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Geochemical Characteristics of Soil Solution from the Soil Near Mine Tailing
Dumps and the Contamination Assessment in Duckum Mine

Sanghoon Lee* and Juyeon Chung

Environmental Engineering section, Division of Biotechnology, The Catholic University of Korea,
Buchon 420-743, Korea

The soil samples were collected from the paddy field near the mine tailing dumps in the abandoned Duckum mine in
Korea. In the laboratory, the soil solution was extracted from the soil using centrifuge, and analysed for the chemical
composition. Physical and chemical soil properties were also analysed. Kaolinite is the main clay minerals in the paddy
soil and the CEC value is therefore relatively low. Nearly all soil samples show enrichment in their trace elemental con-
centrations(Cd, Cu, Pb and Zn) compared with natural background level. Some soil samples exceed the soil remediation
intervention values for Cd, Pb and Zn and target value for Cu, when compared with Dutch standard, whereas As, Ni
and Cr are in normal range. Lead concentrations in some samples near the mine tailing dumps also exceed the standard
for remediation act for agricultural area set by Korean soil conservation law. The trace elemental concentrations are
higher in the paddy soil nearer the mine tailing dumps and lower for the samples from distance. Similar trend with dis-
tance is found for the soil solution chemistry but the decrease with distance from the mine tailing dumps are sharper
than the changes in soil chemistry. Cadmium, Cu and Pb concentrations in the soil solution are very low, ranging from a
tenth and hundredths to a maximum of several mg/l, whereas their concentrations in soils are highly enriched for natu-
ral background. Most of the trace elements are thought to be either removed by reduced iron sulphides or iron oxides,
depending on the redox changes. Geochemical equilibrium modelling indicate the presence of solubility controlling solid
phases for Cd and Pb, whereas Zn and Cu might have been controlled by adsorption/desorption processes. Although
pollutants migration through solution phase are thought to be limited by adsorption onto various Fe, Mn solid phases,
the pollutants exist as easily releasable fractions such as exchangeable site. In this case, the paddy soil would act as pol-
lutant pool, which will supply to plants in situ, whenever the geochemical conditions favour.

Key words : Soil solutions, mine tailing, trace elements, geochemical modelling, soil pollution
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B EE A8 S| YYse] EY Bk g

A5S AASN) Wi Aos BET. By 2FEHL E

FxA] FAEAY 28 sFse Je 522 AAS pH, Ehs} 22 A2z dalge] Helel wet oA B¢

2 WEH HEA FrE

4 RoR ddect Apsigtrdy A, Phet Cudll i $=8 24shke S0

EAshs Ao A&EY, W Zngt Cd2 F/23 o8 w7t 248 20E diEn. gely EYrE 59 2

el

olFS W FA AT 2 o= Aol ahyde ddHoz S Aoz AduEn. a2y F

F450] EY} KR Alo)E MiEAom ANWA Fu Aujel mXE Jgo] A&H we Telsolop Bk
F20{ : BUF, WY, F7l, EYY, 34, A vshetndy

LM B

HEEo] FHE F-HEE5EAY ° ot
Zo| ANzt Frrt HAHY ol52 B HZsiH
FlrsE Bl 89452 IFS 4% oH9=2S W)
Z3ic}. @A FufjollA] Fiekd AFEFe] 2 900
a7flefl o]28 olge] tgk E7AlYe] AR X
7 UATHEAE, 2003). 22 oH= thiRe
A Hol|A] opHFw], 74 Fo] a2 WXE A A&
o2 ¥ FAE QAT Jem®RIFA F, 1997,
4K, 2003) 53] E7 Aol ¢5¥® IFASE
HA7A 2ho] A&E I Yo AHAA S FBTFL
AdET o & Zlojth(Fdz# o), 2001).

