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Characteristics of Stream and Soil Contamination from the Tailing Disposal
and Waste Rocks at the Abandoned Uljin Mine

In Gyeong Lee and Sang Hoon Choi*
Department of Earth and Environmental Sciences, Chungbuk National University, Chungbuk, 361-763, Korea

Physicochemical characteristics of stream water, leachate, mine water and groundwater were investigated to esti-
mate the influences of the tailing and waste rock from the abandoned Uljin mine area. Total extraction analysis and
mineralogical studies were carried out to understand sulfide weathering and to determine the distributions of trace
elements in the soil affected by mine waste (tailing, waste rock and leachate). The pH and EC value of the leachate
from the tailing disposal ranged 2.9-6.0, 99 ~3,990 uS/cm, respectively, and the concentrations of dissolved major
{up to 492 mg/l Ca; 83.8 mg/l Mg; 45.2 mg/l Na; 44.7 mg/t K; 50.8 mg/l Si) and trace elements (up to 826,060 ug/t
Fe; 131,230 ug/l Mn; 333,600 pg/l Al; 61,340 ug/l Zn; 2,530 ug/t Cu; 573 ug/l Cd; 476 ug/l Pb) were relatively
high. The stream water showed the variation of dissolved metal concentrations in seasonally and spatially. The dis-
solved metal contents of the stream water increased by influx the leachate from the tailing disposal, but these of the
down stream have been considerably decreased by mixing of dilute tributaries. The dissolved metal concentrations
of the stream water at dry season (as February) were lower than these at rainy season (as May and July). These
represent that the amounts of the leachate varied with season. However, stream water could not be effectively
diluted by confluence with uncontaminated tributaries, because the flux of tributaries and streams reduced at dry
season. Thus attenuations by dilution had been dominantly happened in rainy seasons. The order of accumulations
of trace element in soils compared with background values revealed Mn>Fe>Pb>Cu>Zn. Sulfide minerals were
mainly pyrrhotite, sphalerite and galena and chalcopyrite. Pyrrhotite was rapidly weathered along the edge and frac-
tures, and results in the formation of Fe-(oxy)hydroxides, which absorbed a little amount of Zn.

Key words : Abandoned Uljin mine, Tailing disposal, Waste rock, Leachate, Dilution
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Fig. 1. Location and geologic setting of the abandoned Uljin mine (after Lee et al., 1993).
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Fig. 2. Locations of sampling sites. a: steam water samples; b: leachate and soil samples.
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3L HAER) o At HBA AR F2
HEFET A8l wE FabdEe wAsA ¥
2} FEE B3] A ArTw 35717149
JEOL(XA-8900) AW 7S o}gafed Hairg 4
AletoiTt.

A FHe] FAko g <lgt 224 Y459 B
ST QASFES AP Y8l BER A =
= Fskdar, Barke
4

g elM 1319 74 AEE A
T WA wkE A= *Bﬂ T XA WAES
VRS ARt AT AEe T4 £, 2mme]
SR 14 Adsid 100 rnesh(<150 um)olste] YE
. AA2E AE 1g0] HNO; 5mlE Be
T, 25 110°CoA 3] FuAzl F, HCIO.8t
HNOy(1:5)2] E3hake 10miE Y3 e Adr7t
243 glojd w7ix] FEAZ viReo g 6N
HCIE 10mliE ¥ 3087 #¢ %, 045 cellulose
nitrate membrane filter® l#sted, A w7k FE,
72, 71, ', ok 9] FEHS tf* Ci =

