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— Abstract—

A Review on Fit Test for Respirators and the Regulations
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Respirator fit testing is required before entering specific work environmentals to ensure that the
respirator worn satisfies a minimum of fit and that the user knows when the respirator fits properly.
The fit of a respirator can be determined by qualitative (QLFT) or quantitative fit test (QNFT). The
QNFT, having been universally accepted more than the QLFT, provide an objective and numerical
basis by measuring a fit factor (FF). Until a few years age, only one QNFT technigue was available
and accepted by U.S. Occupational Safety and Health Administration (OSHA) regulations. In the
1980's and 1990's, several new and fundamentally different QNFT methods were developed. Two of
the newer methods are commercially availale and are accepted by OSHA as suitable alternatives. In
this articles, the principle of operation of each ONFT technique is explained and each technique's
major advantages and disadvantages are pointed out. Emphasis is given to negative-pressure air-puri-
fying respirators, as they are in most frequent use today. The requirements and recommendations for
fit testing positive-pressure respirators are discussed as well. Finally, the presently available QNFT
standards and regulations are summarized to assist the user in making fit testing decisions.

Key Words : Respirators, Fit Test, Fit Factor (FF), Qualitative Fit test (QLFT), Quantitative Fit Test
(QNFT), Negative-Pressure Air-Purifying Respirator, Positive-Pressure Respirator.
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LisM =&

FalEAe] HitE e AABAANA FeiEE ] 2
o] FEHQ FHoz BilssiAL AXsr =@
& 7Atede AEY TFIIEITE AMESof gt
IF7IRETFE IA A oz s F e
FHF72 FH /ERE AA e 3133
B 3T (air-purifying respirator) &+ ¢ &7] o]
9] thE Xoz HE NEE FVNE AT B 7
71%3% BE3TF (atmosphere-supplying respi-
rator) o|TH(NIOSH (1), 1987). 5¥g B%= A
Jstne F71BE BTt dugd el F2
AHEE T glom 1 olfE FFFPEY § Fu
@7t AU vty Zexte] 58 9 Al
giZolth A B =79 3L 2% 37133
¥ E I 7 (negative-pressure air-purifying res-
pirator) ol #Fem F o A79 & sy
Ft F71%38 BT (positive-pressure air-
purifying respirator) 9} ¥7] FF3 EIT7HA
B3t

714 F& B2 (tight-fitting) B3 (el; qu-
arter, half & full facepiece) 2t A2t
o BRo 7 /A e ohzle) "abge)sh A
3tH 8RS FESA B3R B Aotk o
HEZ, 387 BoF] tiF Fit Teste 2-8x7}
Fralgt A} Sorlr] gA Hiae AT
(aminimum of fit) & WEAA F3 &2} o
g2A Aeged 7P AR Fivh A=A &
Al 371 A5t Fa3dtth(Colton &, 1991). EF
ZIERS T i Fit == FAHA I
(Qualitative Fit Test : QLFT) 3} B =A< 1hy
(Quantitative Fit Test : QNFT) ¢ <3 =32
& Atk QNFTHH 2 Fit Factor (FF)S 2% 3%}
o A#Holx +H oz EAY & otk ¥
= QLFTHe] @Aolr A3 o|Fqxe &
BAQ WolZle AR F2 Fgate] FHHY
hgo] o]E317] W] dutEoz Wo] ol Eq
AA = &3 UTH(NIOSH 2, 1987).

FAA 7AREIE 23 W/EXe QNFTHHET
o] AR AM8753 L OSHA (Occupa-
tional Safety and Health Administration)°l

o3 AFHAATE o] WYL o] &3hA FVIGEA
A% 33 (Mass Median Aerodynamic Dia-
meter : MMAD)©] 0.5 mQ oo]2FE o]
o F3te] AR o FEZP)IE o
Sto] Zgat B3 Fe] ¢ta) BlolN I FEE &3
Hwgo 24 Fit I=E & F 3lth. 19809 =9}
1990 ] SojghA MFRE ZEHo=Z fe
QNFTHHEC] /LA, A2z F uhy =%
A BdHoZ o] 87kss OSHA 23 1A
Hu gle YHEEA e "PortaCount™” ol
A3 FFHe d4£3F $FHAH( Continu-
ousflow Condensation Nuclei Counting :
CNQ)°la T2 3l “FitTester 3000™70] <
3 EFHE +4AIH (Controlled Negative
Pressure : CNP)o|t}. ¥ & "WhiozE o}F
BEIFEA e dgkot A FEs bsAe] =
I Eoh A2E oz Fit AEE kg 5 9l
€ 2% 55 (Dichotomous-flow : Dichot QNET)
oltt. °ol& WHEL A7 e FAHEE Az ¢«
oA Fit =S FFH oz Friske o] o
27] W& & delA der £HA #}Eo] 7
Zt 48 4 Ut (Biermann 3} Bergman, 1988;
Biermann &, 1991 ; da Roza %, 1991; Oesten-
stad®} Graffeo, 1994; Crutchfield 5, 1995).

o] =& FE EFHL olF7R fEyeteA e
A% MR Gstoy oz HAFHoZ A o)
E7I9 % Fit Test ¥HES /st 53,
QNFT #el slolA 2zt Z3ade) tjgo] 1 3%
A Fit Testoll tidt 71E% 73 (Standard
Regulation) & E9j3le BozM Az} oA
A g3t 7|ZABE AFE) Aol

I. QLFT2F ONFT &

QLFTE & wole 8xle] B3 T F9q
7k, 7] FL& doj2E 22 =3 EA (chalien-
ge agent)E B|ARAA Folok T} Fite] AR
WA, B AS 5 FE 8RN FaE wee
T FHEFY EAR 23] o]Fo] Fr} [
oF EA7F A HWA Fite 334e Aoz wxyd
th. dA QLFTEdE 37HA] #yo] 2 AlLE
3 Sled isoamyl acetate, sodium saccharin



a3 irritant fume©] ZAE|TH(NIOSH (1),
1987; 29 CFR 1910.1001, 1994). QLFT®<]2
grol M A&3h Ao deesta A
F3Po] Loldt FHL ztw ok Y FH 9H
& F2 ZAgAe FHAHQ] wkgo oEI FHE
Ao EA A7} ZFH7] wiEo] -8Rt o'
Hgol] oia] BAARL 71574 ool S A5l
£ 1 ZAde 783 "o

QNFTE F3E e dizez e &3
£ U "HE2e d2E YAE TR/ I &
oA o]FojZ}, d¥kdoz Fite F=E FHEA
B339 7} HioA oo2E TEE SAs 2
gt QNFTE 738 4-ele FAA 2dA
Aol met ZJARZNA FEERC] Ao Eol&
T Atk AL /et mEek 949 AXE A
72 ¥3tA7)E A7 Fit Test Exercises®
AletaAs S35 8o E 53 B3Teo BRE
¥el+ HEPA ( High Efficiency Particulate
Air) 2 nA317] W&ol BHET QoA oo]2E
9] &A= HE B3t S0 A°] oYz AHA
o2 H3Fo IHR Ato]lo] FH Y (faceseal
leakage) S 2% 7PF3TE BT BlojlA] oo2E
9] FE(C) ¢ tellA F=(C)S ¥l (Ratio) & Fit
Factor (FF) &z 3t wWwlZ Quantitative FF
gux= FFMyers 5, 1983; AIHA’s Commi-
ttee, 1985; NIOSH 2, 1987; Brown, 1992).

