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— Abstract—

Characterization of Worker Exposure to Airborne
Asbestos in Asbestos Industry

Nam Won Paik and Young Hwan Lee

School of Public Health, Seoul National University, Seoul, Korea

This study was conducted to evaluate worker exposure to airborne asbestos fibers by
industry, and to evaluate polarized-light microscopy for determining airborne asbestos
fibers.

A total of 11 plants including asbestos textile, brake-lining manufacturing, slate
manufacturing, and automobile maintenance shops were investigated. Rsults of the
study are summarized as follows.

1. Worker exposure levels to airborne asbestos fibers were the highest in asbestos
textile industry, followed by brake-lining manufacturing, slate manufacturing, and auto-
mobile maintenance shops, in order. In asbestos textile industry, large variation of
asbestos levels was found by plants. The worst plant indicated airborne fiber concentra-
tions in excess of 10 fibers/cc, however, the best plant showed concentrations within
0.50 fibers/cc.

2. Characterization of airborne fibers by industry indicated that fibers from asbestos
textile indusiry were the longest with the largest aspect ratio. Fibers from automobile
maintenance shops were the shortest with the smallest aspect ratio. Based on character-
istics of fibers and the highest levels of concentrations. it is concluded that workers in
the asbestos textile industry are exposed to the highest risk of producing asbestosis,
lung cancer. and mesothelioma.

3. Results obtained using polarized-light microscopy were 43.7+12.3% of the results
obtained using phase contrast microscopy. This may be resulted from the worse resolu-
tion of polarized-light microscopy than that of phase contrast microscopy. Based on the
results. it is recommended that polarized-light microscopy be used for mainly bulk

sample analvses and further studv be performed to improve the method for determining
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airborne samples. However. polarized-light microscopy can be used for determining

thick fibers.

Key words : airborne asbestos concentration. characterization of airborne asbestos by

industry. polarized-light microscopy for airborne asbestos analysis.
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Table 1. Number of plants surveyed by industry

Type of industry Number of plants

Asbestos textile 4
Brake-lining manufacturing

Asbestos slate manufacturing

NN W

Automobile maintenance
Total 1
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Table 2. Airborne fiber concentrations by process in asbestos textile indusiry

Average fiber concentration by plant, {/cc

PeAGess Plant A Plant B Plant C Plant D  Geometric mean  Range
Carding 0.38 0.55 8.70 17.30 4.63 0.38—17. 30
Spinning 0.26 4,04 6.76 15. 00 5.40 0.26--15. 00
Twisting 0.10 1.30 6. 65 12. 60 3.98 0.10—12. 60
Weaving 6.28 1.26 2.18 17.20 172 0.28—17.20
Total 0.106—0. 38 0.55—4.04 2.18~8.70 12.60—17.30 3.1 0.10—17. 30
Table 3. Airborne fiber concentrations by process in brake-lining manufacturing industry

Average fiber concentration by plant, f/cc
Process 3 5

Plant G Plant H Flant I Geometric mean Range

Mixing 0.15 0.46—3.08 0.44 0.45 0.15—3.08
Preliminary press 0.33 0.12—1.41 1.30 0.82 0.12—1.41
Hot press 0.75 0.51 0. 90 0.75 0.51—-0.90
Grinding 0.08 0.33—0.98 0.55 0.44 0.08—0.98
Drilling 0.10 0.26—0. 94 0.99 0.60 0.10—0.99
Boxing 0.82 0.84 0.84 0.83 0.82—0.84
Total 0.08~0.82 0.12—3.08 0.44—1.30 0.68 0.08—3.08
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Airbomne fiber concentration, f/cc

Table 4. Airborne fiber concentrations by process in slate manufacturing industry

Airborne fiber concentration, f/cc

Process No. of samples Geometric mean Range

Mixing 34 0. 34 0.05—2. 90
Forming 4 0215 0.04—0.29
Sanding 5 0.76 0.35—2.60
Cutting 7 0.98 0.53—4.75
Packing/piling 4 0.51 0.12—3.22
Crushing 4 0.53 0.28—1.60
Total 58 0..52 0.04—4.75

