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® LU 7F 2024H bE ~ 2024E 11&

© ATl UAE ZAL LEMS, YATS, HAE IY, BEQISE

o CITINY EAE Mg U HEQISS $8T 5EEST UAYS HI
1. S1HHE

L2 GAls SFESF AYIoA 2HgAEe] D= dato] & E
<A ZRIstr] et e R FA44 9@ A=A WA JAPE Slok vl
Ay, T, F= L LE(Standards Australia, 2009: CAS,2011;
OSHAct 2021; Canada OHSR, 2014: Australian OSHAct 2015;
JMHLW, 2020) 5 W& g<tolA #2fstH I1SO 16976-2:2022(E)°l w
g 4% HAE ijid 9 A8 EEQF 52 A5 At x99 WAL
HAME HAE #id2 U= Los Alamos =@#48td+4(Los Alamos
National Laboratory, LANL)°A 7St oM ¥ (bivariate) HIAE 1jdo]
o HEd JAASFARE 7IWeE EAskeithHack & McConville,
1978). ©°|& Zhuang G&(007)°] FAE EXHO=7 PCA(principal
component analysis) 9 7fEsl EFJFE AlZbotA =t 5=
< A=l JAASPARE o]8sto] o HT HAE wid 9 PCA wid< 7
oty SEHREF AZ D QAFJAIHA] ARES QUtH(Chen et al.,
2009). E3 &9 AL =& u7lS 0|85t SFHIA F5HIHE T
tHJIST8157-2009).

ole} g opd |yt WAE HAPE d1 $F(KOSHA Guide
H-82, 2020)°] 1o HAE wid 5 WL HAE gt 7|6t vpgo] 2

;O



Q3 AIslo g o= B3} = A=o] Q7T wabA A BET SE=3t
? %ﬂ— ﬂ%gi UE]Z-}'E 7‘5]/\]~é— O]_g_*()‘]__]_x]_ —5—]_?;\

2t @*}Oﬂ gE&5e H2E 9d 9 2F F=F0] o

rot
Ao

HE

O ISO(International Organization for Standard, 16976-2:2022E)
o] & HAE g 9 JEF A= A (Chen et al., 2009;
Zhuang & Bradtmiller, 2005; Du et al., 2008)
Z2 A=y A3 E 0]8_3% 27 EE AF(GB-2626-2006) A
O Y& SZHITT AF Ao 23 vzl 0] &(IST8157-2009)
O 3= Apo|2F ol ARE o]&sto] A= HAE Hjd 9 =&
o1& 7§EFsHSeo et al., 2023; ORISH 2022).

O

2) H2E #HdS F3d 2= HA

AFOl GEEE BERETE 48 FHY HAE A 2598 1Y
Sl WA BAE ST Ao e 2o
& AP TTRET, WHY, UL olnpy nlAd:

O ZAEES 28 HAE Hd &84 #3514 NIOSH o' wd
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3) A=Y S=F AT

g AlE QT E8AE ASoH] A6l dAte AARE SAskle AY
A(Seo et al., 2023)E S ] 14 =
Fo| 283t TZHT O] UE

% ey 9 Eyolzhy A Wi 4wy ol g AR
ouE Al mush AR UEE Bev Ad AR B

“
2 B3 HSF AT EE} /Aol Bl

E—E—EE—‘} 2712 AAT S 315% z} 37] H =
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3 v e Tt 2ol Agsle] goRit
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587 WS 95 AurHo

T UAEE TFETFE HA[StE R 443 AL SHEA 92t
A} AH3]

FHAHE e He ZEA A

(9] Ao B SFHEIFE AET & UL E AT FARE HHEA] AA
oleE WA HSE JHOccupational Safety and Health Service of
the Department of Labour, Department of Labour, 1999). ¥=% H
AP R ol sl 3715 LHEE =52 AP AWst=E FASH
1l UtH(Health and Safety Executive, HSE, 2013). o]&{gt A== @I
HEZ AAE o] oz A7 HoR WEA AHES FA4E BT 9
ong opzgolt So] vF 5 ojeiuelol YE AAE HHH @

N



)

A A2tz gAF HHEHE FAFoE AXeHY HAAF 54 9 AE] 52
AL SlthHan et al., 2016). wl=r OSHAOIA g  29CFR1910.
134020l = L= HAE FAZRC=E FHsI6eH Hx SFE
S5 AAst] AT M, oE SEZHSHE v o J8ja o g
A HAE AABEES o BS(Appendix A to 1910.134: Fit
testing Procedures(Mandatory)oll= 412 o] HA|Eo] Qi

ojzgt WAL HALE Bl SFEHTT AAo| SHEA D2 oJH=E g1l
< 4 Atk ol"f 1SO16976-2:2022(E)°f whet &A% =1l A3 2719
HES HAE 4= AMESER dE 27]0] 3%t S FHSFE AN
oz AAYE & At R "WRE HAE id2 u|xo o
(bivariate) Z'do|™ o] PCA(principal component analysis) Z|'d] w}
gt AdE EEAFVE AFEJS. I 9 $=(GB-2626-2000), L&
(JIST8157-2009) & =7tolA EFETT dsB7te] =1 EE AFE
AH&-3tt.

SHARE -2yt D2 FARE AAISHA] 22 (KOSHA Guide H-82,
2020) EIAE wid 9 QT & EEIF BASiH. M 59 #7480l =Y
=7] s A A= g5o] B85t o7l A+FA=(Seo et al., 2023;
Park et al., 2022; Seo et al., 2020)°] 2oJsf 3= HAE mjd ¥ =&
o] JNEE A SHA|NE o}d] &g THsAdol ATEA ¥ Aol olet &
o] =P HFQ FAE Al A F-EEH= TA TFHIF= FRIE
HE AP]27F QI BRF ol 2A gle QAT 9 it IFE AsAI

g1 BFH o]df o] SFESFE Al ¥ Ais|e It

IHER o] d+ts F=d d=ol FAsH
ob7] #et B} VRS Aol tedh 22 84S AdHh

O fEAdd =29 4 Yk B4 5 5F/] At fAAE D



2. 80 de|
o] AoflA AMEEHE= 8019 9ul= v A
« 42} Z5(Fit performance): 1]7} 74—9—7\} dZi} 93

(match)3s H=S vl i.‘— o 92 ogEHol
opad hRE A FYEHs

AR 2013 oo, 7HEEQN HPetgolsint HEH

o U T AXKFit test): TSEZESTF AFA(filter media)sS =3 FH
(penetration)= & LAYA7L Gote 7S T F8A 4= SZFHS
T WA & Ato|(userseal leakage)® IAFEHE=AE FIstk= AAIH



823 AAHQLFT)S AFA A AAHQNFT)7F A

« A& A$(Fit factor): A=A AT HAHQNFT) FH|E ol Al
H AeRE &9 e aFEST 5] AR +E ter " o
2 U olthA 1), gRbA o g o] glo] 245 T2to] & H & 7t

Zgit,

Fit Factor = Cout / Cin -——-—-—------ (=211
Cout : BSEHIT T QFA SAHH FH A+ ¢
A =]

Cin : TFHI+ YHA =74

* HAE Hd(test panel): AFHEES 42 27| EXk0] weh FEF

SEFHIFE ML F o5 APl dAvht A3sHA L2fo] of
A=A B7IsH] 3 Amolth. 2849 dE 2715 1071 CELLE +
b, &, 23 37 #1542 0 5 BAT 5 A HAE
Q.

T 9 B3] ot oW 9 PCA WURE FEIAT

L Q |o

Mo R 2L

]_

9
=

O

=‘=: e U e

e

« ¥Z QA% (standard headform): A=119] A= F7]E BEASI &
S Aol ARESHES el SlEES ‘?:1-*6}“”] TAEEYHOZ B
2T A 52 E5)] g840] 925 AL ou|sit}

[e] .8

ol 111014
B



O Y= HAE o|8% =3 HAE g HAS

O 7fgH Q5o tigt A HF

O ARtIte] e FGAF Add E4S B3 AF EES R
O IR "ol o AFTE At 2 HAF 71e X3 7HA

ot

webs 24 Ex0] od) ALE @=Y HAE @9 @ Axe] o
Aol WaE WAE A4k 714X Be AMstnA sheck

b

L2 gAtel A FaRARE #2109 ol TEE U9 =22
Aol W3 AL HAE 1id, el 9=,

solH F8 W& o33 At
997 QIAISAXe}F 1,013% 3D A7 Hlo|HE

Aot 187 d= 52 2451 HAE g3 7t

O NIOSH7} 7RHst Static Advanced Headform(StAH)© 7Z& N95
FFRQPHE  ofzpa] mAI)E ZEA7| 3% D= HAs

AEE, AH2E FA0A WA 10001d= 24

O Static Advanced Headform(StAH) AZtdAo|A &ld 2HS &
KAA Frubber TMO 2 ImEZA JAEYF F HHY, :
AHE9] SfRerd HAEE v EHEA =

O Static Advanced Headform(StAH)¥ AFRY mdAF 1099 WAL
Arbs SEFHESA 27] 204 =2 4T HJAR? = 0.49)

me,
i



)

O =< AASHEZRA 3,00089 1071 = =S 4% 4
2 95%E tHESH= PCA ¥ o HIAE sfjdo] &4dH

O =9l 92 EHF+= NIOSH(National Insititute for Occupational
Safety and Health, t]=3d ZAAAA ATA) HAE g HF
ghof] AASIEE 2L =g did BRAo] Il

O SizeKorea QUAIX|FZAL ARE o] &5 eh=F =i A&stil
e AE-E i AHE NS

O Zzk FAA AHlE OPC, CNC ol ot &4 5ol &

(2) HAE IES XEst UXT HAL

Seo 5(2023)3 Park 5(2022)0] e F=Y HAE Wd 259 ¥
$0.5 BYSL DHE PAS WA o] A7E A7 g AFolEE
AT Ao es] HAHSHIRB-202406-HR-231-02)8 AA A+ W&

oA B figt 51 Wk (aE 1-2 F=R).

