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Comparison of Fit Performance Between Devices Used for Quantitative Fit Testing

Hyekyung Seo’
The College of Biotechnology and Health, Shinhan University

ABSTRACT

Objectives: This study aims to compare the performance of fit test equipment with international standards and
to provide essential data for the establishment of national standards.

Methods: This study compared the characteristics and performance of three quantitative fit test(QNFT) devices
and evaluated their fit factor measurements for various types of respiratory protective equipment(RPE). A total
of 1,350 fit tests were conducted on three different sizes of nine models of respirators, including full-face,
half-face, and filtering facepiece respirators. The suitability coefficients and accuracy thresholds of each device
were assessed through statistical analysis using ANOVA and ROC-AUC.

Results: Fit factors measured using three QNFT devices showed no significant differences overall (p=0.547), but
variations were observed depending on the type of RPE and device. ROC analysis confirmed that devices B and
C exhibited excellent accuracy (AUC » 0.9), comparable to international standards. Despite similar accuracy across
all devices, B and C needed higher fit factor thresholds due to differences in sensor sensitivity. Devices B and C
required slightly higher cut-off values (119 and 114 respectively) to meet the international standard for device A.

Conclusions: These findings underscore the significance of selecting devices based on environmental
conditions and suggest that devices B and C can serve as viable alternatives to device A with appropriate

adjustments.

Key words: Standardization, fit test devices, ONFT, AUC, cut-off values
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29 ZE ggo| At AAolnt. ol=gt HiF o
met = AEE 22 A4AE(Han, 1999; Kim et
al., 2003; Seo et al., 2020)2 LT AAl U FF
g9 $842 Ao o, =9y Hd(Seo et
al., 2023; Park et al., 2023)& 7I¥sta, o] W+
T AAE EFECE AREE 5 A=Al High A=
Z13Y513i k.

U2 HARE 2ol 22ARS] FHS HASh=
o ARl kS dirh T A A APl gt
Ql4lo] ZoA|HA] S ZH T Z9Hd HIAE Alo] 4
gek T4l W Qlok £5] COVID-19 H3-3 o= <l
s mpA= 9] 2 7ol Avt diFolAZA a5
QIAEIQ. ol &Y 8Tt ohet IF5HEA =
HollA AT HARY F842 FZAAIFH. 2HAL
£ AloFe] WAY g, A= AAE = A=A 57}
5l= A A (qualitative fit testing, QLFT) W= A
At o]Q] =] dlolElof 7|¥ket A=A (quantitative fit
testing, QNFT) H2E HAR= SFHI 7} 2849
Ao AAsHA LEA=AE Brlsk=t, 5] FF
A U2 HAE SEES A2 ATH o s Hrist
= 383t 3go|x|qt o]F 8ot= H Qo] HE FH]
£ AR HE Qlgo] " 8siti(Han, 2015).

A AT JAks F2 F 7] P02 98
o, St YA A7]E ol&Rt EE &4, U o
U= SAE 5% oA vkAd R o4 Aol
A5t Wolth. @4 Fold= ¥ 371 F o
At FE tfE] kAT R YR FEE S5t U
A4 (fit factor)E AMESHL, °lF 7|l E Y3 o
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A UL HA ARBElE FH| ZF LAT ZAF Za HY 103

EE T 7120l Hie ke 98T ool & =
ARE B SEE Ame Iy g3E AR 220
7|2 Ar2 EEE AoH, IR A
TFELST BT 52 FIATIE el 7 o

