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Air quality is one of the challenges to public health. Poor air quality is caused by the
presence of air pollutants. WHO mentions particulate matter (PM) as one of the main
pollutants. These pollutants have varied toxicity that can threaten public health. This
study aims to measure PM pollutants. This study is an effort to monitor and improve air
quality in the workplace. This study falls into the descriptive category, with a focus on
detailing the levels of PM2s and PM1o. The research design chosen was cross-sectional.
The quantitative data collected shows the concentration of PM collected on filter paper.
Sampling was carried out at six points (environmental health laboratory, radiochemistry
laboratory, basement, sauna, facilities for Technologically Enhanced Natural Radioactive
Material (TENORM) testing, and a parking lot) at the Indonesian National Nuclear
Energy Agency by grab sampling. Air sample measurements were carried out using the
direct method using the DustTrak DRX-8533 TSI tool with an MCE filter. The overall
measurement results of PM concentrations exceeded the established quality standards.
The highest concentrations of PM1o and PMzs were 18.24 mg/m? outdoors. This can
occur due to anthropogenic activities such as various human, household, and machine
activities. Exposure to PM can cause respiratory problems (clinical codification category
JO00-JO6 and its derivatives). Several ways can be done such as cleaning the office
workspace in the morning and evening using a wet mop or vacuum pump. Air quality in
the workplace needs to be monitored to create a healthy work environment and health.

1. INTRODUCTION

A public health critical concern is

Approximately 91% of

air
lower-middle-income countries

and their chemical structure. The World Health Organization
(WHO) announced particulate matter (PM), Ozone (O3),
Nitrogen Oxides (NO-), and Sulfur Dioxide (SO,) are the main
sources of pollutants [2]. This research focuses on PM

quality.

experience air quality problems [1]. Decreased air quality is
affected by air pollution. Air pollution can be defined as the
presence of one or more pollutants outdoors, i.e. in the
atmosphere, in quantities, and for a while sufficient to affect
human, plant, and animal life, commercial or personal
property, and environmental quality. Air pollutants that cause
air pollution can be broadly classified based on their source of
formation, whether or not they originate from living matter
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pollutants, which are the main parameters for assessing air
pollution. PM is composed of smoke, sulfate, sodium, mineral
dust, nitrate, soot, dirt, water, and ammonia [3], which have
high permeability to enter the human respiratory system. One
of the sources of these pollutants is from the combustion of
fossil fuels [4].

In terms of particle size, PM has two types of sizes, namely
2.5 and 10 pm (micrometers), which are often used as
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pollutant standards. PM» s contains various complex elements
such as Pb, Al, Na, Fe, K, Cl, Mg, Si, S, Ca, Sc, Ti, V, Cr, Mn,
Co, Cu, Ni, Zn, As, Se, Br, Ba, P, and Hg [5]. Meanwhile,
PMjy is a combination formed from liquid and solid air-
suspended matter [6]. The ability of very small particles, PM
can penetrate respiratory organs, which can cause public
health problems if exposure occurs latently [7, 8]. PM has been
shown to contribute to increased cases of death from heart and
lung disorders [6, 9].

Particulate matter Natural sources of PM involve volcanic
activity, aerosols, sea salt, wind-blown soil particles, fires,
desert sand, organic matter, and microorganisms [10].
Anthropogenic resources, on the other hand, include dust
generated from the activities of cement plants, thermal power
plants, metal industries, construction works, mining activities,
vehicles; fly ash formed due to the combustion of coal and
petroleum derivatives, and finally, the particles dispersed into
the atmosphere during agricultural activities [10]. Among
these resources, especially those of anthropogenic origin,
generally have small particle sizes and are considered more
harmful to human health [11].

We can categorize PM based on its aerodynamic diameter
as PM-PM, 5s-PMs-PM . Regarding aerodynamic diameter,
particles with a diameter of 10-2.5 pm are called coarse
particles, while particles with PM < 2.5 um are called fine
particles, and particles with PM < 0.1 um are called ultrafine
particles. Coarse particles of PMjp and above are mostly
formed through mechanical processes, while fine particles are
formed as a result of exhaust gas and photochemical activity
[12]. Particles smaller than 0.1 pm behave like molecules,
constantly moving randomly [13]. Regardless of size, sooner
or later particles will return to the earth through wet and dry
deposition mechanisms. Particles that return to the earth's
surface due to the force of gravity are called sedimentation.
When particles collide in the air, they can come together to
form larger particles, in a process called coagulation. Due to
their increased density, coagulated particles return to the earth
more easily [14].

