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Evaluation of Filtration Performance Efficiency
of Commercial Cloth Masks

Ji Young Jang and Seung Won Kim'
Department of Public Health, Keimyung University

ABSTRACT

Objectives: This study was designed to evaluate the filtration efficiencies and pressure drops of five commercial
cloth masks (4 plate type, 1 cup type) in comparison to the performance of a class 1 disposable respirator
(reference respirator). A further objective was to evaluate the effects of the number of layers and wash treatment
independently on filtration efficiencies and pressure drops.

Methods: Polydisperse NaCl aerosols were generated in an aerosol chamber and their concentrations were
measured by an optical particle counter (OPC) in the size range of 0.3~10 um (five channels).

Results: The filtration efficiencies of the five cloth masks and the reference respirator were D: 9.5%, C:
18.5%, E: 23.6%, A: 28.5%, B: 29.7% and R: 91.1%, respectively, and the pressure drops through them
were C, D: 0.8 Pa, E: 1.7 Pa, B: 6.4 Pa, A: 42.7 Pa and R: 19.3 Pa, respectively. The filtration efficiencies
of the cloth masks and reference respirator were below the class 1 respirator criterion (= 94.0%) of the
Ministry of Employment and Labor (MOEL) and Ministry of Food and Drug Safety (MFDS). The pressure
drops satisfied the class 1 respirator criterion (< 70 Pa) of MOEL and MFDS. When the cloth masks were
folded into two and four layers, the filtration efficiencies of cloth masks A, B, C, D (plate type) increased
1.7-4.6 times, and 2.3-6.8 times, respectively, compared to the efficiencies of the same products in a single
layer. Pressure drops increased as the number of layers was increased. The filtration efficiency of cloth
mask E with a liner was 1.3 times higher than that of the same mask without a liner, and the pressure drop
was lower in the no-liner configuration. After a single washing, the filtration efficiencies of all the cloth
mask products decreased 1.04-4.0 times compared to those of the same products intact. For the cloth masks
C and E, their filtration efficiencies were significantly decreased after washing (p<0.05). The pressure
drops of all cloth masks were 1.2-2.0 times lower after washing.

Conclusions: The filtration efficiencies of the five cloth masks were below 30% and did not improve greatly
by increasing the number of layers. After a single washing, their performances decreased. Considering the above
and other issues identified with cloth masks, such as poor fit and stretched fibers through use, people should not
expect protection against particulate matters from the cloth masks on the market.
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Fig. 1. Diagram of experimental setup for filtration efficiency and pressure drop measurement.

Table 1. Feature of sample

Product Classification Shape Material Thickness
Nylon 50%
A Cloth mask Plate type Polypropylene 40% 1.22 mm
Polyurethane 10%
Nylon 84%
B Cloth mask Plate type Polyester 12% 0.62 mm
Spandex 4%
Polyester 100%
C Cloth mask Plate type (cool comfort fabrics) 0.29 mm
Polyester 100%
D Cloth mask Plate type (mocrofibre) 0.30 mm
Polyester 100%
Cloth mask Cup type (mocrofibre) 2.77 mm
R Class 1 disposable respirator Cup type Non woven fabrics 1.81 mm
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Fig. 2. Changes in filtration efficiency of cloth mask A by
the number of layers. Each filtration efficiency
was evaluated on NaCl aerosol polydisperse size
(0.3—10 um) for different layers. Values represent
mean + SD of three independent measurements.
Statistically significant differences (p<0.05), as
determined by ANOVA and the Duncan multiple
range test, are indicated by different letters.
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Fig. 3. Filtration efficiency of cloth mask A between wash
treatment and non-treatment. Each filtration
efficiency was evaluated on NaCl aerosol
polydisperse  size (0.3—10um) by wash
treatment. Values represent mean = SD of three
independent measurements. There was no
significant difference in filtration efficiency
between wash treatment and non-treatment.
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Fig. 4. Changes in filtration efficiency of cloth mask B by
the number of layers. Each filtration efficiency
was evaluated on NaCl aerosol polydisperse size

(0.3—10 wm) for different layers. Values represent
mean + SD of three independent measurements.

