Aol Xz, M37d, M1E, 21-33, 2004
Econ. Environ. Geol., 37(1), 21-33, 2004

S O S5 T % P2y ot

A - YRY! - Nolg?
Wgekn Aagd g, Hegsln BEEges

Environmental Assessment of Heavy Metals Around Abandoned Metalliferous
Mine in Korea

Myung Chae Jung'*, Moon Young Jung' and Yun Wang Choi?

IDept of Earth Resources & Environmental Geotechnics Engineering, Semyung University, Jecheon 390-711, Korea
Dept. of Civil Engineering, Semyung University, Jecheon 390-711, Korea

The objective of this study is to review of environmental assessment of heavy metals derived from various metallif-
erous mines in Korea. As a results of national wide research for heavy metal contaminations in the vicinity of met-
alleferous mines, the main contaminants are mine waste materials including tailings. From the materials, toxic elements
including As, Cd, Cu, Pb and Zn can be dispersed into downstream through wind and water. Thus, soils around the
mines contain elevated levels of those elements, which are over the guide values for environmental regulation of soils
in Korea. Arsenic is one of the most important elements contaminated by mining activities, to a less extent, Cd, Cu,
Pb and Zn. In spite of remediation works for some metal mines by the government, there are still lots of abandoned
mines which are necessary for reclamation of mining sites. This study also includes that metal concentrations in soils
and tailings can be varied upon various decomposition methods including 0.IN HCl and aqua regia and sequential
extraction scheme, with differences in each element, too. This may be due to geochemical characteristics of the ele-
ments, such as solubility, mobility and chemical forms in the geochemical environment. Finally, it is suggested that a
certain organization should be runned by Korean government for management of abandoned mines.

Key words : Environmental assessment, Heavy metals, Metalliferous mines, Chemical speciations
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Table 1. The ore reserves of metals in Korea(data based on 2002.12.31).

Ore reserves(x1,000tons)

Metals Mine Grades
No. proved probable total
Au 9 Au 74glt 1,105 4,429 5,534
Ag 13 Ag 214.3gh 2,391 4,761 7,152
Cu 26 Cu 2.5% 266 2,004 2,270
Pb & Zn 31 Pb 2.2%, Zn 3.2% 7,894 9,674 17,568
Fe(Ti) 312) Fe 40.0%, TiO, 19.3% 11,905(7.1) 20,838(1,417) 32,743(1,424)
L 18 WO, 0.5% 6,901 9,638 16,539
Mo 4 MoS, 0.5% 373 2,174 2,547
Mn 2 Mn 19.6% . 360 360
Sb 1 Sb 2.1% 10 12 22
Sn 2 Sn 2.0% 40 907 947
Au(placer) 9 Au 0.887g/m’ - 2,864D 2,864"
REE 1 R,0; 2.13% 10,004 15,968 25972
Toverall 232 40,389 70,769 111,658

Dunit in kg
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Table 2. List of abandoned metallferous mines having detailed survey for soil contamination.

Year Number

Mine name (administrative area)

1997 11

Banggol(Hongcheon), Butdeun(Bonghwa), Enuchi(Samcheok), Geumjeong(Bonghwa), Ilwol(Yangyang),
Indae(Jinan), Palbon(Jeongeup), Sama(Goseong), Sampung(Changwon), Samsan(Goseong), Seongan(Yeongwol)

1998 11

Chonam(Gwangyang), Dongjin(]inari), Dongmyeong(Jeongseon), Gilgok(Hongcheon), Gwangyang(Gwangyang),
Jeolgol(Haman), Pungjeong(Bonghwa), Pungwon(Geochang), Seoksan(Gunui), Sewoo(Jeongseon), Yanggok(Bonghwa)

1999 10

Cheongyang(Cheongyang), Deokon(Imsil), Geumjang(Uljin), Myeongbong(Boseong), Okbang(Bonghwa),
Okgye(Gangneung), Pocheon(Pocheon), Tohyeon(Euseong), Yeongjun(Pocheon), Yongseok(Pocheon)

