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- Abstract -

Fit Testing for Respirators and Development of

Fit Test Panels for Koreans

Don-Hee Han

Department of Industrial Safety & System Engineering,

Inje University

Even though there 1s no fit test regulations in Korea, in many developed countries, respirator fit testing
1s required before entering specific work environment to ensure that the respirator worn satisfies a
mirmmum of fit and that the user knows when the respirator fits properly. Due to no regulation for fit
test, a lot of Korean workers wearing respirators may be potentially exposed to hazards. Anthropometric
test panels for testing the fit of respirators are very important to develop respirators fitted properly for
Korean workers.

To evaluate the fitting performance, 304 workers (272 males, 32 females) and 536 students (268 male,
268 females) were fit tested for 4 full-facepieces (2 domestic-made S, C, and 2 foreign-made T, N), 2 halt
masks (1 domestic-made S, and 1 foreign-made T) and 3 quarter masks (2 domestic-made S, C. and 1
foreign-made T) with PortaCount 8020. Fit factors of foreign-made masks were higher than those of

domestic-made masks in all types. Males were fitted more properly than females.
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A facial dimension survey of 364 workers (339 males, 25 females) and 158 students (69 males, 89
females) was conducted to develop test panels for fit testing. Subjects were selected on the basis of face

length and face width to wear full-facepiece masks in test. For testing half- and quarter masks, face

length and lip length were used. Test panels containing 25 male-and-female subjects and 16 male
subjects were respectively developed for full-facepiece, and half-and quarter masks to represent a

majority of population surveyed.
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Table 1. Respirators fit tested

Rzggi?aaf)r Brand O?%{g?sité% Model Body Material Size

S Domestic GM-125K Silicon rubber L
Full-facepiece C Domestic SCA-410 " L

T Foreign 7800 series " L

N Foreign 7600 series i L

S Domestic GM-24S " L
Half Mask T Foreign 7500 series " L MS

zZ Domestic " -
Quarter Y Domestic YS-1010 " -

T Foreign 7500 series i

Table 2. Subjects fit tested

No. of Subjects

Type of Respirator Brand Male Femmle Subtotal Subject’'s Position
S 53 50 103 student
Full-facepiece C & 11 97 A company emplovee
T 53 50 103 student
N 86 11 97 A company employee
S 50 5 5 B company employee
Half Mask T 5y 5 55 B company employee
Z 54 5 110 student
Quarter Y 54 56 110 student
T M 5% 110 student
No. of Subjects 0 300 340
Table 3. Distribution of subjects for measuring facial dimension
. Workers
Sex Age ACo. _ BCo _ CCo Subtotal Students Total
20~29 4 ) 16 65 69 134(32.8%)
30~39 42 20 30 92 0 92(22.5%)
Male 40~49 0 23 100 123 0 123(30.1)
50< 0 2 57 59 0 59(14.5%)
Subtotal 86 ) 203 339 69 408(100.0%)
20~29 11 0 0 11 89 100(87.7%)
30~39 0 3 3 6 0 6(5.3%
40~49 0 2 4 6 0 6(5.3%)
Female
s 0 0 2 2 0 2(1.8%)
Subtotal 11 5 9 25 89 114(100.0%)
Total 97 53] 212 364 158 522
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Fig. 1. Definitions of facial dimension.
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Table 4. Distribution of fit factors in accordance with brands and sex

Tvpe of No. of Statistical .
Respirator Brand Subjects Values Male Female Total
GMab 2,782 692 1,378
GSD 5.2 8.2 74
S 103 Min, 131 2 2
Max. 353,000 23,700 303,000
GM* 47956 1,250 3,772
GSD’ 18 22 19
c 9 Min. 1,120 103 103
Full- Max. 18,000 11,200 18,800
facepiece GM"’b 5,692 1,720 10,092
GSD 12.1 172 83
T 103 Min. 5 ) 5
Max. 534,000 128 000 534,000
GMab 15,670 9,700 13,800
GSD 19 28 2.3
N 9 Min 1980 2% 25
Max. 363,000 24,700 363,000
GMab 36 32 47
. GSD 6.4 43 5.4
S % Min. 9 2 2
Half Max. 763 153 763
mask Gl\Tb 3564 2,745 3,131
GSD 156 12.8 5.1
T % Min % 5 5
Max. 209.000 124,000 209,000
GM“t 65 16 47
GSD® 30 43 42
z 10 Vin. 1 1 1
Max, 242 1% 300
GM 487 64 233
, GSD’ 187 140 19.7
Quarter Y 110 Min. 9 ) 1
Max. 36,400 13,800 3,640
GM* . 2636 279 1,217
GSD 19.8 154 40
T 110 Min, 2 A 2
Max 999,000 999,000 999,000

