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Physicochemical Characteristics of Tailings from the Various Types of
Mineral Deposits

Pyeong-Koo Lee!, Seung-Jun Youm'¥, Myung-Chae Jung?, Jin-Soo Lee’ and Hyun-Ho Kwon®
!Geologic Environment Division, Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea
“Dept. of Energy and Mineral Resources Engineering, Sejong University, Seoul 143-747, Koreu

*Technology Research Center, Mine Reclamation Corporation, Seoul 110-727, Korea

To construct the standard methods for evaluation of physicochemical characteristics of tailings in Korea, specific
gravity, paste pH, grain size, mineral compositions and heavy metal concentrations of total 26 tailings from 21
metallic mines were analyzed. Specific gravity of tailings ranged from 2.61 to 4.31 (avg. 3.04), and sand and silt
grain were dominant in the tailings. Ranges of paste pH were 2.1-9.5 in tailings (7.1-9.2 at magmatic, skarn and
hydrothermal replacement deposits and 2.1-9.5 at hydrothermal vein deposits). Additionally, hydrothermal vein
deposits could be reclassified into three categories: (1) paste pH>7.0, (2) 4.0<paste pH<7.0, and (3) paste pH<4.0.
Tailings above pH 7.0 have large amounts of carbonate minerals. However, tailings under pH 7.0 have small
amount of carbonates, but have sulfide minerals commonly. Especially, tailings under pH 4.0 typically contain
supergene minerals. The presence and amounts of carbonates were more important than those of sulfides in deter-
mining paste pH in tailings. From the comprehensive results of total concentrations, grain size and extraction exper-
iments, it is revealed that types of deposits were not related with the total and leaching concentrations in tailings,
but the ore minerals and their amounts in deposits determined the metal content in tailings. Most mines having tail-
ings with pH<4.0, contained large amounts of heavy metals and strong acidic characteristics, indicating that the
deposits of this type have possibility of contamination and/or have contaminated surrounding environments. In this
study, problematic elements, inferred from extraction experiment by Korean standard method for soils, were As and
Zn. Especially, arsenic appeared to exceed the regulatory level in tailings (pH<4.0) from hydrothermal vein depos-
its, and in a less degree, zinc often exceeded regulatory level in most type of deposits, except of magmatic deposit.

Key words : tailings, standardization, physicochemical characterization, mineral deposit types
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7 BAEIESS & 4 vk 39, paste pH glol 4 wiRiel ke O E Ee FEE 9L Heolw glon, it
Ao Bgo] gaele] dAdE Fa4 CHEAIYE DA sFsAel EAY A F W 2FoR FEEY. BEY
ey

208 AN e §24N TP E4E F Ae dar vl ofdelgien, 53 wlaw Iy
% % paste pH<4.0 Z2Fe] ANG=e diFge Fidols A7|EE 235k Z102 veyon, odde Aria

Rt RS AT A e, Eruddd B G B Bl Sdke 4R Al FaF gAVEs £
Fehe Aos ekt

F20 | FEANAY, B2, YRR B4, 4R

1. M B o & 33 Fitelgic) oo} 100 m® 0}6&1 =
EANAZE AAE FAE 3084 giEE 5000

FgelE 9007 oldel F - HESEe] e, mw® olshrt AdiFelgth ot 10,000~5e,000 m*e}
olF At Fol] FERAZL A Jof F2F  FEXNAY BEE Fike AAY F 1292 FA

FHoPYo] H k. 2H FelA olRejF 2 Atk FEERE FLFL 807MU23%), B %
A= AR A ARE viow Hed Aol 95t base metal B4 707H(37.0%), base metal B4} 16
A, =ilelds 18071 BN BEAAZDE Al A@5%), H, B, B2H, A, W2k 5o @
Ak olBE Al 1w’ ARAMTE BAE 12008 20M(106%) “1e]iL sle @W&W it 4

€5 0 é, A ghet(Table 1). ©18 1,000~ W4E o] 3M(16%) Fo02 A o)dH
5000 el FEAAZIZE HAA o] AA 1898 o] Fel #E 13’1717} FEE. Bk FolA

FA 42795;1 7P w2 HIEE AR qler, 79.4%2) 1507 Frke go3t BEE FAoE A}
100~500 m*e] FEHAZ 7} AAE Firo] 3 Ty HATHLee ef al., 2008).

