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Exposure Assessment of Airborne Dust in Manufacturing Industries

Using Silicon Carbide in Korea
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ABSTRACT

Occupational exposure to silicon carbide dust of manufacturing industries has seldom been evaluated in Korea.
Accordingly, we evaluated various silicon carbide dust concentrations in the breathing zone of workers between May
2010 and July 2010. To compare silicon carbide dust concentrations, three dust samplers including the Institute of
Occupational Medicine (IOM) sampler, 37mm cassette sampler, and Aluminum cyclone sampler were used. A total of 5
manufacturing industries producing abrasive and refractory materials using silicon carbide were investigated. The
geometric mean concentrations were 2.04, 0.97, and 0.48 mg/m3 in inhalable, total and respirable silicon carbide dust,
respectively. The geometric mean concentrations of silicon carbide in abrasive material manufacturing industries were
slightly higher than that of refractory manufacturing industries, and finishing operations were higher than that of other
operations. It was found that the results of exposure assessment in airborne dust at manufacturing industries using
silicon carbide in Korea showed exceeding rate to American Conference of Governmental Industrial Hygienists
Threshold Limit Value (3 mg/ms) was 10% in respirable dust samples. Therefore, with the consideration of the close
relationship between smaller dust size and the occurrence of occupational respiratory diseases, it is suggested to
promulgate the new occupational exposure limit for respirable silicon carbide dust.

Key words : Silicon carbide, inhalable dust, total dust, respirable dust, exposure assessment
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Fptol = dAubalel sl @ shelA) 5o
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A wBEEs A 5S Aoz FHA Ao
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Fig. 1. A shape of silicon carbide in bulk sample analyzed by

SEM-EDXA.
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Table 1. Weight percent of element in silicon carbide bulk samples
analyzed by SEM-EDXA

No. of .
Element Mean(%) D Min(%)  Max(%)
Samples
Carbon 2 36.67 4.893 3321 40.13
Silicon 2 63.33 4.893 59.87 66.79
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Fig. 2 Spectrums of silicon carbide bulk sample by XRF.

Table 2. Chemical compositions of silicon carbide in bulk sample

analyzed by XRF
Chemical .
L. SlOz F6203 A1203 CaO MgO SO3 NaO K203
composition
Component
. 83.9 trace trace trace trace trace trace trace
ratio(%)
2. 87| & He|Z7HHo|ES L EFTE
D) EYPERY 5=
Aelgsttol = A A FAYRA 75k

T =204 mg/m’o] I, ¥ Y= 0.54-7.45 mg/m’ O 2
AR reE5 9 AT ACGIH-TLVE 74.5% =202
urebyte AR EE 78t E s T Al E ARk
AF (2,08 mg/m®)o] 3] A 2 AL (1,98 mg/m’)o]
vlate] A et oy 1 kol BAH o2 (28t

Z| ¢FQFTh(Table 3).

Table 3. Inhalable dust concentrations of silicon carbide by product

No. of GM + Mean(mg Range
Product , GSD , + . p-value
Samples (mg/m’)* m)£SD"  (mg/m’)
2.350  0.810
Refractory 7 1.980  1.920 L1383 - 4.104
. 2.878  0.538 0-1964
Abrasive 10 2.081 2418
+ 2.388 - 7.450
2.661 0.538
Total 17 2.039  2.168
+ 1.999 - 7.450
*Geometric Mean
" Geometric Standard Deviation
¥ Standard Deviation
ot ____AGHTV

[ Mean+SD, T : Max
p-value=0.8240

Concentrations(mg/m®)

0 T T
Mixing Molding

Finishing
Fig. 3 Inhalable dust concentrations of silicon carbide by process.
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Table 4. Total dust concentrations of silicon carbide by product
No. of GM Mean Range

Product -value
Samples(mg/ms) (ngm’)+SD  (mg/m’) P
1.277 0.144
Refractory 10  0.874 2.662
+ 1.198 - 4343
0.2453
. 1.763 0.181
Abrasive 14 1.037 3.121
+ 1.769 - 5.671
1.561 0.144
Total 24 0966 2.874

+ 1.546 - 5.671
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Fig. 4. Total dust concentrations of silicon carbide by process.
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Table 5. Respirable dust concentrations of silicon carbide by product

Mean
product % M Gop (ngm?) R ERx(9%) poval
roduc m (1] -value
Samples (ng/m®) (ng/m’) P
+ SD
0.779  0.059
Refractory 8 0.350 3.931 1(12.5)
+ 1.145 - 3.481
0.9943
. 1.149 0.075
Abrasive 12 0.584 3.962 1(8.3)
+ 1.169 - 3.686
1.001  0.059
Total 20 0.475 3.903 2(10.0)
+ 1.144 - 3.686

* Exceed rate : (Number of samples over ACGIH TLV / Number of
samples) x 100

3 MeanSD, T : Max
p-value=0.3727

ACGH TLV

Concentrations(mg/m®)

Mixing Molding Finishing

Fig. 5. Respirable dust concentrations of silicon carbide by process
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Fig. 6. Dust concentrations of silicon carbide by sampler
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