3.4. steHEN

3¢ FUI BARY ol PF BAL ICP
AES(Perkins-Elmer Optima 3000XL)E o]-&3}3jow,
#4272 RF Power 1300W, Plasma Flow 15V
min, Coolant Flow 0.5)/min, Nebulizer Flow 0.8V

min®| ek, ARE-H AJ2RE analytical grade(Merck)$th.
4, &3 & =9|

4.1. Ao EM
73Nl Eelslebs 548 Table 190 UehlQiTh
7§1H—r4 pH= 2¢, 52 2 799 42 72, 70, 75
Al 722, Ehe 133mV, 70mV 2 92mV
%11, ECE 29 258uSim, 5¥¢ 286uS/cm, 74
373 uS/cmz A7V 712 WslshEA T At
AFE Bk AR 45 AAFHDOYE 351
mgA(Zé)ow 0.76 mg/(78)°.2 712310k, 74i=e]
Zg TR 29, 44mg/, 59, 431 mgl, 7Y, 560
mglE AEHUTH nfadlge] FEe 7 A7ER
341mg/l 335 ¢/, 4.63 g2 JeRdth vheFo) o
< 748mg/l, 6.74mg/, 479 mg/lo) 1, AFe] Tk
0.84mg/l, 0.72mg/l, 0.86 mg/l2 LFERgTE =]
B AR 27t 11.7mgl, 102 mgl, 8.7 mglo.

A TR W3S 24 il
2 g Akl Al wet v Zashbt F
7Vl YEFH e 24dkes Fde Belch A4
—rA vElA F ¢RE, 7, SLE, YA a8i
2 o= A HEHARA] itk 2y Ft
=R 794 27} 169 ugl, 202 ugl7t 223Uk
%7&3 290 = AEEA GAAR, 583 74l 77t
2.86 ught, 50.2 pg/7t AEHU ?81 opde] A, 2
43} 599 IFL 74.ug), 780 ugAI A, 7€l
2,410 pg/l7t AZEATH Table 1).

F 7 F«l e S
FES HE A o= NG AerE AR 5t
Ak, sjoxzo] ok AE] HER I WY F
A= Al Wiy AueRiY JE7E 4502
Fglong olF °‘°}H7l Al AR Sl At
FGDE AFsIGAch 3 wige Fnge] &9
Ado] H= 23] A e7§| HslE BAsty] S 5
43 74 2HG2E AR

Askre] A7l W pHE 593 72 747 6.5,
6.7, Ehe 563mv, 47.8mvE & W3y} gick. A8t
49 ECE 110pS/cm, 42 pS/em& 5¥ KT 7€)
WA VR, DOS) AS-E 2.1 mgholA 043mg/E
st Aseee] 88 2, vidls, 4E
49 ke AF A7) wWE & HIt sy 8l
' RAoE JelgdArt JEFS] Tk 429 mg/lolA
291 mg/2 thh 7 Aoyttt A|skge] v
A ko 590l olde] 17.1 Hg/m' A&FHYo
o, 7990= &, 516 ug), EFvE, 77.8 ugl 183
o}de] 144 ugl2 HAE=HUTHTable 1).

gede] L3649 pHE 9.8, 9.1, Ehe 28my,
8mv, EC= 210 uS/em. 203 uS/cm, DO= 3.31 mg/,
0.37 mgN= SA =AU} FULhe] SEFRE 7 o
7k Z7Vhe e Hold, wEkdAe] §EFES B
T A&IA olstdt(Table 1).
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Table 1. Field parameters and chemical compositions of mine water and ground water samples.

Field parameters

Major cations(mg/1)

Trace elements(ug/l)

T H Eh EC DO
©C) P™ (mv)(uS/em) (mg/L)

Ca Mg Na

K Si Fe Mn Al Zn Cu Co Cd Ni Pb

Mine Water

Feb. Mi-1 13.0 7.2 133 258 3.51 1444 341 748 0.84 11.7 nd. nd. nd. 740 nd. nd. nd nd nd.
May M2-1 146 7.0 70 286 232 43.1 335 6.74 0.72 10.2| nd. 2.836 nd. 780 nd. nd. nd. nd. n.d.
JUly M3-1 177 75 92 373 0.76 560 4.63 479 0.86 8.7 169 50.2 nd. 2,410 nd. nd. 202 nd. nd.

Groundwater

G2-1 166 65 563 110 2.1
May

2.73 1.00 4.29 0.56 484 nd. nd. nd. 171 nd nd nd nd nd
G2-2 303 979 28 210 331 {2.89 0.01 31.7 053 138/ nd. nd. nd. nd. nd nd nd nd nd

G3-1 221 67 478 42 043 {2.21 0.78 2.94 0.56 4.60 51.6 nd. 77.8 144 nd. nd nd. nd nd.