FFe 33 B 2 Z2A3tA Zexte] tdad
H3TF Alele Fit A=TE el F o)A 4
Al ZGZeNA FHEA A FAELAR FH BI 3
% (the degree of protection) & d&3slq FA|+=
gt AA FFACA BeTE FAEIe B¢
ol ZAAB7H o2 HE FHEAe] Breathing Zonedl
T@dte do2F YA F FEAE AR 3
£ do2Fe =9 I7] BE, AL e F
F, GRS #w3 Wz Fx, dAZSS] 234,
BRIFE Z Agdtele 2849 oA € Ve o
2] 8l o3 ek M2 2o EAE A
Sole UEHFHF dAld 2dEA tid Car-
tridge®] &F3sgel T8I qES & Aot 4
A FYZNA B3 Te] ¥i3 o] F= H]E Wor-
kplace Protection Factor (WPF)2ka & (Myers
%, 1983; ATHA’s Committee, 1985; NIOSH

2, 1987; Brown, 1992).

QNFTe ¥ A& Standardselr L73le
HA FF @3 vart 7bsd A4AFQA A2 FF
#e HEo] d F 3ol 1 B3 F9] Fit I=E
ol 9 & SIeAE 238 + Utk 1Y AL
go] i Yol Btz ALY uritt FLE
PPz AL F gl7] Wi FUF} BLIFE F
dgt Alge] FEitka stHE= FE7F 44 §E
o 31tH(da Roza %, 1983). &= FFE AFE o
B2 alE, 53|, S ot g2 9%
g & o (Myers 5, 1986; Biermann
Bergman, 1988; Carpenter$} Willeke (1), (2),
1988; Rose &, 1990; Biermann &, 1991; da
Roza %, 1991; Oestenstad®} Graffeo, 1994;
Krishnan % (1), (2), 1994; Crutchfield %,
1995). do2F AAE ©] &3l QNFTE SHE
Aol BEF 9o oo2F QA BRI ke
2§92 9 422 EFHA &2 A=A A
(stream line) & Btz T3] wjFo] FHPE3
ZHXE 7158 + ddMyers 5, 1986). =&
2] ZF AtelZo] o2EE A EFAT]
Zlele UF &7] w&ol FF #te]l Al A4 (leak
site), AIAY HA], T/ Fol dF= A o 9
O2E AANE AFE3lE QNFTE B2 237t 24
& 4 3lth(Holton 5, 1987; Holton¥} Willeke,
1987; Myers %, 1988; Myers®t Allender,
1988; Willeke®} Krishnan, 1990; Oestenstad
%, 1990).

I. E=7HEH2} Fit Test

ZE YAE ol &3t QNFTE FI3E o
HEPA ¥EE AMS3HE TR} Beg § A}
o] E3F <Y (faceseal leakage)® TFEE 53}
3l A (filter penetration) S A #2& + 3l
. HEPA e+ A9 100 %9 5&< 23 3
oA B F Qlez Eo] & RE doj2FEL
Faceseal LeakageZ%t 33t €t X 7R3t
3 Z #d B3R 4§ 37]8H (exhalation
valve) 2] F4°] A8 Qe A2 7P dth

Fit Test 3 YEE vlE & sle 1A 75
¥E X3 T (replaceable filter respirator)+
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Fig, 1, Fit testing methods for air-purifying respirators

non-HEPA ¥HEE HEPA HEE 4A v&
et AA7E ¥ B3 (filtering facepiece
respirator} ] Aol 498 AA e o AR F=
EE0] WS M 3l7] WEY WElE mAE
T §9d £ 9 o8-S A 9o 9ef gyy
7} HEPA HEZ °]F0iq it H3T]le] o
o222 Faceseal Leakage=yt 2158 4 glon}
ZE %7l non-HEPAS 7 %4t Faceseal
Leakage® Filter Penetration® €A 74 ¥
g gy, JBE AR PEY RETF Fit Test
¥ 4 e QNFT W9 Ads Adsizt dast
k. a2¥ 12 AFAA ALE HEPA ¥ non-
HEPA BH Rz digt QNFT &S =4
3t % Aol

. uH 7ls "EE 72 A= 3715818
2ol ONFT 'y

Fit Test®™ ZF Faceseal Leakage® H4d
steled ok e BEFI Bo] glew F
B RET k9] 4] wte] SHE R Heof 3o

7t ez ## Feld WA AMgEHE I
QNFT 2gele BE7 4 fellA EASh: ol
289 FEE % A°n & o PYe=e
BT ¢tFes fdsE FEEE B A

olch, Ae] CeiZE YAIE A2Y SAE
A F7IE B3R FuMe REFge =z AR
7} gt '

1. dii2E S5 (Aerosol Measurement)

Hz9 de]2EE o-8% QNFT W2 19614
Burgess 5(1961)< 2l&] wE:sActk 19724
Hyatt 5(1972)& o2& 377|122 AWad
35 A (forward light-scattering photometry)
£ ol&3n 2AEA=M+e DOP(dioctylphtha-
late) & ol43l YR 2 Aol Flsd AAH
2 dejz2E AaglE XLz ALt ¥
o7 Joj2F 371717 AdEHIn 2HELRE
Sodium Chloride, Corn Oil, &/ do|2Z ¥
o] AHg-HA =%t

dol2EPE AT o AL $4 HFA
A 7F AR 3eE ddse BT 379



oJei3jAlel A gl 17] o|4te] RETE MAE
oJop @}, EIT ofej2Zel #YL g3
Faceseal LeakageZy} 3317 $13led HEPA
et Abgsjol grl, HEPA ¥EEMMAD 0.3
Q! BRrs] AT dis] 99.97 %o E&S @
3171 HEI(NIOSH (1), 1987), ©9F Faceseal
Leakage7} 7% glohd o] 9ol 3%2:=0.03 %
7} 8 Aeolz @e}A FFE 3,3330 €}, asjns
ek dol2F 23717 HEPA ZEE 3 9
9 #9& EANen ZAYE & oW FF 1000
°]39] e HNY "ol 78] Folsleiok &
. ol QNFTelNE MMAD 0.3 msc 241}
e AAE ALgEEA £2S 99. 97 %E wAsl]
A8l 99.997 %] B&& 713l HEPA 4HE o)
7] d & FF 3000 °o)# | Faceseal
Leakage® W37 = 3wt 4] 44 433

