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Table 1. Refererices cited in the ranking standards for the precise investigation to asbestos-contaminated abandoned mines,
Korea
Reference References cited
number
1 CCME (Canadian Council of Ministers of the Environment), 2008, National classification system for con-
taminated Sites (Guidance document), ISBN 978-1-896997-80-3.
2 USEPA, 1992a, Hazard ranking system guidance manual, EPA 540-R-92-026.
3+ USEPA, 1991, Guidance for performing preliminary assessments under CERCLA, EPA/540/G-91/013.
4 USEPA, 1992b, Guidance for performing site inspections under CERCLA, EPA/540-R-92-021.
5 USEPA, 1990, Hazard ranking system; Final rule, Federal Register v. 55 no.241, 14-12-90.
6 Margaret M. Kelly, 1993, Contaminated site cleanup in the United States: Trends in innovative tech-
nologies, in Workshop “Contaminated soils- risks and remedies”, Stockholm, p.95-101.
Onne Z. van Sandick, Kees W. Keuzenkamp, 1994, Policy and legal framework regarding contaminated
7 sites in the Netherlands, in Vortrag vor dem International Workshop “Contaminated sites in the European
Union: Policies and strategies”, Bonn, p.8-9.
Reinier van den Berg, 1993, Human exposure to contaminated soil: a model (CSOIL) used for the assess-
8 ment of human-toxicological intervention values for soil clean-up, in: F. Arendt, GJ. Annokkee, R. Bos-
man, W.J. van den Brink (eds.): Contaminated Soil, Dordrecht, Boston, London, p.481-482.
Foreign Albering, H.J., van Leusen, S.M., Moonen, Edwin J.C., Hoogewerff, 1A, , Kieinjans, Jos C.S., 1999,
9 Human health risk assessment: A Case study involving heavy metal soil contamination after the flooding
of the river reuse during the winter of 1993-1994, Environmental Health Perspect, 107, p.37-43.
10 MPCA (Minesota Pollution Control Administration), 1993, Voluntary Investigation and Cleanup Guidance
Document, Version 2.0.
11 Ian L. McHarg, 1995, Design with nature, John Wiley & Son.
12 USEPA, 19894, Risk assessment guidance for Superfund Volume I: Human health evaluation manual (Part
A), EPA/540/1-89/002.
13 USEPA, 1989b, Exposure factors handbook; Final report, EPA 600/8-89/043.
14 USEPA, 1987, DRASTIC: A Standardized system for evaluating ground water pollution potential using
hydrogeologic settings.
15 ASTM(American Society for Testing and Materials), 2004, Standard guide for risk-based corrective action,
ASTM E2081-00.
16 JCECA (Japan Central Environmental Counsellor Association), Technical note for soil pollution acts,
2002.
17 MOE (Ministry of Environment), 2005, General soil investigation for abandoned heavy metal mines in
Kyungsang province; Final report.
18  MOE (Ministry of Environment), 2001a, Guidance for the maintenance of landfill site, 675-10-1242.
19 MOST (Ministry of Science and Technology), 2006, Assessment of soil pollution state and the devel-

opment of natural attenuation technology; Final report, OAA2004030-2006(3).

Domestic 20

MOE (Ministry of Environment), 2001b, Regulation for an assessment of environmental impact, 12-2.

MOE (Ministry of Environment), 2006a, Evaluation of the remediation ranking system in the report "Soil

2 pollution state for abandoned heavy metal mines"; Final report.
22 MOE (Ministry of Environment), 2006b, Guidance for Soil risk assessment, MOE regulation 283.
23 NIER (National Institute of Environmental Research), 2009, Guidance of soil/groundwater sampling for
abandoned asbestos mines, Korea.
AHNRL, FAR QFEY REL 0@do=RY J 3.2, MR "oletEe] 718X 70l ¥ 29 =i
& FAA olAAY, FANY MW 298, 7R HE fl8 "Worsts s
E Fo] ¥AYELZ IFHATHMOE, 2006b; FUe 71Ete NEAAFE Aasld BrkE
NIER, 2008). 3¢ 50080 AAsider 299 Bt o
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Table 2. Evaluation factors used in the ranking for the precise investigation to asbestos-contaminated abandened mines,

