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Abstract

Recently, passengers using public transport are concerned about the effects of COVID-19 and fine dust. Therefore,
from February 2020 to February 2021, we investigated whether SARS-CoV-2 RNA was detected even after
disinfection in 55 public transportation places visited by confirmed patients in Seoul. 34 air samples and 702 object
surface samples were collected and tested with RT-PCR, one surface sample was positive. In addition, preemptive
investigations were conducted in 22 subway trains that passengers were being on board at that time. 1,018 preemptive
tests were performed, and all were negative. Although PM-2.5 is dangerous in itself, it can be a potential carrier of
viruses. It seemed that a solution was needed as one line continuously exceeded the criteria of PM-2.5. Through this
study, it is judged that cluster infection in public transportation can be prevented if efforts to reduce the concentration
of fine dust, appropriate disinfection management, and personal disinfection such as wearing a mask in public

transportations.
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Coronavirus Disease 2019(COVID-19)7} #7]71¢]
Ax A AAGoR ik Ab A
o] wo] gEpfnh AP 5 st Aol
of 5k o1, ffhl_% Jﬁ’“‘ﬁ%
O AlgEe
wol o g31
g5 WY
wo) wpojej
TH(Moreno et al., 2021). tZ
of tig oldle AFARE
COVID-19% Abgh F 24 Zqi<>ﬂ
ojzch #xA7E 713, AA7I,
Hgo] HAW 22 F7te| Q™ AtEEo
Foll o ¥7] #Ahel olFod 5 AthKampf
et al.,2021; Lv et al.2020). %k oz} d7|7} =
ool A7 row BAAI} 1 T Wik Fof
£ vholel szt mEE ofolmFe] Ffati 3ol
¥7) As7} 7453eHCDC, 2021; UN, 2020). uho]
9vh mEE dlwe] Relxl ABEWS £OE
39 x4 2

9}5}(Vincente et al., 2021).
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o2& THE Respiratory
Syndrome Coronavirus-2(SARS-CoV-2)& Zoll
A 3A]ZH(Doremalen et al.,, 2020) o] A= A
o2 vk X th(Fears et al., 2020; Moriarty et al.,
2020). F-AE x| F-&wE SARS-Cov-29 4
el Fsk Ate] wpEw, uolg A2 gL )

45
=l

Acute
=71

MAL FHreh B el metk 5 AlkelA F
A7kA] theFd 4= QItH(Vincente et al., 2021;
Kampf et al., 2020; Wang et al., 2020). ¥H2 F

ol whel A EE, e EHelA 4x7E 2ERl
2] AEo X 48A]3F, ZekaE WA 7247
Fol, W 9 Aol F Aol o E Fl b
Holgh=  AFAW7E B E Sl tH(Doremalen
al.,2020; Kampf et al.,2020; Wang et al.,2020; Chin
et al.,2020; Virtanen et al.,2021).
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= Abm FHel welHAvE HAEHEAE AL
sto] T aEs kst ol8d & JEE A
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A2 wpelH A SAbgA] gl A de
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Aq&A thE=TE ) SARS-CoV-2 RNAS} PM-2.5 L9 % AZSAF 25

2, HitH

21 A7 AA

A& sEvEA dFasel 7Hg 43
HolQds EAl £ shuoltl 2018 V|FOo R A&

Aol nESTE dYd £ EHES UFLE
65.1%, 82k 24.5%, YA 63%, 71EF 4.1%=Z T
ZaEo] Hul o]Ato]th(Seoul, 2020; Seoul, 2021).
YZznFe] A st FEEHE 65.1% FlA A
stdo]l  AASE FEEHES 407%, HAE
244%% AstE FEHEEEgo] AR 1,797
T E=UR(Seoul, 2020; Seoul, 2021). FEAE FE3}
At A F 237) Ao 1 Folld A
TE 2 Pt AL 117)0] T}
E ;q_a}:,] )\h,ﬂg_ﬂx] b;]x% ,]_E,L 74/x]_ q]