O TMYAL AP HAE WY A2 A)E A AT 259 74
sl A, B 2O FHst] W AN 13 32)

O "= HA A¥l= IU 78 S 3T BHE AT AFE
d2te PHE wm A G E X
Health Administration, OSHA)OA &21% T E7}2E(Portacount
8048. TSI USAt wiA3d WL A2 Eg9ees 2P
(AccuFIT 9000, Kanomax. Japan) 18|31 YEojA 743t npAF
g HAEH(MT-11D, SIBATA. JAPAN)A(ZH -4 #FX)

O AT} 28 SFHIT= FHA HIHsHA AHEEE AFL
2 AZSE A77F ®#71E] A= A O¥A ¥ AEE F
ZFEA 7] & A2 e AARE A AYSHaY -5 &2X)

O Yax HAA Z2EZ2 ul= 29CFR1010.134 H-=o| HAE FF

d(Occupational Safety and

219)



2 ®H(QNFT)S A"stded slga-ie7], dotr], /RS-
<Zo]7], wWg Yot FZolA T vFAI/PFEAH(OSHA
Regulation, 2019)°] wat AHE 4 W2HA4 500 o4, HHHF
100 o4, tHF x4 mkAF 100 oY W A9t w3
HFTHoZ o, F, &% VM4 dEF7|9 STEHSF 27 HFI
jet "3t HAF SE2 Hwet

Aot o] oigh URE HAF 23 76% oY AHS =
fd=4 &8 7ts4do] Atk= ASTINPPTL, 2020)



AgdietE g fefdlfus A4 24

WA o S SIEFA EYES MM 01-670-3452 FAX: - ———
B W SHIRB-202406-HR-231-02 | wedd | 20840711,
il ey Homdy W EFUTE G4 LHUSTF WHYpuE
ELER L]
. E L3 =
o a SHIRB- 202406 -HR - 231 -1
EET L L) [ 2= | wegans [ as | =zas
PORFE Y
{: (2024 OF 08 )
T UM A FEU0 AYND RAFD P4 % MR D
AF MU e L AWaT B Mok
L]
A g AP AR
FUME H8 o TR 4R

dFAgd 2H R

o o o 5ot A eka

AN 5H W B dejogals

- e BB 4518 ol - 20241130

BB % oiF - 2084.10.30

L #UEE # UPAd B7Ra d7e ATaus + & SeANA aEAne A ¥ 94,
IRB #5e% see CHTPANEY NN B s SdE Bebet T
-H-.I'J'le I was oUfLride 18 o Yulck fErE R PdE e d3e Csagge)o
At @ A palgels WU,
I OEFEE A A g PR RN PR R e Sy sl

2
3
4
5.
6 PR T
7.
B
]

WEE R | sanun

AFHUAE & sude YAdas e o 57 U& A7, dAEF FAUERE 49 oW
A Mioe ooy o F AdLc

HAudas d9aaydesa

[ 1-2] IRBAL SX|M



. #9) (#10) No. of Cell | Face Length | Face Width

R . 1 0701065 1205~1325

(#6) ®7) " [#8) 2 970-1065 1325-1445

" N g 3 1065-1160] 1205-1325

1160 2 - M 1 1065~1160] 1325~1445

. L i 5 070-1160] 1445~1585

wsh ®a) 6 | 1160-1350] 1205-1345

1065 i 1 1160-1255 1345-1465
= (#5)

1) i) 8 1160~1255] 1465~1585

. - 3 12551350 13451465

70 0| 1255-1350] 1465-1585

120.5 132.5 144.5 158.5

[33 I-3] 828 HAE @4

A v B AR 7] B 7] C ]

[2% 1-4] LN ZAlo) ALRSH B
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o2t
Ql

TAREISO 16976-2:2022(E))°1 w} 7idet eh=g =&

F9) Yakw PAR Al Aol AAol glA sttt

O E3dXAKBergman et al., 2014; Bergman et al., 2013) o] <9s}&H

A SlEE HAAS 7 53 &7t 20% A A d=

WxE Wk gAEe Adn @

O A¥ AG(ES]-2023-0145234)= 7WEet A& AW W JAH
AJ7|(Particle Generator8026, TSI. USA)E 7FsAl7|al AASH 3
TZ ol% Wty AxQl Al A AWML vlwsha1E 6 ZR)

O FFHo=z FJUTEA(Intraclass Correlation Coefficient, ICC)
2 B9 A W SEE AT WHE A3 AH4e 5w

O 3=7 UAF9 HFZ} HASE Aol dAxHH ZZTH(Geomagic

Hl:l

ﬂHﬂ

(¢

11



Control X, 3D Systems. USA)C.& Z}o|& &QIsH 1 7 F=X)

[2% 1-6] HEE U5 Al

(4) EESH MY HEX H AT FA 7IEXIHE

AEAZH 7Fo|=(KOSHA Guide H-82-2020)0014 SEEIT] A
, AR B BERRE FAL flen Ve ARFE dstal ok 2
Hote A4 Ee AFE 23k gAE ofF dalshked|
AP F71e 14900 19 ojdez AR shARE =4 43

Elolu

°X

1]

=

12



L AZ |
5 71exMel thet gol Rt

O ml=, = & Y= FAA B 5= HHAI(OSHAct, 2015; HSE,
2012) QoA 7l&A-S FAHLRE PAst HG

O Y& JIST 8150(2021)°14 EFHIF A, AME 4 HLyaof of
off AISHAL o™ AR R&A JD.6OIA HEA Fit test= S5
7HEEI(CNC) AHIE o|&35te 4714 5% ZEEZZ APk E
JD.6.3.12 FZ3%t

O KOSHA Guide 8.3.1 8424 W= HAHQLFT) FAZ]] #F¥o] B3y
ok Bt ofyzl 8.3.2 A UL HAHQNFT) B2 AAHexercise
regime), O12E Lk, AFAY] 5 7|& X FAE

O KOSHA Guide 8.2014 H&k= HAPIH nS ol¢Al, A7 Ee
A7 LFE HARE AAISHEE AASHAT 1S oAt A&

7ol et BAZE A

(5) EHIOE|Q] S 24

SizeKorea A& ©]&sto] #A43% =3 HAEWIY} s&=i A
(Seo et al., 2023)5 AH&St] WL HAE S35t HA

dof &3 o Ao} seF <l
2 JAF ABE AOIE 7Is & =l
)2 Bland Altman Plot £4& &) A¥AY 2 A4S ASUH
Zt ARA = 7)5tE(Geometric Mean) ¥ 7]5tHEFHAHGeome
-tric Standard Deviation)2 WeWH {2¢E2 0.05 o|st= 3t
SAZZ% SPSS version 20.0(International Business Machines

Corporation, IBM. New York, USA)S AR&5}4ict.
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II. EZA}

1. =U-2 HEE HA S

LAE GAtel B A= 197089 NIOSHARSH ml=gEe 7 A4
NPPTL(National Personal Protective Technology Laboratory)olA] A
Z5E3ith. o]% S E oA WAk tigt Jge] AREYeH A B2
T7 oA L2t B A7 APEHIL vk HE AFE FHLE AR

x4 2

ok

O 1910.134AppA. Fit Testing Procedures(Mandatory)= Partl. OSHA
-Accepted Fit Test Protocolse GA|otal UZE AHAF U 9 ALE
71719} AleF SOl dis BAIstaL flon Zh 524 Wiy} E@olh] ol
I5HSE TS CNC(ambient aerosol condensation nuclei counter)
A2 AZE QNFT Portacount AlE AH] LT FHARSH= 2 o
23 I 5 AAIS] YAISE [https://www.osha.gov/laws-regs/regulations
/standardnumber/1910/1910.134AppAl

O HSE(Health and Safety Executive)?llAl+= Fit testing basics®] gt
oA, HrHE HAISE fit2fit(RPE Fit test provider)Q 93t
P2 INDG470 staementZ fit test FH] U 52 5 A, &5
Hod A3 Y 5 AAIS| YA [https:/ /Www.hse.gov.uk/resp1ratry
-protective-equipment/fit-testing-basics.htm]

O Seo 5(2016~2023)> YL&= AP A5 odd +FsIAL 2S
A, T Hn 9 9=l T off AT Wik dA /S AxT

O Y&AL HARE SHA] 41 2Hgek N95 npAd= %A -2 AHT v

olYyA FFYo] Eoy F95HA] LS (Macintyre et al., 2011)

olr
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H=rH X3 (ANSD) 788.10°1+= A2 2T AAF WHE FH7t
5t7] 935k 7]Fo0] ESHE]o] &, CNC, CNP ¥ A Jdzr AA}
S Hwst A9 ZF WOl wgEsF 0.959] UlAA] FEhH 75% LA

FEoT 2Hgo| tigt protection J=E AA Aol vl

& H<%Y(anssen et al., 2002)

z Rk

3l Reponen 5(2011) 7o) 9std Ao B33t 67% mIX9]
s

BERE0] 14 ) B %%, mebd BHT A0 g 39 B
s5F0] F7RITH: Aol gelg

doRe 92 =18 M 257 mde] I EEHET UHEL
¥ A9 ¥

5= EY(Coffey et al., 2004). wHahA]

=
9 2o £F0] BEE DA ARANN YT 22 HE
12152
A HE ALE 3918 4+ 9= A g

u|SlE AelE Eoﬂgzi 0%710].5_ Qa3 Wast okm o ol
Foltt WS gt 1}01 %8342 ¢ron dFZo|Hr} shubE 72
ol(menton-subnasal)o]l Tgt Zo|7} Yot G FrpHow #HY U

Holgol oigt FH i}ol% ATt B
AaFZAAto] et WY SEETFe} QAR XA mpA o)l Izt
T HAF AFE vjwst 2y 92% 2 88%7F Algo Big "R:
= o= oA A&t 8 1sS FA 24T & dde Tt
& AN Pompeii et al., 2020)

