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ABSTRACT

Background: People’s activities have been restricted due to the COVID-19 pandemic. These changes in
activity patterns may lead to a decrease in fine particulate matter (PM, ;) concentrations. Additionally, the
level of population exposure to PM, ; may be changed.

Objectives: This study aimed to analyze the impact of population movement and meteorological factors on
the distribution of PM, ; concentrations before and after the outbreak of COVID-19.

Highlights:

- The activity patterns of population
Methods: The study area was Guro-gu in Seoul. The research period was selected as January to March 2020, groups changed due o the oltbreald of
COVID-19.

- There is a positive relationship between

a period of significant population movement changes caused by COVID-19. The evaluation of the dynamic
population was conducted by calculating the absolute difference in population numbers between consecutive

hours and comparing them to determine the daily average. Ambient PM, ; concentrations were estimated .
exposure to PM, ; concentrations and

for each grid using ordinary kriging in Python. For the population exposure assessment, the population- b et ibdmrte i

igh i lcul ining the i lation ¢ h gri
weighted average concentration was calculated by determining the indoor to outdoor population for each grid . Human activities can alter ambient

and applying the indoor to outdoor ratio to the ambient PM, ; concentration. To assess the factors influencing TR e, vl s 6 ey
2:5] >

changes in the ambient PM, ; concentration, a statistical analysis was conducted, incorporating population
8 >3 ySIs W . incorporating popuaty also be changed.

mobility and meteorological factors.

Results: Through statistical analysis, the correlation between ambient PM, ; concentration and population
movement was positive on both weekends and weekdays (r=0.71, r=0.266). The results confirmed that most
of the relationships were positive, suggesting that a decrease in human activity can lead to a decrease in
PM, ; concentrations. In addition, when population-weighted concentration averages were calculated and
the exposure level of the population group was compared before and after the COVID-19 outbreak, the
proportion of people exceeding the air quality standard decreased by approximately 15.5%.

Conclusions: Human activities can impact ambient concentrations of PM, s, potentially altering the levels of
PM, ; exposure in the population.
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Fig. 1. Location of sensor-based air monitoring stations in study area
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Fig. 2. Verification of the Ordinary Kriging (OK) model using
machine learning

Table 1. Monthly dynamic population assessment

A4 (pearson correlation coefficient)S AF&31%] PM, .2} T
74 7H0] TAIE vl WSt AAAIS 2 13+ 1 Abol9]
OIS 40 091 A9 AH WA 0 1] 1S S
o] A, 410 7S Y AEEAIE UEdE E
gk &S S8R 719 JIABAE Bl el o
SRS AN, TERARAE HY WAL olg
Sto] ofg] 4= 71o] TAE BEHSH= 7[Holth S48 E
SEELES

Ao 9912 Hsto] BARAS AAlslsic

5. QI RIEH WYL
OKE §o) 4% 147 2919 2702 pM,, 559} 95
/IF £ Z o]-gsto] F272] PM, 0l gt AA| A+
=& H7RERATHA] (1)
Population Exposure=c,p,+cp; )
oJ7|A, ¢, = A9 PM, s BE, p, = AL QL% = Ay
PM, ; 5, pi= Al Q174o]ck
AA A7l et PM, s eEFL QAT 7S H
(Population-Weighted Average Concentration, PWAC)% /}}%
H| 5ttt PWACE AAPE PM,; =& 5% QI++E
A5l AEAHE Q)

H‘i

|

PWAC(ug/m3)= Z (apo +ep; (2)

o71A, ¢,z A% n] AL] PM, 5 &, p,= A4 no] 49
1%, = A nd AY PM, ;. B, p= A& nQ AY| 2

Weekdays Weekends-holidays
January February March January February March
Dynamic population (person) 748,803 688,741 641,355 247,941 171,461 136,972
Mean+SD 37,440+1,065 22,540%4,655 34,437+2,432 19,051+1,764 29,153+617 15,219+1,241

Mean: arithmatic average, SD: standard deviation.

Table 2. Assessing the dynamic population before and after the COVID-19 outbreak

Before COVID-19 outbreak

After COVID-19 outbreak

Weekdays Weekends-holidays Weekdays Weekends-holidays
Dynamic population (person) 1,249,619 368,284 829,281 188,091
Mean+SD 36,754+1,327 21,664+3,977 29,617+1,354 15,674+1,431

Mean: arithmatic average, SD: standard deviation.
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Table 3. Summary of ambient PM, ; concentration data for study area

= Table 10 UERATE 1€, 29, 39 Y9 U3
o BTS2 42 748,803, 688,741, 641,355
ojiet. I ¢ FUo] B F-5QUT T 24 247,941
, 171,461, 136,97278°]|%{t}. COVID-197} s 2
4 2092 7|0 B M 39 {5t Bt AiE
Table 20| et 1 BT 4 4 FFL-2 7} 33.6%, 48.9%

skl

3. 7] PM,; s

SAMSZRE S4H 195 H 397149 Y 7] 5 PM, 5
TS AIYERE HS Yo] A&t Z3HE Table 39 YE}
Wtk HYQ] 7] F PM, s B= B2 7} 28.20+16.20 pg/m?,
25,66%19.64 pg/m’, 22.13+11.92 pg/m’]| o, Fo g
U9 = 7t 33.22419.34 pg/m’, 34.25+27.84 pg/m’,
25.114£15.04 pg/m’c|3ict. B3} vjwsto] L] 7] 5
PM, . 5=7F 2+ 5.02 pg/m’, 8.59 pg/m?, 2.98 pg/m’ &k