s FE
o5 i
e mAAEE, AR, ATt S, A2 A
&
o}

£ o

oA @%Hc g =AEEA A5k
(Ministry of Environment, 2020a). &A1&
2 #FskE Ak 114 =AAE gidor et
7] A 23] 2% HAME Aldste] A A
W AuE71d A48 A5 AFssih
o o]l g 7 Wi, AWESY ghdd
3t AN&3E BAo] FQ3EFE COVID-197F A&
o Al&et 20200 1€EFE 20214 2
LA Mgl W st A sHE, W2, B oA
COVID-19 127} WA Al 37] 9 AFEEH ol A]
SARS-CoV-2 RNAZ} A&HE=X ZAbstgith #ut
ofyet 2021d 1€, 49 FXAF7F 1,000 ¢
ol A = oJ(KCDC, 2021) EAHg WA atazt A4
A eS8, 2021 2€ 179 5-E 24971A] A
Al F2 11 A Aol A FAE]
=<

[e}
=
255 AA o AFEE WA SARS-CoV-2 RNA

Table 1, Sampling methods of SARS—CoV—2 RNA

Az e

ojHE , EAlO 2
o]

= [}
= —
ARA F25 S5

22 tiEWE L SARS-CoV—2 RNA gk XA}

SARS-CoV-2 RNAE #lshy] 915t Al
T 7 Ao R AFgEgit) shue 37]% ol
B 55 fdAske FoE, 3715 F9ste] A
gel WHFQl HE(80mm  diameter,
Disposable Gelatine Membrane Filters, Sartorius Stedim
Biotech, Germany)oll EI}A|A wlo|HAE LA o=
oo}~ 7 U (Sartorius Stedim Biotech GmbH AirPort
MD8)E AF§3to] &71F el EFE SARS-Cov-2 Wt
ol AE ¥Hst= W o|tk(Rahmani et al, 2020).
F1ZRJ71E 15 m Eolo] AAEkar 10 &<t 50
L/min® % (Kim et al, 2016)2.%2 FAH A= ¥
715 &Fdste] WugQl dee] 283l

AHEEW A SARS-CoV-2 RNAZF AZEHEA
glsl7] 9l&llA] N-Pipette Swab Plus (Pipette Swab

3um pores,

Plus+, 3M, USA)E o] &34 s % U A}a 3
HS BAEA AEHER L , 1 LR EFS World

Health Organization(WHO)%} A #2]% ]/‘1 A F
s WS Faske] ABETHWHO, 2020;
KCDC, 2020). 7 7}A A& Walo] sl & 19
A 2reks] vjwskel e, T% 13} 2ol o
FuE el AMEL3thH(Seo et al, 2021).
EE AES ARAR &7)7] Aol 4CE R
a7 18 ofojAutae] Yo ubE g A&
Biosafety Levels(BL)-2 % BL-3 AgAoA FHA]
A 244F el EA 38T RNA 3
Z—]oﬂ lﬂj] /K]JE’E. _g_ ZJ]E].F/] -“]Eie X—]E} 6‘} ’(3‘ 50
mL conical FEHO Y1 16 mL W3 &4 (3%
bsa-0.01 M PBS)= F7}8}%lt). conical FEE &

Types Surface sample Air sample
Target Surface of objects Airborne
. Air scanner(MD8, Sartorius)
Instruments Pipette Swab Sampler(3M)

with a disposable gelatin membrane filter

Sampling
method

buffer solution.

Collect the sample by rubbing the surface
of the object with the swab soaked in the

MDS8 was installed at a height of 1.5 m and
used to take two separate samples with an air
intake flow rate of 50 L/min for 20 min.
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Figure 1. Surface sample of subway handle (left), air sample collection in bus (center), surface sample in

taxi (right)

Qaeti 37C el wzlelx gaANA o
o] &% g & AFrt. W AELS vy
£ ums oo 9AYE WE W Swab
o g-3o] Alaahsiny.