PM, as an atmospheric pollutant, poses a variety of
environmental problems. PM is detrimental to homes,
property, soil, plants, and people. If we examine the adverse
effects of airborne PM on human health, we can conclude that
these effects have a linear relationship with particle size. PM
particles > 10 um can be absorbed by the nasal passages and
upper respiratory tract, while PM particles < 2.5 pm can
accumulate in the pulmonary bronchi [15]. In addition to its
ability to absorb heavy metals such as mercury, lead, cadmium,
and carcinogenic chemicals, this PM, which contains toxic-
carcinogenic chemicals, can pose health risks. Matter (PM) is
one of the pollutants consisting of a complex mixture of
particles such as dust, dirt, soot, smoke, and liquid droplets
found in the air with a fairly small size [16]. PM2 s (inhalable
fine particulate matter) is particles < 2.5 um in size, with its
main sources coming from combustion, cigarette smoke,
nuclear industry, cooking with firewood, and agricultural
activities. PMy s is respirable dust that can be retained from the
bronchiolus terminals to the alveolus, so it is the most
dangerous dust [17]. Health effects caused by particulate
matter include premature death in people with heart and lung
disease, heart attack, irregular heartbeat, asthma, decreased
lung function, and increased respiratory symptoms such as
irritation of the respiratory tract, coughing, and difficulty
breathing [18, 19].

This study aims to measure the concentration of PM
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pollutants in the work area of the Indonesian National Nuclear
Energy Agency. The concentration of PM in the air has an
important role in health impacts for workers. The description
of these concentrations will be considered by the agency in
monitoring and improving air quality in the workplace.

2. METHOD

This study falls into the descriptive category, with a focus
on detailing the levels of PM, 5 dan PMo. The research design
chosen was cross-sectional. The quantitative data collected
shows the concentration of PM collected on filter paper.

The investigation was conducted at BRIN (Badan Riset dan
Inovasi Nasional), an Indonesian government agency tasked
with coordinating, developing, and promoting research and
innovation in various sectors. The study covered indoor
locations, such as the environmental health laboratory,
radiochemistry laboratory, and basement. Outdoor areas
include a sauna, facilities for Technologically Enhanced
Natural Radioactive Material (TENORM) testing, and a
parking lot.

Point 1 is the Environmental Safety Lab where service
activities are carried out to measure radionuclide concentration
levels in various types of media/materials. This laboratory
activity uses various types of chemicals. Potential hazards
exist in chemicals that can be inhaled by laboratory staff. Point
2 is the Radiochemistry Lab where analysis and research
activities using radioactive compounds are carried out.
Radioactive exposure can occur in internal exposure and
external exposure caused by radionuclides used in analysis and
research. Potential hazards that have high health effects can be
caused by internal exposure, which can occur through
inhalation of radioactive particles in the air. Point 3 is a room
where samples are tested using a gamma spectrometer. The
condition of the room has no windows because the room is
located in the basement of the building, with air circulation
using exhaust. Point 4 is the shelter area. The saung area is a
storage area for motorized vehicles, used as a place to cull
research mice. Motorized vehicles can produce particulate
dust from combustion, and the rotation of vehicle wheels can
cause particles on the ground to fly and contaminate the air.
Because the saung area is a former place to destroy mice that
have been used in research, it can be contaminated with
radioactivity used in the mice research. Point 5 is the Tenorm
Test Facility. In the tenorm facility test area, radioactive
particle contamination can occur in the environment. Point 6
is the parking area. The parking area is a place where
motorized vehicles pass, the incomplete combustion of
motorized vehicles will produce airborne particulates besides
that tire rotation will cause dust from the ground to float in the
breathing zone.

