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ABSTRACT

Objectives: The coronavirus pandemic that began in 2019(COVID-19) has been one of the worst pandemics of
the 21st century. Masks have been used to prevent COVID-19, but there are currently no standards for the
long—term use of masks in the Republic of Korea. This study was conducted to assess the microbiological safety
of KF94(Korea Filter 94) disposable face masks according to wearing duration by evaluating the bacterial filtration
efficiencies of masks worn by research participants.

Methods: A commercially available KF94 mask certified by the Ministry of Food and Drug Safety(MFDS) in the
Republic of Korea was selected as the test mask. The research participants(n = 15) wore masks for the durations
of one, three, and seven days. Participants also reported several parameters, including wearing time, makeup
frequency, and storage. Bacterial filtration efficiencies of the worn masks were measured by a mask bioaerosol
filtration tester. Staphylococcus aureus(S. aureus) was used as the test bacteria and quantitatively measured
through the cultivation method. Then, bacterial filtration efficiency was calculated using the formula suggested
by the MFDS.

Results: All worn masks showed over 99.98% of mean bacterial filtration efficiency for S. aureus. There were no
significant differences among bacterial filtration efficiencies of face masks according to wearing duration. There
was also no significant difference among bacterial filtration efficiencies among participants. There was no
correlation between the results of bacterial filtration efficiencies and reported parameters from participants.

Conclusions: In the absence of significant external damage to the mask, the bacterial filtration efficiency of the
mask can be maintained even after seven days of wearing. This result suggests that KF94 masks certified by
the MFDS can be used repeatedly for about a week without loss of bacterial filtration efficiency.
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AMAEA7]7-World Health Organization)7} 2020
| 1¢€ 4E IEvHo| AT A (I E2H-19)°] gt
A T5EA BAAF(Public Health Emergency
of International Concern)S A3t IZUH-195
g-+@(pandemic) 2.2 743 0¥, 2023\ 129714
A AARNA Z2H-19 SR $= 2F 79734789 o251
O nj 7uighy of AFFAL7E HAYSIITHWHO, 2024). §F
oA 20239 109 7|, oF 3% SHeHE o] ExlAte}
3T 6Hge] AFEAE EAEI QItHWHO, 2024).
202349 5¢ A8 FF5HEA v = A=Y
(WHO, 2023), o= A9 F3(endemic)> ALE]
1 Sl AAoltt.

IZ2H-195 fFEUche AL IZEUHPOIZA-2
(SARS-CoV-2)?} =2 ©57] Hio|#A & Al H|E
Y Ho|Rooj2ES B9 HAE= FHE HolH
(CDC, 2006; Otter et al., 2016). HA-E vpAT 2482
S57] HdoA AEH= IZ2UHo|H AL ¢S Y
8 olYzKLeung et al., 2020), H|E9] il do}
(Dbouk et al., 2020; Lindsley et al., 2021) Blo]HA
9] A< WAet=t 837t UK Chu et al., 2020;
Leung et al., 2020). W&hA Z24-19 oHkS st 7}
4 3Rl 2 mpAdet 22 JRIES T 2HE
(Cheng et al., 2021)°]H, =7} 0= 2023 19714
BAE wpAg 28-S R 36oH
A $F HEOZ Ql5le], F2-19 YRy 2

A3]G mtAT O] tF] ARS-S HARE vF Qo miA
2hgo] gk AE RAF A3, A8 upAIE 13
2k85ta {7tk 82 23.6%%1d ¥ 2~3
z2hgotal Rtk ARARE 54.7%, 69 o4 2
Al 10% oo E RAMEE 5, W2 AH|REo| Bt
235 o3 Agoin
2020).

