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1 3 1  fiber, RCF) , 4 4 Z 7F~Fol4  (silicon cahide) %o] Zq 9 
%Go] q 01 5s qO>F! g4.3. h)$-q iL %q(WHO, 1988). 

9EqS4 -f; (man-made mineral fibers, synthetic vitreous 934 23. 94  3 MNWIFq $7& 9s  irritation) 

fibers, MMMF) 5 -f; 4 9 (glass wool fiber) , % 21 5F4 -f; q$-o]q,  $-f;q k%3q%s q q++q-? g%qq 
(continuous filament glass fibers), 99% -$(rock wool fibers), $ 7F4 -%go1 q. -$d %! -8-2 -?% 3  OF^ 4 5, Y7] 4 . q ~  
4 1% (slag wml fibers), 4 PJ A-11 z/q +j -$ (Ekxtov A\%% f %! q (~ender et al., 199 1 : Kojola et al., 1992) . 
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?nF q01) -$/-4$-+S f A F 3  %%0117IlAj 901 -+$q2O 
q 3 7 1 2  $-+q 4017) 3+% 1 4 ~ 4 4 0 1  q-s 
$4 57)5)3 3-25 4 %q(Wagner et al., 1984; Smith 
et al., 1987; Stanton et al., 1977; Lippman, 1990). International 
Agency for Research on Cancer (IARC, 2002) 00A-l t RCFS 
"possibly carcinogenic to human (Group 2B) "H 3 4  6)il 2 q .  

American Conference of Governmental Industrial 

Hygienists (ACGIH, 2005) q ] A j t  4+, %g $ -$, 4 
4 1 3  A 4 0  nl E A P A  0 A 4 0 L  SDi3FoFDxl 

P T  5 =iT11 -rr4 P T Z -  O Z Z P Z Z  

(confirmed animal carcinogen. A3), 1 4  il -$4 aF% $f? 941 
*,F",F%gk %%2 + 9% 33 (not classifiable as a human 
carcinogen, A4) k 3 '.d 6)il 9 q .  451 41 4q 4 +t 9 311 
%q 4 s3 (suspected human carcinogen. A2) k ifXd5)il 9 
4 .  3g, IARC (2002) 011 A j t  !Lg-$4 g (insulation glass 
wool), %!g (rock or stone wool) -f;4 $+q 8 -$- "not 
classifiable as to their carcinogenecity to humans (Group 3) " 8 3 
4 5 ) ~  2 q .  

3 71 5 4 8 4  4 4 P National Institute for Occupational 
Safety and Health (NIOSH) Method 7400 (NOSH, 1994) tl&l 0 1 
3 4 e k  g4 0 1 9 q i l 2 q .  5 7 1 9  NIOSH %$01)4 A 
3 q q I ~ j y l  ggqq 22gq qgg- 371% qgs A 3 
qg 0]+51/.l %+flo/ 3 e  O S H A ~  g$jq] 2 7 j 5 ) 2  

c). n 3%- f k ."-lgTI]+ ql 01gqq 401 5 j l m  5q ,4  
0) :;fl] (aspect ratio) 7) 3:1$ % q s E  % 8% d]+5)q F 
irl]q] q% xl]??g $ q .  19873q1 NIOSH tl&$61] +44-8-4 
gg gEqs4+q 24% q51 B fFq01 ~ g q % q .  B 

3 4 8  401 5 , m  34, 44 3 ,m ~19, 4 0 ] : 4 4  H]7)5:1 
01 A&g % 4;s 7S]$5)!2% 4 5)il 2 q .  World Health 

Organization(WH0, 1981)q]Ajt 401 5 0IA&, 4 0 ] : 4 4  
= 2x45) Hl7) 311 'lAJg %+% $ f ( 4 4  1 3  m)F 7 