T AAE &9l viaa A9 Vel R E8E 4 leA 1839
ASeE TSI 2 PortcontH|2 AHFE LR 73/\% $3Y3k
ok Foet AolE HlE. wEbA 2REAH
olsto] TiFslt SEHIILE A|Zslol ol HE HES
T Sl 92 HARE oJFg}stolof qtthal 9KHan et al., 2021)

S~
i

o

A
X,
ol
=X
i)
[
Hu
rO it my |o

)

fio

40
ol



A=A 4t EAS BAGS AT Winskia 5(2019)°f QJstd d=
Zdojet vu|EY g yH|7E datof| JFS ¢ 7|xna 1Egt s
HOE ZAolz= &AM Y] FF=Z ©ol A EE gHEZ &lst
= HARICE 7idd Hart v g

SEES Y Uk 2hgo] APt AT o] o] A=A HFH
AT HGAE B E45192(Knobloch et al., 2023). AZES W
HEY AEFo] 22 59 9zRE HASHH o8 npAIHU=
N95 mhAa= 2RGA] A Aol ava

A olo2E S ¢SFetr] fste] Y2t FARE AlPStES

|t

F

in
o

FAgE AA COVID-19839S &ol=A Bkt A4 58T
(Collis et al., 2024). 15719 Q5 %o] WalL AHA} T2AEo] 2}

[©)

fol o) @ oo M
ol

= & dd9S e B2 Fee= 4.6%2A RAT APFH &
L7 4 AE8 A%t IR0l e ALE ERld
T AR %t 257|ES TR o)A QFAR oA npAg
do] ffgk NIOSH #H 9a: 452 F7ie 3 Fol4] mpaAd
7F HPET £2 293 s Eow 4l Hi7]d 5% &¥9|
gasteg g2t HARE o] Ho| &-8-stofof ghrhal H(Williams
et al., 2022)

CDCE HAYREANATL H3E vhaze] tstol P2 e

A FE=rhil E3FH(Onish & Nojima, 2024)
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O ul= FRAFAIAFIIA(CHEST, 2022)°1 o5td 7] 5 JFotF
QAo 2= 22 ooj2F UYRAE Aol EIthal 3t wEbA 12
Mottt D2e JARE YotHA AATAA HEe Bort o|F

ol XA Bt Ho| WaAojetn 78| Aug

—

2. HAE 1jd ¢4

)=+ NIOSH AFo} NPPTLY Zhuang ¥ Bradtmiller 12|31 ShafferE
FTHOE QASEAR 4 4 HAE g o] o]Fo|Ftt. o]=gh &4
S HIRFO 2 [SO EAZ o= 1jd ¢ PCATjE EAHHE BE36t9 o

B2 ojAZ I 3 oA 5 4= Awe] mid IR o]ojHH

|

O Zhuang 5(200749)%] New respirator fit test panels representing
the current U.S. civilian work forcex= 2|43H4 A3 x]of A,
20039 QIASHRAAREE o885 MELR o¥® md= A&kl
I PCA gl o5 942 =378 &7 5714 /32 7idstd
A HIAE sid 9 93T FJARE slEEo] +5H A7 2B (3" 2-1)
[https://doi.org/10.1080/15459620701497538]

O Anthropometrics Research to Develop Respirator Fit Test Panels
A= 20079 NPPTL A= olA 3%t HIAE sid 7 Z2AEQ]
19759 1,467 2= A|&SE o Mg ZAIHS whotstal thdzt 7
ol idS 20029 FE 2R AR 47 /1F 18A41~60Al <&
A A = 39978 d=SHXE 245t 252 HAE g2
AFSH 2 2-1) [https://www.cdc.gov/niosh/docket/archive/pdfs
/niosh-036/0036-062607-zhuang_pres.pdf]

O HAE 3jd Z7] HF o] WE SZHESG F7] ¥ T fHAA

18



S 4
a5age. EEHE%L 79 5 oe g o E.le % efee g
o

et al., 2015)
NIOSH HAE wjgo] tfste] F= ZEANA A& 7FsAE B7F
Stal 20059 =% /AFRAF ARE 7RISR AEE F5 HAE
gjdo] e, QA+ FE8E82 95%E T (Chen et al., 2009)
20209 ZEolAlof QRIF 3,324%8& WL E d=4do] & yH|o] ot
oz Hd-& /NHEHLim et al., 2024). o] A4+= 2D A SAHHOZE
AnE FASEeH oE Yt gl Hs) d= HHZt e S40]
Rem 95% QAFrdes G4
B EARAE Aok 2 EHST HHAEE fd) =3 HAE
gjdo] "gsitt= A4S B9 NIOSH #EXHt d=uvurt £33
EQ13HSeo et al., 2021)

Seo 5(2023)% Park 5(2023)2 HAE wid A4S &3 sH=0l 4
3719 O ofzF id ¢ PCA HjdS /NI E 2-3). o= ojjid
= GAF @AF = Aol ARgetH PCATE 2 AlHE S=F& <

o
T+ A&l &89t
Han emd(2021)2 Size Korea €2A|5= 621 U 721 B4 27 oA
dolehE RISl olE HIFoE RIS oHT EETF AIAY]
ot} =4 wba] xjlo|Z Qg Amo] AL W AlF o] oFo] A7
Hopar ¢

=
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FIGURE 2. Bivariate distribution is shown along with the NIOSH bivariate panel

Fitting NIOSH Data into LANL Panel
Face Width (mm)

—_ 117.5 126.5 1355 1445 1535

E 133.5

- 11.8% | 10.2%

gb 1235

s 10.6% | 183% | 11.2%

1135

5] 2.1% 10.0% | 92%

= 5

w1 "otal = 84.7%
0.4% 0.9% Total = 84.7%

NPPTL"

[ 11-1] NIOSH HAE {3 J4% (20073)

Respirator Size with

Fit Test Passing Rate Respirator Size

NIOSH Face Size Category Highest Passing Rate Small Medium Large
Small (NTOSH Cells 1-3) Small L =814 B —67% I = 26%
Medium (NIOSH Cells 4-7) Medium = 67% % = B3% T; = 67%
Large (NIOSH Cells 810 Large 12 — 28 B =75% 38— 86%
- L= H Olx e K=
[O" 11-2] o|HZ¥ mHY FiEH|1E] ¥ UXRE MIE (20084)
i 1343 1485
. s 1350
..................... small # o
Medium #6 1) (1)
T ress 12559
E— Large @ # 8
5 G @
= 1184
w #3 #4
£ o 0 ®
1065 ”
# 7] @
1208 32 144 8 1888 {“ a}
Face Width{mm} a7
Figure 3. Population within the Korean Bivariate Panel 1803 1325 1445 1583
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[ 11-3]

=3 HAE T2

7Het (20234)




3. SIS Y Ay A7

197085 ofojA2 ul=r9] HAE g /E2
Azre g ojojfom FHU JEF2 A 2R AIE A= THEA. 1]
=, €8 5§ EX E=EE2 o Zol A 2 29 ot
ES 61]5%— e FAe 2= dA ole] gt SFEST Al &8st

= Aol

l

O Development of an advanced respirato fit-test headform= 2| 4%t

B8 eE3] Ao Bergman 5(2014)°] THI A, AR IF AE=
A&te s|eFe] d2te HAA AR 42 AR Aaete] #RAo]
golEA2(2H 2-3) [DOI: 10.1080/15459624.2013.816434]

O Correlation of Respirator Fit measured on Human subjects and a
Static Advenced Headform @-H2015)014 dI=& URE HAR=
AV ATpHT JoshA Rt Rt o

A= SlEEo] AFEY ATE w2 FFo=E 5T = IR*=0. 95)
SHAIRE AFER QIF Alo|2E 2R 4% § 22 4TA(R*=0.49)E4
(¥ 2-4)[doi: 10.1080/15459624.2014.957832.]

O Stahl 5(2021) Hfo|HAE Apekstr] sl AME-Sh= FER o et &&
= =% AP = I YTy 212 AL Algdold A3
ol NosSHT} B =2 S&(WHAEH S ARESor &

O &5 o83t D= HGAlof| A4 IIEH m|AELL XQlAS FASH]

Z2+85F upAg 248 QI At (Marco et al., 2022)7F &
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22

Static Advanced Headform
m

Laboratory
room

W/

ALLLREI LR

PortaCount Pro+

Breathing Simulator Cylinder with
inflatable bladder

LU LU

HEE MHEX

NaCl Particles. NS5 FER ‘Static Advanced NaCl Particles
\ y =0.538x + 0.7193
o_ 4.0 R?=049
& TR
CB 3
..
TS 8076 g 3.0 % . . -
o 5 . . cate .o¥
= - % 2
- FERE £
g 20 * T % et 4 e
'Y *
s - o
i - - .t
E 10 A 4 B
s -
@ P oo -
Rl -
0.0
inflatablo bag 0.0 1.0 20 3.0 4.0 5.0
[FIGURE 1. Experimental setup for fit evaluation of the static advanced headform Human Mean logs FF

(2% 11-5] SIS2 b AT ABY

Rengasamy 2 Eimer(2011)0] o]-&3t Q1-53H AY AR}t [FARRE Al
A QAFE &8 Hk JAY FFHE SFHKim, 2016). 7H]
7 AFol mkAIE AR S5, RS 11EE JEY 35§ &
% 50L/ming FUT A At FEE AIES

S AR

ITIERT &8 F7] ooREe o83l uhzl VU SFHT
H5H7lE ST AGao et al, 20160 oot B SEOIA

AR FEI} ZUIslEE "E Ago] Wobd




e
(@] 3
rr - ﬁ' SNPS
- ! i
I
. ',
f 0 i
I
—— S Y | .
' ;
Ph Sealed test chamber | :
- |
d 1
- |
________ = e
Nuction fTowrate
5 Lo
[ Mask Test head ._.‘
s Frustecle Sampber Vacuum pump
Samphng for nano part = the seasl test charmber