Real time RT-PCR(reverse transcription polymerase
chain reaction) Aol W MZ] 4FAS & &
¢t B8 3} th(Rahmani et al., 2020). 270 uL9]
AMEZE 270 pLo lysis buffere] ol 41, 229
A 102 T WEAIZL B, 500 pLe 7HEEA
o Y31 MagNA Pure 96 7|A|Z FZJ o}

RT-PCR 7] E(PowerChek™ 2019-nCoV Real-time
PCR Kit, Kogenebiotech, South Korea)E A}-83}o
AEE HAE 3131 SARS-CoV-29] target gene>
oAl 2 w3 Us WHQ envelope(E) gene
7} RARp(RNA-dependent RNA polymerase) gene=
7\39”;]-030‘31 E gene?} RdRpel i3l Z+Z} PCR
3} th(Biryukov et al., 2020; Corman
et al., 2020; Kampf, 2021; Wolfel et al.,, 2020). H+
S 2L 50 CollA 3008 F<¢F 1 cycle, 95°CollA]
102 &%F 1 cycles AAHA, 95°CelA 15% &<t
40 cycles, 60°CollA] 1+ E<F 40 cycles HH-&-A|A
E gene¥} RdRp X fluorescence HF-5-¢] &= 7
% A BA st

oz

I

SamplerE

23 HEWE PM-25 sk AE]| EA}

dFus 2Age 3] et AYard 2
A =7} gEbA B 2 (Yun, 2020), A5 AUEr]E
FE AYE EE 4930 9AFY, EAAE
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o A, FET AAA EFAZH(07:30~09:30,
18:00~20:00)9} =FAITE AlLlst AZEi] 1]
=3 AdE vUHA S thMinistry  of
Environment, 2020a). tFi%E A3 712 HAF &
& 2 shel e AW A (PM-2.5)2] 7152 EFA
7roj ek Bl ER A 25 50 pg/mio] th(Ministry
of Environment, 2020a)

AlEAH P S BT A AuErd @
g5 A% dsueads A3 AAH
Al AA Bk dFsaEsatEdEe] Auerld SHE

of A3t Al T3]'(Ministry of Environment,

2020b). SAA AL o2 A= U AUErIEE o

BHALE A9 ] of EHEE FA &
o] %

=
=
7

-

=

st7] S8l 2ol AAEo] A ke of F3h
oy S 57 T]X] Ql FAA 1.0~1.5 m =©°
of /4 =]3}9 th(Ministry of Environment, 2020b). %
AAA = 2 e SRl A EZAA7A] A
o= B AHH 0w ARE AFI}NL 17
HASZE ARE £33 tiMinistry of Environment,
2020b). 2T AEA BHE B @ ofojzEe A
AZte 2 Z73t= Grimm Dust Spectrometer 1109
FHlE Abgste] FAarstg oz Al Falkst
HE gi7lFel F-fat e A B4 g3

wol Algkshs & HYsa 1 growty d%
g BAG ¥ A%Hom S Poln,



3. Zut % 1nE
3.1 tHIEWE LH SARS-CoV—2 RNA REE XA}
A7 B tFEas Ad F AskES A

kAl 1870 AlA, 3708 dAb, g dd &Y

F A= FAA T AT 37 Al A 747‘

3437, 7274, 26671 FAAFSIITHAE 2). WX

2% 22t ujF-ek MAHRE & StellA 48021

ol 874 AAE AAI AL, BAIAEE 7o) W

Al 4931, EAIR}ILA] o A 66% AApstel F 5570

< AArstnt g dAs Aekd, W, E

Al el A3 skl FIAIE e B
55 AEY AL 1 A% I AERE BF &
ol Fxa7E Wt & dA Azte] Aubd
&7 %91 #A ThedE 719 Qe AR v
Frh(Seo et al, 2021). W AEE S G4 F
AEes AAstal AlEEstdion, 119 44
Hhgo] Ugith RNAZF 29 ARE &% § °
o] Ad ¥ AE" & AdFA 34 W AR

% U SARS-CoV-2 RNAS} PM-2.5 L G% AZFAF 27

oA AFHNCH, Tt AbES AR el A
AL, AEY A vhEA k2 e F310)9]