1. e & e

1. AFOA

LA FEZ(1S016976-2:2022)°) LA3H] 7Hdgt
=g o|HeF HAE 1d 25%(Seo et al., 2023) &
Aotk A Fofoll kA 7|38 -8 2 A (SHIRB-
202406-HR-231-02)°] ==t AF+AGA = A4
£ AFOoH Aol Ay 59U FHRYI Y 7|
e A 7ol el 2P o] FolE w2 At
7 R GAE Pt 7R Q] HE=
HIEEE oys} A=t

ot

2. ¢72H
1) &8 &

U HAR= OSHA(Occupational Safety and
Health Administration, U]=AMIFHIEAR) T2 &
o] =FHE UFE HAF AH](PortacountPRO+
8038. TSI, USA) & =tjollA] mpAz LRE A[E 7|2}
I E89= 29 AccuFIT 9000(KANOMAX, Japan)
I GEoA Rt wkAd mEy EAE(MT-11D,
SIBATA, Japan)E H|1L5} Tt

ol AH]E= fiFE CNC(Condensation Nucleus
Counter, 558 YAHA 7)) Ao mARt Y=t
FHo HAE SHAIA FHHAE SHL 5+ IS F
Tl I7|& AFAZ T 1 JAE ASsi 18
B2 SZHST 7 JF ¢ FEo tig HE d#F ¢
L HE ARE($4] Doke Yot

Overall fit factor =

n
V I+ [+ -1 1,

'''''' (Expression 1)

ff: Z} exercise $YA] fit factor, n: exercise 5

ShAjet 2 Auluieh 245k 947 5 W9t o
27 4ol Qr] A A 0.02+1 pm oW AAE
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911 B AH|=
0.06 um YAl Histe] 747
WolAE Rol7t okzt AAEr 24 vk
RAR1IL, OSHA EZEZ(29CFR1910.134)0] 55
T2 AAEgong ARgAoA] ehfsts WaE A

0.02~1 pm YAE =75t
ojel &
Ol ﬁ—g‘ =

W22 97| th2A] gt} o]} e M 7A”tsio] ¢
A 2de S FARIEES YA
(Model 8026 Particle generator, TSI, USA)E +-&
51911, 3 Way Connectorg A5t FAlo] 47t
9F(1L/min)2E AF UYAE TR st
(Figure 1).

u]

IPNISES Hf
[=]

1—]:]]0 1_11-/\6] Sj—{_xﬂ;ﬂﬂ%‘% » OSHA =
ZEZ(29CFR1910.134) W2 g5ttt 9k
AN ERL. 472 B8] TRa)y], dsly], T 2o
2 o]7], Wa] Yol &Ao|7jojn, L3t TEHSG

Nl

2)

S
oX,
AF_I
or If

SolorA] £4algick. oju) AT PAL FulolH &
e HeF 2 AR e YRARE ALtE, 9%
5L AT AN R HlF 4 vk

7} Aule] WAL Figure 29+ 2ol AAE wH
o0& AYF F uEsiglch. B HAE Y 259
o thetol MW, WY, hARolTY TERTIE
Z¥zy 37FR] AtolZ 27 REle BARO] HjAsejoH,
& 1,35071 HlolEol Hiet 2 AAF HEES 24
oF¥ tH(Figure 2).

3. A=A

EEE

SPSS version 20.0 (International
Business Machines Corporation, IBM, USA)& At
|39 l FY4E(p-value)> 0.05 mIFtC &
”m’ﬁ]—ﬂ I AFEEE OEA g o
5ol w2, 7|5t Edat 7|skEEHA}
H| 7ko] "aHA7F A 7F <ol
AR AAZ 9Ju] Q= Aol
HEAEA(ANOVA) F-A3o=
Hlwstolon, A4 = v 2IE &5 Yot
of ARE Aokt Au7E ST H&A S 3o
T H7K= ROC -4 (receiver-operating characteristic
curve analysis)®] AUC(area under the ROC curve,
R34 #9)) AREE o853t AUC oA F
7t == AFQ] FF2 cut-off point gfolH, o]+

=
S

_O|L
)
_F,L

_Il)v

o mju +»
et —+ o
1, of, o
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=
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- FHY R oojzEo] IHF BME SO WEE Fm A Bagiez v
25-subject test panel
A-Equipment B-Equipment C-Equipment
| l ! l [ l
EFR EHR FFR EFR EHR FFR EFR EHR FFR

EFR: Elastomeric Full-face Respirators, EHR: Elastomeric Half-face Respirators, FFR: Filtering Facepiece Respirators