[:LE' II-6] S+25 Alg #H

Hg@% ahiz] g HEAY HEY TFBIT FHAAH(He et
. 2013)2 A AR WREAe T Fe 2 30L/m £F
oahg NIIE A3 SO LHAE ANE =EF
Y HAE WU HEE AHE AL ATFSeo et al, 2023)
ot TS ABAHSHE Azt A2H AF B ool
Eo| Aslo] glom WRE PA 5L UL 4 YL AT
Seo S(MEDS, 2023)2 W29 S|=E7 APE WM U DHE 2
A SgstEon A QT A4 Avet HEE AP el
(34}\911‘4-_]“_1_ H/dd—(_j_al 2- 6)

:(

ol

lﬂé
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[2E 11-7] St= SI=E0 CHSH A A

O ISO/TS 16976-2°1 w2t /HEE wl= NPPTL "Wie AdE =&
AR el A& JIST8157(2009)0 7HAlE 22X vhixl A= [
g 2-712%2. ol AAE ol&d A uftt A+ ¢ TFHD
Ql5o] AHEL QL. 53] i-bodigks AEJAZF 4= AFE =2
4 AHE S=F FHE SO 428 A& https://i-bodi.com/
product/nbc-headform-system/]

o

ISO 16900-5 Bl ISO / TS 16976-2 | |ums tumissammgimivt  tors semrpmmtiom
[322 11-8. 0|2, YHO| FHEE M AF]
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III. e=3 HXAE did

1. HAE {2 JHY QX

SHEEHSFAA S gt ARE, HARI, AR ditt JEeE JIASH
w5 "5F o7 g d|oF 3ttt International Organization for Stand
-ard(ISO  16976-2-2022) wAol= 7|24 QAASE =Hzp dHewt
3, Aol tist A Ao Igla tieFst QIF, w9 Al d=d|o]
et A HAE 3id HE7E EZIEo] QIh EIF At HE0
EEA 4 1A, HAE Hgd 5 HH 5ol AGE] Atk

FHzx9 HAE 9 ul= Los Alamos =HIsATLA(Los Alamos
National Laboratory, LANL) o]& QAISAHZAIZ 7§ Bivatriate
test panel(Hack & McConville, 1978)°]t}t. 1 o]% Zhuang (2007)°]
7RErst PCA 3§d(Principlal Component analysis test panel)¥ A,
WY SFHE S| St Bivatriate test panel(NIOSH CA 2019-1011,
2019)°] SAtt. ?HH F=o A o HFF 9l PCAME-S 7H&?t v AeH(Chen
et al., 2009). @A FAEZE(1S016976-2:2022(E) 0.5 A5t H=H2L0
ezt HAE g iEd o Sl

2" FY A-H(Han, 2000)°14= Fit factoret E=& I7] TAHZS &
A5kl BlAE Hide) HQAZ 3RS vl QU SHA|YE gt S FH O
2hg Qo] titt = A7) AEIF SESHA] EkeEE HAE HE7)
dre g Qict. #Zof o]28 Fit testol] AFEY $ = =E HAE g
(Seo et al., 2023; park et al. 2023)°] 7F&= it A Fit test= JF=
o] ofyH, HAE wjdo] o|4 = /dEgons HEOR QAo HH
A 41 558 A5l BAsity. wEkA o] AFolA "R HARE

o] &3 A= HAE mEdS "SRR oA

N

¢
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ML #58 HsE ﬂﬁk—ﬂ

D =9 H2E Hdo MY

ofHg Iid

o

(1) st=

SizeKorea A| 72k, 82k QIAIA|4= 11,4297 3= ARE #4513
1541~69A9f Bigol= S4#e] d=do] | vH] Heo 2 mid |7t =
AEET Zol BFEA. olHT WEo y=2 ¥4 d=4ololA 2
ot 33t of g dZZololA 2SDE wh gho] o, 4 WHeo|th x&F2
=4H] A5 o]& 2 Adt HHom ¥z AdH®E 3-1).

T=

J8eg oiF Hd x, y52 44 d=uE| 9 dojz HIAH 1074
cell2 F&35to] =}l RYTES ZEAR ZAH 4447(3.9%)°1 A= o
10,985%8(96.1%)°] HAE o] +ZHAHIH 3-1). °l& IARE <

CHE 3-2).

—_

T8 95%S BT £ BEo

B 1-1) =28 HAE Ij9 #HF

(N=11,429)
population(%) Face length* Face width*
=N 5,458(47.76) 118.59(8.00) 142.07(8.08)
4Kt 5,971(52.24) 111.87(7.00) 134.93(7.09)
x| 11,429(100.0) 115.08(8.21) 138.34(8.38)

* mean(SD): mm
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[O8 11-1] =28 HAE 2X: (ZhY 50 2

TH|)

B lIl-2) #38 HAE HY 25

(S - mm)

cell population % Face length Face width
excluded 444 3.88 mean(SD) mean(SD)
1 633 5.54 103.33(2.35) 127.68(3.44)
2 817 7.15 103.19(2.45) 137.41(3.15)
3 1,208 10.57 111.16(2.56) 128.20(3.23)
4 2,662 23.29 111.56(2.56) 138.04(3.32)
5 686 6.00 110.77(3.89) 148.01(2.92)
6 897 7.85 120.06(3.56) 130.60(3.14)
7 2,262 19.79 119.98(2.79) 140.55(3.29)
8 862 7.54 120.84(2.92) 150.48(2.98)
9 503 4.40 128.72(2.51) 141.54(3.23)
10 455 3.98 129.42(2.82) 150.86(3.03)
total 10,985 96.12 115.05(7.67) 138.52(7.65)
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ML #58 HsE ﬂﬁk—ﬂ

(2) F7tX I HlW

Seo 5(2023)°] B4 =g o|¥=F wid o]9] Park 5(2021)9] o|¥=F
gido] ot A E@E=H)2 7 A2 SizeKorea AARE EA519oH
11,429%80] gt A A5 ARG 9H, B (=9 =59dH)2 149
A Z=mQl Al 63 3D HE P4 HIolE = EA5to] 4l/4o] RESit. &5
BYE2 o] A&7t =50+ d=F TlolEEt EASHRA|vE IRt QIS
o2 =3t SizeKorea 15~694] Atmo|B 2 3H=Ql =FQl4-& o #3t
0 B7lolE AV BESoich B3 - 2,752 gt IA A&
E40] AFESIR=Y EEYdl= 2,752% AARE 5 EANSIAT d=2
ol= 2114 AL 2,731 A75E EAs3 o2 E AElQ E(selection bias)”t
TS o ok wEbA & 3-39] ik = #id A= 2.7~9.6mm 20|
£ HAHE 3-2).

S7bA wde] B4 made] Ayt gloRA B4 224 Yue] ol

@)
e
=
—
=
1P
ot
e
i
H
N,
il
rl:l
IN T
ol
o,
rO
)

(B I-3) = o|HEol 7|2 olo|H

mean(SD)

population(%) Face length(mm) | Face width(mm)

A B A B A B
Xt 5,458 1,456 118.69 | 116.60 | 142.07 | 137.60
= (47.76) | (54.91) (8.00) (7.00) (8.08) (5.70)
oixt 5,971 1,296 111.87 | 107.80 | 134.93 | 133.50
(52.24) | (47.09) (7.00) (6.80) (7.09) (5.10)
R 11,429 | 2,752 115.08 | 112.50 | 138.34 | 135.70
= (100.0) | (100.0) (8.21) (8.20) (8.38) (5.80)
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1350

12554

Ll
2y

#9
o)

=10
(8]

#7
%)

L]
[F3]

(mm)

-3
(£2)

=a
(6)

(1)

-
2

us
£3]

1328

1445

a4 3

136

Eiig“mnm‘ 3

o1 214 d| (mm)

<HEH o]dH T Y (mm)>

<2d HI-5> #5783 XFelyt o= HJ(N=2,731)

[23 N-2] & HIAE I{E Hjw

(3) Ol 2o ofEt @2 37| 28

% oldY Wd F HA4o| gor mAW 4Ut A3 g% 5 A
9F7h Qe Seo 5(023)9) WY FAE WUz WANS Y
o} o] F8T TFRTT WAL AL AP WY BRES A5

L 852 ALY 107] CELLE
Fol @t o, &, &% 4= 7H2EgE 3-HE FEEH
=y SEE Q1T V= =R wid dSol &5t Ay
124.12mm, 5% 114.17mm, &% 107.37mmeo|c}. E3t
=, A9 27 148.78mm, 138.06mm, 127.65mm=z $HQ Id=S tix®

< A maa Ar)eh xeste =Y HAE Wid f84S 4350

SR
o ol FHEaE] @ EE HAR S3EC] 7IE(76%) oldelEtd o=
g H2E wd2 840l okl waRit
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M #58 HAE Jna)

(B -4y 328 HAE Iy 4

(2 © mm)

Cell Size Subjects Face length Face width
1 1 103.33 127.68
2 small 2 103.19 137.41
3 3 111.16 128.20
4 6 111.56 138.04
5 , 2 110.77 148.01
6 medium 2 120.06 130.60
7 5 119.98 140.55
8 2 120.84 150.48
9 large 1 128.72 141.54
10 1 129.42 150.86
total 25 115.05 138.52

[0 11-3] #38 U2 HEEH HSE s
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2. UEE HA 2y