2000 10

Baekun(Jinan), Guryong(Changwon), Nakdong(Jeongseon), Samdong(Yeongdong), Samsanjeil(Goseong),
Sanmak(Bonghwa), Sanyang(Boseong), Sucheol(Gunui), Suncheon(Suncheon), Wolru(Yeongdong)

Bongmyeong(Seohgju), Cf\angbo(Yeongdeok), Changpo(Masan), Cheongsong(Cheongsong), Daejeong(Jinju),
Daemin(Hapcheon), Dogok(Yeongdeok), Donga(Geoje), Dongil(Uiseong), Dongjeong(Yeongdeok),
Dongjin(Geochang), Dupo(Goseong), Eunseong(Yeongcheon), Geomdongchilbo(Uiseong), Gorye(Bonghwa),

2001 32

Hwacheon(Yeongdeok), Hwanggeumsan(Yecheon), Hyeongje(Seongju), Jangwon(Cheongsong), Jeonheung

(Uiseong), Joyadong(Daegu), Mandaesan(Hapcheon), Milyang(Milyang), Mulgeum(Gimhae), Okdong(Uiseong),
Samyang(Milyang), Ssangjeon(Uljin), Sueo(Yecheon), Taecyang(Hapcheon), Yangseong(Yangsan), Yongho(Busan),

Yugeum(Yeongdeok)

Beona?ni]angsu), Boche(Ahseong), Bogae(Anseong), Buguk(Goseong), Bugwang(Goseong), Cheolam(Taebaek),
Cheontae(Jeongeup), Chudong(Samcheok), Daedeok(Damyang), Dachaeje(Muan), Deokeum(Naju), Deokhe-

2002 32

ung(Chuncheon), Dongbo(Goseong), Dongsin(Hwasun), Dongyang(Hongcheon), Dunjeon(Samcheok), Gang-
won(Jeongseon), Geumpung(Gimje), Geumwang(Yangpyeong), Gomyeong(Goseong), Haeseong(Muan),

Jeonbo(Boseong), Jeonjuil(Wanju), Jucheon(Yeongweol), Palgong(Jangsu), Sambo(Hwaseong), Samhwa(Donghae),
Samjo(Tacback), Sangdong(Yeongweol), Songcheon(Gangneung), Wondong(Taebaek), Yangyang(Yangyang)

Boksu(Jecheon), Boryung(CHungju), Changgeum(Gisan), Cheongju(Cheongju), Cheonheung(Yeongdong),
Cheonsu(Gisan), Chilseong(Dangyang), Chungcheong(Cheongwon), Dachwa(Chungju), Eumseong(Eumseong),

2003 27

Eungok(Dangyang), Geumbo(Yeongdong), Geumseonggirin(Jecheon), Geumwang(Eumseong), Haksan(Yeongdong),
Hongasusan(Jecheon), Hwagok(Chungju), Jangam{(Gisan), Joilsanggok(Jecheon), Jeungjadon(Goisan),

Munbaekyuchang(Jincheon), Namseong(Okcheon), Nangok(Yeongdong), Okjeon(Yeongdong), Samdeok(Chungju),

Taechang(Chungju), Yeongbogari(Yeongdong)
2004 23 making a plan
ol e

Unknown mine Cheoﬂétiéeochang), Eﬁryeong(Yeongdong), Daehwang(Chungju), Eungok(Jinju), Seongji(Goseong)
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Table 3. Major mine list and results for investigation of soil contamination.

Elements over the

Province Mine name (location) Ore minerals guideline* Province  Mine name (location) Ore minerals Elements over the guideline
Boche(Anseong) Au, Ag, Ta -
Bogae(Anseong) Au, Ag - Bongmyeong(Seongju) Au, Ag, Cu, Pb, Zn Cd, Pb
Geumwang(Yangpyeong) Au, Ag As, Hg Butdeun(Bonghwa) Au, Ag, Cu As, Cd, Cu

