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Characterization of Airborne Fiber Concentration and
Dimension, and Control Practices in the Processes of
Manufacturing and Processing Man-Made Mineral Fibers

Yong Chul Shin and Gwang Yong Yi

Industrial Safety and Health Research Institute, Korea Industrial Safety
Corporation

ABSTRACT

This study was conducted to determine the size and concentration of
airborne fibers in some factories producing and processing man-made
mineral fibers (glass wool, rock wool, ceramic wool, and continuous glass
filament fibers), and to evaluate the workers’ exposure in these industries.
In addition, this study’s goal was to determine the correlation of fiber
concentrations to dust concentrations, and to compare two fiber counting
rules. It was found that the diameter of ceramic fibers was smaller than
those of any other type of fibers, and that workers in the production and
processing of ceramic fibers and in the installation of insulation were
exposed to relatively high fiber concentrations. The correlation between
dust and fiber concentrations in air samples from ceramic fiber factory was
weak (r=045). The results of A counting rules and those of B counting
rules were highly correlated (r=0.93), but significantly different (p<0.05).
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1. d7ud 2 9e 4y

o

o1 %332 4 f-(man-made mineral fibers, synthetic fibers, MMMF):= &
53] 4 f-(continuous filarment glass fibers), €34 -f(rock wool fibers),
#] 22 (slag wool fibers), VB4 A &4 F-(refractory ceramic fiber), d =
Fhulo] Z(silicon carbide) 5 HEHQ FTFHoln olEL YUY L=
AHEER Yo Md(asbestos)y A4 olnl I FaiAel dE e gl
oj9 Ago] FAHAAY dAFNA HHZ Y ¢H, MMMFY B¢ 2 #
fdol F& ez AAHY AFAA 7 dideH MMMF Z=HE 9
F9 2R HAHEE 7FH §A dis Eud JAa7 A9 flen =%
BAE A% #E7 £FET 8 dEe 3¢ @ MMMFE 9% 23
(nuisance particulate)2.2 <Q43la B FAdsA HIsT Yok 284
dF MMMFS] #3842 AL viazxy agi d8x Qo $8 UYFdAE
HZ FEAF BEA AZRITF FUY FHldA Fdo] TAsto ALY
A7 HAded, o] AEL A= 29" g $E£Fe=A AW +9
8 FE4Fd 98 FeHdds F40) A7E 9 g2

7 ity o2 &eid MMMFS 17 9%-2 AF(irritation) #-§-olH,
A =R A Jdede 9ukEQl FAL e Sl Ed AR =
Zo o Iy Fgo] FAY & geon Fe Tylo] eutE xFo]
HY AR E 9AF 4010 Fa4Hc 9¥o w4 ARFsE
TR e Aoz deiA Yd. ARASE 4w AAS #dEHY A
ol 4 mET T AFY A AT #EE F oy 1 m o3y HFE ol
2 A4S A gt Aoz 4A Yok fdRE JRE 7 ohE F,
ANz AT 2% & Y5 FHAHG, 99, 92 H) F2E 2
ZAE o E HAAE A7 A8 AP T2 57 B & AYE
—1—
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Be FEAYE dvdA fEdwd FE2AMARA 28 H<Y(ung cancer),
%7 F(mesothelioma) ¥ $F(sarcoma)e] FHIATGE RE FHIHRL2Y, o}
ARA ol Efrd =88 ZEA digd ¢ 7HeA L JAFY EA7A
t 29oh"® National Toxicology Program(NTP)& f28]4#Z "reasonably
anticipate to be a carcinogen’® 2 EFIG® U AAAA o8 AHF
of g 48 dFAEs 484 de 9§ #HYo] go, AEF »
Hol g AEY A EFETE QS FEE ZES ol B e AL
AdRe) At

w2} A olare] §73 K 5% (US. Environmental Protection Agency, EPA)el
Ae FEdFS 4d8€ 47 "possible human carcinogen(Group C)" %
“probable human carcinogen(Group B1)"22 ™ International Agency for
Research on Cancer(TARC)IA= 2427} "possible human carcinogen(Group
2B)'e2 BRFItL ded dAd ¢E dene AHEE XAE 5 e #
g FAE odAA EFEsT:s Zed vdz Ut American
Conference of Govemnmental Industrial Hygienists(ACGIH) A= #2d 4
, 98, €d432& H4F 2 555 fedae FELYEE (confirmed
animal carcinogen. A3), 2al1 Ff-EHfe dALLEIRE £7E =+ s
€ A(not classifiable as a2 human carcinogen, ADZE A2 Yot 53] A
FEd F= A Lde)4E A (suspected human carcinogen, A2)2 TFA4 A
dA 7§74 & ZL(notice of intended changes) 9] FE50o] Qi

AL R A4 T2 F4T A4 HAFE A0 KA Frhst
g Bugel Atk AGHdRE dE 92FEHRA we.AddAa 2
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g ¢ ASHT, old dFAME e E4U AL KE FAGHEE o
9% TA}AG Y Bus & MMMFY A $-9 w3t g Ag
AR o & 229 AFAES gAY g9 e 98T} of
BE dHoly FEAAE Ul v BE FAE AAMEe dF
Z3E°] om HAFg e FEoT 3FA AH 2AT HEIESE 4
Aot FF= FFol AZGn Uk EPAEY Wg4y AFHNFE A
A AZg SIAHl e ZES WHT

o]t Zo] HALMHE HEYF MMMFE 93t B4 fsjdge o}
den, aftA ZEAY AZE 2537 HE 2229 =EFE e @
WA #Eg et v 2y S8 UM s MMMEFE dW £33 F
A 1T T PR ZEAY & Hrle FEFHA 9 3 5
=) 2Astn Ytk MMMFe) 93 AZ3d e A4 34 o) 4L
dr] o] I £Fez 2R =& H7FekE ol FAAsR &
AA dow, = HFY FAEL 27 SAF LHT A=-ke] e A=
Buso] 7] dEe] AGEAANA EAHE A7 27l g 54 o
BE MMMF =29 @& 22X A2 Y8 E(health risk)E B7lshe
2% 2z AGW A AL AFstn oo UE AU
FHSGEd AU f40d. B, 4 $8 g s MMMF A=
HEse FYHRAY 222 =& dH, FAFAALY 2AF 2 AL
% T¥F MMMFY 93 AAAQ AdWg odste #8317 g F
7t $53 Ao
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AFHL gloen i, ¢4, 7Ig FEERE AzHs vd349 74 3¢
E(silicates)olth. F¥F o2 EFHI v MMMFY F7, 4 459 35
AR R Azgde 27 1o vEY % MMMFe A2 €989 o8 &7
E ditd oz Had(glass wool), ¢ (rock wool), £ 2&(slag wool)3H
22 129 (insulation wool), %24 #(continuous filament glass ﬁbér), Al
g} 4 F(ceramic fibers)9} 22 W4 F(refractory fibers) 2 5538 A&
(special purpose fibers) 5 I A 472 & BFdv}. International Programme
on Chemical Safety(IPCS)¢} International Labor Organization(ILO)< #3214

2 d£49 A8 A $-(continuous filament glass fiber), B.2W (insulation

st

wool : glass wool, rock wool, slag wool) B E4 X f(special purpose
fibers, SPF) A 718 %2 25831 gub4® [ARCOME 43488 44
el A8 f-(continuous glass filament EE textile)$} -$-2l H(glass wool)
5 ¥ £oz ERSR 409 B4t ¢91e% $UE FF “mineral

wool’2 B3 FHA otAoteAE {EHE "mineral wool’d] LA

"dwool) A9 Hf HolHE T



Nominal
fiber
dia.*

Man-Made Mineral Fibers
|

| | |

Continuous insulation Refractory
Filament Wool Fibers
1) Glass 1) Glass wool 1) Ceramic
2) Rock wool 2) Others
3) Slag wool
6-15 2-9 ym 1.2-3
Centrifuged Blown
Drawn Centrifuged/Blown Drawn/Biown

l

|

Special Purpose
Fibers

1) Glass
microfibers

0.1-3 m

lame attenuated

|

Method of Manufacture

* approXimate range of mean diameters

Fig. 1. Classification, methods of manufacture, and nominal diameters of MMMEF."?



Table 1. Synonyms and Trade Names of Ceramic Fibers by Manufacturer

KR® SwW” Reference'”’
Kaowool® Bulk Fiber BULK Refractory fibers
Kaowool¥ Paper Cerakwool®1300 Bulk Fiber Fibrous ceramic aluminum

Kaowool® Blanket
MAFTEC”® Blanket

Cerafelt” & Cerachrome® Felt

Kaowool® Wet Felt
Ceraboard® &5, 100 & 115
Kaowaol® Board
Kaowaol® Shapes
Pyro-Bloc®

Kaowool® Fold Modules
Pyro-Log®

Kaowoolu‘f Veneering Modules
Kaowool“f Veneering Cerment
Kaowool® Unikote Coating

Kaowool® Cememt

Kaowool® Hardner(Rigidizer)

Kaowool® Moldable
BTU-Block®&Thinsulite®
TEXTILE

Kao-Tex" 2000, Cloth
Kao-Tex? 2000, Tape
Kao-Tex® 2000, Rope
Kao-Tex® 2000, Yam

Cerakwool*HTZ Bulk Fiber

BLANKET

Cerakwool® 1300 Blanket

FELT

Cerakwool® 1100 Felt
BOARD

Cerakwool® Hard Board
BLOCKS

Cerakwool® K-Module
Cerakkwool® CM-Module
Cerakwool® Veneer Module
TEXTILE

Cerakwool® Cloth
Cerakwool® Tape
Cerakwool® Yarn
Cerakwool® Rope

OTHERS

Vacuum formed products
Moldable

Cerakwool® Paper
Cerakwool® Bond
Cerakwool”Coating Cememt
Ceralkwool® Rigidizer
Stud Pin

Washer nut

Speed Dip

Twist Pin

Lock Washer

Cup Lock

KH Anchor Set

Pin Set

CM Stud Runner

silicate glass

Ceramic wool

Calctum silicate
Calcium-alumino-silicate
Refractory ceramic fiber
Alumina and Zirconia fiber
Zirconia

Fieeling ceramic
Stafill®alumina oxide
Fiberfrax®
Owens-Corning Beta®
Nextel® ceramic fiber
Fibermak®

Unifelt®

ODSEDT98

"Names of companies investigated in this study



4. A5y 540

€2, ¥, fEd € AR He 24 9, 39 44 2 fE=2
FH Azdd Agdgdds 59 WEA f(refractory fibers)® 2% WEAS
AU geon giE sZAdPos FHH AT ¥ 2AYY 47 E
FEstn o Ag=HdRE 23 E(kaoline clay)2FH, 257 {alimina),
A S(silicon) Ex 718 59 AMAPEIENE, 28a =T 4T
7helo] E(silicone carbide) v A E Jo]Eo|=(silicon nitride)st #-2
B 45t EE Ry AzHrE @ AYFAN FHHRE Ax) A8l
A FHEEA, B8, A03, 24 BAL 434, s, g 59 4
27 AH8-ET.