HAE &8 9 8[EEE niAd 5 988 S
7|85 o] FEE = = @Y Ve, #
A 7S v E AAGE ¥t EF 9wt
QU9 ofFgE 7|IH(MFDS, 2022)3 E=g

g FAR9 #E AR FHEEAGA
(Staphylococcus aureus)®l W3t ATaEE H7} 7]
Z(ASTM International, 2019; CEN, 2019; MFDS,
2022)5 Aot vk EIFF =2 FHARY 7]

A= TS

18

It Consumers Korea,

Bl o
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A2 7|7t ME KF94 OiA3 MZojutgg M d7 49

=2 HgoE HIMER ¥ et Y9 ¥F 8§
22 185}, Korea Filter(KF)80 @ KF94, KF99
S0z EFsta QITHCEN, 2019; MFDS, 2022). 1
gy, ntAaE o] g A4 =TekehE wAgol
dojd & qou=E QIFH upAF 9] ofitigo] Hoj
4 4 k. AR 49714 2HEeE 8 KF94 miA
39| FSPHEFT Tt 0US ARESH ofiteE ¥
7t Aato| A Hit ofFpago] oF 6% AASk= e
SRRISHIEHKim, 2021). @A7IAY] upAz of3] A}
& I A9 FE A3 HEF ¢ god Y o
At oitag WHIE 7IRIe R T e F7PHE &8
sto] XY= om(Charvet et al.,, 2022 Whyte et
al., 2022) Aletoitag 71 ¥ dae SS9 4
Aot Luksamijarulkul et al., 2014). A4 B 4
H|IZZ0] upAad 9] & o3 gl FHE HoJ
719l(Consumers Korea, 2020), €A 7 4z A+
£51 Qe KF94 thAIE HHE ARSSE & Algo]
NEES B7RRE s SR BAsHE gos 7
oI},

2 A= AN Y 7Rset KF94 wkAaE
A 7HAERIA 1Y, 3Y, 7Y &%t 3] 2HE6H
T g 7|7t d npAad ] Aldojdias WHs FYS

[

ol

1. g1

1. 4 OtAT 3 A8 M

AlFolA T 7Hseh AlFQoREedA Q15 KF94
oA F(201A, Dobu Mask, Republic of Korea)s
stEsto] Aol mg B7tol ARESIGITE AlE EH
9 A3 5ol AR HE e IYSIERE
ol-gsto] 121°ColA 15% &% BdaHgS AFh

Al Moz, FMRE AL American Type
Culture Collection [ATCC] 6538)& AR&s3ATt. WA,
o= Al 1A A el A (tryptic soy broth) (MB-T1053,
MBcell, Kisanbio, Republic of Korea)ol] ZAEZE
e JEokar, AZEid71(150 rpm) WollA 37°C
2 24A1ZF vigstiet. o] 108 ©A AHeE of
EFHA QA S EAul A (tryptic soy agar)(MB-T1052,
MBcell, Kisanbio, Republic of Korea)oll H&staL
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Ho
O

HjF7]oA 37°CE 24A17F BiSs & HiAlsHo 7
Asste] FEE FRIstit. Bt M E Ao
B2 9F 1 x 10° colony-forming units(CFU)/mL
2 gio] AF A7HA] YAI(4°C)oll Bstgier, o]
o B3 7|32 X 20] YA YL E sfo] FARE
o] AFES HASHI

2. 7 X 2

2 A3E ALSdste gAY
(IRB No. 2209/002-020)< 4o} st HAZ
SAHl Tk 1941914 17 644] Ate]9] A9l JHE o
Aoz mstyorn, RYASoA A+ wAFT e
o 22 22RRIEHIF9)) 9 H3t= dysiaict
S 52 ¥ 3T Fo JAE AdHeE mEL
F3ofztol| SHste] o R A Fof HHS A
styom, AH FYME A 2, B A+
Z 159(d 74, o 8%)Y AR} Frofst
om Qe 9 dvky EAo) tigt AEEE FHS

Act.

