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ABSTRACT
Kota Baru Parahyangan is located between Cimahi City and Padalarang. As an KEYWORDS
area designed as a satellite city, Kota Baru Parahyangan has various facilities A1r quahty .
including a business centre. In the present study, PMio and PM2.5 will be | Alr’ pollution index

measured at three business centres and one residential location located at the Kota Baru Parahyangan
southernmost point for comparison. Data collection was carried out on 2 imos

weekdays, namely Monday and Tuesday, and 2 weekends, namely Saturday
and Sunday. The data collection time is from 08:00 to 15:30, where data
collection is carried out every 30 minutes. Based on these measurements,
PMio and PMR2.5 concentrations in three business centre locations and 1
residential location are still under the PPRI No. 22 of 2021 standards.
Meanwhile, when evaluated using Kepmen LHK No. 14 of 2020, the API level
for PM10 in three business centre locations and 1 residential location is in the
"Good" category. However, the API level for PM2.5 in three business centre
locations and 1 residential has reached the "Moderate" category. This means
that the concentration of PM2.5 in business centre and residential in Kota
Baru Parahyangan should be seriously considered by developer and local
government. Because it is confirmed that PM2.5 concentrations will continue
to increase over time with increasing activity and an increase in the number
of vehicles passing through a region.

INTRODUCTION

The development of Kota Baru Parahyangan was started in 2000 by PT Lyman Property. The
location of Kota Baru Parahyangan is in the west of Cimahi City, located between Cimahi City and
Padalarang. As an area designed as a satellite city, almost all facilities that are appropriate in a big
city are also available in Kota Baru Parahyangan. Rapid development in an area will be followed
by an increase in the number of vehicles passing through the area. The consequence of the
increase in the number of vehides will be followed by an increase in PMi0 and PM2.5
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concentrations, because one of the main sources of PMi0 and PM2.5 pollutants is from motor
vehidle emissions [1], [2], [3].

The concentration of PM10 and PM2.5 in the air is one of the pollutant parameters that can
be used to evaluate whether the area is polluted or un-polluted. For this reason, several countries
have issued standards for PM10 and PM2.5. For Indonesia, it currently uses the PPRI No. 22 of
2021 standard [4]. Meanwhile, to evaluate the air pollution index in an area, the Minister of
Environment and Forestry Regulation (Permen) No. 14 of 2020 is utilized [5]. Furthermore, the
World Health Organization (WHO) also issued standards in 2021 [6]. The existence of PM10 and
PMR2.5 standards from various countries and from WHO is to protect the public from air pollution
in one area. This is because based on research on experts found a link between specific diseases
[71, [8], [9], [10] and increased mortality due to air pollution in an area [11], [12].

Based on research by experts, the percentage of PVI2.5 particulate deposition in the lungs is
more than that of PM10 [13], [14], which causes the PM2.5 standard to be smaller than that of
PMho. For instance, according to PPRI No. 22 Year 2021 [4], the standard for PM10 is 75 pg/mg3,
while for PVR.5 is 55 pig/m3. On the other hand, PM2.5 is part of PM10, so in measurements, the
concentration of PM10 is always higher than that of PM2.5. For the same concentration, PM2.5 is
more harmful than PM10 when inhaled. Increased cases of acute respiratory infections (ARI) are
early indicators of PM10 and PM2.5 pollution in affected areas [15], [16], [17].

The impact of PM10 and PM2.5 on human health depends on the content of the constituent
particles or what is contained in these particulates [18], [19], [20]. As a relatively new satellite
city, air quality monitoring throughout the Kota Baru Parahyangan area should be carried out
regularly. Air quality monitoring is to prevent air quality in the Kota Baru Parahyangan area from
experiencing a severe dedline in air quality as has been experienced by several major cities in
Indonesia [21], China and India [22], [23], [24], [25]. Efforts to reduce pollution from PMV10 and
PMR2.5 have been made by several experts including Yang et al. [24] and Belias & Licina [25].

