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Day-to-Day and Movement-Dependent Variations of Quantitative
Fit Tests for an Individual Wearing a Respirator
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Department of Environmental Health, University of Cincinnati* USA

The fit of a respirator to the face of an individual can be determined by a qualitative fit test (QLFT)
or a quantitative fit test (QNFT). The pass/fail decision from a QLFT or QNFT for the same respira-
tor on the same individua! may vary from one wearing to the next, because the human faciat feanires
are complex and the respirator may not fit to the face in the same way every time it is worn. This
study reports how the fit factors (FF) resulting from 2 QNFT on an individual vary from day to day
and depend on the movements in the six fit test exercises. The reported FFs provide an objective and
numerical basis (FF) which does not depend on the subject's voluntary or involuntary response. Four
half-mask (H1-H4) and four full-facepiece respirators (F1-F4) were fit tested on one wearer 10 times
a day for 5 days with a PortaCount {model 8010, TSI). The FFs obtained for each set of 10 fit tests on
a specific day and 50 fit tests on five days involving one of the six exercise regimes have been
recorded as log-normal distributions. All of the geometric standard deviations (GSD) of the overall
FFs varied widely among every wearing and day except for H1 and F3, and the variability of the
half-mask respirators was larger than that of the full-facepiece respirators. Among the six exercise
regimes, reading or talking (RT) had markedly the lowest exercise FFs on the tested individual.
Generally, there were significant differences between the first normal breathing (NB1) FFs and the
remaining exercise FFs. :

Key Words : Respirator, Fit Test, Qualitative Fit Test (QLFT), Quantitative Fit Test (QNFT), Fit
Test Exercise
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ol mer

AAY FIAEA L wEste AYFLE ZEHR
FAHQ FEE ALl {HERL QA ARE
e & IR FEHHQA SIS A3 fIEE
9] Al AFE AA R Asole HFAHQ
Faoz FTFVNHITE FHE3HA EH(NIOSH,
1987). z23Y olFF ALY AALE /A
cartridget} canister?] ¥ ZIF7IEITE FE
stgctn sieEs A gRet SRS A
A LR oW TFOZ QAT AR K
EAde Bz AR/ sbestd ok o]FA
ZIEFNRZTFIF AeAe] HI duht A sA
LR X (fit) 2 =S FF3he AL fit test
gx 3 o BAL JAJAt AdFl Soi71A
HA29 AF=( a minimum of fit)E TEFAIA
ZF3 oj¥A LS o /Y FIAIAE FAJ A
A &gAsted ZAHAAte] AZRE BHIdy] et
(Colton &, 1991).

o=, AdctelA AR e fit testE ¥,
ZF, FAR=CA FBEA fit testo} HIKSHA A
£3}3 3l¥ TIL (Total Inward Leakage) e <F
7t B2t} (European Standards, 1987; Austra-
lian and New Zealand Standards, 1994). Fit
testtt TIL 2% 3F7|REFU=E drf g9 &
EAo] Ao} B0 2eAE FH s ACIAT fit
teste YEIS B3] S0l 3EES a3 3
7] 913l non-HEPA filterS AMH&3le EIiTeEix
fit testE AAIZ Wl HEPA ZEIZ tix]ste
HE 5% #3849 53t gle 2oz FAIgh
gty B3 F3183e] EAle Hn R B
T Alo]2 AJo] Eo]& A (faceseal leakage) S=TF
AFst @A it APH=TS FF3= Ao
o}, HhHo] TILE B3/ ztm e 2o U
2 Ag37] 7ol A oFF ulAl# o2&
A2 2% dust/mist 2 dust/ fume/mist A
AL BT 73S AFHEY fo] HEIE B
B0l & & oA €43 A BRI 7] AY{E
w2 Jel) FA|= £33 ti4l faceseal leakage
o} HE|2 53 I F(filter penetration)7}A &
A ARHEE gol He Aotk

Fit teste FAAY WY (QLFT: Qualitative
Fit Test) 2 FFA < %4 (QNFT: Quantitative
Fit Test)22 W7ol 38 4 dedl QLFTE
227t 3EEAe @ 9 Z2 E5oFQ ut
< 5 %, WA, AS 52 B9t 3F e Aol
I QNFTE B39 <t vhe] Fxtol vt =it
olF o] &3t AF/AH FAZ el WEHES T
gt F Y 25 A7 FdAHE 23 o] o
L Aol o Y AFPHEE EHE F IeA @
Aoz o & & ql7] qEe @A nIelAe o
THEQl Ao F HEF ou 3 EeE 19
13] o] fit test® 3I=F TS Jov AHAH
A FXE Zete grjdA A Ho {537
24, dF 9, 44", f7HL, 9, JIE=EE,
acrylonitrile 52 FF3he FAPRNAE 2 =
A3 tEo] BlEA] QNFTHHES AHS3I=S 73
3t 4oH(29 CFR 1910, 29 CFR 1926, 1994).

