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ABSTRACT

Objectives: This study aims to investigate differences in microbial contamination according to the duration and
environment of mask wearing.

Methods: Forty—five participants were recruited from workers in an offices, multi-purpose facilities, and a
schools. After wearing of KF94 mask for two. four, and six hours, the microorganisms adsorbed on the outer
and inner layers of the mask were inoculated on BAP(Blood Agar Plate), Chocolate agar, and SDA plates. The
bacterial count (CFUs: colony=forming units) cultured in each plate was measured and analyzed for changes in
filtration efficiency.

Results: The microbial contamination of masks worn in classrooms, offices, and multi—purpose facilities
showed a significant difference depending on the environment (p{0.000). The measured CFUs increased
significantly according to the time wearing the mask. The difference between the inner and outer layers of the
mask was also significant (p{0.05). However, there was no statistical difference in the filtration efficiency of
the masks by duration time (p=0.515).

Conclusions: Masks worn by workers in the offices, multi-purpose facilities, and schools showed an increase
of microbial contamination with the amount of time wearing the mask. The results indicate that the masks
used in daily life may have adverse health effects if they are worn for a long time or reused over several days
without the realizing that the masks can be contaminated with biological hazards. Guidelines on the safe
threshold time for mask use should be established through further research.
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Figure 1. Test mask and three—layer structure
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Table 1. Result of survey
Classification (N=45) N(%)*
Gender Male 19(42.2)
Female 26(57.8)
Age »20 15(33.3)
20-29 21(46.7)
30-39 2(4.4)
40-49 4(8.9)
50€ 3(6.7)
Environment Office worker 15(33.3)
Multiple-use facilities worker 15(33.3)
School/student 15(33.3)
Usage of KF mask Yes 32(71.1)
No 13(28.9)
Type of wearing mask normally KF-AD mask 4(30.8)
Dental & surgical mask 8(61.5)
Fashion or sports mask 0(0.0)
Washable fabric mask 1(7.7)
Other 0(0.0)
Interval of exchanging mask Once per day 39(86.7)
1 time/2~3 days 5(11.1)
Aperiodically 12.2)
Wear time per day 4 12.2)
>4~6 6(13.3)
>6~(8 13(28.9)
>8~(10 13(28.9)
210 12(26.7)
* Number of response (%)
Table 2. Bacterial status by environment (N=540)
CFU/plate* +
Office Multiple School .
IN 109.8(123.7) 137.1(144.1) 81.9(129.7) 0.17
out 95.0(135.3) 85.4(117.7) 37.9(84.2) 0.54
Difference(out-in) Mean(95%Cl)  14.76(-3.4-32.94)° 51.63(28.59-74.66)°  44.00(21.31-66.68)® 0.04"

*: colony forming unit/plate in arithmetic mean(SD)
T : p-value was calculated by ANOVA

P Groups(enviroment) with the same letter are not significantly different at alpha value (0.05) by Duncan post hoc
N= 2 media x 2 surface of mask x 15 participants x 3 groups x 3 type of time

Table 3& v HEAK 71l WE A & AR we Ssged, 5
P IS AT Asolek A1 8 4 o 9
T 95L AT BE DA IR AR

=

8 vhaa B AR
7}0} Hp=0.02). /\Pj“ oA 2Rt ma=

Az
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Figure 2. CFU comparison for inner and outer surface of
mask(*p<0.05)

Table 3. Bacterial contamination after mask wearing (N=540)

20} - HiAM

o
o™=

3% =1 Al AT we S7skaA
USHo A 4A17E o]F 2R85t upATo A A7t
Tha Wobd B3kE BtHp=0.45). =3t s 350
AMe A Mgt Azt wet S/t AT 9%
oA 4AIZF o]F 283t mpAT AlgsE WobRt
(p»0.01).

JYuE FgEs FES vpAd Y g o= A
T AZE S wE iRE S7ieE Aoz HA
o ARSHS A A WEHE AlLe Y] g
7BoA9] A7t Aol WE Alds= Zol7t Qiitt

Figure 3 Zo] 7z 7oA 283t npAaz9] A7t 733}
of W& Al 7S B4 Aol tEAld B¢
A7t o] wh} Qu]QlE Al S7Hp=0.02)5 A
o 2hg A7HE Alg HH(EEEADS 2417 oy
75.0(113.9) CFU/plate, 4417+ oJWf 92.9(131.1) CFU/

