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Back : Th ID-1 ici f th i ks of the 21th .D
ackground: The recent COVID-19 pandemic is one of the worst disease outbreaks of the 21th century. Due Accepted April 19, 2022

to a lack of reliable antiviral therapeutics, wearing face masks is recommended to prevent airborne infection

originating from virus-contaminated bioaerosols.

Objectives: The aim of this study was to evaluate the filtration efficiencies of face masks that are commercially
Highlights:

available in South Korea for a biological aerosol of Staphylococcus aureus (S. aureus) and murine coronavirus,
- Filtration efficiencies of commercial

a well-known surrogate for human coronaviruses.
Methods: We collected six different kinds of commercial masks: two Korea Filter (KF)94 (KF94-1, KF94-2)
masks, one surgical (Surgical-1) mask, one anti-droplet (KF-AD-1) mask, and two dust (Dust-1, Dust-2) face

face masks for biological aerosols were
evaluated.

- The filtration efficiency of the tested
masks was high (>99.6%) for biological

aerosols.

masks. S. aureus (ATCC 6538), a well-performing test bacteria and murine coronavirus (ATCC VR-764) were
prepared under a suitable culture condition. Then, a mask biological filtration tester was used to examine the

microbial filtration efficiencies of masks. Test microorganisms were quantitatively measured via cultivation . .

R L ) - Certified commercial face masks are
methods and microbial filtration efficiencies were calculated appropriately. L . .
useful for preventing infectious airborne
Results: All face masks showed over 99.6% filtration efficiency for S. aureus or murine coronavirus. diseases
There were no significant differences among the bacterial filtration efficiencies of the face masks. KF94-1
(99.97+0.08%) and Dust-1 mask (99.97+0.07%) showed the highest (over 99.9%) filtration efficiency for murine

*Corresponding author:
coronavirus. KF94-1 or Dust-1 masks showed a significant virus filtration efficiency compared to Surgical-1
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mask (p<0.05; Mann-Whitney U test).
Conclusions: All the commercially available face masks used in this study can filter S. aureus or murine
coronavirus in bioaerosols efficiently, regardless of the mask type. Therefore, our results suggest that wearing

a certified face mask is a reliable means to prevent the transmission of infectious airborne diseases via

Sciences, Graduate School of Public
Health, Seoul National University, 1
Gwanak-ro, Gwanak-gu, Seoul 08826,

biological aerosols.
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U £A| OfAZ Q| HIO|ROO|2 & ofBtE & Bt

FEU-19E HR3 SF7] Hiolg A 9 Ao dRtE o
2 71%olu bizt FollA LAYsh= Bl 59 Hio]Qojoj®
Z(bioaerosol) I Ag-AbE 7F M 59| 25 Fof dvt
e FAS 2k tHEV\—J ARl stF & HEE
= AdelA AL o] JAd Aol v FeFsieh dA
7HA] AA =] e 257 %%ﬂ = o Jete 2= 1f
23 g 7RI e, ARA ARR7], WAl HE 5ol A
on, A& Weto 2= FFHPo[ZAA|ZL ek Ay ZE
-199) A% U 3 91128 o] § BT Helturt
ants) 2 13t WMAHZE AwA0] ot A7 A%
15T 9oy, A AgPZL Aoz QS £~ Q= oc]-u}
ojH AR JA| AT} Sl Aol E WAl R2kgolut
EA] £07 QI5t QtE] HﬂH(anti—vaxxer)A S=3} e
Ar=to] WAl w|StE 52 A AAZAQ WA HEES I
£ YRlo] Ha1 Jrt? o] a1t Ao Heto] wju|gt &
oA, ZEY-19 FFL AFsh] |t 7 7122 0]
1 avHQl YL upA g 5] AR T Z-golct?
s vhad 2482 RSl gk Wt U BAt 25
sfol 288 A BRI Y= AHE DT 0, vpA
g2 2 % A AN 412 A% Wpolet