e Enclosure

Aerosol
Generator

Aerosol
Photometer

i
BT A A
—

HEPA Filters

L T N S e A

A. PHOTCMETRIC AEROSOL MEASUREMENT

Leak Flow
Measzurement
at
Controlled B\lalv;'c_:ng
. real
Negative / Port

Pressura

Capped Cartridges

C. LEAK FLOW MEASUREMENT

T2 83t HEPA el 44 AYFdA A}
&3 W Cartridgest A2 2 gg7gsis
L & F 37 g7 dolzE: aPwe FAR
M g Adel BET N Fitd widex] o
= FE ot a4 dejzE E2ade Fgq
A BRETFY EIAEE P8 9 e
A¥Y Fite] BETE A3k Fed Hr) 44
817 AMS-gr),

ol Wie E g Bt ooz 23775}
B 714 ALHom oelzE:e AR
Folth. 57141 B3 7] & dojz&e 2gx)
8 ZEIIAE B3 doe $U 2AH(deposi-
tion) 5o Zhaee] A(ICRP, 1966; Chan
Lippmann, 1980: Blanchard$ Willeke,
1984). oloj2Ze FrA=x Ao FSH
A3z €9 3. TFVAS =719 29y

Condensation
Nuclei
Counter

HEPA Filters

B. CONDENSATION NUGLE! COUNT

Any Cartridges

Leak Flow
Measurement

Capped Cartridges
D. LEAK AND CARTRIDGE FLOW MEASUREMENT

Fig. 2. Schematic represention of QNFTs for elastomeric respirators with HEPA filters or teplaceable cartridges



Ze 9F< w3, %, 59 7] uet g2t
o] W2 Faceseal Leakage2 FEE At&3lo]
FA5k A7@Ae] Hd) doj2E9] A Fxol| JF
g 4 3ok

HZNA RE ooJ2ZE ZH YL Breathing
Zone?l ¢ Q4 Aleld] Sampling Probe® 33
A 25T (surrogate respirator) 2 %3t
24zt ARle] BEget £ g2 3AL, Ede] o
QARTTFE S a8 FF7I-AA FHER
Aol BEFel Zoim 7gste wEtA 4@
FFE Aakittan 7133 3259 HEPAYH
o} BHSFEA Aleld] 71€& 4 SU€ Sampling
Probet} Port7} 7lE=|o] 282} Ap4le] REFE
AR 3T = IA HAd(Johnson F, 1992).
o] e HARITE AAIEe] 25 42 AN
7l g R AAFA Wyeld. Yy
AdapterZ ©]&3t9 Sampling ProbeE 2% 7]
203 sH2l= Sampling Probett Portell 33l
dqolzEe] Fxrt BaTle Hd =8 &5t
A Yl FA e £ Aolth( Hinds® Kraske,
1987; Myers %, 1991; Japuntich®} Johnston,
1992). o8} 2ol oo 2E 2] ZEZQ oy
22 FE F7 B¢ AYHE doEE:e] fddS
oo FRIEEA ] FAeA EREHA Ee
ol ok wEA S CoEE FE 2 WA
o wal o2 Leak Site®} Sampling Probett
Porte] #x]ol 3] o]&F |t}

dejzE UL FIYste Btde A
Fit Test ExercisesE 3H =<t d& S°] =g
9] Up-and-Down, Side-to-Side, %3}7], &7
Solth. ol& %2 #<Al Faceseal Leakage©l
P A AL 3l HE Aotk ey o
g 5L o A &89 4%, Az, 3FE F
< Adte A Wobr] F ZL HITE FE3IA
gz duEtx Zexte] gl wet thE FF #e
WE = ok

1) oloj2Z = =&Y (Photometric Aerosol
Measurement) : I3 2A°] Yehd gl AXH
Hzo] QNFT A28l BEAZ B35 gk vt
A dol2ES ZAse Aot FTAR o=
Zo] A&AHow Wy £0]9 Light Beame] ©lo]

2 FE ZAEYE AR E AREgo] dejzZe)
Fxo HlEstq HAE Signalg $HETH(Lehti-
miki¢} Willeke, 1981). Fit7} & €@ 2372 A
SFole BIT UFoA o5 AR FEIF dwt
Age] F719 FRREo "R FHol R3] oy
2ol FZAZE ZAE F e oA dojzE
< TS Folof ity T A o] A|2FHlE Holx
HERlolgtx: Eo ZF e Fid F=uv 234
Hot 22 877 Hasit, o] AlxEle A
AL o229 T=F A A A F+ A
o} o] Al2ElE HZ9 Fit Test2 /ME= o] 7]
fFo] o2 Al2"HES HI8ke 7153 (bench-
mark) &2 AF ALg=o] §ith(Carpenter<t
Willeke (1), (2), 1988; Biermann¥} Bergman,
1988; Rose &, 1990; da Roza &, 1991; Bier-
mann %, 1991; Oestenstad®} Graffeo, 1994).
9L J2ES DAY= AR, 4dH8V], F
ZAZE Basy] Wil Alzdle] Im mrRIdth
7t GA AFT dE AA 3FIIH JFHog B
A oz 3 SHA A=A A7 EAY®
F Utk AFolth o] Al2®le A Air Techni-
ques Inc. (Baltimore, Maryland), Dynatech-
Nevada (Carson City, Nevada)°lA Fd& &
3Uth QNFTol tigt OSHAS BRE TFAEL °]
UHE AR oA gl7] Wi BE FEstd
A|2ElE-2 OSHA® 23] 17 ¢a glrt.