ZGM : Geometric mean
GSD : Geometric standard deviation
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Table 5. Distribution of subjects in accordance with ranges of fit factors and pass or fail (%)

Range of Fit Factors

Type of -
) Fail Pass
Respirator  Brand ™7™ 14759 130~499 _ Total 500~999  1000= Total
S 1(1.0) 8(7.8) 18(17.5) 27(26.2) 13(12.6) 63(61.2) 76(73.8)
Full- C - - 1(1.2) 1(1.2) 10(12.2) 71(86.6) 81(98.8)
facepiece T 1(1.0) 1(1.0) 13(12.6) 15(14.6) 1H{1.0) 87(84.5) 88(85.4)
N - - 2(2.4) 2(2.4) 2(2.4) 78(95.1) 80(97.6)
Fail Pass
1~-9 10~99 Total 100~499 500~999 1.000<  Total
Half S 153(155) 30(30.9) 45(46.4) 30(30.9) 8(8.2) 14(14.4) 52(53.6)
mask T H1.) 14(14.4) 15(155 3(8.2) 10(10.3) 64(66.0)  82(84.6)
Z 15(13.6) 61(555) 76(69.1) 34(30.9) - 34(30.9)
Quarter Y 17(155) 31(28.2) 48(43.6; 16(14.5) 7(6.4) 39(35.5) 62(56.4)
T 6(2.5) 19(17.3) 25(22.7) 18(16.4) 3(2.7) 64(58.2) 85(77.3)
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* Test panel limits superimposed on at least 95% population rectangle.

Fig. 2. Distribution of combination of face width and face length on total population surveyed.

Table 6. Mean values and standard deviations of facial dimensions with sex and age(unit : mm)

Male Female
20-~29 30~39 40~49 5H0= Total 20~29 30~39 40~49 50< Total
Bizvgomatic
breadth 147.3 146.1 1448 1429 1451 1365 1370 141.0 137.0 136.7

(Face width) (5.2) 4.9 (6.3) b8 B 47 B9 (6.1) (2.8 B4

> -Nas:
Menton-Nasal 100 1900 1204 C 1202 1095 1103 1117 1115 1097
root length 120.6

59) (6. 1 62 42 AT (46 9 43
(Face length) ©9 60) (6 6 O 42) @D (49 5

Lip width 49.3 50.2 51.7 52.8 504 446 467 50.0 56.0 45.2
(Lip length) (4.0) (3.4) (3.9) (4.2)  (4.2) (3.3) (4.5) (3.6) (5.6) (42
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of full-facepiece respirator.
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Fig. 6. Male-and female, 25 member panel for
testing of half and quarter mask.
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&3
]

g =

Qe YAt ARSI} 94 g Skl
A E§/IRETE ARG i ARGl WA
of Az o FoiA A g BFINETE B4

A=)
oA Ao R el drht eFs=AE

187 et @4 2R FA 272, oA 324
a3 sy b 2689, oAb 268 AR
AWy w2z S C, T 28l N, Wiy wpxa S
& T, 1/48 v}~=2 7 Y 28} 3 Tl B8 Portcount
Plus (TSI, "5)& o]43t A=A LHE A
(QNFT)E dAstath £ doi a5l <
& 3 E7105 T Mg A EF AR
ey ¥3ete] Jdzl 408, oA} 114 9] ¢t =