g 9% AEe UF 9 fudgtel 7z gy
oW, B @A AT 1ES B WSPIES U
ot QU9 HEEE-S 113 519] Korea filter (KF)80,
KF94 ¥ KF99Z Uie v} lck” Eot # L I 2uh-19 i
Fol| g0, fEAY E v AT Aot oTEE B
7h QA 2 HAE ) 18V F2 AMgSHE FAEE
Ayt (Staphylococcus aureus, S. aureus)®] Z7]= °F 3.0
pmZ I Z2UHRO]F AR 0.1 um)oll Blsf G4 39, Al
Hpo|HAQ) A|ae HeF 5 E/do] thefelA tE7] fiid
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Table 1. Features of commercial face masks used in this study

olzlggo] A ohE 4 ok wekd, EE Al FH
Rt 9 IEUHEbol#A 5O F8 ©F7] Hiol2Ad
it kA S ot a-& B7Hd TRVt lth

AR o= KF80 E KF94 52| KFQI5 upA =l o]2]o
= Q|38 ukAF(surgical mask), BEAFH-E vpAF(KE-AD
mask) 2 2 oA T (dust mask) 5 A= TRFSHOAT T S &
=3 9low, o= R Ady I 7 ZH FF 5ol 2ol
£ ApolE ERltt olof] Z21-19 5 37197 S HutE ol
Wol7] Rt HA 02N, Alat 9 557] Hiol# A
o|eofo] &2 AHs] ofitd & Q= HSH UV\EE
Shal 2Rg-5t= Ao] mlP- Fa51t: & AFtollA=, AlSolA :rL
5 659 Tl AE Helslel, FALEHT D A

Ziptol#A(human coronavirus)?] =23 tiAHFO]2 A (surro-
gate)?] FF 2o A (murine coronavirus)E XS Ho|Q
ooj2F oHaES BRI =N, T87] AT s IA
St 4 Qe 2HfE A g A" W npA T ZR8of w2 u|RYESH
2 obdA] ghH o 5t 7| 2 A S AA|5aLA} 5H9iTh

II. 4 A

1. e OpA3

AR oA Q15 W2 AlE T, AlSolA 7Y 7Hett B
78 KF94 mpA A 2% (KF94-1: %’;}[cup]’%‘, KF94-2: Zo][flat
fold|g) 9 H7-& 0|92 AR-8ot= Qeke]E npA T diE(¢]
g upAI li(Surglcal 1: diEtflat]d) @ v]EAHE opA
3 1Z2(KF-AD-1: 9€@)1} 18 B4 upA=? 22 (Dust-1:
%, Dust-2: Jo|F)= FHslo] Hlo]Qofo|2F o Tta& B
7toll AH&-5FATH(Table 1). BE WRATES HHjollA 7P &
o] AR E= AlFE 5 SPUEMN, 58 7Y viAa= BH I

Mask
KF94-1 KF94-2 Surgical-1 Dust-1 Dust-2
Approved class KF94 KF94 Surgical KF-AD Class 1* Class 1
Shape Cup Flat fold Flatand flexible ~ Flat and flexible Cup Flat fold
with 3 pleats with 3 pleats
Valve No No No No Yes Yes
Layer(s)" 2 2 1 1 3 3

*Classified following the public notice from Ministry of Employment and Labor (2020)."

"Without inner and outer layers.
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A 37} Tefstel 2% Agekich Fhe) EEAE] thek
7t upA 3 AJE(10x10 em)S 67048 )5t 2145°C 9 4
ST 85+5%9] B B SHEU PHsto] AN
o7 AR F9 D A SOl AT BE BT U Ul 7
B/ BBNE ol 3tel BF& UASIATH21°C, 158),

2. A8 Mzt & Hio[2A

NG Ao &2, o 9 FHAR, =] AlFHoA AA
ofal = S AL (American Type Culture Collection
[ATCC] 6538)2 AHE3HATE ™ HhE71A] Q14 ol A uf 2]
(tryptic soy broth; MBcell, 7]4H}o]Q)of A E AL H-S
AESHL 37°CollA] 24A1%F HiFSHRH:. o]F 104 @A 34
HO 2 tfETHAIQIA S A (tryptic soy agar: MBeell, 7]
AHaFo] @)of] HFEstar 37°CollA 24417t vt &, BuA S
HO 7 Apsto] FLE SRIstt) o] F AY H7A] wjget
A& a4 C)oll ksl

