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Exposure Assessment of Air Contaminants by Type of Mines in Korea
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The objective of this study was to assess mining workers'
exposures to potentially carcinogenic air contaminants with
major non-carcinogenic contaminants in various types of
mines in Korea. The number of mines by type was two coal,
one mica ore, one lead/zinc ore, one iron ore, and two
limestone mines. The concentrations of air contaminants
(total/respirable dust, crystalline silica, chromium, lead,
nickel, berillum, cadmium, and fibrous particulate) were
determined. The geometric means (CMs) of total dust
concentrations at coal, mica, lead/zinc ore, iron ore and
limestone mines were 18.9, 1.82, 1.45, 0.95, and 1.29 mg/m’,
respectively, and was significantly different among the kind
of mines (p<0.05). Average total dust concentrations in coal
mines exceeded the occupational exposure limit for coal
dust (5mg/m’) established by the Korea Ministry of Labor. The
GMs of respirable dust concentration at coal, mica, lead/zinc
ore, iron ore, coal and limestone mines were 5.15, 0.48, 0.17,
0.70, and 0.35 mg/m’, respectively, and significantly different

among the kind of mines (p<0.05). The GMs of total and
respirable crystalline silica concentrations at coal mines were
0.13 mg/m’ and 0.05 mg/m’, respectively, and the values at
other mines were below the limit of detection or much lower
than those of coal mines. Fibrous particulate in air samples
was not detected or <0.01 fibers/cc in all mine. Although the
concentrations of carcinogenic metals (Cr(VD), Cr, Pb, Cd, Ni
and Be) and non-carcinogenic metals (Fe and Cu) were below
the exposure limits in all mines, but the carcinogenic metals
were detected at relatively high levels in air samples from
coal iron and limestone mines. It was found that the miniers
of all the mines were exposed at lower levels to mixture of
potential carcinogens and that particularly the coal miners
would have the higher risks of cancer with pneumoconiosis.

Key Word: Mining, Carcinogens, crystalline silica, Metals,
Coal dust, Cr, Pb, Ni, Be, Cd
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Table 1. General information on surveyed mines
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Figure 1. Airborne total and respirable dust concentrations

by type of mining.
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Table 2. Occupational exposure limits and carcinogenicty classification of air contaminants investigated

Occupational exposure limit, mg/m’, and carcinogenicity classification

Substance
MOL(Korea) ACGIH OSHA NIOSH IARC NTP EPA
Coal dust (total) 5 - - - - - -
Coal dust 2 0.4(coal dust, 24 1 Group 3 - -
(respirable) anthracite) (A4) (5% < Si0y)
0.9(coal dust, 10/(%Si0,+2)
bituminous) (A4) (5% > Si0,)
Free silica 0.1 0.05( A2) 10/(%Si05+2) 0.05 Group 1 R -
(quartz) (respirable) (respirable)
30/%(Si0;+2)
(total dust)
CrVI 0.05 (A1) 0.05 (A1) 0.1 (Cr0s) 0.001(dust) Group 1 K Group A
(considered occupational
carcinogen)
Cr 0.5 0.5 (A4) 0.1 (metal, 0.5 Group 3 - Group D
insolubel salts)
0.5 (chromium
I1,1m)
Ni 1 (metal) 1.5(elemental)(AS) 1 0.015 Group 1 R Group A
(considered (nickel compounds) (nickel
0.1(soluble occupational carcinogen) refinery dusts)
0.1 compounds)(A4) Group 2B
Metal (soluble 0.2(insoluble (metallic nickel)
compounds) compounds)(Al)
Pb 0.05 0.05 (A3) 0.05 <0.1 Group 2B - Group B2
Cd 0.05 0.01 (A2) 0.005 lowest feasible Group 1 K Group Bl
(considered occupational
carcinogen)
Be 0.002 (A2) 0.002 0.002 0.0005 Group 1 R Group Bl
(0.0002) (A1) (considered
occupational carcinogen)
Fe 5 5 (fume) (A4) 10 (dust,fume) 5 (dust,fume) Group 1 R(iron -
(iron and steel  dextran
founding) complex)
Group 2B
(iron dextran
complex)
Asbestos 2 flee 0.1 flce 0.1 flec 0.1 flce Group 1 K Group A
(A1) (A1) (considered occupational
carcinogen)

Note : Carcinogencity classification by organization

MOL (Ministry of Labor, Korea) : Al - Confirmed human carcinogen; A2 - Suspected human carcinogen

ACGIH: Al - Confirmed human carcinogen; A2 - Suspected human carcinogen; A3 - Animal carcinogen; A4 - Not Classifiable as a human carcinogen;
AS - Not suspected as a human carcinogen

IARC : Group 1 - Carcinogenic to human; Group 2A - Probably carcinogenic to human; Group 2B - Possibly carcinogenic to human; Group 3 - Unclassifiable
as to carcinogenicity in human; Group 4 - Probably not carcinogenic to human

NTP : Known(K) - Known to be a human carcinogen; RAHC(R) - Reasonably anticipated to be a human carcinogen

EPA : Group A - Human carcinogen; Group Bl - Probable human carcinogen, limited human data are available; Group B2 - Probable human carcinogen,
sufficient evidence in animals and inadequate or no evidence in humans; Group C - Possible human carcinogen; Group D - Not classifiable as to
human carcinogenicity; Group E - Evidence of non carcinogenicity for humans.
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Table 3. Arbormne total and respirable dust, and crystalline silica concentrations by type of mines