CFU/plate* +
< ohr < Ahr < 6hr 2

Office In 99.3(125.8) 125.4(142.5) 104.7(102.2) 0.45
Out 84.0(126.2) 93.9(134.5) 107.2(147.9) 0.53

Multiple In” 105.8(126.1)° 136.1(152.1)*® 169.2(150.5)? 0.02
Out 51.8(59.2) 86.2(132.0) 118.3(138.9) 0.09

Sehool In 71.4(132.5) 72.4(115.0) 102.1(142.2) 0.39
Out 37.6(87.5) 43.3(88.3) 32.9(79.1) 0.65

*: colony forming unit/plate in arithmetic mean(SD)
T p-value was calculated by ANOVA(Duncan post hoc)

" Groups(times) with the same letter are not significantly different at alpha value (0.05)
N= 2 media x 2 surface of mask x 15 participants x 3 groups x 3 type of time

(CFU)

400 : * (b) *
350

300!

250

200!

150

100

50!

0

*
(CFU) Office Multiple School
1 1 1
400- . ¢ . . °
(a
3501 ( )
3001
2501
2001
150+ X
1001 = ||
50 ﬁ
o 1
E2A|ZHBAA|ZEE6AIZE  E2A|ZHEAAIZEBEAIZE B2A|ZHEAA|ZE B6X|ZH

Figure 3. CFU by wearing time

(a: p*-value was calculated by ANOVA, b: p*-value was calculated by Wilcoxon signed rank test)
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Figure 4. Comparison of microbial contamination
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A& Ztol7t UK Figure 3).
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AHERE FHPANA] E ZEER| oA viFE Al
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O5AE 3H4oflA 112.2(133.8) CFU/plate 18]
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Table 4. Cultured microbial strains by environment
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F SEER|o A wiFE AFS ARFARHY 8.1(19.6)
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WOIANE 11 Apol= RshA] ottH(p=0.30). stk
AolAe XdtF o] =R gton olE X+
o] viFH F2 AFFA 8 X, thEAlA 93 ot
(Figure 4).

o|e} Zo] HigH 3F HiAERE EFE "X
2 Table 49} 2t} ARF S04 2R83E mEA
& AR (normal flora)e|AAIRE o1&
< 713 Ao ®E HUAES 7HAAL QU E3E 3]
BAHoR A5t Ade SHUTE thAlL
ZAollM= AHF SHEOA HigE B ARES ol
712 T 5 UTE L, 7183 B X
trhto] viFE Ut studgolAE HEd, TR
o] F7I= WiFEJARE FFolw TEEA] o
t}. Figure 5% ojA7F 2R3t npAI oA v Al
o E ZFol| ek Ay T8 viR] Hggolo &
TS aureus), BEH (K pneumoniae), I
Ut el=(Coreynebacterium)s 713152 EH4
n & Rt A(Candida albicans), HYUde &

(Penicillium) & HatHoltt.

érlL“rmfu

o

v

1o

A AN ok ofN S ol

o

3. 22 0IAZ0| et RELEES sl

Table 59 o] RE AlY mpAE Q1% 74 o4
PARYRLS T2 FAST Ut AH8A A
mhage] BAEY FLL 95.0% olglout Ag & o
3e] oFzF %ol AXY Belch AR g AT At
o whet Holi gI9LOM(p=0.80) £EY BYOE <l
o Ot okl Ao Al e HEARE 7

ol digt nkA= BE AsHske fI%tHTable 5).

Microbacteria

Fungus

Staphylococecus spp., S. aureus, CNS, a-hemolitic

Penicillium spp., Yeast spp. Fungi

Office streptococcus, Bacillus spp., Enterococcus, M
Neisseria, Moraxella (102.4 CFU/plate)* 8.1 CFU/plate)
Multiole Staphylococcus spp., S. aureus, CNS, E. Col, Penicillium spp., Yeast spp.,
P Bacillus spp., Lactobacillus (112.2 CFU/plate)* Candiidia albicans (15.0 CFU/plate)*
GNB, GPC, Bacillus spp., Bacillus subtilis,
School Corynebacterium, Lactobacillus, K. pneumoniae, No growth (0 CFU/plate)*

S. pneumoniae (59.9 CFU/plate)*

*Total CFU of microbial spp.
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Figure 5. Microbial colony cultured with BAP, chocolate agar and SDA plate
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Table 5. Filtration efficiency by duration time (N=135)

Filter efficiency(%)