HAFEPIKG Gz AR F2 FAEH K9] F
AR EY, Ak 2983 E N F, 1995 B3F
 HED 1995 FHA, 1996; Thompson and
Turney, 1996; Dudka and Adriano, 1997; ©)33] %,
1998; =234zt 7121, 1998; Bain ef al, 2001; Kim
et al, 2002) oIvt Hgdel Wx|E Fu) BEFEA )
2 A LEFTel A3 A Fol F=E FPHJCE
(Blowes and Jambo, 1990; Ribet ef al, 1995;
Blowes ef al, 1998; McGregor et al, 1998; Simms
et al, 2000; AR} o} FF, 2001). LFEZS] «&
FPE LFEZ A, olF T FHolhe e
2 A7 ol 294, L97E Elx 2F9AY o]
g 3842 o)lRoXE 3way BYOE sNgs &
£ Stk F, FX G A9 Fwje} HME 2HY,
HEY 2 ke 2gAYe] 2 Aoy o] &&
Ads Q9AZE EYr e 377 9 Aol of
EUE & o 7|1E IdFES FE 2993 29A
He tEelon HESAtA LR ddshe
ErE o 3t Ay vie At

ErE B v|nd of 2EEH) A gt
9 wkgol o wEA dojubm F o AU AR
E AZ3IcHGoody et al, 1995; Sauve ¢ dl,

R o

e

20002, b; Young et al, 2000; Tyler and Olsson,
2001; Weng e al, 2001; Bolvin et al, 2002;
Degryse et al, 2003). =, ESAlOM Eokre 78
B3 A3 §hgo] dojue et oR dkgHo] &
HB o= (Wolt, 1994; Weng et al, 2001) 7}rEsl,
3t e Al T3 2 wgabdo] Amjde
Z Ao} McBride, 1994). Eo3I8RS 2A s Wb
S ¥he-S 2g3ke 2 JIAEY 92 EgET
EgrdM o we] JERfe(Wolt, 1994) ESCHE
A9 oA} AFFAY el FAAE 548 o
3171 $PElM e EYEsRED BT v o 53
oF & ¥a7t 9S Zolth(Krishnamurti and Naidu,
2003). &3t BN e =] ATsie ERY
e F3) AN UE F=PEFY = 4
s E 58 5% 5 UTHWolt, 1994; Lee and
Spears, 1997; Weng et al, 2001). WEH Egse=
AR olgs 2 UEA Ae EST AEAFH
3k =ekz A4 S(Young ef al, 2000; Weng et
al, 200100 = B3l Bkt Ay HEFsle] EE
AFE 7P Ui wkgsls RROEA By
FERY, ol 38, §, 23 28]3 complexation
58 APH o= ofFfslal LPEZS olF ¢ Eile

2 EYQ A =g 718 $thSauve ef dl,
20003, b).

2 AT SFEAYE FHe=E d AT gl
oHARS EYFE Bl d3IAHe] 2 HEZ
AFH LE=E Hrlske M2 H2& A =sidrh
A oipRe] AeM oozl B, A3l F
A AN A9 09 Ax Tlofel F EHoE of
A= gk At olsr) glYenE flElgH et
LHGT o ZL A OR o]FojFT B o] =
e ) B Al g B3 EYOFEAY
slekyeiel pH, 9488 de $) 22 v
9 dgHEE Helsi, i) EYrsltly EYstst
o) AAPAE JygHoz olalst i) FEHFA
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S-LE

B Ave dEgs US| xEle geat
oA AEGCh ek F& o g 193549
B 7RIS A, 1974858 7E R JHS st
7} 1994 FAs] FHEIUCH G234k Fojops R
2 B, %2 AhE HAWE AR A% 57
2E AR F9 =3 o] 23 (Fg. 1). o] AGd=
°F 200,000 m*(200x100x10 m, 7FExHExio]) Ax
9] Fu]7} opH EoiUr).

EEYAES Frel S AReE AR =
LAEES o]&sld AHIIHRH ZF AEAFH A
oA oAl ZoldEx FH(0-10 cm), $7H10-30 cm)
2 3F-30-50 cm)E -3l AFBAH AHE E
WA EE v o|Fo T Wil dEdE &7
% Edmundse} Bath(1974)¢] WP L olg3t 53}
Aok =, PTFE Y412 3o EYS ARTA
718 AFS F T EPNEE WAL 3500 rpme]
£ 3087 94 2Einh o] u 52 o
40% HEZ EA de ENF AER o8] 7Fs
g 7o R gt BEYE AHN T ERRE
HufjollA ApdAze @ BAZ105°C, 244718 AR
3 2mmAlE AR & FoF 24 93 dAFlelEY