Areas that have the potential for particulate dust
contamination are determined as sampling points for air
sampling using the grab sampling method. The sampling
method is easy to carry out and does not require complicated
equipment. This makes it ideal for use in field studies and
routine monitoring. In addition, grab sampling can be done
quickly, allowing the measurement of PM concentrations in a
short period of time. This can be useful for monitoring changes
in PM concentrations in real-time. Air sample measurements
were carried out using the direct method using the DustTrak
DRX-8533 TSI tool with an MCE filter. DustTrak is an aerosol
monitor tool used to capture dust with a diameter of 10 um;



2.5 um; and 1 um. This tool is a portable instrument that can
be operated using batteries and with a laser photometer
technique that can measure and record dust concentrations in
the air. DustTrak is a suitable tool used to determine the
concentration of dust in the air. Measurements were taken at
six predetermined sampling points, three sampling points for
indoor air quality and three sampling points for outdoor air
quality, and measurements were taken for eight working hours.

3. RESULTS AND DISCUSSION

The measurement of PMjys PMio particulate dust
concentration was carried out at six sampling points consisting
of three indoor and outdoor points. Each sampling point was
measured three times for eight hours. Measurements using the

DustTrak DRX-8533 TSI tool with an MCE filter. The
measurement results were compared with the threshold values
set in. Minister of Health Decree No.
1405/Menkes/SK/X1/2002. The measurement results are
presented in Table 1 and Table 2.

Based on observations made at the six sampling locations,
dust comes from employees carrying particulates from shoes,
clothes, and jackets; dust comes from samples to be tested;
poor air exchange systems; dust comes from the soil and dust
originating due to the rotation of vehicle tires so that dust on
the ground will experience rotation and rise into the air; dust
originating from the combustion of motor vehicles; dust
originating from cooking activities; particulate dust from
burning garbage; and dust originating from workshop
activities.

Table 1. Measurement results of PMyg particulate dust concentration in the work area of the radiation safety and metrology
technology center

Sampling Location

Average Measurement Results Eight Hours (mg/m?)

Average (mg/m3)  Threshold Limit

Day 1 Day 2 Day 3
Point 1 1.18 1.30 1.36 1.28
Indoor Point 2 1.37 1.38 141 1.39
Point 3 1.50 1.78 1.79 1.69
Point 4 1.87 1.63 173 174 <0.15 mg/m?
Outdoor Point 5 1.81 1.70 1.76 1.76
Point 6 17.94 18.5 18.27 18.24

Table 2. Measurement results of PM_ s particulate dust concentration in the work area of the radiation safety and metrology
technology center

Sampling Location

Average Measurement Results Eight Hours (mg/m?)

Average (mg/m3)  Threshold Limit

Day 1 Day 2 Day 3
Point 1 1.17 1.30 1.35 1.27
Indoor Point 2 1.03 1.38 1.40 1.27
Point 3 1.49 1.78 1.78 1.68
Point 4 1.87 1.62 1.73 1.74 < 0.035 mg/m?
Outdoor Point 5 1.80 1.70 1.75 1.75
Point 6 17.92 18.4 18.4 18.24

Anthropogenic particulate matter emissions start with
various human activities, such as fossil fuel combustion,
industry, transportation, agriculture, and household activities.
For example, gases and particles released from vehicle exhaust,
dust from construction, or smoke from factories are common
types of emissions. The combustion of fossil fuels, such as
coal, oil, and natural gas, is a major source of particulate matter
emissions. The combustion process produces exhaust gases
containing compounds such as sulfur dioxide (SO5), nitrogen
dioxide (NO), and carbon monoxide (CO) [20]. In addition,
incomplete combustion conditions and oxidation can produce
solid particles. The released exhaust gases then react in the
atmosphere with other existing compounds. For example, SO»
can react with oxygen and water in the atmosphere to form
sulfuric acid (H2SQ.) [21]. This process creates conditions that
favor the formation of solid particles through oxidation and
condensation. The particles formed can then become aerosol
nuclei, which are particle nuclei that can attract other
compounds to adhere to them. Aerosolization and transport by
airflow, wind, or human activities such as vehicles and
industry, carry these particles to various locations in the
atmosphere. The particles formed can undergo growth through
condensation of gases and water vapor in the atmosphere. For
example, condensation of water vapor on sulfate particles can
form larger particles. Once formed, PM particles can be
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transported and dispersed in the atmosphere. Rain and other
natural processes can remove particles from the atmosphere
through gravitational deposition. Furthermore, PM particles
can undergo resuspension, which means they are lifted back
into the air through strong winds or human activity. Dust that
has settled on roads, for example, can be resuspended by
vehicle traffic or construction activities. Through this series of
mechanisms, anthropogenic particulate matter is formed,
transformed, and dispersed in the air [22]. A thorough
understanding of these mechanisms helps in the development
of effective emission control policies and technologies to
reduce their negative impacts on human health and the
environment.