The purpose of this study is to measure the concentration of PM10 and PM2.5 and evaluate
the air quality in the central business district of Kota Baru Parahyangan based on the
measurement results of these particulate concentrations. Evaluation of air quality in the area is
based on Permen No. 14 of 2020 [4], WHO standards [6], and by using the air pollution index
(APD [5].

LOCATIONS AND METHOD

There are 4 PM10 and PM2.5 measurement locations, where the three points are considered to
represent the business centre, and one point outside the business centre, namely in a residential
area located south of the Kota Baru Parahyangan shopping centre. The three business centres are
the locations around Mason Pine hotel (location 1), Kawaluyan hospital (location 2), and IKEA
shopping centre (location 3), while the residential area is as location 4. The measurement
locations of PM10 and PM2.5 concentrations at the four locations are shown in Figure 1. Of the
four measurement locations shown in the figure, point 3 is the busiest location, as there is a large
shopping centre (IKEA) and culinary centre storehouses. While location 4 represents a residential
area where it is considered that the concentration levels of PM10 and PM2.5 are under the
business centre.
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Data collection was carried out for 4 days, namely 2 days on weekdays, namely Monday and
Tuesday, and 2 days on weekends, namely Saturday and Sunday. Data collection time starts from
08.00 to 15.30, where data was taken every 30 minutes. PM10 and PM2.5 concentrations were
measured with a particle counter HT-9600. The results of PM10 and PM2.5 measurements at the
four locations will be evaluated using two Indonesian standards, namely PP No. 22 of 2021 [4],
and Regulation of the Minister of Environment and Forestry of the Republic of Indonesia Number
P.14/MENLHK/SETJEN/KUM.1/7/2020 (Kepmen LHK No. 14 of 2020) [5], as well as WHO [6].
To be evaluated using Kepmen No. 14 of 2020 (5), the measurement results at the four locations
must be calculated using equation (1). Using equation (1), the air pollution index (API) value for
each measurement location will be determined. Based on Kepmen No. 14 of 2020, the API value
is divided into 5 categories, namely "Good", "Moderate", "Unhealthy", Very Unhealthy", and
"Hazardous".

Table 1. Standards of PMi10 and PM2.5 according to Indonesia & WHO standards [4], [6]

Pollutant Averaging Time PPRI No. 22, 2021 WHO (2021)
PMi0 24-hour 75 45
PM2.5 24-hour 55 15

Table 2. API levels and the categories [5]

Category Color API Level

Good Green 1-50

Moderate Blue 51-100

Unhealthy Yellow 101 - 200

Very Unhealthy Red 201 - 300

Hazardous Black > 301

(1 a I b)
APl = —— (X, — X 1
( Xa _ Xb) ( x b) ( )

where,
API = API Level

I, = PSI level top limit

I, = PSI level bottom limit

X, = Ambient concentration top limit (ug/m3)

Xp = Ambient concentration bottom limit (pg/m3)
X, = Measured concentration (ug/m3)
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Figure 1. Location of PM10 and PV2.5 measurement points in Kota Baru Parahyangan

RESULT AND DISCUSSION
Concentrations and API Levels of PM10

The results of PMi10 concentration measurements at 3 business centres and 1 residential location
are shown in Figure 2. In the figure, the standard of PPRI No. 22 Year 2021 [4] presented in Table
1 for PMIO is 75 pg/m3 indicated by the red dash line. It can also be seen that the concentration
in 3 business centre locations and 1 residential location for 4 days of data collection is still below
the PPRI No. 22 Year 2021 standard [4]. This means that in terms of PM10 pollutants, air quality
in business and residential centres in Kota Baru Parahyangan is still in good condition or not
being polluted.