Table 1. Mineralization fype, ore metals and amount of tailings amounts in studied mines

Mine Location Genesis Metals Tailing Amounts (m*)
Yangyang Yangyang" Magmatic Fe 200,000
Sangdong Yeongweol " Skarn W, Au 12,000,000
Yeonhwa Samchuck” Skarn Ph, Za 8,000,000
Janggun Bonghwa?! Replacement Au, Ag, Cu, Pb, Zn, Mn 625
Samkwang Cheongyang” Hydrothermal Au, Ag, Pb, Zn 1,125,000
Sannae Milyang® Hydrothermal W, Mo 70,000
Deokchon Hapcheon? Hydrothermal Au, Ag 2,000
Yeosu Yeoju® Hydrothermal Au, Ag 30,000
Dogsung Yongin® Hydrothermal Au trace
Yaro gg;}éizgii; Hydrothermal Au, Ag, Pb, Zn 25,000
Keumkye Yangpyeong®) Hydrothermal Au, Ag, Cu, Pb, Zn 18,000
Taechang Chungju® Hydrothermal Au, Ag 1,500
Backweol Changweon® Hydrothermal 7n 168,000
Munmyung Youngdeuk? Hydrothermal Au, Ag 10,000
Daeheung Chunan® Hydrothermal Ay, Ag 1
Shinrim Wonju" Hydrothermal Ag trace
Gakhi Bonghwa? Hydrothermal Au, Ag, Pb 926,860
Ujin Danyang® Hydrothermal Au 250
Daeyang Jecheon® Hydrothermal W 800
Ilweol Youngyang? Hydrothermal Au, Ag, Cu 96,200
Jangja Chungsong” Hydrothermal Ag, Zn, Cu, Pb 13,500

DGangwon, YKyeongbuk, YChungnam, YKyeongnam, “Kyeonggi, “Chungbuk Province
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2. AMEXE 2 24
20, FENAI AE A
oft] A-olla ZANNEEAOE AR Fike &
2N Ao, AFAS NEe F 26vlold, 2 Bk
2 iy %ﬂVﬂ?la AFshe g Yoz 39
o}, AR ko] Aol 2.3 e FERNAE A
Elril=8 ZAM%%A%Q— AR ek, dan
B ol 1R giRES AAEH, o] AHvjz
(@] U, 228 0HE 2 Al 2
A B AeEdEEEEh Uiz AdEdch s
HE AWEE G2 FAto] giFE-S AR,
olejoll okl AP, % ¥ dlY Mg a8x

P2y

dAsl 2 A d-opd@t Bol ok =Y AEsg
I

A giREo] Jd4aiy Foaio|uE o &3 o]
e EAQ] S HEsg0e) ARE s, F
2 gazxE 2o BAL gArew sk o)l

3-& vk, 37H-4 8
Fad) 9 oy FEE,
T/’Kjl, Rl }‘1__)2%‘ \—5‘:}.}\]}‘ D}

2.2, HojAE{paste) pH, HIE, g &4
paste pH® FEAZ7] 5 g} £/5F 25 mE &
ekl A7 Ak & pHE St o] A¥e
Hlwd ZFdSEM s FEXACY FeE O &
o] EAE ST & e AEoEA Al
HZ2 KS F 2308-910 &3l A&Esisith. Alde
AzgolA 11045°CE 241 7ko14k AZA17] No 104
(2.00 mm) EFANE 25 g AEE B3 &4 v|sH
(pycnometer)*] ¥ A&7 (hot plate)o] 23] #ZodA]
53718 AANA olF A08 A8 T/
ZVEHe =g A vlgel FA, 5Y
gt mole] wa/bA HHFIE A HiEHe] FAE
747} 243190, ofF A olgt FAel A48t
of ¥lE-g st
PEale KS F 2300-950) F=310] Ajgaisict.
=)

jsz

TEAL EZd gl A BEE FE)
3 Aoz ARre] 2Ao] 0074 mm®No.2008)Rh
ZHE 0074 mmuET AL APER FEsA

