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ABSTRACT

During the Covid-19 pandemic, the number of visitors at the trade center in K_E'on@s

Bandung was much reduced as compared to before pandemic, which was Air pollution

only about 30% of normal conditions. The present study is to investigate PM2.5 and PM10

particulate concentrations of PM2.5 and PM1o in three supermarkets in Indoor and outdoor

Bandung, namely Kosambi, Batununggal Modern and Cinunuk Supermarket
Bandung

supermarkets during the pandemic of Covid-19. Air sampling was measured
using a particulate counter CEM DTg6 for 11 hours, from 06:00 AM to 5:00
PM, local time. The results showed that the average of outdoor and indoor
concentrations of PM10 in two supermarkets (Batununggal Modern and
Griya Cinunuk) was lower than standard during that 11 hour. As for the
outdoor concentrations of PM2.5, both markets exceeded the standard for
several hours in the morning. In general, it can be concluded that the
outdoor and indoor concentrations of PM2.5 and PM.10 during pandemic
were below the standard, except in the morning before 10:00 AM.

INTRODUCTION

The Covid-19 pandemic was declared by The World Health Organization (WHO) on January 30,
2020 (Chen et al., 2020; El Zowalaty & Jarhult, 2020; Li et al., 2020). Meanwhile, in Indonesia,
restrictions on community activities began on April 15, 2020. This restriction led to a decrease
in visit by publics to the supermarkets, as well as reducing the number of vehicles passing
through those supermarkets. From an economic point of view, it creates a negative impact,
however, in terms of environmental impact, it will significantly reduce the level of air pollution.
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Particulate matter (PM) is a mixture of solid and micro droplet of liquid in the air. Those
with a diameter bigger and less 10 microns can be inhaled into the human respiratory system.
The smaller the diameter of the particulate, the higher its deposition in the lungs. As a result,
PM2.5 has higher percentage of deposition in the lungs, as compared to PM1o. In other words,
PM.25 is more dangerous than that of PMio (“IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans,” 2010; Nevers, 1999). The short and long term effects of PM10
on human health have been reported by Gauvin et al. (Gauvin et al., 1999) and Ostro et al.
(Ostro et al., 1998).

In the urban area, PM is mostly emitted from anthropogenic sources, such as industrial
processes and vehicle exhaust (Ostro et al., 1998). Consequently, Covid-19 pandemic has created
lockdown situation in affected countries and therefore lead to reduce number in human
activities and vehicle operating in urban areas. As a result, the concentration of PM will also
decrease during this pandemic.

Bandung is one of the largest cities in Indonesia with population of around 3 million
peoples. An experimental study conducted before Covid-19 pandemic in 2017 reported that
PM10 concentration in urban areas of Bandung reached 160 to 190 pg/m3, and it is higher than
that of the standard level (Pratama & Sofyan, 2020). The PM1o standard level in Indonesia for
outdoor air is set at 150 pg/m3. Meanwhile, based on open literature, no papers have been
found reporting the indoor concentration of PM1o in Bandung before Covid-19 pandemic. In
order to know the effect of limited community activities during Covid-19 pandemic on outdoor
and indoor air pollution in Bandung, this study was carried out in three supermarkets located in
the urban areas of Bandung.

METHOD
Location Description

The study was conducted at three supermarkets in the urban area of Bandung as depicted in
Fig. 1. The figure shows that two supermarkets are located in the central Bandung, namely
Kosambi and Batununggal Modern, and one supermarket is located in the northeast of
Bandung, that is Griya Cinunuk. The selection of these locations was based on the differences in
the physical characteristics of these supermarkets. The supermarket located at Kosambi was the
first being established, followed by supermarket at Batununggal Modern and Griya Cinunuk.
Meanwhile, in terms of the number of visitors, Batununggal Modern is the highest, followed by
Kosambi and Griya Cinunuk.
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Figure 1. Location of three supermarkets

Sampling Method

This study was carried out from May to June 2021. The measurement was conducted for 21
days, with 7 days for each location. Data collection was taken every hour for 11 hours, from
06:00 AM to 5:00 PM. The concentrations of PM2.5 and PM10o were measured using a direct-
reading instrument particle CEM Instrument DT-96. This instrument has the ability to measure
particle sizes of 10 and 2.5 pm, air relative humidity, and air temperature. The particulate
concentrations were measured with sampling time of 15 seconds. Measurements of the outdoor
PM2.5 and PM10 concentrations were carried out at two locations, namely near the public roads
and closed to the market.