Figure 2 shows that the highest PMi10 concentrations occur at location 1, which is adjacent
to the Mason Pine Hotel, both on weekdays and weekends. The figure also shows that PMi0
concentrations in business and residential centres on both weekdays are lower than those on both
weekends. For example, at location 3, which is the most crowded location on weekdays (IKEA
area), the PVHO concentrations on Monday and Tuesday were 25 pg/m3 and 19 pg/ms3,
respectively. On weekends, i.e. on Saturday and Sunday, the PMi0 concentration at point 3
increased to 33 pg/m3 and 31 pg/m3, respectively. The most interesting thing happened at
location 4, which is a residential area, where there was a significant increase on Sunday, from 19
pg/m3 (Tuesday) and 25 pg/m3 (Saturday) to 39 pg/m3 on Sunday. The high concentration of
P10 at Site 4 on Sunday compared to other days may be because on Sunday, residents do more
activities in their neighbourhoods. Whereas on Monday, Tuesday and Saturday, residents do more
activities outside their homes. But even though there was a significant increase at location 4 on
Sunday, the PM10 concentration at that location was still far under the PPRI No. 22 of 2021
standard [4].

Furthermore, the PM10 measurement results at the four locations in Figure 2 will be
evaluated using the more stringent WHO standard [6]. As seen in Table 1, the WHO standard is
45 pg/m3 [6], which is indicated by the green dashed line. From Figure 2, the PMio
concentrations at the four locations, both on weekdays and weekends, are still under the WHO
standard. This means that it proves that the Kota Baru Parahyangan area has not been polluted
by PMio.
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PPRI No. 22 of 2021 [4] and WHO standards [6] only provide two categories of information
about air quality in an area. If the PMi10 concentration is still under the standard, the air quality
in the area is not yet polluted, and vice versa if the concentration is above the standard, the air in
the area is polluted. The regulation of Kepmen No. 14 of 2020 [5] governs more varied air quality
in an area, which consists of five categories as seen in Table 2. Figure 3 displays the API level for
4 days of measurement at 4 locations. From the figure, the API level of PMi0 for all locations is
still categorized as "Good", both on weekdays and weekends. The API level limit for the "Good"
category is 50, as shown by the green dashed line. Meanwhile, based on calculations using
equation (1) and the PMi10 measurement results in Figure 2, the API levels for all measurement
locations are in the "Good" category. In other words, locations 1 to 4 still have good or healthy air

M Location1 M Llocation2 M Location3 Location 4
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2L 19 19 19
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Figure 2. PM10 concentrations at 4 locations for 4 days

quality from PMi0 pollutants, both during weekdays and weekends.
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Figure 3. Air Pollution Index (API) of PM10 at 4 locations for 4 days
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Concentrations and API Levels of PM2.5

It has been explained above that 4 locations in Kota Baru Parahyangan have not been polluted by
PMVIo. Furthermore, it will be discussed whether the 4 locations are also free from PMVR.5
pollution? The results of PVI2.5 concentration measurements at 4 locations are shown in Figure
4From the figure, the PM2.5 concentration is still below the PPRI No. 22 of 2021 standard, where
based on this standard, the PM2.5 concentration threshold is 55 pg/m3, as shown by the red
dashed line. However, when evaluated using the WHO standard [6], which is 15 pg/m3, shown
by the green dash line, PM2.5 concentrations in 4 locations are above the standard. The WHO
standard is much lower than PPRI No. 22 of 2021 because based on their research, PM2.5
concentration thresholds below 15 pg/m3 are healthy for people living in affected areas.
Meanwhile, PM2.5 thresholds above 15 pig/m3 still have the potential to cause specific diseases in
the community [2], [14], [15].