QNFTY 71£32 Weze IA TR=E Y
FolA A = gled e FFEZH( chal-
lenge agent)Ql I2EL o] &3t RIFof <
3} 3te] FEE ¥wsle Aolw, e dhte TE
Al S Aol g Hlwdte ALE ol BT
"= OSHAZF QA3 Sle W EClth °F o
AZEE o]&3ste Wl mAHA WP EA o
A 7R dE § et R BHe 933
AWl SHEAZA SF57IE F Cld2EE
BAsle #Ae FEE e U HETFE 8T
H BE7] ¢t ¥elA 1 =8 33k I
I E g2 WEE doEE ], AWt g2
g8 glo] EFEA AAE F7IFel HAtEY e
dej2EE AME3te Zlolth. FAWF dA M B
H3lso] e Wiel™ o] WEE CNC (conden-
sation nuclei counting)¥el&tx 3z 53 7|+
2 1F TSIAH] PortaCount™-& AHE-3HT (RHE
3] 5, 1996). clJ2F WS o83 TRVIE
379 ¢ welA o FEE SF3 ] (ratio)
2 yet ¥ $7t et o)A fit factor (FF) =
3 FH(NIOSH, 1987).

Fit Factor = C/C;
C, : TH7IEZT 59 aerosol T=
G : TFVIRZTF 9] aerosol F=

==r 1=



ut2lA] FF e =&
A7t $esitn 8 4 ok vFAE FF7}
43 olde #g A=F Ax Ex FHEL dv
ol ANSIHAe F7138% 2379 half mask
el 7% 100, full facepiece?l A-$ 100022 3

3 glem OSHA proposed standardsl] &]sha

22 IEEH, F, 49, |, JI=§, 94, XL
g 3=, methylenedlamline% A7 durAQl
AN quarter, half masks 100, full
facepiece® 50022 A& x SUIHANSI 788,
1992; OSHA proposed 29 CFR 1910, 1994).

B4, fit test® € We el FH et

27 AT gutfoez AX7A] fit test
exercise regime® 83l Z 5 wE Z
9] FF & 7% v, ©18 e o5 A4 ojAs
o overall FF & 87 Hewl o|A& 2% fit
factor (FF) k3t Zgic)

n
Overall FF =
1/FF, + 1/FF, +

.. +1/FF,

FF = 2} exercise 84| fit factor
n = Exercise®] ¥

& A 712 exercizse regimed e BAAEZF
1(NB1), 223%(DB), W3Y (HM), L3571
v A7 R, 27 Q) a8Elx A AFEEFNB)
22 UFe] Z 602¥ FPIEF Hol U9
(ANSI 788.2, 1992). Exercise regimeS #3&
Aol F/Rd deidq A7 FEEEE Ho e
g, d& 29, 49 A% e v Yol
H3-2E(S9 ¢ AEUD) 22 HrelA dn
F7Hez 271G & #3371 (B E 9 A=
o} 9Ah (29 CFR 1910.1001, 1994).

Fit test exercisestt ] Z&<] o} 2 Frel @3-

od g AFEE R/ FHEY 2w da
Roza B2 FAE3= DOP (dioctylphthalate)
&AMt WY Fge] ©E FF7Y d537ER
£ 9 AT BIT R BS WE ddan
B35l tHda Roza 5, 1983). Oestenstad &
FF7} half mask®} full facepiece &3t B2
Aol2 Rolzm 8len ARG ol EFA exer-

& Qi HEFe) F

cises® A7HE 24 4 9L Aoz sy}
{Oestenstad 5, 1995). &Y olE& dFdA=
exercised] g W3y} ook AR GolA
NB1 37} overall FFE UE# FXx I8 Ao

- Za 3 ARk AFAE Holil 31 Crutchfield

%, 1993).