AP Holg AR, AR ZuHlol2 A0 =8 tiAHo]
A9 FF ZUHto]# A (murine coronavirus [murine hepati-
tis virus, ATCC VR-764)% AF§15IT), %3H1E 1 vlole]
2 HiFHE ATCCTZF AAIGE S G Wy sto] AHESHSL
o} L2 A EZFE 10% SEjoFd A (fetal bovine serum; Thermo
Fisher Scientific) @ 10 mM HEPES (Thermo Fisher Scientific),
10 mM EHAFEAUEF (sodium bicarbonate; Thermo Fisher
Scientific), 10 mM H]ZZ=o}a| - Ak(hon-essential amino acids;
Thermo Fisher Scientific), 50 pg/ pL ﬂﬂ'”}olﬂ(gentamicin
reagent; Thermo Fisher Scientific)S X &%t Dulbecco’s modi-
fied Eagle’s medium (DMEM, Gibco)& &85t 37°C ¥ 5%
CO, X7IolA Hlikstaltt. s Atet T3S BT L2 Al
32of| "polHAE FFsto] 297t 37°C E 5% CO, 7oA
HioFsoint. Hiol2 AL A &S 571 s, AHE A=
= e =4S Al ¥ HHESEI s dS Bl4stke] 4°C
oA YAESE(5,000%g, 20+, Stericup filter unit (0.22
pm, Merck Millipore) S AR-&-5F0] Al3Z o} (cell debris)S A
AstAct. o], $+e]ojT](Amicon Ultra-15 tube, Millipore)
& 555to] 159 Hio|HAE SHSIN, A A7 =
AP F3(-80°C)°l Hatstirt.

3. Mz HIO|20|0|=2Z ofateE It

vlaze] A voleojol2E clnhag e, T BEA
HHS 9 WEste] BRI PUEEAT TS BE
HSIIEE A5 H(buffered sodium chloride-peptone solution,
pH 7.0 2. & 3J45to] 7z A 3] Aot =& 1,700~3,000
colony forming unit (CFU)E SR 519t o ge A A+
Z](mask bacterial filtration efficiency tester, O] E]Z A,
BFET-1853)& AH&sto] ojta-&5 B7Fstelon, ojuf H+t

https://doi.org/10.5668/JEHS.2022.48.2.116

U7FL3.0£0.3 ym O Z, HIL G2 283 /RO 7 XH3}
At FAE AT Add@EHS oS o|goto] EAY]
of Y1 kg2 o] 7t Fof| T HARIA SRR & ¢
2 Thg, UkATE 26| O Aol A MR AT o
o|2F W79t AFHELE ZFAIFE 1 3] oo|2E WA
71 18 7t & RIS 183 ZAsotalon, Ay
TE T ORI A HiAE F4otal ST S4E HA
oto] FAHERT a8 A7GIh o] F wiA T AJHS AT
5 5L3 HS 63] vhEsto] AP R AAstglon, &
O & mpA T AJHE Z26HA] ok AEoflA Algste] g/
Z bR AT FHE LA oo RES TWAYAT|A]
o oY AA| Y 287 AE5t § ShEgh viA 2R E 4
AE SAANRTLO 2 A5t 7 Aol B &, gHgh
Hi 2= 3742°C viF 7)ol A 4844417 Bt viFato] CFU #F
<= Aol