A e 2ANA @ diF-Ee) MMMFE 8234389 ol
o, ojRE9 A2 (aluminosilicate) B e AR QAT vjAF Pl
2L2(>1000 TN e 48 23 H S EH(cristobalite, mulite)2 HWAE + 3l
=3

o8 FFe MMMFY 383 24L& & 2 ~ 39 AAHeth. MMMF
o] 7L 4elyNslilica), €57 E(auminum) B F4&(boron) YEE, &
FHEIE 9 4718 349 A3E(ALO; FeOE FAHGUH

MMMFE diZl 23428 A 244 29L Frstugie. BFeEA
Fele BYe YgF Alo]A EA(sizing agent)e] ETH7IE s} ofH
MMMFI & 24 JAAZ odw A/EY 545X Hio 3% A7l
F glo] Alzd & vk F 4ol velgE A HE FEgEFIE BoFa gl
o

2 MMMFS] A= 982 28 164 2t ek 2o MMMFE 1000 ~
1500 TAlA &, 3444, 8, AE & &35t Az



Table 2. Examples of the Composition of Continuous Glass Filament, Glass
Wool, Rock Wool, and Slag Wool (% by weight)®

Component =P ERUOUS Glass Wool  Rock Wool  Slag Wool
(Glass Filament
Si0, 52 - 56 &3 470 - 530 400 - 450
Ca0 16 - 25 7 160 - 300 100 ~ 380
ALOs 12 - 16 (+Fe0s) 6 60 - 130 115 - 135
B:Os 8 - 13 6 - -
MgO 0- 6 3 - -
NazO 0- 3 14 23 - 25 14~ 25
K20 0- 3 1 10- 16 03- 14
TiOs 0- 04 . 05- 15 04- 20
FesOs 005 - 04 . 05 - 15 8.2
F2 - 0.7 - -

Table 3. Composition of Some Commercial Ceramic Fibers (% by We:ightJ(lJ
Fiber- Fiber- Fiber-  Fiber- Alumina Zirconi Fireline Nextel"
frax® frax®  max™  frax® bulk(SA- a bulk ceramic ceramic

Component bulk long  bulk HSA FFIL®) fibre 312
staple

AL:O3 492 44 72 434 9% - 55-97.25 62
SiOq 50,5 51 27 539 5 <03 95-97.% 24
ZxQz - 5 0 0 0 92 -~ -
Fe20s 0.06 0 0.02 08 - - 0.97-0.53 -
TiO2 0.02 0 0001 16 - - 127-0.70 -
K20 003 - - 0.1 - - - -
Naz0O 020 - 0.10 0.1 - - 0.15-0.08 -
Ca0 - - -~ 0.05 - - - 0.07-0.04 -
MgO - - 0.05 - - - frace -
Y20, - - - - - 8 - -
B20s - - - - - - 0.06-003 14

Leachable <10 <10 11 <10 _ _ ~ _

chiorides pPpm  ppm ppm ppm

Organics - - - - - - 2.47-1.36 -




Table 4. Binders for MMMFs and Chemicals in Binders

Resin Other Chemicals
Phenol formaldehyde resin Polyvinyl acetate
Urea formaldehyde resin Urea
Melamine formaldehyde resin Silicones
Vinsol resin Dyes
Epoxy resins ' Ammomium sulfate
Pseudo-epoxy resins Ammoniurn hydroxide
Starch
Carbon pigment

Bitumens

A3 (fiberizing) & GAlS] maE} Fyel $Ad] wz} Hole YAT J1EH
o2 7|43 AlZ(mechanical drawing), g7}~ EAHblowing with hot
gas), YAEE Fyof o3 o]FojATh Wz o] YHEL 2 HI WHKE
[EAY, BA/EAY, dAEY/EAD] o8 HIE ¥ AR D ZIHEGAFH
olf4HE FFEHdHE AEEH g5 Ao Afe P57 (nominal
diameter =& median length-weighted diameter2 A|89o] & ZE AHFT
Aol AAE AR A2 gl o A Y Fd d= BRIl
Aol AR 6 ~ 156 mE FFAH HHE AY gu. B2de g8, #
Ab EE 9A/2A 28 o AMEHA HRd HEAAL o 4
gmolt}. o] W] g3 PHHE HFe TFAY MF9 HEe] o F
¥eo Fo] Wt FYR S} ZL 5P EX0R AxHe AR AT ¥
AE 1l ~ 2 m AER FG, AA A2 F 1% A=Y 545 48
A=A, FF7I} $F4Y BLA F 55 22 AEEAY. o]E 5+ 4
o] gFEE Ao 1 mEY FAh HLAL I sfaziE AxE
¢ Qe i ARHddas SFdas AFoE fEET AzEd.

ojg} Zo] o]z d MMMF® %32 7 (nominal diameter)S BE&H 2 ~ 9
m, FHAEARF 6 ~ 15 g, AGALE 1.2 ~ 35 m, SFEFHAF 01 ~ 3

o2 MMMF9 /¢ wat Jol7t . MMMFE £5202 2833 &

—g—

L



) MEd 2 Aol oI YAl F& HEE UolNA ¥AY By
BHFoE AR B0 g 27402 UNHodE F 9 I#R=2 =24
owgYE 499 AAL A2Y 9o 3P F9I Aoy Yol A=
% $45E PE B W Roldt

MMMFe] 333 =4e gdd S99 $as, Sy 4y 52 2
AAE 72 29oly, YAEE M4IZHE Beo] glon FFo] HeFE
QHEES} 20 3 WYNFEL F Y 2 94 4B UE ge
9 49 =718 AR o ge 2412Y A% 050 ~ 065 o
080 ~ 110, #9® 15 ~ 250002 489 © 48 A(physiologic
solutio)sl 4] SaE: 3}y 243 W4 2712 TA 98 YRGS
& gE 4R us 9y §%) RobEss F4T, AR At B
o Heno 343 aEd AFYASE WD) B L EAsYA
2 ASHE § 924 A4FE 839 AE AL &840 1700 ~
2600 T2 2aEUrh

=R - )

o

W MMMF 443 R 28132 & 59 AAHo U S MMMF9
AaFe d-iEl A friglass staple fibers) ¥ FfrzAd ol da Ar = 3o
B g, edaE, AREdad A A8 42 AAHe] U & 44
ol &

P1ex HHPFE dFolv] 1 Holt #7] WEd ERFAMK &
E #3899 JF9 eREss R FREEARY AL

2 A FE 19963 7HA AS FUhsta e FART Wd 4% 2 4]

< 719 FUsiYT 19%d A 2R F AAFE 5380 FHE
Af AAFE 501EAG? g A d Rl Ad Fu4Fe B2 AA
5ol A #7) gE A% AR Fo)E & 5 UH aHY I FE A=
AA F= 19983 EA4 371 dAKKEY, BSND, SA Ahojx AZdGAEHF A=



AAE 2/ AH(SWKK, KR)Z A5t B2 &7] die) Z AbojA] e
19974 A3 RS E 59 AAFHL o] AR} SAPE 1 1979 F
o 2 ANFE 47 45008 2 50280t 1998¢ dA IFAEEIE
(IMF) gElAlA a2 AY7F A= A AEel7] & odd] nl& 4
Zo] A4y E& Aoz R4 |

Table 5. Domestic Production and Consumption of MMMF®

Type. of MMMF
YVear Glass(Staple) Continuous Rock Wool, Ceramic
Fiber, Ton Filament, Ton Ton Fiber, Ton

1993 36,100%/ 36,200° 21,800 / 23,300
1994 43,700 / 42,600 48,200 / 44,200
1995 50,100 / 51,700 56,300 / 53,700

1996 53,800 / 53,100 59,100 / 59,100
1997 4500.7 502.3

A Production, ® Consumption

£ 69 A8t 19973 dFo=RE ¢, €d1g, ABTYE +UFol
o ohd of 12008, €d32 o 200, AFHAE % L30E, e 15008
AR o FAAR U FeHd AL AFAM £YFA ¥out ¢
W, €938, AR5 93 T FAE BUF) 0 2Q BEE
¢ % k.



Table 6. Import of MMMF in 1997%

Type of MMMF Amount, Ton
Rock wool 127138
Slag wool 219.2
Ceramic fiber 1,274.6
Others 15264

MMMF¢ AA B43E 19859 6 ~ 659% B, o1F Y %5
gt E, FRg4h 1 ~ 159w E22 453 vk 197080 F ulF 9
4 BLFS FEY9 1208 E, FHHAH 37 E, mineral wool(d R
s#828) 20% &, AEdf 2w 14 ez 45z gg

3) A=FEHFY &&=

tors MMMFS] $E& 19 2004 BE se} 2o w9 ¢ MMMF
WG] ok 8% faWold fald oF 8%t Be R H2E0E Agd
g BeWe YNFOS &(bats), HE(board), &7 (balnket) AlE (sheet)
502 Y42HAY A% F2E 4¥§02 F22(loose woo) T TIE
o) AR AAEE RE AT Bo|T ReA), PE HEA, AF R
= EeA, A5 2T L YRR 5 4F Huje Beq BE FLA
2 & 4 Qo AIZA A4 MMMF 4439 5 ~ 10%0) 23 Z9-8
MeE $44 BROH, REAA, AEAA), 287 54 5), o] 2 1%
AE] BFAY AEZ o] fHY AAH, BE AN o[ RHAE B} §7
Ao ARTY 19% WRe ni A4 FuH2 A8y zag A, 3]
2 924 nes o] B4 $E2 AHEHT YU

U9, £ vFY AA MMMF A4S 10 ~ 15%9] o231 F&
493 99 2 Hu(FA)Y B vEA I FLAS ALFUTG fAE

o

A

offl



FedT g AaFe u
£

Watgel Atel g AF MMMFS) 1 ~ 2% RS2 A4% £e=9
2e 1 zPsMY ©AA(thermal blanke)) @2 ZEe ZFHAAR
AT Qe

NS
_olj_g
.
£ 124
i
X
-

g1 A4 vIARE A

Reinforcement of cement and resinous
materials, papers and rubbers products,
textiles (eg, curtains, industrial fabrics) and
electrical insulation

Continuous filament ———

Thermal and acoustic insulation (domestic
and industrial)

Glass, rock and slag . Acoustic ceiling files or panels
wool

Ventilation and ajr-conditioning ducts

High-temperature insulation (furnace),

Refractory fibe ion joi
ry hibers expansion joints stuffing

High—-performance insulation

(particularly in the aircraft industry),
high—performance acoustic protection, and
high-efficiency filteration

Special purpose fibers

Fig. 2. Uses of MMME."
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FEAHF AEE HEEE 4T 2EA) o) ARd =28 £ Y4 F=
A4YA B8 2 BLUIYE AT 2249 FRI} A 25 4
A Ao AQAG 22RA50] gef wag o foh T <P @ vdA AF A}
gAY A Ry 59 Hrte] QYA A=l By} wEHIF peHch
w2e] A% AA MMMF 43%¢ 80%7F Gdoln olF 80%7 e X Be
g2 AHEEE, A4 MMME 4439 10 ~ 15%% AXste o9 E= &
7% AEE YRR ¥e 2 HeDEAE ALHT QoY MMMF H39E &
e 0 Hewdd NFGd BASE 2249 75 AF agn ¥ 4 Yo

Az =28 & d& 38 9L APAAS AzgA 224, olE
FEete] WA Myl BEQS AxdE gAY 224, S 2e T Ay
o Hgoz Agdd TIAE XHAY 47132 372 2 @dA 2AA F
Ase 2EAE £ 5 Utk pdAE A= A9 BUd 9FL f9nE
EASE 9 AR, 457344, F2HY B9 2L 53 9% EFAshe
2247 AFNAee] =28 ¢ OO T AFHYRt ols BAY ATL
SA)d] Qaaes gA SE ) YAE Jagn . AGUHaE sHFE o
£ AL ANSE 449 VP 4L 23y ¥ Y.