Statistically significant differences (p<0.05), as
determined by ANOVA and the Duncan multiple
range test, are indicated by different letters.
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Fig. 5. Filtration efficiency of cloth mask B between wash
treatment and non-treatment. Each filtration
efficiency was evaluated on NaCl aerosol

polydisperse size (0.3—10um) by wash
treatment. Values represent mean + SD of three
independent measurements. There was no
significant difference in filtration efficiency
between wash treatment and non-treatment.
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Fig. 6. Changes in filtration efficiency of cloth mask C by
the number of layers. Each filtration efficiency
was evaluated on NaCl aerosol polydisperse size
(0.3 —10 um) for different layers. Values represent
mean + SD of three independent measurements.
Statistically significant differences (p<0.05), as
determined by ANOVA and the Duncan multiple
range test, are indicated by different letters.

120 —+—Wash treatment Non-treatment

; \ |

Filtration efficiency (%)
2

Particle size (pm)

Fig. 7. Filtration efficiency of cloth mask C between wash
treatment and non-treatment. Each filtration
efficiency was evaluated on NaCl aerosol

polydisperse  size (0.3—10wm) by wash
treatment. Values represent mean = SD of three
independent measurements. Statistically
significant differences from the non-treatment
group, as determined by #-test (*; p<0.05).

F7h Soldas o3 fge] molE AL 8l
T 5 AYAT FAHOE ol ol wolA
gieh. Ag Azlel We QA 27 8 o3 &%
o Fig. 59 Rk A AE HAL Al ol &
o AE HelE oA Ake AR A HoE
o of3h B8 BT 55, 97 03—0.5 um7}
£ 9473 Wt %o o3t 58 nyov, 4
0.
J

LLME do 1]

5—1umellM Alet H2le & 7] o7 &

]
o] 2889%= ME A& A &S A

J Environ Health Sci 2015; 41(3): 203-215

120

100

80

60

Filtration efficiency (%)

0.3-0.5 0.5-1 1-2 2-5 510

Particle size (pm)

Fig. 8. Changes in filtration efficiency of cloth mask D by
the number of layers. Each filtration efficiency
was evaluated on NaCl aerosol polydisperse size

(0.3—10 um) for different layers. Values represent
mean + SD of three independent measurements.
Statistically significant differences (p<0.05), as
determined by ANOVA and the Duncan multiple
range test, are indicated by different letters.
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Fig. 9. Filtration efficiency of cloth mask D between wash
treatment and non-treatment. Each filtration
efficiency was evaluated on NaCl aerosol
polydisperse  size (0.3—10wm) by wash
treatment. Values represent mean = SD of three
independent measurements. Statistically
significant differences from the non-treatment
group, as determined by #-test (*; p<0.05).
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Fig. 10. Filtration efficiency of cloth mask E between
without liner and non-treatment. Each filtration
efficiency was evaluated on NaCl aerosol
polydisperse size (0.3—10wm) for different
layers. Values represent mean = SD of three
independent measurements. Statistically significant
differences from the non-treatment group, as
determined by #-test (**; p<0.01).
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Fig. 11. Filtration efficiency of cloth mask E between wash
treatment and non-treatment. Each filtration
efficiency was evaluated on NaCl aerosol
polydisperse  size (0.3—10um) by wash
treatment. Values represent mean + SD of three
independent measurements. Statistically significant
differences from the non-treatment group, as
determined by #test (*; p<0.05, ***; p<0.001).
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Fig. 12. Filtration efficiency of class 1 disposable respirator
by aerosol size. Each filtration efficiency was
evaluated on NaCl aerosol polydisperse size (0.3
—10 um). Values represent mean + SD of three
independent measurements. Statistically significant
differences (p<0.05), as determined by ANOVA
and the Duncan multiple range test, are indicated
by different letters.
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Fig. 13. Filtration efficiency of cloth masks and class 1
disposable respirator. A, B, C, D: plate type cloth
mask, E: cup type cloth mask, R: class 1
disposable respirator. Each filtration efficiency was
evaluated on NaCl aerosol polydisperse size (0.3
—10 um). Values represent mean + SD of three
independent measurements. Statistically significant
differences (p<0.05), as determined by ANOVA
and the Duncan multiple range test, are indicated
by different letters.
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Fig. 14. Pressure  drop of cloth mask A at various
conditions. Product A: plate type cloth mask.
Values represent mean + SD of three independent
measurements. Statistically significant differences
(p<0.05), as determined by ANOVA and the
Duncan multiple range test, are indicated by
different letters.
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Fig. 15. Pressure drop of cloth mask B at various
conditions. Product B: plate type cloth mask.
Values represent mean + SD of three independent
measurements. Statistically significant differences
(p<0.05), as determined by ANOVA and the
Duncan multiple range test, are indicated by
different letters.
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Al Vet e ™ 44 ¢] A9 A 3} BlaLste]
AHOZ 23 2polE B O (p<0.05), HIE
g A, 133 27 7ol SAFE #2]3 Zfo)
Koz ekskth. De Al A2](0.61 Pa), 17(0.79