2) oz 55 S48 ALY (Continuous-flow
Condensation Nuclei Count : CNC) : A&]F7]d
£ A7 0.05 mQl JA7E 0.5 mA AR 10}
10° ¥ o EAgE Ad F7]eAM e vl H|=3t
o} 1981 Willeke 5 (1981) 2 o] H& o] &3l
0.5 mHch t 22 oojZZES o843 QNFT W
He AYsHt co2Ee] AAE FEA A
CNCH< o83 & 2% o] $2 QNFT ¥dS
47 H(th. CNCHAME Foll Holz] &+ o} F
22 JAEANA F7E 7t $AHEA YRE
9] #o] AAA AFFE o] LF F=AY FAdA
Al2¥719 (optical single-particle counting) &%
AA s W olt (Sinclair®t Hoopes, 1975).
TSI Inc. (St. Paul, Minnesota)°lA& “Porta-
Count ™"Es °|82=2 AE33Y AA QNFT



wogE 7Hg ol AMEE I gtk 18 2Bl
Hole A AY o] WL FVNF doREL AHE
8l7] W&ol 48717k o fith. BE 715
ojgFo] FjFoz FFE g 7K 37l
AR Fholu o YYPEER HE 9F Joj=E
= d3E % Y E 1EEER AIHe
Clean Room?! Z$olE do2F vt UF &
of nlFA A & F= 3Uth

ZF9 AL o] Alzdl AA7} ofF FHa dedt
o ZAAHQA Holty, |y od2Ee TFIIU
AR BFYT TFe= AF Br Y ZE
9l &4& Oz AYx ok E T 57]Fet
g7z £F712 FH L doj2Ee] LAY 7
2o]= o]AE0] Faceseal LeakageZ F71=H ] A
Aglo] Aok dE B9, QNFT A A7} 30-
408 Atolol FA< sttt F7IUe ot 3le
F4 dAE] wiEHe BITUe AASE St
AFIA B RAolt} (Crosby, 1995).

2. 27| 2 ™Y (Air Flow Measurement
Methods)

P2 EAolE MY EFolE RIFU &
Aske REL F7)o 42l Faceseal Leakage®
B3 S0 & ASott. aE=E, 1980¢d T
Carpenterst Willeke(1988), 1990dti % Crut-
chfield®t ZFEATAE(1991, 1993)& ZZ =¥
Aoz AH Faceseal Leakages E3 3719 &
ERAEE 23 F de WS ML ols
=2 0¥ 13 a9 2C, Dol vehd Sith

1) Leak flow S : o] Wy Hx TEAES
& Carpenterst Willeke(1988)°]# Faceseal
LeakageS £3 27|19 383=S AY 3=
Aotk (@ 20E vt IA ¥H). FNBEES
73 e B3 T (elastomeric respirator)9] F
Cartridges® 2% 93 e & Cartridges=
v}, 2 Cartridgedls #2 €@yyl g9 gl
oA o]E Bl TFES & F e FHEAE o]
Wwee g3 oaHA F7|E B0t ERIaTd &
gt WE O £33 & HFT ©] Cartridge
U ® UE Cartirdgedl ¢-& F3ste A7t
Bago] glojA UiRe ¢EE FH3A A ©

oF ko] a2 do} 3ler leakage’l SiE A

olm wrek ejRelel 4 Ayl WAYSE Ha e
9Z Leakage2 FE=E Yehle RAeolth o] ¥
2 & Dynatech-Frontier (Albugerque, New
Mexico)Atell 28] 8o ddh Tx 90 & FEst
Ho] B3 A7} @3t B 5T (rigid respira-
tor) ol sl @ AM&EATH(McGlone, 1988). =L
2y 90t & BRI BAl7F Bok fAAEA
(pliable respirator) HZ7ule] ®uj7l kst
o Aol IFF e FARTE Mol © o
A E2AT 9 At &, Eo {43017 s
TFolAe] 48 #AAE&L LeakageE: 58 37 ¥
ok olgt BT §¥ox S WA & Ao
t}. H|Z2 Byl W3S Leak 5F Akt X3}
o Azt stz o] WHe o FAHFAY Leak
589 FAYLR ¥ o] Abgo] FEHIUTH

Crutchfield®} FFA7AE (1991, 1993) 2
3 pElo] @Al AE3E “FitTester 3000™”
(Dynatech Nevada, Carson City, Nevada)el
s 2ot APHeg &Fo] sHesiA HAAH I
F 209 Hole A AHFE o i FA #HHA
CartridgeE2 AHE3tH 53717171 o|® 7173H
£ d¥Eske vg AN FEUF BT 4HE
g3E B¢ 9AAE FS HWFolok ok o|F
A ExFge S¢E Aloste (Controlled
Negative Pressure : CNP) B¢t - @A o] W
WS CNP WHolgtn & - 4% fAsked d8
3 27]9] 58S Mass Flow Meter’t S33HA
g, s7jweg RE Leakage? ST o]
Flow Ratet® =L $t¥%hE Faceseal Leak Rate
¢} 298 Aolth. FFe 4| F713HE veille
nlg] AFE PEX Flow RateE 53T Leak
RateZ WEoz ZFEh

o] WL dol2F ZFYPET T F WHEA
(repeatability) & 7Hth(Crutchfield ¥, 1995).
a1 olfe Aol 89 & FVI7F BTN %
2 gz 3t o= ZoNu dFF =S &
Aste v, do2E YA EITU BE X
A gdE =2 &4d EREY] fEME o= &
T Algte] Bas}lr] W&ol FitTester 3000™¢]
= e AHL /MRy HE% FEEE 3%
ste Az 1% AL 87dte c=EE



F3717180 2EHo 2 JHFo] A7) wio|t}
CNP ®Hel @32 FE7l Abdo]l Z2F " tigx]<
¢l 93 FEe Aotk H|E FYF B
9] Cartridgett H =3 3tz M2 O 3A}
AFL LT FFolA TdE F45 AFL 237
2ol Xu 5, 1991; Chen¥® Willeke (1), (2),
1992), EZ7u FA e S TE F 3
. CNP W¥H X Fit Test F<¢to] Head
Movement % Exercise® 33t a3y =3
o & WF §Fo|A Tolof 37| wEo
OSHACA Z=xstzn = A7FA Fit Test
Exercise® €A 338 & gle Aol &= g
& @& o]t} (Crosby, 1995).

2) Leaket Cartridge flow S : ZgAo|
AA AMESEa gl FE 9 CartridgeE 7H0 B3
TE 7IAZ FL&A AL BE SFo=z
Faceseal LeakageE %3 3l= Wil 28 2D
2ol HZ Willekest FATAE 23 ML=EA
% (Han %, 1991; Krishnan 5 (1), (2), 1994).
o] Wdl= HEPAY 7I&F o2 HEY Cartridge
2 AHEE 5 Utk o] Wdle Cartridge®
Reference B3 7ol F&sta e, =, Cartri-
dge 82 AFAQ HFAIZEFEL AHoM S
< ot Feedback Al2®lS Esld Y& e
o] HMAA} 231 YE ERIFUINE THEo
o 35S #1F3 e B Leaks 352 A%
A7F AA AHgska & FEY Cartridges 53
gheojxl F¢tezx ZFdth FFe Cartridge
FlowE Leak FlowZ WYso 24 ZFHh o W
HelMe F RollA 358 SHE 5 A7] W&
Dichotomous QNFT Z& td3] “Dichot”81
gt} ol 7RA] o] WL AEIEHA ¥ Aol
Ak fal Q@A AQA A B FE &
&3l7] A3 Foll 4AHA B3PS FHE F
A oot