RASIATH
FZ2H FI9E 045 um AEXEE R o3}, At

S(Fol2AR)E AH Wo12F Na, K& E8d3F
F%-2171(Shimadzu 6601F)E °l18-3131om vlakels
E ¥t UmA] Jo]2E52 ICP-AES(Jovin Yvon,
JY-38 plus)Z #9313t} &0l o] 2B rtE T
9 (Dionex DX-1200Z ©}-8-31%c}. pH(Orion 410A)¢}
A7|HEE(stek 4700 355 F25 2 343}
%t} TOC analyser(Analytikjena, Pharma TOC)E
o)g3l BT 7784 E 33k EY pHe
EYF 001M CaCly 895 1:29] v]&=2 Esio
1027+ 2¥ksk % pH meterE o4&, A8 &
% YEEA L size analyser(Malvern Mastersizer
200002 ol8-38le Zsidon FarEe dr=e|
A 450°C, 4AIZFESE 1EE 7 A, 5] FARE ©
g3l ALkt

E% #9494 XRF(Shimadzu MXF 200D)E £
sttt Pl BEAL ERAIR 200mgH aqua
regia(HCL: HNO3=1:3) 1ml& Teflon bomb& 3t
F 110°ColM 2417 7HE & & 124170 e
2 Bargoloz M3t} 0.45 pmE <33 A
A 2 2G4 7] (Analytikjena, Vario6)Z ©]-£-,
st 3k JuW EYS 1SS HZs] ke
AAEYE, =, 01N HCIE o]&3 BEEE2AY

A3ttt CECE pHE 72 2H sl IM
Ammonium acetate FHE ] &3 ZH ATt
(Lavkulich, 1981). E¥4E2 SARAFIX)7t 3
# X4 33247 (Siemens D5000)E ©]-4-3FACh
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Jov Hg
Mr o o

H1 of x

Fig. 1. Location of paddy soil sampling sites from the Duckum mine area.



64 ol

Ni filtero] 213+ Cu-Ko(1.5405)2 AR&-3lich 24z
& 7 EALAF 40kV/40 mA, DAEE 1 mm, 44
<3 1mm, step width 0.02°, 0.5 sec/step(step-
scanning)°] At

) HF flae] 24 WEE Q7] SAelel ANB
ALFZ R HL Tessier ¢ al(1979) WS HIAHA
g3t &, AXEYS Wo] OE AlES} Ht
S41A; 1) Exchangeable(Salt Displaceable) fraction(1
mol 1-1 MgCl,, pH 7); 2) Acid extractable (Carbonate
bound) fraction(1 mol I-1Sodium Acetate, pH 5); 3)
Reducible(Fe and Mn Oxide bound) fraction(0.04 mol
1 NH,OH - HCl); 4) Oxdizable(organic matter of
sulphide bound) fraction(0.02mol 11 HNO; 30%
H,0,, pH 2; 32mol -1 CH;COONH, in 20% HNO,
VW) T8 AE5H 02 FE3%T)

38

31. &8 ¥ EYEY

XA BA43= Fig 29 EA8KATE B9 3E
ZAL ANEZE £ Ho|E HolA gttt FTAHRE
2 Ao AAoln VHE T AHE|ETL AFO
2 A8y ~Heo|Ex FE N sk Fh
oM B EFAE(P 16, 17004 229 I
eldthFig. 2). AHE 2% e EFERE

- g7

of oJshd AHEYE SIHEFIF HE: 114, A
E: 790, Z: 96). Yol2udse tHHow v
e HolsH ole EYEE AT JEFEC) £2
Polewdhsol e FHE/] fFl Rez Azt
Ao}, ol u¥s HA#akS 159 cmolkgel™ ik
< 275 cmol/kgo|h(Table 1),

3.2, E¥3ist

Edslst EXAAE Table 19 VeRich B9
pH= 44914 6.1 & Holn iA|F oz Fujoksy
o 2R A7} Hold4E ZURIY. vFd: B

Kao Kao : P
1 Kao Kao P10u
R Kao+Mica ot Kol Kao+sica Qe
ML N VOIS (O S
2
a Mica pl4u
£ A
= Mica pral
= A J_JL A AL J A
Smactite p16l
/i R o VY
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Flg. 2. X-ray diffraction pattern of the paddy soil from
Duckum abandoned mine area(Qtz: quartz, P1: plagioclase,
K-pl: orthoclase, Kao: kaolinite).