GGyti’.(er;g Pocheon(Pocheon) Fe - Changbo( Yeongdeok) Au, Ag, Cu, Pb, Zn -
Sambo(Hwaseong) Pb, Zn Pb Cheongsong(Cheongsong) Au, Ag, Cu, Pb, Zn -
Yeongjung(Pocheon) Au, Ag Cu, Hg, Pb Dogok(Yeongdeok) Au, Ag, Cu, Pb, Zn Cd, Cu
‘Yongseok(Pocheon) Au As, Hg, CN Dongil(Uiseong) Au, Ag, Cu, Zn Cd, Cu, Pb
Banggol(Hongcheon) Au, Ag As, Cr*¢ Dongjeong(Yeongdeok)  Au, Ag, Cu, Zn -
Buguk(Goseong)} Au, Ag - Eunseong(Yeongcheon)  Au, Ag Cd
Bugwang(Goseong) Au, Ag - Geomdongchilbo(Uiseong) Au, Ag, Cu, Pb, Zn -
Cheolam(Taebaek) Au, Ag As Geumjang(Uljin) Cu, Pb, Zn As, Cd, Cu, Pb
Chudong(Samcheok) Au, Ag As Geumjeong(Bonghwa) Au, Ag As
Deokheung(Chuncheon) Au, Ag - Gorye(Bonghwa) Au, Ag -
Dongbo(Goseong) Au, Ag - Hwacheon(Yeongdeok) Au, Ag, Pb, Zn Cd
Dongmyeong(Jeongseon) Au, Ag, Cu, Zn As, Cd, Pb, CN Hwanggeumsan(Yecheon) Au, Ag, Cu As, Cd
Dongyang(Hongcheon)  Au, Ag - Gyeong Hyeongje(Seongju) Au, Ag, Cu, Pb, Zn Cd, Pb
Dunjeon(Samcheok) Au, Ag As Buk  llweol(Yangyang) Au, Ag, Cu As, Cu, Pb
Eunchi(Samcheok) Au, Ag, Cu As, Cd (30)  Jangwon(Cheongsong)  Au, Ag -
Gangwon(Jeongseon) Au, Ag As Jeonheung(Uiseong) Au, Ag, Cu, Pb, Zn Cd, Cu

Gang  Gilgok(Hongcheon) Au, Ag As, Cr*f Joyadong(Daegu) Au, Ag, Cu Cu

gg‘; Gomyeong(Goseong) Au, Ag As Okbang(Bonghwa) w As, Cd
Jucheon(Yeongweol} Au, Ag As Okdong(Uiseong) Au, Ag, Cu Cd, Cu
Nakdong(Jeongseon) Au, Ag, As, Bi As, Cd, Cu, CN Pungjeong(Bonghwa) Au, Ag As, Pb
Okgye(Gangneung) ~ Au, Ag, Pb, zn AS €4, Cu He, Sanmak(Bonghwa) Au, Ag, As, Bi Cd, Cu, Pb
Samjo(Taebaek) Au, Ag - Ssangjeon(Uljin) ﬁ‘:} Ag, Cu, Pb, Zn, W, -
Samhwa(Donghae) Fe - Seoksan{Gunui) Zn As, Cd
Sangdong(Yeongweol) W As Sucheol(Gunui) Au, Ag, Cu Cu, Pb
Seongan( Yeongweol) Pb, Zn As Sueo(Yecheon) Au, Ag As
Sewoo(Jeongseon) Au, Ag, Cu, Zn  As, Cd, Pb, Hg Tohyeon{Euseong) Au, Ag, Zn As, Cd, Cu, Pb
Songcheon(Gangneung) Au, Ag As, CN Yanggok(Bonghwa) Au, Ag As, Cd
Wondong(Taebaek) Fe As, Cd, Pb

Yugeum(Yeongdeok) Au, Ag, Cu, Pb, Zn -
Yangyang(Yangyang) Fe -

Changpo(Masan) Au, Ag, Cu, Pb, Zn -
Baekun(Jinan) Au, Ag As Daemin(Hapcheon) Au, Ag -
Beonam(Jangsu) Au, Ag As Daejeong(Jinju) Au, Ag, Cu, Pb, Zn As, Cd, Pb
Cheontae(Jeongeup) Pb, Zn Pb Donga(Geoje) Au, Ag, Cu -
Deokon(Imsil) Au, Ag As, Cd, Cu, CN Dongjin{Geochang) Au, Ag -