In Figure 4, the highest concentration of PM2.5 during the 4 days of measurement occurred
at location 1, which is near the Mason Pine Hotel. The reason for this is unknown, even though
the area at location 1 is not as busy as location 3 (shopping centre). This of course still requires
further research to investigate this phenomenon. The figure also shows that weekdays are
relatively lower than weekends at all four locations. The lowest concentration occurs at location
4 or the residential location for Monday, Tuesday, and Saturday. However, the highest increase
in PM2.5 concentration occurred at location 4 on Sunday, where on Saturday the concentration
was only 22 pg/m3 to 36 pg/m3 on Sunday. The concentration at location 4 (residential) on
Sunday was higher than location 3 (shopping centre). The increase on Sunday at location 4 may
be due to the activities of residential residents who are busier than usual. These data show that
PMR.5 concentrations in crowded centres are not always higher than in residential areas. In fact,
sometimes PM2.5 concentrations in residential locations are higher than in shopping centres.
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Figure 4. PM2.5 concentrations at 4 locations for 4 days

In contrast to the evaluation using the PPRI No. 22 Year 2021 standard [4], where PV2.5
concentrations at all locations are still below the standard, as seen in Figure 4. However, when
evaluated with the Kepmen No. 14 Year 2020 standard [5], the API level for all locations is above
the "Good" category and is in the "Moderate" category, as seen in Figure 5. Based on this figure,
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locations 1, 2 and 3, are in the "Moderate" category, this is understandable because the three
locations are business centres. However, the "Moderate" category for residential locations
(location 4), this should receive attention from the related stakeholders, because generally most
of the time people live in residences rather than in business centres. This means that if someone
breathes air with the "Moderate" category for a long duration, then in the long run the residents
will be at risk of being affected by pollutants. This is the basis why the WHO standard [6] uses a
low concentration of PM2.5, namely 15 pg/m3, so that residents in an area or housing are safe
from potential diseases due to polluted air from PMV2.5As explained above, PM2.5 is more harmful
to human respiration than PM10, because the percentage of PM2.5 deposition in the lungs is
higher than that of PVho [13], [14], [25].

Based on the API level for PVR.5 as shown in Figure 5, where the "Moderate" category also
occurs in residential areas, both on weekdays and weekends. This should receive attention from
both the developer and the residents in the area, so that PMV2.5 concentrations can be reduced.
Otherwise, it will be disadvantageous to the residents in the long run.
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Figure 5. Air Pollution Index (API) of PMV1O at 4 locations for 4 days

Based on pollutant size, PM2.5 is part of PMi10. This means that when PVi0 concentrations
are obtained from measurements, most of the PMiO is less than 2.5 pm in diameter. The
percentage of PM2.5 to PMiO is shown in Figure 6. From the figure, the percentage of
PM2.5/PMi0 is quite high, more than 80%. This means that most of the pollutants in the 4
locations are less than 2.5 pm in diameter. In terms of impact on human health, a high percentage
of PM2.5/PMVhO is riskier, as PM2.5 is more easily absorbed into the lungs compared to PMi0 [13],
[25].
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Figure 6. Percentage of PM2.5/PM10 at 4 locations for 4 days

Figure 6 illustrates that the percentage of PM2.5 to PM10 on weekdays and weekends is
relatively the same, which is above 80%. The highest percentage was 92%, which occurred on
Monday at location 3 (shopping center) and on Sunday at location 4 (residential). The high
percentage of PM2.5 to PM10 certainly needs to be a concern, hence the need for efforts to reduce
it. Reduction efforts include reducing the volume of fossil fuel vehicles passing by and reforesting
the affected areas, because the leaves of plants could absorb PM2.5 and PMi0 particulates [24],

[25].

CONCLUSION

Based on the evaluation using PPRI No. 22 of 2021 and WHO (2021), the results of PMi0
measurements at three locations of business centres and one residential location in Kota Baru
Parahyangan show that in general the air quality in the area is relatively unpolluted. While the
results of PM2.5 measurements in four locations show results still under the PPRI No. 22 of 2021
standard, but above the WHO standard. This means that developers, residents, and local
governments must work together to reduce PM2.5 concentrations in the Kota Baru Parahyangan
region.

Evaluation using the API (Air Pollution Index) for PVHO, at 4 locations showed air quality in
the "Good" category. However, the API level for PM2.5 shows that the 4 locations in Kota Baru
Parahyangan are in the "Moderate" category. The lowest and highest average API levels for PVR2.5
occurred on Tuesday and Sunday, respectively. One of strategies to reduce PMi10 and PM2.5
concentrations in the Kota Baru Parahyangan area is to plant trees and to limit the volume of
fossil fuel vehides passing through the business centre and replace with electric vehicles.