5) A4E ¥71% AxFEARY &

AE7HA EnE F7dFd g2 f2E REA AxAY 97 FE
001 ~ 005 f/cc2 HuHx o) AFId4dH A=A A/5=: F
=47 A2GAR 108 o} ¥ Aoz Bugy g v5Y A¢ #E
Ar(FH, €d2%) A=gA9 371F AF5EE 0032 ~ 0.72 f/ecE
H AZYAEDG & TFEL Boln Yok HlxE 219 AFLAF Az

Chiz

At 3 EEE 00082 ~ 76 ffecE FEAF AFGF R} 44)] oA
L SZolgn E5AS AXIANY A BF HE4EE=1 ~ 2 fecE B
n3 Y+



At o2 MMMF 49 %Jﬂ] € AXgeE QoA F71F AR
BAd Fxe AZAAY FEF HxsAY ¥L FELE BuHy Y 1
Y 2HE FRAME GEAS AF = BF o 98 A3 4 A
AFEE ARGART Fo} ojg 22 2AGA FEdH L 9 E2XFd
Al BE AFsEst 44 18 flec 2 42 YectA cl2FH 3 UHE FAdA
=0

F2Z(loose wool)S N FE o FF HEGF=7F 82 fectA] olEFTE B
aEAT.

Ol¢

6) A A HZ(deposition), Zdi}(ciearance), A F(retension) & A&
A} (durability)™

N 7)o o lEHes ARYD A4Eo)
ZA852 HEy IFEL g2gd FEJAE FF0] 1 mut 2 HFY
3 & 373 #asE A £FH 4% 33 FAE 35 wAD
BR3AT FL Zol(<5 m)e] MMMFE #HX AT o5 adzgez
AARADT 10 m ol A%E EAHoz AAHA gedt AAAAY AR
2E MMMFS dd 38449 A0 A0FA 2454 (durability)o] )
B8P ZES WY F Aok Aol A& Av S ot HE 4R
=7 A4 x4 2 gs9n

dol AFY 447t UE 718 B 2502 Holo] B A2 A Y
o A3AX png A7AFe] 2y 4o Aol M 279 A4 4%
g wom 7 HRRoE &L 447 02 2304 o] dAdEY,

7) 8 WA 437
e FYHY AFNA o b1 MMMFS 100 n/m7A] @ahe

FE 2904 24748 ¢ x5E FEINAA AL FS AE FAT A4



At EEe A7dA ZAMEE HAFE 2T ¥ gAxy FH F
Hol vt FEARF =& WE $8 23 S FxE 4P 94
ojt} F4We =&E A9 whgr WA i)

e FId4454 dHd F9Y =& € F2944 HF%(ung tumor)o]
BARLE FostA FU8A @itk 2EYd 2 A AN =8" FEME
HFdo] S7etd oy FAHE fostA EUdttn RSt AFAA F9
d Edd d7dA vsd 2F sETTAA BHEL W9AE HFSs &
HE FAEL HFEE FEHA Gd A2 HuHAY, ey gREe
ToA dA =2FHEIE 4T 9 A €471 dEd dfd g
WA ddAEd #g &L Yrlde F87 BFEHY.

21374 49671 5o Y+ aluminum oxide refractory fiber® F¢ T
] T FHoAAN vjaE A whgo] FEHYoY HEF(neoplasm) S T
Ae ¥R ceramic aluminum silicate fibere] =28 T EAY 4+
(interstitial fibrosis) 2 HF% EHEL YUY F 9 FASHLY FFo] &
2E FEY WU 4o =58 FEAAAN 2AHE AFHA TELE olYAT

e FAAN FA4H BN Fojo] BhE AHGH G I¥ 2A
ARG, 2y g rEe] A 2FuEE dF kg 8- dd. 2L dF
oA ulAl #-2 4 fr(glass microfiber)E 712Ul T F 2FNAA HES] F2d
Bazt loyd g GFAEd e FAHA g4t

MMMF¢] 8¢ &(intrapleural) £ E=Hi(intraperitoneal) $ o H& 3
Z(mesothelioma)?l 24 B8 27 025 mrct 3z Zol7} 8§ mEct &L
Arst B GAAo] glon, FA0l 15 mutt &3 Zol7} 4 mETH & HHe
A% $9% ¢4 8o vjngd ¥y BaFYth 459 SAAEE A6
3, do] 4 & (stability)e] dg F&HA FraAd e Bdo] AAHYA
. o] FUE 49 FIARFEY FT oo g2 T 2 bl =
. 28y ol F79 ALt Bl Foo BE FAF 2 3ol F
F HANuY B9 FYada BaHA 9E o] E(actinolite, Z°] 5 m),

i-ig
=1

oy R o

i



B} A E S (basalt wool), Al2HE&(ceramic wool)& ETh)] Fox] FALG FoF k&
o] fxHUtE RauHqt.

in vitro T2 E AXZAR AXBAEL H& 27 B g &Y
o Zel7t Aa(gwtE ez >10 m) A7l F2(YVHLE 1 m) AFESF
SAe] B3k ditdoz HAe] Z205 m) FHHRE WAooy ANdHrg
e AX 24E A ddFY Azuadsd AXsd =g ggd. agy
A REER AZSAR 2R FALE AR F AT RAFAHET
dA faldfe AddAA B SdHo)(point mutation)& {FE3HA Fga B
199 ZREE AXAN RedFel do FARIAD, GAA ool f2
Huou AofAAA 2LB(sister chromatid exchange)e FTHA Fo. FI4
f 9ol o2 MMMFS] B3 in vitro 54 4723 A9 o

8) AA9 vH= 43F”

$e4% 2 FA(FE 47 45 ~ 5 me R4 PN Ty LS
2 E9se 7IAHY A2R4e dosy x&d VT o L AAAA
o, 2 MMMFe) =28 2249 d% 429 fdd @3 488 93 4
& Ad 9. AAFA & AZe] MMMF =23 #do] gok: nas} 9
=4

Zz71d e 371k AF 2 718X 832 (bronchiectsis), # & ({pneumonia), 7
47137 9 (pneurmonia), A4 (asthma)?} & A% HABo] MMMF =20
o8 e¢® JuE RaAL zy xld Bad gy AFARE
A2 AFANE 9B4 9= a7t YBUA o 99 A2d(causal
related)o] &% At by $Q3 ol AT B

9% 99 dRITRHNE MMMF =28 387150 988 9293 1
zaQot s} thE ATME ode JF%ol Qoin wuEY. Fw
23 4A7 39 § AFIHE F9A9 714 BAA ALD (radiography)ol A



MMME AzxQeis FAME 717ke] F71ETE S99 24 E(prevalence)©l
Z7ag e Badgdd. 28y ASAA Fdd €2 g2 dTE49A
MMMF9 d#8 8349 28713 938 4340l e ddel vey
A FId. AEAA sHd €2 BHAFATAA MMMP] =58 22X
AAA BlFF ZE/ZEA g AgE FHEAGE FAE AY gk

AFAA FP8 T 749 MMMF =£% 2% == F9 F9F
#d0] dde A7 At

F332 W 88 W € £ Ax FASA A Y= 9
StzALel A Hgol AT 23 AgEo] FEHoW FHE 2= ARALR
AzA FAEY daiAdes 8254 gt 48 2 €42 AxAAAMY
234 AMEEL AY B AF AATEF VxR E o s3HES A2AA
EE O BAH2E FAdtg oY fFEARAHE F5HA g%F). 7E =
ARRANE BAHNLE FASA FAAWN ALER 27|=F F ALHAY
Fadel Ao, Hx ZAAZAME ARl fle Aoz vdEyEd A
FES ZFN B FVF 33 AAeESe d34d] At FEA T
Me HTY &38R o888 FAHHE 27 ZledAdAN FAS 22
Ae9 7 A FAEL FAFLRZ {34 o] dFdAE 27 =&
F 208 F dAY ATEY AT Frle £H2Y AEFH BE gl Aoz
FRAAG. B3 2 JAEZD ] ¢HE 2dHe F7F HAfF FEIF 2E
Aoz ARHE F7) 71edAdA FAGE TEAEY HYdd AF AREL
F7tstAl sk

FERE AzxY S2AEE WAL ANT dFE A7 2 4F 9847
o Al #Hge g AALEL A AgE(ocal rate)d vEPL W FI% F
7t7 et 7t AbE(national rate)ol WiEAE f4F FU7F A
F AFdAME HAY ASEL AL =2 F A dg FUlEded FAFH
o2 fostA gtk TEVA ¢ AYEL SR FF =% B34
ol dAt. HFe AIZE AFA AL FHB(<3 m) F+A4F Axgd 2=



A9l 3E71A & AR E(Standardized mortality rate, SMR)2 ©] AFFAA Y
AE2Ee wms 28ad. o] 22AEY ARE Z7E AL 22 F AD
b #dol Yoy AAAY Z7h Folgh Aol BE Folk FAHLE F5
A ¥k AUGelA $A4S AZYA 22A4ES Ao AN FE 2B
E A7 2249 498 AL F7HE AL x& F AL TE 25705 B
o] AR

FHAAH ARG S2AF A 449 4FATAA At ATEol
2% BaE 90 MMMF A= 22AE4AA 3 99 08 ARFT,
F7, AF, FHIA ¢ LA F7hol AF FA7 d¥ douk, dREd A
$ ABgol gglod AL Tz T A, 2TAQH Aol e, o
o] AFAA £98 ATAAE EBuSd da DAdA Tt

9 ABDAS BAAEL QAT & o AREY BAE] e o
& A7 gk Aol AT BN MMMF =2 B 537 3%
ol Mrge] B Adrust gou des YINF JRdT AESt B
835,

9) AdFoz xEHE T2R9 dd AZAE 97t

MMMFe] =25E 2239 324, ¥ A3 da $-98 dny
(dose-response relationship)2 #7337 4§ Axe FEFA I+ MMMF
o =58 ZEXY viFFH TF7] A8 Uig dF FA doy g#A
Qe ol g7 B2 HAZNE ¥ (hazard)d] E3H Ao g AE
£ JEl7le et

d¥d MMMFE A24ss 4404 MMMF =23 9 2 29 9%
dol A@Agel dE FAE Yo, ddd FW/EA1e AZIAANA F4
& 22X dig £8 FFATFAA HAge] Fedde d74AE B33
At 3717 A/45EN AG 438 Z2A4s e A 8% 2287 e 7}