'};‘l’;‘ Dongjin(Jinan) Au, Ag, Cu - Dupo(Goseong) Au, Ag, Cu -

(10) Geumpung(Gimje) Au, Ag - Guryong(Changwon) Au, Ag, Cu, Pb, Zn -
Indae(Jinan) Cu As, Cd, Cu Jeolgol(Haman) Au, Ag, Cu As, Cu
Jeonjuil(Wanju) Au, Ag, W As Mandaesan(Hapcheon) Au, Ag -
Palbong(Jeongeup) Au, Ag Cd Milyang(Milyang) Au, Ag, Cu -
Palgong(Jangsu) Au, Ag, Pb As I\Clia);((};(%) Mulgeum(Gimhae) Fe As

Pungwon(Geochang) Au, Ag, Cu, Zn Cd, Pb
Chonam(Gwangyang) ‘2:’ Ag, Cu, Pb, As, Cu Sama(Goseong) Au, Ag, Cu Cu
Daedeok(Damyang) Cu, Pb, Zn . - Sampung(Changwon) Au, Ag, Cu Cd, Pb
Daehaeje(Muan) Au, Ag - Samsan(Goseong) Au, Ag, Cu Cd, Cu, Pb
Deokeum(Naju) Au, Ag Cd, CN Samsanjeil(Goseong) Cu As, Cu
Dongsin(Hwasun) Au, Ag As, Pb Samyang(Milyang) W, Mo -

Leon Au, Ag, Cu, Pb,

la;x)l Gwangyang(Gwangyang) Zn As Taeyang(Hapcheon) Au, Ag, W -

( Haeseong(Muan) Au, Ag - Yangseong(Yangsan) Fe -
Jeonbo(Boseong) Au, Ag As Yongho(Busan) Au, Ag, Cu, Pb -
Myeongbong(Boseong) Au, Ag As Chung Samdong(Yeongdong) Au, Ag Cd, Cu, Pb
Sanyang(Boseong) Au, Ag As, Cd, Hg Buk  Wolru (Yeongdong) Au, Ag Cd, Cu
Suncheon(Suncheon) Au, Ag As, Cd, Hg, Pb Cg;::]g Cheongyang(Cheongyang) Fe, Mn, W As, Cd, Cu, Pb

*Action level in the Korean Soil Environment Conservation Act.
Compiled data based on Ministry of Environment, 1998; 1999; 2000; 2001; 2002; 2003.
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Table 4. The pH value, heavy metal concentrations and lime requirement of tailings and mine wastes from 38 mining sites in Korea.

Extracted by 0.1IN HCI (mg/kg)

Extracted by aqua regia (mg/kg)

