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Table 1. MMMFs, factories a d  process surveyed 

Type of Processes (Number of qacilities) 

Glass wool fiber and its 
products manufacture 

Rock wool fiber and its 
products r n a n u f m  

Continous filament glass fiber 
and its products manufacture 

Installation of Glass wool and 
rock wool insulations 

Woovblanket manufacturing (2) 
Board manufacturing (2) 
Pipe cover manufacturing (3) 

- M a e r  manufacturing (1) 

Blanket manufacturing (2) 
Board manufacturing (2) 

- Glass filament manufacturing (1) 
Mat (1) 

- Electronic base, bow (I) 
- Brake hung enforcer (1) 

- Installation of glass wool insulation (1) 
- Installation of rock wool insulation (1) 

KE, BN 
KE, BN 
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Table 2. Airborne fiber concentrations by factories in the glass wool fiber producing and processing 
industries 

Factory Product 
Fiber conc. 

p value 
N GM~,  f/cc (GSP) Range, flee 

BK Plpe cover 10 0.037 (2.0)** 0.021 4 .173  

KS Pipe cover 
Board 
Subtotal 

HA Plpe cover 10 0.009 (3.1) < 0.001 4.068 
Wool and fibers 5 0.008(2.0) 0.002 4 .014  
Subtotal 17 0.008 (2.7) < 0.00 3 .068  

SW Muffler, bonnet 14 0.012 (2.3) < 0.00 4.048 

Total 56 0.012 (2.4) < 0.00 3 .173  
"CM=ga~rnetric mean ; %SD=gametnc standard deviaticn ; -p<0.01 
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Table 3. Airborne fiber concentrations by job in the glass wool fiber producing and processing 
industries 

Production line Job or Process 
Fiber conc. 

N GMA, E/cc (GSD") Range, flcc 

Wool Fiber forming & 
furnace o p t i o n  
Wool packing 

Pipe cover Glass wool loading 
Packing and inspection 
Packing 
Machine maintenance 
Processing and grinding 

Board Fiber forming and 
furnace o p t i o n  
Packing 

Muffler Molding 
Cuning 

'GM=geomet r c mean; 'G SD=geomet ric standard deviation 

Table 4. Airborne fiber concentrations by company in the rock wool fiber 

Factory Product 
Fiber conc. 

N GMA, f/cc (GSDB) Range, flcc 
p value 

BN Board 6 0.031 (2.3) 0.009 4.082 
Wool and fibers 10 0.076 (3.6) 0.010 4.709 
Subtotal 16 0.054 (3.3) 0.009 4.709 p < 0.05 

KE Board 
Wool 
Ceiling tile 
Subtotal 

Total 42 0.032 (3.1) < 0.001 4.119 

CM=geomet r c mean; ' G  SD=gemet ric standard deviation 



Table 5. Airborne fiber concen tmtions by job in the rock wool fiber producing and processing industries 

Production h e  Process or Job 
Fiber Conc. 

N GMA, ffcc (GSW) Range, flcc 

Wool Fiber forming & furnace 
operation 
Machine maintenance 
Wool packapg 
Packaging & sweeping 
Plllng 
Wool lading 

Celllng board Wool f d ~ g  
Mixing 
Molding 

Drying 
Cutting 
Inspection 
Packagmg 
F o M  dnver 

Insulation board Fiber forming & furnace 
operation 
Machine maintenance 
Inspection 
Packagmg and piling 
F o M  driver 

*GM=geometr c mean; "G SD=geomet ric standard deviation 

Table 6. Airborne fiber concentrations by company in the continuous filament glass fibers industries 

Product 
Fiber Conc. 

N GMA, ffcc (GSDB) Range, flcc 
p value 

HC Electronic base 15 0.008 (2.4) 0.002 -0.024 
HF Filaments 17 0.006 (3.6) < 0.001 -0.039 
OH Mat 12 O.Oll(3.2) 0.002 -0.075 p < 0.05 

wo Brake h g  enforcing 
materials 12 0.025 (2.4) 0.003 -0.069 

Total 56 0.010 (3.3) < 0.001 -0.075 

'G M=geornet r ic mean; 'G SD=gemet ric standard deviation 
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Table 7. Airborne fiber concen tm tion s by product in the continuous filament glass fibers industries 

Production Line Job 
Fiber Conc. 