Total N= 1350 : For each of the three devices, 25 subjects tested three types of masks in three sizes and two models

Figure 2. Schematic diagram of the study design
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n.z2

1. oA wt £

AdgdtollA iRt =9 HAE 3d(Seo et
al., 2023)2 A7tz EYstgen & 2579 duby
E42 o5 ZtiTable 1). 2% €= 68, 33 ¢
= 159, 3 ¥= 4822 = g & vEot
o A7 4= Zole 242 106.0(4.7), 118.1
(6.5), 128.4(8.1) mm= =g ¥d H=FA 107,
114, 124 mm®} AT

2. MY HIE E4 | 2RI
o

Table 1. General characteristics of participants

A LA AMO| ARBEE FH| 2 A HAF 21t e 105

HTable 2). A A4 3% HE AXE SSAA A
317] Y8l &= 99.5% olATZ W AT 2(isopropyl
alcohol)& ARESIESE AASHATE, UHA] & A=
AFZ ARgol ARk FA ot

BAO 2 AaoA SUTH VAT 3% g3
Algr B2 AH] 7F Zol7t fldeKTable 3). C AH]
7} &%t WAl W2 7P WkANE Hagio g
SA4E A2 37 AH] F 7FY =%t B AHlE A
AeEoh o7t =2 B Bolo IIgE ARG
=9t oRAITE o] FE2 FYmIsHA] LrH(p<0.547).

Table 39 YW= Figure 33 22 73S H
A=l B, C AHlolA 73] =4 SHE L2HAS 4
o] ISt o]=9] oF YA A ARET =4 =
AERen 53] C AHloA HHAoX] A =2 gk

Cell Participants Face size category’ Gender Age” Face length’ Face width’
1 3
2 1 ol Femele=0 208 106.0(4.7) 130.5(7.1)
3 2
4 4
2 l edi Femalenis 22.5 118.1(6.5) 138.3(6.2)
7 6
8 1
9 0 P Female=0 27.0 128.4(8.1) 149.6(1.4)
10 3
Total 25 25 Mean 23.6 116.9(9.6) 138.6(8.2)
‘Number of participants "~ Average  Mean(SD): mm
Table 2. Characteristics of devices—specific
Operation Concentration range Particle size Reagent grade
A CNC 0.01 to 2.5 x 10° particles/cm?® 0.02 to greater than Tum 09.5% IPA
B CNC 0 to 1.0 x 10° particles/cm?® 0.02 to Tum IPA (or alcohol)
C CNC(&CPC) 0 to 9,999,999 # 0.06 um IPA (or ethanol)
Table 3. Comparison of fit factor by device (N=1,350)
. 95% ClI 5
Min Max GM(GSD) yo)
Lower Upper
A 12 87646 6022.7 8402.8 1632.3(8.3)
B 11 96407 6345.2 8942.1 1669.0(8.4) 0.547
C 13 97470 5707.5 7715.7 1596.9(8.3)

N : for each 3 devices, (25 subjects x 3 mask type x 2 models x 3 sizes)

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(1): 102-110

" Duncan post hoc test
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Fit factor Cout/#
500200 20200
450200 1 18200
400200 — 3 16200 —o—A —o—B —e—C
350200 14200
300200 12200
250200 ! 10200
200200 ] 8200
150200 » 5200
100200 rd 4200
50200 2200
200 200
0 100 200 0 50 100 150 200 250

Figure 3. Comparison of fit performance among the three devices

E°] EAKFigure 3).
3. SEES7 HHE TEYs

Z‘i@‘ W T8y QFEEoivs] SERST I
A= } 17F K Table 4). 37F4] H|= Al
kL ‘?ﬂli A TFEST FFE AolE HIL
A ;gl‘ii-—r'-t AP oF 36 =S8kt kd

Roj7h4] vpAT R} HHY SEESLLE oF 200 o]
/R]- l.—_oh;].( p<0 001)

