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Assessment of Pollution Level and Contamination Status on Mine Tailings and Soil in the

Vicinity of Disused Metal Mines in Kangwon Province

Joung-Dae Kim'

Department of Health & Environment, Hallym College

ABSTRACT : The objectives of this study was to assess pollution level and contamination status on tailings and soil in the vicinity of
four disused metal mines in Kangwon province. As the result of total metal concentrations analysis, the pollution degree of tailings and
soil decreased in the order of Wondong > Second Yeonhwa > Sinyemi = Sangdong mines. Total metal concentrations of mine tailings
in this study were 1.2~78.2 and 1.1~80.6 times higher than those in the background soil and the tolerable levels suggested by Kioke,
respectively. From these results, we found that tailings served as contamination source of nearby soil. According to sequential extraction
of metals, large proportion of heavy metals in all mine teilings existed in the form of a residual fraction, and heavy metals in
non-residual form was mainly associated with Fe-Mn oxide fraction and sulfidic-organic fraction. Fe-Mn oxide fraction and sulfidic-organic
fraction of heavy metals may be released into and contaminated the nearby environment under the oxidation or reduction condition in
long-term. In particular, the proportions of the exchangeable and carbonate fraction of Cd in mine tailings from Second Yeonhwa mine
were relatively high. This suggests that Cd may be easily released into and contarninated the nearby environment in the near time.
Concentrations of heavy metals in mine tailings and the nearby soil exceeded the standard (agricultural area) of Soil Environment
Conservation Law. So it was thought that remediation for mine tailings and the nearby soil is needed. The pollution indices of the
samples in this study were far higher than 1.0 and the pollution degree was very serious. Priority remediation site for these mines was
Wondong. As Results of danger indices, it was showed that exchangeable form in Wondong and Fe-Mn oxide form in the rest mines
should be removed preferentially.

Key Words : Disused Metal Mines, Mine Tailings, Pollution Degree(Pollution Index, Danger Index)

ek 1 E AFAAE ZUEW 449 AS53894 2AHE Brd Fd EFS) S84 298% 2 2H9EE BEAG B
Hel F BEGY 2PAEE ¥ FFEFE VIFLE 95A2A8AqT =48 ¢olen, /& Bve WBEY H Kloke 3
B} 47 12~7829 1.1~80.687F ¥ HEEZAN FH EYE LGAIIL AAh Fuld dits $559] FFETHE FE
ol t-Rolch HNIARIH SFEAME FFEEC] FAYH AsPololH ZINol BA AABAxD B FILO| &E
g Ao Holn 53, A2ds9) Cde IFAH G FFEo) 4A FEH Wi Fd 8§32 29X 7yl F A
L8 godEr -?—ﬂ‘%i} EFOGINENY 23R ZEER B N8N EFFFRAEY V& F dAVIE ol A2
2 yeht olel fig Aol asigrk Plo A% LHEF AL 449 FIANYG BEF 1.0 o) Fret Y wof LF¥=E
7t AR e RdA H¢ ’éi FAE 4Bt £E, DIl I% BA$-ERAE HAARAA AF5B D7 & 7Hed
AFYFE, UeiA 4L F - B0 A fEdE FEARE HF2E AAFk § ALE YEkT

FHO : ASSZY, B, LIERI=AF, AYEAF)

1. M E 43 ggnszs 59 AFdd glo] ¥AY 4z F

W, 94, 95 S 93 FA 98¢ LAANT 9

EQe o@AFL BASE gueh} oS = A 4 U 59, BEE FaFa J‘lEM gAY 24 9
29 ogge St ARo] 4N YA g TEAN WY 294 FE F= RS, & 3

FALES Qolu #- ALY Fo|w, o) FAse 7 (D), A yEEcr FF % 2 P 3FE RE S
9 edgozN =y EgH FAL e¥rIn Utk
A4 84 2 FF 1WA onAE FLHoz d=