718 AF38a ol & o) &ate} ehHIA Fd(fit test
panel)& 7H#3ks]ch
NAL Axda 9=kl vhaa Tof No| =

A vhaz9l S C 7 el YRt B4 958 3
PR AT, WS Toh Nol $4 U

= Eo:].riy_ E}_Tl_ -5}.1111}. O)H

P

.,‘
T K
I
=
ol
L8
=
nd
_LN.H
Ru)
2
o
2
3?~‘
Y,
=
~N
Pl
=
2
o
s

o
M

O‘N fﬂﬂ [

oA A panele HHY w2 E Y3t A=
Aols} A& Z2& W 252 d panel? 169
7 panelS At vy 9 148 rlaas
AelM e A oo Y& EE WrE &8
W Al 252 H panel# 169 A panel& 7%
&t ol ¢tATA panel® §ak @<l ghd
of date] & F& F/IHITY AL AL &
WHwel Hrie #8% 5 g Aotk

REFERENCES

7 Avpaze] Wav A
Sol Qe uAE Q) Bel Aol 19%5
34(4): 133-143

e
dg FNEFANZAL HIA, AL,
21, 1997,

BEs,

e AES wEE W
o]

Al A gl FFa HAE

>3]
TH7leEd

g A, SE7IBET o
Saccharin QLFT9} CNC QLFT 7+ A#H4del 33
A, gkl sl g eE) A 1997, /(1) 9-112

o

_12_



g3 K. Willeke, C. E. Colton : £&7|2&+
] Fit Test 83 1A #8 %, =214 4
8+3]7] 1996 6(1): 38-54

ACGIH (American Conference of Governmental
Industrial Hyvgienists): Air sampling instruments
for evaluation of atmospheric contaminants, Cinci~
nnati, ACGIH, 1995, pp. 32-40

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

CFR {Code of Federal Regulations) : "Respira-
tory Protection” Title 29, Part 1910.134, 1998

Canadian Standards Association © 794.4-93, Sel-
ection, Use, and Care of Respirators, Rexdale, Ont-
ario, Canada, Canadian Standards Asscciation, 1993

da Roza, RA, Cadena-Fix CA, Carlson GJ, and
Hardis KE, et al.. Reproducibility of respirator fit
as measured by quantitative fitting tests, Am Ind
Hyg Assoc ] 1983 44: 788-794

European Standards: EN 136 and 140 Respi-
ratory Protective Devices: Full-face Masks, Ha-
If-masks, Quarter-masks: Requirements, Testing,
Marking. Brussels, Belgium: European Committee
for Standardization, 1939

Hack AL, Hyatt EC, Held BJ, Moore TO,
Richards CP, McConville TJ : Selection of respi-
rator test panels representative of U.S. adult facial

sizes, Los Alamps Scientific Laboratory of the University

of California, New Mexico 87544, March 1974

Hack AL, McConville TJ: Respirator protection
factors: Part I - Development of an anthropometric
test panel, Am Ind Hyg Assoc J 1978; 39: 970-975

Hughes JG and Lomaev O : An anthropometric
survey of Australian male facial sizes, Am Ind
Hyg Assoc ] 1972; 33(2): 71-78

McConville T], Churchill E, Alan LH: Recomm-
ended subject selection and test procedure for
quantitative respirator testing, Webb Associates,
Inc., Los Alamos Scientific Laboratory, 1973

McConville TJ, Milton A: Anthropometric siz-
ing program for oral-nasal oxvgen masks based on
1967 U.S. air force survey data, Aviation, Space,
and Environmental Medicine November 1975
1383-1389

Liau YH, Amit B, Howard A, Carl M: Deter-
mination of critical anthropometric parameters for
design of respirators, Am Ind Hyg Assoc ] 1982
43(12). 897-899

Oestenstad RK, Perkin LL: An assessment of
critical anthropometric dimensions for predicting
the fit of a half-mask respirator, Am Ind Hyg
Assoc ] 1992; 53(10): 639-644

Standards Australia and Standards New Zealand
- AS/NZS 1715, 1716, Respiratory Protective Dev-
ices, Selection, Use and maintenance of Respirat-
ory Protective Devices, Homebush. NSW 2140 Au-
stralia, 1994

,13,