A9 ARSI FRol glolAq 9]l @ A

Ag7I7E o AU Fzteldith. T Alde A
= WY T SN F7 2593, ARYA W
R TS TS MY, Add FEZA S
24714 AMEEWES ARAAN A BF B3 FE0
Atk ARSI A ALl A At HYEC] A
£33l FATINCR YFis o)gAEe] A4
G Aoy wEed $AEC] °] 83
= UFngor BRI oAgARL, xxrt
o8 HEFA Tt disiME AT A5HE
7 Bed B EE, volya e 34
AANA 4L wtolH g wjks]| slof YEs] F
918t 4= QJOTR  real time RT-PCRO| 2|3
SARS-CoV-2 RNAY #HZo] wt=A] QA 79N S

Ju|sl= A2 ofth(Moreno et al., 2021).
AA o] o] F5eta Qv AsHE 7

A ) Z219 "olg A9 84F ¢ o] 9=X

Table 2. SARS—CoV—2 RNA test results in public transportations where the confirmed case occurred in
Seoul(Between February 2020 and February 2021)

Type of Surface Facilities Surface Air Samples Total Positive/
Transpo Samples No Samples (Positives) Samples Total (%)
-tation (Pusitives, %) : (Pusitives, %) (Positives) o

Station 18 323(0) 20(0) 343(0) 0(0%)

Train 3 62(0) 10(0) 72(0) 0(0%)

Subway

Restricted Area 3 262(1, 0.38%) 4(0) 266(1) 1(0.376%)

Total 24 647(0) 34(0) 681(0) 1(0%)

Bus 22 468(0) 9(0) 477(0) 0(0%)

Bus Bus station 1 3(0) 0(0) 3(0) 0(0%)

Total 23 471(0) 9(0) 480(0) 0(0%)

Taxi 7 49(0) 0(0) 49(0) 0(0%)

Taxi Taxi Garage 1 6(0) 0(0) 6(0) 0(0%)

Total 8 55(0) 0(0) 55(0) 0(0%)
Total 55 702(1, 0.142%) 34(0) 736(1) 1(0.136%)
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Table 3. Preemptive inspection of SARS—CoV—2 RNA was conducted on trains in operation with passengers

on board in Seoul.(February 2021)

Surface Samples of Surface Samples of
Line Total Samples Kind of Samples
Peak Time Off-Peak Time
A 24 20 44
B 17 23 40
C 43 47 90
D 33 33 66
Door(120),
E 47 48 95 Ring Handle(385),
F 46 4 88 Stick Handle(256),
Chair(180),
G 94 108 202 Carriage Aisle Door(50),
H 50 55 105 Door Button(8),
Door Handle(19)
I 41 47 88
J 42 42 84
K 58 58 116
Total 495 523 1,018
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A2 EE U SARS-CoV-2 RNASH PM-2.5 @ 9% AZFAF 29
I Peak time
s Ambient air Mav 2020
—— National Recommended Criteria
B0 -
50 A
a0 - 38.7
E 3z 318 32.9
E‘ 30 02 27.6 283 28.1
E 2o %.2 %'2 189 ., 195 s
£ | 124 181 ﬁ 156 16.7 %\ S B %
3 % 3 5 AR X Pz Wiz1 BN
Y NI NN Ef S N NE S R N
o RAERLERLLERLL
TANRARAERRLERLRL DR
/O 21 2.0 1.5 2.5 3.2 1.5 1.2 1.7 1.5 1.6 1.7
I Off-peak time
s Ambient air MEY 2020
—— National Recommended Criteria
Eu_
50 A
a0 | 345 38.7
E q2p 335
| 28.5
‘% %0 2T 3.z 205 227 240
P 20 - % : 18.0 19.2 30.1
2 123 M., % 12.4 119 % 151 M 438 %
Iy N ) N\
X BX N N
\ R N X