W 2% ol Hir
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‘Wash treatment Llayer 2layers 4layers
Product C

Fig. 16. Pressure drop of cloth mask C at various
conditions. Product C: plate type cloth mask.
Values represent mean * SD of three independent
measurements. Statistically significant differences
(p<0.05), as determined by ANOVA and the
Duncan multiple range test, are indicated by
different letters.

60
45

30

Pressure drop (Pa)

b

L - o mm
0 — —— I

Wash treatment 1layer 2layers 4layers
Product D

Fig. 17. Pressure drop of cloth mask D at various
conditions. Product D: plate type cloth mask.
Values represent mean = SD of three independent
measurements. Statistically significant differences
(p<0.05), as determined by ANOVA and the
Duncan multiple range test, are indicated by
different letters.

Pa), 27(1.53 Pa), 441(6.87 Pa) <= & =7 Yl
om, 4739] A YA 3} Hlwste] SAX R
Fol3l 2po]2 B ATHp<0.05). Ex AlE #2](0.86
Pa), W3 221142 Pa), 13(1.69 Pa) <O & EA
UER o™ BAIH o2 folgh foli= Kol ek

4 &7 Mg B €l
FAEAT B 571} QR ofahy lnka

H 171X A& (reference respirator)®] 7] A&
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45

30

Pressure drop (Pa)

a a a
o —— —_— ——

‘Wash treatment 1layer Without liner

ProductE

Fig. 18. Pressure drop of cloth mask E at wvarious
conditions. Product E: cup type cloth mask. Values
represent mean * SD of three independent
measurements. Statistically significant differences
(p<0.05), as determined by ANOVA and the
Duncan multiple range test, are indicated by
different letters.

60
45

30

Pressure drop (Pa)

Product

Fig. 19. Pressure drop of cloth masks and class 1 disposable
respirator. A, B, C, D: plate type cloth mask, E:
cup type cloth mask, R: class 1 disposable
respirator. Each pressure drop was evaluated on 30
LPM. Values represent mean + SD of three
independent measurements. Statistically significant
differences (p<0.05), as determined by ANOVA
and the Duncan multiple range test, are indicated
by different letters.

% 30 LPMe] t3l] W& o2 A|F D(0.79 Pa),
A|F C(0.83 Pa), AIF E(1.69 Pa), A& B(6.38 Pa),
St R o2 WRIulA= [59(19.29 Pa), AE
A(42.69 Pa)= EITHFig. 19). A% C, D, E 7F

of BAALCE folgh ApolE HolA] FSUAINE L}
wA 25 7&°ﬂ BAHCE Folgt 2pol& E@‘DP
(p<0.05). ZE AF2 17 o, 28 =TI Al
2014-463. F_H_p;% obd91Z 1A WRlupAT )
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FAlEEIE AlFA A st 288
As Aoz WA, mAwA|, wjAds} Z7HE 5o 9
AP BE FYel i BE Wk o ouE 2 &
T EF 59 5HoE ARH.

o] e A8 WRIvEA(EH, |
F, 27), BA8 v (KF80, KF94, KF99)y=
BT FA e} AFoFERPAA Ao 5T
9 AEH o] FAE UATHALE =T HIA] Al
2014-4635. HG 7 O] FbARIT 1A, A F]oFEt
A A A|2014-177% o|fe]E &

AAE ), A FAEEE tis AT 2 OAl
e Ao A B YA EH9] o
'2&3 F71AF g A4 =&

B AFA FARRE
Ank 2 2 AM W ol 83 Fo] &
A= &4 A Aoz 2go] o]FoAL 317
o] &4 ¥ S5/ SO Q% 25 &,
Ef 231 3 Al 28-S AL e Ve
Ashs AR oz Wzlel~a 19S FaL 71E
(reference respirator)OZ AESIH T FAIAI=
% 7K 2 (@7HA: plate type, 17FA]: cup type),
QFAF oA WInkAI= 17H] R (cup type)
of tiall A+ a&7 FUIAES BrHeH, fA}
up2~39] 28 ) (layere] 47, WT] €3}, MEr o
F7F oA BE&F FUIA P vXe = HlA
2 H7rsied.

