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Abstract In this study, the improvement in PM, 5 concentration due to the Corona Virus Infectious Disease 19 (hereafter
called as “COVID-19") pandemic and the reduction of health hazards from mandatory mask-wearing were experimentally and
theoretically investigated. Jeollabuk-do, a region with high PM, s concentration nationwide and designated as an Air Quality
Management Region (AQMR), was selected as the target area for this study. Unlike previous studies, the efficiency of masks in
blocking PM, 5 for various respiration patterns based on human behavior was experimentally evaluated using a medical
ventilator (ADV-1000MK2) for the first time. The results showed that the blocking efficiency of PM, 5 by masks ranged from
54.7% to 68.5% at rest, 56.0% to 70.0% during ordinary activities, and 67.1% to 80.6% during exercise. Compared to 2019, the
year before COVID-19, the reduction rate of PM, 5 concentration in 2020 during the pandemic was 26.9% in AQMR areas and
16.7% in non-AQMR areas of Jeollabuk-do, Korea. The deposition amount of PM, 5 in the alveolar-interstitial (Al) region for one
year in 2020 was 15.98 mg for men and 9.62 mg for women in AQMR, and 30.37 mg for men and 22.33 mg for women in non-
AQMR. As a result of calculating the delay in allergic airway inflammation (AAI) days before and after COVID-19, it was
estimated that in AQMR, men experienced a delay of 129 days and women 190 days, while in non-AQMR, men experienced a
delay of 59 days and women 69 days.
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Fig. 1. Schematic of the experimental setup for evaluating
the PM, 5 blocking performance of commercial surgical masks.
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Table 1. PM, 5 blocking efficiency of commercial masks depending on respiration patterns.

PM, 5 blocking efficiency (%)

Respiration Breathing amount Respiration time Average
pattern (mL/time) (time/min.) Mask-A Mask-B Mask-C Mask-D Mask-E %)
Rest 540 12 54.87 68.49 65.01 67.66 54.66 62.14
Ordinary 600 13 56.14 69.96 66.36 69.03 56.04 63.51
Exercise 900 21 67.15 80.57 77.29 80.14 67.12 74.45
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Fig. 3. Monthly variations in the concentration of PM, 5 in the AQMR and the non-AQMR of Jeonbuk, Jeonnam, and
Chungnam, Korea, and the number of confirmed COVID-19 cases nationwide from 2019 to 2020.
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Table 2. Variations in the concentration of PM, 5 and its reduction rate (%) in the AQMR and the non-AQMR of Jeonbuk,

Korea, before (2019) and during (2020) the COVID-19 pandemic.

PM, 5 (ug/m?)

PM, 5 (ug/m?)

Region Reduction Reduction
0 0
Before COVID-19 During COVID-19 rate (%) Mar. 2019 Mar. 2020 rate (%)
AQMR 29.06 2123 2693 49.63 22.89 53.89
Non-AQMR 2154 17.95 16.69 3853 2031 47.28
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before COVID-19.

' Behavioral T c Faepin Al Rpre. (M3/h) Dep. py,, (mg/year)
Region 2P Py Ryo
patterns (h/day) (hg/m?) Male Female Male Female Male Female
Sleep 8 29.06 0.66 0412 0.356 0.360 0.252 831 5.02
Sitting/Rest 14 29.06 0.66 0.452 0.365 0.432 0.307 19.14 10.98
AQMR Light activity 1 29.06 0.66 0.530 0.504 1.200 0.984 4.45 3.47
Heavy activity 1 29.06 - 0.587 0.550 2.400 2.130 14.94 1243
Sum of year 46.84 31.90
Sleep 8 21.23 0.66 0.412 0.356 0.360 0.252 6.07 3.67
Sitting/Rest 4 21.23 0.66 0.452 0.365 0.432 0.307 3.99 2.29
Non-AQMR Light activity 1.5 21.23 - 0.530 0.504 1.200 0.984 56.68 44.19
Heavy activity 0.5 21.23 - 0.587 0.550 2.400 2.130 5.46 4.54
Sum of year 72.20 54.70
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Table 4. Annual PM, 5 deposition (mg) in the Al region of the male and female in the AQMR and the non-AQMR of Jeonbuk

during the COVID-19 pandemic.