AZ7AS AFEL HARE ez 3339
Rert 7zt Al gtk F3 357t A7 Wi
zZ} Algtel ti@ fit test exercises®} = F2d o
2 A8E 2oy FEsA AEA] Relm AAFQ
H3dhs d9stzm Uk - Aol fit test
exercisesSt R5T ALY} 254 27 Wi
o B AlRHE "é‘ﬁ?ﬁ‘:}ﬂ stelgts 7 ARHEA
i3 £33 47 2ol B2 inter-personal bias:
7F 2SS Aok Tk § Alghe] A Fd#
ele] fit test exercises?) ZHEPHE SpHN B -
< 399 fit testE $FY F$ 2A intra-per-
sonal bias% A7 Aclnz B} F&AF fit fac-
tore] ¥sE 498 5 U Aotk

nEty § Alge]l of EFIIRET LA fit
factore] W3 P9} fit test exercise regimedi
HE FFe H3ATE gopidy] gajle] B d35
83 =it

1. oo+ g

1. =%

AAAE 3848 A3 168 cm, AF 60 kgel
A7 239 ERAEA HFEA e AH A
fit testA] Aol o}FR o)l glcke 9JAle} A
o gl NPAS] dIFHRL fit testol] I
+ & 99 A Aohlg ooz AT JPS
23 QA gsken WY £EE Fol £z A
T AL wlARZG. H3As 494 FY93A
FEZ|IRETE Fesln 259 3L gley %
718ET 384 fit check 5 38 @8 FA4}
3 fit test exercises® F¥dte WEE T T
stek

2 TBI|MBT} AW

AP ZF7IREFEE $AF R HF[AY)
ctd] A 7 E 93 L ALA fit testE A
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AlEted 7HEd 3 2 FFeF %2 FFE 2te B3

2 AAsg e half mask 470, full face-
piece 470 XAt Half maskZ+E North
o] == 7700-30S small (H1), 3M<] 72008
small/medium (H2), Survivair®] 2100 small
(H3) =28l Willson2] 1200 small (H4)E 473
st em full facepieceZE Northe] 7600 8A
small (F1), MSA<] Ultra-Twin black small
(F2), Scotte] 65 small (F3) Z8]la MSAS]
Ultra-Twin black medium (F4)& AFH&3t8H.
BE BH37E AYF AMgste A3 T A
ZE Aoy @A fit testWS T F UEF 5F
AZE AeozHA F3771% BET Wi 3717F 42
g F U2 F2 HZEHo] Rakglo] 3 car-
tridges®] @ElE HEPA ZEZ mA st AME3)
Ak

Z%7]17-2% TSI9 Porta-Count model 8010
< IBM PCol dZ3o AM&stdt. 3F71%F
aerosol =7} 2 X 10%/cc ©13td ZAfele 4=
25 AFY3t AT

3. Fit test exercise regime

1) A45% (Normal Brea-thing 1; NB1) : Al
AAllA 8027 HAA TFS ST

2) 2235 (Deep Breathing; DB) : A x}Ale]
A 80%7t AL 3FE 3T

3) M2l23 ¢ (Head Move-ment; HM) : A =}
Aol RN FFoz F 70-80= A=
w2 vk E2]a kel oF 5-633t oW 2
3 HAHQA TES AAF oS ez
AT o 70-80% B3 A el F 5-6
Z2F lowA 234 Y 3FE AAEH o

Z kB o7 807t AAISHTH
4) 9171 (Reading or Talking ; RT) : 4 &Al
oA fit test exerciser] AFE3IEE Ho] 9]

"Rainbow Pas-sage” &% 73 3 <&

Z%°] Bl $3Y ¥ I=E In
80%3t ¢dch.

5) &7 (Jogging; J) : AR A 80%3F 200-
2103 =9 =A< AAEAH.