Type of mines

Total dust conc., mgm'

Respirable dust conc.,

Crystalline SiO, conc., mg/m’

mg/m’ Total Respirable
189" (9.4 5.14 (9.1) 0.13 (15.1) 0.050 (42)
Coal (N'=2) 0493316 020 - 2132 <0001 - 22 <0001 - 045
(n=24°) (n=25) 0=5", 4 (n=25, 23)
182 (1) 048 (1.6) 0.017 (4.1) _
Mica (N=1) 1.08 - 3.08 034 - 067 0.006 - 0.046 <°'(2giz %003
(=) (=) (=) ’
145 22) 0.17 (73) _ 0011 (3.5)
Lead/Zine ore (N=1) 0.59 - 3.70 001 - 0.63 <°'(Egi . %031 <0.0040 - 0.054
(n=4) (n=4) ’ (n=4, 2)
ron ore 0.95 (19) 0.70 (1.6) <0.002 <0.002 - 0.005
) 0.63-2.02 040 - 176 & o
(0=3) (n=14) ’ ’
129 (6.0) 035 (5.0) _ _
Limestone (N=2) 0.10 - 2255 0.018 - 273 <0'(2?1i4 (1’5004 <0'((’1?:125 %;’41
(n=17) (1=25) ’ ’

*Number of mines; °Geometric mean(GM); ‘Geometric standard deviation (GSD); ‘Number of air samples; ‘Number of air samples above limit of detection

(>1 pgsample)
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Table 4. Content of crystalline silica in airborne dust by type of mines
Content of SiO; in dust, %

Type of mines

Total dust Respirable dust
Coal (N*=2) 3344 (n™=4) 3.844.7 (n=23)
Mica (N=1) 1.0£0.65 (n=2) 0.90 (n=1)
Lead/Zinc ore (N=1) 29 (n=1) 5711 (n=2)
Iron ore (N=1) < 0.3 (n=3) 0.65+0.52 (n=3)

Limestone (N=1) 11.2£16.6 (n=7)

*Number of mines, "Number of air samples

Table 5. Proportion of airborne respirable dust against total dust concentration
by type of mines

Type of mines Respirable dust conc. / Total dust conc., %
Coal (N'*=2) 24£18 (n’=18)
Mica (N=1) 2747 (n=2)
Lead/Zinc ore (N=1) 3042 (n=4)
[ron ore (N=1) 711 (n=3)
Limestone (N=1) 41451 (n=17)

. b .
‘Number of mines, "Number of air samples
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Table 6. Aborne Metal concentrations by type of mines

. . 3
Airborne concentration, #gm

Type of mines

CrVl Cr Pb Cd Ni Be Fe Cu
Coal (N*=2) ND-0.29 078 2.3) 33421 014 (15 052 (2.8 030 (1.8) 167.7° (3.8)° 171 (3.5
(n=16,h 59 ND-2.54 ND-10.3 ND-0.29 ND-2.20 ND-0.59 10.87-923.9 0.24-12.6
=18, 17) (=18, 17)  (»=18,9)  (n=18, 16) (n=18, 13) (n=18, 19) (n=18, 18)
Mica (N=1) ND ND ND 0.39 (1.3) ND ND 9.79 4.7) ND-0.79
(n=2, 0) (n=2, 0) (n=2, 0) 0.31-0.47 (n=2, 0) (n=2, 0) 3.26-294 (n=2, 1)
(n=2, 0) (n=2, 2)
Lead/Zinc ore ND ND-6.90 ND-11.3 1.70 (2.5) ND ND 41.1 (3.3) ND-5.67
(N=1) (n=3, 0) (=5, 1) (n=5, 2) 0.63-4.89 (n=5, 0) (n=5, 0) 14.0-207.3 (n=5, 14)
(1'1:5, 5) (n:5)
Iron ore ND-0.29 0.63 2.0) 418 22) 028 (1.8) 045 (1.9  0.18 (1.5) 132.8 (1.9) ND-0.91
(N=1) (n=4, 1) ND-2.45 1.43-27.6 ND-0.75 ND-1.48 ND-0.28 53.3-312.5 (n=10, 3)
(=10, 5) (=10, 10)  (n=10, 9) (n=10, 6) (n=10, 6) (n=10, 10
Limestone ND-0.37 0.55 (2.5) ND-14.3 0.04 (6.1) 039 (1.9 ND 28.1 (3.33) 0.28 (2.9)
(N=2) (n=9, 3) ND-2.61 (n=13, 4) ND-0.72 ND-1.98 (n=13, 0) 6.37-513.8 ND-2.64
(n=13, 11) (n=13, 7) (=13, 7) (n=13, 11) (n=13, 11)

Note : ND = Not detected (Cr(V):

Be: <0.14 pg/sample, Fe: <3.54 pgsample, Cu: <033 pg/sample)
‘Number of mines; *Number of total air samples; ‘Number of air samples detected; Geometric mean; ‘Geometric standard deviation

<0.044 pgsample, Cr: <0.33 pg/sample, Pb: <1.87 pg/sample, Cd: <0.16 pg/sample,

Ni: <027 pg/sample,
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