The formation of soil-derived dust and dust generated by
vehicle tire rotation is a phenomenon that occurs due to the
interaction between the soil surface and transportation
activities. When the soil is not covered or protected by
vegetation, especially in dry or wind-affected areas, soil
particles can easily be lifted into the air. At the same time, the
rotation of vehicle tires on the road surface can trigger the
release of fine particles from asphalt, metal, or other materials
on the road. This process creates conditions where dust
originally attached to the ground can be picked up and swirled
in the air, creating visible dust plumes [23-25].

The formation of dust from poor air exchange systems is the



result of several factors that contribute to the accumulation of
small particles indoors. Inadequate air exchange system
conditions can create an environment where dust can be
trapped and linger for longer periods. A poor air exchange
system is usually characterized by a lack of fresh air
circulation and the removal of dirty air from the room. Without
adequate air circulation, dust particles generated by various
sources can remain trapped indoors. An under-ventilated room
can also hinder the removal of contaminated air, allowing dust
to settle on various surfaces. This condition is exacerbated by
the low efficiency of the ventilation system or the availability
of windows and doors that can be opened to allow fresh air
flow. Heating, ventilation, and cooling (HVAC) systems that
are poorly maintained or not customized to the needs of the
space can also contribute to an imbalance in air exchange,
increasing the likelihood of dust formation. In addition,
internal dust sources, such as human skin flakes, construction
dust, or particles from furniture materials, can contribute to the
formation of dust in the room. External factors, such as dust
entering from outside through cracks or vents that are not
sealed, can also worsen the situation. When fresh air does not
properly replace polluted air, dust particles can settle on the
surfaces of indoor objects, including walls, furniture, and
furnishings. Over time, dust can be lifted back into the air
through human activity or changes in air conditions, such as
wind movement or flow. In the long run, dust build-up from
poor air exchange systems can hurt the health of indoor
occupants and the air quality within [26-28]. Therefore, it is
important to ensure adequate air exchange, maintenance of a
good ventilation system, and general cleanliness of the space
to reduce dust generation and maintain indoor air quality.

Dust from the soil can contain minerals, microorganisms, or
organic matter, while dust from vehicle tire rotation can
contain chemical compounds from asphalt or metal. Over time,
these particles can reach atmospheric levels and potentially
have an impact on the surrounding air quality. This can be
exacerbated by factors such as dry weather, frequency of
vehicle traffic, and road surface conditions [28, 29].

The formation of dust from the sample to be tested involves
several factors and mechanisms, depending on the type of
sample and its condition. The process of dust formation can
vary from physical activity, natural processes, or interaction
with the environment. Samples that have a rough texture or are
mechanically unstable tend to produce more dust [30]. Shifting
or physical activity on the sample can cause small particles to
be released. Moisture in the sample can affect the ability of
particles to bond with each other. Dry samples tend to produce
more dust than moist ones. Samples that have aerosolized
properties can produce dust when exposed to wind or airflow
[31, 32]. This can happen, for example, with powdered
samples or fine powders. Samples that undergo oxidation or
certain chemical reactions can produce smaller particles that
can then form dust [33].

Waste combustion is a complex process in which a certain
amount of particulate matter is formed as a result of the
chemical and physical reactions that occur during combustion.
When waste is exposed to heat, the organic material in the
waste undergoes pyrolysis or initial combustion, producing
gases and small particles. This combustion is often incomplete,
and gases that have not been fully combusted may form, along
with large particles, especially in open burning conditions. The
process of aerosolization occurs when the resulting gases
undergo rapid cooling and condensation, forming particles that
are dispersed in the air as aerosols [34]. During combustion,
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oxygen in the air interacts with various organic and inorganic
compounds in the waste, producing oxide compounds and
other chemical compounds. The resulting particles can be
transported by the wind, causing the dispersion of dust
particles into the surrounding environment. In addition, the
particles can undergo deposition processes and settle on soil,
water, or the surfaces of surrounding objects. As a result,
particulate matter generated from waste combustion can have
negative impacts on human health and the environment,
especially very small particles (PM2s) that can enter the
respiratory tract and potentially cause respiratory problems
and other health impacts [35-37]. Therefore, managing waste
incineration with clean technologies and sustainable disposal
practices is crucial to reduce its negative impacts.