= HAE iido] S84 @%6?71 st FAH R FEE=
OSHA Z2EZ(29CFR1910.134) = U2 AR st &
Zr2 47HAolH sy SR, Do), 1) #HF 2Fo|7], HE ot
=2l0|7|5 otHA 285 igii Hol oF oojEFo] FHFE
SAE & WFEE SojeA SASTh old "WAT HAF AH[oA
3" WeFE 7+ dRee dFASE AAEER SZHIAO] gt
L2 A I RE ERIE o AU

o=z ¢
al
=z
=

-L1~EE

O WAL HAF AH|&= OSHA-Accepted Fit Test Protocols ©f HA|E
Q= A=A dar HAM|(Portacount 8048. TSI. USA)Q} dEotA
3 "1¥ HAEHMT-11D, SIBATA. JAPAN), ttAT YT A|F7]
(AccuFIT 9000, Kanomax. Japan)E AFESHIH 1-4 &X)
O Ao AFL3F 5THEIE 7|7 B9 Bd AZ 9 F7|5%] ¢S B
o HEgof tisto] F&H9] AlFdHI™ 1-5 #XF)
O TR 4F Zolgt 4 YHE 1Y [[-48 ZH5t =3 HAE 1
g 2592 F o= By d = FJARHIE 1-3 IX)
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M §58 Hae jﬂg)

e S

Sliding Caliper

D) 3= HA] ARSRE |

1% 1-4 ZH|E ol8sto] HAE HARE 5T o]&2 i CNC
dElz Axd Zo=m A IW 5 FU

(Quantitative fit test, QNFI)E AP 4= I ==
T AR A kol digt i YA F= HIE 4SSt Aot
2). (& 3-5)°1A4 Z+ Zuuitt S45te YA27] 5 "7 HEA A
o Rou® FEHAM FZF o7t AUS o AT o] FH|E2 574 A
7} SAFSERL OSHA 2 EZ(29CFR1910.134)0] FEHEE HA o] glof
21} fAol= &7t fItHE 3-0). 53] 7 AR 212 FLsHA FAI5)H
7] ffote] AAEA7IE &Rl dZEE 3 Way Connectorg S &
A FF(UL/min 2z AY dA7F ZHH AT

Overall fit factor= -——- (&4] 2)

n
Vifi+1/ffa+ 1/ ff,

ff: ZF exercise $YA] fit factor, n: exercise F
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(Z 1I-5) A3 £

Operation CerEREEN Particle size HEEEET
Range grade
5
A CNC 0.01 tg 2.5 x 10°| 0.02 to greater than 99 5% [PA
particles/cm?® Tum
8| cNe 0 to 100,000 0.02 to Tum | IPA (Alcohol)
particles/cm
C |ICNC(&CPC)| 0 to 9,999,999 #| 0.02 to Tum (0.06 um)| IPA (Ethanol)
(E l-6) LAET ZA S
Exercise Measurement Total
1 Bending over 50 sec
2 Talking 30 sec
2 min 29 sec
3 Turning head side to side 30 sec
4 Moving head up and down 39 sec
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M §58 Hae jﬂ%—ﬂ

2) WHE o] LS TERTT

3ol AFRSIE TBRHEIE A B & 1202 AASIYTH AW wHA]
3717} 548 AE 2 334 S One size ABolth W 450l 755
L AEe F@)ie] EEHT glov AT AT A/1S WSl YA

Es 715‘—01 FAsie. Zﬂi‘ji A% ALEE 27% 3ERST I7] BRE
9Jste] Aok HAG niAz 7] 24 Wy 5Ls] SAHSAHAY
3-6, 3-7). HEA9l 77] BEFLE 2591 49 dZZ4olE 7|FO = g o
A 2B Ao ARSIt

[2d 11-6] 27| SX(GIA])

£ 66 OLDE . o

7§ fae
A

i
5
i

[ 11-7] £X0| AFR=E SEH5]
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B I-7) AN S8EsT 37| 87

(mean:mm)
Ig:;fh EFR EHR FFR
L 126 200~191 139~134 169~155
M 116 190~180 133~129 154~140
S 106 179~170 129~124 139~125

EFR: Elastomeric Full face Respirators EHR: Elastomeric Half facepiece Respirators
FFR: Filtering facepiece Respirators

~169.1lmm=E et 3710““'% }\]“Exqoi 3 :rL7} ‘%L 3
d, & & 710]“ (B 3-73 &, o2 AFA HAgmAd o, §, &
@ 150~170, 136~149, 135mm ©J3s} e Hol == do|=A 9u]7} 9l
ot ofgA 2T Al kAo fiste] HAE mide AT udAt 8l 3
EF T d=dole =90l Ayt Zlom [OY 3-8]2 &Rl & & Ut

Filtering facepiace

[23 111-8] AlE OIAT 2Rt 2= 37| A
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3. UEE ZAL Axt

2 Agol] QA uaES AP Fu] 7 ARYA A% 24 L 9
A 7 W% B4 52 vorstel APYHS EEIBIA olF BE 2Ao]
g3t Zo] ERlElong B AYS st Ty HAE mfdo
ok 2591 A, B ¥ 1§ F 5090] DHE AAS soick Al 27} o
ANE SFEST A, I8 =2 AlF Bl sty (& 3-7)E EFstal 1
A7t 2g3kws Shoich. A7pAkel] T3t Al B4L B 3-8 Ao
A% WEA 92 do] D vuE 929 d W o2A gon &
P d= 6%, 7 152, HF 4102 AR} 47} YASIERE o] YA =
=g fdE dET 4 Uk

(E 1I-8) m&Ext EY
. Face * * +| Face

Cell | Subjects size(n)* Female* | Age** |Face Length Width

1 6

2 2 small (12) 12 20.8 106.0(4.7) 130.5(7.1)

3 4

4 8

5 2 .

5 3 medium(30) 26 22.5 118.1(6.5) 138.3(6.2)

7 12

8 2

9 0 large (8) 0 27.0 128.4(8.1) 149.6(1.4)
10 6
Total 25 subjects x 2 group=50 38 23.6 116.9(9.6) 138.6(8.2)
* number of participants ** average * Mean(SD): mm
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(1) HE AT HA

Aol Holat Wdo] F8% TEHITL AWUY, VAP, AusdTA
oI AR Aol AT AL A 2 294 g AL B 2O wRol
gt

O dfdo] 285t Ay SgHsTE WAFET oF 34 &2 U
A SEB&E 3-9)

O ERF T 74 wAIE 2 DAL B

O Hd] U: PA= A, B THFEIT I o] IH(H 3—10)

O Auig ¢ W¥ SFHST 3¢ B Y=} ROl =%

O Qrdolata] AT AFto] §23HA &(P<0.05)

(N=1350)

(o)
min max 3 (ol GM(GSD) p*
lower upper

EFR 2589 | 67800 11299.7 13473.3 9727.1(1.9)
EHR 12 98470 7885.9 10928.0 3278.3(6.3) | .000
FFR 11 200 167.6 177.7 155.1(1.8)

EFR: Elastomeric Full face Respirators EHR: Elastomeric Half facepiece Respirators
FFR: Filtering facepiece Respirators * significance by ANOVA
n= 450 (25 subjects x 3 mask x 2 group x 3 devices) each
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T 11I-10) 4o SEHST I8 ZF URA %

(N=1350)
Respirator Overall Fit Factor *
Group GM(GSD) t P
A 8746.1(1.6) B
EFR B 10818.2(2.2) 4.996 .000
A 7057.7(1.5) ~
EHR B 1522.8(10.2) 2.250 .000
A 178.6(1.4)
FFR B 134.7(2.1) 5.180 .000

EFR: Elastomeric Full face Respirators EHR: Elastomeric Half facepiece Respirators
FFR: Filtering facepiece Respirators ¥ significance by t—test
n= 225 (25 subjects x 3 mask x 3 devices) each

TR R 2

%
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B I-11) 3IEE QFo| 5ERST YRS

(N=486)
min max Iower95% Clupper GM(GSD) p*
EFR 177 39914 13636.9 16379.8 10071.4(3.7)
EHR 5 3467 283.5 496.8 142.1(4.5) .000
FFR 6 139 254 33.3 22.3(2.1)

EFR: Elastomeric Full face Respirators EHR: Elastomeric Half facepiece Respirators
FFR: Filtering facepiece Respirators ¥ significance by ANOVA
n=162 (3 headforms x 3 mask x 2 group x 3 devices x 3 times test) each

E III-12) 3EE Q59 58H57 18 7+ Uzys

(N=486)
Grou Overall Fit Factor *
P GM(GSD) t P
A 13770.2(1.7)
EFR . 2366165 431 .000
A 188.4(3.0) ~
EHR 3 107 26.9) 722 022
A 33.4(1.8)
FFR 3 12.9(1.9) 6.276 .000

EFR: Elastomeric Full face Respirators EHR: Elastomeric Half facepiece Respirators
FFR: Filtering facepiece Respirators * significance by t-test n=81 (3 headforms x
3 mask x 3 devices x 3 times test) each
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ML #58 HsE ﬂﬁk—ﬂ

S QIAIRARE HIF O 2 BERS 3= EE 4= =9 =& A5F7t
ARt d2te HAF 23E H|askal AEAdE B4
O gy} =& AR UAE ArR= zolE HAG 3-13)
O AWy STTHIF YT fHAs FEF QAT AIFA H =UA
% F9okA] & (p=0.763)
O HHhHg 9 QrAFoTA] wpAT UL HA= {7t Xjo]E HO|

(E 1-13) 23} JI=F LAH < Hla

(N=1836)

Panel** Headform** p
EFR 9727.1(1.9) 10071.4(3.7) .763
EHR 3278.3(6.3) 142.1(4.5) .000*
FFR 155.1(1.8) 22.3(2.1) .000*

EFR: Elastomeric Full face Respirators EHR: Elastomeric Half facepiece Respirators
FFR: Filtering facepiece Respirators *significance by t-test ** FF: GM(GSD)
n=1836 (1350 panel test + 486 headform test)

O webd ATt SEE %] et HHY TFBET UHE AAE §
ofgh Zfol7} giglott vrwy Ul QmFolzty nhAe] ek Q% A%
b fofsh weke(1d 3-9)

gl

= 3
O IHE=E A sl=F dF U2k HAs 7I=717F ie 2o 43

J(Pearson Correlation Coefficient=0.04) §=(1¥8 3-10)
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O Ay =& % AY AyES BA3E FYWATAS(Intraclass
Correlation Coefficient, ICC)= AHEY STTHIF A|FoA st 4
(S 15%) Al EAEE 3-14)