ANReta, 2 AIHE iR sl YEBEEAH0
2 H¥s3 }*‘ ol durdolt}, 0.074 mmBrt & ZY

= AEA(sieve analysis)S H &gty 2zl
0.074 mmit} 22 NYEE vSAELE HE59
ok HSAENS B Sl vk dAEY MY
28 AR she Wyloga Stokes?] HEo) wE
2ol ojgf AL olE AR 8lFA o
o g THel UERERE ST Y
EHoRE A B A, Y, HE 2 AR
o] FguE WEEE LPgE)

23 X-MaHEN

FERAZ = vge BEER FHe] Jong
S B #Hupd AP osiME FEe] o] ofy
A XA s B4 ubge o) FERAdE R #
Halsoh XA 3-8E49E PHILIPS XPERT MPD
Diffractometer(Cu Ka:40 KV 25 mAXS o833y,
Cu target® AME-38lo] 3045714 2020/1%-9] 4=
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24.1. FENA7)] FLHFRY

FERA7|] ShaE viElAe S BAL A
%5717 (International Organization for Standardization)
o Ak S<r(agua regia : 15O 11466)H & wa) B
2}k rh(International Organization for Standardization,
1995). Bl R4 AF 3 g 9iH37% HCH=F dak
(70% HNO»E 312 8% 45 28 miE 4& &
A2olA] 1647 BRF ¥hgAIZIT 1% 130°CelA] 2
AZb EQE SN H, 045 um ZEIR oFsia
05 mol/L FgHog sMsisict

vl a B4 Etiia MR ERREdlE 9
ICP-AES(Perkins-Elmer Optima 3000XL)E ©]-8-3}1
oo BMzrAe RF Power 1300 W Plasma Flow
15 L/min, Coolant Flow 0.5 L/min, Nebulizer Flow
0.8 L/mineiich, AME-¥ A 2ke analytical grade(Merck)
A2, ICP #494] AN 88902 1,000 ppm stock
solution(Merck)yS gi4slod Algslct, 7 Badago
o9 EolE Ad7] $isl Milli-Q Millipore system
& AR

24.2. FERAN 7Y BEYLETEAE e

24wy
B AT 201047 A9se BB
ol1ls) Erod ATl o) FARUT. AR

o

10 g& 100 mi®] 4heEatlad] W 01 N g4b
A 50 miE 9o F geudgr) (10084, A
10 cm)E AREEle] 30°CE fxshaA] 1417 Bet =
27 o, 3R (045 pm)E AE T BEAEis
ik, ¥id(As) TS S8 YaliMe AR Al
Ao B NE gkt &9, Znak Ni 8%
A2 AR 075 g2 92 Agddl 941364 mi):
22118 mhE W3 Heating Blocke]l ¥& %
70°CE FAshas N7 B 7 B SR 228
mlE 7}81a BEoliE F, A (045 pmE AE F

A9
3. &3 ¥ 1

3.1. 4R WE poste pH Y
Aulrin) Aol ok il AH S FEANA
719} paste pHe 9284 Wl$ H& 38 Holi

E=3
on, 27V BN B2 Bl et

2 32

H

A - olzle - dEE

shgab gl dsgatella FFE e A7) paste
pH= 787} 89, 76-7.7 B 72-7.72 &z =&
W HolT Uri(Table 2). ol FEA A ol &
Aeke eEFEEA) 2 27K B8] 7Rlske
Aog grrgr)

G Bgolre theket paste pH &
el s glem, paste pHol whied 3 Zgo8 A%
steti(Table 2). FEH7 719 paste pH 3tol 7 o]
7 pH=7.0)%) HAkE gt wageh # skl
224, 78 o] B& paste pH & WERAIT
t}h ol% FEX77]2] XRD 247, wejaiz) ue
M Fo ENEEo] HEEYLH, olF FEE
& & paste pH gt& YERIY Sl Aoz #a