N GMA, flee (GSDB) Range, flcc 

Wool and banket Fiber forming 
sizing 
Drawing 
Packagmg of roving 
Twisting 
Br;udlng 
weaving 
Grindlnghcycling 

chopping 
Enforcing fiber of Mixing 
brake lining w g  

Spinning 
Twisting 

Epoxy resin Cutting, and grinding 
Laminate Laminate coating and 

% M=ge ornet r c mean; % SD=geomet ric standard deviation 

Table 8. Airborne fiber concen tmtions during in stallation of insulations 

Operation 
Fiber Conc. No. of samples 

exceeding the 
N GMA' flee Range, f/cc p value 

(GSV)  
TLV,lf/cc 

Insulation on cabin with 
glass wool 

Insulation on cabin with 
rock wool 
- 

'G M=geometr c mean; ' G  SD=gemet ric standard deviation 
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Table 9. Comparison of airborne fiber concentrations among industrial twes 

Type of Industries N GMA'flcc Range, ~ c c  p value 
(GSP) 

G r n V C  

Production of continuous filament glass 56 0.010 (3.3) 0.001 4.075 
fibers and the related products 

Production of glass wool and insulation 56 0.012 (2.4) 0.002 4.17 0.012 
p 8.01 

Production of rock wool and insulation 42 0.032 (3.1) 0.002 -0.7 1 0.032 

Installation of glass and rock wool 17 0.73 (2.8) 0.071 -2.9 
insulations at a shipyard 

Production of ceramic fiber, blanket, board 35 0.26 (2.5) 0.16 4.41 
and module" 

- - - - - 

%M=geometrc mean; "GSD=gemetric standard deviation; "Cited from other s tuddg g3, 2000); 'TLV=Thes hold Limit Values 
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41 32 +q++ Q%j41+F, 4-39 
$$@(loose blowing rock wool) g A]+ 
2 1 3 7 1 %  +TOy+Z.+ T_/-F $3 
(1.08 f /cc (8hr-TWA=0.3 f/cc) , 7.67 
f/cc (8hr-TWA=l.%f/cc), 1.94 f/cc 

(8hr-TWA=0.97 f /cc)o] 43 gg 
%\%'+. 

Bender 5(1991)o] +q+j+ q z j  
$ ? X ) ~ O ]  3x9 y j q ' g q g  38 
9 3 4 ,  +q+j+ q 9 x q g  A]%%) 

% z l q q h j q  $3 5% 32% q 
q - Z  0.1 f / a  o]%\6]X]+ gq- 9iL 
z\q Zjiq-2 lf/cc4] 2 3 % 1 %  $2 
o1tFil %)%q.  551 '341 3 z F q h j  
9 4  $2 +E+4 q$j (1 -18 f / ~ )  
i q  5q 4 9 7 ) ~  49%)+ ziy 
(0.2-4f/cc)q]hjk jL+Z.q +-$;q 
kfgqil 3-3%)%q.  

4 @ 4 ? - 2  44%qr 41E. 4 

6 .  gZ&tzAdsql ylKl !LZ~I$ 
JSI 

-"r~1zF k-ti-1"-5 HlZ?! 91qq 
8+1 97719ollh1 38 317-14 3 
3%)3 3 %  q p * g $ + q l  l]$ 

kg7]2+ Table 1 0 4  @ q .  

k5,"- k g 7 ) $ ( 2 0 0 2 ) q k  " + q  

~4 mTr 0 @xlni!+ L L "+gq~l+~"y~J z%JS;I 
61 3cq $+%E% 33 $%k+ 
5.z l 0 m g / m q 2 s  485161 % q .  
" ]*W+q]  43 kf 712s q55 

35Lq o ] Z  $+5. +q$T"rQ+ -ti- 
g3)fil 7t-zyS)il $12 323. 
g q .  

A C G I H ~ A ~  % 19989 o ] a q ] +  + 
q++q1 4 9  TLVS 5 
g%\fi] $331263 o ] q  $qr 3 
Z.zq +q+jqrq  TLVS 4]3%\3 
qs  9 z + g + j  q rq  TLVZ. 414 5) 

h %q. -%q'?!++ Qlq1 ",F@+?rr, FT 

q ~ & h q  0 PI F A E X  hq 0 0 L m T  % 1 T - l l o T r - 4  TI-Y 
5 X1zq-g- g 3 8 7 1  gtgt q1 24 
%)q PY- l f l c c z  3%)il gq. 9, 
%qrq++q +j+ ~\+Zt-$-q] 24 
z\q +++Z.Zhj 1 f/cc 3 4 3  g 
24 +Z.zhj  Smg/m3+ TLVz 3 
S)il 3~). 3 4 L) ACGIH q] hj 4 ~f 
i+q+j-$% A 2 s  3 2 % ) ~  TLVg 
9 9 3 ,  q)+j-$@zq] 713q6.l 0.2 

f l ccz  r$lliiFgq(ACGIH, 2005). 
P] + Occupational Safety and Health 

Administration (OSHA, 1992 ) hj k 
19929q a 4 4 q l A j q  g z $ + q ]  
di] @ Permissible Exposure Limit (PEL) 5 
4]9%1%q. qIg3"q +j-"rgxq 
$ qr (insulation f ikrs )q  slag wool+ 1 
flcc, +q$Z+ %g$ 5 f / c c s  kf 