Mean(SD)* p-value
Office 95.29(0.26)
< 2hr Multiple 95.32(0.32) 95.36(0.25)
School 95.48(0.07)
Office 95.29(0.28)
< 4hr Multiple 95.32(0.30) 95.35(0.25) 0.801
School 95.31(0.08)
Office 95.31(0.28)
< 6hr Multiple 95.45(0.27) 95.35(0.23)
School 95.44(0.08)
T: Mean of penetration by wearing time
p-value was calculated ANOVA(Duncan post hoc)
N= 15 participants x 3 groups x 3 type of time
v.1 # 53] 8AIZF o] 2 10AI%F o &3tk ZofAt
T 55.6%(258) =AUt o] Axpo] oJshd oFF gk
COVID-19 98 %7]|o] nfAgS AEste] YARE  wARI stejas 8A7F o]At 32 10417 olA} &
Q

g & Q=R IA(Fischer et al., 2020; Hamzavi.
2020; Mackenzie. 2020; Ozog et al., 2020)°] A}
Ak Lzt A= vpAT EHO| £0]%)= AoRol= vt
gl2jol @ A(bioburden)d77t A|&H & o]Fo]x|1L
ok oA ALiu et al., 2019)= vlAT O] n|YE
FEAL7t RS A9y Aol ve 7HE 57
HA=H, 5] utAIE A0 @9t Ao S8 vt
23 Ald4(CFU)= Dok @2 Ao vl {25t
=0 HAskqitt -8 A= HE Eof, HiolgA 5
e FORIAIZRE PHSHA HowkE 4= Q=
npAg ZE Jho|Ee]l 7| 2ARE uhsh] 95
YU} FA 1Y F<l W9 o]HFE HPeAA
A9] mtAd Q2 AT FARE TF HFOIA L AN
oh SEA|FE ARt olA= 4EAE ARED Sl
upAFo| gt uE 2 l4lo] SjErgk Bt ofuzt
npAIE AARESH I StEE sttt & &= ik

W AZE Bl e Adeg B4 0gozE
QKT AFES 9] BhAT BE QANRLE Tl
3 712A2E At S,

B AT gRzAel o5t 86.7%30%W)7 S o
¥ nhATE Ao AR SheAe 9Y 28
AZHE GAIZE olAfoletTL 84.5%(38%)7t SRaiaict.

o)
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Sk SEAP tHR-Eo| B 2gslal AFE +3
Fe &S Y= dHEgor @ d2 Hstal A
EA7} ofd Ao Z AlmEC} Liu et al.(2019, 2018)
Atol ofobH miAT 2E AJ7to] AAEH BhAT
HollA CFUZF 571 FAIE Eow E3] 4~6AI7F o]
A 289t A FYgt Aozt AL skt Q=S
7ol it A3 At 2R A £ AfoNE &
2 A3E HY=r 247 ol 283 mpAd = 3
H 2po]7h QIAAITE 4417 Z-2 6AIZE oW 2R85t bt
A3 Aldtg= Aolg EJrh o]} Zo] mAg g
Azt Ao wet Aldta= S7Fete] A3 A+ 2xet
o272 ookt oj=3hg Hut ofyel Awiehy ojd&
A mgEo] EASHARE FAIZE AT 2o Qlst
of 37| & FHotd mld=o] kAT IHo| F2lE o]
Attt F41E FL & 59 H&(Luksamijarulkul et
al, 2014) ¥ 25715 &3 AUz o2 5 U
Philips et al.(1992)A0A utATE 2H85HA] @k
2 4 24 30cm Aol Eol T FAHHA|
58 B 158 283 viAa AlS wiget A
A A EZ(Staphylococci, CNS, a-hemolitic
Streptococci, Moraexlla 5)°] &= A}t 35| uf
A3E L] 2 A9 At g ntAaE
2R83t Ao Hls =ker 158 23t npAd = 5&

6 o

[e)

fr wa
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2h83E AR Fo5HA =2 Al LAEE B3 o]
= Y5l oeFst ndEe] EAstEE @golA At
B3 npAT = 7 uE Qo] Alsith= AMES F
ZoFal JAtHPhilips et al., 1992). o|Z2A] E&oA At
B3 npAF O] Al P02 Q1% Y EAIE &0l
7] A5l 2HE AIRRS A Aol ok olEe &
sttt 2A1%E o)A} 283 upAT oA MlFe o] 4
5] 2713t Liu et al., 2018)= Z¥ T Q9o &
LEA] upAF oibsEol 208, 308 & FE AotH
g vpo|Q ooj2F0 sl o] A 2 4 St
(Monalisa et al., 2017; Gund et al., 2020)= & ©
e Ashi7t Sl

