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ABSTRACT

Objectives: This study was designed to evaluate the filtration efficiency, inhalation resistance, and liquid
resistance of commercial reusable masks in comparison to the performance of KF-AD masks (reference

masks).

Methods: Thirty—six masks were purchased from an online market. Filtration efficiency and inhalation
resistance were determined in the same manner as in MFDS certification testing, respectively using TIL/IL &
Filter Test 1300S (SFP Services, UK) and Breathing Resistance Analyzer DA2001 (Lambda Ray, South Korea).

Results: Most of the filtration efficiencies found for the 19 masks were far lower than the test standard for
KF-certified masks. Four masks met KF94 and three masks even met KF80. Most inhalation resistances were
also much lower than the standard, with many almost one—half of the standard. In addition, all the masks
except KF-AD masks did not pass the liquid resistance test.

Conclusions: Although most of the filtration efficiency performance results found in this study for the reusable
masks, which emerged as an alternative, were lower than the standard for health masks, multi-use masks can

be used with a replacement filter inserted.

Key words: Mask, reusable, filtration efficiency, inhalation resistance, liquid resistance
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Table 1. Characteristics of subject masks

No. Type ngal . Features
classification Material # of layers Shape
1 Polyester 2 Cone
2 Neoprene + Agua * X 2 Cone
3 Filter replacement Polyester + Polyurethane 2 Cone
4 (Wlt:afslter) Polyester + Polyurethane 2 Cone
5 Polyester 2 Cone
6 Polyester + Polyurethane 2 Cone
7 Polyester 1 Cone
8 Neoprene + Aqua * X 1 Cone
9 Filter replacement Polyester + Polyurethane 1 Cone
(without filter)
10 mask Polyester + Polyurethane 1 Cone
11 Polyester 1 Cone
12 Polyester + Polyurethane 1 Cone
13 Industrial Polyester 1 Cone
14 product Polyester + Span 1 Cone
15 Neoprene + Polyester 1 Cone
16 Polyester + Span 1 Cone
17 Anti-bacterial or Polyester + Spandex 1 Cone
anti—droplet function
18 mask Polyester + Polyurethane 1 Cone
19 = 1 Cone
20 Polyester + Polyurethane 1 Cone
21 = 1 Cone
22 Poly, Span, Cu 1 Cone
23 Polyurethane 1 Cone
24 ) Nylon + Polyurethane 1 Cone
Fashion mask ;

25 - 1 Cone
26 Polyester + Polyurethane 1 Cone
27 Polypropylene 3 Cone
28 Polypropylene 3 Cone
29 Polypropylene 3 Pleated
30 Polypropylene 3 Pleated
31 KE-AD mask Ouasi drug Polypropylene 3 Cone
32 Polypropylene 3 Cone
33 Polypropylene 3 Pleated
34 Polypropylene 3 Pleated
35 Polypropylene 3 Pleated
36 Polypropylene 3 Pleated

" 1 The material are unstated on the packing label.

wpajo] AejaoR 319] - Bl Ak & Urks 2. 91T Y

(KIPO, 2021) H& 18sto] 22191 g4 f& 1) 2XZISE Hot

- o F91 AlEZ gESIH EAZZGE AFE2 TIL/IL & Filter Test(Type

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(1): 53-63 www.kiha.kr



(c) Fashion mask
Figure 1. Example of the type of the subject masks
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OHHE 57| 4&-2 Breathing Resistance Analyzer

(DA2001, Lambda Ray, Korea) ZH|E o]&3lo] =
Aot AlgEe 2 & NS 7HR 2 ZA9 o

Figure 2. Photograph to measure inhalation resistance
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1. 2RSS E HW
Z 3659 ukAI | Higt tv"'i— EZX/EL Table 22+
2t ZE nAY npAae] 38 I B B A
Al i mpA=o] thgh S‘JXML 67.2£3.3%°11L
= 99.9%0]3itk No 2, 55 A9t Yymz|= KF94
Figure 3. Photograph to measure liquid resistance alA3 7]&E AS)5H= 98.6% o]AFe] ERIZA G-
Table 2. Filtration efficiency, Inhalation resistance and Liquid resistance in the masks
Filtration efficiency (%) Inhalation resistance (Pa) Liquid
No. Type T T :
MeantSD All MeantSD All resistance
1 99.0£0.1 26.715.5 o
2 78.4+1.8 122.0+4.0
3 Filter replacement 96.80.4 11.442.6
(with filter) 90.0+13.0 21.8+15.0
4 mask 99.9 48.746.5
5 67.2£3.3 9.3t1.8
6 98.610.1 24.7+2.9
7 7.61£1.7 10.3+1.6
8 45.142.8 101.7+13.3
9 Filter replac_ement 10.5+0.4 41406
(without filter) 18.2+14.2 13.7+16.9
10 mask 25.315.2 45.3+7.1
11 5.6+0.6 1.2+0.6
12 15.240.6 7.610.2
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Table 2. Continued