Q.

i

r ol r@ mx o
¥ 2

rl

2,

3. 0lAT, MEX| HHZ L 5|2

7k Aozl A AEA|et Aol FERIHA QlF
KF94 ©tAF(201A, Dobu Mask, Republic of
Korea) 37] ¥ ARESH ufATE &2 4 Qv oW
= st AEA= 7] € 554, A 5 9%
oqZ=9] 7|2 FE 9 mpAT ZEATHE ZEAIRE
4 &5 F ZEAIRD, AFAl BB Y 5 58 FE
- /44 R H(parameter)E EFFSt] A5 Bt
235 2~3Y FEoks AR AA] 59.4%, 6 |
b 2ol AL 11.6%2 AR HAEXA AYE
EAE, vad 2E 7172 AAsHAtHConsumers
Korea, 2020). A& 2A=2 3709 nta3 g ZH2t
7Y, 39, 19 B9t A& ARSRE H, F7HER1 Al
2 52 U5t Yol ol Yol 2HJet HEA
o} 3 AFANA AESIATE 253t vpAT= AT
A7MA] YAa(4°C)oll Hastel.

o2

4. 225 01AT0| MZO{TES Tt

o) EEATYS QB Wgste] 28Tt vhazol
Aol 3228 H/SIAHCho et al, 2022). A7
oAxpgolA] B47 MATES 21 + 5°C © ATEE
85 + 5% Wleplol skt HH/ste] Abgstgion, ]
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2Hg tA3(09)S o2 A5ttt |A 7ot
239 3| 9 1HE EZ AAT F, vkAI HAAE
ANt #8-& H7tof| ARESFITHASTM International,
2019; CEN, 2019; MFDS, 2022). 1x phosphate-
buffered saline(PR2004-000-74, Biosesang, Republic
of Korea)& AREst, 7t A1E & MR+ 7}
1,700~3,000 CFU7} AEHES Aldd=AZ FH[6
Aot o] Alftoldtag AIFAA|(BFET-1853, ART
Plus, Republic of Korea) (B« ¥474: 3.0 £ 0.3 um;
HI G5 28.3 L/E)E FHI% H, Aldd@EAE EAL
71°l ¥3 693d Andersen type cascade impactor
(P22, TE-10-830, Tisch Environmental,
USA)9] 7t Fofl HiAIE ¥drh. viAdE F2beHA] -2
JHollA olol2F WAg7Iet IFHEE 187t 25t
5 oREAAAE 187 ZFssti o iR E 24}
G STE HAISI] PR a= A 7+
| mtAa3F9] I 9 1R 2 AAT F Aldoiaa
& AR ARt Flofl 3Ye S AAsHleH,
BO & AIY A E FESHA] o2 AHiollA] Alsto]
oz b2 AAGsIelt ooj2E WIS 7Fsst
A k3 ohE IR T 287 AEoko] e v 2
FE 4 23E FAHRT LR AHSIGlH Aol
w & #iRE vigTIolA 37 + 2°C, 48 + 4A1XF &<t
HjFsto] CFUREE AlG=staith.

p

B R

5. MZOIZHES A4 U £ 24
obe] A 1o] wet AlEolBaLCHS T
(MFDS, 2022).

(C-T)
C

E = x 100 (Eq 1.)

E: oJT8E(%)

C: PYAET ot FYAEZ bl BF CFU

T: AR AFFARTL 283 Aol 2%
3 % CFU

A Ao dish 7z 2hE- 717H0Y, 1Y, 3, 79)
o W& AMoaEe FHoH EEAE ol
Prism ver. 9.0.0(Graphpad Software, USA)}& ©]-&
sto] 7+ 28 717F Aol SAA Aol AHEA o R
Assta, fogt Aozt A= FEol ts) Dunn's
post hoc testE &l A5 EIF An]ojqt A
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24& B9l CRUSt % Xé‘“é: R AR 7k AR AT RSS2 Itk Table 1), AFEAR)

& SISHGch. P-gHP) ©] 0.05 T v BAHOR o th(67wHE ThAAE FolA B Ao o)

Solgt Aow st A

A7} AyloA A2og mAIE HPSH= Zo7 %

.2 2 A= AeTable 1). BFH02 12 B 4328, 3

59t 1,195%, 7¢ 59 26618715 A3 s 285

1. LetA %éj W, & npAT 28 A|7H9] AHH49%~55%) ;(457]_ o

& 159(3 79, of 8 ATYG RRET 5 R A ook 591 5 Fol Ay Ao o
o 4EE YEE AU, U HHEE o chpekTable 2)

Table 1. Research participant demographics (n = 15)

Number (%)

Sex
Male 7 (47)
Female 8 (63)
Makeup

For face
Yes 13 (87)
No 2 (13)