"= 9 ~ 6 ) i l  2 q .  -1 

014 201 ZgAj %+ 94% qg 7-]1+~jlg NOSH 

Method 7400, 9E 3$s% -$%q % 3 WHO tl&$ (WHO, 
1981)01) X$!qq 2 x 1 9  0 1 3  i3>$01) 4 1 ~ 1 s ) ~  23 401: 
44 tl], A]+q g9.il?']$ q4 715s g%]s)x]  :!+-q-, 

gq]Aj 7 ] $ 3  H)9+ 201 gE%Z%-$/-q A]$ %I$ 5 
NOSH tl&$ 3 4 9  B TI]+#q ( g o ]  >5 pm, 401 :4  4 25:l 

0IA&, C3,m)0] EOdq71 01a61]t qg d1+~1 q-%q 
% A 3 4  (401 >5 ,urn, 3 0 ] : 4 4  >3:1, 741 4+7]5 $+) 

01 A)$q 2 q .  WHO %I$ $- aspect ratio 71 201 NIOSH tld-q 
(5 : l )q  q2 3:10]q. 1 z j E S  B TI]$if40] E$s]7] aq] 
4 A *q0] ~l-$q%il B 3401 Y " d  qq]? B 34% 
0]$-5)"] MMMFq 3+1 qyqG71 qzq 2szI-q k 
&)st qg + 71x1 3 4  q] q 51 %A] 8 4 -$- k$z)gq 

g g A d O l  2 0 j q q  g q .  Eg WHO tl&$(WHO, 1981)q 

NIOSH tl&$ (NOSH, 1994) "1 4 3 aspect ratio? 4 31 94 
k3~)gq s301q 514 qle.117) g q .  q q g ? ~  451 
Aj $- A{ s qs H & q  q] q 5J +J&$ k%z)gs 4 g-2 4 -$- 
l + ~  ) V Z  Z S A  Lk2 3 5  tl J$q 9gAd01 2q0/ 5Jq. 

Aj 1 qs 4]+34 q) q 81 +g$ k5 z)gq %gs 4 
51 7 ) ~ )  33 4 7.l-01 91 611 951 973 &%0] 9% 
3 H) 9 q .  Buchta 5 ( 1998) +% RCFZ q A&.?S A 2 B 41 $ 
34% H]Z8)%2Lj] 9 3qq1 qg gq? 4-017) $22 
~JgAdol u1+- 44 3qqJ 4 3  34s g2g + 
2qil !Lil5)%q. 1 z j q  01 97~)4 qE A>%kq 4+ 
EA)JE 4 g.".;'HJ$ol +Jeg 34611 Od%% u )%]ex ]q ]  
q51 g 7)6)5% 7%!5)%q. 

Breysse %(1999)S RCF, 84%+(3%F1117) 32 -8-43 
4; 41%, -+4%+(3%b-l] -?%!$;-), %..YE qAJOk 7 TI1 
++%lo -, H l Z % ) ~ % ~ j l  5%- %-+%?pllAj 7 dl+ 3qq1 
4 3  +j-+gz+ + q 3  3)0]7) 22 32s g i q - 2 q .  3 
$F.117) $2 84%-$;-q 4+ A 3 4 4  B 3-q %t 
7,F 3Oq g2;t117) 22- +d%T9-4 %gq 4% A -#+I1 
4 @ <kol B fFq q] 9 3 <k!Lq %t 70% 01 A&, RCFq 4 % 
olE; 33% 2 30s .!LZ5)% q .  

01 4 201 4l4u,lq 4 9 374bl1 %? 3017) 922 
MMMF $Fr, 34 521 9901) 44 01 7-]]q#q$ H l ~ 3  
34% * 30s ql%$q. qqX-12- ?3?01]Aj% %%'-bl] 
~j ~ . I ~ ~ R c F ,  4;4%-$;-, O,Fg n,F 0l-q~) 0]$bfl %-g$ 
&%01)Aj g ? q x ]  fig- 4-4 "b-++S qA&Ok A TIl-"rfFTx;' 
q~ 7j]-"r#+l] qg%4gqsHlzq !i izz)gq .  