Table 5. Airborne fiber concentrations by process in automobile maintenance shop

Airborne fiber concentration, f/cc

_PLocess No. of samples Geometric mean . Range
Grinding brake-lining 16 0.28 0.04—2.51
Assembling brake-lining 7 0.40 0.03—3.04
Changing brake-lining 8 0.02 0:01—0.13
Brushing brake-lining 12 0.26 0.08—0. 62
Cleaning dusts with com- 5 4.26 0.11—7.28
pressed air
Brake-lining test 3 0.06 0.04—0.09
Total 51 0.27 0.01—7.28
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Table 6. Distribution of asbestos fibers by size and aspect ratio in asbestos textile industry (fiberizing,
carding, spinning and weaving processes)

No. of fibers by size, um Total
Aspect ratio ¢ 10 10—15 15—20 20—30 30—40 40—50 >50 N gy ——miiative &
<3 1 i = — —~ — = 2 0 0
g=lg 17 6 4 = - = = 27 3 3
5—10 27 17 8 1 - 1 56 7 10
10—15 29 15 1 5 7 1 x 58 8 18
15—20 36 12 9 10 1 2 - 70 9 27
>20 100 99 89 105 48 30 97 569 73 100
tog N 210 150 11 12887 33 98 782 100
% 27 19 14 16 7 4 13 100
Cumulative % 27 46 60 76 83 87 100

Table 7. Distribution of asbestos fibers by size and aspect ratio in brake-lining manufacturing industry
(weighing and press processes)

No. of fibers by size, pm Total
Aspect ratio 5—10 10—15 15—20 20—30 30—40 40—50 >50 N % Cumulative %
<3 = = = = == &1 = 0 0 0
3=5 3 = i = == 5= = 3 4 4
5—10 1 2 2 = = = = 5 6 10
10715 5 4 i 2 - - - 12 14 24
15—20 8 9 2 i == 1 2 21 24 48
>20 7 9 12 12 1 18 3 45 52 100
N 24 24 17 15 1 2 3 86 100
Total
% 28 28 20 1.7 1 2 4 100
Cumulative % 28 56 76 93 94 96 100

Table 8. Distribution of asbestos fibers by size and aspect ratio in slate manufacturing industry (mixing

process)
No. of fibers by size, um Total
Aspect ratio 5—10 10—15 15—20 20—30 30—40 40—50 >50 N %  Cumulative %
>3 1 Tt = = - - = 1 1 1
325 4 = 1 1 = e = 6 8 9
5=—10 5 2 8 1 — s = 16 22 31
10—15 3 3 1 2 — = = 9 12 43
15—20 6 4 2 3 = = = 15 20 63
>20 6 4 1 6 1 2 7 27 37 100
Total N 25 13 13 13 1 2 74 100
34 18 18 17 1 3 100
Cumulative % 34 52 70 87 88 91 100
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Table 9. Distribution of asbestos fibers by size and aspect ratio in automobile maintenance shop (brushing

process of brake-lining)

No. of fibers by size, xm

Total

Aspect ratio 5—10 10—15 15—20 20—30 30—40 40—50 >50 N %  Cumulative %
& — - — - . = < 0 0 0
35 5 . . — = = = 5 9 9
5—10 3 3 2 - = = b 8 14 23
10—15 8 2 4 &= — — — 14 25 48
15—20 5 5 2 3 2 = 2 19 33 81
>20 i, 4 2 -~ e 3 11 19 100
N 22 14 10 4 2 0 5 57 100
Total % 39 25 17 7 3 0 9 100
Cumulative % 39 64 81 88 91 91 100
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Table 10. Geometric mean (GM) and geometric standard deviation (GSD) of asbestos fiber size by industry

Industry GM, um 84th Percentile, pm GSD
Asbestos textile manufac- 1652 36.5 225,
turing
Brake-lining manufactruing 13.8 23.0 1.67
Slate manufacturing 13.8 27.5 1.99
Automobile maintenance 11.8 21.0 1.78
Table 11. Distribution of aspect ratio by industry
Distribution by Industry
Aspect Textile Brake-lining Slate Automobile
Ratio Cumulative Cumulative Cumulative Cumulative
% % % % % % % %
<3 0 0 0 0 1 1 0
325 3 3 4 4 8 9 9 9
5—10 7 10 6 10 22 31 14 23
10—15 8 18 14 24 12 43 25 48
1520 9 27 24 48 20 63 33 81
>20 73 100 52 100 37 100 19 100
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Table 12. Comparison of analytical results using phase contrast microscopy (PCM) and polarized-light

microscopy (PLM)