2% 989E a7AE7 gk,



Agadau wAdR AZ 2Hd FTRAAH B29EH AT T 54 ¢
dexd 224 A 2Egide] g o dFd FAse ¥
222 g A8e T2 7 g AL U

-z

10) AxFEHH/ 53 W

4 U =F5FdAE AR 9@ =271 AT Jov oY,
£d2E 2 AHEF F dE FEHH AA
F? =ERAME FIAAHF 227ES FE2R02 FAST Q9P 24
AN Z2AY FEHALF =E3L AR E FE2A FE2 gristn ok =
A 8 dEddde fEdF 728 FH5] A8 FFEHAEE FE AE
& itk

0 5 94359 B¢ €% FEAAR dE IVNF =E27IES AREE
Z ARSZ Jon FdA, o9, ASREdR = =
& Afsrd 2ASHE AAG o F71F HAavk FAHL: F
& 1] 7 W (phase contrast microscopy)E ©l &8t &A1 Yot HdHe Q|
5 mm 23 Aol of FA "7} 31 ol i EE42 AY3a Yoz
ol 71ZEd) Tx FAL AFGHGP

=
r ]
iy
e
X
FN
flo
X
o
o
e

F71% H#+9 53L& National Institute for Occupational Safety and
Health(NIOSH) 34~ 8¥<¢) NIOSH Method 7400 $e] FAH o2 dg
ol g8 . o] WHe wz2dw Hi{It EAE INFT ARY ERE
25-mm cellulose ester membrane filter(F= 08 m)oll TR Fch o] AHAE
27 ZI oA E FUE BN Eotides AN F Walton-
Beckette Graticuleg 9% A Avj7 o= 400809 &AM HF& 4
F3 A5 AFFAL A 743 B 7H0] d=d ol #HY Hole £ 7
of AAE upe} e



Table 7. Comparison of the “A” and "B" Counting Rules

A Rules

B Rules

1. Count only fibers =25 im in
iength.

2. Count only fiber with a
length-to~-width ratio =231

3. For fibers that cross the

boundary of the graticule field area

and meet the critena of rules 1 and 2
a. Count any fiber with only one

end lying within the graticule area as

one half.

b. Do not count any fiber that
crosses the graticule boundary more
than once.

4. Count bundles of fiber unless the
individual fibers can be identified,
observing both ends and meeting the
criteria of rules 1 and 2

5. Count enough graticule fields to
yield 100 fibers. Count a minimum of
20 fields. Stop at 100 graticule fields
regardless of the count.

1. Count only ends of fibers =5 m in
length and <3 im in diameter. 1

2. Count only fiber with a length-
to-width ratio =51

3. For fibers that cross the boundary of
the graticule field area and meet the
criteria of rules 1 and 2

a. Count each fiber end that lies within
the graticule area as one end. Add split
ends to the count if the split meets the
criteria of rules 1 and 2

b. Count visible ends when the fiber
appears to be attached to another particle,
regardless of the size of the particle.
Count the end of a fiber obscured by
another particle if the particle covering the
fiber is less than 3 i in diameter,

4. Count free ends of the fibers from
large climps and bundles up to a
maximum of ten ends, provided that each
segment meets the criteria of rules 1 and
5 :

5. Count enough graticule fields to yield
200 ends. Count a minimum of 20 fieids.
Stop at 100 graticule fields regardless of
the count. Divide the total count by 2.

Z719] NIOSH #gol= A FHAAN 2= e olRe F7F
AdS A TEHE o] %&A A3t gk Occupational safety and Health
Administration(OSHA)®} ZAd] 243 dD. A 78L& F2 HPAF] ol &
Hey dol 5 ym =3, o] o) FA usb 31 o]dQA ARE AFse T

B A Aot



1987391 NIOSH el 2l 22 AxAE4Ne 242 93 B
#4¢ =984t B #2¢ 93 Institute of Occupational Medicine(JOM)el
a4 d7d#H2 A9ANeH FEdRe 22 54 4R dF Ao 2o
HZEE wgolw vHFFEAY AHF =Ex d5FAM(non-thoracic fiber E&E
non-respirable fiber)e] ®HiAldt7] s FAE Az gt B 73L& 2
ol 5 =3, A4 3 m "W, Zeo] tf AR ul7} 51 ol Fd ARE AFd
=& A3a Yo

WHOS A= Zol 5 m o}, Zel df &7 vz} 311 o4 A/F =84
AH(AA <3 mE ZAHI=E dzusdn Yk NIOSH fibrous glass
criteria document method®elAE H7A 35 m o3t dHE AFHES A
EIAC LA

3EH AR 3AE A% A4wdE NIOSH Method 7400, AZFERF
£42 £ WHO method, NIOSH fibrous glass criteria document method®l)
EFEH QAR olF W AANTGZ Q& Bl Wl AR HE QAHA ¢
=t 23y NIOSHAA £ AF 3L EF3A AHgste A2 FA8tZ 3
on o= & FAS HAGHA & A4 vusea dustn Jo.®



3. 94534

1) 339 23

B a7y 237 2R MMMF Az 2 AFY4 3439 MMMFPel 9
% A% f¥4L HrRn AYT ANLXL ANGoZA zA B
3ae dauets ¥ Ao

2) TAF 54

g a7y FA¥Y 34

flo

2 a s

A, MMMF AZ 2 AF 22R A 4H+E382 =97 ¥4
ARATES TF E49d 8 A 48 24 %A
4, MMMF F/7EE 474 73 A 733 B w3z 37 34

& BASa F FAL AT £l R FHAW BAMclE wzaY

£

AR, MMMF %% 2 334 449 27 S4¢ sopsdn

WA, MMMF AZ 2 A3 AN 2ARE 2249 /1% 4% =
2478 Brshg

g, BEAS A2 2 A 9Ad FYBADE Loy ZANTS 2
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o 404 2 ¥4
1. %

1) ZA 4 94 3%

ZA dAAA L 22 5, AAAE, A4F F duty 52 % BA
RE v 29 ¥ 0de MMMF $58 2 24 AF £78 A A
F7b A= Qg

ZAM% 4AF FdE AEFE AL AA £ LA, 1A A
GE @44 AZEdHE Adstn ot ofF 1 dAs FHR2E A
A g1 AXFAZEH TG Fe9e TH AFA 28715 e
dAHS. FEdE AAFE AT T2A4 AR 2 AdAeE e g
of A4d FIPARE AT 224 5o #E AEL A sz A
on F3 A AFTL AZ T Rz TE FHojZe] B LA o]z
A At

B4 AgEdh AFARGAE F 2022 Ul A Agdddf AF
g AT AARY. ASHAAFE 71T ALEE AFLE B, EFE T
ol Act.

FRAAf AFS AARAY AT 94 FE 22 1) A F
#+EHFE Az YJ o 3 A= FREMAFE NHFEA AFA
BHol3 ol A A, dE, 718 T& AR Y-

dd 9 #A AFE AAse QAT 204293 o)E dAdME F2E,
Re HE dg gd F O3 dd AFL Y dden F8 AFL
HEY dEAY BE € FAL0i
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Table 8. General Characteristics of Companies Investigated

No. of
No. of . . .
Company Category Total mg _ Products Production IS?ar'mn al
Employee Worker
Glass Wool
BSKN glass wool 57 3H 2 glass wool, mat  9413.2 5.5-6.5(Board}
production/processing shift) board, pipe cover ton/yr ; 45-55(P/C)
HANI glass wool glass wool, mat
production/processing board, pipe cover
SWOO glass woal bonnet, muffler,
processing{insulator, engine cover
noise absorber)
Glass Wool and Ceramic Fiber
SWKEK glass and ceramic 12 ceramic fiber 30£056
fiber production/ blanket/board
processing 19 glass wool/
insulator
Ceramic Fiber
KR ceramic fiber ' 17 13 bulk ceramic, 400 ton/yr 3
production/processing Ceramic paper,
blanket, board,
module(pyro-bloc),
eic,
Centinuous Glass filament
HEKFI glass filament 312 180 glass
production/processing filament roving
OCHN glass filament 179 mat, etc
processing
HKCB glass flament 138 laminate,
processing electronic baseletc
WO00S glass filament fiber 18 brake lining- 40 ton/
Processing enforcing fibers  month
Rock Wool
KKEY rock wool 211 rock wool, board 5-7
production/processing
BSND rock wool 42 212 rock wool, board, 1,236 ton 4
production/processing shift) blanket, felt, floor
tle(PDF)
Installation
oD msulator installation




Table 9, Number of Investigated Factories by Product

No. of
Category Product Factories Factory Name
Glass wool Glass wool/Blanket 3 SWKK,BSKN HANI
production/processing  Board 2 SWKEK, HANI
Pipe cover 2 BSKN, HANI
Muffler 1 SAMW
Glass wool insulator Cabin insulation 2 DDJS, DSJS
installation
Rock wool Rock wool/Blanket 2 KKUY, BSND
Production/processing  board 2 KKUY, BSND
Rock wool insulator Cabin insulation 1 DDSH
installation
Ceramic fiber Ceramic fiber/Blanket 2 SWKK, KR
production/processing  Ceramic board 1 SWKK
Module 1 KR
Glass filament Glass filament/Strand 2 HKFI
production/processing
Glass filament Mat 2 OKCH
processing Electronic base, bow, etc. 1 HKCA
Brake lining enforcer 1 WOO0Ss
2) 4

fad == ¢de 73

8 AF
= a2

9 wiE,

A&
R Ho|Z

FFol wa FA0) Qo) Aol e
Aus Az T4 58S

= Y 394 B



| Raw Marterial |
{

| Metting/Refining |
!

| Forehearth |
}

| Fiber Forming |
{

| Compression | — [ Cutting | —
i

!
| Curing/Drying |
!

Siitting

!
Inspection/

Roli-up
}

| Packaging |

!
Final Product:

Insulation

Board

Fig. 3. Simplified flowchart for glass wool and insﬁlations production.

EE 25 ¢
3 99 44 ¢gEgL

-

g A¥SHAY 2@

G- G

2 99

Addition of binders, lubricants and/or adhesive

| Packaging |
!