37% q 3  MMMF 9 1 7)3;F1]52 ;F1]ES) 

7j 7 ) 3 6 E  A)$ ;*oFq~j 314 ~)%q-. g ? q A &  MMMF 3 
52 +zjg+j+, fZJ$!+j+, % k g + +  2 ~j]iqq+j4; + 4 
ZiZ 0 4  3 0  TLZL 0 o TTMCF. ' J t l q t  41-8-4 %-rri~ -rr4%8 ?la gjlq 4 
+- +4 9, ~+%J~!LZ, q0lE !LSJ(, zE2)&+7] 5 0 1  

+i!-#-+j+gg g211q $9 u j g ,  71% % 0 ] ~  %Lg 3 
W1lq 4 9  %g(loose wool), !LZ, Z$(felt), ~ ) q  @% 

%o]i l  111fq-q %+ gg g41q 4-$- 41q-q 44; 7)4], % 
8s 7)%% !LF, Z 5  %o] 2 q .  

-8715 MMMF A] Sk NIOSH Method 7400(NIOSH, 1994) 
q1 44 4 401 37 m m 9  cellulose ester membrane(MCE) 044 
xl (0.8 ,m, Millipre AA Type, Millipre Co.) 011 1.5 - 2.5 L/%q 

+gOS 3l#%)%q. MMMFs ~ 1 S 7 )  ~ { q x ]  q 0-2 
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?s 24 acetone/triacetin? F+ 3$~]  3 q, Walton-Beckette 
graticuleo] $I$ g +l 3 2 )  g o ]  4 (Carl Zeiss, Zerrnan) 03- 400 
kljq kI]$qj $ws 4]$=5\2q. 324 ~lss gA "A" 

iFq 011 rrtq 301 5 p 84, 301  q +dl H l  (aspect ratio)7\ 
3: 1% 84Sk $ -$s A]$@ q, %oS "B" 34  011 qq 
301 5 /qn 34, q"?7d p ~19, 801 q *a H17\5:1 OIAJ 

9 $+S A]+5\2q.  

A f~+q011 q-5 g+gzq B 33011 qs $+%rq H I  

(A/-B)71 ~E*S$+, 9 311, 33 3s 3\q7\ %+]s 5 
."1z\",. q $+A]$ 33pjl qq 73 $++% hlq-gq 
(field area) 3- ewe3 $ -$-gE (fiber density) dr] $3 
@6\q Shapir~Wlk W 01 $s\q 4 35ES 4 4 
5\23 4 3 2 %  76 3 4 q711-q q+<ks paired t-tests 0) $ 
6\q 941 %3i3\%q.  3g1 aq 3 g2q %\01+ANOVA 
5 o]$s\0{ gg6\$-J1 2\017\ 22 5 4  "ds qq5\ 
71 91 81 t-tests 01 $q-%q. 

Table 1 P A  34 B 23@ F!7qA, 935 
ir,Fg $+h]j$q $+gg SPS g o { $ 3  2 q .  +4g, ' 
g, 414q+j+, -$-4;6F$+ n l s q  A 34011 4% $+gE 

9 8 (71 5l-g 2, GM) $ qq 30,53.3,59.7 2 11.0 fibers/mm2 

013, B fF4 4 q 3 $-$$z%~(GM)P qq 19.8,34.8, 
50.2 $ 6.2 fiberlmm20) 2 q .  3% $%$sol] 2q A 3 4 4  
B ++q] q 81 *5g $+$s <kg- +q 3 2\0]7\ 24 3 
03- qekkq(p<0.05).  

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

Type of fibers 
A rule B rule 

GM, 
fibedcc 

GSD 
GM, 

fiba/cc 
GSD 

pvalue 

Glass wool 

Rock wool 

Refractory ceramic fiber 

Continuous filament glass fiber 
- --  - - -  - - - - - - 

GM: georr~etric mean; GSD: geometric standard deviation 

Table 2. Ratio of A counting rule counts to B counting rule coi~nts by type of fibers 

Type of fibers 
A/B ratio 

N 
GM (GSD) Range 

Glass wool fiber 62 1.52 (1.4) 0.17 - 8.0 

Rock wool fiber 74 1.53 (1.5) 0.5 - 4.0 

Refixtory ceramic fiber 106 1.19 (1.3) 0.56 - 2.5 

Continuous filament glass fiber 27 1.82 (1.5) 0.67 - 5.0 

GM: geometric mean; GSD: geometric standard deviation 



Table 3. Ratios of fiber density by B r ~ ~ l e  to fiber density by A rule by factory, type of fibers a.ncl process 