U vp=3 AlEHY 8] w2 AlEHS
£ 7He Aoz dXE agvitt AF Y AL
B3I oo 22 Mol 1% NaCl &2 ARE-st
o] £3}A)71 NaCl dloj2& J# =27] He] 03—
10 umZ % 30 LPMOZ E3313 T} fA =
o AES oF 10-30%2] o3 E8(70—90% F
IS HAN, QHAR ojupy] wRlviaa 192
91%2] o3} E&(9% FH&)S B I8 =FHAL
Aoh A Fe] FEIHA LA 1174 EXEHEE 7|E
(= 94%)°l PIAA] ZBFATHALE =5 -3LA] #]12014-

hines
)
)
aY)
oX,
o J

5 A
A
9
i)
oz
o

D &E‘
S
i)

Lol
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465 BT OJFRPHQIZ WA, AFe]kEeHA
Al A2014-1775 QQ)E ZEF| 7} - 417 - A
Ab 4.

Rengasamy (20102 A vl (cloth mask)$}t
dut A A& (common fabric materials)®] EFZ
298, B, 4, &7kl disl] gk HEl 20
—1000 nmE W&% 5.5 cm/s9F 16.5 cm/sZ F3HA]
Zok. A vl3E 10—25%2 o3 Z8(75—90%
Fahg)S Byom 1 9 29E= 20—60%, EIA
=5 10%, FAL 30—40%, 271 10%2] o3}
88 RYv RIS Jung 5(2014) A}
WA]E np~3 W8 vlA3(KF94), 21§58 (surgical/
dental mask) PF==, UHF B 7L wEAF(general
mask), =700 el 2F&] FEPAA (MFDS) Al
FuH 3} v]=F NIOSH 42 CFR 84 Al@Hgoz &
& (penetrationyS HUTH ojHolg FAlmirds
zF el disl zHh 23.7, 37.0%%2 B3 988
w2 (surgical/dental mask)y= 712} 44.7, 43.6%, &
Wl 178 upAI (general mask)ys ZH}F 62.4, 63.1%,
=578 247 97.6, 97.0%= Rl T W Zhol &
o]k Zfoli= gilem It BH§ mpiIe) &7
Be gt Ay gle o2 RISt Hong
(0092 AT FEEE FAPEA S vhiA, WY
& WA (KF94), B8 vl (hygiene mask)ol
&l 1% NaCl §d°02 Had Y74 0.6 um o=
=5 sk 95 LPMO| e R #XEHa &S
AT A3 HARE 7SR ARG niad
88.17%, W8 nl2=3(KF94) 98.89%, HAE vl
2 17.54%= Haskich gF Aok vlaehd 2
To| FAEAT g &S A vl I(cloth mask),
AR 29, =, &7, B8 vl (general/
hygiene mask)?} FAFSE 43 &S /A HE
Bt @2 AR EIEUT B8 npaa
(general/hygiene masky= 7189 YAAE A5l
e BEE vka3e] dig Aow dAxle BiE
n2==e] WR7E A YAt At Asel U=
GAPLA R mESZL(KF80)SE W8 mRA=1(KF94,
KF99)8 ¥#alE H7dg vp2Z(KFR0, KF94,
KF99y 9} th& Zojt}.