AWy 9 Ny SFHeT W WAAGE A G
ulo] ]sh B, C ulelA o Egkout fofFt Holi

ofyQltt, AWy STRIT ‘?ﬁl&ﬂl—?t« B oA
7 A SHE9oH B SEEST A=
C oA 7P &0kt 9F g3 = AHg ¢
HY SFEST AN B ZH|7F 53] B4 £745
ATHp<0.001). webd AHY TR A SE
B, C, A &£02 &9tom o ?JX} $L 5Y3 5]
o 9y SEEST YA E C, B, A <°o|H 9
B AR +=B, C A _%&OFEOW% S E
o Yok QhER oIk upAg aAE B o
A 7P @A §olgt Zfo)7} o) E}(p:0.837).

Table 4. Fit factor differences by type of respirator (N=1,350)

o}l Hrsl=t] Table 63 Zo] B, C AH] WA S
L 0.9 o]z 43K excellent) 145—1.]'1:._% Hoom
A A= 1.002 ¢ =94t

it o] =9 WaHA|I7E B SHIEA B E
Ao gk W= 254 207t QI EE AUC A

O A AHQA cut-off pointE o]&dl Z+ AH|
2t GAF 53 A2 B7IskItHTable 6). °]
A0 A s AT HA FI|E] WA
1002 WEESI9ANE, B, C AHle 22 o &2 e
a7t &, ARA ST 7242 119 2 114 oA
LiER of ot 1?—:12' A B! 1003 557

A 240 =&FH AT

. 95% ClI 5
Min Max GM(GSD) o)
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)
N : for each 3 devices, (25 subjects x 3 mask type x 2 models x 3 sizes) ~ Duncan post hoc test
GM(GSD) : geometric mean and geometric standard deviation EFR : elastomeric full face respirators
EHR : elastomeric half facepiece respirators FFR : filtering facepiece respirators

www.kiha.kr
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Table 5. Differences in ambient particles by device (N=1,350)

A LA AMO| ARBEE FH| 2t TAE HAF 2ot g 107

GM(GSD) A B C 0
EFR FF 9332.9(1.9) 10079.3(1.8) 9831.9(1.9) .996
couTt 7342.4(1.2) 10222.2(1.3) 7923.0(1.4) .000
EHR FF 3100.1(6.6) 3200.2(6.0) 3541.3(6.3) .389
couTt 7150.5(1.8) 10458.4(1.3) 8239.3(1.4) .000
FFR FF 155.3(1.8) 153.9(1.8) 156.1(1.8) .837
couTt 466.7(1.4) 410.3(1.4) 463.8(1.5) .000

N : for each 3 devices, (25 subjects x 3 mask type x 2 models x 3 sizes)
GM(GSD) : geometric mean and geometric standard deviation

EHR : elastomeric half facepiece respirators

Table 6. Optimal cut—off value evaluated by AUC index

" Duncan post hoc test
EFR : elastomeric full face respirators
FFR : filtering facepiece respirators

95% Cl o * e
AUC Std. err Sensitivity(%) Cut-off value
Lower Upper
A 1.000 .000 1.000 1.000 100 100.0
B .980 .021 .938 1.000 94 118.5
C 971 .022 .928 1.000 93 113.5

" 1 True positive rate(TPR)
v.n #

SEHESFO Fmite guidt & dEkEo] QlEXd
et 3A FHe-Hct BT A= oA L2
9] Q& EAoh= o A ITE of, Ko+
A7} QPEgh ARS-S BRIk 583 ol ® Bf
o} @2 ITlolA LT HAE HE FEe= T
st Qloy, f-Elueh= bR ATt A Te Ao
A FaAto R Qhfistal Q. ol o] Wi
A T 1Al FAEE vl H]ETS AlARICH
E3] AFA UL AAE SZHEHST A5S AT
o7 Prish=s 383 IFoZ HA FH|E Aot
SFESA YRe} oF AR} o) gt +Ed
YRAFR ARSI o|AS Bof D& oFE FRlst
= Aoltt.