AR FEAAZNGFHAE 7] 3o
2 %AIYE paste pH 32 9124 wi$ =& 3
Bol7m gt} o)2igh A& HEAMI] e paste pH
& ZAshed oA dshdEel EAkche B4

p

o o o

£

o

paste pH o] 49} 7 Alo|gl Fikofle A, A=,
=7, o, H% ¢ wgdgito] glom 41004 6.87F
=)o) Weg Zheth oy chidela AFH B
EXNA7IE 687 81% Holw, & el AAN
Fehe Ao® 2oty ¥ paste pH kel 4004
7 Ale)]l BakellMe gkgsEe] AMEEA ekl 9l
on o BN wl gl AHE ABE A9

# ojRe] ARelN Bslgo] AEH,

pH<4002 & paste pH 7+ Bole Bl
24, £, %

g, A, 78], £, tiek, d¢E g
Zpsgatol 9low | paste pH ZHol 21004 3.9¢ ¥
& Holx Ytk ol AEoME @EHEL 4
R o $RE A9 pHel ¢Esde] e
T2 #Eo] AEEA] e v, e 239E
3 olg FEEc] tlslo] FAE 27 BEEo| o
o AEFe Y] sk B3], W pH #E Ro
el gE e dFuile] E(Anglesite,
PbSO,), AHEAFO)E (Jarosite, (K, Hs0)Fes(SO,)(OH)e)
7t AEEon, dE€Ht A8 E RoldElelE
(Beudantite, Pb((Feys5,Aly46)A5,6:00S053)) FAREA
Mz ARAIE Fo] tEe R JIEE
BEA77IY paste pHE B3 oRe FshH,
Aujant gk, 27kE 3 9 G B 539
Fores AHE BENAVE B5 paste pH/t 7.7
ol e Wkl B glen, EREad F¥e
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Table 2. Paste pH, specific gravity and size analysis of tailings in studied mines

Type Mine Metal paste spec%ﬁc size analyses

pH gravity  gravel  sand” silt® clay?
Magmatic Yangyang Fe 9.2 2.93 n.a. n.a. na. n.a.
Sangdong W 8.9 291 n.a. n.a. n.a. n.a.
Skarn Yeonhwa(l) Pb/Zn 7.6 3.37 na. na. n.a. na.
Yeonhwa(2) Pb/Zn 7.8 342 na. n.a. n.a. n.a.
Janggun(1) Cu/Pb/Zn/Mn 7.1 3.42 0.00 83.84 15.70 0.46

Replacement - .
Janggun(2) Cw/PbiZn/Mn 7.8 3.59 0.00 91.82 8.05 0.13
Samkwang(1) AWAg/Pb/7n 8.4 n.a. n.a. n.a. n.a. n.a.
Samkwang(2) Aw/Ag/PbiZn 9.5 na. na. n.a. n.a. n.a

Hydrothermal N ) -

(pH>7.0) Samkwang(3) AWAL/PYZn 9.1 2.68 0.00 1.64 88.72 9.64
Sannae(2) W/Mo 8.1 2.82 8.15 90.87 097 0.01
Deokehon Au/Ag 7.8 2.85 7.14 88.57 3.66 0.03
Sannael WMo 6.8 2.81 0.00 98.84 1.15 0.01
Yeosu Au/Ag 6.1 2.65 0.61 70.91 23.79 4.69
Hydrothermal Dogsung Au 59 2.67 745 64.29 23.61 4.65
(pH 4.0~7.0) Yaro AulAg/Pb/Zn 57 3.00 24.55 69.20 6.12 0.13
Taechang Auw/Ag 4.7 2.68 0.91 60.15 32.53 6.41
Backweol Zn 4.3 2.78 36.59 60.99 2.41 0.01
KeumKye Au/Ag/Cu/Pb/Zn 39 2.67 0.00 57.31 35.66 7.03
Munmyung Au/Ag 34 2.76 17.86 81.01 112 0.01
Daeheung Au/Ag 33 2.67 1.02 51.31 39.83 7.84
Hydrothermal Shinr%m Ag 33 2.85 0.00 82.03 15.01 2.96
(pH<4.0) Gakhi Au/Ag/Pb 3.2 261 n.a. n.a. n.a. n.a.
Ujin Au 30 3.16 0.00 44.70 44.53 8.77
Daeyang w 30 3.65 3.57 65.76 25.62 5.05
llweol Au/Ag/Cu 2.6 3.33 2.10 95.74 2.14 0.02
Jangja Ag/Zn/Cu/Pb 2.1 2.85 9.72 §8.85 142 0.01