Particles enter the human body mainly through the
respiratory system. Therefore, direct adverse effects mainly
occur in the respiratory system. The factor that affects the
severity caused by particles is the size of the particles because
the particle size determines the extent of particle penetration
into the respiratory system. The respiratory system has a
defense system that prevents the entry of large particles, while
smaller particles will be prevented from entering by the
mucous membrane which is located along the respiratory
system and is the surface to which particles stick [38]. In some
parts of the respiratory system, there are fine hairs (cilia) that
move back and forth together with the mucosa to form a flow
that carries the particles it catches out of the respiratory system
to the throat, where the particles are swallowed [39, 40].
Particles larger than 5 pm in diameter are stopped and
collected mainly in the nose and throat. Although these
particles can partially enter the lungs, they never go further
than the air sacs or bronchi and are immediately expelled by
cilia friction. Particles that are 0.5-0 jum in diameter can collect
in the lungs up to the bronchioli and only a small proportion
reach the alveoli [41, 42]. Most of the particles collected in the
bronchioli will be expelled by the cilia within 2 hours.
Particles less than 0.5 pm in diameter can reach and stay in the
alveoli. Clearance of these very small particles from the
alveoli is very slow and incomplete compared to that in the
larger ducts. Some particles that remain in the alveoli may be
absorbed into the blood [43, 44]. The limitations of this study
did not measure the relationship of particulate matter to worker
health. So that the presence of pollutants inside and outside the
room is only descriptive of air quality.

4. CONCLUSIONS

Air quality plays an important role in the environment and
occupational health. Particulate matter measurements are
carried out as a form of monitoring air quality in the workplace.
PM, s and PM concentration levels at all six sampling points
exceeded the threshold limit (PM;o < 0.15 mg/m3; PM,s <
0.035 mg/m3). The PM;, highest concentration level at point 3
(basement room) is 1.69 mg/m? in indoor air measurements,
and at point six (parking area) is 18.24 mg/m? in outdoor air
measurements. The PM> 5 highest concentration level at point
three (basement room) is 1.68 mg/m3 in indoor air
measurements, and at point six (parking area) is 18.24 mg/m?
in outdoor air measurements. Control of particulate dust
contaminants based on the recommendations of the Decree of
the Minister of Health number 1405 / Menkes / SK / XII /2002
in control efforts, several ways can be done such as cleaning
the office workspace in the morning and evening using a wet



mop or vacuum pump, especially in hours that have high
concentrations of particulate dust; opening windows, so that
natural air exchange occurs; monitoring temperature and
humidity; using laboratory shoes, when working, and cleaning
shoes periodically. Further research should assess the impact
of indoor and outdoor air quality on workers' health.

ACKNOWLEDGMENT

The authors would like to thank the Bandung Health
Polytechnic; National Research and Innovation Agency; and
Santo Borromeus University.

REFERENCES

(1]

(2]

(3]

(4]

(6]

(8]

Husnina, Z., Kinley Wangdi, T., Puspita, S.M.P., Ni, Z.
(2023). Profiling temporal pattern of particulate matter
(PM10) and meteorological parameters in Jakarta
province during 2020-2021. Journal of Environmental
Health, 15(1): 16-26.
https://doi.org/10.20473/jkl.v1511.2023.16-26

World Health Organization, “Ambient (Outdoor) Air
Pollution,” World Health Organization, 2022.
https://www.who.int/news-room/fact-
sheets/detail/ambient-(outdoor)-air-quality-and-health
Indiana Department of Environmental Management,
“Criteria Pollutants: Particulate Matter (PM2.5/PM10),”
Indiana Department of Environmental Management,
2016.
https://www.in.gov/idem/files/factsheet oaq_criteria_p
m.pdf

Munawer, M.E. (2018). Human health and
environmental impacts of coal combustion and post-

combustion wastes. Journal of Sustainable Mining, 17(2):