T Corresponding author o B3 = A
B-mail: kimjd@hse.ac kr ZEE AY 53], 4FAT AY ‘%Tf‘ -jﬂu &4 Atol ¢
Tel: 033-240-9204 Fax: 033-240-9201 At Y2, 015 AN 2dAFS TFE F

J. of KSEE / Vol. 27, No. 6, June, 2005



2= AFEBAAG Y Fujo} FHESY

4

B fEE 544 59 EY A
—3‘ LAMNE e, AN, B1 T B H
A=o] HAEHAY 594 o3 FAH AY
%3&73“'} AdEAY oG EE FHEAYLE
Aol &4tE3 Yok =9, # BT € AskF A
59 GAA, A, A ARHE Fol HE
gl=jo] 7hal itk AAE 20029 & SR Ao
SHAAGQANN 9 HEe U Fon 59, A2d5R
-4 B¢ 12 Brigst 23 gujdol A sEHJYDL B
vlel && da EFe] ofz] oA TAFY

aA, v HFE$3a2 1,00071 o] Felgt LA
R o] F ALE7 10044 F=E AAs gloem, 4
FEol ¥Rzl AF, FAH, He, L2 AR
Atk ol AG AFEAL e FUELS HISE
9% g LAERY AHHE 978t Y= ”7801“1
20009 2 59 BRES AT A 2A
FHoltt. a2, ofF EFeqd A I91F olsrt -Ev'—
Eatal, F7HHER oFF HFEEAAYHY BdE A%
OEFe 71Eel §REY YA F2 AL EEoln JF9Y]
=g HE&}7] AT ARFA 71287 FE5F 4
ok A2 20039 AR 8 29, A7), A5, A9AY
9] HE4EEL 32718 s ESFAH Y e FAL
£ FY5Aer o RAIAME Fa dFEZ Fvy
HAY S A =3 WLolx, LFgLe2HH A
€ 298, EFINEAY 2TAAY, LY=AFPL pollu-
tion index)H7}o] £HE FArt

geA, & dfdAe Ag5E3NY Bdg A% 2R
BE AFstad ARt A A5E5EN 5 Mg 2
dol At gdHE 419 Fie qEdeE oHd9F
I FH EF(E, = MEAE)Y FFE LEEEE
ZAEIA, eH9ezREY 293 € Jted e ¥
7] fiste] 299 9 FH EQY FELEITEY RE
e eGP =E B

O
r4> B

o

ﬂ&hr“Lrlo
<>=.=.o‘I

2N o N Aoy

o ol ffr o o@ rE omg "

f's-'

2. MEME H Uy

21, AFCHMRIY MY H L
£ a7dxe ‘ﬂ—‘f—tﬂ Zholl XS AHAL HHA|, P

:

#, 9979 #I438e ez 142 RazA Vg
AZGAL 282 21}i Z Al 23, a8 1F FUE
9 AL 2Pl AB7A Bl da A AL 4

ZsA LAANAZE, gogr ALFozm 9¢¥rtEAl
0 ggHE dA34$344E 47 1XE dFedh o
E V19 AgE&EFReE FAFY Aldu Ry, 949
AEEA, AFHAY A2dsEde]l MFEHAL, HEAY
AT 49 37 ASEFARY FAFEE AAW, Fojd
o] glo] g WAHo FH FFozo e¥rtedel &
tha dgdEs 983 A9t 1 2AAERR
E 299 B9 o] 299 Y 2¥E FH EF 3