Type of fibers Factory Operation or Product 
Ah3 ratio 

GM(GSD) 

Glass wool BS Fi berlwool 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 3 1 1.54 (1.59) 
production 

KI(EY Board production 24 1.79 (1.63) 
DD Insulation installation 19 1.23 (1,13)* 

Rehctory 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: geornetric standard deviation; *:  p(0.05 
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Fiber derislty by A rule, fibers/ rnm ' 
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log (B rule?=0.90 log ( A--mle) t0.10 
[N=lT)tj, r'=0.93, ~(0.01) 
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Fig. 1. Plot of fiber densities determined using A and B counting rules. 
-- - - -- -- - - 



f J k q .  NIOSH(1994) o l ] ~ j k  01 A]$#?$ g$ZIx] 
2-J q y 3 3 4  9 * -$qqz 3-JSI-J 2 q .  

MMMF 4]Eq4] 2 33 % OI] 71x1 Q9011 qq 
4-$"171 2I017I 2% $2  0 a ? ts7Iq +j +f 
kPqs q-"2 q qg 7qlf=#qol *-$q2qg dq-3 
%sqq 3#% q - * Z k q  F417I q q g q .  ILq  E s  q 

#q q] q 51 &leg 44-3 %%ZI-J7I z k  7IgS $g- 
g % b  A] gs q $ b g s  7 A]$#q aq ZIO] 3 g xj 4 551 
3ioIoF: 3 q .  

g 97% q~",rs%-$q " , F " d 4 q ] A j  3149 371% 

-$4 % -$, ",Fg, ~ j ] q q  9 -f;4 %b%-f;% q $ b g S  NIOSH 
?j-$ 7400 A Al$#qq B A]f=#q$ p]iZZI71 q8H 4~1 
3 44- w4- 2s 8ES 9 2 q .  

1. A B 34011 qg %-$'$'z 30112 -$qg %to] 
7) 2% 32s q*%q(p<O.OS). A 3 4  olj q 3 %-$D?z 
QP B 7ql$174 "1 13 513iq  R C F ~  49- 1.2~1, 

+4g4- ",FW 49- 1.5~1, %451-%+9) +I+- ",t 1 . 8 ~ 1 ~  

'-%%q. 
371% RCF ~ l . S q @  4401 p ] Z *  4$(13pm)  %-$7) 

:Jq Z Z Z I q -  +i!j %b+j -$ A] gq]? 4 4  01 H] z* 2 (>3 p 

m) %+7I ~$01 ~ Z ~ I - J  2$$$ $ 2 q .  

2. -$4%-$, 41qq %-$, +4%%+9l 49- q 4 q  33 
3oli AIB ~ 1 %  % q 3  3I017I %i$W(p>0.05). 1 ~ 1 ~ 4 -  Y9i 
zH5 A]+%E 32]]q  AIB ~ 1 %  Y ~ J H S  ~ j * Z k  32] lq  

AIB %q3%\0]7\ 22q(p<0.05) .  
3. 7 A]$#4@1] q8H &leg %-F;-gZq ",F37q]f=(r)k- 

-$4 %-$, 99, RCFq 4 9 !?!+ 0 . 9 6 2 s  gg $!!gAd 2 3i 
22-q %4 %b% -$q 4 9  0.82s  ~ 1 3 4  9s A$gAd Y 
$ 4 .  
gg*gs -$iq3, g Aj]qq%+ 2 - $ i 5 5 b + j - $ 3  

x M o ~  z o  ~ 9 ~ ~ ] f = # ? q l  8 q q  qlAj 3Aj@ 371-5 pTT 1-4 
"1 51 -$q 9 2Iq7I 2-J 551 -$4 51-+j-$-q @- 
713 %I01 7) 341 L)-%q. 7 A]$#? q 51 3qlk gS $!I 
gAJ$gol-J 20 g g g T q ] A j  gp qqhl]s q-$s\ 
oI] A j g g g 2 $  2% g o ] q .  
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