6) 3/33% (Normal Brea-thing 2; NB2) : 4
AAlo A 8027t AAA] 3FS AT

3 orr

38

4. AU
Agd AHEE 371 doi2EL FAYPAe] ofd

Cincin-natith 8 Aerosol Research and
Respiratory Protection La-boratory2] A&4u
F71% cej2Zo] AREHIAT. SHA] coj2E9
FEE F32 1.5 X 10%cedld A 2.0 x 10%/cc
£ A

@A WY 2AFole 3 half maskE, &
Fole 3 full facepiece® &3l 3 BT T
st 19 1034, 59 d&Ho =2 HAsIHeH
d 7ed @ TEI At FUF B3
A fit test’} o]Fo] Mok & HXES H2E
ol oF 1088 =S F2& Fol B3+ e ¢
o2 Qg QHAY R 2XE HAE T

BT A H3TE YR 2o 855 {23
A ¥EE 3 HUd HAF s FABES
Fsgth ZE F 25 AR AAA £ B
7 EEgeA gRlsgien 28 ¥ g &
o] Ad F H2EE AAIBIATE E WHEA] neg-
ative 2

positive fit checkE 33 positive
fit check® ®¥ 7%l negative fit check®+
ArERom AR 271719 HA S fit7F /A
HAtn AAEAE AT fit testS AAIBIA T
YAz w7714 HA S fit A7t AR Z3)
< A%de BETE BlojA oA 283t

6. A=ZEY

Lo d o] overall FEZle] ¥%S golrr] 9
sle] 4 ZF Bl dis] 19 103y 59 F<t
503]9] fit testE AAIste 503]9] overall FF#k
< T o o]E0] ojH BXE 31 JeAE F
QAL olE°] HFATEEE 3 ooz
1¢ 103]9] overall FF2 *¥ 7|stH IS F3t
3 59%%¢ olE 53] 7St FE#EI ] wdmd
W Fo3t zel7t JeA ASHAL. Fit test
exercise regime Ale]9] WES golHr] A
Z} exercise®] FEgo]l i3 TEEE st eA
g o 7} exercise FF & & 5032 HE 7]
P AS T3 ©]5 7 exercise regime?] 7]
s FFatel NBlel 71318 ¢ FFeF ol At
o7} =X & AFIAL. F94d AFE EE FF

= {9 =
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Table 1. Day to Day Variations Overall Fit Factors.

2 302 ol§ F}ES FFMA}  Respirator  Statistical Day Tested
$3dqct. RE EAAYAE  Type  Classification
excel 5.0& o] &3t} Ist  2nd  3rd  4th.  5th  Average
Half GM* 157 134 172 148 182 157
0. Za o % Mask GSD* 135 155 145 127 1.66 1.47
H1 Max. 220 235 284 302 459 459
1. ol FHEAlRL 22t overall Min. 79 62 119 87 70 62
FFe| w2} H2 GM* 2371 1224 987 692 692 1064
- *

2 BETT 5 B 2 508) GSD 162 170 220 170 247 2.20
o fit test® ANa] 50312) Max. 4269 2475 3291 1312 2530 4269
4 fit tes Min 876 693 162 279 147 147
FPE 3¢ @3 o8& 2% o H3 GM* 1903 1320 1239 792 2212 1387
2= T gl x
"';ﬁﬁiig st*‘ UM da ) GSD* 1.80 1.89 203 1.59 1.37 1.93
Roza %(1983)9] A7 A} Max. 5224 4824 2644 1554 3849 5224
Z dAsc), ® 19 19 1& Min. 752 . 437 448 375 1656 375
]

%4 10819} overall FF 2% H4 GM* 2621 1161 1191 1985 2272 1748
H 59%<¢ 50819 overall FF GSD* 1.80 1.89 203 159 1.37 1.93
FelA 715 (GM S 738 Max. 3654 2006 2101 3146 3554 3654
ZUIHGSD) & ANe Fok 1 Min. 1195 546 421 724 1399 421
o)}, Full GM* 539 559 510 730 956 649

d4dAd = AAZ half  Facepiece GSD* 133 133 1.14 113 1.80 1.36
maskEeHE full facepieced] F1 Max. 2055 1567 1511 3377 2005 3377
overall FF zko] o} Qukao Min. 412 322 438 597 750 322
2 full facepiece BE17} F2 GM* 1450 1286 1203 2376 1703 1555
il sk %87 25 B Gm oMo e s
. = = ax.
fit =8 Hef 9}, Min. 1039 1122 1065 1728 1328 1039

o] -g-Ajnjc) AE golugt
o o1gEe 1084 overall F3 GM* 4894 4044 5326 4625 5159 4787
RSl GSDE B#e] ot GSD* 132 152 112 146 120 1.37