: 3
Region Behavioral Texp. Comos, g 1-E Faepln A Rore. (r0"/1) Dep- s (mayear)
3 /0 “Emask-block
patterns (h/day)  (ug/m") Male Female Male Female Male Female
Sleep 8 21.54 0.66 - 0.412 0.356 0.360 0.252 6.16 3.72
Sitting/Rest 14.5 21.54 0.66 0.36 0.452 0.365 0.432 0.307 5.29 3.04
AQMR Light activit 0.5 21.54 0.66 0.36 0.530 0.504 1.200 0.984 1.65 0.46
9 y
Heavy activity 1 21.54 - 0.26 0.587 0.550 2.400 2.130 2.88 2.39
Sum of year 15.98 9.62
Sleep 8 17.95 0.66 - 0.412 0.356 0.360 0.252 5.13 3.10
Sitting/Rest 4 17.95 0.66 - 0.452 0.365 0.432 0.307 3.38 1.94
Non-AQMR  Light activity 11.5 17.95 - 0.36 0.530 0.504 1.200 0.984 17.25 1345
Heavy activity 0.5 17.95 - 0.587 0.550 2.400 2.130 4.62 3.84
Sum of year 30.37 22.33
51 wsies o HpAg o] o) Mell2) 7]7F Fofl ol 7h AR
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Fig. 4. The reduced annual Dep.py,, (mg/year) in the Al region
for the male and female in the AQMR and the non-AQMR of
Jeonbuk during the COVID-19 pandemic.

A7F PM, 59 AT J & A (mg/year)& HERH A
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o 7]32] ¥ (Non-AQMR) E T} =7 Uehd ZAat=
HxAHO R, PM,s9 Al 22 Hth7]| e
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9 PM, 5 Lo &% (Dose)©] 1.58 mg/kg?l A& Selst
k. o] A9l-8 Fofl izt AALS] DoseS AFgrel Higt
LE2Fo 2 Helsty| 9o th&-9] Al (Balakrishnan
and Jacob, 2016)2 ©|-&35}th.

20EL o

=]

DosePM“Humun (mg/kg) = DoseMause (mg/kg) X ka)

oA71AA, Run =222 0] 3,

Human

& H o Foige

Km Mnuseﬂ' [(m Human%

_ Weight (kg)
Kn= BSA(m?)

o]7]0]| 4], BSA (Body Surface Area)= {HFHO=Z 4]

Ao] & 97 BAH (m?)S F4517] Y5f o= Hof
ANA AMREl= AAIAIS HEZE DuBois and DuBois
(1916)7} A5 THe A8 o]-ga9ict.

BSA (m?) =0.007184 X Weight ®** X Height ">

91 AoflA 2h= A1l Al A 71 kg, o4
56.8 kg& 133 A2 FA 177.2 cm, 914 158.8
emE 27t ASFAATH(KATS, 2015). 9HH, 298 7
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Table 5. Number of days to cause AAIl due to PM, 5 exposure before and after the COVID-19, and days of delayed AAl.

Day dosepy, (ng/day) Days to AAI Davs of

Region Sex R Weight  AAl dose py,, del)a/ ed
9 Before During Km (kg) (ng) Before During AKI

COVID-19 COovVID-19 COVID-19 COVID-19

AQMR Male 128.33 43.77 0.076 71.0 8525.7 66 195 129
Female 87.41 26.35 0.080 56.8 7179.5 82 272 190
Non-AQMR Male 197.80 83.22 0.076 71.0 8525.7 43 102 59
Female 149.85 61.18 0.080 56.8 7179.5 48 117 69
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