([ Winding | — [  Curing

]

Final Product:
Insulation Wool

Asa AR

BARAA BRA TS

< 7VEsd Ag
nE AF, HolTo BLEEy] $% sol=

AT

-27—

{

| Shredding

]

{

Inspection/
Packaging

§

Pipe Cover

Final Product:

Aztsiny, QAL
E ZFdd 349 {fAA(E)
9 Mulg 9y A%
AW (pipe cover)Z AAit®}h &
TRF ARE4 duloA HR7 HEHE
=30} oF AR T P4t AHL=HT §
T urea-formaldehyde TAQo™ AFS 3 370 £Re uaL g4
87) #18 oil emuisione] 4 X =2

FAAME AR
H1el e phenol-formaldehyde



g, 4sd AFE AAFU, A A9t £XH0 gle dvisk 2
2R} AL TASE AT /¥l F2 AR AT o8
AF AzGAAA T AFS EWsE FAAM AFel FAo A=
ASel 270 F2 BAHE A2 duRt Ay Az L A5
7b &) Ho Yo Z2AE Aol4d(control room)}H §H=2 RN H+F
4 AdE Aoiste 4%, AdEddA duly Aojde 23 QL Bt o
F, 28z 448 AFE AANAY TRsE A, 2EE AFE A =
t AAMfork Lift)E AN st YT FTA%T YA

Azte & 3 e Ax $4L 39 49 22 FRAAF AzTHE 2
5% Zth AZd AXFAL FE EE ¢2d Fed FAS, O A
B Felle HHE ASA ¥ UEF FALE AdS FORHA ol &
S8 JHE 94 3 UEd 2 A &8 A=7E TR G9S
¢ 7HE AE HAdE FasPt gEeE £33 AWrlE 4% del=
A2a FEAE Ol ot TAEL ATk 2=AE &2 AvE 2T ¥
Az AuE dANAY 2 Add F2 FASAT dEHoR AFFE
olgel slewd FHAIANM AFE AAste FAGM TFe {7t ¢S
Z I}

&g, A4E 49T &2 25, BE 59 U2 AFoE tFEt AV
T & T QAANAH 2EE, 92 dAdHE R=EE 48T AT BF

A= S 449 2712 Fdstn ol &= Ho FANE F T
FEG PP ALd o} Zo] ¢ T AFL AT FH
B ARE FD7IE OER) TEAVF AF EREG 2E AL FHAAC
aFEe gdel 2PHT AU AR & EFHYAS AR Yo 2F F
d ZEAL EF ALTAANN TAHE Ahd =82 97 9 BE
S AR (AR &l dFED), 43 $& FEATANN EFT EAAE
°l& FE(mold)d] ol HFFT YA RYLE H¥E R=EE 2849A
dzxdy qEoz 4, 2" 59 7he 4L AY F xAIeY. 249



AE 2R A0l YA 2EAE EP=C 928 FYRL 2ARE Y
ARavs Aowg 24 A, HF 2Q, £ Ag9 FA%L A

Raw Materials

{

Melting/Refining in Furnace

i

Fiber Forming and Wool-bin

!

Needling

!

Drying

l

Cooling

l

Cutting

{

Roll-up

!

Inspection

!

Ceramic Wool
{ {
Cutting Mixing
l l
Assembling Molding
{ !
Cutting Drying
l l
Inspection Cutting/Grinding
! !
Packaging Packaging
l !
Final Product : Final Product.:
Module (Pyrolog) Board

Packaging

l

Final Product ;
Ceramic Woot Blanket

Fig. 4. Simplified flowchart for ceramic wool and insulations production.




Spinning
!
| Carding
{
Twisting
y
Sizing ]
|

Weaving

l

Inspection
l

| Coating
d

Packaging
}

Final Product :
Glass Filament

Fig. 5. Simplified flowchart for glass filament and products production.



A% AF 24 2FEAY L 9ASEA g8 AT FIE
Mol 9% %2 == NIOSH® Method 05007 ol &3te] ZAsQ0
g, o9 A55=E TAd FAs7 A8 R0l 3'Tmme! cellulose ester
membrane(MCE) 93 %}(0.8 tm, Millipore AA Type, Millipore Co.)ol ASE&
ARG MCE 93#AE A g3 15 - 25 L/29) $302 3713 A%
3RS AR ¥, A2 TAS A9 (Sartorivs, Model 200002 53
o QAL A2 AN A-F 52U 2A0A 19 5% AZA WA ¥
# % 2AE ALY TAE B A N2E 44 240 gk

AgAFR 9% 7% A4EE: NIOSH?) Method 740072 o] §3}
o ZAHHFID oARX Y dBE ZAE acetone/triacetin®.® FHIAZ F,
Walton-Beckette Graticuleo] 4919l 144 #7917 (Carl Zeiss, Axioskop). &
40099 MR e FE2 AL dFALY 44 ASE F A A
72 (A 2 B #4) 25 A& BA5Q A 746 B Dol 5 n
m ojAeln Zo|l o} ZAn(aspect ratio)7} 31 o]AQl MEHE AFdHoH,
B #&o wal Zdolst 5 umE ZFAeta do] of AA L u|7} 51 o)Al Mg
ZolX A7o] 3 um ol HH(ZFAH AP ASsg

2) FFRAUA AF TR FEBA

A3 2 B Y g8 428 4749 A% $ES 3F 2994 9%
FER FEVY FBAFE THILW MMMF 37 weh 34 He)
7t A stesgth H7RAE olgdtel F 7Rl 9% gy FBBA
2 5714 TR 4942 AASA.



3 AWH Y B g8 2 v

e

MMMF 542 WA A 73 s 4/ A5 & F 522 B 72
of el H4E AFSAch & ARASF T g T AT E Aok
(field area).2 Yol A4&F A/H4d A& dsA#3te Shapiro-Wik
W BAFE ol gt AVEXE AANY L ATEE 24 F 449 dF

< paird t-testd ©] &3] BA AAIANUD. £F F T AF A
FAAE goets §8H, MMMF £§ et 434l Zolst dex 4R
gt A FEo) AT ol dF B FHo & g ¥E A& MMMF
Z5 84 2 34 g2 HF 27 B4 AFHLE dopste | o83
Ak

%

)

4) N5 349 A7 =4

40049 WiEolHd 94R ATIAL olgatel Hi AAF A& A
Bt BB 44 27 S4L Bk

5) 2249 /% FEA L MG =% 97

MMMF 7%, 4448 2 3328 371% 283 55 2 ¥4% s=45
- #5te] Shapiro-Wik W BAFE ol &3t ATEEE FAsAS |
FAFE S A2 AL 7189 Fgeometric mean, GM)F} 713 EFHR
(geometric standard deviation, GSD)E T3l & 2% @& F71F 4+
FEAolE dUEAEN TAFE o83t ARH{A

Z2AY 22 R HREE FES F71E 98 9 dE, ACGH 2
OSHAAAM HAsta Y& 7I1&d vudd Frsdo 28 U3 & 7
#ollM 2R3 Y& =EVFEL E 108 2.



28 vagdeE 45 g w&vF0] dAH] e =E0|ES
2EPA024 10 pg/molt? FEAfe & MMMFY 73$ g9t ez &
YRt o] FEFLE Hrieta 3o

ACGIHO M= 29 H$(glass wool fiber)e] tid TLVE 1997d7A =
Z2FEAc2A 10 ig/molR et 1998 HFFEU 1 focE MAASASL. F
FALE, 9, €92¢ 2 25 FIER diF TLVE {29 4659 5
A 1 fecolth. 8, FHALTY AL AFEES T ozt FRWo A
5 mg/meR FA HAAGIZ gt ol F AFd dF TLVE A5 4% 3%
AFLS szl 94T 71Foltt. ACGHAME Agd=ddfo] g TLVE &
A dAsT YA oy 1998de] Auimt FAF 01 f/ccE MA Al (notice
of intended change) Z&°| F718Ht.

AZ=FEHF dig OSHA 3 471FL k. OSHAE 1992d3o) Alg=l4d
& A& & MMMFY] ™ Permissible Exposure Limit(PEL)-8hr
TWAE 1 f/ccE Astasith

&)

Table 10. Occupational Exposure Limit for Airborne Man-Made Mineral
Fibers

Type of Fibers MOL ACGIH OSHA
Glass wool fibers 10 mg/m’ 1 f/cc 1 f/ec
(total dust)

Continuous filament glass NE 1 f/cc 1 f/cc

fibers 5 meg/m*(total dust)

Rock wool fibers NE 1 f/cc 1 f/cc
Slag wool fibers NE 1 f/cc 1 f/cc
Special purpose glass fibers NE 1 f/cc 1 f/cc

Ceramic fibers - NE 0.1 f/cc(proposed
intended changes)

Note: MOL = Ministry of Labor; NE = Not established
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Table 11. Regression between Tofal Dust Concentrations and Fiber
Concentrations by Type of Fibers

Type of Mineral Fibers N*  Regression Equation RE® P value
Glass wool fibers 64  y° = 0112 xa" - 0014 042 < 0.001
61 y = 0074 x® - 0.006 0.41 < 0.001

58y =037 xa - 0010 0.41 < 0.001
58 ¥ =0287xs - 0015 0.42 < 0.001

Rock wool fibers

Continous filament glass 72y = 0019 xa - 0014 0.46 < 0.001
fiber 71 y=0004x - 0013 019 < 0001
Ceramic fiber 58 y=008x-0243 019 <0001

69 y = 0048 xg - 0.202 0.20 < (.001

Cverall 259 vy =0126 xa - 0078 0.19 < 0.001
266 y = 0.080 xp - 0.067 0.18 < 0.001

AN : No. of samples

BR? : Regression coefficient
y : Total dust concentrations determined by gravimetric method, mg/m’

xa : Fiber concentrations determined by A counting rule, f/cc

Exs : Fiber concentrations determined by B counting rule, f/cc
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from ceramic fibers industries.
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Table 12. Regression Equations between Counting Rules by Analysts

Fiber Type Analyst N Regression Equation r* P value
Glass wool fibers 1 64 v* = 073x% + 206 095 <0.001
2 4 y=067x +18 094 <0001
" Total y=071x-230 09 <001
Rock wool fibers 1 73 y=076x +102 099 <0001

2 68 v =073x - 670 097 <0.001

Total 146 y =076x - 209 099 <0.001

Continuous filament
glass fibers 1 31 y=022x + 4714 025 <001

Ceramic fibers 1 104 y=069z +925 092 <0001
9 106 y=073x +665 094 <0001

Total 209 y =071 + 793 093 <0.001

Overall 1 272 y =0T +064 098 <0001
2 228 y=073x +126 095 <0.001

Ay = result obtained by B rule, f/mm® Px = result obtained by A rule, f/mm?’
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Table 13. Intra—counter Variations by Fiber Type, Density and Counting
Rule

Average Fiber Density, Intra-counter Sr*

Fiber Type fiber/mm”
A Rule B Rule A Rule B Rule
Glass wool fibers 315 231 0.132 0.196
878 709 0.061 0.149
165.2 1220 0.044 0.121
306.2 230.2 0073 0.044
Overall Overall 0.084 0.139
Rock wool fibers 295 20.1 0.164 0.155
65.7 495 0.105 0.098
1314 143 . 0029 0.110
3364 260.4 0.055 0.107
Overall Overall 0.102 0.120
Ceramic fibers 236 238 0122 0.190
546 56.3 0.054 0132
1806 1649 0.015 0.132
326.7 2929 0.044 0970
Overall Overall 0.071 - 0.142
Continuous filaments 50.0 0.075
glass fibers 756 0.058
QOverall QOverall 0.067