B ApoM FAlmE=I A, B, C, DE plate type
o7 Ao ol WE o3 885 HokEH 17
) BT}t 27o] A9 1.7-4.68 EoPHAAAE A: 2

fo o ¢
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vl, B: 1790, C: 2.6, D: 4.60)), 14Q wj Ho} 4
Aol 7% 23—6.84 EoHTHAIE A: 2.34, B:
254, C: 39, D: 6.84). BFHo] 274Y o] ®Wr} 4
Ao A 1L1-1.58] = AE A, B: 134, C:
118, D: 1.54]) & oIz} && WHslE Ho|x| &%k
th Al¥E EE cup typelZ Uy @3] 7153 A
o2 Y7t gle 49, a7t = 45 2ok 13
v wke of3} §8-S Wtk Jung 5(2014)S W}
Az A &1 AY Fol BE FH&
(penetration)S XUt} 13 u Bt} 279 A$
oF 2.0—2.54, 4339 739 oF vl = 3} T &) =
obAL, 28Y w B} 4732 7% oF 2.6—3.008] o]
I o] Eohsith old AE WY, & AF
o] fAp=TE el ol W o3 §89] Jung
5(2014)2] &5 g gol vjal HWe HAE 2
R, 249 W Bt 449] A9 AkEAE B
Aol &l o3zt g8 Hsrt AUt

FrAPEEEL L AlEl dis AlEF A E]etals o,
AESEA] 3ke woll Hlal] o3} &&o] 1.04—4.0
Hj Yol om (A E A: 1.48], B: 1.048], C: 2.94H,
D: 1.580, E: 480), A& CF B A% BAZo=
)3k 2Fo] S B ATH(p<0.05). B A7l ¢JahH o
I &L oA FHe| AH71E A sHH =okA|
I oA e] FA7EE AAGHE Wolxled), ol
A7 HEP7F duk 71A14]) EEY o3 §80] #
-5 AA3THKim 2008; Hong 2013; Lee ef al.
2005; Rengasamy et al. 2009; Li et al. 2012;
Huang et al. 2013). 213F2|F3td 3= APEA &
AT E AEEHE Bge] HYHAY 75S §A
g A 23]y WA Al eE9E T e
ug2 Algste] ajaARgskA] wotef ghhal stk
(Ministry of Food and Drug Safety 2014). ¥ -+
N FAlE=T AlEF de] o3 a&HT HE &
o] o3} g&o] § w2 2 AF os] fAR}
239 Hx7go] ozl 1o g Holm fAfuk:
9] BeFo] AP EAY HAR7E I SHE o] I
H)zl Aoz ®lrh

AR oz JE&o] AE71dAE YAk 2]
#3lA "tk(Han 2001). Sinclair(1976)= 27}
7V A== A2 2717F 0.04— 1 pmEt SFoH,
Lee9} Liu(1980)= 53] Y474 03 um YA T3}
7} #Eo] 7] ofHTiaL it ol 7t

il

http://mwww.kseh.org/

s F7)1A o] ol o3} 8o YolxEt
(Han 2000; Lee and Liu 1980), £ Fol4 o}
B8 =40 4" §%2 30 LPMe|tl. NIOSH
s Ad "W 42 CFR 84 (U.S. Department of
Health and Human Services 1996)°] ZA|® 3
85 + 4 LPM¥} =] &5} 2Fo kgt
2 A5 AlY (LS TA] A2014-465 K
I FRIARIZ A, 2AF L REIAX AT A
2014-177%. SJoFe]F F5517F - AlAL - AAF 7#4)
o] & 95 LPMo] HEHhH FApAI A 7}
e o3 388 Hole 974 03—0.5um®] o
A7t Wol FEo] o3} g&o] t] Yold o=
HRIth Lee 5(2012)0 8t FARAY, 24X
, aGA G A= FAHR](PM,,) FE9]
A HfEo] A AAGIe] 0.3 um 0] 7t
=& 7o)} 9tk Kim(2008)y Luk <l Al
42 27+ 0.1—10 ume] AL vlo]#2~= <F 0.0025
—0.045 ume] I71E 7L s19em Al vf
olg{ae Fidll wet 719k Béo] thEY] wiZe
T5E& BRI A AAskE 28 % Alstolvt
vlo]g 2o] FRol mEt gepit sieitt. ol i
< AEshd, & AelA fAbeEaE 4 03—
0.5um HLl gk o2 G&o] oA mAwA|
(PM,p) FNME 0.3 umi-22] AR F3lED3}
ZAAES doZ = Qe Mt vlojgizd tig
o3} @go] A3 W2 Zo= Hlt)