V. Non-HEPA & ZEE 253 (Filtering
Facepiece) 2| QNFT

T WE37 HEPA IHZ 9HEolx glohd
oo]2Z9] #%e Faceseal Leakage2dt 7153

Aoz 71g37] wWEe] olg BiTd dE Fit
Test® F oAZ2F PHE A4 + AL Aol
A olujol= B F o] Probert ¥E A
B335 AMgdof 3t @A AHeH3 gle IE
3 HITEL non-HEPA "EZ o]FoA gl7)
& o] HITES A% T g& WS =
Axlo] git}, = non-HEPA FHE Al&sls
HEY B3I 79 Fit testE g3l dARZT=2
HEPA ZEE F33 93 2377} 95031
o a2y o] E3FE AAe] EEFdn dads
= (rigidity) o B2 4¥23E fdslr] Wi
Aol AR P23 ¥=2¢ non-HEPA TEF
B339 Fitg oiil@ + gith. =2 g
Ao ojd W3}E {dskA] &2 el Face-
seal Leakage® 3T "ol o3yt E&,
ZHY B379 Fit Testt ¥715F Yoz
= B7Fsslth. 1 ol o] Bi ol <t il
gol 4 B/t wWE £x2 FIAHRE
Faceseal Leakage®} Filter Penetrationg =4
3 TR 5 gl7] "ol

1. 2 Xt 18 (Large Particle Penetration)

5T IEHE /MY & BHske A Frle
0.3 me|tt, HEPA "EZ o] A7) FHox
99.97 %<9 AE&S Ze AL I F2 0=
OSHA (42 CFR 84)°llA vt E3 o] QAFTE
£ H¥ 8o mgt A AlgzE2 & N, R 2
g2 P2 UFa &9 mE MMAD 0.3 mollA]
99.97 %, 99 %, 95 %= UTAc}t(Federal Re-
gister 60: 110). °]de] FEo|AME Dust/Mist
(DM)# Dust/Fume/Mist (DFM)E3 T+ dut
HoZ MMAD 0.3 mollA 95 %°lste] &2 7}
Az JE AL F3TE BE o5 BE BHITE
MMAD 0.3 m ©]’43} ol3te] 7GR}l thafiA
€ o F2 582 /X3 glt}h 53], MMAD 1 i
olde] Al disiMe B3] F2 HEE Za It
(Chen®} Willeke (1), (2), 1992; Chen &, 1992).

DM3} DFM BE3F7F 2.5 m YAk sl A<
aYd 77te A= TRFELS Zete FL
3MAIZ 3ted7 “Large Particle Quantitative
Fit Test (LPQNFT)E 7N&¢&A &t} (Iverson
%, 1992; Danisch %,1992). A4Z3}=o] & o]



Table 1. OSHA Standards Requiring Quantitative Fit Tests

Substance Standard Number* Condition . Required Frequency
Requiring QNFT of Fit Testing
Acrylonitrile 1910.1045(h)(3)(iii)(B) More than 10 employees Initially and
wearing negative pressure semiannually
respirators
Arsenic 1910.1018(h)(3)(iii) More than 20 employees Initially and
wearing respirators semiannually
Asbestos 1910.1001(g)(4)(ii)® Exposure>10 x PEL® Initially and
semiannually
Cadmium 1910.1027(g)(4)(ii),(iv) Exposure>10 x PEL® Initially and
annually
Lead 1910.1025(H)(3) (i) Exposure>10 x PEL® Initially and
semiannually

*The same requirements are found in Construction (1926) and Shipyard Employment (1915) regulation

B(h)(4)(ii) in 1926.1101 and 1915.1001.
“Permissible Exposure Limit

3MALY] AlxElE 2UYAE7] (monodisperse) ©ll
o2F WAY], W B3 JdoR2E AANFAR
FA=e] Stk o] AzEHE AEE de 93]
o] "&” JAE=L 274 Faceseal Leakage=7 #
J@che 7o) dedtt, € FFe 2.5 m ¢
AHE0] EAT BPdshe Ao|BE BETE UE A
o2 vpAY W3Ad Fev) gloh =3 YAk
A7|17F g JAER ve] 53T FF @S] A
S Wel 93 33 FFEx & x84t
(Iverson %,1992). wetA o] ¥ A HAZ}
e P HIETE fJ8) ©Eo 7 RolARE wA
75 "EY CartridgeE 71 B3 Folx Al§o]
7Fssitt.

2 ZE2 oIX} EnpH(Small Particle Penetr-ation)

22 QQALEC] BT A HIst I §
A 3 X ZAE 208 XYL F U7 (tor-
tuous path) e APHoz iFEo] AAH
o} 3ARE o]E YAEC] Leak Siteo] A3
ol FtE Aol wls| w9 ZA drh 1 me]
dAEka FejEle o] Fte] A7+ 10, 100 &
1000819l =717k B & Qlth ol YAt Leak
SiteE 3] Leak Site Wl &3] AA 713t

7] 8o B3TAE (medium) & T4 do] ¢
ko] FHE T2, olg Aol Willekes}
2% AFAENA HZ “Small Particle Quan-
titative Fit Test (SPQNFT)"E 7/W&stA 3tAth
(Myojo &, 1994). °] 2 LEF H5 T
ProbeE 7]%3 IEE FH3 Jo]2EF} Face-
seal LeakageE T% doJ2&& BAld A =
A3tE e /%, 5, ARS(E £9, 10Lpm)
# 354 (100 Lpm) ollA] WFolA SA %o 2%
Faceseal Leak&°] F f&olA 33 #E9 o]
oA ZFHErh Teste F AU ZFIG BAE
Bejel A o]Fo] A & gtk 3F7] JALHE
9tz ¢4 AAHFPA ProbeZ SamplingAl A
ke BAFE Fs] AdiMe FAL o F2& %
Holoh, olA7A] o] WL AE3EA] Fe A
olt}.