Source of
sample Total fibers by PCM Asbestos fibers by PLM Ratio, %
(A) (B) (B/A X 100)
Textile :
Fiberizing 1 227,600 144,000 63
Fiberizing 2 184, 000 71, 200 39
Carding 1 65, 100 29, 700 46
Carding 2 88, 700 42,500 48
Carding 3 171, 700 121, 500 71
Spinning 1 65, 600 26,100 40
Spinning 2 280, 300 105,100 37
Weaving 1 95, 300 33,800 35
Weaving 2 135, 000 47,200 35
Brake-lining manufacturing :
Weighing 25,100 11, 300 45
Hot press 65,100 23, 600 36
Grinding of brake-lining 85,100 25,100 29
Mean 43.7%12.3
Range 29 —71
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AL oz AL 477t desitn dEdd 44 A3 Aol AR s} 7 Edoh AEA
AW Al AEA Bl gol el BATE 4
N.ZE E He Zolzt 7 #x Zol I AARM 7ME ¥
okch. wekd Zolzk 7 W Aol wAHe
A A, Bao)a gholyd Az, ol Hu wAYA AL, FIUF L A Y
EAZY W A5H AU S o) AFAN E A¥Es} AP xe Aoz duEd
Ae 4W AQIRe maez 2zad AW 3 WP AU olsdd $1F N s
Zzgu, 95w Ade 54 % B WA £ WS 29 A% A0 98 33
5ol et A7E A g 2 2L E A9 43.7+12.3% 24 HE FES F4WHE
Stt. 27871 e Aoz dAdHYg, o= H3F dnA
1 Z2AY) Auzzyes 9FdEs £ A% o 93 A9UEs 943 Wngel o d9s
gu 3PN 71 ERT 454 UGN woh 2y) WBoleh Aztach mekd B F
74 gtk Bdola gold Mz &l AW e 2EAN8Y EHde AU F7NE
E AZGNE BEFE Seuey S8y PAde Adsgn #VdTh o 37
= vgolgient olE AuARe) H8rEE 2 49 gl delNE 488 5 Atk

et AATH A FAGNA e A
2 Zol7t Bk M F=IF 9 AR
T AUEEE 0.50 M/ccul oo} Fotst
gAY HAFEEE 10 N/ecE 2H3IY T

2 F71 S M R eRiei g FERR0 7F %)

o 8 B

-

HO
rar

American Conference of Governmental Industrial
Hygienists (ACGIH) : TLVs® Threshold Limit Vah-

—152—



es and Biological Exposure Indices for 1990-1991.
ACGIH, Cmcinnati, Ohio 1990.

Antman K. and Aisner J. (ed): Asbestos—Related Mali-
gnancy, New York, Grune & Stratton, Inc., 1986.
Clayton Environmental Consultants. Inc. : Asbestos fi-
bers : polarized light=phase contrast microscopy (PLM-
PCM). Clavton Envivonmental Consultants, Inc.

Nowi, Michigan, 1985.

U.S. Environmental Protection Agency (EPA): Tes:
method : Inleron method for the deternunation of asbes-
tos i bulk insulation samples. EP A-600/M4-82-020,
1982.

Lippmann M. : Review : Asbestos exposure indices. Prese-
nted at the Eighth Annual Scientific Meeting, Uni-
versities Occupational Safety and Health Educational
Resource Center, New York, Apnl 2, 1987.

National Institute for Occupational Safety and Hea-

Ith (NIOSH) : Fibers, Method 7400, NIOSH Manual
of Analytical Methods. 3rd ed., DHHS (NIOSH) Pub-
lication No. 84-100, Cwcinnati, Ohio, 1984.

U.S. Department of Labor, Occupational Safety and
Health Administration (OSHA) : Occupational expo-
sure to asbestos, tremolite, anthophyllite, and actinolite.
29 CFR Parts 1910 and 1926, Occupational Safety
and Health Standards. Fed. Reg. 51 : 22612, 1986.

Spooner C. M. : A polarized light-phase contrast micros-
copic method for the identification of asbestos 1n mem-
brane filter samples—A workshop, IBM Corporation,
March 23, 1982.

EER I RANEEY 3ETE, 2E5F 1A AI-—
213, =%, 1991.

olF%(HA) I BABtY o]s)—r A8t 3t AE
sty A8 FA, AfFotbdivl, 1990, pp.578—
585.

—153—