534 0999 2 o9E W 627

Z(EEY PREY, FHFD)INL, HREFHLIE
P BFAEE Tl A& 2FHA FAE AR FHH
£ 3~10 km 27 FHEFS HHSFAT

34, o]F 471 A99 g2 95 2o FE=E B
29 Aem B F 6B 1,229 haoll ZHA 1983
QARE A Do) AZHAT S 20009 6858 2001
d 109704 3 2 A4EZE 9 LA 2Ee 8
A gom BT ofelZ 1 kmoluel ZA FREo] X
2 gx=e] AUt FLT FERYL e B9H
2 TAARAME 19749 39 &FHol 1981744 400
g B9 #4 2 vk, AAAHgAE 1981d 59 &
Z=o] 1993d74A 800% &9 HA % FFI7E Ao
gl ged, JgA4E 2 VNAde] adz gXd
AR FA 30492 A F4 AHY 592 st F
07t 53 EFE fUH LHA71T AT HRA
ATFAL 2003 ZAFGA] B2 okite] BAbdd ) A
F7h B, Fride] 245A @2 A= AT ATFH
oF 100 moll AA 1,000 m’) 43} Ful7t FA o} u
2 g9 s@ez 50 Jkan A%en ¥ ATFERH
1 kmolwiell ZAA 4,000 m*9] ol o] 249 JHH
A Fgg ¢ Aoz FFAo AHAY AAsFLS
12 e 23 FREEED A4 2 FA7t
AAHo] FAHI AAh 20033 EAFGA] 2002 30
2 Qstd 1% BEe FH9 A AF, oHEY /Y
g Bl 2A A&Ho EFHIL AN, 24 FUE TR
QA ZA FEHO BEFFYP] olFoAX A A
F9 9 FFAEY SAd A sl st Brd
N B2 &9 FHrt WEd P& R IS
I Qgen o A ol S0 wAHIUS

22 AME

P AN AP ANEE A4z A AxVE A
2ZA71 £ 2 mmAE FHAZ o 2 mm o|Fe YA=
AASL UHAE B AF& 95t EE vidde
o} A2oA B@ste] E43Ah B, AHE A8 F
o 745 wWE A7h) BNl dag FE(d. F&, pH,
ANAEE 5)EL HE AP L FF51A0 FF5E
2272 2uEdth v £ FEE5ETY BYe
Ngad AzA7 &2 mmAZ 28 EFE A EE
S} ATFolE B EHEAIL, g e E
N&R 9 23 gRE BT H% AZEN EFL
AXFY wel AR FustATh

A
<3
A
42
4

ok me U rot rlo

23 BMUE

#87% {I1Eg%e EggaEay’s, AVA=Eg
pH, EA(soil texture)= sguMmde gyt EAHL
calgon test2 EAF AAE nF3EFHY J=ETY @
% Edadse 2gdan. £ ATANe Eow 284
9 ¥l 1:52 39 pHE Attt FoleidsE S

Chotety Beke[X] 273 63, 2005 6Y



628 374

1 N Ba(OAch#8%g ol &3ttt 234849 39 E
Fh & FFETFL Chlopecka 57 Ure¥o] A
H(HF/HCIO/HNO: -3 )& ol 838191, EYLP7I($
BHAA7E) 2H98E AESY] g8 AU Egey
2ANEE we AP BAUY FEE0EE A
= Superfund sitet} AAAY, 2R HFEFAAGAA
&3] @AEE Pb, Cu, Zn, Cd, As, Cro] AAHY} =
& EYU $549 399 EXFHY EFINY F2&
ATAE, 273 §F229 {4 3T Hdatn &
o Tessier 5 00) A A&FSHES wgon Bay
4 FFELEE OYd EGHEEC uel Ogd Egs
43 wg d oF, FF% £%9] AolF Pb, Cu, Zn, Cd
o] AZHADL o] A&EFEYHANME A 594 F, 1
Al o]218] Fe(exchangeable fraction, ©]3F F1), 2¢H4
B2+ Hej(carbonate fraction, o]} F2), 394 #IA &
Bi(Fe/Mn oxides fraction, ©]8} F3), 494 2184 e
(organic/sulfide fraction, ©]3} F4), s9Hd 2FA e
(residual fraction, ©]3} F5)& &FHT}E o] & F{EA Py
(F5)= Yarlagadda 5'V0] o] &8d (% 3482 &
AT} residual fraction EAWbgo]l Y] wak =
TEEAFT A4FEY FI~F4RA §39 Aol resi-
dual fractiong Aetth £ AFdAe ZE AEE 3
A4 EAste] Fastdoh