ACKNOWLEDGEMENTS
This research was funded by Politeknik Negeri Bandung through Applied Research Scheme No.

B/3.12/PL1.R7/PG.00.03/2024. Thank you also to all those who have participated in the data
collection of this study.



LUGA MARTIN SIMBOLON, ET. AL.

REFERENCES

(1]

(2]

(3]

[4]

(5]
[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

A. S. Pipal, S. P. Singh, T. Tripathi, and A. Taneja, “Variations in black carbon and
particulate matters (PVh, PM2.5 and PMViO ) during firecrackers bursting episodes
and biomass burning: A case study during the Diwali festival,” J. Air Pollut. Heal., vol.
7, NO. 4, pPp. 347-360, 2022, doi: 10.18502/japh.v7i4.11383.

M. Bin Park, T. J. Lee, E. S. Lee, and D. S. Kim, “Enhancing source identification of
hourly PM2.5 data in Seoul based on a dataset segmentation scheme by positive
matrix factorization (PMF),” Atmos. Pollut. Res., vol. 10, no. 4, pp. 1042-1059, 2019,
doi: 10.1016/j.apr.2019.01.013.

D. Sierra-Porta, Y. T. Solano-Correa, M. Tarazona-Alvarado, and L. A. N. de
Villavicencio, “Linking PMi10O and PMR2.5 Pollution Concentration through Tree
Coverage in Urban Areas,” CLEAN - Soil, Air, Water, vol. 51, no. 5, p. 2200222, 2023,
doi: https://doi.org/10.1002/den.202200222.

Pemerintah Republik Indonesia, PP Nomor 22 Tahun 2021 Tentang Penyelenggaraan
Perlindungan dan Pengelolaan Lingkungan Hidup, vol. 1, no. 078487A. 2021, p. 483.
[Online]. Available: http://www.jdih.setjen.kemendagri.go.id/

Permen LHK No. 14 Tahun 2020 tentang Indeks Standar Pencemar Udara.

“WHO Global Air Quality Guidelines.”

N. Pangestu and A. L. Fibriana, “Faktor risiko kejadian autisme,” HIGEIA (Journal
Public Heal. Res. Dev., vol. 1, no. 2, pp. 141-150, 2017.

M. F. Ibrahim, R. Hod, A. M. Nawi, and M. Sahani, “Association between ambient air
pollution and childhood respiratory diseases in low- and middle-income Asian
countries: A systematic review,” Atimos. Environ., vol. 256, p. 118422, Jul. 2021, doi:
10.1016/J. ATMIOSENV.2021.118422.

N. T. T. Nhung, C. Schindler, T. M. Dien, N. Probst-Hensch, and N. Kiinzli,
“Association of ambient air pollution with lengths of hospital stay for hanoi children
with acute lower-respiratory infection, 2007-2016,” Environ. Pollut., vol. 247, pp.
752-762, Apr. 2019, doi: 10.1016/J.ENVPOL.2019.01.115.

J. Cheng, H. Su, and Z. Xu, “Intraday effects of outdoor air pollution on acute upper
and lower respiratory infections in Australian children,” Environ. Pollut., vol. 268,
2021, doi: 10.1016/j.envpol.2020.115698.

P. Orellano, J. Reynoso, N. Quaranta, A. Bardach, and A. Ciapponi, “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,” Environ. Int., vol. 142, 2020, doi:
https://doi.org/10.1016/j.envint.2020.105876.

J. Chen and G. Hoek, “Long-term exposure to PM and all-cause and cause-specific
mortality: A systematic review and meta-analysis,” Environ. Int., vol. 143, no. October
2020, 2020, doi: 10.1016/j.envint.2020.105974.