Table 1. Chemical composition of the paddy soils from Duckum mine area (unit: %, mg/kg as indicated except for CEC and

pH-no unit, *Enrichment factor).

pH CEC LOI 510, AL O, Fe, 0, Ca0 MgO K,0 Na,O
meq/100g %

Paddy soil 4.0-67 11.0-275 19-6.1 608-71.0 139-185 3.7-7.1 03-07 06-12 2744 03-12
Mean 5.0 159 5.6 66.0 16.4 48 0.45 0.77 3.24 0.77
St.Dev. 0.65 3.76 2.82 2.46 1.54 0.23 0.15 0.22 0.47 0.25

TiO, MnO P,05 As Cd Cr Cu Ni Pb Zn
% mg/kg

Paddy soil 07-09 0.1-02 0.0-02 9-35 7-15 11-59 9-71 11-24  24-1200 83-861
Mean 0.77 0.07 0.09 12.9 104 26.7 26.7 14.8 233 300.2
St.Dev. 0.09 0.03 0.04 37 25 14.1 20.9 39 370.2 192.8
E.F* 06-1.3 06-1.3 0442 06-10 1.0455 0422

Dutch standard (unit: mg/kg)
Target 29 0.8 100 36 35 85 140

Intervention 55 12 380 190 210 530 720

Korean Standard (unit: mg/kg)
0.IN HCI treated 0.03-0.11 0.02-0.32 0.83-3.55 0.04-0.15 27.8-403 6.4-28.7
Warning 6 1.5 50 40 100 400
Action 20 12 200 160 400 800
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FIg. 3. Variation of soil chemistry in the paddy soil with distance from the mine tailing dumpa(pu: paddy soil collected from
surface, pm: paddy soil collected from 10-30cm depth, pl: paddy soil collected from 30-50cm depth).

Kim et al (2002)] 9&) Ex @ Rz 7Zo] A
o2 wslsAle @tk 28y Co, Pb ¥ Zn
Tx oA 100m AX ol Aol AHE A8
2, p9, p1OYE°lA 200m ©]% HolF | Rde
A AHE AlgoME g %k% Hopy thE 7|&
AT EErdA T 7%, 2000; AR, 2003)2] Fe}
dAAez AxscH(Fig. 3). EX vFdA w2
Zolo] ma AAF T/t gavt HelA] ¢on, o]
T =EYe] FUHoR AESY] vios APz
Bl B 9E SYESSA Ay ddd
=9 QHEWE viwsid. SWrEs vad
d Pb T3 8718 2981 Cd, Zne} Cu
T2 71E o[HE BRlch a2Ev diddEE 7]E o]
2% ZA¢ Cd, Cu, Pbel Zn BF gF AREA
JIEXE Z2IAsIFen, B3, Pbe S A
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3.3 S FEN EYSS L SIEHEE]
Cd, Cu, Pb, Znol WIdt |&5% A4S Fg 49
YelSth Cue o] oxidisable fraction=}

reducible form®.2 TAHY W¥/tEFE= A &
AskA] gketh WhE Ph, Cd, Zne F%0lA 8Ae
40% oldo] wg 7Feg FHE EAt. 53] F
oA 7k o AES(2, p9) 3000014 500m
old "ol e AF(p 12, pl7pel &) F3o] =
& HlES JERITh B3k B9 AE(10 cm)E AFAl
(60 cm)pel ¥ wrFsaE 9] H)ge] =t Cd,
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3.4. EestEt

EYS A4 7= Table 200 VRIS 3 4070
ANE BAz BYs pHe AHJol oBigos 353
A 631FHZL 7.18 A2l MAE Vepdth, ES
4 pH A EY pHe} o] ) ofxgoaie 3
AL S7kIE Aol WA FH0R oz
th Bt 28 BEdsre Au ool e 44w
37F 5 o St &, 29l BAERE uiA
Aoz ¥yt Wolxy oo wE Wile mat
(Fig. 5). ol= Bl vl EFror whge] o o
2 edgFel tl & 715EY) Witor AZHn 3
olo] mE FEHSE SR 2 Tt Srkske
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Fig. 4. Sequential extraction of the paddy soil and the species distribution.

Table 2. Chemical composition of the soil solution extracted from the paddy soil from Duckum mine area (unit: mg/L, except
for pH-no unit, Conductivity-ms/cm).