D475 mm, Y4.75~0.075 mm, ©0.075~0.005 mm, 9<0.005 mm
*n.a.: not analyzed

Solle RN e Hol ] fEoR Al AFHE FERAT] ] HBE 261
%%r“‘ "’ME} oled Zle AEA7] Mol F 3659 Ml dod, Had 28620 sle= vEnt
ol e #sdEd SR E] SAFTFEE 1 o iR B3] FEA S 2.65-2.689] HEA,
S0l wet G e e ¢ 5 ok vt Bkt Wl vl vehia Qi FERA

71¢] paste pH 7ol 7 oVHpH27.0)%] Fatola )

32 ZUREO WE HE 8Y FHet FeF 7719 HF e 2.68-2.859 HE 2o
Auimdad Gefel Gl ARet HEA o, et 2.780190eH, o] T 7e A4l
Azle} vEE 2930190, o) FEAA I XY g o asHel B8 3hE Bols AHelt}h, paste
Hol 9l AT Gare Fe glog Azkgch pH 7ol 73 4 Apolel FAtolA] MF st FEA A

2718 3 EFuaaeld A %ERP?MS’J HF 32 265-3. 0091 S ko, Ha 2.76°19)
HlEE 2.91-3599] MYl slo, Heke 337 A v} pH<4.02 % & paste pH #4& Hole 44l
o= vt 27 FEjRl deaite] 4y v A AFE %%&177171 o] dl5 gk 261-3.659 HAE
Fol 29101%lem, dsiile] Aol 3.37-342¢] zrow, Bk 3.0901r). #11(3.16), thH3.65), 4
Ak, FeadiRd el “‘%’%‘&ﬂ*ﬂ AT HE (3334 AF FEAA 7 HFo] ThE FEFA
#771e] wFE 342-3.592] oo ]k 7lell Wlmated s Aom vehd wh gloh el#dh
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5L el Aol 7]dstk(Table 2).

33 MR WE o g4 SY

P KS F 230139 9= A8 ¥ 29 A1E84
Mg 24 el #8101 4.75 mm oS, 4.75-
0.075 mm2), 0.075-0.005 mm(AE), 0.005 mm
O1BHHE)R THETh xR da, FENA 9
PERTE Y 9 B0 g BAo] ghakElr)
orom thekstAl VR qlt) gwbHow wmeje}
AEo o] 9Ag ZoE Vegon], Rzt ol
& MG 73S, AET) S A A 2 mes}
HEQ] Hlge] M2 FARRE B$- 5 A 7 F3o8

AT FER 7S] e 2T u) fAs
7Sl o, dsgaatel FEMA7IT0] HET 4

o3

]
FolelA AHT FERNAY e Ao vies ¥
o, ol A Egsle] HzjEe] 7] wEl
Rog Heltk(Table 2).

34, BARH w2 FEEH 54

Aulark FAl G Hgatola AFH S FER 7
e 24 31.8%, BNF 25.1%, SEF 20.0%,
49 12.1% 2 eREEE, 5UM 2 Fol 7}
3.5%, 3.5% % 3.9%7t AEshe Je® vehdot
(Table 3).

et FEAA ] HY 36.3%, SREF 37.0%,
=04 10.1%, M 8.7% 2 eESE 7% B0
AEET At FEAATE 49 5.9-7.7%, 2t
AN 5572%, SEF 00-43%, BNEFE 1654-
25.7%, =Y 1.724%, MR 00-144%, BN F
29.4-39.7%, =BA 155-17.7%, AFE4 06-3.3, Ao}
14 0.0-36% o) AEHUC. GEuniEdel A
#ab FEAAT e 49 17.7-322%, €5F 124-
18.7%, BERE 59-106%, HUA 105-17.3%, 4
T 0.0-5.1%, Aokl 73-7.6%, BEA 4511.7%
9 XA 155-23.1%7 DEEATE o8 PR
e e B4 B3 Ee] o Al
B Alo] dutEql daeiglon, diEAl] 291 B
B9l ARG M Fr} dsbgibela e s
Hylou AEFd Frgaleire AEHA gt
g, Aoldy, 42N 4 AREN F gEEe 4
FFANA tge g AEEATHTable 3).