4, H{O|2A HIO|RUOZE 0algE HI}

npA S 9] Hio|Z A Hio]Qofo]2F ojItF o] tisl AAY
7 E23HE ARl gl v U9 AR ol
2ol 9 WPste] Bristt? wi T FH I Zuhatol
A5 1x QArEEAE] 4] (1x phosphate-buffered saline)
2 34sto] 7+ Al 3] violgA =& 1,700~3,000 plaque
forming unit (PFU)E §-A[5t9ch. Al 5Let ofaa& Al
ALAE AHEsto] o ag-E Hriollor, ojd B+ U4
2 3.040.6 ym2. 2, PIX {TFL 283 L/EOE RHTIH
t}. Bio|HAE Ads| 23sh7| sl 2FuAE AlZsto] o
SRR Yolrth ZYuR]E= 37°C AollA], 100 em® Eat
HEZtf4fo]l 1x DMEM ¥ 7% Aetel -8 H(gelatin, Sigma-
Aldrich)& 1112 &3t 89 15 mLE ¥ &, 4°ColA] 1L
ASHAA A&stdet. ol F Aot otag Brket FYsHA &
AR a, AT, FAHERT b E SR AIES A
%, 3]t 2HERE 37°C viF7|ollA 208 Bt A
HBFotgich. BBt gF Al=9] Hiolg A FE AAE ¢
t Z2t3 ojAlo](plaque assay) IS A EH of 3} At
HiFet L2 A 2E S28oto] Al 88 100 cm’ T3] 5
3, 297 37°C € 5% CO, 27 A viFst3ct olF A|RE
DMEMC & 108] @A 3]45te] 2.5 mLA FFstaL, 37°C &
5% CO, 7oAl 158ttt 3 Y] EEo|FH F 60& B9t
AAAF 2o 2 HEE wiAE AASHL, 2% FHord
S EF3E 2x DMEM Y SeaPlaque agarose (Lonza)E &7
Slo] WEE 928 HiRE 12 mL F7}sto] 4087 Ao =
o] kds| ZFct o]%F 37°C € 5% CO, 29| F-2uig 7ol
Al 48A1ZE BijF & Ul 238 Al5eoto] 7 AR W Hio]
A F(PFU)E AXFeFATE AE o710 2 Q15to] Dust-2 vt
A 39] HiolgA ot FE S Attt

st

40 9k o o

B 1 :{o

o e



L EAl OfAZ Q| HO| 0|2 E HutE & Bt

5. O4E oalgs AL X SH 2N

sk7] A (el whet mAE AT E& %) okl /3t
%30 2 HAsIgch

E= £ %100 (1)

E: o3t E-E(%)

C: FAAHRA a9 FH 2 b2 Wt CFU E+= PFU

T: A|gHollA4] 5783t & CFU %+= PFU

o7 a-E& A=) sl Prism ver. 9.0.0 (GraphPad Software,
San Diego, CA, USA)& &-83}o] W, EFHAS 31t
ESF Mann-Whitney U testE AA|5to], upA T F7o] mE
TG -& Afo] k= EF npA I A9 Aot E= HEo[H A of
IEE 2] 52 vl BA5H) p-2h(p-value, p) <0.055
BAACE Fofgt Ao = wteloith

.2 =

1. OhA 39| NI HIO|0I0ZE OjutsE Tt

ooFgt nAIE A0 R FAZ TAG Hlo| Qooj=
Z AHaES HIISE Z3= Table 29 At} AYSE E o}
A3E0] 99.7% o149 2 9HEES HYoH, 57| 2F
9] KF94 mtAA 9 239 Wl mpA = 99.9% ol 2&
< Yepdh ®lEg vpA =91 Surgical-19] F$- AtHE o2 7}
T2 885 B o A AT S AR S of
NBE&-Z v Wk A3 FAZRI 2ol & ERIT 5= iUtk

2. OfA3 9| HIO|HA HIO|RUHZE OjutsE H7t

Tt npA TS Hde 2 FFE EUHtolHAE ISt HE
0|Q0foj2F o a&S Bl oH, A HE AT E
°] 99.6% °o1d9] ¥ AT EE-S Hol= 2o 2 ]I}
(Table 2). £3] KF94-1 ¥ Dust-1 S 2&9] ufA3TE= 99.9%
ol M} =2 B&Z B3, oA Surgical-1 FRAZA
(99.76+0.15%)2t HlwF < o SAZXCE FofsHA =2 2

Table 2. Filtration efficiencies of face masks for biological aerosols

HHH(p<0.05; Mann-Whitney U test).

3.2 01A3Q| MiZ % HOZA HIO|QUZE iz}
&g Hlu

7} vpao) GAEERTE 9 FLZtetole s vt
oleofol2% ol#ug e WL ATE VeI rk
KF94-1 3 Dust-1 BRAZE F %9 vo] oojol2 o] o
3 99.9% o1 49] 714 & o7& BHTHTable 2). E
gk KF94-2 kA= Al9H(99.91+£0.19%) ¥ Hiol A vt
ol Q00| 2 ol7HER(99.66+0.76%)°] 4% 2Ho|E B
o} Je AuE o R B ntad A FAEEAT T 5
FEvloldae] dTEe e EAL HolE FelT 4

U

IV.