3 #ut A IF

31, &0l % FH EYo| BE|3lsid M

B A7ES 44 A9 el FHEYY B3y
B4 T 5440 REL ANEY, $1EFRY B
o7} 0.8~2.8%2 o] 77 Kim'e] d71Az ¥90.1~
3.8%) AGHHL, YHA(LEY, SPHAE, =EDHE
1.0~783%2 9F3 gL BYtt. pHE Fn)7} 7.5~9.12
o] 579 Az wsF FAZIYNE WYL, YRE A
dsta 2F 7 ol FaZ Yol By PFole
A 5E L 11.9~222 meq/100 g2 hFFIAAZTZAIYY
230.1~11.2 meq/100 BT} 28] AT L ZE HY:
g, ol 2 479 3v F AEols YA H gl o
B7] Wi Aoz ALRRY. ol 4/ AY9 AE-]
Y AGsilt+clay) Wl g2 AenloA BW(58%)7), BB
LENA LEXHZZ 277 50%)0], A2QFAX =EF
(66%)°] 71& A eEbgh

32 HSSAAe Ho|(2HY) W FH Y2 2¢

Table 19) WIBEYN & FFEEEPb, Cu, Zn, Cd:
GrEQl vy MBEFHIFEP M Hols F5&
EEE EYAY, UE JHEEF, v, 4B)roE o
AGLez 12~64d7F EHTable 2]. o]l NAEHQ

J. of KSEE / Vol. 27, No. 6, June, 2005

Sl 9% Aoz AR} 47
Fd EQU & F855%
17t B ESRT 1.2~
782007t w9k, 1 F FEFAT A998 Ay
o2 gyt FHEFHRLEY SEHIAE, =EP2 913
EYHT 0.6~153u7F 31, 1 £ wEYgA d5F
o] A degh EF, B AAES Kloke (P 100
mg/kg, Cu 100 mg/kg, Zn 300 mgkg, Cd 3 mgkg, As 20
mg/kg, Cr 100 mg/ke)dt vlILIHE o Fv)7l A9 ZE
FEAA 11~806M7F U3, 2 F @EFAIY Pboj
80.6W1 2 7Hg EAdTh FH EYE tiF-E9 F&AA 06
~15.84] 2 ¥9ki GA] FEF LELS Pbo] 1582
7+ gt olg @FEe sd Frvt egdemA
FHELS QFGAIL leg & & Ak E, ¥9E=
t #2945 >A248 > A4 s 45 ToldeH,
S=EE Aldu] Zn>Pb>Cu>Cr>As>Cd, 4% Zn>
As>Pb>Cu>Cr>Cd, €% Pb>Zn>Cu = As>Cr>Cd,
A2¢@8t Zn>Pb>Cu>As>Cr>Cd €22 &4 Jehgth

o
=t

Table 1. Total heavy metal concentrations of tailings and soil
in the vicinity of disused metal mines
[unit : mg/kg, dry weight basis]

Farmland  Stream

Heavy Background Tai

Mine metal  soil ailings soil sedimentspaddy soil
Pb 262 327 277 270 163
Cu 29 160 82 57 90
. . ZIn 338 4,140 986 1,642 1,148
Sinyemi
Cd 2.7 199 6.7 9.3 7.3
As 17 63 56 12 17
Cr 26 108 65 98 64
Pb 78 188 154 247
Cu 17 145 69 72 -
Sangdong Zn - 342 1,711 636 1,326
Cd 2.0 9.7 4.3 53 -
As 17 204 29 124 -
Cr 54 140 98 61
Pb 103 8,063 1,580 506 -
Cu 32 111 123 59
Wondong Zn 543 4,549 1,158 655 -
Cd 4.7 572 11.3 6.0
As 26 110 84 53
Cr 33 86 80 83 -
Pb 135 701 76 108 133
Cu 16 634 38 44 58
Second Zn 449 7,796 420 783 1,418
Yeonhwa Cd 3.0 69 4.0 7.0 8.0
As 15 177 93 68 49
Cr 57 139 63 57 56