AR ol AlES] F71A2 HeE 0.79—
6.38 Pa (0.08—0.65 mmH,0)2] M= Bjws e
7RSS BHAAL, rAR of#] wRlvkaa 1§
o] B7|A 3 B 19.29 Pa (1.97 mmH,0)0.& 3
SR IA 4 % 30 LPMe] oisk St
F71AF 179 71F(< 70 Payell A8t ot
AE A7} 4849 W 62.78 Pa (6.4 mmH,0)2.& H]
WA e FUIAYE B 18T H I 74
% 30 LPMol| tist MR 37148 259 71+
(2 60 Payll 23l 1592 715(< 70 Payll= A
3th. fAEAEL A, B, C, DE A 471 59
GHE F71AFe] wokxlom, AF Ex W7t )
= AR Yo7t gl 9ol F71A- o] wolx
3L, ol AlE B AE AEE slE AE, Mg
A el vlsf F71A3e] wolx.

Hong 52009y A5 fr&se SAPEAE mix
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214 XY - s

10

3, W9E v (KF94), BAE vlXZ(hygiene
mask) o thall 95 LPMS] Fr#o =z qhAR: &7)xe
= FAT 43, PPEAE viIE 1.06-241
mmH,0, W4 v~F (KF94)= 1.23—4.35 mmH,0,
BAE w23 = 0.85—2.26 mmH,0F H AT
Jung 5(2014)y2 SAPYA|E viAF (0] 28, of~o]
4), WL vl=I(KF94), 9] E-8(surgical/dental
mask) wpAa, Auk B8 vl (general mask),

7o) thal 30 LPM2] oz SHaR 57]4
UJ—% S A, GAPEA S npaA o882 334
+ 2.20 mmH,0, SAPIA| & nl= oPo]8-L8 288
+ 0.87 mmH,0, W4 m}2Z(KF94)= 3.04 + 131
mmH,0, 2|58 vlX~3F+= 239 + 0.81 mmH,0, ¢
b 278 wlXF(general mask)= 224 + 0.79
mmH,0, 257712 1.88 + 1.85 mmH,02 H33t5]
o B Ao fAluk2= F7]4 840.08—0.65
mmH,0)y FAF- o372 Wxnpia 1§ F714 3
(1.97 mmH,0)2t} ko™, Jung 5(2014)2] &4~
A F71AGT ARG YA YERsiT

AR AR Qe AR IE g ¢

o 2] Wrluka=9) thEA 47 QAL 9%
2 v FE & 5 rAfe 2L A, PR
doll e} BE G35 =olde= W7t Slol=

& Al SF7] F-9lol "ol & wA] gdof
(leakage rate)°] W4 E& 7o g Heolth fAp}
239 AEL thi7 ARE o] FolA 7] wf&el
227 A gt fAAEATE Soljvke A
o] JiImltt tHE & lom, old] wEt 2AE A
Aele] F7ko] AXA A}, gk, Hi= %
Lol wat ezt ld ¢
Al Aot Yol ‘/‘rﬁl{‘ P e gl
|8 F o, ofd Q152 A% T8 F

=
Fol= S vE Aoz Bl

gl
3

nqru Jzﬂ m{n ]o -z

4o oy do

2

tz)\.

Han (2001), Hong (2013)°]l

Jgste T 3

T H O
HoTE 58 o3 883 W2 §7IA%3S AU
glofof gk, ¥ AN Hrhe fAvkaIE o

A 03— 10ume] Wslel Had v olsh &8
3} e AR Bk fAkea ol &
2¢ The 97 B9l Wl 97 0305 umold
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P e o3 88 Bylon, ohAR ofuha) vt
ﬂu}éﬁ 150l Blal A A e 237
= 7] 9 AR Bl Ui 2E aypt v
o} BRItk fApaA ] v F7)A e 2gArt
5 o AL A A R o] € F
UARE, o2} &&=} iﬂ%ﬁ o] At A Fut
o & HaE B 2 5858 HEgvt ofd A
O Helth
B ATE fAREIY o3 283 F71AE
It} F YA FralEF W o}, 714
FralEdoel gt s a3} Aot AlFS] A Al
ety 9 WS HAsla A 7S A sk
712287 @ 4 Ak EEdh QPR o] Wl
nka= 193 B Fe 2] AlFel] A EE AR
279] A 2 AFE qrAslel et xﬂoﬂ 3l
71573 wkaA A 71998 4= Aot
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