=l
Uk

=2 @ 219 H73d S Zarkt vrol A o] 1wt
o] gl ARolM At g 5 BAE Azl 7HRL A48, ARl
A7) A 2ofelEo] sigshe vk 282 dalskal Q
ok md B9 9 sz §-& B upad Zgo] 1
2419 AutE ol Aol AAEAL 9lo, AA v
ofgf o] gt kAL o R &S SRIRE A At ORIt
A B3 A7 SR ok B8], Sjel A 4] 7HeE o
ofQlF IS S e R o HiolH A oftas Brhe A
ok Aol HlE @A) suielel] AAIEC e B vkAA
JIF 7IE=0l Y "ol aefsto] AR AT o2 A
wo] Jloit, AA| Bl A Al &ds| e FH H &
ABEH E4e AYIL S-S I 5§l ololl, 53
vroj2is frRo] FH At o ¥ F Skl vk 289
PddS HHskL AP fisiA, a7 78S vkl
HholHA o7 a&-2 AFY Ba4go] Sirk mEki 2 Aol
A = AlFOIA 7 7He et 8 nkA IS Higt Al %
Hho]g| A Hio] ool 2E ofHaeS BFrIetR e B B
< A7 O T2 B8-S AU 3S2 RIS

Mask'"
Biological aerosol*
KF94-1 KF94-2 Surgical-1 KF-AD-1 Dust-1 Dust-2
Staphylococcus aureus 99.99+0.02" 99.91+0.19 99.74+0.33 99.93+0.06 99.92+0.19 99.92+0.15
(ATCC 6538)
Murine coronavirus 99.97+0.08" 99.66+0.76 99.76+0.15" 99.84+0.25 99.97+0.07° -
(ATCC VR-764)

*Biological aerosol containing test microorganism.
"Presented as meantstandard deviation (n=6).

TLower-case letters indicate statistical significance for comparisons between masks (p<0.05; Mann-Whitney U test).
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2 AFoA AFESE g A vtATIES] T EES A
T & Hhoj2 A W% 99.66% O]/dC &(Table 2), 95% 1432l
= Al ojTtEg 7]& B9t ofygt vl=r E f-EA%to] A
AlBEL Qe F T =E(98% ol4) Al ghEsaL Qlct? 7
£ AFEAH/ES AT EY, violg|A oI FEE-2 KF94 vhA
A9 55 559 N95 wpA = W FFP-2 "pA Ao A 22}
99.3~99.9% 4 98.1%, WE HtA TN A 94.7~99.9%= EA|
A=l e Al oTEE 7|Eo THHAY WSt
Ao Bk v} QItk#? ukdo] wWolyt A3 AR vt
+ A vtA T (fabric mask)U A 22 QAR ghE of
A ukA F(community mask)E= 90% tlghe] Hlo]# A of 3k
2L Hol AHFo g oy} g} GojHoh s ek
oA FrstE UEHE ZeSH KF94, wlE, vdAiag
59 9JorelE AT H 9 - mtAI EY 2419
An; Zae] BHop 37 7o 4= dE Zolgt o AXI E
St vpolHAE X3S ooj2Eof it A ZAI=E n]Fof
& W(Table 2), ¥ 4 %A 5 19 o= 2 <
To A AFESE upA T 9} o] Al FOJoFEQPH A 9 2
A7|#o 2 RE oitggol FFH ntAIE AT 284
o] Qitt.