1) Total heavy metal concentration : Digestion of HF/HCIO4#/HNO;
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Table 2. Total heavy metal concentrations in background soil
in various parts of the world
[unit : mg/kg, dry weight basis)

Item Pb Cu Zn cd As o’

Korea?  6~2426 2~237 3~1052 ND ~200 06~29.0 0.1~85
UK™  16~41 11~323 20~284 <03~24 48~86

USA®'® <10~700 <1 ~700 <5~2,900 <0.1~29 <0.1 ~97.0

Japan'®  5~189 4~176 10~622 0.03~25 04~70.0
The world'® 2~300 2~250 10~300 0.01~24 0.1~500 §5~1,500

*ND : not detected, ** Total chromium
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Table 3. Chemical partitioning of heavy metals in Sinyemi
tailings by sequential extraction analysis

Pb Cu Zn Cd
mg/kg(%)
Exchangeable, F1 ~ 2.3(0.7) 0.3(0.2) 6.2(0.1) 0.6(2.9)
Carbonate, F2 2.1(0.6) 0.2(0.1) 3.6(0.1) 0.4(2.2)
Fe-Mn oxide, F3 384(117) 99(62)  1235.0(29.8) 7.1(358)

Fractions

Organic+sulfide, F4  5.5(17)  164(102)  482.1(11.6)  3.1(15.7)
Residual, F5  279.0(85.2) 133.5(833) 24132(583) 8.6(433)
Sum 3274(1000) 160.2(100.0) 4140.0(100.0) 19.9(100.0)

* F5 = Concentration by HNOy/HCIO/HF digestion - 3;(F1+F2+F3+F4)

Table 4. Chemical partitioning of heavy metals in Sangdong
tailings by sequential extraction analysis

Fractions P Cu Zn cd
mg/kg(%)

Exchangeable, F1 ~ 0.8(0.4) 0.9(0.6) 0.2(0.0)  0.1(0.8)
Carbonate, F2 2.5(1.3) 0.7(0.5) 0.3(0.0)  0.1(0.9)
Fe-Mn oxide, F3 61.2(32.5)  2.9(2.0) 42.112.5)  0.909.6)
Organict+sulfide, F4 4.0(2.1)  39.1(27.0) 5.9(0.3)  033.0)
Residual, F5 119.9(63.6) 101.2(69.9) 1662.5(97.2) 8.3(85.6)
Sum 188.4(100.0) 144.8(100.0) 1711.0(100.0) 9.7(100.0)

* F5 = Concentration by HNOy/HCIOJ/HF digestion - > (F1+F2+F3+F4)
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Table S. Chemical partitioning of heavy metals in Wondong
tailings by sequential extraction analysis

Pb Cu Zn Cd
mglkg(%)

Exchangeable, FI ~ 31.5(0.4) 0.1(0.1) 0.8(0.0) 3.0(5.2)
Carbonate, F2 18.0(0.2) 0.5(0.5) 0.3(0.0) 0.4(0.7)
Fe-Mn oxide, F3 3547.3(44.0) 2.7(2.4) 759.6(16.7)  11.0(19.3)
Organictsulfide, T4  66.000.8)  15.1(13.7)  870.9(19.1) 11.6(20.3)

Residual, F5  4400.6(54.6) 92.1(83.4) 2917.2(64.1) 31.3(54.6)
Sum 8063.4(100.0) 110.5(100.0) 4548.8(100.0) 57.2(100.0)
* F5 = Concentration by HNOyHCIO/HF digestion - 33(F1+F2+F3+F4)