JUly

G3-2 354 91 8 203 037 337 0.0236800.64 144 nd. nd. nd nd nd nd nd nd nd

n. d.: not ditected

2dre FEE B3 ez fYHx 9z, o
Igellr 2657} migde ool AT
s Qlot wEgh, B E wiyshe g XA
= S wsly] |Ed Aeet AEle fEoe=
T A& S T4 2 oM wAskE 9l
= ARolrh A, &5 AL d £HF AR
T Aaree] wsl 2 o] g W) iR
AmAFH wet Zb2 A7 WElE st L
1~L-32 Al7]ell BAIgle] HE7t SAske x9o)
th L1 L2 AlFel 23 AHE 23o] FnE
EE StojR|uk, A HESR e st
& W, By 3R] XEge] g TEElA] Wk
7] W] Aol o8 HAE<prt BAs o L-
12 FrE HEs AFE AFe] go) By kg %
719 HEFE AR AR, L2v v ulgd
SRR Fr|ot Aske Fo] wkegt Aok 53
L2 AMTH & FAE fY=e 37X vgde 3
FAshEEe] T4 gH=A Qi B A7) o)
5, 2 A AR At AsEial g Ao

£ 58 L24~12-60] &7} "t} L2-
= Y 2297 BlEHE F20M AFHY A E2
sk fYE7] Aoz FH g So) %ﬂl
HEHAR Y, o]Fe] fUF A Apele
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AL A A0Z wiEgs 2R B A)E #
e TR vE oz {94 L2 e

N

5

]Z/\ ]_

T

ro m?.m

f

Fl

she] Ao o A7 Bt &S wjgE &
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< FEE°] A HEE] st 7€ AE AF 7
7k Ao} AFEE AHes JE24T) MiEEs 2

o] Z7)slth. F71 A& L3-6~L3-9]t}. L3-6
# L3-72 wigd o e wiEaela AFH"
ANEZ HlEo] ATt B A, lekrﬁ«l €1
Fo= I3 U Aog odErt L3-8 Filol
Al AMESlE RO o, FH|e) whget lel—ri Ll
2 3o E {YH, 136, L3-72 wT2E 53

o FUdt. B¢ 1305 A N9 %Y o
Ao Eehter AEFE 724w waHc 3
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Table 20| YERNSICE

220 AR BESe) A9 BE v A3
8 LI S99) L2 ol osl Eal
S4o] WaksHon, Tk ¥ 22E v/

4 A, Uzk, SFu)E 9 oldy sge) A Fv }o}
Stk L13 A&FE pHIF 372 7FAatAolH,
3860uS/cm Eh 299 mVZ o], 7% 2kl W
AREAEE AT L1322 A719 e A
e /\]g_o]] 3] U4 2D uFYgie] o] Al
3] =4 AEHAk 53], A o] 826,060 g, ¥
7F 49910 ug/l, LFr1E 15940 ugl, okl 2,370 pg
7Y AEEUNL, e AEpiME AEERA w2 W
] 339 ug7t AZ&= At Table 2).

59 79 A& AE7F A=A pHY W
e 29~6622 1213 L24E AQ3ie BF
pH 4¢]3te]H, ECE 116~3,990 uS/cm% 3, Ehe
L2-1 19mVe)3, L22~L2-74E 116~404 mVE 7
gk A3 US etk DO 001~2.83 mg/e] ¥
HE EAvh #eo] Pk 218 mgl(7.34~4822
mghel™, eladige] BAEHS 576 mgl (2.73~1534
mghoZ HEHUh YEF] HFEF 23.7mgl
(6.19~45.2 mg/el™, ZEF} Hie] FaFeHEe 7t
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134 mgl(0.67~34.6 mg/), 185mgl(9.43~353 mg/l)o]
o. do BT+ 167,000 pglel™, L2-3AF 7}
669,720 ug/l°o = HVAE BTt Wz FoE 3
sk ZH 17,400 pg/, 19,000 pg/lolsl, & 4
T 126 AN L TEE%F 41,630 ugl, EF
oF 19,030 ughe B4k ol ke 269~9,260
ugNFE 2,320 ugh), Hx T2 L2500tk FEle
122 A RoA Yt 334 pg/lo] AEHQL, ILEE L2-
59041 298 ugt AEHUE B, ke RPN 25
A% A o1&t} F2 123904 166 ugle] A=H
AL e ARAME AEHA 4ot 7l=wa YR
2 A% HEHA USrH(Table 2).

