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ABSTRACT

Various man-made mineral fibers (MMMF) including refractory ceramic fiber (RCF) have been used widely in
industries as insulation materials. The effect of fibrous dust on human health depends on fiber size, concentration
(exposure level), and durability in biological system. Therefore, these parameters should be determined to evaluate
accurately the potential risk of fibers on human health. The purpose of this study was to characterize the size of
airborne fiber and the workers' exposure to airborne fibers in refractory ceramic fiber manufacturing and processing
factories. Airborne fibers were collected on 25-mm mixed cellulose ester membrane filters at personal breathing
zones, and analyzed by A and B counting rules of the National Institute for Occupational Safety and Health (NIOSH)
Method # 7400. The average ratios of the fiber density by B rule to the fiber density by A rule was 0.84. This re:sult |
indicates that the proportion of respirable fibers (< 3 pm diameter) in air samples was high. The average diameter
and length of airborne fibers were 1.05 wm and 35 um, respectively. The average fiber concentrations (GM) of all
personal samples was 0.26 f/cc, and the average concentration was highest at blanket cutting and packing processes. -
The fifty seven percent of personal air samples was exceeded the proposed American Conference of Governmental .
Industrial Hygienists (ACGIH) Threshold Limit Value (TLV), i.e. 0.2 f/cc. It was concluded that the RCF industrial
workers had the higher potential health risk due to small fiber diameter, long fiber length, and high exposure level
to the airborne fibers. -

Keywords : Man-made mineral fibers, Refractory ceramic fiber, Airborne fiber diameter and length, Exposjure‘
to airborne fiber
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Fig. 1. Simplified flowchart for ceramic wool and insulations
production.
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Table 1. Ratios of Count Results by B Rule to Count Results
by A Rule by Fiber Type and Factory ‘

Ratio of B Rule

Factory  Product or Operation N toA Rule,sGM
(GSD)
SWKK Fiber; blanket. production; 67 086 (132)
board production \
iber; : Lo
Fiber; t?lanket, module 39 0.81 (1.25)
production ‘
Total 106

0.84 (1.30)

Table 2. Ratios of Count Results by B Rule to Count Results
by A Rule by Operation

Ratio of B Rule to A’

Operation N

Rule
Fiber/blanket production 81 0.83 (1.29)
Module production 10 0.90 (1.44)
Pyrolog production 15 0.83 (1.26)
Total 106 0.84 (1.30)

Table 3. Diameter Distribution of Airborne RCF Fibers

Diameter, pm <l 1-<2 2-<3 3-<5 5<10 >10.
Proportion, % 460 358 124 44 14 0
Note: No. of measured fibers = 140. Lo
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Fig. 2. Diameter distribution of airborne RCF fibers.
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Fig. 3. Length Distribution of airborne RCF fiber.
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Table 5. Airborne Fiber Concentrations by Factory and Product

Table 4. Length Distribution of Airborne RCF Fibers
Length, um <5 5-<10 10-<2020-<50 50-<100 >100
Proportion, % 0 150 236 379 143 92
Note: No. of measured fibers = 140.
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4 9 Fig. 304 H5o] 20-50 pme] AN 7 ¥
> HlgE FEEk gl

2. 3718 df s =%

D A B

7h AR L AR v

Table 5 7 QA 2] Ak A =% 5=
FEE A AEl| wet el Zleld, F A AR
olr AH7E AA ANl AR = 0.044-1.4 fecd]
W]l 9l Hi2 026 fleco] et

KR Ad7e] A-fblanket & 2E Alx =Held A
= Zb7E 020 2 034 fleeol$ 7 Rl HE
=Tl 032 fecolgdth o] AFHA A} T2
78.9%7F 704 TAE ACGIH TLV(ACGIH, 2000)2]
0.2 flecE 23l Ao el KK ARiARe] A
fr W BE Alx ekkle) Adesse 244 021 ¥

Fiber Conc. No. of Samples

Factory Product N GM. flec (GSD) Range, flec Exceedir;g the the
’ : ’ TV (%)
Fiber/Wool/Balnket 7 0.29 (2.07) 0.088-0.74 58 (71.4)
KR Module (Pyrolog) 12 0.34 (2.23) 0.044-0.70 10 (83.3)
Subtotal 19 0.32 (2.14) 0.044-0.74 15 (78.9)
Fiber/Wool/Blanket 12 0.21 (3.12) 0.059-1.4 4 (33.3)

KK Board 4 0.16 (2.44) 0.073-0.53 1 (25)

Subtotal 16 0.20 (2.88) 0.073-1.4 5 (31.3)
Total 35 0.26 (2.54) 0.044-14 20 (57.1)

Note:

GM: Geometric mean; GSD: Geometric standard deviation.

AThe TLV for refractory ceramic fiber, 0.2 f/cc, was listed in the Notice of Intended Changes.
ENumber of samples exceeding the ACGIH TLV. The values in parenthesis are percent.
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Table 6. Personal Exposure Levels to Fibers by Task

L . . Fiber Conc. ‘
Production Facility Operation N
) GM, flcc(GSD) Range, ficc .
Operation of fiber forming facility and furnace 5 0.10 1.7 0.059-0.23 .
Ceramic wool/ Maintenance of facilities 6 0.14 12 0.061-0.26 .
blanket Packaging 5 0.61 44 0.30-1.4
Packing & maintenance of facilities 3 0.34 1.9 0.18-0.62
Cutting 3 0.61 1.2 0.53-0.70
Module Assembling 5 0.32 1.7 0.044-0.69
(Pyrolog)  Packing 3 0.43 1.6 0.28-0.69
Repair man 1 0.04
Packaging 2 0.08 12 0.073-0.090
Board . :
Mixing 2 0.31 2.1 0.18-0.53
Note: GM: Geometric mean; GSD: Geometric standard deviation. ‘
|
Table 7. Airborne Fiber Concentration in Area Samples in Ceramic Fiber Industry ‘
Production Facility Sampling Location N Fiber Conc.
GM, flec GSD
Fiber-forming facility 19 0.12 3.38
Needle machine’ 7 0.48 2.76
. Compress machine 3 0.15 1.18
Cerfl’:rfkgber/ Cutting machine 13 0.14 | 2.12
Packing site 9 0.23 1.42
Grinding/recovery facility 5 0.20 322
Background level 5 0.16 3.16
‘ Cutting machine . 3 0.043 7.63
Module (Pyrolog) ) L
Assembling machine 2 022 1.11
Molding machine 4 0.04 1.74
Board Mixing machine 3 0.56 1.55
Near other facilites 3 0.03 1.61

Note: GM: Geometric mean; GSD: Geometric standard deviation.
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