12

ulsich 9% 7]
A WakskA = 3 AR U PM-2.5

L 1o

>

A8 Wtsls o] &= il Lk
Al BlE WX Az Y2 §FUHE RAow
h(Lee et al, 2016).
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rxLél-nr:Lmlo
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I Peak time
s Ambient air Octuber 2020
—— National Recommended Criteria
70 7 64.4
60 - 57.4
50 A
“‘E a0 - 0.8 2 36.5 33-433 . 3?.5\‘%5_4
g 27.3 & Y
Esu— « 253243 %‘ 2i.4 2sp 250 % % 27
= 4 % R % % ¥ 2 % % 17.3 “\:“*:
10 - X EX B B BY BR BY BR . B BR
X BX BY B B B BN B By By B
T RRE L EERRRELN
F[n] 2.1 1.1 1.2 2.4 1.6 1.2 1.2 1.0 1.8 1.5 1.1
I Off-peak time
W Ambient air Oduber 2020
—— Maticnal Recommended Criteria
70 -
£3.5
m_
50 7 445
= ' 397 396
“'E 07 33.4 323 % e % 356339
E 30 - %231 % 25__325'5 - % %ﬁz?.z 266 263261
: . RN RhEecshR S
2 30 % S % \ N 168 ’% ‘m\ %
1 AN BEX BY BX BY BX EY BY Bs By IR
T AARLRLLLLREER
1O 1.3 1.1 0.9 25 1.2 1.4 0.9 1.1 3.0 2.8 1.0

Figure 2—(2). Average of PM—2.5 concentration in subway and ambient air in October 2020.

SFE ALHE ol &2 U =
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e EWE Ul SARS-CoV-2 RNASH PM-2.5 9415 AZAT 31

I Peak time
s Ambient air February 2021
—— National Recommended Criteria
B‘u -
716
70 1
m -
51.3
Z 50
e 40.2
g 40 T 1
2 1 376 26.4 : 313.3 35.2 297 g3 28.5
< 30 245 200 Booe %: % o
& 20 4 e W=7 % % % \‘% 1529 147 %
10 - s 077 BSBN BR B B BY BN BN R
KRR RRRNRNRNRRRR
F[n] 4.0 3.2 2.3 5.2 1.9 1.7 1.3 1.7 2.0 1.9 1.4

I Off-peak time

e Ambient air FEbeﬂrv 2021

—— National Recommended Criteria

m_
53.7 -
o | 492
. e 3.8 403
z 33.8 . \\" 34.3
3 o 29.7 28.7 02 % % 28.3
e 216 Moy g \“‘\:\% % 227
G 13.1 I B Bl B B
E 123 121 % % ‘% % {\%3 %55 %
o IeleININNA KRR RN LR
TRRARLRRLLRLRL N
Line A B C D E F G H | ) K
1O 3.7 21 2.2 4.4 1.6 1.4 1.4 1.4 2.6 2.4 1.2

th2® 2). 2020 % COVID-197} AL o] % T2 F4SAE EFsta(ad 2) 20219 24
AR AF T QeQlor dFus F$AF) DEkel A HHES FUMEY 43%S 23
FolEo] EFETF Hoppow, FAAZIY 97 st 2 AWA FE 23 P dgEHE o
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Figure 3. Continuous measurement of PM—2.5 value from departure station to arrival station for D—line operating
within Seoul jurisdiction(2020~2021). Peak time(Upside) and Off—peak time(Downside)

At AEHE Y U 29 kel BEe] Aol AR, &
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(Lee et al, 2017). ©] ZAFA 3} =7} 7|58 F53]
e 2k Axbe BEE] FA RIEE F7HA
713, T2 nAHAE AN = 44T
A, =5 91 AAULS wAl(Lee et al, 2016)5=

5 4Ad AloE A% Fs AU a3 B
o v AHA 7} ZZ-19 vlo]# A~ HEA(Nor et
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SARS-CoV-2 RNA AEZAME 8 Ay 0] H
4 = e AT Fggel v 17
£ Astae BF SAIth ohel, AdFAL
oA kARESo] Ugomg  oJiale] ZEaE A
A5 kS Hgt ¢ HAS #AYrt o ®
Atk FHAGIF FHGe et e AR
T Ak A T viFgaseAe g Ak
£ ok7HA Bad v gtk digaE ol &4
ntAFE REEA] Fgste] §EebAl Holfla &
2E2 U A AsEE s 3Es AAset
w7] wEel ujdo] € JhsAdo] #As] Wt
) AER| 7F wholg o] AAE olF wiy TS
StEE Uz ns U nAuA s o4 A%
QAolth Askd AR Ao Zu A
NFEE e 435 5ol7] wio g i}
v 71EA] olstE wtFr] e w¥o] dQd B
Atk oWl AFE T dFuE W vAWA =
52 U437 g8 2w, 448 A= dBee) vl
232G 5 TGS Z AFvd, dorE o
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A
2021> AMYE =
A =gy