74 &9 Hy pHe T 34009, H4 29 3
tf 6.60lct. Fug W] wiEgolut &8 oA
f2He 250 L3-5~L3-7¢] pHe 29~360%
BEEL2 5¥9) 95 & &2 pH 3e 2t o)&
2 A FZFZOA HESSle wEEE AIRR Y o
oz Moy ont, 13-5~L3-7= 739 A3} 3
¥ 3 F B9} S8 weele] ¥ pH e v
Bl Aoz #Addr, HF ECE 1,760 uS/emow,
Hoizke L3-301A1 3740 uShemel it} Es 77~491
mVe) BE Holu, vre pH WEe ECE Hols
L3-5~L3-7014E 388~491 mVE 73+ 2318749
ZAA g} DOE 0.01~0.79 mglE AAFoz g&4
ZFo] A¥H FFL HtHTable 2). 78 FA259)
24 B 168mgleln L3304 78 B ¥
F74 mgMe, B wiH7g sHelx = &
49 L35~13-79] & 114~23TmglC 2 HEE
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Fig. 4. Evolution of trace elements along down stream in
A area.
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Fig. 5. Evolution of trace elements along down stream in
B area.
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Table 4. The total concentrations(jLg/g) of trace elements for contaminated soil from the abandoned Uljin mina area.

Samples Fe Mn Zn Cr Cu Cd Pb
S-1 132.828 4,305 859 11.7 106 3.62 1,260
S-2 156,006 6,495 932 13.1 128 1.94 1,516
S-3 157,706 7,219 1,057 14.1 128 1.76 1,668
S-4 126,684 5,395 842 16.3 109 337 1,363
S-5 123,743 4,786 728 19.0 82 1.68 1,337
S-6 133,933 6,355 781 12.7 i1 2.03 1,257
S-7 96,196 3,871 737 24.1 118 332 1,231
S-8 8,8193 1,637 372 24.0 60 1.09 741
S-9 115,175 2,412 371 31.6 71 1.33 762
S-10 113,390 282 216 17.4 41 1.60 67
S-11 85,581 403 206 17.1 84 2.78 114
S-12 167,790 895 241 12.6 63 0.00 586
S-13 177,919 1,079 227 12.3 63 0.00 737

mean 128,857 3472 582 17.4 90 1.89 972
Min. 85,581 282 206 11.7 41 0.00 67
Max. 177,919 7,219 1,057 31.6 128 3.62 1,668
Std. 29,699 2,487 314 6.0 29 1.17 513
background 19,556 231 562 38.0 58 3.46 208
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Table 4 VFERRSITH. AHE 2159 ¥ 3Hke 85581
~177,919 ug/g(ia 128,857+29,699)0.2 o= ZH ¢
A 2 viAERe] gk 19,556 pg/gell ¥l
9 ol A FRE dx Aoz sRIFLh B 3
Fe 282~7219 ug/gCBd 3472+2,487 pglg)ol™, N
ARl w2t gEkRlol7E FA vERdT), o] &L )
Follde I7AYe) A ER] Bkl 231 pg/eel
Hgl of 300 A= T A o2 v ol dake
206~1057 ng/g(a 582+314 ng/g)o = W7k v}
A2 A5l wet & FFRIE Holw g}, AR
oo LHHRA e wHELY o} FHek 562 pg/gol
Hlws) ZrhdH, S8~S137K= WiAEY gt wutel
3, YA AE5L 13~1.7 A= wA=e] Qi)
FE9] L 11.7~31.6 ug/g(@it 17.4x6.0) pg/ge)
o, elAELe] S=K38.0 pg/g)ll vis 0317 e 3
FS Holx itk 7|9 AL 41~128 uge(H
90229 ng/grel™, vi7dEde] S2K58.0 ug/gell ¥)wst
9, Fd 28] A= TR Aoz selgn). =i
2 0.0~362 ug/g(Hd 1.89+1.17 ug/g e 2 AZTo,
- WA ES] R Gy, v)sd Aoz
ERsiTh W 3RS 67~1,668 pg/g(d 972+513 ugle)
o2 AT7AYGY 295R] B wiAFESS] HaFgk
208 ug/gell Wlsl Hoj 84 A= HHE o] Qlth vjA=
EE AHeA HAE3A olsiit). &3AT FelA