FE# A 712] paste pH #Ho] 7ol (pH27.020 F4

@5 - YA - ol - BHE

& AR, AR 9 gagate] glgEy, dF
NBE A9t BE Bl FEAAVZEE U
9] ehabgsgEol AhEE. At FEAAV e B
F IR AEE AFsigier] AHE R wkt FE
FZAde] Aot  AeZ JERREOH, A9 156-65.0%,
A 4.7-92%, SRE 155-274%, SAFE3E 0-76%,
EUN 2.4313%, 4 0-22.8%, HH4 0-4.8% =
FEA 0-1.7%7) AEE), bt FEAA e
419 34.9%, Y 9.7%, EEF 32.3%, SAAGE
7.5%, HUA 0.8%, #5830 E (montmorillonite)
o} FH&-glubo] Ekaolinite)’} 2Ht 6.5%%) 5.7%7} At
E5u, ol9] PHFER Fan o] zpt
1.7%2} 0.9%7F 2YEHc). 9§35 FENA7 e MG
50.6%, 44 11.9%, 5% 252%, BASHE 51% %
harite(bariumn sulphate)’} 7.2%7} 4F&¥lti(Table 3).

SEM A7) paste pH #el 4.0-7.020 4 4hy
Fab BEAT ) AN ofpaih, BB, okREAT,
e kapab gl gl Sol sfgEt, o] 1Ee] B4
& ehiedgEo] AEEX] B gon, o, B4 g

gt
Elsgaba o) Salggo] AEEHR YA e
Z ZEEE Flo] FEXNA79 paste pH ol 7 ©}
ZHpH27.0%] #4tte] pEEE How, HudE]
AEHRG FelEe] dslso] 4% 283 Fo] 4
E5= A97F 2EUE Ho] pH<4.022 W& paste
pH k& Holx FAtzle] AJolyelth ofpiit FE
ANA7E NG 86.3%, A40] 2.1%, FEF 89%, =
v 2.7%7F AHEELoV SRS JEER] @
oh B FER A= MY 7L.7%, B 20.2%,
SEF 81%7 AEEHY e, SalEEe dEEA @
Ak B FERAZIME MY 83.3%, SEF
92%, 44 7.6%7F DEENeH, YEFEL AEE
2] kit oAt FEAFTNE Y 475%, &
B 27.0%, VA 46%, FHEEOlE 59%7F A
A ole], #AY 67%, WA 12% T+ FEFE
o] A&EHdom, 2XHER PFHAo|E 7.0%7) 4t
Z 5% cH(Table 3).

pH<4.098 & paste pH 72 Bolx Fole=
A, 29, g, Y, 78, #3, Uk, 98 € &
Agite] glom, of 1 4L W 33
FEo] g A B vl 22kgEe] YvEe
2 ZAEFHnE JERNA/ Y 2gE e st
go] Agsl JPE Adg A FEEAT F
ERA e MY 404%, $EF 50.9%7 HEHAS
o, ZEE ARA|ET} 8.7%7t AEEAUL 4l
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Mineral Group

Typical Minerals

Relative Reactivity at pH 5

Dissolving calcite, dolomite, aragonite, magnesite, brucite 1.0
eidote, zoisite, enstatite, hypersthene, augite,

Intermcc‘iiate hedenl?ergite,.hozf‘nblende, gla11c§phane, 0.4

weathering tremolite, actinolite, anthrophyllite, '
serpentine, chrysotile, talc, chiorite, biotite

Slow weathering aIbitc‘, oliigocliase, ‘}abrador.itc'a, montmorillonite, 0.02
vermiculite, gibbsite, kaolinite

Very slow weathering K-feldspar, muscovite 0.01

Inert Quartz, rutile, zircon 0.004
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Table 5. Ratios (%) for acid-preducing and acid-neutralizing minerals for tailings in studied mines