*Intra-counter Sr: Intra-counter relative _standard deviation
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Table 14. Inter-counter Variations by Fiber Type, Fiber Density, and

Counting Rule
. Fiber Density, fiber/mm> Inter-counter Sr®* %
Fiber type
A Rule B Rule A Rule B Rule
Glass wool fibers <20 <15 0.344 0.509
20 - <80 <30 0.273 0.246
50 - <100 30 - <70 0.100 0.234
100 and Over 50 and Over 0.163 0.160
Overall Overall 0.281 0.396
Rock wool fibers <20 <30 0.422 0.550
20 - <50 <40 0.283 0.252
50 - <100 40 - <60 0.233 0.080
100 and Over 60 and Over 0.127 0.111
Overall Overall 0.296 0.337
Ceramic Fibérs <20 <20 0.216 0.266
20 - <50 20 - <80 0.210 0.316
50 - <100 50 - <90 0.170 0.188
100 and Over 70 and Over 0.119 0.134
Overall Overall 0.180 0.238

A Inter-counter Sr: Inter-counter relative standard deviation
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Table 15. Ratios of Count Results by B Rule to Count Results by A Rule
by Fiber Type and Factory

) Ratio, B/A

Fiber Type Factory Product or Operation N GM (GSD)

Glass wool fibers BS Fibe/wool; pipe cover 25 0.60 (1.37)
production

HANI Fiber; wool; pipe cover 12 065 (1.34)
production

KKSW Board; pipe cover 16 0.75 {1.37)
production

DD Insulation installation 9 074 (1.16)

Overall 64 0.66 (1.36)

Rock wool fibers BSND Fiber; wool; board 31 065 (1.59)
production

KKEY Board; Miton production 24 0.56 (1.63)

DD insulation installation 19 081 (1.13)

Overall 74 065 (1.54)

Ceramic fibers SWKK Fiber; blanket production; 67 0.86 (1.32)-
Board production

KR Fiber; blanket; Pyrolog 39 081 (1.29)
production

Overall 106 0.84 (1.30)

Continuous filament HKF/HK/ Fiber; mat; electronic base 22 0.55 (1.51)
glass fibers OoC production

WS Enforcing fiber production 8 0.25 (2.04)

DD Sand balsting 5 064 (2.09)

Overall 36 048 (1.81)
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Table 16. Ratios of Count Results by B Rule to Count Results by A Rule
by Fiber Type and Operation

Ratio of B Rule to

Fiber Type Operation N .
A Rule
Glass wool fibers  Fiber/wool production 4 0.80 (1.30}
Pipe cover production 46 0.64 (1.38)
Board production 4 068 (1.35)
Insulation installation 9 0.74 (1.16)
Overall 64 066 (1.36)
Rock wool fibers  Fiber/woo!l production 19 0.60 (1.60)
Board production 19 058 (1.60)
Miton production 16 063 (1.65)
Insulation installation 20 0.81 (1.13)
Overall 74 0.65 (1.54)
Ceramic fibers Fiber/blanket production 81 0383 (1.29)
Board production 10 0.90 (1.44)
Pyrolog production 15 0.83 (1.26)
QOverall 106 0.84 (1.30)
Continuous filamentFiber/mat production 13 0.71 1.2D
glass fibers Electronic base production 10 0.34 (1.58)
Enforcing Fiber production 7 0.30 (1.80)
Sand blasting 5 0.69 (2.09)
QOverall : 36 (.48 (1.81)

“This ratio is equal to ratio of respirable fibers to total fibers in filter
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Fig. 17. Photomicrograph of glass wool fibers in an air sample
under 400X magnification using phase contrast microscope.



Fig. 18. Photomicrograph of rock wool fibers in an air sample
under 400X magnification using phase contrast microscope.

Fig. 19. Photomicrograph of ceramic fibers in an air sample

under 400X magnification using phase contrast microscope.



Fig. 20. Photomicrograph of continuous glass filament fibers in an
air sample under 400X magnification using phase contrast microscope.

Fig. 21. Photomicrograph of glass fibers in an air sample during
installing rock wool insulation under 400X magnification using
phase contrast microscope.



Fig. 22. Photomicrograph of chrysotile asbestos fibers in an air
sample under 400X magnification using phase contrast microscope.

Fig. 23. Photomicrograph of amosite asbestos fibers in an air
sample under 400X magnification using phase contrast microscope.
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Table 17. Proportion of Airborne Fibers by Length

Fiber Length, g
<5 5-<10 10-<20 20-<50 50-<100 >100

Fiber Type

Glass wool fiber
PC cutting/BSKN (N=108) 25 89 182 273 165 255

Fiber forming/KKSW (N=170) 0 0 5.3 A7 388 512
Wool forming/HANI (N=225) 0 04 16 423 339 127
Wool cutting/HANI 0 0.8 54 454 262 100
Wool grinding/HANI 04 98 229 331 169 169
Rock wool fiber/BSNI 07 27 169 331 236 230

Ceramic fiber/KR 0 150 236 379 143 92

Continuous filament glass fiber 0 16 129 516 30.6 32
/HKFI :

Table 18. Proportion of Airborne Fibers by Diameter

Fiber Diameter, /m

Fiber Type :

<l 1-<2 2-<3 3-<6 5-<10 >10
Glass wool
P/C Cutting/BSKN (N=108) 322 223 207 124 124
Fiber formingKKSW (N=170) 24 365 - 218 394
Wool forming/HANI (N=225) 26.7 556 84 93
Wool cutting/HANI (N=130) 162 669° 123 46
Wool grinding/HANI (N=266) 237 568 139 56
Rock wool/BSNI (N=148) 236 297 196 196 74
Ceramic fiber/KR (N=140) 460 358 124 44 15
Continuous filament glass fiber 16 32 548 403
/HKFI (N=62)

“Percentage of fibers in 1 ~ <3 m diameters

olst e A% Y EXE 24T A%E E 199 AAHA A fAdH
Az 248 Fed4e B2 B & 15 molgn. 2 & H4
F AZQA A% AFL 3 ~ 4 mez NEH AP0l 2 A4 LAHY
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Table 19. Summary of Length and Diameter by Fiber Type and Factory

Length Diameters 4 ;
Fiber 9/- of Fibers
7 GM, im GSD GM, m GSD Dia <3 m
Glass wool
BSKN/P/C cutting(N=108) 3B 31 15 35 752 .
KKSW/Fiber forming(N=170) 105 40 >3-4 38.9
HANI/Wool forming(N=225) 5 20 14 82.3
cutting(N=130) B 29 1.7 83.1
” grinding (N=266) 33 29 15 : 805
Rock wool/BSNI (N=148) 28 21 16 28 730
Ceramic fiber/KR  (N=140) 3H 31 10 21 942
Continuous filament glass fiber 27 19 10 16 16

/HKFI (N=62)

Note: GM = geometric mean deviation; GSD = geometric standard deviation
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Fig 24. Distribution of airbomne fibers lengths by fiber types.
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Table 20. Comparison of Fiber Diameters between in Products
and in Air Samples

Fiber Diameter, vm
Product® Airborne Fiber®

Type of Fibers

Glass fiber 45 - 65 15 - 40
Rock wool fiber 40 - 70 16
Ceramic fiber 25 -35 1.0

AThe data obtained from the manufactures; 2The values measured
by phase contrast microscope
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Table 21. Comparison of Respirable Glass Fiber and Total Dust
Concentrations among Factories in the Manufacture of Glass Wool and
Insulation

_ Total Dust
Factory Product N TFiber Conc, f/cc N
Conc., mg/m’
BSKN PC 10 0.037* 2018 ~
KKSW Board 5 0.008 (1.32) 5 0.18 (1.57)
PC 12 0010 (1.33) -
Subtotal 17 0.009 (1.35) -
HANI Eiber/Wool 6 0.008 (2.03) 5 050 (2.94)
PC 11 0.009 (3.09) 11 0.33 (1.70)
Subtotal 17 0.008 (2.67) 16 0.38 (2.08)
SWOQO  Muffler 15 0.012 (2.25) 14 058 (2.07)
Total 59 0.012 (2.43) 35 0.40 (2.20)
AGeometric mean; BGeometric standard deviation
S AUt F, AF9 opREE 9T AR BEL Adst=s FA4o] 8l
7] W Ade] 9% 2ALAAL WA & Ut EF o] AdF] 233

A E) B FAHAME ZH G g3 FAHE FAddF TAEEC] /T
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Table 22. Comparison of Respirable Glass Fiber and Total Dust
Concentrations among Products in the Manufacture of Glass Wool and
Insulation

Personal Sample Area Sample

Product No. of Fiber Conc., Total Dust, Fiber Conc., Total Dust,
Factory f/cc mg/m’ f/cc mg/m’

Glass wool/ 3 0.008* (20 050 (29) 0017 (56) 113 (26)
Blanket (N=5) (N=5) .  (N=9) (N=3)

Board . 0008 (1.3) 018 (1.6) 0.033 (39 0.18 41)
(N=5) (N=5) (N=3) (N=3)

Pipe cover 5 0016 (25) 038 (1.7) 0030 (58) 0.82 (2.0)
(N=30) (N=8) (N=28) (N=4)

Automobile . 0012 22) 058 (21) 0007 (19) 057 (25)
muffler (N=14) (N=14) (N=9) (N=9)

AGeometric mean; BGeometric standard deviation
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Table 23. Personal Exposure Levels to Respirable Fibers by Job in the

Manufacture of Glass Wool and Insulation

Fiber Conc., f/cc

Production Line Job N M S
Fiber/Wool Fiber forming machine A ~
rmanufacturi & furnace operation 3 0013 (44" 0.002-0.032
Glass wool packaging 4 0011 (1.3) 0.007-0.014
Pipe cover Glass wool B
manufacturing loader(handling) 6 0011 (14 0007-0016
Packing/Inspection 3 0007 (14) 0.005-0.009
Packaging 13 0019 (24) 0.007-0.173
Machine maintenance 4 0012 (44) 0.004-0.096
Processing/Grinding 2 0062 (1.1) 0.057-0.068
Board manufacturing Fiber forming machine 1 0,005 _
& furnace operation ‘
Packing 4 0009 (1.1) 0.008-0.009
Muffler Molding 9 0011 (22) 0.002-0.030
manufacturing Cutting 5 0015 (24) 0.006-0.048

AGeometric standard deviation

Table 24. Airborne Fiber Concentrations in Area Samples by Process in

Manufacture of Glass Wool and Insulation

Product Line Job N g;dber Conc., f/ec -
Fiber/Wool Fiber forming 0.008 6.96)* 0.002-0.161
manufacturing Wool packaging 0.005 (1.61) 0.003-0.007
Pipe cover Paper coating machine 9 0.025 (897) 0.002-0.554
manufacturing Curing 1 0.126
Cutting 9 0.066 (650) 0.005-0.813
Grinding 2 0003 (1.72) 0.002-0.005
Molding 5 0026 (1.78) 0.010-0.048
Board manufacturing Cutting, Grinding 4 0.019 (2.36) 0.009-0.064
Packing 0.155
Muffler manufacturing Molding 0.009 (195 0.004-0.016
Cutting 0.008 (1.54) 0.006-0.013
Packing 0.007