H. S. Kwon, M. H. Ryu, and C. Carlsten, “Ultrafine particles: unique physicochemical
properties relevant to health and disease,” Exp. Mol. Med., vol. 52, no. 3, pp. 318-328,
2020, doi: 10.1038/s12276-020-0405-1.

S. KireSova, M. Guzan, and V. Rusyn, “Particulate Matter PM2.5 and PM10 and Its



INTERNATIONAL JOURNAL OF APLLIED TECHNOLOGY RESEARCH

Impact on Air Quality in Urban and Rural Areas,” in CEUR Workshop Proceedings,
2022, pp. 320-337.

[15] J. Cheng, H. Su, and Z. Xu, “Intraday effects of outdoor air pollution on acute upper
and lower respiratory infections in Australian children,” Environ. Pollt., vol. 268, p.
115698, Jan. 2021, doi: 10.1016/].ENVPOL.2020.115698.

[16] B.D. Horne et al., “Short-Term Elevation of Fine Particulate Matter Air Pollution and
Acute Lower Respiratory Infection,” Am. J. Respir. Crit. Care Med., vol. 198, no. 6, pp.
759-766, Apr. 2018, doi: 10.1164/rcam.201709-18830C.

[17] L Wellid and N. Yuningsih, “Kaji eksperimental konsentrasi pmi10 di kawasan industri
batu gamping padalarang dan sekitarnya 1-5,” J. Ilmu Lingkung., vol. 17, no. 1, pp. 11—
20, 2023, doi: 10.31258/jil.17.1.p.11-20.

[18] V.T.Vu, B.K Lee, J. T. Kim, C. H. Lee, and I. H. Kim, “Assessment of carcinogenic
risk due to inhalation of polycycdlic aromatic hydrocarbons in PM10 from an industrial
city: A Korean case-study,” J. Hazard. Mater., vol. 189, no. 1-2, pp. 349-356, May 2011,
doi: 10.1016/]JHAZMAT.2011.02.043.

[19] L. M Russell, L. N. Hawkins, A. A. Frossard, P. K. Quinn, and T. S. Bates,
“Carbohydrate-like composition of submicron atmospheric particdes and their
production from ocean bubble bursting,” Proc. Natl. Acad. Sci., vol. 107, no. 15, pp.
6652-6657, 2010, doi: 10.1073/pnas.0908905107.

[20] N. Zhang et al, “Chemical characteristic of PM2.5 emission and inhalational
carcinogenic risk of domestic Chinese cooking,” Environ. Pollut., vol. 227, pp. 24-30,
Aug. 2017, doi: 10.1016/].ENVPOL.2017.04.033.

[21] L. Puji, “Tantangan pengelolaan kualitas udara di Indonesia: Karakteristik, dampak,
sumber dan pengendaliannya,” Orasi Ilmiah Guru Besar Institut Teknologi Bandung,
2016.

[22] L Ping, Y. Wang, Y. Lu, L.-C. Lee, and C. Liang, “Tracing the sources of PM2.5-related
health burden in China,” Environ. Pollut., vol. 327, p. 121544, 2023, doi:
https://doi.org/10.1016/j.envpol.2023.121544.

[23] G. Sharma, S. Annadate, and B. Sinha, “Will open waste burning become India’s
largest air pollution source?,” Environ. Pollut., vol. 292, p. 118310, 2022, doi:
https://doi.org/10.1016/j.envpol.2021.118310.

[24] X Yang, L. Jiang, W. Zhao, Q. Xiong, W. Zhao, and X. Yan, “Comparison of Ground-
Based PM2.5 and PM10 Concentrations in China, India, and the U.S.,” International
Journal of Environmental Research and Public Health, vol. 15, no. 7. 2018. doi:
10.3390/ijerph15071382.

[25] E. Belias and D. Licina, “Outdoor PM2.5 air filtration: optimising indoor air quality
and energy,” Build. Cities, vol. 3, no. 1, pp. 186-203, 2022, doi: 10.5334/bc.153.