A oF 9 YSHo| OE AldsE ATEH
Pipat et al.(2014)2 ttA3 9= At (166
CFU/ml/piece)l Blal WSolA o &2 Alxt<=(47
CFU/ml/piece)7t 4=kl stict. e 2ol
Al 23 mtAT oS4 £2E 8 Al EZx
AT S aureus)°1™ HUYAES(Penicillium) L of
28 dA N (Aspergillus) B2 A= QAo 99 A
TolA B2 SFY Al E Zto] = ARG Al
& SHoA= 25T AdNtE 23E Hof npAz 9%
(72.84 CFU/plate)Ett W&H(109.64 CFU/plate)el
A B B2 Al S @ Liu et al
(2018)2 "tAz SHT; YSHO|A FostA 2
A7 SHE AT sto] 2 A+ Al Aokt uf
235 ZE3 oA Dot Ao| Hio|HES T
7HAZ1=7F IS A3HLiu et al., 2019)°] 9JshH 2
SHA] Q= Aol wls ok wRte] Al HiEol &
OsHA F7KHL sielt. ol 357 W AT
o] Wot= B9t vAE YSHS LAA7|7] el
o W2 AIF 283 AT A= T 7Pt Ho|ER
AQpe|7t ZAZE A 2HESs AL Holll s F
7hset W2 AA sljoF el it ERF o] AL
& B9 Z<d(surgical site infection)¥} #A7| Uk
1 5 X9k ESFATE McLure et al.(1998)A+
JMAE Lotz & HiEE = SLEASAZAEEA
(coagulase negative Staphylococci), 84 EZLEA}
THe-hemolitic Streptococci)eC.Z Qlste] HH
o] oFgt FfjolA o] fEE &4 QleHE upAd
2rgo| A= ofof qttal SHIT

ol A oA SHHE Mot & X2 A A=
JolotA] gkoroy iR &8 uiAd E= N95 vt
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235 Agof| ARERE H2 et gttty At At
4 AL fEjet Eit=d| o]d9 AT 98
Q9 ojg7|Ho)A 283t vAT BHO AlEFE S
FoHAY Azt 710l T2 ZolE ML g Aol
J8u e BAE AT E 2RESH AR 2R 3
7AolA 9] HBE 2HS RARE AFEA E oE 9n|
7} Atk T AR 27|71 A2 vio]# Ao tigh
AT HH 24 o B2E ERIgH AFE =T, ol=gt
Ate avE YYATEA EAEPY F=SH
Chughtai et al.(2019)2 &7] ¥ Hty+= 387 ¥
Yato] 2hg3t npAT HHO| EAY mE 2 HS o
o7|Bg upATE £0 8 TR FES o) 52 vt
235 AL ARG 49 ol ==L of
Aot o] AtolAE SE7I-8RHIe|H A, JIEFARH}
ojgA, off|lHio|# A Fo] upAT FHO| LHH A
< FRIstA=t] 617t o4 2-E3 mpAToA QP
T7F Ads| =9kthy Hysigich agos BYskA
oAl mkAT AREAIZES 6AI7F RIRFCO. R A[gtotooF Sf
o AR T4 2 | A% AR AR ZEEESE
ZJelloF ghtar okqitt. %2 AollA 2, 4, 6AIZF 3t
of wzt mAI @Fo] FTISHAARE
Zol7t RAA 6AIZE BIRES: mpAS 2
ast7lol= SRS SA7E BESieh AERAIA
84.5% 7} 6A17F Bt ZIAZE 283t HES 7A%tst
o 6, 8AIZt o|4f FEA] TAE = 2 ¢ E
Foj o & A7t % Z8sitta & 4= Qloh 9
ol UutghgolA 283t upAaa ], QSH Al
B Al xokstal 9l BNt opd=t B AT
olg} stejEt: 7|3 HH R AEoluE HZTHH o
2 Foffst & & gl7] g0 o] FEZ 7ttt
H ZA7E E 5 Qlok ok 3 S 1 W
A atA H7] EAE dEjEojol & Ao= AlgEt.