i

Filtration efficiency (%) Inhalation resistance (Pa) Liquid
No. Type T T )
MeanzSD MeanzSD All resistance
13 90.7+£2.3 32.747.1 X
14 8.310.5 4.9+0.2 X
15 10.5+0.6 9.4+0.9 X
16 8.2+0.9 6.0+1.1 X
17 Anti-bacterial or 25.62.1 23.0£3.0 X
anti—droplet function 26.9127.8 13.618.5
18 Task 15.110.8 11.8¢1.4 X
19 9.740.3 8.710.4 X
20 12.6+0.3 15.0£2.3 X
21 19.4+4.3 9.8+1.2 X
22 68.5+0.3 14.5+0.3 X
23 17.320.4 28.0£1.0 X
24 ) 15.2+1.2 9.3+1.4 X
Fashion mask 24.5+£10.8 27.2%15.9
25 24.1+1.2 20.8+2.8 X
26 41.3+0.8 50.743.1 X
27 84.6x2.9 14.441.1 0
28 61.045.2 10.4+1.5 0
29 30.9£3.6 11.812.4 0
30 96.2+0.2 22.310.6 0
31 66.5+2.9 12.3+10.6 0
KF-AD mask 74.8+18.4 16.145.2
32 82.6+0.6 27.0£2.6 0
33 90.4+4.0 17.1£1.7 0
34 79.913.4 14.5+1.7 0
35 709437 17.4¢1.4 0
36 84.7+0.9 13.3+0.7 0
TMeantSD : Arithmetic meantStandard Deviation
MERSIch TEI 9 vl A pAEUAg BE F EC UUAY lswy ohams qd A
2 18.2+14.2% £F07 AAM| Hadt= LS X2 ag v gt v—J*EV”* 23, SAHCE
ME}. Tt = HEAS 75 vRAT O] F9 B gk Afol= UK Table 3).
AZYEE HA7F 7.2~93.3%(Hd 26.9+27.8%) npAd R0 I EXEHRET EF S|4

03 KF-AD kAT (Hat 74.8+18.4%) tiv] <F 1/3
o] 4o Egiu} QJut uﬂxﬂ AT E 13.9~42.2%
(B 24.5+10.8%) $F2 & KF-AD D}__HEE} s
o] uoitt. UE wWAP ﬂ}__:u gy 5570 EP— =
XD.EXL& 2 EPHE -FAHZT p-value0.05 &

o2 FoJgt Zol7t Uit HE] F2} - 4FQ] of E}
E} & Aolg Bom, e AR Al HHHoE SHY
AE YA} Ak AJso] FAEAT. T WA A3
(gg H2he} KF-AD ulAI7Ee] Zpol7} giglon 3
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Table 3. The correlation between filtration efficiency and inhalation resistance by mask type

Compared of mask type

Filtration efficiency Inhalation resistance

dF’ p -value dF’ p -value
Filter replacement with filter vs. without filter 71.8 0.000 12.1 0.355
Filter replacement (with filter) vs. KF-AD mask 15.2 0.078 24.4 0.006
Anti-bacterial or Anti—droplet function vs. Fashion 2.37 0.997 13.6 0.438
Anti-bacterial or Anti—droplet function vs. KF-AD mask 47.9 0.000 2.48 0.994
Fashion vs. KF-AD mask 50.3 0.000 1.1 0.635

‘dF : the difference in mean of the filtration efficiency or inhalation resistance

“p 1 p—value for the multiple comparison
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£0.00 -
S y=18.21+1.3%
B
E
[ 1]
=
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9 o
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s o o o
0004 o
: o
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5 @ °°
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00
T T T T T T T
oo 1000 20.00 3000 4000 50.00 £0.00

Inhalation resistance (Pa)

Figure 4. Correlation between filtration efficiency and inhalation resistance
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A2 8e s 2= 248 viaae] V&4 =2
o g2 AR & A7E S5 19 o3l vt
23 3AE HEE AYste] 2-gsd A4l
AR, BT SoRRES AR At el
KF-AD wtA=Q} KF80 HAE wpAd 02 A4S
TS RIS & ks 22 =34 &3 2 ol
2 IA diFEL e 498 v wWrlE da A
o] 71xAw7t 2 4 vk B3 FAIA, g ER]
OlF=Z H3g ntAIE 83| AsiAe wAlE 2
B A2 B8 viad aEo s P Bart 9l
€ Ao2 Alrd.
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