ek o _ Max. 7142 6693 6803 6682 7002 7141
o &d Asl R ES half Min. 2997 1462 4468 1825 3851 1462
HER7 i
mask I':';}ofuu fa;eplecei F4 GM* 5503 5036 7456 7497 7345 6475
27 20t ¥ GSDE Helm GSD* 123 141 129 125 119 134
en AN 5UE & 50389 Max. 8642 8978 10547 9520 9950 10547
Hile EE half mask’t full Min. 4286 2803 4259 5241 o6l14 2803

facepiecett ¥& GSDE ®
olx Uk B3, EIT H29
A7t 7V A7 Aol Helm :
ded, «4& FY, 598 3F AA 503
overall FF2] GSD7} 2.20°l914 GME 10649
Ak 95 % ATAE AdEA 51509 2200 )
B2 A9 ge st 982 & S 9. o
M full facepiece B&ETE fite) W37l half

* Geometric means and geometric standard deviations were calculated for 10
fit factor measurements for each condition

mask® fite] WA F22 &4 & YY) o
© full facepiece H2 HAE A 3lolA
fit test exercisesA] Ht} H2 ¢tWnile] W E
Zeisl7] HEL Aol

A7 W32 vwsly] 93 19 overall FFY
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Fig. 1. Day to Day Variations of Geometric Means of the Overall Fit Factors.

CM< t2y99] overall FFe| GMI} vmsie] B
%ok BEF H2E A9stn BE B3 T4 ofF
UFA L HolA] ¥m 9lor BRE BRI FA B
W3} 9SS & F A (Figure 1 &F). ¥ 2&
overall FF &< A4ui2 ¥ o2 149
overall FF &4 w8y} o2 g9 3t
So3 zpol7t YEAE T-testB3td Lol £ Fo]
o}, 5T H1Z 23T F3E Agstae E€ 2
Z oA Uzt overall FF #e] W37l 4sie=
AR BFTE A7 L HI TN A3t fit
7t 9AsA LS & F Utk F BITo ¥

HQ Age I HIF g dizf] A3 J=3t
A glemz Agho] Addl| wet o FL fit7h
A8 4 gz dged (Johanson®} Morgan,
1984), & dF A= half maskdlAE HI,
529 full facepiece® AR Alzte] A A
Fe fit AES Holm o} AFr|Tte] 5L
239 12 HE3G AolE E S i A 2
t} olgle wHiE HET H2: YA A overall
FF #o] oAy FAHSE {og Aol7F AN
9 Ao tiate] o7 PJez A 4 Moy
Zouts BETe] HARER @A o] F

= By



= foal 9} old 7]. A z_]-;;_]q, : _ Table 2. P-Vzalues between log,, Transformed Valqes of Overall Fit Factors

o) "J’-‘?j' @3]_% =8 9 gl " onDay | and Successive Days. :
AL 857 FL2A fit checkS Respirator Fit Previous Fit Test Day
ob7e] AE sl AR} = Type Test ;
A7l AHe) fits FAHAG _ Day 1 23 4
soigte A4 fits} A= W . Haif Mask 2 0363 - ‘ '
el ase 4 ke Aol B s
7. 1% fit) Aok e 5 0437 0.166 0.316 0316
@ Re o3 2g FHe) Ao,
AqYoly FRe) el Mol e oS
e a%, RET duiERe 4 <DO0ITHE 0027F 0253
@34 4l a2n Hrle A 50002%*  0.106 0.362 0.998
At §3A] 7% aerosol H3 2 0.105
o} o] WAE 717] sensors) 30157 0900
24 54 3 303 23 7 3 T
& Aelth. webd 94 ARES o ' ' '
TEIHE =P dGegdEe]
QNFTS @339 hit %% T e s
Al vt FFe w3t 871 |E 4 o115 0.008% 00204
d(FE3 F, 1996), 1€ A 5 0.331 <0.001%%% Q005+ 0442
gl N FF & Adg 38 2, osos
ARHA FAZL A4AR Fob pyeniece 3 0673 0378
ofF & Zelth, F1 4 0.047*  0.019%  <0.001%**

TS5 00020 <0.001%EF <0001
2 Fit test exercise regime®ll g nojaxx
TE PRl P2 2 0148

