technical guidance for this research, as well as the anonymous reviewers whose
expert feedback greatly improved the quality of this research.

269 | Equivalent: Jurnal [lmiah Sosial Teknik



Muh. Fikruddin Buraerah, Misda Fauici, Franita Modeling of Nitrogen...
Leonard, Hasanuddin

AUTHOR CONTRIBUTION STATEMENT

Muh. Fikruddin Buraerah: conceptualization of research, study design, field data
collection, AERMOD air pollution modeling, and associated writing as corresponding author.
Misda Fauici helped with data processing, social exposure level analyses, and interpretation of
environmental health implications. Franita Leonard also contributed to research methodology,
validated modeling results, and performed statistical analysis of traffic and emissions data.
Hasanuddin participated in supervision, critical review of the manuscript and refinement of the
discussion to ensure scientific soundness and relevance to policy. The final version of the
manuscript has been read and approved by all the authors, and all authors agree to be
accountable for all aspects of the work.

REFERENCES

Ahrens, C. D. (2001). Essentials of meteorology: an invitation to the atmosphere.
Brooks/Cole/Thomson Learning Australia.

Awewomonn, J., Dzeble, F., Takyi, Y. D., Ashie, W. B,, Ettey, E. N. Y. O., Afua, P. E,, Sackey, L. N. A,
Opoku, F., & Akoto, O. (2024). Addressing global environmental pollution using
environmental control techniques: a focus on environmental policy and preventive
environmental management. Discover Environment, 2(1), 8.

Azizah, T. N., Andarani, P., & Samadikun, B. P. (2016). Kajian Jejak Karbon Dan Pemetaannya Dari
Aktivitas Kampus Di Fakultas [Imu Budaya Universitas Diponegoro. Diponegoro University.

Buraerah, M. F., Patandjengi, B., Suryani, S., Hamzah, A., & Demmalino, E. B. (2023). The effect of
vegetation in reducing air pollution in an urban environment: A review. IOP Conference
Series: Earth and Environmental Science, 1253(1), 12105. https://doi.org/10.1088/1755-
1315/1253/1/012105

Elisephane, I, Zoltan, T. & Ajtai, N. (2026). Air Pollution Caused by Urban Transport:
Meteorology and Downwind Dispersion of Near-Road Traffic Exhaust and Non-Exhaust
Emissions. Water, Air, & Soil Pollution, 237(3), 137.

Fazakas, E., Neamtiu, [. A, & Gurzau, E. S. (2024). Health effects of air pollutant mixtures (volatile
organic compounds, particulate matter, sulfur and nitrogen oxides)-a review of the
literature. Reviews on Environmental Health, 39(3), 459-478.

Finlayson-Pitts, B. ]J.,, & Pitts Jr, J. N. (1985). Atmospheric chemistry. Fundamentals and
experimental techniques.

Fuller, C. H., & Brugge, D. (2020). Environmental Justice: disproportionate impacts of
transportation on vulnerable communities. In Traffic-related air pollution (pp. 495-510).
Elsevier. https://doi.org/10.1016/B978-0-12-818122-5.00020-X

Gately, C. K, Hutyra, L. R, Peterson, S, & Wing, I. S. (2017). Urban emissions hotspots:
Quantifying vehicle congestion and air pollution using mobile phone GPS data.
Environmental Pollution, 229, 496-504.

Issakhov, A., & Abylkassymova, A. (2024). Assessment of the dispersion of pollutants from
automobile exhaust, taking into account relative humidity, pavement temperature, wind
direction and speed, which varies depending on the time of day. International
Communications in Heat and Mass Transfer, 159, 108140.
https://doi.org/10.1016/j.icheatmasstransfer.2024.108140

Khreis, H., Nieuwenhuijsen, M. ]., Zietsman, ]., & Ramani, T. (2020). Traffic-related air pollution:
Emissions, human exposures, and health: An introduction. In Traffic-related air pollution
(pp. 1-21). Elsevier. https://doi.org/10.1016/B978-0-12-818122-5.00001-6

Lelieveld, ]J., Haines, A., & Pozzer, A. (2018). Age-dependent health risk from ambient air
pollution: a modelling and data analysis of childhood mortality in middle-income and low-
income countries. The  Lancet  Planetary  Health, 2(7), e292-e300.
https://doi.org/10.1016/S2542-5196(18)30147-5

Manaf, M., Amri, E., & Aksa, K. (2024). Lifestyle changes, individual mobility, and interactions in
Suburban Settlement Areas of Makassar City, Indonesia: Perceptual model approach urban
development policies with transport systems realizing urban sustainability. International
Review for Spatial Planning and Sustainable Development, 12(4), 159-180.

Meo, S. A, Salih, M. A, Alkhalifah, . M. Alsomali, A. H, & Almushawah, A. A. (2024).

Equivalent: Jurnal [lmiah Sosial Teknik | 270



Muh. Fikruddin Buraerah, Misda Fauici, Franita Modeling of Nitrogen...
Leonard, Hasanuddin

Environmental pollutants particulate matter (PM2. 5, PM10), Carbon Monoxide (CO),
Nitrogen dioxide (NO2), Sulfur dioxide (SO2), and Ozone (03) impact on lung functions.
Journal of King Saud University-Science, 36(7), 103280.

Nguyen, K. V, Huynh, C. A. L., Nguyen, H. D. H,, Van, N. D, Nguyen, N. T., Nguyen, P. G., & Huynh,
T. N. (2021). Study on the improvement of the torsional bracing system designing process
for steel shaped I simply supported beam bridge. IOP Conference Series: Earth and
Environmental Science, 682(1), 12045. https://doi.org/10.1088/1755-
1315/682/1/012045

Organization, W. H. (2021). WHO global air quality guidelines: particulate matter (PM2. 5 and
PM10), ozone, nitrogen dioxide, sulfur dioxide and carbon monoxide. World Health
Organization.

Seinfeld, J. H., & Pandis, S. N. (2016). Atmospheric chemistry and physics: from air pollution to
climate change. John Wiley & Sons.

Snoun, H., Krichen, M., & Chérif, H. (2023). A comprehensive review of Gaussian atmospheric
dispersion models: current usage and future perspectives. Euro-Mediterranean Journal for
Environmental Integration, 8(1), 219-242. https://doi.org/10.1007/s41207-023-00354-6

Verma, S., Boucher, 0., Shekar Reddy, M., Upadhyaya, H. C., Le Van, P., Binkowski, F. S., & Sharma,
0. P. (2012). Tropospheric distribution of sulphate aerosols mass and number
concentration during INDOEX-IFP and its transport over the Indian Ocean: a GCM study.
Atmospheric Chemistry and Physics, 12(14), 6185-6196. https://doi.org/10.5194 /acp-12-
6185-2012

Xie, P., Zhang, C., Wei, Y., Zhu, R,, Chu, Y., Chen, C., Wu, Z,, & Hu, |. (2024). Status of near-road air
quality monitoring stations and data application. Atmospheric Environment: X, 23, 100292.

271 | Equivalent: Jurnal [lmiah Sosial Teknik