AGeometric standard deviation
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Table 25. Comparison of Respirable Rock Wool Fiber and Total Dust

Concentrations at Workers Breathing Zones among Factodes in the
Manufacture of Rock Wool and Insulation
Fiber Conc. Total Dust,
Factory Product N GM. Toe N GV me/m
BSNB  Board 8 0.031 (2.32)* - -
Fiber/Wool 12 0.076 (3.59) 8 059 (2.19)
Subtotal 20 0.054 (3.30) 3 059 (219
KKEY  Board 8 0.014 (3.33) 6 0.64 (1.93)
Fiber/Wool 3 0.011 (1.35) 2 1.02 (1.05)
Miton 15 0.035 (2.04) 15 1.17 (1.60)
Subtotal 26 0.023 (2.66) 23 0.99 (1.75)
Total 46 0.032 (3.11) 31 0.87 (1.92)

AGeometric standard deviation

Table 26. Comparison of Respirable Rock Wool Fiber and Total Dust

Concentrations among Products in the Manufacture of Rock Wool and
Insulation

| Personal Sample Area Sample

Product Facilty o % "Fiber Conc, Total Dust, Fiber  Total Dust,
f/cc mg/m’ Conc., f/cc  mg/m'

Loose wool 2 0048 (41 066 (21) 0.143 (5.4) 064 (5.2)
(n=13) (n=12) (n=8) (n=8)
Board 2 0.019 (3.0) 064 (19 0.041 (2.7) 0.74
(n=16) (n=6) (n=9) (n=1)

Miton 1 0.035 (200 117 (1.3) 0.027 (2.0)0 1.13 (2.6)
(n=15) (n=15) (n=2) (n=3)

AGeometric standard deviation
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Table 27. Workers’ Exposure Levels {o Respirable Fibers by Job in the
Manufacture of Rock Wool and Insulations

Fiber Conc., f/cc

Product Facility Job N oM Range

Fiber/Wool i i i

manu/ff ctaring zbg;:;f“;im"fiih‘“e 5 0025 (430)* 0.008-0297
Machine maintenance 2 0021 (2.82) 0.010-0.045
Wool packaging 2 0085 (1.45) 0.042-0.071
Packaging & Sweeping 2 0460 (1.86) 0.295-0.709
Piling 2 0054 (1.33) 0.044-0.066
Wool loader(handling)

Miton Wool loading 2 0059 (151) 0.044-0.079
Mixing 3 0031 (1.36) 0.025-0.044
Molding 1 0.016
Drying 2 0110 (1.12) Q.101-0.119
Cutting 2 0021 (1.86) 0.032-0.013
Inspection 2 0036 (220) 0.020-0.062
Packaging 2 0017 (162) 0.012-0023
Forklift driver 0.016

Board manufacturing Fiber forming machine
% fornace Opimﬁon 2 0026 (231) 0.015-0029
Machine maintenance 6 0.023 (351) 0.005-0.082
Inspection 2 0.036 (1.98) 0.029-0.040
Packaging, piling 3 0012 (539) 0.002-0043
Forklift driver 1 0.009

AGeometric standard deviation



Table 28. Airborne Respirable Fiber Concentrations of Area Samples in the
Manufacture of Rock Wool and Insulation

Fiber Conc., f/cc

Product Facility Job N CM Range
Fiber/Wool Fiber forming machine 3 0.008 (1.60)* 0.066-0.165
manufacturing Conveyor 2 0211 (251} 0.110-0.404
Scraching(hompagi) i 0.045
Packing machine 1 0.023
Forklift 1 0.016
Restroom 1 0.035
Board Fiber forming 0.063
manufacturing Cutting 5 0032 322) 0.004-0.063
Packaging, piling 1 0.132
Transportation/automatic 1 0.058
piling
Restroom 1 0.020

AGeometric standard deviation
3) A8 Az 2 ddA A=Y
ZH AR 2 A4FEd A% v

E 299 = AR 2249 A4S =558 BdF3 o F A
4% AA =229 BT /5= 026 f/cc2 8% AN 87 ACGIH TLV
EF 2R F AER AFFEE 9% Aole dRH(Ep>0.05). A==
AR AdEE devEs f23, 29, AREds AF AzAEZA 9lE
FEL FASHA RS AR g2 AxFELSAE 2EAE I
87 izl dFEDe] Tl AAHAY, ARNA R BF AR 2EY
< ¥9387] A3 2FAE Fvtste 92 JEY(needling) 2AdE &7 A2
A E71F 7t EAo] HQ folnt

KR Adde 4+ R 893 AzxJdY d/s=s 24 029 € 0.34

flccolZ F 2199 HF FEE 032 fecoldth ol AA oA 22A9)
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%k 90%7F AR LAY ACGIH TLVY 01 f/ccE 2H3tE A2z YEgY.
SW Atg el d# 2 BE AxAA P/e=EE 4 021 R 016 el
A3 T B9 BE FEE 020 fecoldT o) AAY B 22AY o
70%7t 743 :AE ACGIH TLVQ 01 f/eccE 2#ste R22 JEygn.
KKSW A9 RE AZzIAHAME dxd =€ U574 €3¢ 272
Aze Aol ot oF FHANA Adel ol A TVHA AR o
g AzFBEH Az AGFY A4 o) dvt 2 Y FAANE TE
ZAA vis NaY g& AHEJe TAHE Aoz U] WEd ol
ZAANY A45Ee uRW guY o o 390

Table 29. Airborne Fiber and Total Dust Concentrations by Factory in the
Manufacture of Ceramic Fiber and Insulations

i . Total Dust, _ . = .
Factory Product Facility N Fiber Conc, N us Violation®
f/ec mg/m’
KR Fiber/Wool/Balnket 7 0.29° (207 8 337 (153) 6 (85.7%)
Pyrolog 12 034 (223) 12 549 (143) 11 (91.7%)
Subtotal 19 032 (2.14) 20 451 (156) 17 (89.5%)
KKSW  Fiber/Wool/Blanket 12 021 (3.12) 12 054 (234) 9 (75.0%)
Board 4 016 (2.44) - 2 (50%)
Subtotal 16 0.20 (2.88) 12 0.54 (264) 11 (68.8%)
Total 35 026 (254) 32 212 (332) 28 (80%)

Number of samples exceeding the ACGIH TLV. The values in parenthesis are
percent.

PGeometric mean; “Geometric standard deviation

® 30 R 3¢ 282 34 2 FAEEE B Z2AY 45 =EFEold
AR ds 2 EPRA Az TR 3S 2 B4 FEE 061 f/ecE 7}
F wgod RA/AuIE AYGL 034 flecE Lo & ARG 2E



AZFAAE AEFL Adste AFAA 061 {2 71 e, 42
Z XFFH 043 flecE BQT A RE AZFTAAAE AL west
22742 BE7t 031 fec® ¥ Ed =4 vehgd
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Table 30. Personal Exposure Levels to Ceramic Fibers by job in Ceramic
Fiber Industries

e . Fiber Conc.

Product Facility Operation N M /e ry—

Ceramic Fiber/ Fiber forming, furnace 5  0.10 (1.7)*  0.059-0.233

Blanket operation

manufacturing Machine maintenance 6 0.14 (1.2) 0.061-0.256
Packaging 5 0.61 (4.4) 0.304-1.394
Packging, machine 3 0.34 (19) 0.181-0.624

maintenance

Module(Pyrolog) Cutting 3 0.61 (1.2) 0.517-0.698
Assembling 5 0.32 (1.7) 0.170-0.694
Packaging 3 0.43 (1.6) 0.279-0.689
Repair man 1 0.044

Ceramic board Packaging 2 0.08 (1.16) 0.073-0.090
Mixing 2 0.31 (2.13)  0.182-0.529

Note! GM=geometric mean
AGeometric standard deviation

E 31e A2NEAN AAE AEY A FEoT APUds 2 BaR
AZZHANE UES Qv 223 A A4557 e 34 ¥
§ B3tk UER FAL 2oy FA7 2A=H QoY BASE A4
A 29 AARA 2a: Aoz gt ZE AERTAGAE 48
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Tyl AAE A% By BFART 25 =g 2L AY BANA A
F AR AR BEE 47 022 flec 2 0043 fecE UENEY. Aw A
s 2YFRARD BoU 1Y HL FEE BQ XS FYo] o
A e NBE ZEF ol 0B AdG YA A= PEFFEE
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ANRY FE7 b wston AEFAHY ZF AFEdA EAP A
ot 0.017 - 0.055 f/ece] 5 EXE BQAt A3 AAA 7 e 5
E B3 AEE A7®E 2Fds 22x oA AFH3I ABoln.

Table 31. Airborne Fiber Concentration in Area Samples in Ceramic Fiber
Industry

Fiber Conc., f/cc

Product Facility Operation N oM Range
Ceramic Fiber/ Fiber forming 19 0.12 (338" 0.002-0.98
Blanket Manufacturing Niddling 7 0.48 (2.76) 0.072-1.56
Compress 3 0.15 (1.18) 0.126-0.17
Cutting 13 0.14 (2.12) 0.062-0.55
Packing 9 0.23 (1.42) 0.154-0.41
Grinding/recovery 5 0.20 (3.22) 0.041-1.09
Ribbon-Mixer 1 0.130
Background 5 0.16 (3.16) 0.053-0.71
Pyrolog Cutting 3  0.043 (7.63) 0.006-0.29
Assembling 2 0.22 (1.11) 0.208-0.24
Ceramic Board Mixing 1 0.560
Molding 4 0038 (1.74)  0.017-0.055
Pressing/Conveyor 1 0.035
Curing 1 0.048
Packing 1 0.021

Note: GM = geometric mean; “Geometric standard deviation



Fiber Concentration, flcc

9 El Ceramic Fiber&Blanket Production
B Ceramic Module Production

8 - ™ Ceramic Board Production

T4

Fig. 28. Comparison of fiber concentrations among jobs in ceramic fiber
industries.