Paste pH Potential pH- Potential pH- Inert minerals
Mine consuming minerals producing minerals
) Car. Gt Bs, Gyp, Mt, Ht, Sp, Py, Po, Asp, Mo,  Qtz, Fd, Hb, Mc, Chl,
T Sch, Gn, Ang, Jar, Bd, S, Bsul Pyx, Te¢, Ep, Mont, Kaol
Yangyang 92 3.5 39 92.5
Sangdong 89 7.0 0.9 92.1
Yeonhwa(2) 7.8 257 4.2 70.1
Yeonhwa(1) 7.6 29.8 33 66.9
Janggun(2) 7.8 10.6 42.1 47.4
Janggun(1) 7.1 59 327 614
Samkwang(2) 95 0.0 0.0 100
Samkwang(3) 9.1 7.6 0.0 92.4
Samkwang(1) 8.4 7.6 1.7 90.6
Sannae(2) 8.1 7.5 2.6 89.9
Deokchon 7.8 5.1 72 87.7
Sannae(1) 6.8 0.0 22 97.6
Yeosu 6.1 0.0 0.0 100
Dogsung 59 0.0 0.0 100
Yaro 5.7 0.0 14.9 85.0
Taechang 47 0.0 0.0 100.1
Backweol 43 0.0 8.7 91.2
Keumkye 39 0.0 0.0 99.9
Munmyung 3.4 0.0 8.7 91.3
Daeheung 33 0.0 0.0 100.0
Shinrim 33 0.0 64 93.6
Gakhi 3.2 0.0 2.0 98.1
Ujin 3.0 0.0 91.2 87
Daeyang 3.0 0.0 96.5 3.6
Hweol 2.6 0.0 79.7 203
Jangja 2.1 0.0 56.7 434
0.0% 11 5] 96.5%717] vi-¢- thdgt Bdo] waks 2 ol ek FEAAN wS Fhe] Aozt W
AtH(Table 5). 53], &M 77]2] paste pH7} 3.0 AlE-& & 4 UATHTable 6).
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Table 6. Total concentrations extracted by aqua regia of
tailings in studied mines (mg/kg)

Mine As Cd Cu Pb Zn
Yangyang 0.6 02 48.4 192 198.4
Sangdong 41.6 19 93.3 247 117.0
Yeonhwa(2) 2294 406 181.1 4488  6792.0

Yeonhwa(l) 2717 318 1927 4852 58414
Janggun(2) 2457 1763 6211  3569.0 39828.5
Janggun(l) 2475 1136 6593 49025 283234

Samkwang(2) 586 179 239 376.1 2395
Samkwang(3) 4524 177 32.6 154.1 196.2

Samkwang(1y 4.5 910 96.2 18542 15415
Sannae(2) 7.4 22 220 129.5 56.9
Deokchon 49.1 900 437.8 81564 12776.6
Sannae(1) 8.8 2.0 20.8 70.7 81.8
Yeosu 375 120 20.5 33.1 31.9
Dogsung 23.8 130 347 531.8 41.0
Yaro 266 2496  4466.8 43986.8 441925
Taechang 15.3 0.5 16.3 62.6 32.3
Baekweol 272 245  1801.2 229526 50832
Keumkye 674.0 03 16.4 39.8 17.8

Munmyung 5154 1.7 217 588.0 509.5
Daeheung 806.9 0.6 128 5928.8 42.8

Shinrim 1340.7 7494 787.6 274789 25735
Gakhi 8844 166 66.0 286.7 112.5
Ujin 196.6 6304 1611.6 606674 45750
Daeyang 44925 3484 2450 16598 6670
Hiweol 188.4 683 16288.1 579242 234253
Jangja 206.1 38 5262 327079 47488
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Table 7. Total concentrations extracted by aqua regia of tailings classified by grain size (mg/kg)