O ®¥g 9 dwFofxp2] upAdof ot Al S=F A9 A9 A
o] oH F=F A[AHANA m B e HY]

T (11-14) Al U FEE ol= A|SQ ZLHAIEA 2M

=T =] oO1L-—o ™A
ICCs 95% ClI
Cronbach’a ICC lower upper P
EFR .198 .168 -.605 .165 811
EHR .082 .030 -.345 .300 428
FFR .081 .060 -.291 316 .350

EFR: Elastomeric Full face Respirators EHR: Elastomeric Half facepiece Respirators
FFR: Filtering facepiece Respirators

O A= b F A 2 s=F)d) it YA FA<= Bland Altman
Plot(1¥ 3-2)& &9l

O A¥WY SZHI= BAtol7h 00 7HEA Ho Qo] vy 9 QbdF
ojtd] S FHS T Hrp Hio|ojATE A

O ESF 95% LA SHAG=(Limits of agreement, LOA)°] AHEEE HO]
== x%ul/\—] X—]E:‘i‘-_ =2 = 019_(1%] 3—221)

O W3 3 FEI = X{:{T & A717F EYARE OJ:”’*O— Holm o] e

rzuﬂ
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50000.00 | P ¥ M EFR
® A
. L ]
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E Mean . 128900
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-25000.00 | S - .o
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Mean
[ 11-11a] A SIEE QT YT HAL| ME[H(EFR)
50000 00 * EHR
. L
- L ]
§ T e
l. L4
: 25000 00 +1.968 SD : 20589 52
E  pessssssssssssssssss SR R e e L e L PR
2 .
o
£ / Mean - 482320
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ui F
-25000 00
00 10000.00 20000 00 30000 00 4000000 50000.00
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[23 11-11b] Al SIEE QIF YT HA| LM=2[Y(EHR)




200 00 FFR
Lo J
77777777777777777777777 D Lo RO s IR~ e e e eenoX1.96SD: 160.68
150.00 Fo o o.".f
*y o " e
-® * % -
L
. ] ]
™ - a . e 0 49
— - " Mean : 100 49
Pt .
-
- -,
E .o *e -. .o
e -
@& el | el L sl i i W R v s S S ——
= D o o° -1.86 SD 4030
L - L .
(a] . 8
% se® e e
o =.
.
.
0,00
.00
o0 =1} 100 00 15000 200 00
Mean

[T 1-11c] Al SIES IF AT HAe| ME|Y(FFR)

(4) FH| 78 TEE= ZAF HW

=~

Aol ARESE "R HAF A= 3 ARL=E F5HE7t fARIHE

3-5 Z=x). sHANE AT 4= A= A7 D HATF ta o7t e B R
QIR AR}t 2718t YAFE FUT RACE WHAIIEE YALAY7IE -
=5} tH(Particle generator 8026. TSI. USA). J18j22 ZH|of| ojjgt <&
oy 270& 555 AEe A= o Ao

/]

O A H2E FAbs AH| 7+ Apo] I=(E 3-15)
O 370 v Bt LAA T 2] gl2wk(p=0.547) CFHI= A, B AH]l




olg EA(H 3-12)

O WeA SRAY 2% FEIA AR AYAN P FUL ol
A} 2 Aol 7144 Holo] 7|3l AOR ARH

I lI-15) Abzh =0 CHSH &H| H|w
(N=1350)
(o)
min max i 2hs © GM(GSD) p*
ower upper
A 12 87646 6022.7 8402.8 1632.3(8.3)
B 11 96407 6345.2 8942.1 1669.08.4) |0.547
C 13 97470 5707.5 7715.7 1596.9(8.3)
n= 450(25 subjects x 2 group x 3 mask size x 3 devices x 3 type) each * : Duncan
post hoc
H I-16) S8HST S8 4 AR iz HH| Hlw
(N=1350)
GM(GSD) A B C p*
cER FF 9332.9(1.9) 10079.3(1.8) 9831.9(1.9) .996
Cout 7342.4(1.2) 10222.2(1.3) 7923.0(1.4) .000
LR FF 3100.1(6.6) 3200.2(6.0) 3541.31(6.3) | .389
Cout 7150.5(1.8) 10458.4(1.3) 8239.3(1.4) .000
FER FF 155.3(1.8) 153.9(1.8) 156.1(1.8) .837
Cout 466.7(1.4) 410.3(1.4) 463.8(1.5) .000

EFR: Elastomeric Full face Respirators

FFR: Filtering facepiece Respirators

group x 3 mask size x 3 devices x 3 type) each
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EHR: Elastomeric Half facepiece Respirators
* © Duncan post hoc n= 450(25 subjects x 2



M §58 Hae jﬂg)

FF particle/# EFR
30,000 . . 25,000 020,000
45,000 : >
40,000 20,000
25000 H
30,000 i 15,000
25,000 -

20,000 10,000
15,000 +
10,000 5,000
5,000 s L
o o
Was Ee EcC Has He BHc

FF particle/# EHR
30,000 ) 25,000 0=0.000
45,000 = s :
40,000 = 20,000
35,000 ——
30,000 5 15,000
25,000 = T
20,000 o 10,000
15,000
10,000 5,000

5,000 &

0 0 -
Ha BHe Bc WA HB EHC

FF particle/# FFR
200 —;— 2.000 £=0.000
180 - 1,800
160 v 1.600
140 : . 1,400
120 y p 1,200
100 t i ; 1,000 =
an = 5 = 800 A
&0 i g $ GO0
40 - 400
20 H 2 : 200

0 0

Has He Bc Has B EcC

[3E - 12] AR

QUEUX0fl CHet oI H|w
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O JEF AF BAE Grk= Al 2t 2ol gA=E 3-17)
O 37) ZHol| diet Bt aAS Aele AAATH(p=0.897) B, C FHl=

A ) Bt W) 59
O Al Al FARH =% <
B dRgs Aolg BYAY 3-13)
O B, C AHl= A FH|ET Q7 Axa £ SHH@E 3-18)
O 9% YR47 BUE B, C Al 038 A Ay
_H;_o]ug U1;<1—7q]/‘\ AlE £
O wetr YAl Hiet ?_%‘E 2 agA4o] digt

(B I-17) SI=EZ YEA 0 CHSt ZH| H|w
(N=486)
(o)
min max cha GM(GSD) p*
lower upper

A 5.0 39914.0 3732.1 6444.6 339.7(15.4)

B 6.6 27714.0 3512.6 6085.9 296.7(17.8) | 0.897

C 5.0 34794.0 3793.1 6725.1 271.9(18.4)

n= 162(3 headforms x 2 group x 3 mask size x 3 type x 3 times test) each
* . Duncan post hoc

2 I-18) =5HS7 {YE SI=E THE | Hlu
(N=486)

GM(GSD) A B C p*

- FF 10073.2(3.8) | 9507.3(4.16) | 10706.4(3.1) | .865
Cout 5819.7(1.2) | 14233.1(1.5) | 10043.8(1.4) | .000

CHR FF 142.2(4.7) 114.1(4.1) 175.9(4.5) | 197
Cout 5962.2(1.2) | 15888.8(1.5) | 10483.4(1.5) | .000

FER FF 30.3(1.8) 18.9(2.2) 18.9(2.1) | .025
Cout 553.4(1.1) 2493.0(1.8) | 2224.1(1.8) | .000

EFR: Elastomeric Full face Respirators
FFR: Filtering facepiece Respirators

EHR: Elastomeric Half facepiece Respirators
* . Duncan post hoc

n= 162(3 headforms x 2 group x 3 mask size x 3 type x 3 times test) each

48
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FF EFR particle/g EFR
50,000 020,865 25,000 520,000
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40,000 . 20,000
35,000 g
30,000 15,000
25,000
20,000 10,000
15,000
10,000 5,000 + =

5,000

i o
BaHpEHC s Epg EHc

FF EHR particle/# EHR
o p=0.197 200 o=0.000
45,000
40,000 20,000
15,000 _

30,000 15,000
23,000
20,000 10,000 H
15,000
10,000 5,000 +
5,000 . l
0 —.——l-——&— o
WA Bp EHC | N

FF FFR particle/# FFR
R 0=0.025 4500 p=0.000
180 1,800 5 o
160 1,600 E
140 . 1,400 2

i 2
120 1,200 l
100 *; Sa— 1.000 -

80 i = a00
60 GO0 +
40 400
20 + ﬁ 200

0 0

Ny Hp EC Wma Os Oc
[3& - 13] SIEE Y=E ZAF Y S AUXI0| CHSH EH| Hlw
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. 313 HAE Hdo #3834
Sy HAE #jde A F figod FESIE 1~3¥H CELLS 4%
23 8~10¥ CELLS d¥ dZ= ‘E‘EOPE}(:LE'J

E%L Zo|l= (& 3-19) [1

4~7H% CELLS =9,
3 %), 2590 W49 d= =719 Al
Hlwolith, UL HAL

LA HAF HEE

SEE

n”ﬂ

d 3-14]°1™ oA Higt

Azt theoz gopwc
-19) MY H=20| ¥ SELSTF ZO|
(mean:mm)
Face length | Face width EFR EHR FFR
L 128.4 149.6 200~191 139~134 169~155
M 118.1 138.3 190~180 133~129 154~140
S 106.0 130.5 179~170 129~124 139~125
EFR EHR FFR

. 2l
=
[23 11- 14] Al SEREST0| it 5128 22
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Aol Zhogt 25002 oY 49, 53 159, 428 692E 1444 =3
g d= 27|18 WSS ole IdFe=, A mAFE 749
A2 2HERE & d3E JARE 5T
O wid d= A7]of gt E&= Fr= 23t 2ol HAGF 3-20)