RESULT AND DISCUSSION
Outdoor PM1o Concentration

Figure 2 depicts PM10 concentrations of outdoor in three supermarkets, i.e., Kosambi,
Batununggal Modern and Griya Cinunuk. The outdoor concentrations in those locations are
average of concentration in the public roads and closed to the supermarket entrances. The
figure shows that for 11 hours of measurements, the PM10o concentrations in two supermarkets,
namely in Batununggal and Griya Cinunuk are lower than that of standard of air pollution in
Indonesia. The air pollution standard in Indonesia of 150 pg/m3 is shown in Fig. 2 with a dash
line. The PMi1o concentration in Kosambi, is above the standard before 10:00 AM, and the
highest concentration occurred at 6:00 AM (273 pg/m3). It is because the vehicle traffic in front
of the Kosambi supermarket before 10:00 AM is denser than that of two supermarkets at
Batununggal Modern and Griya Cinunuk. The figure also shows that the highest concentration
of PM10 in Kosambi and Batununggal Modern occurred at 06:00 AM, that is around 273 and
140 pg/m3, respectively. Meanwhile, the highest concentration of PM1o in Griya Cinunuk
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occurred at 06:00 AM (122 pg/m3). The average concentrations of PM1o for 11 hours of
measurements in Kosambi, Batununggal Modern and Griya Cinunuk are 127, 68 and 64 pg/m3,
respectively.

Results in this study are lower as compared to result found by Pratama and Sofyan (2017)
due to measurement was conducted during Covid-19 pandemic in 2021. Pratama and Sofyan
(Pratama & Sofyan, 2020) reported that the PM1o concentration in urban area of Bandung in
2017 reached 160 to 190 pg/m3. As a result, limiting people’s activities during the Covid-19
pandemic reduces air pollution significantly.
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Figure 2. Outdoor PM10 concentrations for three supermarkets

Indoor PM1o Concentration

Measurement of indoor PM1o concentrations were carried out at three locations for each
supermarket. The points in Fig. 3 are the average value of three measured data, illustrating
indoor PM10 concentrations in three supermarkets, i.e., Kosambi, Batununggal Modern and
Griya Cinunuk. The trend in Fig. 3 is similar to Fig. 2. In other words, the indoor concentration
of PM1o is directly affected by outdoor concentration. Similar to Fig. 2, the highest indoor PM10
concentration occurred in Kosambi at 06:00 AM (300 pg/m3), and it is double than that of
standard (150 pg/m3). However, indoor PM10 concentration in Kosambi continued to decrease
with time and reached below standard after 09:00 AM. Based on the Indonesia Government
Regulation No. 41 of 1999, the standard of PM1o and PM2.5 for 24 hours is 150 and 65 pg/m3.
Indoor PM10 concentrations in Batununggal and Griya Cinunuk were under standard for
11-hour measurements. The highest indoor PM10o concentration in Batununggal Modern and
Griya Cinunuk occurred at 06:00 AM (147 pg/m3) and o07:00 AM (108 pg/m3), respectively.
Meanwhile, the average indoor concentrations in Kosambi, Batununggal Modern and Griya
Cinunuk were recorded at 128, 81 and 55 pg/m3, respectively. It can be seen that the average
indoor concentration of PM1o in Kosambi and Batununggal is slightly higher than that of
outdoor concentration. It indicates that indoor concentration of PM10 is not always lower than
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that of outdoor. A different phenomenon occurred in the Griya Cinunuk, where the average
indoor concentrations is lower than that of outdoor concentration.

350 -
1 300
300 1
] 249 === KOSambi === Batununggal Modern
250 |

Griya Cinunuk = = PM10 Standard

200

100 1

Concentration (pug/m3)

50 -

o+—r+7——++—
6:00 7:00 800 9:00 10:00

11:00 12:00 13:00 14:00 15:00 16:00 17:00

Time
Figure 3. Indoor PM10 concentrations for three supermarkets

The comparison of outdoor and indoor concentrations of PM10 in Kosambi is illustrated in Fig.
4. It can be seen that the trend of the two graphs is similar, namely high in the morning and
falling below the standard in the midday to the late afternoon. The figure shows that at 09:00
AM, indoor concentration was already lower than that of standard, but outdoor concentration
was still higher than that of standard. The figure shows that indoor concentrations are not
always lower than outdoor concentrations. At certain hours the indoor concentration is higher
than the outdoor concentration, but at certain hours the indoor concentration is higher than the
outdoor concentration. However, it can be concluded that the outdoor concentration affects the
indoor concentration, because both graphs have a similar trend.
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Figure 4. Comparison of indoor and outdoor PM10 concentrations in Kosambi
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Outdoor PM2.5 Concentration

Figure 5 illustrates PM2.5 concentrations of outdoor in three supermarkets. The trend of this
figure is similar to that of PM1o concentrations as shown in Figure 2. The difference is the
quantity of concentrations, where the PM2.5 concentrations for 11 hours was lower than that of
the PM1o. The difference in concentration of PM10o and PM2.5 is particulate with a diameter of
less than 10 pm and higher than 2.5 pm. For example, at 06:00 AM in Kosambi, the
concentrations of PM10 and PM2.5 were 273 pg/m3 and PM2.5 138 pg/m3, respectively. There
was a difference of 138 pg/m3 between PM1io and PM2.5 concentrations. It indicates that the
PM2.5 concentrations at 06:00 AM is about 50.6% of PMio. This means that 49.4% of
particulate in Kosambi outdoor at 06:00 AM is 2.5 to 10 pm in diameter.

