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QzF-E Aol tfgk NIOSH 7400 <]
A5 B Al v

01 2 351 (man-made mineral fibers, synthetic vitreous
fibers, MMMF) & 2] ¥ (glass wool fiber), 2|2
(continuous filament glass fibers), $FH 3 - (rock wool fibers), &
2 718 (slag wool fibers), W33 A2t A (refractory ceramic

29 12005 92 30, A 1 2006k 39 209
A

7hato] = (silicon carbide) Fo] T ALl
FHolm o] 52 thekgl 1 2 AFR-E 1 Q) tHWHO, 1988).
JukA 0 2 otelxl MMMFS] A7 933k 2} (imtation)

fiber, RCF), Alg|&

Z-golm Aol :mZE S W Ve dbARl SRS
7 Folch freldfe J%” B ohue}l & A7) e
A& ket = ok (Bender et al., 1991; Kojolaet al., 1992).

H
T AR A (dd daA of s 60714 QA gt WAk g8}
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59 el el g AR FElAIM o] frikEgle
m =4 9] 7] AR dolrh e E T1elar 7o) A&
TE 27 0% e A QT (Wagner et al., 1984; Smith
et al., 1987; Stanton et al., 1977; Lippman, 1990). International
Agency for Research on Cancer (IARC, 2002) | 4] = RCF&
“possibly carcinogenic to human (Group 2B) "% 1% 31 QlTh.

American Conference of Governmental Industrial
Hygienists (ACGIH, 2005) ol 4= +2]™ A, obd A+, &

A% A D SR fe ARt BERYE
(confirmed animal carcinogen. A3), “18] 11 F-&] A -f+ 1A
HolE 22 BF8 4 gl 534 (not classifiable as a human
carcinogen, A4) 2 7145k ME]-~ 53] Alzh] A A
2] 4= 2] (suspected human carcinogen. A2) 2 74 8Fa Q)
th. 39, TARC(2002) o] A &= E%%EM (insulation glass
wool), 2 (rock or stone wool) 2 2] 44152 A% “not
classifiable as to their carcinogenecity to humans(Group 3)" £ 1
Ak e,

371% A9 574 National Institute for Occupational
Safety and Health (NIOSH) Method 7400(NIOSH, 1994) B o]
Aoz de] o] g1 §lrk 7] NIOSH ¥Holl= A
Mg w0} gllon o] L F)F AHE Aqf
25 o] &aliA EA sl dtk= OSHAS] A7dell 2718k
th A 738 T2 AdAlre] o] 85 o] 5m 23} 4
o] 3=7) 1] (aspect ratio) 7} 3:1-& 22}k A48 Alstd T
vﬂoil i A g2 glek 1987'd ol NIOSH " ofl 24 -9}

b QEFEHRY BAE ol B itHo] 5% B
ﬂLZ%‘ > Aol 5 23, A7 3 g vk oA vz} 5
olAel AfE At eE gsla 9tk World Health
Organization(WHO, 1981) o4+ 7o) 5 m o], Zo]:27
H]7]— 3] o])\]—o‘_]_ /HTOF% ip:./d )H (¢} (1]74 <3 lum)_E_ z_;q ].
E5 Axsty ol

ole} Zol TFA A SHE AT AFdE NIOSH
Method 7400, Q1% 3541 418 213 WHO ¥ (WHO,
1981) o] E£3+s{of QAR o5 Wl AlAlstaL e dol:
2178 1], Alpell Z3A7]= 274 7152 YAIeHA] gtk

Skl A 713t vfe} o] AxFEAHFY AT WY F
NIOSH 312 7% B ZAl1t 2 (o] 55 pm, Zo]: A7 >5:1
o[, A7 G pm)o] 2YH7| o] el A Al A8
T A TP (-o] X5 m, Hol: A7 331, T AlF71E )

o] AREE %It} WHO W2 aspect ratio 7]5=0] NIOSH ¥
(5:1) 2} ok 310t} 18 22 B At o] B3] Hef
£ A gtHo] o] $51 1 B TtHo] =]I%E Fol= B A&
o|-g5to] MMMF2| 4j0] o] Fo| 717] miitof] 224He] =
25T 8 T 7] gt Al A8l Al e wE2AE ]

olyto] Aojg]o] Qlrk &s WHO HHH (WHO, 1981) 3}
NIOSH 4 (NIOSH, 1994) ©1|A4 7 3} aspect ratio= *15 tha}
w22 S oIy s ol TAZE Qleh AgtdTE HE
MMz OE el gt iked wE3EE 143‘%‘ 3
EEATE AR Y] Aol O‘MOMD}

M2 T Agtel g8 iEE v a8 $3e 9
3l 7 7HA] 719 atol gl Aol wal| Ate =] B
% v} 9lrh Buchta 5-(1998) RCFE tiC2 A Y B 711?
A& Baskgled gt gst A 2ol 7t gl
Fdol uhe A ko) F ] % AHE FEE #
Atk Bastict ey o] Agtaks thE sk 3¢
ZARRE 7 A o] Ak Adtel J3e v|A Aol
thal B 7bse s sl