Steinbrook(2020)& IZY Ho|E A Z= OIS
Yo ALg] Hute)] AA AMEl= o upAIo] tigh
o7t &AL AToll=tl SARS-CoV-2Ht} <zt
22 APHEF AAE AlH oo]EEE o] 85T
N95 &5 vtAIE 9F 98%°) Eol= oAagd&S 9
on &8 ukAdE oF 71.5% HE, A vpAgE oF
50% A= oyBE&S Ho npAduin 7hHAolg=
AZ SRIstAT. Al Y HiolziAet T2 BESHH
QIR vkAd e/ 9F a2l wet % A
AYUST &7 Gedi atAIE ZEokeE &

no, ok
-101‘

o o

H
N

R
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2

QF kAT Y= T80 Q5 &3 o] RAE
= TAE SARE 7HES) et g REe] nES
A Al Aol THolA 5~6A1ZF 7§ L
&% (Lee et al., 2014)E Ho|7] Wj&of upAg &
AEE&2 vlo]|Q Joj2F HEEY HAFHDE A vt
AT U= E880] &2 vtAT AEo] Hio|Q o
ol2=0) ¥ aitZo|gtal stPtHTcharkhtchi et al.,
2021). A vA3I9} N95 upA T AlFal¥g-e(bacteria
filtration efficiency)< H|w3tF A&(Gnana muttupulle
et al., 2020)° <JotH Aget A wpAzEr A
AT E A& Eo] YA 70| Wol Soi7t A2 Al
wojamEoA Z Zol7F YUSATE N95 wiATeN=
oHs] @52 & o AU AFAFoA =23t B
o|l2 ool2F T} HHAHTI| & A= AlE |t
239] 2-gAIZE Aato] wet "E Aol gEAIEA
ARSI 11 A3 BAE vpAS QIFA] 896k &
FAZYTE&2 2 AIRE Ao} Aaiglo] WolA|A] ¢k
U= & 5 AU EIL vpAI SHO A HWAH
RtF77F Wil A A A oo} wpAT Q)& Zo] QF
o2 FEo] o7k S & & AT 13y
Pipat et al.(2014) @7olA+= vtAa JS5HI Y=
Hol nE Qd2 49 H4TAE BTk s
AE At 2 Zeto] sl st%=t ol A+
oA AMESE Al HiAT = HE ofifsgo] W &
& mAaggleng 98 At e & Utk

9 A= 27 Aol AT Ad A=l
Ae m3tgolets 3 & AdE tde =R ot
FATE & Atox= 57 FAke] A2 o 37 EF
k157, 5% A A= b 33 254 2 3
7N g 143 B 5 Eoh ot @014 Al
ojgith= A2 gttt 18y o] 2E URESIAIA Al
o tigt HFA v g & 5 AT IENAA
B ndE o w5 o= geten, oyt 3k
ofjAle] AIZHH Aol HidH ZAiolug oulE E 5
AT} FAE S2A FS- HE Jofxprt 14 S
stgt T-Z Wol sto] BER viEgdH 4 9 557]
W Aol miAT WSHA =A viGE AT Al
ot SHARE AR E2AL] uiAT Q15 Al
= OSAAE 223 58 AldeiEn 23 =4 &3
o] 45 E 3] Adoly {§& SOl tEug
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A 5 B ko] g
F712 Srgslofol & Zloltt.

e G A&H0R wE 7
SAELRE WIS o]§le] niA g W
AZHE W] Bk S B BASHE hEg 23
o= 3 upaz ALgo] e QAR Flol=rt Baw
Ao Azdd.

V.2 E
g &7 3 AR Ao mE viAd vdE 29
2 AP E HokE ST o] A B v
£

1. 28 @7l mE vhad A 2@e st
o7} glont, AT 134 eslth. S
oA B ThAIAME ARA, TEAA
o wlste] e Al4rt 2=,

2. 3§ AR Al Wt Alat Flele] 59
4A3F o1% HGT B9 GOT Aol R

3. 247 o[ AHEF mRAIE T oQRolE
Holx] ISHANE 4A17E 6AIZE 28T A9 9
3 #o]g B,

4. vhAT W B 95 Al Folt g
AR BS AT BEAE L L BN

RO Aol YT B3 UFAY 22K 7

9 A AR et vpaT 2

>4

rloh, rloh
od, o,

=)
to
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flo
Jo
1o

5. upAIoflA &2 HidE Al AAAAESl
2Ol AAT, ol 7IejFeld o U
2o At 2 Ao BE Q JE nAES kst

A gkt
6. 28412t Ao] wet ALY TEL Aol7} 9l
o]

£ o 0TS PAZE ASIAL SR
| vhaas AAETHe AL eHisH] Be 4 Aok
gelo] WY Z0E ARHUT. EF ukAT A}
8ol e AAARE FEES AL 28R B
BeET i AZSE W 24ste] nAE 24
gt A gxs 2 "ast ok oleh Hol
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