¥ 3& AA & 508 fit 3 004r 0278
testol 3k fit test exercis- 4 <0.001= <°-0°1::: <°-001:::
estlt} FRE F¢ AL overall <0.00L%** ' > 0065 <0.001 <0.001
FF# wi¥e] GM# GSD=
Bl Aol 2R 2 % 127 3 : ggg; 0100
=¥ 3eldh. Half maskd 2 4 0706 0.488 0.300 :
+ E&Zy Hle& HM, 237 5 0625 0.151 0.648 0423
H3e J, Z83 H28t H4e B 2 o403 ' '
RTAM FF7l #4358 e 3 0.010% 0.000*
i glen] 53] H29 H4¢ RT 4 0.004%*  0.007%* - 0.960 :
#3 Hiel J 2 RT @e ge 5 0003**  0008**  0.880 0.818

" @Eel vl AAY Al *significant level at 0.05  **significant level at0.01

Holz gtk Full facepiece B **= significant level at 0.001.

7 ARl RE B3 TFA :

fit test exercise FF #¢] ¥zl 444 & Relm  Eol8A TE g Hj3 @4 Aolg Helx gl
Atk 2, 92 B37E RTO FF gto] Aage T JIA ZWs2 Be g8 Holm glovt JoA
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o] FF& 92 gl vlg] 1o
Atk 2ol S HelA] gz Yot
RTAl FEF7F H&XE EQ4 o
Ade g2 ARES dde=
392 A$dx= RTAl FF7L 3
27E EIYTE Oestenstad &
(1995) 9] d7AF}e} 2 dX|3t
Aok M E dFsAR] FF&
gt o 2 overall FF #e =
3=t 2+ fit test exercise°lA]
wEoZ FF &< 7IX 3 %HE7]
&l o] F o= & Fo] ¢
2 gEoh AT AolE By A
S ©] gkl I3 overall FE7F
Ak 9T @A "o} webA
B A7 A3z nFo E o
RT, &, Z3tAY 2& ¢4€ 4
Sl FF gto] o2 @l ¥l3l
AASHA W27] W&ol o]& <t
o overall FF7l B2 93-S &
%= Aol

T, F71A TS gES
o443t fit test 7171 ( FitTester
3000™, Dynatech Nevada’})
7} 3715 aerosolE ©| &3 fit
test 717120 PortaCount™¢} v}
A7t =2 HZ OSHAC 93
“de minimus violation (°]&
OSHAZF A% vtz 1 WL
ol ARt 1o} LI} EHE U
B edAHeR AP dod=
oguiel) e 2 AARHO A=z
A o (US Department of
Labor, 1994). ° 7|71«
PortaCount7} o744 8238t
A 2PA Fe FHES B2gs}

oy o] 71717 7K e 4
o] 4He ANSI®E OSHAC
A 2733t3 Y& fit test exer-

Table 3. Variations of Fit Factors for Six Exercise Regimes.

Respirator ~ Statistical ~ NBI* DB*  HM: RT 2 NB2* OVERALL
Type  Classification
Half GM* 148 212 97 203 331 199 157
Mask GSD* 1.45 169 2.03 1.74 1’53 1.55 147
H1 Max. 298 450 653 402 459 376 302
Min. 65 46 26 36 64 60 62
H2 GM* 1159 3740 1536 688 2739 1486 1065
GSD* 307 404 374 1.80  3.88 2.82 220
Max. 11600 71300 12600 1810 19900 10400 4269
Min. 112 151 65 66 135 207 147
H3 GM* 24 49 13066 14018 821 464 14320
GSD* 266 235 441 183 247 2.29 1.93
Max. 213000 68500 95900 2460 2780 105000 5224
Min. 1120 534 380 217 80 1570 375
H4 GM* 9892 6346 11300 4389 1875 8136 1748
GSD* 332 269 408 135 236 3.96 1.67
Max. 84100 48300 83700 904 9290 92500 3654
Min. 1080 1030 462 203 366 388 421
Full GM* 929 762 1123 404 523 787 649
Facepiece ~ GSD* 142 157 143 1.39 1.61 1.46 1.36
Fl Max. 2170 1520 2720 767 1080 1740 1247
Min. 461 276 503 198 114 354 322
F2 GM* 2583 1761 2147 887 1665 1693 1554
GSD* 1:637 74955 F 1558 1.41 1.30 1.51 1.34
Max. 7180 4880 5270 1790 3170 4520 3377
Min. 839 807 589 400 891 918 1039
F3 GM* 11095 12535 16840 1235 11827 14932 4788
GSD* 189 183 164 1.34 1.67 1.96 1.37
Max. 38500 27600 35900 2210 31100 42700 7142
Min. 866 1150 1530 586 1880 1110 1462
F4 GM* 24502 23186 27070 1602 8721 25922 6474
GSD* 176 167 155 147 1.85 1.71 1.34
Max. 67500 78400 60300 4770 18700 135000 10547
Min. 2700 6140 9950 549 1100 7900 2803