References

Biryukov, J., Boydston, J.A., Dunning, R.A., Yeager J.J.,
Wood, S., Reese, A.L., Ferris, A., Miller, D.,
Weaver, W., Zeitouni, N.E., Phillips, A.,
Freeburger, D., Idris Hooper, 1., Shumate, S.R.,
Yolitz, J., Krause, M., Williams, G., Dawson,
D.G., Herzog, A., Dabisch, P., Wahl, V., Hevey,
M.C,, and Altamura,L..A. (2020). Increasing tem-
perature and relative humidity accelerates in-
activation of SARS-CoV-2 on surfaces, mSphere,
5:¢00441-20.

CDC(Centers for Disease Control and Prevention). (2021).
Coronavirus disease 2019 (COVID-19). How
COVID-19 spreads

https://www.cdc.gov/coronavirus/2019-ncov/prevent-get-

ting-sick/how-covid-spreads.html

Chin, A.W.H., Chu, J.T.S., Perera, M.R.A., Hui, K.P.Y.,
Yen, H., Chan, M.C.W., Peiris, M., Poon, L.LLM.,
(2020). Stability of SARS-CoV-2 in different
environmental conditions, The Lancet Microbe,

vol. 1, no. 1, p.el0.

Corman, V.M., Landt, O., Kaiser, M., Molenkamp, R.,
Meijer, A., Chu, D.K.W., Bleicker, T., Brunink,
S., Schneider, J., Schmidt, M.L., Mulders, D.G.,
Haagmans, B.L., Veer, B., Brink, S., Wijsman,
L., Goderski, G., Romette, J.L., Ellis, J., Zambon,
M., Peiris, M., Goossens, H., Reusken, C.,
Koopmans, M.P.G., and Drosten, C. (2020).
Detection of 2019 novel coronavirus
(2019-nCoV) by real-time RT-PCR. Euro
Surveill, 25(3), 23-30.

Doremalen, N., Bushmaker, T., Morris, D.H., Holbrook,
M.G., Gamble, A., Williamson, B.N., Tamin,
A., Harcourt, J.L., Thomburg, N.J., Gerber, S.I.,
Lloyd-Smith, J.O., Wit, E., and Munster, V.J.
(2020) Aerosol and surface stability of
SARS-CoV-2 as compared with SARS-CoV-1.
N Engl J Med. 382:1564&#8211;7.

Fears, A.C., Klimstra, W.B., Duprex, P., Hartman, A.,
Weaver, S.C., Plante, K.C., Mirchandani, D.,
Plante, J.A., Aguilar, P.V., Fernandez, D., Nalca,
A., Totura, A., Dyer,
Lackemeyer, M., Bohannon, J.K., Johnson, R.,
Garry, R.F., Reed, D.S., and Roy, C.J. (2020).
medRxiv; doi: 10.1101/2020.04.13.20063784

D., Kearney, B.,

Kampf, G.,Todt, D.,. Pfaender, S., and Steinmann, E.
(2020). Persistence of coronaviruses on in-

animate surfaces and their inactivation with bio-

Part. Aerosol Res. Vol. 18, No. 2(2022)



o

wupy

=152

CRRE TR ER Y]

S

cidal agents. J. Hosp. Infect.
8211;251.

104, 246&#

Kampf, G., Lemmen, S., and Suchomel, M. (2021a) Ct

values and infectivity of SARS-CoV-2 on
surfaces. Lancet Infectious Diseases. Vol2l,
el4l.