Group Tpe Mine name PH Cd Cu Pb Zn Cd Cu Pb Zn
Changkeum  7.56 0.1 9.0 1.7 9 05 34 16 30
Dongbo 773 1.13 0.1 2.0 10 45 53 115 584
Geumwang 811  0.08 32 215 20 0.1 6 24 100
H)‘f:iriﬁt*:eﬂnal Haksan 745 006 54 25.0 62 14 7 34 74
with oa e e Manri 767 282 260 321 381 40 203 880 808
Samdong 776 049 04 1.7 30 08 109 488 280
764 075 10.5 176 57 28 95 293 241
Wolryu 773 032 03 13 28 1.6 18 47 80
T Byeongsa 200 252 420 26 870 36.8 5,280 932 1,060
Cheonbo 810 075 33 835 147 1.0 8 177 227
Cheongyang 433 473 520 103 1,520 986 2,130 35200 29,000
250 075 875 27.8 143 6.8 1,690 29500 1,440
Dadeok 255 0386 103 252 162 79 2,000 38300 1,700
Au-Ag 2.85 1.15 13.5 6.4 133 33 252 14200 1,500
mine Darak 350 1.34 244 735 187 29 83 13,100 394
Deokgok 298 720 6.9 52,0 57 12,0 14 1,430 72
) 423 580 239 126 10,400 142 876 18,100 24,300
Hydrothermal Eunchi 275 143 745 W6 2,345 188 852 15600 2,750
. wivtims;ﬂ?ges Geumjang 594 208 1,240 510 3,880 584 4220 10,000 14,900
Gomyeong 2.28 4.65 144 50 2,570 364 132 28400 4,084
Gubong 720 245 16.6 205 580 114 222 5640 2,850
Haman 6.85 024 19 14 2 1.4 984 21 58
Imcheon 173 553 318 60.5 655 73.6 249 11200 11,600
Juneu 741 201 16.0 256 247 3.0 35 83 358
Samkwang ~ 7.59 132 76 51.0 500 274 35 720 1,050
Songcheon 180  2.08 106 520 990 85 456 17,200 2910
Sugyo 489 008 74 372 8 18 13 106 29
Taechang 328 024 77 14 49 1.0 65 4 169
Eungok 755 003 43 102 8 0.0 13 27 44
Hydrothermal Toil 493 585 15.0 326 675 10.7 144 2070 2270
repgcemem ope 204 067 8.8 493 115 186 230 4480 3,840
Sambo 459 056 461 263 625 54 104 1,080 3,100
Subok 748 625 04 2.1 72 443 946 1,010 3,480
Geumseong  7.00  0.13 02 10 2 04 10 11 116
Base metal Geodo 782 017 270 6.4 46 35 504 22 86
mine 343 014 204 17 32 L6 528 17 78
Kahag 753 2.08 07 6.8 19 20.1 39 L1400 2220
Skarn type Sangdong 773 090 45 1.9 28 3.2 111 34 98
Wliin 275 16.5 99.0 535 2,080 26.1 988 13900 4,650
238 084 6.0 51.0 127 26 121 3,000 1,180
Yangyang 7.72 0.13 02 12 10 0.8 48 18 228
Yeonhwa 566 396 0.1 43 97 84.4 404 7480 9,640
Dalseong 248 1.19 2,200 13 108 12 3270 2270 181
Pegmatite, 708 006 8.7 50 8 0.1 22 13 29
Others alaskite ve.in Geumijeong 7.20 0.08 7.0 0.3 7 0.1 19 12 29
and breccia 212 035 130 25 331 05 740 225 500
pipe types 2.05 0.32 126 2.8 233 09 72 182 880
Sangjeon 247 008 69.5 7.1 10 07 1,120 58 25
Environmental warning - 1.5 50 100 - - - - 300
regulation for soils action - 4 125 300 - - - - 700

dxo] /HRE W= Ni, Znd] 77188 93
I AE 314 BEE ERR g FER 2AT
Ak E40l HEH2 Ut ol9ell= 77
EE FE%502 ¥7EE F ', Hg 5& 747] 4
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Fig. 1. Relationships between metal concentrations extracted by 0.1N HCI and aqua regia.
( C=Au-Ag mine without sulfide minerals, {=Au-Ag mine with sulfide minerals, A=hydrothermal replacement type for metals,

(O=skarn type for metals and X=others)
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Table 6. Remediation technologies for contaminated soils and ground waters.

media location method

type

biological
treatment

. Biodegradation
. Bioventing

White Rot Fungus

In-situ physical & chemical

treatment

. Pneumatic Fracturing

. Soil Flushing

. Soil Vapor Extraction

. Solidification/Stabilization

+  thermal tretment

Vool bW —

. Thermally Enhanced SVE
. Vitrification

others

. Natural Attenuation

biological
treatment
soil

. Composting

. Controlled Solid Phase Biological Treatment
. Landfarming

. Slurry Phase Biological Treatment

physical & chemical
treatiment
Ex-situ

. Chemical Reduction/Oxidation
. Dehalogenation(BCD)

. Dehalogenation(Glycolate)

. Soil Washing

. Soil Vapor Extraction

20.Solidification/Stabilization

21.