* Geometric means and geometic standard deviations were calculated for 50
fit test measuremets for each condition

a NB1: Normal Breathing 1, DB : Deep Breathing, HM : Head Movement,
RT : Reading or Talking, J: Jogging, NB2: Normal Breathing2

cises® SASA FIT F ke Holth o] 717]
= F71A] B LE A E o] 83 fite] Fx
2 233l7] "o fit test FHA W= TEHES
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Fig. 2. Fit Test Exercise Variations of the Geometric Means of the Fit Factor.
Note : NB1=Normal Breathingl, DB=Deep Breathing, HM=Head Movement
RT=Reading or Talking, J=Jogging, NB2=Normal Breathing2
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Table 4. P-Values between log,, Transformed Values of NB1 Fit Factors and The Remaining Other Exercises Fit

Factors.

Respirator Type DB- HM? RT: I NB2: OVERALL
Half Mask H1 <(0.00 1%+ <0.00] *** <0.001**+* <0,001 *** <0.001 *=* 0.179

H2 <(.001*%= 0.124%+% <0.061***  <0.001*** 0.05]1*** 0.385

H3 <0.007*** 0.016* <0001 *** <0001 *** <0.001%*x <0.001 %%

H4 <0.001*** 0.223 <0001 *** <0.00] #*=* 0.141 <0.001 #*=
Full Fl <Q.001*** <0.001*** <0.001%** <0.001%*=* <0.00] *** <0.00] **#
Facepiece F2 <0.001%*# <0.00] *4* <LO01*¥*  0,00]*** <0.001%**  <0.00]%*=*

3 0.147 <0.001**+* <(.001 ¥+ 0.408 0.016* <0.001 %%+

F4 0.511 0.196 <0.00[**=* <0.00[**= 0.501 <(.00] **+*

*significant level at 0.05 **significant level at 0.01 ***gignificant level at 0.001

‘DB : Deep Breathing, HM : Head Movement, RT : Reading or Talking, J : Jogging, NB2 : Normal Brething 2

exercises?] $¥o2 AT BEFIe] PYiWo)
NBL +3Ashe g ¥se A% 489 2ol

o 2 BE7Es ¥5e A% B57F F4e RTS

J& Afsxe NBl®) FF7t & FFst olg
Hojzl ghgtor} BET F48 AAE UsiA uiy
#9 R37EE NBlY FF7} ©he FFes 4%
# AolE Holn U3 ¥8], RE USTEL RT
oA ofe]gic] NB19] FF} 49§ o) Bich
olz|¢ AHEL Crutchfields} Van Ert(1993)
9 Avshs 493 tt27] "] gog o9 #
T AT E0] O olFojAcl & Holn] e} Yoz
o] AFAME NBI1H & 7el9) fit test exer-
cises, 5%, RT¢ J 3te] FF71 4933 oe A%
£ B2 ¥af OSHAAM FitTester 3000™&
“de minimus violation”2.2 QA8 stujEke
ole] dlt Hebige]l W= vl E oo}l & Aolr],

V.# £

Fit tests ZE71B3THEAe] d=a R3p
el BAAE (fit) 7} Eolt F o]RelA deAE
2 FEE ¥olRe Aot} Fit testols BAHU
THQLFD 3 334 H (QNFT) 22 o)
23% & don ¥ AMEE le QNFTHE
£ 3A dol2E g olgshs WEd % =¥
olgtle e 2 U £ et HE7AAE o9
ZHE olfshe Wde A Bl ARSEm sl
AP GRS AgAey BEFE 4T G

& dAERE o|f3d BIT9 <7} ylefH O
FEA0E Y(ratio)2 el ¥ AL fit factor
(FF) &1 ¥t} FFe 9¥tdes gverall FFE
Y3h=tl overall FFE AEstr] fislde o4y
A HE7HA 9 fit test exercises® UM 4
o]A Z}zte] FRolA 1 28 42 4 glc).