6Fractions

Table 6. Chemical partitioning of heavy metals in Second
Yeonhwa tailings by sequential extraction analysis

Pb Cu In Cd
mgkg(*%)
Exchangeable, F1 ~ 2.0(0.6) 0.5(0.3) 5.4(0.1) 43(21.8)
Carbonate, F2 1.1(0.3) 1.0(0.6) 1.5(0.0) 0.6(3.1)
Fe-Mn oxide, F3  160.9(49.1) 29.7(18.6)  1280.2(30.9) 4.8(24.1)

Fractions

Organictsulfide, F4  162(5.0)  340212)  5694(138)  5.427.4)
Residual, FS  147.2(449) 94.9(592) 2283.5(552) 4.7(23.6)
Sum 327.4(100.0) 160.2(100.0) 4140.0(100.0) 19.9(100.0)

* F5 = Concentration by HNOyHCIO/HF digestion - 3, F1+F2+F3+F4)
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HNE(EBAY Pb 300, Cu 125, Zn 700, Cd 4, As 15,
G 10 mgke)T Hlmate] JERAAT}. Aoju)Bate) Bu)
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Table 7. Total heavy metal concentrations based on Korean
Standard Methods for the examination of soil

[unit : mg/kg, dry weight basis]

M P i e
Pb 8.1 22 234 387 424
Cu 23 253 12.0 214 213
. In 30.1 12511 3825 671.6  586.0
Sinyemi cd ND* 3.1 0.4 0.8 05
As 2.4 9.2 3.8 6.6 73
cr 37 5.6 93 115 139
Pb 5.1 9.4 9.6 133 -
Cu 29 28.8 19.4 127 -
Zn 60.0 91.9 863 1529
Sangdong Cd ND 0.5 0.1 03 -
As 25 2.7 49 8.2 -
cr' 58 7.0 16.6 175
Pb 73 33928 277.0 1099 -
Cu 5.1 23.7 19.5 253 -
Zn 513 37647 4115 199.4
Wondong cd 0.04 16.1 0.9 0.5 -
As 0.7 9.7 8.2 5.1 -
cr® 53 7.9 8.9 75
Pb 106 2197 258 600 377
Cu 3.8 1684 114 371 153
Second  Zn 846 35017 3954 21411 3.8
Yeonhwa Cd 0.04 176 0.6 3.8 12
As 27 173 75 105 173
cr 53 13.6 10.0 134 96

*ND : not detected
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EF =EFNA 47 129 1402 QI7EE 2959
. Ase ZELS AT RE AN VISR L
I~1.5d] 23}5Q4A g, dF7)E olgdth F5E49 3
$ Pb, Cu, Zn, Cd, As(AIHHE AP BE EMA8
(Bv), 2EY, EHFBDNAM 8 2 dAIE oy
I, FEHEW AsT £EVEE 2SN 2y,
e RE BANEMEAEY TN 15~440]8 S
718 S 2H5Q3L, LELGH FLHFA BN e
= 247 175 1.84] 2Tkl

A3 A2ASFALS 49 24 #4IEe g8 47
FEo] EZF £7IEE TN WA 45F4Y
3% FFHEE B, Cust Cd(Fr AL Bul, BEY,
SHFEAE ZF 23 9 d@V|E)FIAH, B Cd
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35.1. 2 X|5(Poliution Index, PI)
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(E7AAY Pb 100, Cu 50, Zn 300, Cd 1.5, As 6, Cr" 4
mg/kg)S ©]&3tAth

Polttion. Indes(pr) = ZLEH EEE/ 4334219590 2)
o= h

AA Kloke gh& 7122 AEF 474 A99 PI= 37
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35.2. 2I& =X|5(Danger Index, DI)