OSHA(29CFR1910.134:1SO 16976-3)= S3HS
T A8l disl] thEat B2 7S AAlSkL Ut At
|A= Ao 4AQ TFTHITE 28s)y] Ao
B3 T A G HARE ofof of UET HA=
A 190 gt 914 FFPote s vk G R
A A BFL JIST8157-200900 wheh #eEjE 1 Qlt|
FEHoZ WAL HAE WA o2 IEohs =

o O

S
!
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" ¢ Calculated by ROC analysis

7} % SO |t JMHLW, 2020). 9=9] AL E4 &
FEAE, A 5) E 340 Tl = HAE
Q731 Qlom A7tz E T3t Ad i ZJofqt gt
FHOoR iAok Utk mEbA vt TAA 4
Al Qo] ook AE AR F84S HRIHL
2 Eaj7lok & Ao|tHPhee et al., 2019). t} =7}
oflA A ] 5-& ol83t A UL FAAp Eds
Y= ZARo|A ] 557 HSE st AFT 7]
o] AL ok wEbA ERE FARs SEAY
A7 S Bk 98t S83%F 242 &8% 4
Act.

AeFA dar A= CNC #2191 Portacount(PRO+
8038, TSI, USA)2 AccuFIT(9000, KANOMAX,
Japan)°] A5 AREE T Qlow CPC HHAQl MT-11D
(SIBATA, Japan)f&= frAtstct. o]2idt Al A=
3 = AXES Fefoto] A Ao I asHA|Rt, of
2] o]gt SHollA M| 7t H|uE ERIE A= &E
tHSeo et al., 2022). TetA o] RAME Foll HF 2
A% GAFAEY] B4 9 DA H| g Bl ZF ]
7k 2tolE EAotaAt ofqitt. AH| 9] s YEl= 7
Aoz [FARIARE &4 7hsdh AR s 1Y 9 9
A A710A Bz Zpol7t Ut o= ZF FH|9] AA|
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% 28T 7 e B A0l thE & S AR
EI__L] [e]
E I 2 4+ g0 $5Y 4 A P 4
S5 MYy Ak B AUl A Hleh SARE F7]9]
e 2 It S B ‘%HE SAst). W,
C Al 24 4 e I Addoz 27 g
o 22 PAtg mAHE Seo] tha AT & 9
o SR B WES dgos sud U2t
Wt ¥l AolA A, B, C AH| 3t Fatgkol 2
ugk AfolE HolA| gioktt. ol o YA S F
g okl7] WEl® AtrdEn:. dYoE &5l
B oz} 4= xjo|7} Qiglomg =3 7o uE A
o g 5 Qi AL oujgit
o] ZAWIAE 3714 BERET KFE WAAR
A 29 R B Ao] £4S B9 TFRETY

I
=
°-r‘

—

jgrud_-h
N

%

B Ao] @ A S4o] WAL Ax] n|HL
F W BERET A9 wet AHASE
fol)et Kol RtE|, MUY SFRETE Y

2 URASE welon At A 2 o

Bl WS w2 WIS Uehick ol AWy 58
BB 7P ol 95T BERETYL AR
. EY SEESTL DU U 25, A2
o stpnt §] wEe] Aol thi R R4S
Wt Fstolch, by e WSS 7S el
ofaby) miAdt bt A Wt 1Y Fe
g, ol AP % yhAge] ujs) YriHom e U
Z]—Aé.g_ _l;l_o]tlg 7(4_‘5:]-—6‘]— 5(1-_9_1@01] ]I]—E]— 1‘—'215_(‘1- /Ké.‘g_o]
A 2ok 5 9eS stk o Ans Tefe £

S RliRely miad UdE B godos

b

o

o
R
o]
Q
[

5401

gk >

PR A] S

9% QI ok WAL Aol £ajo] Sfah
SHoTO] o PR = A, B, C Bv] 3t
Jolg uolth. B8 B Al 79 YAE
v gol 22 71~o— é% ngons A 2k A4 1