A: Fiber forming&fumace operation; B: Fadlity maintenance, C: Packing; D: Packaging®
Facility maintenance; E: Cutting; F: Assembling of module; G: Pad<ag|ng H: Repair;
1: Packaging; J: Mixing



4) 54 % Ax 2 FAAF A=x4

7t A% 2 AFE AW =

Frgde Az AdFd 2249 4§ 2 22U =255 B 2% 2
g AgAY FF AFEEE 0008 ~ 0.025 fecolnn BA AR B
#F FE¥E 0010 fec2 UehRth. AF AEF ACGIH TLVY 1 fccE 24
e ARE SV g9tk 4 AR 3 F2F §2E 0008 ~ 112 mng
/mE gggew 27 U =&71F010 me/m)3 ACGH TLVO m/m)E %
e e AU

44 AR AeEEe BARY A 98 Aol dE A2 UER
th(p<0.01). Z 37184 AF WO0S AgAe AHFF=s 0025 {fcc2 B
e Fx9 F L0006 ~ 0008 f/cc)deE HAF Aoirt ARy
(p<0001), F HAZ & FZE 2 AAFAT FosA =X o
(p>0.05). 478 AR HRsse FE2 T8 dus) vH F 29 &
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Table 32. Workers’ Exposure to Airborne Total Dust and Fiber by Factory
in Continuous Filament and Products Manufacturing Industries

HKCB  Electronic base 15  0.008 (2.35)* 15 036 (562)
HKFB  Filaments 17 0.006 (363) 12 008 (6.76)
OCHN  CHop/Mat 12 0011 (317 13 013 487
WOOS  Brake lining enforcer 12 0025 (2.42) 13 1.12 (6.22)
Total 56 0.010 (3.26) 53  0.26 (7.31)

Note: GM = geometric mean
AGeometric standard deviation



E 330 = FAE AF FEE ¥AFD U € = EYAY AS EY
¥, A ¥(weaving), =89 (drawing/roving), 4 FRA AH =7 Hw
2wt AFA BHela gelyd AsdFY AE¢ JAHtwisting), A9
(carding), A *¥(spinning), ¥IE 2.2 FE7 2 FIE Holxm YUt
Table 33. Fiber Concentrations by Process in Continuous Glass Filament
Industries

- Fiber Conc. f/cc
Product Facility Job N oM Range
Wool/Banket Fiberizing 3 0001 (111)*  0.001-0.002
Sizing 4 0.004 (1.93) 0.002-0.010
Drawing; Roving 3 0014 (2.63) 0.005-0.030
Production
Packaging of 3 0.035 (1.10} 0.032-0.039
Roving
Twisting 4 0.003 (2.59) 0.001-0.007
Braiding 4 0.005 (1.88) 0.002-0.009
Weaving 5 0.029 (2.05) 0.013-0.075
Grinding/Recovey 1 ' 0.032
Chopping 2 0.004 (1.46) 0.003-0.006
Enforcing fiber for Mixing 4 0.049 (1.27) 0.040-0.069
brake lining Carding 2 0.023 (1.17) 0.021-0.026
Spinning 3 0.027 (1.93) 0.013-0.045
Twisting 3 0.010 (3.60) 0.003-0.033
Processing of epoxy  Cutting, Grinding 6 0.012 (2.05) 0.005-0.024
resin
Processing of laminate Laminate 5 0.004 (2.08) 0.002-0.013
coating&inspection

Note: GM = geometric mean
AGeometric standard deviation
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Table 34. Airborne Fiber(Glass Fiber, Rock Wool Fibers, Continuous Glass
Filament) and Dust Concentrations during Insulation Instailation and Sand
Blasting at Shipyard

Personal Sample Area Sample
Fiber  Total Dust . %1 . Fiber  Total Dust
Operation Violation®
B [N
Insulation on cabin 0220 19 188" (1.9 019 (14) 038 (2.1)
b ol : 0.071-0.48%  068-327 0 o) )
With glass woo (n=6) (n=5) "
Insulation on cabin =0 (98) 416 %) o 0o 545 (42)
ith rock 1F 06%-287  0900-955 7 7. (n=7) (n=6)
WILh T0CK Woo (n=11) (n=10) 17
0020 (28) 041 (2.8)
Sand blasting 0.004-0055  0.25-1.41 0 - -
n=h) (n=4)

ANumber of samples exceeding the ACGIH TLV (adopted or noticed of intended
change)

BGeometric mean, f/cc; “Geometric standard deviation; "Geometric mean, mg/m’;
E'Range(mininmm—maximum); FOne extreme value was removed.

6) 4F T AH X

E 3B Y ad 9= L
717 Af R FED 28 HIT Ao gFo W HF sEE Aot
AR Hp<0.001). 2LAAAANA Ao GddAE B2RAse
d FEA =25 =L 44 057 flec 2 263 m/meE FEW A4 AF, ¢
AF AF 2 Adgd4 AFAZYEY 984 3o (p<0.05), 53]
148 AZolN I dAAE AXYE 9 o 73%9 ANE/F TLVE 233819

il wd

Jlr*

A=A AEAZHS 715 4% §2= HF 026 fec2 FYAEHT
0012 f/cc), ¥ (HZ 0032 f/cc) R FHALF AFAZLA(EF 0.010 f/cc)
o ¥l8 EFJXHp<0.00D). AZ=NEF AFAZANA FASE 22A4E W
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Table 35. Summary of Airborne Fiber and Dust Concentrations by
Industrial Types of Man-Made Mineral Fibers

Personal Sample Area Sample
Type of Industries® Fiber Conc., Total Dust, Fiber  Total Dust,

f/cc Conc., mg/m' Conc., f/cc Conc., mg/m’
Production of glass 0.012° (24) 040 (2.2) - -
wool and insulation 0.008-0.037° 0.18-058 0.007-0.038 0.18-1.13
Production of rock 0.032 (3.1) 0.87 (1.9 - -
wool and insulation 0.014-0.048 0.64-1.17 0.004-0.143 064-1.13

Production of ceramic
fiber, balnket, board and
module

Production of continuous
glass filament and the
related products, etc.

Installation of insulations

0.260 (25) 212 (3.3) - -
0.16-0.41 0.54-549  0.050-0.190 0.12-4.87

0.010 (3.3) 0.26 (7.3 - -
0.004-0025 0.08-1.12  0.002-0.009 0.34-0.48

at a shipyard 0.570 (44) 263 (2.95) 0.560 0.46
Sand blasting at a - _
shipyard 0.020 (28) 041 (2.8)

ANumber of manufacturers is four, two, two, one, one, and one, in row orders.;
BGeometric mean of all data; “Geometric standard deviation of all data; “Range of
geometric mean concentration for each factory
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A0z FYRAEAE AN 22 w&YH F207] FAe &
gof gl WART BEIF Be A FEE 247 AT 2AE Aok @
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8) AxFEA ol dE =&7& AR

goll A AFE vig} Zo] £ dge fKIAHRA A} HEVELS FE
Aoz 10 /o AR goy Hf FE2 #AE HEI|EL 43S
of 9lA Soh® FaAR Slo dE AxFE Afd dF =2V|EL ey
olE HHE #AMFS EdA AFHL de AL E A4dEn. +9 UH
£ 81E% 939 AU AFVIRAA FARARAAY AL e A2FE
ol i3 HLV1ES F 3674 #oh
ACGIHe| A & 19989 o] oj& HEdfrol dd TLVE FEIF FYsHA
ARG oY olF Af FEEA fKEAARY TLVE AR e ¥4, e U
ZFEHAFo izt TLVE 4 2Ag. ACGIH TLVOl= "Synthetic
Vitreous Fibers” ¥ #3284 #(glass wool fibers)®jdll 24 F(continuous
filament glass fibers), Y H4H(rock wool fibers), e 2& A-fF(slag wool
fibers) @ E423 4 f(special purpose fibers)7t F7158lem ol&o] g
TLVE A328e) A% 2F 1 focZ FASART. &, 2HALRS 7
T AREE Ao TN T2 TEEAN 5 w/mwe AT Yot TEH A
A dfe A2 22 FASFL TER 2A%AS Hud FLE 71EY 01
f/ccE TLVE AAsdaA aASFIHG®
ul= OSHA®I A= 1992de] AP I=dfo] g FHE7EE A
dHAH® YRR AS BEA AH(nswation fibers)st &I &(slag
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P AFEEAT A EFeE 3FEHT Yo 24P AZFEL S B

o

—0g—



§ SHE7EE 1 fecR AR E en w5 NIOSHAAE 3 flccg dnst
I 4tk olg 71BN FARI Ae HENES dF o2 FF 3 m oF
oli Zo| ) A7A "7t 31 o] AN TFAY HHol FEHn Yoh®

O

Table 36. Occupational Exposure Limits for Various Man-Made Mineral
Fibers

Agency/Organization Fiber, f/cc Dust, mg/n’
Ministry of Labor 10 (Total)
OSHA 5 (Respirable),
General Industry i 10 (Total)
Construction 1 (diameter<3 gm, aspect ratio>3) 15 (Total)
NIOSH

Respirable fibrous glass dust 3 (diameter<35 gm, length>10 ¢/m) 5 (Total)

ACGIH

Continous filaments

Slag wool

Glass and rock wool
Special purpose fibers
Refractory ceramic fibers

Dutch
Continous filaments Classify inert
dust
Slag wool 1 (respirable’, 8-hr TWA)
Glass and rock wool 5 (respirable, 8-hr TWA)
Special purpose fibers 1 (respirable, 8~hr TWA)
{glass microfibers)
Refractory ceramic fibers 5 (respirable, 8~hr TWA)
Sweden 1 (respirable, TWA)
Denmark ‘ 2 5 (Total)
Newzeland 5 (Total)

"Respirable fibers: Fibers with length >5 Nm, diameter <3 bm, and aspect ratioc >3:1
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FUE fRey HREES 01 fecE 238E ARE 3874 AEF 3142
ey o] AIALS F8A FEE AMdoz ¥ gd JR{FEeT ¥
A A deEy g9 ARAFAE g8 F4E 2ol AU o] AdAY F
AR AGEE AHASFE r = 03622 TE AdZ w8 FaA o]
2E o Ao Yrynh o AYA A T AN APl A9
RAEXTE ASELE dxg= AL 8384 ¢ Aoz duddg,

FEAY A2 BAHL 479 27 BA, Fd2E T 98 =
o 23] ohg £ don £ A4 7 FAAL d¥A Aol oy
2 FAAMT AL Aol gFdch 4 FHEUE F LA FdAl
AEA AL Fog FEaA7 HBHE A5 olgh 2L Py E F
48 ¢ A& Roin.

e

x

Table 37. Estimated Value and 95% Confidence Interval of Fiber

Concentration at a Given Total Dust concentration

Fiber Conc., f/cc (Y)
Total Dust Conc., mg/m'(X) Estimated Value 95% Confidence Interval

2 057 022 - 092
25 0.69 037 - 1.02
3 0.82 051 - 1.12
4 1.07 077 - 1.36
5 132 099 - 163
10 2.56 182 - 330
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Fiber Concentration, f/cc

y=0.249x +0.072 (R°=0.63, p<0.001)
3
2.
14
 }
02 : .
0 2 4 6 8 10
Tatal dust concentration, mg/m’

Fig. 30. Regression between fiber cocentrafions and fotal dust
concentrations during insulation installation int a shipyard.
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Fiber Concentration, ffcc

2.0

1.8 j
y = 0.001 x - 0.078 (R?=0.35, p<0.001)
1.6 —L .
1.4 4

1.2 A

Total dust concentration, mg/m®

Fig. 31. Regression between fiber concentrations and total dust
concentrations in a ceramic fiber manufacturing factory.
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