Type Mine grain size As Cd Cu Pbh Zn
200 um-20 pum 63.6 04 28.7 4.6 168.9
Skarn Sangdong - der 20 pm 598 0.3 328 39 1582
2 mm-200 pm 2263 165.8 594.8 29449 38974 4
Replacement Janggun(2) 200 pm-20 pum 2399 127.4 536.6 34735 31799.7
under 20 pm 2380 61.7 651.7 10023.4 11868.3
2 mm-200 pm 141.0 1.4 4.0 319 310.1
Hy(‘;’gﬂ;"g;"‘“ Samkwang 200 pm-20 pm 184.8 2.1 7.8 763 458.5
under 20 pm 2193 3.1 10.1 69.2 588.6
2 mm-200 pum 5252 0.0 17.1 59.7 1013
Gakhi 200 pm-20 um 562.4 0.0 38.1 1725 404.4
under 20 um 464.7 0.0 13.6 48.4 116.4
2 mm-200 pm 604.0 0.0 62.8 2253 642.9
Hf:gfg““ Dacheung 200 pm-20 pm 595.6 0.0 62.0 344.2 714.5
P o under 20 um 5732 0.2 1218 904.4 820.4
2 mm-200 um 221.6 4.1 527.3 333924 4613.3
Jangja 200 um-20 um 2242 29 622, 336269 52240
under 20 um 193.9 4.6 4335 18938.0 2907.0
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Table 8. Leaching contents of trace elements from tailings
by Korean standard method for soils (mg/kg)

Mine As Cd Cu Pb Zn
Yangyang 0.9 0.1 0.0 13 198.4
Sangdong 0.9 0.1 0.0 1.3 117.0
Yeonhwa(2) 8.0 0.8 0.1 1.7 6792.0
Janggun(2) 159.1 1.2 0.1 334 2398285
Janggun(1) 180.2 1.8 0.1 523 283234
Samkwang(2)  38.8 1.2 0.9 225 2395
Samkwang(3)  95.8 0.0 0.8 19.4 196.2
Samkwang(1y 1106 24 1.0 229 15415
Deokchon 92 319 2373 45355 12776.6
Sannae(1) 1.0 0.2 4.6 2.2 81.8
Yeosu 92 0.0 30 216 31.9
Dogsung 139 0.0 245 1466.6 41.0
Yaro 53 155 24503 52816 441925
Taechang 0.0 0.0 2.6 45.1 323
Backweol 1.3 2.2 1009 20260 50832
Keunkye 97 00 26 07 178
Munmyung 2373 0.3 23 7.5 509.5
Dacheung 460.3 0.0 109 629 42.8
Shinrim 4423 0.0 1.7 431 25735
Gakhi 193.4 0.0 6.4 28.9 112.5
Ujin 8.2 4.2 249 1608 43750
Daeyang 1269.8 0.0 1.1 312 6670
1iweal 1605 18.0 3259 97.4 234253
Jangja 168.3 1.1 18.8 56.8 47488
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Table 9. Polluton Index (P1) of wace elements from
tailings by Korean standard methaed for soils

Mine As Cd Cu Pb Zn
Yangyang 00 60 00 00 01
Sangdong 0.0 0.0 0.0 0.0 0.1

Yeonhwa(2) 0.2 0.0 0.0 0.0 34
Janggun(2) 32 006 00 00 199
Janggun(l) 3.6 0.1 0.0 0.1 14.2
Samkwang(2) 0.8 0.0 0.0 0.0 0.1
Samkwang(3) 1.9 0.0 0.0 0.0 0.1
Samkwang(l) 2.2 0.1 0.0 0.0 0.8

Deokchon 0.2 1.1 0.5 45 6.4
Sannae(l) 00 00 00 00 00
Yeosu 0.2 0.0 0.0 0.0 0.0
Dogsung 0.3 0.0 0.0 1.5 0.0
Yaro 0.1 0.5 4.9 53 22.1
Taechang 0.0 0.0 0.0 0.0 0.0
Backweol 0.0 0.1 0.2 2.0 23
Keumkye 02 00 00 00 00
Munmyung 4.7 6.0 0.0 0.0 0.3
Dacheung 9.2 0.0 0.0 0.1 0.0
Shigiriim 8.8 0.0 0.0 0.0 1.3
Gakhi 3.9 0.0 0.0 0.0 0.1
Ujin 0.2 0.1 0.0 0.2 2.3
Daeyang 254 0.0 0.0 0.0 0.3
[lweol 32 0.6 0.7 0.1 11.7
Jangja 34 0.0 0.0 0.1 2.4
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