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— Abstract —

A Study on Several Minerals Contaminated with Asbestiform Fibers in Korea
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A worker employed in a serpentine mine was found developed mesothelioma as the first case of
Korea in 1997. Asbestos was known as a causative agent for mesothelioma. Thus, asbestos contami-
nation in mines could be a big health threat to those workers who were unknowingly exposed.
However, there was no report that any minerals found in Korea contained asbestos. This study was
carried out to find the presence of any asbestiform fibers in minerals which could be obtained in
Korean mines. We examined fifteen minerals from 44 mines which were suspected contaminated
with asbestiform fibers. Asbestiform analysis was done with high resolution transmission electron
microscope(TEM), with energy dispersive X-ray spectroscope(EDX) and X-ray diffraction(XRD)
analyses. Among asbestiform fibers, chrysotile was found in chrysotile, serpentine, talc and pyro-
phylite specimens from 11 mines. Tremolite was found in tremolite and talc specimens from three
mines. Mordenite was found in zeolite specimens from two mines. Wallastonite and sepiolite were
found in wallastonite and sepiolite specimens respectively. Crocidolite, antigorite and actinolite were
found from talc specimens. But no asbestiform fiber contaminants were found in doromite, vermi-
culite, limestone, marble, gypsum, kaolin, and clary specimens.

Thus, these asbestiform fibers such as such as chrysotile, tremolite, mordenite, crocidolite, antig-
orite and actinolite could be the responsible agents for the health hazards such as mesothelioma and
other cancers.
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Table 1. Minerals contaminated with asbestiform fibers determined by TEM

Minerals Mine and Results of Analysis
Samples Fiber* Type
Chrysotile CNKC A* (+) chrysotile
CNKC B* (+) chrysotile
Serpentine KBAD A* (+) chrysotile, aluminum silicate
KBAD B* (+) chrysotile, silicate fiber
KWYW (+) chrysotile
KBYY (+) chrysotile, natrium,sulfur fiber
CNSS (+) chrysotile
CNHS (+) chrysotile
Doromite CBIC (-)
KWYW A" (-)
KWYW B* =)
Tremolite CNHS A¥ (+) tremolite, actinolite, silicate fiber
CNHS B* (+) tremolite
Wollastonite KWYW (+) wallastonite
1 (+) wallastonite
Sepiolite (@ (+) sepiolite
Talc CBCJ (+) chrysotile
CBDY (-) silicate fiber
CBIW &)
CNKJ A* )
CNKIJ B* (+) chrysotile, silicate fiber
CPD (-)
C KL A" (=)
C KL B* (+) crocidolite
C SD A* (+) tremolite, actinolite
C SD B¥* (+) actinolite, antigorite
Pyrophylite KBBH (-) aluminum silicate fiber
JINWD A* (-) aluminum silicate fiber
INWD B¥ (-) aluminum silicate fiber
INWD C* (+) chrysotile, aluminum silicate fiber
INWD D* (-) aluminum silicate fiber
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Table 1. Minerals contaminated with asbestiform fibers determined by TEM

" Mine and Results of Analysis
Minerals
Samples Fiber* Type
Zeolite KBPH (-) aluminum silicate fiber
KBYI A% (+) mordenite, clinoptilolite
KBYI B# (+) mordenite, clinoptilolite
Vermiculite Z (=)
C (=)
Limestone KWYW A" (=) aluminum silicate fiber
KWYW B* (-) rutile, aluminum silicate fiber
CBIC (=) rutile, aluminum silicate fiber
Marble KWIS (-) aluminum silicate, silica fiber
Gypsum € (-) aluminum silicate fiber
Kaolin KBPH (-) aluminum silicate fiber
Clary KBPH (-)
KNHD (-) aluminum silicate fiber

Fiber* ; (+): Contaminated with asbestiform fibers by transmission electron microscope(TEM), (-): No contami-
nation with asbestiform fibers by transmission electron microscope(TEM)
A%, BY, C*, D", sample of same mine, A®, B*, sample of other mine in near region

C: China, CBCJ: Chungcheongbuk Province Chungju, CBDY: Chungcheongbuk Province Danyang, CBJC:
Chungcheongbuk Province Jaechen, CBJW: Chungcheongbuk Province Jaewon, C KL: China Killim, CNHS:
Chungcheongnam Province Hongsung, CNKC: Chungcheongnam Province Kwangcheon, CNKJ: Chungcheongnam
Province Kongju, CNSS: Chungcheongnam Province Seosan, C PD: China Pingdu, C SD: China Sandong, I; India,
INWD: Cheollanam Province Wando, KBAD: Kyeongsangbuk Province Andong, KBBH: Kyeongsangbuk Province
Bonghwa, KNHD: Kyeongsangnam Province Hadong, KBPH: Kyeongsangbuk Province Pohang, KBYI:
Kyeongsangbuk Province Youngil, KBYY: Kyeongsangbuk Province Yangyang, KWJS: Kangwon Province