Korea
Evaluation . Factor . Cited reference numbers
. Sub-categories Evaluation factors .
categories number in Table 1
Contamination source 1 Source storage area i, 2,3,5,18,21
(waste rock & 2 Source storage volume 1,2,3.4,5,17,18,19,21,23
tailings) 3 Storage state and slope angle 1.11,17,18,19,20.21
. . 4 Vegetative cover 1,8,2,3,4,5,16,17,23
Contaminant Mmm};;tac:;t:vny 5 Uncovered mining pit (and shafl) area 10,12,19
characteristics 6  Uncovered asbestos-bearing rock outcrop 1,10,12
7 Mining type (subsurface or surface mining) 1,10,19
. X 8 A term of mining 1,13,19,23
Mining history - - —
9 Existence of refining or post-treatment facility 1,16,19,23
10 Total mining outturn 1,12
Geological potential 11 Asbestos-bearing rock distribution 1,14,20,23
12 Contaminated area (asbestos concentration limit)  1,15,19,21,22
Coqtami‘nam bm.l ) 13 Contaminated state (according to contaminated soil 12.3,67,15,19.2021.23
migration contamination sample number vs. total sample number)
potential 14 Highest asbestos concentration in soil 1,2,3,7
Water 15 Ratio of asbestos-containing stream water 1,2,3,7,9,10,19,20,21 23
contamination 16  Ration of asbestos-containing groundwater 1,2,3,7,10,19,26,21,22,23
17 Distance from the mining source 2.3,1,8,10
Farmiand 18 Ratio of farmland area vs. total site area(within 1.23.7.10.19
contamination 4km radius from the source zone) T
19 Ratio of asbestos-containing farmland soil 1,2,3,7,10,19,21
20 Mean annual wind speed 1,2,3,8,12,20
21 %oxxs}sl‘tcncy of the main wind direction to the res- 123.12.20
Exposure Meteorological ldental area
. o 5 - 5
possibility condition 22 Topographic slope 14,20
23 Annual rainfall 1,2,3,4,820
24 Rainfall strength (Heavy rainy day per year) 1,2,3.4,820
25 Distance from the mining source 1,2,3,7.8,10,18,21,23
Exposure to 2% Ratio of asbestos-containing soil in the residential 12371021

R distri
the resident strict

the source

Population density according to the distance from

2,3,7,10,18,19,21,23

Y Gr}, =27 Wrrddel 7 1004, 200
A, 20084 Fofsioict. AR HrrEe] B9 gEd
FTRES Tl 5-503 WSl H4E Fosie
AR 4] 24 9 Al 9ot 1R
< vHASIATHMOST, 2006; USEPA, 1992a). A=)
2709 BRIA BE F AFdxAE BE AEsE
2AE Ae 4 UNE PEEL FeE Roidhed)
Z ofelol giglon, FAR At olgy R
WA S8 pREE guel Haalge, A4

A
V=S tigh JieA WY S $oi3 71E (criterda)
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Table 3. Results of 20 abandoned asbestos mines for each evaluation factor of the ranking standards

Evaluation factor

Factor Results from the general investigation for 20 abandoned asbestos mines, Korea

(weighted score) number  Arithmetic mean Minimum Median Maximum
o 816.4 0.0 287.0 8,280.0
Contamination 6253 0.0 330.5 41400
source
3 <5% 8 mines, 5~30% 3 mines, >30° 9 mines
. 4 M plant capping: 10 mines, <1 m in plant height: 3 mines, >1 m in plant height: 7
M¥n3ng mines
Contaminant activity 5 16,814, 20 10,686 89377
characteristics state - - .
6 Existence: 13 mines, Nonexistence: 7 mines
7  Saurface: 8 mines, Subsurface: 12 mines
Mining 8 42 year 1.0 year 2.0 year 26.0 year
history 9 Existence: 11 mines, Nonexistence: 9 mines
10 6,759 ton 3 ton 673 ton 75,381 ton
Geological u >1/3 of asbestos bearing rocks in the site area: 10 mines, <1/3 of site area: 4 mines,
potential None: 6 mines
c . 12 127,255 0.0 9,362 1,959,739
ontaminant Soil
migration contamination 13 2.2% 0.0% 0.42% 22.8%
potential 14 4.11% 0.25% 2.63% 32.75%
contamination 16 0.0% 0.0% 0.0% 0.0%
17 152m 20 m 80 m 1,000 m
Farmland - - S
contamination 18 24.7% 3.7% 29.2% 45.4%
19 2.5% 0.0% 0.0% 19.2%
20 2.5m/s 2.0 m/s 2.0 m/s 4.5m/s
B 21  Consistency: 11 mines, Discordance: 9 mines
Ixposure  Meteorological s = = Py
possibility condition Cad 8.2 0.6 3.3 49
23 1,237 mm/yr 851 mm/yr 1,237 mm/yr 1,640 mm/yr
24 10.6 day 7.0 day 7.5 day 22.0 day
25 439.0m 10.0 m 3200m 1,980.0 m
Exposure to > o
the resident 26 4.1% 0.0% 0.0% 33.3%
27 2,106 persons 41 persons 1,205 persons 10,706 persons