Kampf, G., Pfaender, S., Goldman. E., and Steinmann,

E. (2021b). SARS-CoV-2 Detection Rates from
Surface Samples Do Not Implicate Public
Surfaces as Relevant Sources for Transmission,
Hygiene, 1(1), 24&#8211;40.

Kim, S.H., Chang, S.Y., Sung, M., Park, J.H., Kim, H.B.,

Lee, H., Choi, J.P., Choi, W.S., and Min, J.Y.

(2016). Extensive Viable Middle East
Respiratory Syndrome(MERS) Coronavirus
Contamination in Air and Surrounding

Environment in MERS Isolation Wards. Clinical
Infectious Diseases, 63(3), 363&#8211;369.

KCDC(Korea Centers of Disease Control and Prevention).

(2021). Korea Coronavirus Disease-19, Republic
of Korea, Media Resources, Press release,
http://ncov.mohw.go.kr/en/tcmBoardList.do?br
dId=12&brdGubun=125&data-
Gubun=&ncvContSeq=&contSeq=&board_id=
&gubun=

KCDC(Korea Centers of Disease Control and Prevention).

(2020). COVID-19 Disinfection Guidelines for
Public-use Facilities and Multi-use Facilities
2020. 3-4thed. http://www kdca.go.kr/board/
board.es?mid=a20507020000&bid=0019

Lv, J., Yang, J., Xue, J., Zhu, P, Liu, L., and Li, S.

(2020). Detection of SARS-CoV-2 RNA residue
on object surfaces in nucleic acid testing labo-
ratory using droplet digital PCR. Science of The
Total Environment, 742, 140370.

Particle and Aerosol Research #| 18 A #] 2 &

Lee, E.S

Lee, E.S

Moreno,

Moriarty,

Ministry

., Park, M.B., Lee, T.J., Kim, S.D., Park, D.S.,
and Kim, D.S. (2016). Characterizing Particle
Matter on the Main Section of the Seoul Subway
Line-2 and Developing Fine Particle Pollution
Map.
Environment, 32(2), 216-232

Korean Society for Atmospheric

., Lee, T.J., Park, M.B., Lee, T.J., Park, D.S.,
and Kim, D.S. (2017). Characteristics of particle
matter concentration and classification of con-

tamination patterns in the Seoul metropolitan
subway tunnels. 33(6), 593-604

T., Pinto, R M., Bosch, A., Moreno, N., Alastuey,
A., Minguillon, M.C., Anfruns-Estrada, E., Guix,
S., Fuentes, C., Buonanno, G., Stabile, L.,
Morawska, L., Querola, X. (2020). Tracing sur-
face and airborne SARS-CoV-2 RNA inside pub-
lic buses and subway trains. Environment
International, 147, 106326

L.F., Plucinski, M.M., Marston, B.J., Kurbatova,
E.V., Knust, B., Murray, E.L,, Pesik, N., Rose,
D., Fitter, D., Kobayashi, M., Toda, M., Cantey,
P.T., Scheuer, T., Halsey, E.S., Cohen, N.J.,
Stockman, L., Wadford, D.A., Medley, A.M.,
Green, G., Regan, J.J., Tardivel, K., White, S.,
Brown, C., Morales, C., Yen, C., Wittry, B.,
Freeland, A., Naramore, S., Novak, R.T., Daigle,
D., Weinberg, M., Acosta, A., Herzig, C.,
Kapella, B.K., Jacobson, K.R., Lamba, K.,
Ishizumi, A., Sarisky, J., Svendsen, E., Blocher,
T., Wu, C., Charles, J., Wagner, R., Stewart,
A., Mead, P.S., Kurylo, E., Campbell, S., Murray,
R., Weidle, P., Cetron, M., and Friedman, C.R.
(2020). Public health responses to COVID-19
outbreaks ships-Worldwide,
February&#8211;March. Morbidity
Mortality Weekly Report(tMMWR). 69(12),
347&#8211;352.

on  cruise

and

of Environment. (2020a). Enforcement Rules of



AeA] EW%E Ul SARS-CoV-2 RNASH PM-2.5 9995 AZAT 35

the Indoor Air Quality Management Act(abbrevi-
ation: Enforcement Rules of the Indoor Air
Quality  Act).
Ordinance No. 918