1Estgo WL 1¢ s 2959 olsh 2ol
B xhﬂ]7]. AOH:H;G [®) o %)1\—0 71;0}01 OL]- \‘j___lz'}ﬂ]z]\_
7} fojm@ olg Hol| ggtong £ ¥4 27
oA Az} 814 A AH] E4L Tsjol s AR
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HSeo et al., 2020). ol AA ZATHANA Y F
HBo3 AR AAF AH)o] AMelo] AAsAT HT 4
ARl et WebAof 9he HolEtt 53,
e B3 450 aTEE JUAReINE WuY 58
n5} Po| o] 953 L Aeishor sl
ZH] EAS 7185t Uiy Axpl "ol
o] ZAME R nhATY] WAL Wrleh
3 B, C ¥ At Foe 5l Wk=E AUC
ES 53 2450 A AH] AUCE 1.000% &
o A4 =S HYoH ol SAHCeR &
LA 3121 10022 cut-off gto] AM&EE|o] %
o] Alglgdo] ASHAt B 9 C FHl= 22 0.980
0.9712 2450 0.9 o9 w2 H&dE FA
Ak, A Zvlo] Bjsf ofke] W A5t e A
SR, A FuloA] ibEet DaAe 1002
S AEE A AE8 5 e VIEAEA
I E(100%)7F &eRlE vHH, B 9 C 8] 9%
247} 94% R 93%= UERET. mEbA A gvlet
LT 0] T ARIE AT AsiA B A
g 7IEge] 28 5 oAl AleEnt o9k g2 £
A A3t= Be} C A7t =2 AHIEE O9x|5FP AT
A o] w8 okzko] W Asl7h 9he-e AARICY
= B % C ¥ Ccut-off gho] A FH|HE} £7] Yt
Hong 7k Aujof AlM wid= 9 34 darels A
oloflA] 7|QlsH= AolnZ B 9l C AH|E AT o,
Y2 HAE 71 1000] Hiek 517 B7HE S8 23
Aol 274o] Basitt. ol9t go] 2HE B Y C A
vl A BHolA S Dot dsH E8HE
B, et @HolA dgHer A5 A 182

I H

e g

[

U

1 ?'fg R

ol A theIt Ze 9IS shark Ul A
8 B4 39, B uele 97t 2]
o} 2 Al B4o] e ] Helo] At T
Shoich. QPgAQl ATE ABoHs UUE £ A H]
o e B4 4t W) B9, =B Y97 HE Y
S/} HsiAL B4 27] olagel dAE o o
L YOI BEE & Uk 8ol C HulolA
Ao WAST} 71 BA A B gl
WIZHE Aolol 4 71918 FFsAel gonz B4 4%
oA o WA B 4 oleke We Ask A
A Ag B7ol uret At sae] o7t Baskd.
SHAlgE o AR Thet 2 Aol Atk B

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(1): 102-110



A, FE B 2AC: L, BE, W4 43 D
Ee) gsit B, A 7 A0k AERE A%
344 pre. W) 2k ABY BEL B 24 2wt

AEA ASEA FStelor Ak, EF AYA

%
Aol ABHLO DT UR| 2 @Il Au 4
52 @E] 98 7 At waskt g% A7

AZ Beste] et mFo] U %

of| A= o]=3t A
PG olA TZHZ} O AAHCRE
wAstojof 2t daEE 9 7|&F Zold L
A Bl BeE C FH|9 cut-off Fko] A AFH|el Zjo]
£ Hel ¥l Higt ASHol 7]&HQl 40| o]F
oMol sty Au]E flolg ZHAA(reproducibility)
9 3714 AYgE HUIRtoEHN, AEARl AH| A
9 ARG 7Ro|EE AXT 8 E Sl

AEZH o7 o] XAR= tloFslt A=A w2l AAd
4819 B4 52 Hlw AT EXN, ARRARRE A
TAEONA AH] Aol gk 583 I A=E AlF
sttt 2t gH7F AY SEHES dER g5l
iste] fARE 29 AEEE Hlokal FRlsiale
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