Breysse 5-(1999) - RCF, el f (A A7 gl el
fr Al9)), el (@eA T8, s tides F A

T AE Bluskgled Ze ARERelA F AT 13l
o5t “%%_‘Et o] zfo]7} gl °‘L 2oz Busoitt A
A7 Sl Aol S A A S gho] B A KTk of
H7o éf&ﬂv} e el 4o A5 A %31011
o5t gtol B Aol oJst ghEth oF 0% )4, RCFE] 2%
0k33% & A o7 Byl

ole} %01 Al e 5 Atatel] whe} zpo]zt QI
MMMF &5, 374 52 290l we} o] Al4=t4& v|w 3
A= % igi oSt wer E AolxE dgel
A 2% 8k RCF, e, o ¥ whope} o] o] whzg
oA ATEA] ok vﬂ

f ZOUI\:I'I‘;’F-—’ EHAOL_Q‘E.A H]‘Tﬁbﬂ
I} B At el o3t S A 3E vlasl] Kz} g,

I g

2 Q5 % ARE MMMF % 1 7HEAES Alzet
Ak HEsRe AN AT ATh MMME %

R RRlAS, RS AU 9 ARG 5

?%04‘1} AEl = AlE Y] SR el A d A 73
G e, GAEARE, o] WAl 2HFAt g7 Fol
I FrEad B A A wE, 719 Sola bl B
H A2 7 ¢4 (loose wool), H&=, TA (felr), Wit EFY
ol Alepd A A= gAlS] A Ak A 2, A
2 7R3 RE BE Sol9drt

371% MMMF A| &+ NIOSH Method 7400 (NIOSH, 1994)
o whe} 217 o] 37 mm¢<] cellulose ester membrane (MCE) ¢}
A1 (0.8 zm, Millipore AA Type, Millipore Co.) ]| 1.5 - 25 L3¢
FFOE AT MMMFs A&7t Al # € o242 o

%

|

i




HE 2} acetone/triacetin ©. . 55 3}A] 71 T, Walton-Beckette
graticule®] 31 91432} A n] 7 (Carl Zeiss, Zerman) ©.F. 400
1l 2 oA A-RrE ATl A Al2E 1A A
ﬁLﬂ of whet Aol 5 m 3}, Zo] tf F7| B] (aspect ratio) 7}
zipetE ARE AT 5 o8 BT 3¢ wet
740] 5pm 23}, A7 3 m w5, Ao] of A7 u]7}5:1 o)
A AHE Al
A ﬁ"‘]"ﬂ EAFUES B Aol wE G v
(AB)7} AZFEAF, A, $4EE zto|7h QIEAE &
Attt 2t AR Al el mhet 3 A frE Aok
(field area) & L}70] AH=3H ”‘J%‘Q‘L(ﬁberdensity) = L]
3k3to] Shapiro-Wilk W 5 A2 o] &3t} Y228 A4
ST At A4 T 2] 44k paired ttestE 0] &
6}01 A A4+ 3}34, Ak 7 G2 fo]= ANOVA
£ olgsto] AT, Aot ole 54 HdE: getst

71§13l ttestE 0] &3 H’iE}.
. & 3

1. ArE % B &0 OE dRreE EX

Table 12 A 773 9 B 7130l oJaf) 24d A4 9=
B AFARS AGUE RES w77 ok f219, o
W, AR A g, 218 AR A ] ole A4

=4
L
a

AZFEA Gofl 3k NIOSH 7400 ¥ A DB AFHA vlw 13

30, 53.3,59.7 2 11.0 fibers/mm?
Hi (GM) & Z1ZF 198, 348,
BEAFER o A 133
TS s Afolrk = A

18, GM)& 4

oz, B ] o3 4%
502 2! 6.2 fiber/mm©| T},
B 2ol 28] 48 447
O F UEHTHP<0.05).

71
def B w2 |
2170

2. ATE H B 1o 2t dRUT H
DA% FR

Table 2= Q1ZFEA o] F5oll WhE A 113 &Jgk A
UM A0 A2 AFUEWB U)E BiFT gk
AB Y| ghE2 dF AR E o2 SA%S 7]ekdd

715t L2 AAHGSD) 2 eRgleh, frelw A, e A,
Ak A 2 el S A2 AB ZHGM) & 22 152,
1.53, 119, ¥ 1.82% VESIT) A/B HlE A-HE5ol wet &
gk 2fo) 7k Qb= 2 0 2 ERgTHp<0.05).

AB 117} 7Hg 27 LER RCFS) A9 5 A5+l 9
3k gk 7Hl] 2o 7} 21 A A o] #he A 8.7} who] Bz 5}
Q= by AMB B|7} 7 I A JERS S8l 350 A4
Alrr ol ek gt Zhell Aol 7k Av] AAo] 2 Hf7

o] F¥31 S-S T3 k.