For cases in Batununggal Modern and Griya Cinunuk, the PM1o concentrations at 06:00
AM were at 140 and 119 pg/m3, respectively. Meanwhile, PM2.5 concentrations in these two
supermarkets were at 82 and 77 pg/m3, respectively. There are differences of 58 pg/m3
(58.6%) in Batununggal Modern and 42 pg/m3 (64.7%) in Griya Cinunuk, between PM10 and
PM2.5 concentrations. It means that the PM2.5 concentrations in two supermarkets are more
than 50%, and the rest are between 2 and 10 pm in diameter.

The interesting thing in Figure 5 is that the PM2.5 concentrations in two supermarkets
were higher than that of the standard before 09:00 AM, and after 10:00 AM in Batununggal.
Unfortunately, PM2.5 concentration data before Covid-19 pandemic in Bandung is not found in
the literature for further comparison of before and after the Covid-19 pandemic. However, it can
be seen in Figure 5 that the PM2.5 concentrations in three supermarkets is higher than that of
in the morning, so it very likely that the PM2.5 concentration would be above standard before
Covid-19 pandemic for 11 hours of measurement.
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Figure 5. Oudoor PM2.5 concentrations for three supermarkets

Figure 6 depicts the indoor PM2.5 concentrations in three supermarkets. It can be seen
that the trend of indoor PM2.5 concentrations is similar to the outdoor PM2.5 concentrations for
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11 hours. The figure shows that the PM2.5 concentrations in Kosambi is the highest, while in the
Griya Cinunuk is the lowest. In Kosambi, the PMz.5 concentrations were lower than the
standard before 10:00 AM, whereas in Griya Cinunuk only at 07:00 AM was slightly above the
standard, while the rest were under the standard. It means that indoor air quality in Griya
Cinunuk has good quality during Covid-19 pandemic as compared to two other supermarkets
(Kosambi and Batununggal Modern).
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Figure 6. Indoor PM2.5 concentrations for three supermarkets

Because Kosambi supermarket has the highest concentration of PM2.5 in outdoor and
indoor, as shown in Figure 5 and 6, furthermore the outdoor and indoor concentrations will be
compared at that location. Figure 7 depicts comparison of the outdoor and indoor PM2.5
concentrations in Kosambi supermarket. The figure shows that two graphs have similar trend.
It indicates that the indoor concentration. At 08.00 AM to 11.00 AM, the indoor concentration is
lower than outdoor concentration, but from 01.00 PM to 4.00 PM, on the contrary, i.e., indoor is
higher than outdoor. Based on the figure, similar to PM1o0, the indoor PM2.5 concentration in
Kosambi supermarket is affected by outdoor concentration. While the outdoor PM2.5
concentration is influenced by the activities of people and vehicles passing through in the area.
It indicates that when the Covid-19 pandemic ends and people’s activities return to normal, it is
most likely the outdoor and indoor PM2.5 concentrations will be above the standard. Although
the Covid-19 pandemic has a negative impact on the community’s economy, but the Covid-19
pandemic has positive effect on the air quality in urban area of Bandung. Because the PM2.5
concentration in Kosambi supermarket is still above the standard in the morning, as a result, it
is recommended to go to the supermarket after 10:00 AM.
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Figure 7. Comparison of indoor and outdoor PM2.5 concentrations in Kosambi

CONCLUSION

The Covid-19 pandemic requires the government to limit the movement of people's activities.
The decline in community activities due to restrictions on community movement has a positive
impact on air quality in Bandung. It can be seen that the concentrations of PM1o and PM2.5 in
the three supermarkets are only above the standard in the morning, while in the midday until
the afternoon, the concentration is below the standard. For this reason, if community want to
breathe air with a concentration below the standard during the pandemic, it is advisable to go to
the Bandung urban area after 10:00 AM. In order to determine the correlation between
community activities and air pollution levels in these three supermarkets, it is necessary to
measure the PM1o and PM2.5 concentrations after the pandemic period ended. The data
obtained can be used as a reference for decision makers to regulate the quantity of activities in
the three supermarkets, in particular, and the urban area of Bandung in general.
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