Ministry of Environment

Ministry of Environment. (2020b). Manufacture and oper-
ation management guidelines for public trans-
portation vehicles for indoor air quality
management. Ministry of Environment Notice
No. 2020-64, 2020

Norefrina, S.M.N., Chee, W.Y., Nazlina, 1., Mohd, H.J.,
Zetti, Z.R., Norlaila, M., Haris, H.A.H., Kuhan,
C., Mohd, T.L., Phei, E.S., Chin, Y.L., Kemal,
M.A., Jamal, H.H., and Mohd, SM.N. (2021).
Particulate matter (PM2.5) as a potential
SARS-CoV-2 carrier. Scientific Reports, 2508.

Rahmani, A.R., Leili, M., Azarian, G., Poormohammadi,
A. (2020). Sampling and detection of corona
viruses in air: A mini review. Science of the

Total Environment, 740, 1-8.

Seo, M., Lim, H., Park, M., Ha, G., Kwon, S., Shin, J.,
Lee, J., Hwang, Y., Oh, Y., and Shin, Y. (2021)
Field study of the indoor environments for pre-
venting the spread of the SARS-CoV-2 in Seoul.
Indoor Air. 2021;00:1&#8211;13.

Seoul. (2020) Seoul transportation in 2020. ISBN :
9791165992736. 51-6110000-002504-01

Seoul. (2021). Major traffic statistics. https://news.seoul.
go.kr/traffic/archives/345

United Nations COVID-19 Response. How does
COVID-19 spread?. (2020).

https://www.un.org/en/coronavirus/ covid-19- fags

Vania, A.V., Bruno, P.R.L., Maria, E.G., Caroline, P.B.,
Eduardo, B., Viviane de, S.G.F., Meri, B.N.,
Sonia, M.R., Katherine, A.T.C., Izadora, C.F.,

Morgana, F.V., Ramiro, G.E., Jacques, F.M.,
Vanete, T.S., and Emanuel, M.S. (2021).
Environmental Detection of SARS-CoV-2 Virus
RNA in Health Facilities in Brazil and a
Systematic Review on Contamination Sources.
Int. J. Environ. Res. Public Health, 18, 3824.

Virtanen, J., Aaltonen, K., Kivisto, 1., and SironenJenni,
T. (2021). Survival of SARS-CoV-2 on Clothing
Materials. Hindawi Advances in Virology
Volume 2021, Article ID 6623409.

Wang, D., Hu, B., Hu, C., Zhu, F., Liu, X., Zhang, J.,
Wang, B., Xiang, H., Cheng, Z., Xiong, Y., Zhao,
Y., Li, Y., Wang, X,, and Peng, Z. (2020). Clinical
characteristics of 138 hospitalized patients with

2019 novel coronavirus-infected pneumonia in
Wuhan, China. JAMA, 323, 1061&#8211;1069.

WHO(World Health Organization). (2020). Surface sam-
pling of coronavirus disease (COVID-19): A
practical “how to” protocol for health care and
public health professionals. https://www.wh-
o.int/publications/i/item/sur-
face-sampling-of-coronavirus-dis-
ease-(-covid-19)-a-practical-how-to-proto-
col-for-health-care-and-public-health-pro-

fessionals

Wolfel, R., Corman, V.M., Guggemos, W., Seilmaier, M.,
Zange, S., Muller, M.A., Niemeyer, D., Jones,
T.C., Vollmar, P., Rothe, C., Hoelscher, M.,
Bleicker, T., Brunink, S., Schneider, J., Ehmann,
R., Zwirglmaier, K., Drosten, C., and Wendtner,
C. (2020). Virological assessment of hospitalized
patients with COVID-2019. Nature, 581,
465&#8211;469

Yun, S.J., Song, M.Y., Lee, J.H., and Chun, H.J. (2020).
Performance assessment of air purification sys-
tem on buses in Seoul. Seoul Institute of
Technology, 2020-SR-05

Part. Aerosol Res. Vol. 18, No. 2(2022)