87-96. https://doi.org/10.1016/j.jsm.2017.12.007
Kusmartini, I., Adventini, N., Sari, D.K., Kurniawati, S.,
Lestiani, D.D., Santoso, M. (2019). Karakterisasi unsur
PM 2, 5 pada periode kebakaran hutan di Pekanbaru
dengan teknik analisis aktivasi neutron. Jurnal Sains dan
Teknologi Nuklir Indonesia (Indonesian Journal of
Nuclear Science and Technology), 20(1): 29-46.
https://doi.org/10.17146/jstni.2019.1.1.4655

Orellano, P., Reynoso, J., Quaranta, N., Bardach, A.,
Ciapponi, A. (2020). Short-term exposure to particulate
matter (PM10 and PM2. 5), nitrogen dioxide (NO2), and
ozone (O3) and all-cause and cause-specific mortality:
Systematic review and meta-analysis. Environment
International, 142: 105876.
https://doi.org/10.1016/j.envint.2020.105876

Luo, L., Dai, Y., Zhang, F., Chen, M., Chen, F., Qing, F.
(2020). Time series analysis of ambient air pollution
effects on dynamic stroke mortality. The International
Journal of Health Planning and Management, 35(1): 79-
103. https://doi.org/10.1002/hpm.2821

Guo, Y., Ma, Y., Zhang, Y., Huang, S., Wu, Y., Yu, S.,
Zou, F., Cheng, J. (2017). Time series analysis of
ambient air pollution effects on daily mortality.
Environmental Science and Pollution Research, 24:
20261-20272. https://doi.org/10.1007/s11356-017-9502-
7

Slama, A., Sliwczyﬁski, A., Woznica-Pyzikiewicz, J.,
Zdrolik, M., Wisnicki, B., Kubajek, J., Turzanska-

703

[12]

[13]

[14]

[15]

[16]

[17]

[19]

(20]

(21]

Wieczorek, O., Studnicki, M., Wierzba, W., Franek, E.
(2020). The short-term effects of air pollution on
respiratory disease hospitalizations in 5 cities in Poland:
comparison of time-series and case-crossover analyses.
Environmental Science and Pollution Research, 27:
24582-24590. https://doi.org/10.1007/s11356-020-
08542-5

Daellenbach, K.R., Uzu, G., Jiang, J., Cassagnes, L.E.,
Leni, Z., Vlachou, A., et al. (2020). Sources of
particulate-matter air pollution and its oxidative potential
in Europe. Nature, 587(7834): 414-419.
https://doi.org/10.1038/s41586-020-2902-8
Environmental Protection Agency. (2021). Particulate
Matter 1. (PM) Pollution. EPA.
https://www.epa.gov/pm-pollution/particulate-matter-

pm-basics
Akhbarizadeh, R., Dobaradaran, S., Torkmahalleh, M.A.,
Sacedi, R., Aibaghi, R., Ghasemi, F.F. (2021).

Suspended fine particulate matter (PM2.5), microplastics
(MPs), and polycyclic aromatic hydrocarbons (PAHs) in
air: their possible relationships and health implications.
Environmental Research, 192: 110339.
https://doi.org/10.1016/j.envres.2020.110339

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

Gao, D., Ripley, S., Weichenthal, S., Pollitt, K.J.G.
(2020). Ambient particulate matter oxidative potential:
Chemical determinants, associated health effects, and
strategies for risk management. Free Radical Biology and
Medicine, 151: 7-25.
https://doi.org/10.1016/j.freeradbiomed.2020.04.028
Manojkumar, N., Srimuruganandam, B. (2021). Health
effects of particulate matter in major Indian cities.
International Journal of Environmental Health Research,
313): 258-270.
https://doi.org/10.1080/09603123.2019.1651257
Arias-Pérez, R.D., Taborda, N.A., Goémez, D.M.,
Narvaez, J.F., Porras, J., Hernandez, J.C. (2020).
Inflammatory effects of particulate matter air pollution.
Environmental Science and Pollution Research, 27(34):
42390-42404. https://doi.org/10.1007/s11356-020-
10574-w