“Highor dAstd o Ale] 77k ghol thske] A
¥ 72 (Linear Interpolation)® Hodgtoga] 7+ 9
T g APgEiey, JuigEd Hes
Adste] 49 RS gt A% H/RLES; Final
score)2 2 ARSIt

BPIEet wlds A8 3 207 HaEgakg )
ol D4, Ah=ol Uik, g0l 12704, £24) 1
A&, BB Pk, Al Zih)e AdzAdAz
B AL 7 (ARE 3 Bag, Adg, F95,
FHoizk& Table 390 vERIATE Table 39 AL o]
€8 A% 7R B V1SS FrHE 2 Fojw

BHE TS ALz} A9 2AE K8 449
HF W7l 7189E Table 491 VERAICH $19] A9
FA} XS Bt 71Eebs A48l AgRAE v}
3207 Bkl tigt 7t FHE AMERE, ol B
HIAFE B FH] YA AFAbl g BUIgL
(FS)y& Table 49 ¥ JERSIT. AZAte] 7S 2
Y Briggelr 84.008 (1008 TS ol 2070
B 5 59E AL, LEEE 8% B9
AlE 1800082008 RS o} O #t F 19
g ARsen, =87 e Hrkdgela 132,023
(2009 wHE)e wol 3 3960286004 S ol
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Table 4. Criteria to weight the score for each evaluation factor and FS (final score) of A mine calculated by using the
evaluation standards of the ranking system

. Weighted A mine
Evaluation factor Factor - .
. Score Criteria to weigh the score for each factor
(weighted score) number (500) Results Score
1 10 1 point per 81 m? 274m* 400
Contamination - e P
source (30) 2 10 1 point per 62.5m 712 m 10.00
5 <5% 0 point , 5~30% 3 point, >30% 5 point 62° 5.00
o no plant capping: 5 point, < m in plant height: 3
Mining 4 3 point, >t m in plant height: 5 point None 500
Contaminant ~ activity ;
5 10 1 t 1,6810 49,500 m, 10.00
characteristics ~ state (30} Port per m o
(100) 6 10 Existence: 10 point, Nonexistence: 0 point Existence  10.00
7 10 Surface: 10 point, Subsurface: 5 point Surface 5.00
Mint 8 10 { point per 0.4 year of mining activity No data 5.00
ining
history (40) 9 10 Existence: 10 point, Nonexistence: 0 point Existence  10.00
10 20 t6(;;50 ton: 10 point, -1 point per -338 ton from 6750 6759 ton  20.00
Geological =173 of asbestos bearing rocks in the site area: 50 :
. 5 . ! >1/3 50.
potential (40) 1 0 point, <1/3: 30 point, None: 20 p 173 50.00
12 50 1 point per 2,830 m, 1,959,739 m, 50.00
. Soil - - :
an.tamllnam contamination 13 50 1 point per ():08%. (the ration of area having > 1% 22 80% 50.00
migration (100) of asbestos in soil sample)
Po(tzeon(;;al 14 30 >4%: 10 point, -1 point per -0.65% from 4% 12% 30.00
Existence of asbestos-bearing stream water: 10 o
Wa.ter . 15 10 point, Nonexistence: 0 point 0% 0.00
contamination
(60) 16 10 Existence of asbestos-bearing groundwater: 10 0% 0.00
point, Nonexistence: ( point ’ '
Farmland 17 40 I point per - 33 m from 152m 70 m 24.85
contamination 18 20 >20%: 20 point, -1 point per -0.85% from 20% 11.67% 10.20
©0) 19 30 1 point per 0.07% 1915% 3000
20 10 1 point per 0.2 m/s 2.5m/s 10.00
21 10 Consistency: 10 point, Discordance: § point Consistency 10.00
Exposure  Meteorological 0~2%: 1, 2~6%: 3, 6~12%: 5, 12~18%: 9, >18%:
possibility condion (40) 2> 0 10 point 245% 300
(200) 3 5 5 point x (annual rainfall of the site/1,302 mm/yr) 1276 mm/yr 4.90
24 5 >10day: 5 point, -1 point per -0.75day 13day 5.00
25 30 <430m: 1 point, +2 point per -28.6 m from 430 m 100 m 23.07
Exposure to - =
the resident 26 10 1 point per 0.4% 33% 10.00
) son: int. - i B
(70) 57 30 >2100 person: 30 point, -1 point per -71 person 4 1.00

from 2100 person

2000 Ui FA 3 oM B2 FS e JEnI g FAEA Lgkor), 20108 Fwhie] AR I
2071 A FAbe) tiete] & 9ot /jEete e FS b EEIAMo F=25o] dudlA 3AE o golth,
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