For lip
Yes 8 (53)
No 7 (47)

Mask storage
Folded or unfolded

Folded 10 (67)
Unfolded 4 (27)
No answer 1)
Temperature
Room temperature 14 (93)
Other temperature 0
No answer 1)
Indoor or outdoor
Indoor 14 (93)
Outdoor 0
No answer 1)

Table 2. Parameters of all research participants (n = 15)

Wearing time (min)
Total With activity”
1-day use 3-day use  7-day use 1-day use 3-day use 7-day use

Age Height  Weight
(years) (cm)  (kg)

Average t o1, o 169+ 0 844 432 £53 1195 + 131 2,661 + 280 238 + 34 630 £ 89 1299 + 154
Standard Error

"Activity includes exercise, commuting, and speaking.
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Ho
Off
J

2. &g 7[7H0]| E M 0j2tgE X}0|

n2kg mpAag 9 1, 3, 7Y 2RESE upAT O] Aldo
N8E Z3E Table 30| Ueigleh 28 717H}+=
THAIglo], HE mkAIoA, 99.98%04 99.99%0] &
Sk o =2 NI BEES HAH 3
d 7Y 283t vpAFo A B 0.01% 9] oF
T2 Altoaita g dAaxE B9ov, A4 594
2 RIS 4= GIATHP > 0.05). A7+-E3 5 8%
(53%)°] 2F&3F upAT HFo A 2R 7171} FaistA|
100.00%2] Altoldtz2eE HIom, 78(47%°] =
35t vpAT 17} E= 27004 100.00%HE Tt F4sh
Aol tag Aatgts Flotth(Figure 1). ZE ot
ATIE F i AFTaE 32> 99.88% ©|3itt. F
#+H o= ZF Aoz} 7 2o 2F 0.06%2] #-2J5HAl
%2 ZpolE HATHP » 0.05: Figure 1).

3. Mzoate st HE - BHH X|HS AL0|Q] Al
=

upAF o] MlgoitasS gdd, 7], As o T2
A A1 & oflet d=F € A& HF AR oF,
upAT By v 2RE A7 59 HA4F A EeME
OIgt S HolA| QITHP ) 0.05: Table 4). &
S 1Y, 3¢, 79 &<t 283t vpAa 7o) Aldtofdta
& 94 AgE 1T & QJUJTHP )
0.05; Table 4).

O _0]35]

v. o #

AT = aESHY S HAS 5 A=
StHQl RS 72 I24-19 59 7|7t 52t 2k8o] A
A= B} QItiCheng at al., 2021). Alojdag

Table 3. Bacterial filtration efficiencies of face masks from research participants (n = 15) according to wearing duration

Wearing duration O-day use (control) 1-day use 3-day use 7-day use
Average * Standard error(%) 99.99 + 0.01 99.99 + 0.01 99.98 + 0.01 99.98 + 0.01
100.05—
100.00—~O&O®m-ﬂ¥2¥ stk AMA
§ $
g 99.95— oI A
7 V3
3 i
% = a7
§ 99.90—
‘é‘ @3
E
99.85 /7
"
50—
0 r 1t 11 11t &1 11 1T 1 1T 11
A B C D E F G H | J K L M N O
Participant

Figure 1. Bacterial filtration efficiencies of face masks collected from each research participant. Data are shown as scatter dot
plot and bar with average * standard error. Numbers (1, 3, and 7) denote 1-day use, 3—day use, and 7-day use of face

masks, respectively.
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Table 4. Correlation coefficients between bacterial filtration efficiencies and Parameters (Spearman correlation)

Wearing time

Storage
. . Cosmetic  (folded/ BFE Total With activity
Sex Age Height Weight ——
Face Li 1-day 3-day 7-day 1-day 3-day 7-day 1-day 3-day 7-day
P use use use use UuUse UuUse use use  use
BFE
(1-day use) 0.00 038 -0.13 -0.042 -0.15 000 -025 - 020 0076 020 031 033 -035 -0.16 -0.30
BFE
(3-day use) ~0.-18 046 028 050 -0.19 -0.18 -0.090 0.20 - 0097 017 032 -0041 026 029 -0.12
BFE
(7-day use) ~0.018 0.064 -0.20 -0.0021 -0.27 -0.018 -0.076 0.076 0.097 -0.15 0.036 -0.27 -0.32 0.11 -044