Non-HEPA ¥3 ¥H3Y Ba7eo] QNFT WHE
2 o7 A BEFSEA Fua A AFESHE o]
UA 2 Adefolnt. o]Eo] A FFEZ} o]F] A
A PHE BRI AMgo] Frkeka Qe Biifok
FAANA 88 A9 (CDC, 1992; Chen
Willeke (1), (@), 1992; Weber%, 1993 ; Chen
%, 1994), Saccharin®} #Zo] EE AlgEo] A&



T i€ QLFTS] Z%< dsiA 2 Relch

V. ONFT dS7te| H|meiy
1. Olol2E B EHY of &3 AlLHY (CNC)

T 719 F83% Aole SHUAE Aeld 3l
o F= WM 94 0.5 molA 7F A9
3 W& HolXg CNCell 23 Wi o] Hr}
o 22 QdAlelA cRiEit) YRk FL F B
€ AAe Z7)el &3] W&ol FF| Aol g o
A% g gtk F S vag Hxe] dFeMe
TRl 20 % °l3te] AolE EA(Laye,
1987). B30 A= 5 %9 LeakE THE o2
H w3 Aol e F B3t FF A o)zt wj$- &
At} (Ernstberger, 1988). MMAD 0.5°14 0.7
me] YRS SHERAR AN 2499 HPAE
S e g Half Mask BE37S A¥3 43 F
WRel FF g &ol7t wi¢- 3om % i A
EEXE 3t U2 7IstEEHAE CNC 3.9, %
E=33H 6.72 YeutH(Rose 5, 1988). Pass
/Fail Test A3+ Passolde F Wi 2% 54
™ FailolAe shtat Al st A8kt »f
yl7)3} Breathing Machine 77Xz A&@3%
Biermann % (1991)2] dFlA+= FF 1000 o]3}
oA F dge] Z dAFIHT AlEES g 3t
FE W F2 ARBAZS BT FAFINF oo
2Z9 TRt 22 Aol ZTFVINA TEfR
A2 odo]2ZF YAt Faceseal Leakel 3l 4
JemZ FF 1000 ©)delde B2 =9 A7}
A2 T 3tk CNCel 93 A€ o 22 A=
< Leak Sitedld © ¥2 3Ak=4l (diffusion
losses) < 7F4 222 Z2 Leak® #E CNC H
o2 7|28 Joj2Z9 Leakage 3E=E F=A
7129 A B @A depd Aot F, 2L
LeakageZtal 8% CNCol| 2|3 FF gko] F=A
93t R Ho} A4 Yehdtt (Willeke$}t Krishnan,
1990).

2. Olo|2E FTY o) 37| 55 5HY

YRR AFdA Leak 35 3l 9% FF
7} dol2E BFx A 23 HEET ° W%k
om © ¥& Wo|(variability) & ®o FUTh

(Carpenteret Willeke (1), (2), 1988; Burnis,
1991; Crutchfield &, 1991; Crutchfield %,
1993; Oestenstad®} Graffeo, 1994; Crutch-
field &, 1995).°912& UYA}Eo] LeakES 53|
HeTUR 5o Z o gAEY £4o] gAY ¢
A dLER ] o|FAH ooj2ZE Y| 23 FF
oy 371 25 F3¥el 2% FF golv S¢&
Ao}, a2y Leak Siter} Fow e 42
Leak Siteolx9] 42 ¢ gol & Aoty 7}
Aoz BT YF Hojre &4 Q1S Aot}
g4 ¥ FF @S tiside F wWhgo] v«

< 7198 & oy Fit A%} Fold 2 =,
FF #E°] ¥l 2 doj2ZWd 9% FF #
E2 718 A% AEY ¥ w2 @g v
A 2 Relth. F1EoeE dogE ZHLe B
STUA doj2Ee] BT EFez Qg o
& wWol7} AZ Aolth( Carpenter?t Willeke
(1), 2), 1988; Krishnan % (1), (2), 1994)

VI. 2tEZ (Positive Pressure Respir-
ator) 2| QNFT

T E°] Tight-Fitting ¥LEIZFTEC g
#Alol EolAn Utk FREIFode Powered
Air-Purifying Respirators (PAPRs), 9&3 &
Airline 237, Open-Circuit Self-Contained
Breathing Apparatus (SCBA) Z8x 4
Closed-Circuit SCBA &°] X¥dc} $FEZT
Ex M2 PHIR god SYRITET v|E
ol webA AR Fit & dovle = Yt
OSHA®] Cadmium Standardele ©|& B3TE
o g Fit Test® 8733 k(29 CFR 1910.
1027). ANSI 9A] RE AF3A Tight-Fitting
FHESTE W3 Fit TestE Fxndz Ut
(ANSI Z88.2-1992).

FPEE T 3t Fit Teste] 2L Leakage
2 A% B3P: A9 SCBAY AH|x A5 &
=& owsket UTHANSI Z88.2-1992). WtE
ITE SHEE fit teste SUFEHZ 33|k
gt F7FES e AEAME Fit Test® &
g Sk wheF MAEHClA BlAESL o] R W
371370l EHH = (seal) & WIAE Aot}



Table 2. Standards or Regulations with Minimum Required Fit Factors

Negative-Pressure Facepiece Type

Standard

Half Full
ANSI Z88.2-1992 100 1000
29 CFR 1910.134(existing) -A -
29 CFR 1910.134(proposed)®© 100 500
Asbestos (29 CFR 1910.1001)"¢ 100 1000
Benzene (29 CFR 1910.1028) 100 500
Cadmium (29 CFR 1910.1027)® 100 500
Formaldehyde (29 1910.1048) 100 500
Methylenedianiline (29 CFR 1910.1050)" 250 1250
Lead in Construction (29 CFR 1926.62) 100 500
AS/NZS 1715:1994 - --A
CSA 794.4-93 >10 >100

*Not established in the standard or regulation.
"The same requirement is found in the construction version of the regulation (29 CFR

1926).

“The same requirement is found in the shipyard employment version of the regulation

(29 CFR 1915).

Z37] 2y PAPR EEE do]EZ0c]y 1]
A AAES et Jn 22 EEIF "E H
o ARBL YA YAREC]l FVEES Bl
< & Ut TF g ERE AAE o] &3E
Faceseal Leak® ¥7138< 4% + itk 1
YA FLd e el B]AEE Faceseal Leakage A%
£ ¥ F glth. 3FE F9ee WHEAAE
F7NEFFE S S WaEE Aok

+dez HyA)F)e e TVRIZ & § 3
o 3P BT AZAZALAA TE Adapter
£ o] &3t BEFo] HEPA YHE R3}sln &
SAH R A7l el = thE S o
v e FY3 Fo] INHIE SFEITE 9]
|3l Aot F WY BEF QNFTE {34
Probe7} ¥a3ich webA FLEIT] g Fit
Testt LR ETY Fit Testoll 23] 3= oA
of 3t}

=
=

VI 7I=n 7o

37185 tig Fit Test® =2 vt
dre e7dtn glov dyge] e vdrae
273A g3 Utk @ AHNA ZEVIEIZ T