Cori, L., Donzelli, G., Gorini, F., Bianchi, F., Curzio, O.
(2020). Risk perception of air pollution: A systematic
review focused on particulate matter exposure.
International Journal of Environmental Research and
Public Health, 17(17): 6424.
https://doi.org/10.3390/ijerph17176424

Environmental Protection Agency. (2021). Particulate
matter 1. (PM) pollution. United States: Environmental
Protection Agency. https://www.epa.gov/pm-
pollution/particulate-matter-pm-basics

Wang, F., Liu, J., Zeng, H. (2020). Interactions of
particulate  matter and pulmonary  surfactant:
Implications for human health. Advances in Colloid and
Interface Science, 284: 102244,
https://doi.org/10.1016/j.cis.2020.102244

Capraz, O., Deniz, A. (2021). Particulate matter (PM10
and PM2.5) concentrations during a Saharan dust episode
in Istanbul. Air Quality and Health, 14(1): 109-116.
https://doi.org/10.1007/s11869-020-00917-4

Amarloei, A., Fazlzadeh, M., Jafari, A.J., Zarei, A.,



[22]

(23]

(24]

[25]

[26]

(27]

[29]

[31]

[32]

Mazloomi, S. (2020). Particulate matters and bioaerosols
during Middle East dust storms events in Ilam, Iran.
Microchemical Journal, 152: 104280.
https://doi.org/10.1016/j.microc.2019.104280
Sikoparija, B. (2020). Desert dust has a notable impact
on aerobiological measurements in Europe. Aeolian
Research, 47: 100636.
https://doi.org/10.1016/j.aeolia.2020.100636

Marcy, M.J., Carling, G.T., Thompson, A.N., Bickmore,
B.R., Nelson, S.T., Rey, K.A., Fernandez, D.P., Heiner,
M., Adams, B.R. (2024). Trace element chemistry and
strontium isotope ratios of atmospheric particulate matter
reveal air quality impacts from mineral dust, urban
pollution, and fireworks in the Wasatch Front, Utah,
USA. Applied Geochemistry, 162:  105906.
https://doi.org/10.1016/j.apgeochem.2024.105906
Balci, E., Genisoglu, M., Sofuoglu, S.C., Sofuoglu, A.
(2020). Indoor air partitioning of Synthetic Musk
Compounds: Gas, particulate matter, house dust, and
window film. Science of The Total Environment, 729:
138798. https://doi.org/10.1016/j.scitotenv.2020.138798
Hajipour, S., Farbood, Y., Gharib-Naseri, M.K.,
Goudarzi, G., Rashno, M., Maleki, H., et al. (2020).
Exposure to ambient dusty particulate matter impairs
spatial memory and hippocampal LTP by increasing
brain inflammation and oxidative stress in rats. Life
Sciences, 242: 117210.
https://doi.org/10.1016/}.1fs.2019.117210

Liu, S., Xing, J., Sahu, S.K., Liu, X., Liu, S., Jiang, Y.,

Zhang,H.L., Li, S., Ding, D., Chang, X., Wang, S. (2021).

Wind-blown dust and its impacts on particulate matter
pollution in Northern China: current and future scenarios.
Environmental Research Letters, 16(11): 114041.
https://doi.org/10.1088/1748-9326/ac3 1ec

Tian, M., Gao, J., Zhang, L., Zhang, H., Feng, C., Jia, X.
(2021). Effects of dust emissions from wind erosion of
soil on ambient air quality. Atmospheric Pollution
Research, 12(7): 101108.
https://doi.org/10.1016/j.apr.2021.101108

Cheriyan, D., Choi, J.H. (2020). Estimation of particulate
matter exposure to construction workers using low-cost
dust sensors. Sustainable Cities and Society, 59: 102197.
https://doi.org/10.1016/j.s¢s.2020.102197

Shahsavani, A., Tobias, A., Querol, X., Stafoggia, M.,
Abdolshahnejad, M., Mayvaneh, F., et al. (2020). Short-
term effects of particulate matter during desert and non-
desert dust days on mortality in Iran. Environment
International, 134: 105299.
https://doi.org/10.1016/j.envint.2019.105299

Barnaba, F., Romero, N.A., Bolignano, A., Basart, S.,
Renzi, M., Stafoggia, M. (2022). Multiannual assessment
of the desert dust impact on air quality in Italy combining
PM10 data with physics-based and geostatistical models.
Environment International, 163: 107204.
https://doi.org/10.1016/j.envint.2022.107204

Gomes, J., Esteves, H., Rente, L. (2022). Influence of an
extreme saharan dust event on the air quality of the west
region of  Portugal. Gases, 2(3): 74-84.
https://doi.org/10.3390/gases2030005

Argyropoulos, C.D., Hassan, H., Kumar, P., Kakosimos,
K.E. (2020). Measurements and modelling of particulate
matter building ingress during a severe dust storm event.