AA EESHE Hiolg A oI mE SR0] gl AR, o
T AiLEo] Afolg B 4= Q= o7} Qlrk. AA 2 Aol
e A (impactor) WA'PS AR 7]718 -&351%719,
AW A|(impinge) 52 TFE 2 W)Y A Hr 7)7| S &85
of ST H§- HiolgA F|4=go] o7t & 4= glom o=
oag 27 gholl YFS v 5 Yoh0 EFH B A= I
Euplo|H A0l AN PEEHA FIEZUHPO|HA S ALESE
HhH ) MS2 TJJ—X](phage)18> U 119Fo] I 2YHTo | A(feline coro-
navirus)'” 5-& AR&SHE 5, ZF AFtoich 2235 A|F-E vlo]
A7 o2 7t Hlo|fAE2 F7] 9 HeF 5ol Aol7t ol
o, nA =9 ojago] JFL v & Yok kA
oA F FHU AZRIAF 5o 7t AT mE9] Aol
7t = 22 304 AXE BLE ERAIEHOE ¢
71 o) Bk 2 A24E 9EE 4 QS Ao 2 oA

2 AFoA ARESE HiolH A ofTtEE AIY W 7|E
off AAE v} = Al ojTEE AIE T AvtEe s &
dstE], &7t Slojof ST &= Q= HiolE A9 EAS 1
oto] ZYEAE St Hiol# A 23] & ETA ojA|o|= A
OIS WSS ok T3 Al o T EE AFAA 9 BY
gt AAE AT 4= Qlo] 380l ok Aol k. A=
U199} e} 0 = FAFSho], ikt koA AEARl 2
E21}4-199] iAol AR E-8510 Q= FFZHHto|H A
£ t4 HlolAR AMRRITHE B8 9A FF 288 =
A 4 9l FHEolrh ™ whab B A7 iy d A= 25
U 9 A0 2 upA F Hiolg A o H7to it

ot

o, o o

https://doi.org/10.5668/JEHS.2022.48.2.116

FAEHES ARE Al 712 A= 2N AHEE 5= S Aolth

B g37L om0 240 Qo] Z mpAIEY AlHS
85tof, mpA I A AA Q] oF W ZF 7iQle] dE B
of WE dF-ntA 7F W o] 2jo|S WHEHA| L H,
A A3 sl uhot 2AS L3561 Bt ghAI-o] 9l
o} AR mpA T Yzlo] AR FX] k& 49 ojamEo] 2
A Aagts A7 dap R bf ok uhakA, vpas

ool 2

YA T F& vho]Qojoj2E HEE AFE 3t
of Hr} @d#ol1 A& AHE A2 Faio] Atk E
gF 2 Aol 283t vgE FEQ) dfojzER Qls) T4
& (droplet)> A Holut = 5 HFL L=
=

| =
ol UGS w4 O 4ol thE 4 gl
X E‘%

=

il

Ir

= 9 ud= oY AEES =
Ao 2ERt Hio| o2& &

AE dl®dnal 7Hgsldls A7t
S Hoh Aol olojzE Aldde

AR

QNG Bagol k. oFge WA A4o] A8 mazel

5% 9 S450] U2 ThFe v 2 AT oA A8 TR
59

o Quishe & glow, olo] §&
o2 ¢ FET T T4 A7}
204 Wano] olct. F5 Bt st ARPS vhgo
L SERU-19 0)F & 4 Qi TR AAE S0 gHlsH]
Sfe) chopgh Al 9 whole o] gt of sk g 2 whoflol
whad 2go] BEy 9 Al et A4mE SRy Ue

7F ek

k<3
=

=
=

va E
Qe ol 79 5T 6350 vpAIS Aol

B
Alet & BiolHAE Zot vho|ooj=Ee] oHagS
7Fre 2, npag 2o Z|dd 4= e A= b
g SHet FF 7|2 HRE FHSIAL A H4 oF
AIR KF94 npA= 23, diE vpA s 15, B[R vhs
2 1% 3983 vkas 232 AAsINeH, AlgE Aoz
AT, A HIolB AR Al 2Uuto]2 A9
F% A E FAZ2HEOIHAE ARSI At
BE vtAISS Hol oo 2E ] AR Aol dis]
99.7% °1’49 o¥aeS EPoH, FIzUHlolg 2o o
3l 99.6% °1449] T g&S Hch 53] KF94-1 ¥ Dust-
1 otadE 7 F9f vho]eoojzE o Hi3 7MY w2 o3
&< BT ol 7|& A=l vIE Hold A=, &
4 H 2P 59 I Faol= KFY4 5 oA
ASE vtAaE dFY daido] Atk ok & <
A ARERE HholF A& ofdtag Al W2 VIE Al
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