Monitoring  Concentration Weekdays Weekends-holidays
station (ng/m’) January February March January February March
SAMS n 340 340 374 187 153 153
Ambient PM, , 282041620  25.66+19.64  2213+11.92  33.22+1934 342542784  2511+15.04
Mean+SD
GM (GSD) 23.16 (2.0) 19.38 (2.2) 19.55 (1.4) 26.04 (2.2) 25.84 (2.1) 20.66 (1.9)
Min 3.00 1.17 3.99 1.80 6.19 5.81
Max 73.93 107.03 99.09 87.47 139.88 72.98
Percentile  25% 15.23 12.93 14.24 17.81 15.99 11.73
50% 25.75 17.98 19.12 30.30 22.43 20.15
75% 39.38 34.20 27.58 48.48 45.96 38.18
95% 56.24 70.00 46.83 66.16 84.02 51.05

Mean: arithmatic average, SD: standard deviation, GM: geometric mean, GSD: geometric standard deviation, SAMS: sensor-based air

monitoring station.

Table 4. Correlation analysis between ambient PM, ;, meteorological factors, and dynamic population during weekdays

Weekdays
Parameter (n=1,054) (1) 2) 3) (€)) (5) 6) 7)
(1) PM, s Con. (ug/m’) 1
(2) Dynamic Pop. (person) 0.071* 1
(2) Wind velocity (ms™) —0.275** ~0.153** 1
(3) Relative humidity (%) 0.081** 0.004 -0.044 1
(4) Temperature (°C) 0.031 -0.326™* 0.125™* -0.085™* 1
(5) Precipitation (mm) ~0.092** 0.020 0.193** 0.098** 0.047 1
(6) Air pressure (hPa) 0.009 -0.070* -0.021 0.893** -0.032 -0.006 1

#p<0.05, **p<0.01.

https://doi.org/10.5668/JEHS.2024.50.1.6
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Horsl] 98] AHEAS AAJSE ATHS Table 4, Table 59}
ZE]‘E‘I' jé?‘—'l‘\% PMZ 0594' ‘|'|" 1_ ‘r‘(p<o 05) %‘é\l—, 701——/l\_,
SEE BAROE FOld 4TS LEATHp<0.0D). PM,;

SEet F5AF 9 Sk S ¥ AEEAR=071,

0. 08)E HAI F&53 e PM, s 559 29 AREAE
BAHr=-0.28, -0.09). FL L FAL pM,; ¥} 75
T(p<0.01), F2(p<0.01), FE(p<0.05), <E(p<0.01)7} &
Ao g §ol5t3th PM,; 559 591 9 HE= 9
FHBA(=0.27, 1=0.10), I35 = S0 FAIAE 2
AcHr=-0.26, -0.14).
F5QAT 9 7145HA 8Rlo] PM, ; 5= WSt Bl ¥
g gris] Aol thE3AEHS AAISHI AL Table 63} 2
o] Uttt BY2 tf7] PM,; 5E} §-520 = BAZHL
2 FYokA] kARt S 9 Fdojl= BAFCE |95t
I o] TAE EHp<0.001). BY FL 9 FUO PM, 5

Table 5. Correlation analysis between ambient PM, ;, meteorological factors, and dynamic population during weekends and holidays

Weekends-holidays

Parameter (n=493) 1) ) 3) 4 (5) 6) 7)
(1) PM, s Con. (pg/m3) 1
(2) Dynamic Pop. (person) 0.266™* 1
3) Wind velocity (ms~ -0.255™ -0.229™ 1
( ) Wind vel y ( 1) stk stk
(4) Relative humidity (%) 0.95* 0.036 -0.117** 1
(5) Temperature (°C) -0.140™* -0.443** 0.232%* -0.161** 1
(6) Precipitation (mm) 0.035 0.085 ~0.032 0.201** ~0.046 1
(7) Air pressure (hPa) 0.004 -0.025 -0.039 0.909** -0.037 0.079 1

*p<0.05, **p<0.01.

Table 6. Analysis of the impact of meteorological factors and dynamic population on changes in ambient PM, ; concentration through multiple

regression analysis

Unstandardized coefficients

Date (n) Dependent variable Independent variable p-value
§ Std.error
Weekdays (1,054) Ambient PM, ; Con. (pg/m3) (Intercept) 31.556 1.614 0.000
Dynamic Pop. (person) 0.032 0.023 0.174
Wind velocity (ms™) -3.331 0.397 0.000
Relative humidity (%) 0.236 0.041 0.000
Temperature (°C) 0.290 0.087 0.001
Precipitation (mm) -3.786 -0.089 0.004
Air pressure (hPa) -0.011 -0.336 0.000
Adj.R*=0.107, p=0.000
Weekends-holidays (493) Ambient PM, ; Con. (pg/m3) (Intercept) 20.145 5.488 0.000
Dynamic Pop. (person) 1.016 0.212 0.000
Wind velocity (ms™ -3.162 0.772 0.000
Relative humidity (%) 0.396 0.102 0.000
Temperature (°C) 0.276 0.237 0.245
Precipitation (mm) -14.151 14.107 0.316
Air pressure (hPa) -0.019 0.005 0.000

Adj.R*=0.127, p=0.000

https://e-jehs.org
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