2) A2 A4

Table 32 A 2 A4 548 A/B B (GM) E Bl 9l

Table 1. Distribution of fiber densities determined using A and B rules

Arnule Brule

value
Glass wool 300 3.1 19.8 32 <0.001
Rock wool 533 38 348 44 <0.001
Refractory ceramic fiber 59.7 27 50.2 235 <0.001
Continuous filament glass fiber 11.0 2.1 6.2 24 <0.001
GM: geometric mean; GSD: geometric standard deviation
Table 2. Ratio of A counting rule counts to B counting rule counts by type of fibers
Type of fibers N A/B ratio

GM (GSD) Range

Glass wool fiber 62 1.52 (14) 0.17 — 8.0
Rock wool fiber 74 1.53 (1.5) 05-40
Refractory ceramic fiber 106 1.19 (1.3) 056 -25
Continuous filament glass fiber 27 1.82 (1.5) 067 -50

CM: geometric mean;, GSD: geometric standard deviation
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ot =8 AB 1 (GM) 2] B Rl # gA) 133
167, &A1 7 914 1.23-1.79, RCF & 94 1.16-1.23,
%Fﬂ A o A 156-1.82%3tk i A Aleke) A

2 e A AB 1] 3 A E 2fol 7t (1S
2‘% (p>0.09), a2 4 YHE LA S dute] dale

PEARE PAER T AT HELAS )
el 2|33k AAA AB U7 £t ke, o
Fot A ol sk = glont T Wt
bk 1022 AZYA ATAAL) B9 Afol

il

3 AB HH Aol 27 2] apolof w2 Astetar Hofxl

Agshs A9 AB vl AXPAET FofstA sl

(p<0.05). o Az A A AR AE2 YEAGL 4-7mZ
) ) dolbslat
3. F AlerE0f 28t gt 712 AREHA B SHA 9alAg ol At Age] = o) o8 Aujzhe)
el obd, Aleke Ae F Al Jﬂ A37te] NAATE E? 0.962% FrA el WA o] gl
AT A S BF 09607 Faal el A F el A = A0 Y} FA5F 2740] 3 m v &S 584
A&7 0820]O‘E} Ao 17} *l“‘loﬂ LLF Ho 7} 3] $5S < = QTh
Fig. 12> f2]Ad+F, & f, RCF 9 feldidf A=l kA fel A ok bl AbA o] 0.82F A

SEICEEVEENPERIERE S
Rolck. fel 4, SHEAS, RCFE 39

£ 48 Fol ul8) 817157} w28 Agh

Table 3. Ratios of fiber density by B rule to fiber density by A rule by factory, type of fibers ancl process

Yepd
5 2k 2] 397

o 284 4142 vigo]
47} B #4

|7 o)k 3 2 % 9)

Aol A7) Aol
2t T2 093019} Sl WA G-0] AL 8 AARI} 0683 ok 712018, B 2= AA0] 3 m BT} 2He A gut
741'?3}4 A T3 Aol 4glo] o] 9} aspect ratio 7]5
vk &k Ho) 18P R R

’“ 9] H]go] =7 g5of A/B 1|7} & UERd Zlo)),
AHEREE 2 ABE

Fo e Aol

g]}\-] o g]_ Ol—qj

o)
A1

o
U Aur A Algofl AR oh AT o] BE 20l 4 mS
T
2

Type of fibe; Fact ti Product N A/B ratio
of fibers :
ype actory Operation or Produc GM(GSD)
Glass wool BS Fiber/wool and pipe cover 25 1.67(1.37)
production
HANI Fiber, wool and pipe cover 12 1.54(1.34)
production
KKSW Board and pipe cover 16 1.33(1.37)
production
DD Insulation installation 9 1.35(1.16)
Rock wool fiber BSND Fiber, wool and board 31 1.54(1.59)
production
KKEY Board production 24 1.79 (1.63)
DD Insulation installation 19 1.23 (1.13)*
Refractory ceramic fiber SWKK Fiber, blanket and board 67 1.16(1.32)
production
KR Fiber, blanke and block 39 1.23(1.25)
production
Continuous filament glass fiber HKF Fiber, mat and electronic base 22 1.82 (1.51)
production
DD Sand blasting 5 1.56 (2.09)
GM: geometric mean; GSD: geometric standard deviation; *: p<0.05

o A% A%o] 2

5] 5 AB
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HS- 0k 209% 427 ] k) o] 9} 2 "] > e wop At
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uh £ 274 9) ARz} vkl W8l 1 9lo] A/B H]7} ok 18]
2 1A Lk
Breysse 5-(1999)-2 #¥5-5 35T Wi Algdhe Al

RE) AFs L) RCF"] Z35- AFEol 2% glo] B 114
of ot ghaiv} 33%, A§HAl7E ¢ felal R W hEAlh
o] 739- ¢k 0%, $-2)4] rr( ‘é‘*ﬂ u|3H) VJ" ok 8% 3
Al et e whebA Alg=EE ol el g Ao s
Z=51 At Ee] R v ~v—1]—5n'~ Hl R A-sh= ) ofeiE
o] olri Birsksich B ol Lol A Alafu A15-01 A 11
] gke] B 4= 2] gholl HIk 20% 3771 LS} Breysse “#(1999)
o] » 318} 2 ufe} ujLshgir). 2]} Buchta 5 (1998)-8 77}
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e
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Fig. 1. Plot of fiber densities determined using A and B counting rules.
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