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ABSTRACT

Korean certification regulation for particulate filtering respirators requires inward leakage (IL) test as European Stan-
dards (EN) and the standard levels of regulation are the same as those of EN. This study was conducted to evaluate par-
ticulate filtering respirators being commercially used in the market by using IL and assess the characteristics of IL. The
study began with discussing the concept of IL, comparison of IL with fit test, and IL. measurement method. Three brands
of half masks and 10 brands of filtering facepieces (two top class, four 1st class and four 2nd class), total 13 brands
respirators, and 10 test panels (subjects) who were classified in 9 facial grids in accordance with face length and lip
length, were selected for IL test. IL tests were conducted in the laboratory of 3M Innovation Center which was estab-
lished by EN standard. As expected ILs of half masks were lower than those of filtering facepiece mask. ILs of half
masks and some filtering facepieces were significantly different in manufacturers. ILs of 1st class filtering facepieces
were found to be much more than those of 2nd class and thus the result would cause wearers to get confused to select
a mask. Four of six brands being no compliance with standards were thought that they should be tested again for cer-
tification because of a lot of differences from standards. There were no significant differences among ILs of five exer-
cises. In 6 out of 13 brands lognormal distribution of ILs may be a better fit distribution and in 7 brands both lognormal
and normal distributions were rejected. The result indicates that geometric mean may be better than arithmetic mean
to establish standard.

Keywords: inward leakage test, respirator, test panel, half mask, filtering facepieces
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Fig. 2. Four facial dimensions for inward leakage test.
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Fig. 1. Ten-test panel (subjects) for this study.
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Fig. 3. Test arrangement for determination of inward leakage by
the sodium chioride method (pulsed sampling method).
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Table 1. Standards for inward leakage for half and filtering facepiece masks in Korea

Filtering facepiece mask

Half mask
Top class Ist class 2nd class
Standard (1) : Each of the exercise
periods (EEP) <5% <5% <11% <25%
(at least 46 out of 50)
Standard (2) : Individual wearer
arithmetic means (TWAM) <2% <2% <8% <22%

(at least 8 out of 10)

Korean standard requires standard (1) and standard (2) simultaneously.
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Fig. 4. Difference between inward leakage(IL) test and fit test
by routes of aerosol penetration.
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Table 2. Comparison of 10 individual arithmetic means of inward leakages by brands and types

Filtering facepieces

Half mask
Top class Ist class . 2nd class

Standard (1) 5% 5% 11% 25%
Standard (2) 2% 2% . 8% 22%

A 0.47 + 1.00(Y) 273 +£7.32(Y) 4.59 + 10.42(N) 9.53 + 14.70(Y)

B 1.85+4.73(Y) - - -

C 0.48 £ 0.64(Y) - - - :

D _ 7.27 £ 10.34(N) 10.75 = 15.36(N) 9.80 + 15.07(Y)

E _ - 12.10 £ 15.13(N) 4.73 + 5.54(Y)

F _ - 12.00 + 11.68(N) 10.92 + 18.08(N)

Total 0.93+2.88 5.00+£9.20 9.86 +13.58 875+14.24
P-values 021 013" 0217 135

Mean * Standard Deviation.
Each value was calculated for 50 samples.

“Y” means compliance with Korean certification standards.
“N” means no compliance with Korean certification standards.
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Table 3. Analysis of inward leakages of brands with no
compliance with standards

Standard (1) :

Brand (Filtering Standard (2) :

facepiece mask) EEP 46/50 TWAM 8/10
Top class D 30/50° 5/10
Ist class A 43/50 8/10

D 32/50 6/10

E 31/50 4/10

F 34/50 8/10
2nd class F 40/50 8/10

*This means the number of IL compliances with standards
(inward leakage %) out of 50 IL each exercise.
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Table 4. Comparison of inward leakages among five exercises by mask type

Filtering facepiece mask

Half mask Overall
Top class Ist class 2nd class
No. of total exercises 150 100 200 200 650
No. of each exercise 30 20 40 40 130
wi1” 1.00+3.06 4.0t £7.21 13.36 + 16.02 8.73+13.93 7.64+13.00
Ss’ 1.37+5.14 5.98 +10.49 10.00 + 12.45 8.36 + 14.67 6.88 £ 12.04
Exercise UD" 0.50+0.94 7.19£13.27 8.84+12.74 9.67+15.24 6.92 +12.59
R 098+1.62 476 +8.44 8.68 +14.43 9.05+15.69 6.41 £12.63
w2° 0.81+1.68 3.07+£4.57 843+11.88 7.92 £12.06 5.69 +10.04
Total 0.93+2.88 5.00+9.20 9.86+13.58 8.75+14.24 6.71 £12.09
Statistical Significance P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

‘W1: Walking without head movements or talking.
SS: Turning head from side to side.

UD: Moving head up and down.

R: Reciting an agreed text out loud.

W2: Walking without head movements or talking.
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Table 5. Results of goodness of fit for inward leakages by brand

439

Filtering facepieces

Brand Half mask

Top class Ist class 2nd class
A Lognormal Lognormal Non L Non N Non L. Non N
B Lognormal - - -
C Lognormal - - -
D _ Non L Non N Non L Non N Lognormal
E _ - Non L. Non N Non L Non N
F _ - Lognormal Non L Non N

"Non L Non N: Both lognormal and normal distributions are rejected.
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