P values of all coefficients are above 0.05; BFE: Bacterial filtration efficiency

239 F83F AREA 7]55k= Ol vkAIT} ?l
A SolA et B 9 25 59 vES o 2
okt HTE QI AHS Adel= Bt 017] 2ol
o}, AR Z214-19 t5-gof w5=o], gt A
9 )=o) mAT Aldojieg F7HE -rﬂ’—ﬂ‘ﬂ 71
o7 ZFSIHTHASTM International, 2019; CEN,
2019; MFDS, 2022) F2H-19 diFA 32 ol
UV\H— 2-8351= Algo] 46%2 FAEE 5 upad
£ o3 Aot HlE7F wrhe AEXRAHConsumer

Korea, 2020) 50 & d|Fo] & uj, AA ufAIE vt
B 285l H| gL =9 Aoz ot T &
A F83 FA7| RO Z2HE ] wpAH REE 2-gof T
gt 7]%0] gl= B £ AtollA= 2R 7|xtol digk 1]
ABETA PAAS FHsH] {8l At HeAEo] 1,
3, 797 O3] 2gqt upATE o R Aldoidtag
= Bkt

A+ 23, mpAd 2R 77| e Aldolgtas
A7t v Rom, 2hE5hA| gk mpAT ] ot B E
W v WSS Hole SAFLE [FooHA] 2 &
5kt Table 3). °l= WHEE, m=td Y=

ol-&%t o8& “d(Kim, 2021)9] A¥ghat AarE
A2, 1 olgiz e} o] 12T > qrk

WA, AA7] EAO| W= AJol7} &4 Aoz o
AZI), BAFOA oojEEe] 22 Y A, B4
719, gt 5 oget Z-go 9o TAYRTHChazelet
et al., 2011). npAF 0] "= 22 UAE §&F0
2 A=7] Yol 9] A= ES(fabric filter layer)
= Agscto] A=, ol A2 YAE F&Fe=E
AeE 4 Sth= Aol AN b skE S7HIA
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2g2pe] YA
olE E@m} 1 S1sH,
o8 oIgt £ gls ARAES FA7ES g8t
ZHoH= 71so] Z-851L AUt Ahn, 1997; M
et al., 2019). ojdf, A7) F7|q HE ASRIE
53 vehd Y oy a8 Wil dojd & Qoe
AF7 BaE v QlouHRengasamy et al., 2009;
Hong, 2013), A&7 O Aldojatag #Hek=
A B v gk B3] 42 e 5o B%

ojt} 53t X & doE2E AHe] +ES HoHA He
oA A7) "E Q] FH7]Eo] TAEE Ao] B
15 v} Qlow(Sugihara, 2020), 497t 28419 &

g A ZA71g0] |ou|sHA sk AT 23 E3
B dvf QItHKim, 2021). ©EhA % 73 7o) g3k
< W= ASHERT et edo] g7t E
upAd oI g & At} Aﬂ—&ﬂ#ﬁgﬁ] H] o & A
oz moHr

T HAE, YA 2719 Apol7k 23k 82lo] H &
Ut AFOJrERAA | WEH, KF94 Q152 Bt
0.4 pm 3719] JAZ 94% ol d=d 4= Q= vkA
3o Fo|ZTHMFDS, 2022). QHEED wietd 2
Ao B A& Z71= 42 0.6 pm E 0.4 pm=E, 6
oy oA S99l 0.65~10.0 gm Het
2t AR 371 9F 1.0 pmoll G5,
AutH o2 Al Hrot Z7o] & Hio]eoo|2Z9]
FeH(EHA ~3.0 pm)E AWoll FUEHThomas, 2013).
mebA, JRke] 2717 22 A EE ¥ et o
49| mpA T of3tggo] Aot mERTt WA Yert
< Aojth,
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Ho