AHE ES FH 095A] gk By} nlusle]
FHo] e SAE Ui>HsgsTEsoldew ¥
g 4= itk

4.6. Es1HEo| Eg0 st HESHE A7

SRFONN AEEs FEEe AR Mo}
@io] FE o)FH, WM 354o] SutETH(Yun,
1979; Yun and Einaudi, 1982). ¢] = A5-#AL 3}
HE F 7P F3pt mEA Q3" £33
Al AEEE ARENe] F3ks 38 U 2gE 7
R FESIR] 7P wet WEE st 28
Hi I3, o sEhkgden mHEE 4 QU
(Jambor, 1994; Pratt et al., 1994a, 1994b; Shaw et
al. 1998).

EDS ¥4 A3, 4R U fo) wdsls gERE &
Ao FEEZ A3} Z3ge] et ge] ko)
Zaslal o) F7ito] UEdt). ole AFE0) 4
sige met o] AYPEL, A AsEe] FegE A
HE AAgt) E EDS v #ERA A, Al
2 4T oIS FAsl IHAYNL e Aoew

HsdthFig. 6, 7).
5 4 =

A XD ka5 Basek B4e edgel )
o} W2y B ojgE ARy Pt dasd
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Fig. 6. Microphotographs of weathered pyrrhotite along fracture and grain margin.
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Fig. 7. Microphotographs of weathered pyrrhotite along fracture and EDS analysis(Po: pyrrhotite).
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U AFete] £3oz o) ot Wssit, B
A 3L wiPE FrjelA A= ISR Qs
AFHE ehRe YT AFATA] deiksltEe) 3
Aol glom, st ETsistd 5L &9
T FNsEE A 2 ARl £F 5o
3 shF= ol wel Wslsitt. AFH Aol wt
£ 7 skl YA E€)d9 SA(pH, Eh, EC
2 DO)E A9} B Y BFA QX|HA] ¢k}, F
A2E@E, vkdlE, 2E, YEE, 729 gk A
ool BAIle] BE AF A¥olA A7 299 g
o] ¥, 784 AHE AN @A Yepd) dR)
g g, B SR 2 ol gk T
AN zlolg BT A AF ] L
FFE BE AQFH AP 78 T3] 7P A A
SEHIA, B AGQeME 29 $ao] o =4 ASE
At ole skl EslEAel BXo) ek T
o oHHS FYH AR EFo Y L AL
3PEES FJHoZ AojEoA L gle-g XA F. &
Aol 8E o] AAE N7 ) 23 3
o] F5 o|F7] wFol] s Fafo) HL ANE
HEERE 2¥900e F 29U Ao o] AT
HEHHQ] gajo] oA glot o1 wis) wgatzt
#dE ool Wt o & Aoz IIF. T3,
AXISe] Bla] B A9 oH A=) ¥ 47 Ao
2 Hol, #HEAd g eHRT= Wiy Bwan
Bl B HAEpd 9 290] ¢ A7) Aoz
HEh F FHAN AHY EY A8 mEd
29 FFE T 2dHA] ke BEds viwEie
o, $30] B2 ¢ME WtsAs>Ys>rE>oldow
HAY 5 U}, SR AEEe FeEL A
FANF} HoldMo] F5 o]Fn, w3} gFao]
FREET o] F AFEMo] 71 wEA FIEe
H, = Wi deEd IR 9 REE o
2 WRE st J3Ee] dtsldEo] AYAEH,
aFo] oldg FAsh= 2oz gEA

AL A
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