Jeongsun, KWYW: Kangwon Province Youngweol, Z: Zimbabwe,
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Table 2. Structual characteristics and chemical composition of contaminated asbestiform fibers determined by TEM-EDX

Composition, %

Minarals Fibers Structure
Na Mg Al Si Ca Fe
Chrysotile
CNKC A# chrysotile hollow 48.27 47.56 4.18
Serpentine
KBAD A# chrysotile hollow ST AL 4.50
KBAD B# chrysotile hollow 43,71 44.88 11.41
KWYW chrysotile hollow 48.02 47.07 4.90
KBYY chrysotile hollow 42.57 43.42 14.00
CNSS chrysotile hollow 49.75 45.71 4.54
CNHS chrysotile hollow 46.32 49.48 4.10
Tremolite
CNHS A* tremolite rod 26.55 54,05 17.16 2.24
CNHS B* actinolite rod 19.96 57.14 9:13 13.72
Wallastonite
KWYW wallastonite rod 52.00 48.00
I wallastonite rod 40.52 57.44 2.02
Sepiolite
C sepiolite rod 28.63 68.70 2.68
Talc
CBCJ chrysotile hollow 50.83 45.63 3.54
CNKJ B# chrysotile hollow 49.45 40.37 10.19
CKL B* crocidolite rod 7.13 3.82 45.54
CSD A* tremolite rod 30.28 51.32 15.40
actinolite rod 22.19 51.65 16.04
C SD B# actinolite rod 28.42 58.06 9.97
antigorite rod 50.42
Pyrophylite
INWD C* chrysotile hollow 48.52 46.47 5.01
Zeolite
KNYI A* mordenite rod 14.65 80.15 404 (K:1.16)

Af, B¥, C*, D% sample of same mine, A*, B*; sample of other mine in near region

C: China. CBCJ: Chungcheongbuk Province Chungju, C KL: China Killim, CNHS: Chungcheongnam Province
Hongsung. CNKC: Chungcheongnam Province Kwangcheon, CNKIJ: Chungcheongnam Province Kongju, CNSS:
Chungcheongnam Province Seosan, C SD: China Sandong, I: India, INWD: Cheollanam Province Wando, KBAD:
Kyeongsangbuk Province Andong, KBYI: Kyeongsangbuk Province Youngil, KBYY: Kyeongsangbuk Province

Yangyang, KWYW: Kangwon Province Youngweol
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TEM-EDX.
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Fig. 8. Youngil zeolite mineral contaminated mordenite and clinoptilolite by XRD.
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Table 3. Ratio of the length and diameter of asbesti-

form fibers
Minerals Fiber I D L/D ratio’
Chrysotile
CNKC chrysotile long 0.27
Serpentine
KBAD A# chrysotile  27.0  0.04 6750
KBAD B#  chrysotile 23 002 1150
KWYW chrysotile 1.3 025 5.2
KBYY chrysotile 7.0 050 14.0
CNSS chrysotile 9.0 025 36.0
CNHS chrysotile 11.0 045 24.4
Tremolite
CNHS tremolite - 0.80 -
actinolite - 0.07 -
Wallastonite
KWYW wallastonite 7.5 0.60 12:5
1 wallastonite - 4.50 -
Sepiolite
C sepiolite g0 250 32
Talc
CBCJ chrysotile 1.8  0.13 13.8
CNKJ B*  chrysotile 27 003 90.0
CEL:B* crocidolite 2.8 0:55 5.1
C SD A" tremolite 6.0 025 247
actinolite 3.0 045 6.7
G SDh:B" actinolite 6.0 090 6.7
antigorite 50 050 10.0
Pyrophylite
INWD chrysotile 7 i 0.05 150.0
Zeolite
KNYI mordenite 100 0.20 50.0

L' length of asbestiform fiber( m)

D2 diameter of asbestiform fiber( m)

L/D ratio’; length of asbestiform fiber/diameter of
asbestiform fiber

A*. B, C*, D% sample of same mine, A%, B¥; sample of
other mine in near region

C: China, CBCJ: Chungcheongbuk Province Chungju,
C KL: China Killim, CNHS: Chungcheongnam
Province Hongsung, CNKC: Chungcheongnam
Province Kwangcheon, CNKJ: Chungcheongnam
Province Kongju, CNSS: Chungcheongnam Province
Seosan, C SD: China Sandong, I: India, JNWD:
Cheollanam Province Wando, KBAD: Kyeongsangbuk
Province Andong, KBYL: Kyeongsangnam Province
Youngil, KBYY: Kyeongsangbuk Province Yangyang,
KWYW: Kangwon Province Youngweol
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€ 28} BAE9 B energy dispersive x-ray
spectroscope(EDX), X-ray 3|"dE2M4(XRD)S
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