O 33 92 WS 9F % 23 fdug o FL WYL By
O 1% 4% 4= Hd2 d3A7 7 A 53¢
O A7 ZFHT &L HAb= o = 719 o Aol gl
O 43 % 59 ¢d=9 Y As+ 42FEY =3(F 3-21)
O B A% 49 429 9&L7l fostA R3(F 3-22)
O Wzt B EFHOF YL A= Fott Ao] =
O A&t FA] 2717t +EH AR Pog FES B TZTHITV}
A= 27] 7+ D= FA 9ulE E(p<0.0
B 111-20) Ijgd A= 37| & YA
(N=1350)

panel | min max Iower95% Clupper GM(GSD) p*

L 11 67800 6647.2 9108.9 1828.5(8.1)

M 14 97470 7806.4 10914.6 2186.4(8.4) | .000

S 12 21202 4029.3 4995.9 1115.1(8.0)

Large category 4 subjects, Medium category 15 subjects, small category 6 subjecsts

n= 450(25 subjects x 2 group x 3 mask size x 3 devices) each

*. Duncan post hoc

51



B I-21) AZ SERSH9 YA

panel | min max Iower95% Clupper GM(GSD) p*
L 45 18749 5242.0 6650.4 3221.5(6.1)
M 23 18220 5131.5 6564.8 3901.1(6.3) | .061
S 200 19641 4795.9 6159.2 1711.3(7.6)

Large category 4 subjects, Medium category 15 subjects, small category 6 subjecsts
n= 675(25 subjects x 3 mask size x 3 devices x 3 type) *: Duncan post hoc

H 1II-22) Bz SEESF9 LaAIx

panel | min max Iower95% Clupper GM(GSD) p*
L 11 67800 7520.5 12315.1 1028.8(7.5)
M 14 97470 9839.8 15667.1 1803.2(11.3) | .000
S 12 21202 2989.8 42321 374.0(7.1)

Large category 4 subjects, Medium category 15 subjects, small category 6 subjecsts
n= 675(25 subjects x 3 mask size x 3 devices x 3 type) *. Duncan post hoc

ARy, vy 9 rERolny SEHET 270 g3 YAAS U 53
&2 VTSR A U =S AT DE GA Ars o3} gol Aok



(1) MHY, UiHY, HHBO A SEHSH XA
Sty mjdo) &3 AR S ERST WAL AARE AWy, dhEy 9
PERClMA] FFRITE W), F AF DT TR FEIAT S
=2
O AUy IZTHIT+= 2 YA SE BF SHHHE3-25)
O 9, 38 =2 Uy 3THITE 283 4 AL =93
O 53 d=< 53 SZHITE &t A% A =%+
O E& g2 dig SFESTE 83 AF 3T =5(p0.05)
(F 1-23) MHY SEEST0| g oY URAH S
Large respirator Medium respirator| Small respirator
e Pass Pass Pass
size GM(GSD) Rate GM(GSD) Rate GM(GSD) Rate
Large |14961.7(2.3)| 100% | 8040.3(1.7) | 100% | 8183.0(1.7) | 100%
Medium | 16904.5(2.1) | 100% | 8484.2(1.5) | 100% | 9406.6(1.5) | 100%
Small 8539.2(2.1) | 100% | 7396.0(1.9) | 100% | 6358.2(1.6) | 100%
p* 0.001 0.000 0.053

= 450(25 subjects x 2 group x 3 mask size x 3 devices)

*  Duncan post hoc

O WY SERETE BE AFIH £ e HAE 3-26)
O o3 UTL 39 SEUITE HET B9 VIAS £UL

O 33 UL FY TTHTTE R8T A4S DAL %S

O RE W4 33 TFHETE F8Y 49 BHE E2(p(0.05)
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(E 11I-24) oAy SEEST0| st I8 LA
Large respirator | Medium respirator Small respirator
Face size Pass Pass Pass
GM(GSD) Rate GM(GSD) Rate GM(GSD) Rate
Large |3640.6(2.7) | 100% | 9682.7(2.0) | 100% |2011.9(6.1) | 100%
Medium | 4206.7(2.2) | 100% | 8610.0(4.8) | 96% | 911.4(9.6) 73%
Small | 3599.5(2.9) | 100% | 9073.1(4.3) | 100% | 981.6(11.7) 66%

p* 0.003 0.000 0.000

= 450(25 subjects x 2 group x 3 mask size x 3 devices)

*  Duncan post hoc

O QrHRoA] upA gifE AlHoA £2 T3 HAG 3-27)
O ot 4% &= #ido] 23 g SFH2 Eiee W3
O %, d9¥ mido] #83t 59 SFJTEST UAEE Y STHSFE &
&3t 93 ARG 2ofont /o3t 2o ofd(py0.05)
O tRi o3, £ WY 9w} won 43 WS £3 vtaas 2
&3t Aol =2 B 923 g EA(p=0.000)
(E 11I-25) OHHE SEHS0f| CHeH DiY LURAHS
= Large respirator | Medium respirator | Small respirator
ace Pass Pass Pass
size GM(GSD) Rate GM(GSD) Rate GM(GSD) Rate
Large 182.8(1.4) | 96% 166.8(1.4) 88% 190.8(1.2) | 96%
Medium | 175.8(1.5) | 94% 152.3(1.9) 87% 180.1(1.3) | 94%
Small 80.8(2.7) 47% 127.3(1.9) 70% 140.8(2.1) | 83%
p* 0.151 0.088 0.006

n= 450(25 subjects x 2 group x 3 mask size x 3 devices)
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(¢

3 A(Zhuang et al., 2004)91A AAIgt STEHSF A
of thdt W2t HAF BIE(E 3-31)S SAZ H|IT 2= ¢3o=2
ot

o

Y
19 o e

(E I-26) MAAT YA HAL SHE

(H2A: %)
Face cateqo mask size with passing rate
gory highest passing rate| small medium | large
small(1-3cell) small 81 67 26
medium(4-7cell) medium 67 83 67
large(8-10cell) large 28 75 86
source: NIOSH NPPTL (Number of subjects required to pass: 76%)
O =3 HAE ijdo] &k JFEZ "¢ =33 3-32)
O 4% YEd2 429 4 53 2FHIFE 2o 4% 2= A4 53=
L-0}Oo
I A
O 59 i 534 ¢ g 3ZTHIFE 283 AL 42: HAA E3g
S
O dg a2 dd 2FHITE 28T BF sde U=
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O o]=gt Zdl= NIOSH 7]&°l Fote e w2 &= Bons
A2 HAE UL UHE Ao 28T 4 UL
E 11I-27) Ii9 LUz ZAI M3E
(2 %)
Face catedo mask size with passing rate
gory highest passing rate| small medium | large
small(1-3cell) small, medium 83.17 89.66 79.79
medium(4-7cell) medium, large 89.35 94.31 97.92
large(8-10cell) large 08.48 95.83 98.59
4) =3 "jde &84
e A4 9 BT BAs ATo] oo §EE WL e 2
< &8 7S Ado
O HAE fjd2 SFHS 2z 9 R4 A[HZ g gdx myd@Rhoz
g8 & A 3-33)
O 3ZHTT H84 42 /|2 AT 4 YOUR YT SFRTT
3715 AFT AEx2E &= + J33OE 3-15)
O &Y g2 4% ¥4 59 ZTZHIFE 38T A4S d3e 4%
0 59 92L 59 % Y TFRSTE FEY A YFE 950
O g &2 g STHSFE 28 F¢ LFE 48
O TFRTT ARA 270 et AHE B8 & USCE 3-39)
O TFHITT AFAY A AZANA HAE WY UHT ANE FI) )
3 de= APdo] 2RI = &
O WA TgHe+ A4 9 AFE 7o = &8E & A
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H 111-28) YAtz HAF DXt 2E(Q)

Cell | Face length | Face width male female total
1 97-106 120-132 1 1
2 97-106 132-144 1 1 2
3 106-116 120-132 1 2 3
4 106-116 132-144 2 4 6
5 97-116 144-158 1 1 2
6 116-135 120-134 1 1 2
7 116-125 134-146 3 2 5
8 116-125 146-158 1 1 2
9 125-135 134-146 1 1
10 125-13b5 146-158 1 1

mm mm 12 13 25

Small o #0 #10
Medium i #6 m (1)
Large @ ¥ #8 g
) ) @) *Eg
118 o ,4 é
. 6] ® " -
s 2 @
(1) @
1525 1445 1565 Face width(mm)

[Z22 1= 15] et=Ql H= 37| & SEEST 27| ()

E 1I-29) X E=20f| st SEEST Z0|(2)

(mean:mm)
Face length| Face width EFR EHR FFR
L 124 149 191~200 134~139 155~169
M 114 138 180~190 129~133 140~154
S 107 128 170~179 124~128 125~139
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Sizekorea CQIA|X|$ ARE &85l ISO/TS 16976-2 WOz HA5}aL
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NIOSHOA SFHS+ QlF E Aol AMEotAL Sl Sl=E QIFE 5714
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o AYE el ® ot
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o] A4E FRITHIE 4-4)
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[j_g_.l |V—5] 5t228 FEXE Ql=9o| OIAHINM 5=

O A, B 3l=F Aol "t I52E 4] Hie E 4-D=E 4o
O d=uH], d=4o], Z%ol, & B

O HaFd, HeElFA= B 77 Ot &

O w2 do], FlFgAto|HEuts Tdol= A AF7F o =
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Hl
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%ll
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il
oy
ol