B & ZE4EEE O3 EYY S9=E HlE
= o) &EHAT, o] $P2 FF&Y EAFHE LA
go ARz Gl o|&srld AFeA ok FF
& AA =7t 5359 olEdolvt Aol & = (bicavailabi-
lity)7} 100% B ¢ glernz F249 884 EA4THE
2Agle] o)E, B4, 837154 ARE BUILEA 2
G71s4de Frhske Aol o AR g 2 50
ZZo) ol FF49 EAZHE AN olFoly B,
Z AE 550 4o 2 FITEEEUNE o &de 4

FEAsgEe ogsgen 1 AL theR 2ok

Danger Indez (DI) =
sS4~ ndARR S Fe|FEEe] HEFAR)

&9 N

dlo
tjo

AY=AFODE FF° L A vehd & 2dEl
APEY FHolg uehle Aol o, HIF FFo] A%
deEls olFeltt #4 §o] &olF FEHY Fo) BeT
£ 9< gt 2 guAR o) Felol 9F 3
HAEG-AE-QD) nXe dFd=EE FoH IF&
9] o] 8754 (availability) 2.2 B7tehed, ol A &Y(F1)
I BIEF)E B |94(F3), AVIEFS), ARAEFS)
% - A0 AAXN FF&o] olsH A ¥F
AT g, P33 Fas 4ls £ $3ZA0
He vz Fist F29 fAHE 01582 ¥ I35
2 Agse] el 3T A daA,
dd 2% FEE A Adhano FH2 FH 87

o2t o rfo

£ ox

ok

o

=

q_‘-?_!_%l.pé_—a[g‘fglxi 27% OE, 2@556%



632 2 A9
s
Sinyemi
4 b
e
&
E 3t
pod
£
=
2 3
3
B
1 asenssnn e el
0
Kloke tolerable level Soil contarination
warning standards
[IBackground soil W Tailings
B Farmiand soil M Stream scdiments
R Paddy soil
25
‘Wondong
g
=
=
=
i
2
-

Kioke tolerable level Soil contamination
warning standards

DBackground seil W Tailings

@ Farmland soil M Stream sediments

Pollution Index

Pollution Index

Sangdong

0
Kloke tolerahle level Soil contamination
warning standards
LCiBackground soil A Tailings
ZFarmiand soil MWStream sediments
15
Second Yeonhwa
10 ¥
5
n wnnemany v
0 1
Kloke tolerable lewel Seil contamination
warning standards
[1Background seijl W Tailings
B Farmland soil [l Stream sediments
B Paddy seil

Fig. 1. Pollution index(PI) of tailings and soil in the vicinity of disused metal mines.

(53], 4B)Leze] dTAEE UYelie Aol & & Uk

2 AFdE ¢ AFAF eggoz #9474 A
g9 #PE YAL2 d&4FE EHEFE olgFen,
8 87]%A2 Adriano 3 (Pb 3.4 mg/kg, Cu 10 mgkg, Zn
5 mgkg)d $uR EFLELENZF(EEAY Pb
100, Cu 50, Zn 300, Cd 1.5 mgkg)g ol&dld HAEA
FE AASATHTable 8] ol AR FF FES 29
B B4 B $H&9) 23% BU5E A=E v
= FA4% A8Z €88 5 UL Ao ydrh

Table 8. Danger index(DI) of each fraction in tailings com-
puted by Soil Contamination Warning Standards
and Adriano threshold level

[unit : mg/kg, dry weight basis]
Item Fraction, F* Fl F2 F3 F4 F5
Sinyemi 07 04 864 332 1927
Adriano Sangdong 01 03 8.9 2.1 1260
threshold level Wondong 3.1 18 3985 650 629.0
Second Yeonhwa 0.6 0.2 102.1 40.7 169.8
Soil Sinyemi 01 01 24 10 48
Contamination Sangdong 0.0%* 0.0 04 03 36
Warning Wondong 06 01 114 29 191
Standards  gecond Yeonhwa 07 0. 24 16 3.5

* F1 : exchangeable, F2:carbonate, F3:Fe/Mn oxide,
sulfide, F5 : residual
** This value is rounded off.

F4 : organic+
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