EQ = H U SE AR oF B vRad Ha
PR E2 AFHRE] B2, Al Al
olytaete] ot 5o S Hou, FelsHAl
UUTHTable 3). & AF2 vkad 28 7|3t 73
SHA Wefus bE AAl 787049 KF94 vk A A
wolFEEo| F= JI°l A frial wEdE. |,
g B2 AAl Al 2 E 4 5ol 23 ¥
T= VA F deER, FF upAo] by &g Tl
A e ¥ A5l A 2ot 2 2

¥ FA EAY, 58 Aol QUth=
71& A= 9Al HaE EF Qith o 720A1K7HA]

Sk Al%19] AL utAIE 720417 B9t
ARG Sk Aol A utAFE 2RE5ke - HET HlA|
E42H Y Aol WA UERTHLI et al., 2021).
E3F 5YS kAT E 3Y B9 AE3 AFHRES
iAoz mjd mebit o AH E(phthalic acid ester)
AL AREQ] BISHE ATE Ad {3 Aol &9l
g 4 GIYtH(Wang et al., 2022).

2 A SRS FEHRES doj2E JHE
Agck= HAZ QEsto] nBE HTE EARE Ao
2, 2=, ¥ 5 AA Blo|ojol2&3 o] thE &
A7) Wzl 2 A4 Ayt AA @4 djEeteta
7Wgst7lol= e AZE Sltt gt mRAT o] mE PRk
of we} npAF Y] oj3tggo] IA FAgtE A2
71 1= vHKonda et al., 2020; Ardon-Dryer et
al., 2021), #tAT AJHEZ o] 85t AH}FES ST
2 dAqts viaE g R} RS E5HA] Wtk g
A7} AT T3 nkATI O] T3] ARGl ohE HAY
=M QFAAdE ASHA "ESH] fIsiA, FF O
gt 579 KF94 npAas 9 KF949]9] A8 npA
(e: KF-AD ¥ wig upAd)Eo it Aldoistag
ZA o5 gA] &olg "7t Qot. of2d, FF B
& mtAd AR 7129 FHE T 7R AREMH,
Hio]ZAe}t Zro] SRR Al e EAYES)
A EAS Ad Oet nES LR 3t ojitss
A JA] FET B 3/o] Uk

OpAF O] QR &40 §iE 4% oF 7Y 119 8o
2 QIgF KF94 wpAZ 9] Algoita g2 & ¥kt ¢l
= A& gRIFH vl KF94 vtAdE Aletolftag SH
oA 3] ARgo] 7k Zolet Atmdrt. SHAIRE &

www.kiha.kr

717 AFgo g QI3 AT THO AHA7|E 7hA 2
HFIEF JHag T4 59 A+ ZFHKim, 2021)
7 AAE v 9low, g AFto] F7VdpE upAd
xHA A& s & 9 77 soldt= A+
A3t JA] o= B E 8 9ltKLiu et al., 2018; Liu
et al.,, 2019; Ding et al., 2023). ¥4t ofyzg}, ofA
7 A9 A= A AF™ HZ(direct-contact) = HA
Al 4 wiAEA 2 4= o EE(Pan et al.,
2023), 2 83t npAT = Al AXE dede =
23 7|HoA Fe7t 9l &, &olut 7]E oF 1|
I} o] HIgE KF94 miAz o] 7|7 282 d%
s17] g5 Ao ofAZI}

V.2 &

£ AL FjolA wefE3 gl AECIRErAA
Q1% HAS KP4 npAmE Asle], A7l Sol
o) 8% 7o AlFolnhes WRIeRA
BAS niAZ Wi H8o] e HABeHA A
gat 7% PR ARsIA SPHYT. BE npAI
L HY 77K H87Rb] P S L A
FIHALS BT ol AgITag SuolA
o 797 AEIREIAA AF KFO4 ukazie) o
3 Abgol 7RsTE WAl Aol Ak s 4%
ofag, WHT, Tt MY W HAS AT F
% 59 toit 2Q5S ERHCR T T4 AT
So uigor HAS vAT A Tz et 4
£ g "anol gtk

HAre 2

£ AT Agujshl WaHER et
A0 FPote ATAYY YL Wol SIS

e},
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