H IV-1) sIEE Q15 37| Hlu
(mm)
large medium small
ltems
A B A B A B
1 B 585.91  591.93 | 539.12 565.15 | 495.22  540.75
a-b -6.02 -26.03 -45.53
) o2 X 20| 254.52  240.64 | 231.77 22881 | 211.09 218.33
a-b 13.88 2.96 -7.24
3 He|=H 188.38  190.85 | 179.20 180.72 | 156.67 172.70
a-b -2.47 -1.52 -16.03
. HASAIO|D2I0IR(S)Z0| | 417.71 38534 | 397.78 365.39 | 364.27 351.46
a-b 32.37 32.39 12.81
. E=TAAO[LH] 29.90 30.27 | 31.01 30.23 | 2957  29.19
a-b -0.37 0.78 0.38
6 A2 UH| 14430 14878 | 136.10 138.06 | 127.70  127.65
a-b -4.48 -1.96 0.05
. H220| 12270 12412 | 11210 114.17 | 102.80  107.37
a-b -1.42 -2.07 -4.57
g OF2HEJALO L] 130.70  123.83 | 126.00 112.34 | 119.10  103.19
a-b 6.87 13.66 15.91
. ESXAO[LH] 72.90 53.72 | 69.50 53.70 | 61.70  53.04
a-b 19.18 15.80 8.66
" LEIEET 165.00 16547 | 164.60 156.02 | 153.80  148.62
a-b -0.47 8.58 5.18
y GIEL] 39.50 33.23 | 3460 3260 | 3090  28.08
a-b 6.27 2.00 2.82
, =0 14.00 14.91 12.80  12.80 | 11.50 9.16
a-b -0.91 0.00 2.34
. 20| 55.30 36.40 | 5250 4275 | 46.90  36.00
a-b 18.90 9.75 10.90
| TTEEEETNdol 101.75  99.95 | 9513  93.13 | 86.60  94.91
a-b 1.80 2.00 -8.31
. FEYHBHZO| 67.22 7848 | 59.27 7030 | 53.34  53.14
a-b -11.26 -11.03 0.20

Ar OSHRI B: SHU
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Small headform

A : OSHRI

B : SHU

Large headform
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S=E Q% 27] ¥ YHE AAH= §O3 o] HAGE 4-2)
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T IV-2) SIEE QIF 37| ¥ UzAIL

(N=486)
head| min max I B & GM(GSD) | p*
ower upper
L 5 26947 1911.4 3900.2 205.0(11.8)
M 9 39914 4940.4 8109.4 482.1(18.7) | 000
S 6 34794 4230.5 ©6979.9 276.5(20.2)

n= 162(3 headforms x 2 group x 3 mask size x 3 devices x 3 times test) each

*. Duncan post hoc

(B IV-3) A SEESH9 LA

head| min max i e & GM(GSD) | p*
ower upper
L 14 26947 2937.7 6640.1 453.9(12.9)
M 12 28974 3393.3 8138.8 436.4(16.9) | 468
S 16 21891 2998.6 6175.7 385.2(13.4)

n= 243(3 headforms x 3 mask size x 3 devices x 3 times test x 3 type)
*. Duncan post hoc

H IV-4) B2 SEESH9 LA

head| min max oxic] GM(GSD) p*
lower upper
L 5 10345 480.1 1771.6 96.7(8.4)
M 9 39914 4541.5 9426.1 532.6(20.9) | .000
S 6 34794 4389.4 8964 .1 195.1(28.9)

n= 243(3 headforms x 3 mask size x 3 devices x 3 times test x 3 type)

*. Duncan post hoc
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(E IV-5) HHY SSHSF0 gt SIEZ AT LaAHS

Head Large respirator | Medium respirator, Small respirator

. Pass Pass Pass
size GM(GSD) Rate GM(GSD) Rate GM(GSD) Rate

Large [12991.5(1.7)] 100% |23516.1(1.3)| 100% |20804.8(1.3)| 100%

Medium| 767.8(3.9) | 36% [20199.1(1.4)| 100% |10500.3(1.8)| 100%
Small |2938.6(8.3)| 64% [13467.2(1.2)| 100% |15259.4(1.2)| 100%
p* 0.000 0.000 0.000

n= 162(3 headforms x 2 group x 3 mask size x 3 devices x 3 times test)
*  Duncan post hoc

O ¥y SFEST= AUFEY YT 538 F2(HE 4-6)

O HE JEF (5= 5§38 I7] vy SZESH H3o] £

O AT 48 F7] SFTEISFE LE F=F AF AHofA Hxg 53
&< H(p<0.05)
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(B IV-6) YUY SEHSI0| Of§t SIEE T URAS

=T 2"

Large respirator | Medium respirator| Small respirator
H_ead Pass Pass Pass
size |GM(GSD) Rate GM(GSD) Rate GM(GSD) Rate
Large |354.4(3.5)] 100% [895.4(1.2)| 100% |90.2(1.5)| 50%
Medium|169.6(1.2)| 100% [631.1(3.8)| 100% |61.7(4.7)| 50%
Small | 13.8(2.9) 0% 122.2(2.9) 50% 46.1(2.0) 17%
p* 0.000 0.000 0.000

n= 162(3 headforms x 2 group x 3 mask size x 3 devices x 3 times test)
* . Duncan post hoc

O QriR ojzha] wpATE wig We UZE H(E 4-7)

O RE A7|oA BA= JA FHE: WF B=

Ot gg 27 GEE AT Y saq 22 o Uiy
0 % 2 4% 37 J=EL WA} BE W S48

(B IV-7) QtHE OfatA OATO| St SIEE QST LAAS
Large respirator | Medium respirator| Small respirator

AGEE Pass Pass Pass
size |GM(GSD) Rate GM(GSD) Rate GM(GSD) Rate
Large | 67.1(1.6) 22% 20.9(1.4) 0% 14.9(1.7) 0%

Medium| 29.9(2.1) 0% 22.6(1.6) 0% 23.5(1.9) 0%
Small | 13.2(1.7) 0% 14.4(1.7) 0% 19.7(2.2) 0%
p* 0.000 0.068 0.022

n= 162(3 headforms x 2 group x 3 mask size x 3 devices x 3 times test)

* . Duncan post hoc
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(IV-8) SIEE QIF YUzT ZAt SAt=
(SH2): %)
Face cateao mask size with passing rate
gory highest passing rate| small | medium | large
small(1-3cell) small, medium 38.89 52.94 21.43
medium(4-7cell) small, medium 54.00 60.87 46.00
large(8-10cell) large 50.00 64.71 72.00
S Q1T 3=y mjde dWite FIHES HIW (I 4-8)
A9 2 47, $3 TFES 42 JAF Bk ==
Z28 gL 2§, 2% TTHITT YL A B =948
gy fde iy SEESTFE FES 4 g =%
Y HEE ARE A HE de §Ikg B
S YR BaRES AR Aakel fARE FdFE EY



® Large headform

Large panel

X ru
}dg3

[38 Iv- 8] A JIEE 2F Y

(E: FFR, ®: EHR, F: EFR)
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a) — b) o
e s - . /',
-~ Respirator fit testing chamber (1.6 m * 1.0m * 0.7m) -

_ Manikin headfi
TSI1-8048 PortaCount i i

respirator fit tester

1

o !
Mass Flow Controller |
. or
y ; :
5 Breathing Simulator
i = - o

Aerosol generator

Upa.ln am or Downstream sampling | i

Figure 1. a) Schematic of the experimental chamber for fit testing with upstream or downstream
sampling of Ci, and Cow sampled in front of the respirator using the blue sampling line, using b)
an elastomeric headform with a 5 mm skin thickness printed at the FDA.
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1 Soft-headforms Representing Japanc-:;e Fa:r.ia! Features
pguate Respirator Fit Testing
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;%—“ﬂi? Z}% —:LEXMW %H}—E— AARLS Azslr] 9ste] theat e
=2 3 39 SFEEIL g TEAE
O 3=28 3ZTHITF 7|9

F+= medium/large E
- (R 5-DeE SFHESF AFA] &8

T V-1) 8128 SRS 37|(9h

(Zo] =2: mm)

respirator size EFR EHR FFR
small 170~179 124~128 125~139
medium 180~190 129~133 140~154
large 191~200 134~139 155~169
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T V-2) &= 37|0] Cist sERsT MHEH(QH

. . . secondary
face length(mm)| respirator size | primary select seloct
107 small small medium
114 medium medium large
124 large large medium
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Abstract

Comparison of respirator fit performance

using test panel and standard headforms

Objectives : Respirators are worn to prevent hazardous substances
that can cause health disorders from entering the body through the
respiratory system. Because respirators worn for such purposes must
fit properly, many countries have implemented mandatory fit testing.
Moreover, these countries have test panels and standard headforms
that have been developed by analyzing the facial size of their citizens,
and they are used in studies on respirators and fit performance testing
of respirators. Accordingly, this study aimed to verify the usability of
the fit tests using Korean test panels and headforms that have been

developed already.

Method : To test the Korean test panels and headforms that have
been developed based on an international standard (ISO-16976-2:2022),
fit tests were conducted on a test panel consisting of 50 members and
three types of headforms. The test respirators consisted of nine models
of full facepiece, half facepiece, and filtering facepiece respirators,
which were analyzed in 1,350 human and 486 headform cases. The data
were analyzed for correlation between human and headform fit test
results using ANOVA, t-test, and intraclass correlation coefficient (ICC).

In addition, inspection analysis was performed using a 3D program to
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check the standardization of headforms.

Results : The developed Korean test panel showed significant
differences between respirators in the fit test. The Korean headforms
also showed similar results. In addition, when the Korean test panel
was tested using the NIOSH method, all panels showed a high pass
rate in the fit test, confirming that it is a meaningful classification.
Furthermore, the match between face and respirator sizes also showed
a high pass rate, and thus, it was an appropriate classification for the
fit test. However, there was no correlation between human and
headform fit tests, with the fit factor of the headforms being much
lower than that of humans. The full facepiece respirators showed a
certain level of correlation in the ICC analysis (approximately 15%),
along with a very high pass rate in the fit test. On the other hand, the
half facepiece and filtering facepiece respirators showed no correlation.
In the analysis of the reliability of the human and headform fit tests
based on the Bland Altman plot, the results showed that the filtering

facepiece respirators had the most bias.

Conclusion : The Korean test panel developed based on an
international standard was found to be appropriate for representing the
faces of Koreans. The headforms were found to be representative of
Korean faces and that standardization was possible based on inspection
analysis. However, it is necessary to address the bias and
undermeasured aspects for commercialization. Therefore, it s
necessary to improve the fit test guidelines by using the developed test

panel, and through this, workers can receive effective protection.

Key words : Mandatory, Fit test, Test panels, Standard headform
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