Solvent Extraction{chemical extraction)

thermal
tretment

. High Temperature Thermal Desorption
. Hot Gas Decontamination

. Incineration

. Low Temperature Thermal Desorption
. Open Burmn/Open Detonation

. Pyrolysis

. Vitrification

others

. Excavation, Retrieval and off-site Disposal

biological
treatment

. Co-metal Process

. Nitrate Enhancement

. Oxygen Enhancement with Air Sparging
. Oxygen Enhancement with H,O,

In-situ
physical & chemical
treatment

ground
water

. Air Sparging

. Directional Wells

. Dual Phase Extraction

. Free Product Recovery

. Hot Water or Steam Flushing/Stripping
. Hydrofracturing

. Passive Treatment Walls

. Slurry Wall

. Vacuum Vapor Extraction.

others

. Natural Attenuation

biological treatment

. Bioreactors

Ex-situ physical & chemical

treatment

. Air Stripping

. Filtration

. Ion Exchange

. Liquid Phase Carbon Adsorption
. Precipitation

. Ultraviolet(UV) Oxidation

|EA0) o5, o FEZ Azv|gelM dAHAE
(vitrification)®] 400~870$4ton®. 2 7Fg 7o, A37]
&o] 10~80$tonS= FH4xo] HlBo] QATHUS EPA,
2001). =3k 3o ACMRE(Australian Center for
Mining Environmental Research)lx] Jsi=|2 9j5t
F71 Z2aE 2935k itk Gl X -ARA}
2BGSYE F2o02 QYEYXES B9 TeadRe

£93E JATHBGS, 2000). 7 B9 LR LPGES ¢
Askre] As714S Table 60 Q2Fslgtt 0] 7122
0| ZolA] EA 83 GAl U EY L RSl
¢] Ph, Cr, As, Zn, Cd, Cu, Hg(FHLZ ©] &A= v
super-fund site FoIA 2He] ATIT &) A& A
HL7EEE Tble 79 295} THEvanko and
Dzombak, 1997). ol B ulel Zo] tjaksl 5.9



S0 FAE FEE

7y 334 409 W

31

Table 7. Assessment of remediation technologies for metal contamination in soils and ground waters.

Long-term

Application to  Application to

Remediation Metals Cost effectivencss Commercial General high metals mixed e Toxicity Mobility Volume
technology treated ! availability acceptance e . WasIereduction reduction reduction
permanence concentrations (metals & organics)
Capping 3 A C A A C A C A C
Subsurface Barriers 1-35 A C A A C A C A C
Solidification/ T, T
Stabilization ex situ 135 B B A A A A ¢ A ¢
Solidification/ 1246 A B A A A A c A c
Stabilization in situ
Vitrification ex situ 135 C A B B A A C A C
Vitrification in situ 1-37 C A B B A A C A C
Chemical Treatment 2 D B B B D D A A C
Permeable
Treatment Walls 2 b B B B D D A A ¢
Biological Treatment 1-5 A C B B C D A A C
Physical Separation 1-6 B A A A A C C C A
Soil Washing 1-35-7 B A A A A B C C A
Pysometallurgical 157 ¢ A A A A c c c A
Extraction
Soil Flushing in situ 12,7 A C A A A A C C A
Electrokinetic Treatment 1-6 B A A A A D C C A
1=Pb, 2=Cr, 3=As, 4=Zn, 5=Cd, 6=Cu, 7=Hg; A=good, B=average, C=marginal, D=inadequate information
Table 8. List of mines having remediation works in mining sites and their budget.
Year Mines for remediation Budget for remediation (million won)
1995 Gahak mine 3,841
1996 Dalseong, Seojeom, Gooundong mines 3,940
1997 Joil, Gubong, Darak, Gunbuk mines 4,786
1998 Wauljin, Samsan mines 840
1999 Goro, llweol, Dadeok, Samwang mines 4,109
2000 Iiweol, Dadeok, Pungwon, Ilgwang mines 4,498
2001 Dongmyeong, Yanggok, Sama mines 3,032
2002 Tohyeon, Pungjeong, Geumjang mines 5424
total 22 mines 30,470
71&0] GelA JoH, o|5g Ads| &gt U oA 1 5~109 LS FRlste] BAARLS AAlst
o= 283 589 F 9 Ao WaEr, T QAT uEERAe g BAATE v Hnlg
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