704

[33]

[36]

[37]

[38]

[39]

[40]

[42]

[44]

Building and  Environment, 167: 106441.
https://doi.org/10.1016/j.buildenv.2019.106441

Feng, X., Li, Z., Pang, S., Ren, M., Chen, Z. (2023).
Optimization of an air-based heat management system
for dusty particulate matter-covered lithium-ion battery
packs. JOVE (Journal of Visualized Experiments), (201):
€65892. https://doi.org/10.3791/65892

Katiyar, A., Nayak, D.K., Nagar, P.K., Singh, D., Sharma,
M., Kota, S.H. (2024). Fugitive road dust particulate
matter emission inventory for India: A field campaign in
32 Indian cities. Science of The Total Environment, 912:
169232. https://doi.org/10.1016/j.scitotenv.2023.169232
Ramirez-Romero, C., Jaramillo, A., Cérdoba, M.F., Raga,
G.B., Miranda, J., Alvarez-Ospina, H., et al. (2021).
African dust particles over the western Caribbean—Part I:
Impact on air quality over the Yucatan Peninsula.
Atmospheric Chemistry and Physics, 21(1): 239-253.
https://doi.org/10.5194/acp-21-239-2021

Alshetty, D., SM, S.N. (2022). Urban characteristics and
its influence on resuspension of road dust, air quality and
exposure. Air Quality, Atmosphere & Health, 1-15.
https://api.semanticscholar.org/CorpusID:240426772
Konczak, B., Cempa, M., Deska, M. (2021). Assessment
of the ability of roadside vegetation to remove particulate
matter from the urban air. Environmental Pollution, 268:
115465. https://doi.org/10.1016/j.envpol.2020.115465
Soni, M., Verma, S., Mishra, M.K., Mall, R.K., Payra, S.
(2022). Estimation of particulate matter pollution using
WRF-Chem during dust storm event over India. Urban
Climate, 44: 101202.
https://doi.org/10.1016/j.uclim.2022.101202

Wang, Q., Gu, J., Wang, X. (2020). The impact of Sahara
dust on air quality and public health in European
countries. Atmospheric Environment, 241: 117771.
https://doi.org/10.1016/j.atmosenv.2020.117771

Gini, M., Manousakas, M., Karydas, A.G., Eleftheriadis,
K. (2022). Mass size distributions, composition and dose
estimates of particulate matter in Saharan dust outbreaks.
Environmental Pollution, 298: 118768.
https://doi.org/10.1016/j.envpol.2021.118768

Kim, H., Kim, W.H. (2020). Air pollution and central
nervous system disease: A review of the impact of fine
particulate matter on neurological disorders. Frontiers in
Public Health, 8: 575330.
https://doi.org/10.3389/fpubh.2020.575330

Bekierski, D., Kostyrko, K.B. (2021). The Influence of
outdoor particulate matter PM2.5 on indoor air quality:
The implementation of a new assessment method.
Energies, 14(19): 6230.
https://doi.org/10.3390/en14196230

Fongsodsri, K., Chamnanchanunt, S., Desakorn, V.,
Thanachartwet, V., Sahassananda, D., Rojnuckarin, P.,
Umemura, T. (2021). Particulate matter 2.5 and
hematological disorders from dust to diseases: A
systematic review of available evidence. Frontiers in
Medicine, 8: 692008.
https://doi.org/10.3389/fmed.2021.692008
Rushingabigwi, G., Nsengiyumva, P., Sibomana, L.,
Twizere, C., Kalisa, W. (2020). Analysis of the
atmospheric dust in Africa: The breathable dust's fine
particulate matter PM2.5 in correlation with carbon
monoxide. Atmospheric Environment, 224: 117319.
https://doi.org/10.1016/j.atmosenv.2020.117319