3 Fit TestE® 873h= 7|F (standards) &
% (regulations) & A3t I7IE2E 73, Ay
o, 3F, FEU=EZ FFHA ok aY Fit
Teste} FAI WHo® 33 FAA=, F4 ¥
o IrtlAe BI3TFE QA s A Total
Inward Leakage (TIL) TestZ o]&3t9 <UH}
9 Fit 3=E ¥t vk (Buropean Commi-
ttee for Standardization (1), (2), 1989; Stan-
dards Australia and Standards New Zea-
land, 1994). TILclMe EE 2AY =, Face-
seal, H, T7|MEZE {{lHe qAZES HA
EsHA sHed ZY93elA AHgste ZEE AT
BEF3E 499 Panel(dE E9, 10%)E°] 2
£3t1 £33 ©th. Non-HEPA ZEE AMS
3l7] W&ol Filter Penetration®] 41z}3t9 of o]
2E HE A837] ®&el SamplingAl 2w
L 2HE AA Boh °o]E WHEL o9 B
ST7F & AQlelA dvht & FitHElz deA €
% & itk

1. QLFT of ONFT

ANSI 788.2% di¥-&¢ OSHA THAE
Tight-Fitting EZ7] tisiA QLFTY QNFT



T o By AMEIES Fdt9A UTH(ANSI
788.2-1992; 29 CFR 1910; 29 CFR 1926; 29
CFR 1910.134; Federal Register 59). Z18X]g}k
dH OSHAS] 54E4 (substance-specific) 7%
o 95t oE FFoM e QNFTHS AL&3le=
2733 itk ¥ 18 QNFT Wi AMREE 3
OSHAS] 1< Aed Aotk EellAd e A A
d A, 7l=&, ol i8] Full-Facepiece 23
TE H2EZ 1 22 QNFTE AMSES H3l3e
1 3871F 1087 & QLFTE AH83lx & A
o2 FEo] U (OSHA CD-ROM A95-3
(1), @). @A A2 71F0M = QLFTS QNFT
E AEA Ag3lor dertE Ve Tt
QNFT ProtocolE 7K1 & 7IEERH, #
A, 7t=F, TFLUSE, FAE E, vgdoe}
d) 2 doj2E 27 ANE /R a e o
o2E F= FHYPE 7l€d Fx A9 CFR
1910.1001). =3yt OSHAE CNC¢ CNP H<
AHE= 383 ¥3 JoH(Department of Labor,
1994). B MER Loz ALl A8}
¢ o JEE 7o digt 5Er|EL @ DA
€ k=] 3R] 9t

ol g ¥hje] t& WrG o FL Wyclake
AE oHHAANE RAFA R3txn ok Half-

Facepiece B&7l tigk WPFe] d752 ANSIe]
A a738he RAAHE Fit Test7h mi$ 483 Aol
Wa Aot ol & o] o 2 B3PEE U
TR B4R 4t (Colton, 1994). FolA= AF
xRl 5, AMUtt a2ln FRA=GME BT
ARBA] fit test® &F8hs 71ES WHEo] 3Tk ©]
£ 7|1FEXE QLFTS QNFTY AM-S =% "2H%
" BAR MRS e U =3 ooj2E: B
= Z3WHelY ONC ¥ B5E 38slx itk

2. Fit Test &l

OSHAS®] Respiratory Protection Standardel
£ Fit Test9] 349} Fit TestE dfokd BE o
ol dsixe =33t (29 CFR 1910.134). ©l
71Ee ot SAETTFE FAESe ZE Hud
AHELE Fit TestZ QLFTY QNFTE HH=A] ol
ofF gttn Brldted Fokrh olAL HuEREL
TR BRETE 28387] Aol Fit Test®

HE=A] wolol &HH A 2E A|Folu M2e Ry
AHEE W& TA] A Fit TestE wolol 32 ojn)
ot ® 1553 EFd) 0ig Fit Test 342 o
Algte] F3tom olRejolx WA, EEUtuc,
4,4’-Mddtield - vd 134 FY3TE = o
ATH 29 CFR 1910).

OSHAS9] 7]&°] ZE EAd] dg Fit Testol

T HWH3 3 A &L whH, ¥ AFANE=
HHEE Fit Testing?] d3Eo] ©] £& FF @&
7H o 233t (Johanson® Morgan,
1984). °]A& A&A7} Ax1S BE o] gt g
B8 g=a Aeta A4 o] AIE Fit
TestE WHE3oF 3k 3FE Foled =22 F
th. @A OSHAS Respiratory Protectionol]
#¢ Proposed Ruledl 93 Hx g2E ¥ 19
of 13¥ 3=% Q33tm Yo}t (Federal Register
59, 1994). ANSIIME X Fit Test F 1ol
134 28jn 2 AFolyd Rdo] AFHUL
o oA Fit Test® =S Axnstz o £ 23
T Az FAWMS(10 % L 20 poundse]A)
W Aot Fe] W3t Facepiece Sealingoll 3l&
A = WESIEE Ho] It (ANSI Z88.2-
1992). OSHAS AW Standardele 2-&xke]
Facepiece Sealing®l] ©]4< & 7o) BAys}
A 57 Fit Test® AFPs==E 27sm Ut
(29 CFR 1910.1001). & ygle] 7|1&FE% o]9}
H&g 3%, AR, Aute] 7|EdAE B
ITFE AFE o, ud 13], Facial Seale] o]&
< 2T 3¢ ¥HEEA Fit TestE Fq== F
Z A (Canadian Standards Association,
1993; Standards Australia and Standards
New Zealand, 1994).

3. Test Exercises

Test Exercises Fit Test 3] Faceseal
Leakageg Zeled 71 583 842 Aztg
o. OSHAx Test Exercises® AMH83}R] ¥ o
d4 A2 gE dlolstn gxdE g9
Exercises?t o]FojA ol fttzn Zzstm Yot
(Federal Register 59,1994). $X&Ho=z = QA
A= F A e 429 £FYe nso o
A7HA] Test Exercises”’t ©E01x T} ©]E Exer-



cisesE2 FAEF (normal breathing), #& &
& (deep breathing), ojz]le} 39-2% (head side-
to-side), ™29 4¥EF(head up and down)
283 F57] (talking) Fel® Aol rjg)d
% = £AT 27 (ogging) T F7FE=

fct FREEL EA ] 8 SRS

slo] k. OSHAE oJd QNFT Protocolsele
& Exercises® F7H3 ™ Test Exercises®] 3
Blgl 4= OSHAS] S22 71E Aleld 933A
gt W4, Fh=g, TEYUIE aen AE F
& QNFT 494 oJurlAe] $52 $43I=% 5
o] glen olF 7I&Ne 27 (grimace), A}
7o g A7) 1§ $317] (bending over
to touch the toes)7} F718r}. HWx djddeld
do} QNFTINE *HE7IA7E 3= olde A
E2 2% $YEE 3ol ol BUX: E3TF
o gt TIPS I o2 & B o}
Yz} o]FA W2 FE o] B WaH AYA =
ol3% #Wirt ¥k ¥ U2 Protection® AFsk]
3 JEA A SAE ZEF Aok, 27]
Exercises HZAE Aol ¥HEs] 2517]7 o=
¢ 9d X4 (facial expression) %o,
Hyatt(1974) & AR EHLFL Standard Exercise
o TFAFA 2E2 Ay FEIEFL o7
A Test Exercises 434 7ol dapdeirt o
B eAE 2] 431 @ oFute] oA §
¥ 33}t OSHA Protocolsollde 2719& A
33 25 Exercises® 1% B¢ FU=% 873

T8It -£7) Bxercisé= 455 B¢ FRRTR Y

o}.9IcH29 CFR 1910)..