€ 9Fc QNFTHEY 2@3d<dan § 4 g
ZgAjulc] FE kel @aH %9} fit test exercises
A A2d Z4zs] FF ] duigkge] wWs)
SRR E dolrr] g3l P £ A3
£ inter-personal bias® £°|3 23 intra-per-
sonal bias®h 24AS 9dle] § AAQAE o
22 FUY ARt FUF fit test exercises
2 B2 349 fit testS FYsidY AAAE
half mask 47 (H1-H4), full facepiece 478 (F1-
F4)& 44 ¢ o& &Fol half mask 171, full
facepiece 171¥& 23, 2¥2 ro] FL3%a
Z B Teict 1034 44322 5498¢ $ 508
He| fit test® PG on oldf AL J7lzE
TSIe} PortaCount 80102 Ag&-stsich.

Overall FFE X848 BE fit test exercise
FF $E2 d5-37EEE su g3t o 284
uiet 2} overall FRelA 412% GSDHE3HE full
facepiece T} half mask7} ©] 4Asigen 4z
Wiz 23T H1, B3, 2F 2378 A2din
WA ZE BIFrL o ¢ HetAl WEgs 237
H13 H3E A4F =& EETFAAN fit test
exercised FF5 RT & TsiAu ¢Sde FF

— 185 —



gl o2 UmA] ol vla @A we HA
A& JeRoh. NB19] FF @2 4% 235759
AR fit test exerciseE A|Y3tie HFE B3+
] fit test exercise?] FF<} B2 A}o]& HIt

e T |

3l=3], K. Willeke, C. E. Colton : & 7123 +9] Fit
Test B 7 74 o] &8 22 F341 A4 3R] 1996,
6(1): 38-54

ANSI (American National Standards Institute) :
American National Standard for Respiratory
Protection(ANSI Z88.2-1992), New York, American
National Standards Institute, 1992

Australian and New Zealand Standards : AS/NZS
1716: 1994, Respiratory Protective Devices, Homebush,
NSW 2140 Australia: Standards Australia, 1994

CFR (Code of Federal regulations) : "Asbestos" Title
29, Part 1910.1001, 1994

CFR (Code of Federal regulations) : "Safety and
Health Regulations for Construction" Title 29, Part
1926, 1994

Colton CE, Birkner LR, Brosseau LM (eds) :
Respiratory Protection: A Manual and Guideline, 2nd
ed., Fairfox, VA, American Industrial Hygiene
Association, 1991

Crutchfield CD, Van Ert MD: An examination of
issues affecting the current state of quantitative respira-
tor fit testing, J Int Soc Res Pro 1993; 11(2): 5-18

da Roza RA, Cadena-Fix CA, Carlson GJ, Hardis KE,
Held BJ : Reproducibilty of respirator fit as measured
by quantitative fitting tests, Am Ind Hyg Assoc J 1983;
44(11): 788-794

European Standards: EN 136 and 140 Respiratory
Protective Devices: Full-face Masks, Half-masks,
Quarter-masks; Requirements, Testing, Marking.
Brussels, Belgium: European Committee for
Standardization, 1989

Johanson RE, Morgan MS : Some obervations on fre-
quency of respirator fit tests, Am Ind Hyg Assoc J 1984;
45(2): 134-135

National Institute for Occupational Safety and Health

Guide to Industrial Respiratory Protection
(DHHS/NIOSH Pub. No. 87-116), Washington, D.C..,
Government Printing Office, 1987, 3-123

Oestenstad RK, Hollenbeck SM, Sherill JL: Variation
of respirator fit among the exercises of a quantitative fit
test as measured in a respiratory protection program,
Paper presented at the American Industrial Hygiene
Conference & Exposition, Kansas City, Missouri, May
1995

OSHA (Occupational Safety and Health
Adminstration) : " Respiratory Protection Proposed Rule
(29CFR1910), Federal Register 59: 219(15 November
1994), 1994

US Department of Labor : Memorandum "Quantita-
tive Respirator Fit Testing Requirements and Compli-
ance", Washington D.C. 20210, June 24, 1994

—Ri86 —