N=40 pH Cond. Na K Ca Mg Al
Range 3.53-7.23 0.96-1219  27.7-2934 0.4-69.7 9.5-395.7 3.6-688.4 0.1-16.6
Median 5.01 2.77 64.3 21.4 75.4 529 0.3
Mean 5.00 3.65 49.4 229 114.2 1215 15
St.Dev. 0.77 248 43.13 15.68 103.7 146.7 3.3
Mn Fe Cd Cu Ni Pb Zn
Range 0.1-281.0 0.0-350.0 0.0-0.4 0.0-0.5 0.0-3.1 0.0-5.2 0.0-121.0
Median 114 0.14 0.01 0.00 0.04 0.05 3.04
Mean 314 14.08 0.05 0.02 0.22 0.37 12.11
St.Dev. 56.24 51.74 0.08 0.08 0.58 0.92 26.03
F cr NO,~ N ka TOC '
Range 0.0-2.7 28.3-335.6 03-1747  23.1-41844  11.4-86.8
Median 0.11 81.1 2.6 336.2 295
Mean 043 89.3 1.2 714.9 33.7
St.Dev. 0.61 54.8 277 882.8 17.6

74$(Na, Ca, Mg, Mn, SO%), #43E ZA%A,  25Fe, K2 72 + itk B%F 9489 55
Zn, CI, NOy) 2|2 Hsl7iae] Haiskx ke o W9l vie Wrk(Table 2). 53] SO,29) 79 99.0
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Fig. 5. Variation of elements in the soil solution extracted from the paddy soil with distance from mine tailing dumps and
depth (Mine tailing sites are located on top right and the vertical scales are 10, 30 50 cm from top).
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Fig. 6. Changes in elemental concentrations in soil solution with pH.

3.5, X|Patgtndg

Egre == pH tﬂiMl we} ZA wslschFg.
6). ol Edr nlEAEe] Tt H/E% B &
Z/A4 5 pHE _%Xé OJZ}E e Bl o3 ¥
ke AARRICh Bl 3 #AE PHREEQCE ¥
3t Bkl tHParkhust and Appelo, 1999).

Feol 3-8 ulgoz HFPJEE UolE ZHA
ferrihydrite 5= goethite’} BT Fe s=24dE2
2 AzteEthiFig. 7). Goethite®} lepidocrocites sulfide
2 363 B T FERAEAR B
(Blowes and Jambor, 1990; Savre ef dal, 2002a).
Favre et al.(2002)2 #Az7ie] Egrolr nleo]
23712 olgale] AR} 27] DAY goethiteE o}
o o|2 Fe sEFAEAR a3t AlY] A

© gibbsite £ Al hydroxide7} BEJEE S &
Qe THER ASHAFg 7). 71E dFelM = v
A2 Al(OH);, basaluminite, g1bbs1te = diaspore 5
o] Fakulol A 7hsdt Al % AEAZ HuE vt
9l th(Karathanasis et al, 1988; Sullivan ef al, 1988;
Monterroso et al., 1994; Shum and Lavkulich, 1999).
pH 5 o]kl AR gibbsite9} diasporee]] oJ&l Algke
Th(Karathanasis et al, 1988). pH 5 o)’dellx= ¥4
AlOH)y7} 758 2¥&EZ HarE o]t Monterroso et
al, 1994; Shum and Lavkullch, 1999).
n)ZALEd theh 942 T=EH e 3
#AE Fig. 79l vERAATE Phvt Cul 44 54
THAR] EAE 5 QS Ao AzhEE i C
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Fig. 7. Comparison of measured activities with calculated activities the potential solubility controlling solid phases.
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Fig. 8. Correlation of elemental concentrations between the soil solution and soil of the paddy soil.

olg olg d4avt EgFUA e AHES A48t
7] Hrke olHE EAE AARsketh(Lindsay,
1979) ESkF 2 Cd9 Zn= 2 F/2HE) ukgo] ¢
3 AEo] 2E AoE Az

4. 9

E9o] 2343 Zn2 AN Cd, Ni, Pb, Cu =
2 27t vl$- RDri(Table 2). BA3Ee 22 3
EAR EolA nlardAe] A%l Fast 988 &
tHSingh and Gilkes, 1992; Trolard et al, 1995).
2ol A7VAY WAE A7 F71H0e FRse v
EY 879 79 281833 geigde] wakgit
(Bolvin et al, 2002; Cateno et al, 2003). 3187
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