71223. $3 %)3 %_6_q, d j q  % 



+q+j++ k l ] g A J  ga2z a?%] 
1 " ' q .  M &q]qlg q Z % g 4 + o l )  
q 3 !i-+g7]2& 1 f / c c z ,  142 
MoSHql~j+ 3f/ccf +j7Tj%)x 9 
q(Srnith et al, 1987) . NOSH( 1988 ) 41 
Aj+  4*",'+q a+ PIT OSHA 
4 4$71$4 %g'i;Ffl 'i;F 
5% e % 3  HF 2 q .  

+q$+s+ %%$++ qq- x)+ 
461 7d-813 !.$71q qgg f 3 
?g:FOd-+joJ 4+42  971 ~ 1 g - q  9 
XI* +qg+ % *g4+4 
kg7125 *gaq %38)3.F7] 10 
mg/m3 O z  $38\+ gg E+%%)x] 
$$q. 9~%94-@ S g A J  E% 

244 gx]f  378)k 3s E+g 
%)XI $$I+. $z%+$g-$q kg$ 
+g451 q q q  + j + % ~ q i  ~ 3 8 1  
+ 301 E+%8)3 q * A j  g++z 

g E % g $ + q j  +4 $++, %q 
~4 0 PI % b % q + + s  313 tjce 0- r  7; 

41 + 2 41 E 8)$ "dl 41 "j $A) SF% 
Z f Z ) s +  X-gxIS  +!318)$ t z z )  
q 271% 4 %  kgg q7)@ 
wq ?2* 2EP 2 2 q .  

1. "d% ;̂l+%E+ +4@ 41 
(GM 0.012 f / ~ ,  %q O.W-0.17 

f /=)  2 % + 4 4 + 4 1 %  AlzOd(GM 
0.010 f /cc, % 4 0.001 -0.075 f / a )  < 
%F! 41% 41~q iGMO.032 ,  % q  

Table 10. Occupational exposure limits for man-made mineral fibers 

0.W-0.71 f /cc) < +4 @X-$ $ 
%$ 2 - g  4 +j 31 (GM 0.73 f/cc) , % 
4 0.071-2.9 f / ~ )  f 23 $22q 
++gz +?E+ + q 3  %)0]7) 9 
%qip(O.ol). 

2. %524+%LH A8+kq% 41941 
q s  % E ?  +qg 4517) $j%3, 
+qg$+, gg+j+ $ %b+q+j  
+ + z %  ~ F " d "  q* -$-4 3 3) 
017) 9%q(p(O.O5). 613s A)Od% 
41 q* $ " d B 3 4  %'-El, A 8 3 2  
q ,  A 8 3 9  % 4  q ~ 7 1  qg-41 + 
49 4qz W @ q .  

3. :FOd-g +4$+ 9 g 7 1  A]% 
3 1 4 3  441 ~ 1 9 %  ",t 7Wo 

7) TLVq 1 f /ccS  aqgSOq, q 
g +q+j+ 39  q A j e  1 f/cc% 2 
4qe A ] S $  @as 32q. +q 
q01q % g  9 g x I g  i-128)k 2 

Agency/Organization Fiber conc., flee Dust conc., mg/m 

MinistryofLabor 
OSHA 

General Industry 

Construction 

NIOSH 
Respirable fibrous glass dust 

ACGIH 
Continuous filaments 
Slag wool 
Glass and rock wool 
Special purpose fibers 
Refkctory ceramic fibers 

Dutch 
Continuous filaments 
Slag wool 
Glass and rock wool 
Special purpose fibers 
(glass rnicrofibers) 
Refkctoy ceramic fibers 

Sweden 
D e d  

(diameted ,m, aspect ratio>3) 

3 
(diameter<3.5/m, aspect ratio> l o w )  

- 

1 (respirable*, 8-hr TWA) 
5 (respirable, 8-hr TWA) 
1 (respirable, 8-hr TWA) 

5 (respirable, 8-hr TWA) 
1 (respirable, TWA) 

10 (total) 

5 (respirable); 
10 (total) 
15 (total) 

5 ( i a b l e )  
- 

- 

- 

- 

Classii inert dust 
- 

- 

- 

Newzeland - 5 (total) 
' R e s ~ r a b l e  fibers: F ibenwi th  l e ~ t h  ) SPrn,diameter ( 3  m , a d  aspect ratio ) 3:l 
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