BF/AAAS 71E0E QNFTHY4 Tedt”
Exercises] thel 5% 9¥0] glovk QLFT 4

Aol FAEE, A2 2F, nEe F259
BT, TI7], A 2 JlE &5 302
¢ FA}=E HoitHStandards Australia
and Standards New Zealand, 1994). |yt
71Ede QNFT +¥84 5714 A2 o2 7@
Test ExercisesZ $Y34=E Heo] I} Cana-
dian Standards Association, 1994).

4, 4 FF 27

QNFTE ol® @to] o 1he Fit 358 bl 3

A8 A8 o zZM AFsed F£oh. ANSI
7882 S¢EITJ UEAM L FF 23FA=
Assigned Protection Factor (APF)&] 10818 &
Fain gl APFE B57 4% Fdu%n FF
T Fit2 BT 343 AR F32# 752
7z e §FeE Y BEW AFsE 3
d@dMel BiardAz2 FEG(AIHA s
Committee, 1985). 47 T4 APFE HETE
AARshe © AAgsEd e APF 10°]% ojd =
3] FEER HEET0 1oz Easi
Arg7HsstcH(ANST 788.2-1992). ©] d3e HA
FFE #A%7] d3ixE Safety Factorg® 102=
Atke grjelt). olFAAE FFk WPF Aleld
BEg FAAA weAA] 4571 WZEel AFAA
AHgEel & Ha 38 FF ol o& geides A
AY Zo] Aok 3} Be 9FEL Pass/Fail®
ol &% QNFTE A48 RIS A4 g3
32 YPe § 2 A[AEC) JAAF ¥ BIE
Witk ARE Mo F1 IcHDixon# Nelson,
1984; Colton &, 1989; Colton, 1994).

OSHAS ESEAZIEds QNFTA 24% 3
A FF 237} 435 g} OSHA= 67 2
B4 B3, &, M4, A4, =5, EELHEE,
A F afln ofEAdeldde] g FHeld
E 2= A FFe 32 8738 998 Ao},
dutA oz Hi FFe APFS 10W]e]=jul, Mus
dgdcopd A= ©HE Pass/Fail 52 473
3l ¥¢4ch(29 CFR 1910.1001, 1994; 29 CFR
T1910.305G, -1994). 31 E=-7FEda4 {OSHAS .
wz ug Ay QNFTE F38loF 8in: 0|5 7}

TdesFEVF 34 87 FF # ol3Y A a7

& QNFTEY Pass/Fail $5& A8 3o B
3 B3 e} HHAE ol QNFT PEE2 239
£ o sive] ge} AAHE E o2 e 93
T 4 glge Feloh VAAA @ Ziga oE 7]
Wzhel ARTAE A=A ¥ ok

EF/FAIE 71Ee 2 FF &% 474 A
sttt sivthe 3% FF el 28 71E<A
A&l £ APF $YsEA] 2H3E Fit Test®
£33 Aoz UA%n Uth{Canadian Standa-
rds Association, 1993). '
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Fit Testing ¥}'H#< QLFTS} QNFTE ko]
Astn QNFT WS $4Hes 1 98, 3dA
< ZJA3] Lol Egtom ofga] Fit Test A|Xol
g FAE A HoT)

dol2E TA7|FH FEZH7)7]|E 0|43 dojz
£ WS OSHAZF 98t Hx= AZsig
QNFT el X8 A3l Fittingel ZA&3s
H3TE2 ARt F7] "ol G Eofe] B
=& FU Fit Test® FaAo] F7lshaA
CNCo] 7] =Hlon o] WL dojaZ
A717v B Lt g ALEHA HAdn 94
OSHAc®l 93 gwsic}. o] WL 71717 &=
7Hol A-E ZHE Za Jou doj2F vy o]
23 e BHAQ 24|, F, BT UFolA] oo
2F9] EUAZ EFH AA ZFV clolzE9
Aoz opy|HE 23 2ate EAHL ¢tn o

B YRl EA|5te olo]2Z L AZ Face-
seal LeakageE B3] S0l 3719 I #d9
AYL A4 AFFEL "Fit A=E 2ot 2 Yeh)
T+ Parameter2# Faceseal® 3t 7|58
< FF3e 2] s e AL ACA =N
ok CNP ®#22 HlZ o7& o] 437 Zo|s OSHA
o] gz olml 91 Wgkm E Yo PriE AXHA
ARgol F718kaL e Foltth. FIIEEL 43 o]
WAL F2 FEUAT BHEANS 23 9oy 234
IEHS HFolok dta #E] Y e Tl F
PF=E JERd F fle 93-S g3 ok

ol Wo] © & Wolztm AE W &
fleu & AR o U QNFTH49] 7o)
SEEHM E AZE 7F GA] A2o] ALE HHy
€€ 78 7 UES uiHolof I}, A FHEL
Fittingel @& B37E AF37] A3 BExe=
TEAA ot 71E V€2 oW 9x)9] ¢HH HE
HollAl Fittingdel A4 #4< fgsterl o
HZe $XE Z2FE F ot HZ A= Az
71€2 3l B0 FAAF FEA A BT
Foll e Fitd =2 23 + It

A UStolM e Fit Testol tiak 7dzx)
BREA &2 defoln A o oY A=

= vldEo] 3R] ¥ Aeolt. "Fu zF/|R
379 A7t mEsln Be FPatso] 9=FA B
ITE AMESta S17] Wl Bl Fitting 3= 37}
3171 91814 Fit Test Al=o] vl wj$ A)F3lc}
2 & & 3tk Stauder F(1995) 9 =) & W
¥9°] QLFT Z233 AFo|A HispanicAl d=}e}
ofAlobAl FAFECIA Fitting® =7} 714 vhutthe
Ae e An|UA Bol Eddof & Ao},
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