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ABSTRACT : The geochemical partitioning of arsenic in contaminated soils from a of wet land and
tailing of the abandoned mine is examined. Chemical analysis and sequential extraction method by ul-
trasound-sonication extraction are applied to investigate the mobility and chemical existence conditions
of arsenic as well as heavy metals. The results of this study showed that heavy metals concentration of
tailings showed as a following order: Fe > As > Cu > Pb > Cr. The highest metal concentration was
recognized in samples less than 63 pm fraction in their particle sizes. Exchangeable and carbonate
fractions in soil samples showed following Cu > As > Pb > Fe > Cr for tailings, and Fe > Pb > Cu
> As > Cr for reservoir soils, respectively. Arsenic was bound as exchangeable fraction in tailings and
its concentration appeared higher than those of the other metals. Thus, As can be easily dispersed
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into soil and water environments. The obtained results can be used to design soil remediation plan in
the study area and require further detailed study to investigate severe environmental pollution of
surface water as well as rivers with respect to heavy metals in terms of speciation analysis of toxic

elements such as As and Cr.

Key words : Heavy metals, ultrasound-sonication extract, KBSI method, soils, Dalcheon mine
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Fig. 1. Schematic diagram of sequential extraction
methods applied in this study.

ol FFRAPAHGFEY, AEFZEA)
€ HAE3AY. E3 EAUMHAE Tessier e
al. (1979)°] AA T A&FEH 3 Vaisanen er
al. 2005)°] AANYE ALEFZH(E 1)e F 43
o M BAsgon AYFEH wyore
EPA 3052 W& EAStY] 37| 238X 9

Holl A A 83 KBSI method (3+37)%
BAAATH, 1996)5 A gsho] Ay
o 9% FF& I+ v 3. £, SRM
(Standard Reference Material) 2710 Montana
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Fud W 2, AT AA B 1) AEE
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tute) method& A& ATF EL4& 5‘}%13’_
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B4 4343 A th(Fig. 2). SRM (Standard Re—
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2) of 2oocoﬂﬁ tEE F, Hal

< 5 mL ¥e.

3) 200 COM 7+ 2t

4) Bt Bt ¥ ICP-AESE EAstant.
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o A fu*‘ & A7 Zol Tessier et al. (1979) &
432 W3 Vaisanen ef al. (2005) ¥Rl o)
Yo & Sonic Dismembrator (Fisher scientific,

Sonic Dismembrator 500)% A3 z2&3 F
=S AL Hth(2g 2).

Sonic DismembratorE A& ZgHFE
O53 Z2o] oA AR FE JEHAU.

1) Exchangeable fraction & 3AI(FI): 0.5 g
AEe 05 M E8vlavl+ 8 mLE FUT F
of 20CA 3 mingt 23 B @

2) Carbonates fraction % TA|(FI): 1 M o©}
AEAUEE 10 mLE 93 20CA 15 min

7t 2g BE F.

3) Fe-Mn oxides fraction FZ THA(FII): 0.1
M gAbsl =& 4oty 10 mLE il 85T oA
18 mint 253 B3 E .

4) organic-sulfides fraction F& TA(FIV):
0.02 M A2t 3 mL9 15% #H4H8t42 10 mL
& Y1 85ColA 9 min?t 223 B35 @}



EEE

R o Rl

Table 1. Regents of sequential extraction method applied in this study

Reference
Fractions . .
Tessier (1979) Ari Vaisanen (2005)
Exchangeable 1 M MgClL (pH = 7) 8 mL 0.5 M MgCl> 8 mL
Carbonates 1 M NaOAc (pH = 5) 8 mL 1 M CHsCOONA (pH = 5) 10 mL

Fe-Mn Oxides
Organic

Residual HF-HCIO,

0.04 M NH>OH HCI in 25% HOAc 20 mL

0.02 M HNOs, 3 mL + 30% HxO,, 5 mL
3.2 M NaOAc in 25% HNO; 5§ mL

0.1 M NH,OH HCI (pH = 2) 10 mL
0.02 M HNOs, 3 mL + 15% H;0,, 10 mL

Aqua regia 10 mL

Tailings & Reservoir soils
|

< 63/ fraction

Sequential extract

Ul trasound-sonicat ion Cenl Fifuge

Fig. 2. Analysis scheme of the KBSI method and
sequential extraction method applied.

5) residual fraction FEGAFV): F(1:1)
10 mLE ¥ 60CAA 9 mint 231 23
£ g}

2 gAdA 29 #3 F dAEYIE
°]-§-3te] 2,000 rpm (revolution per minute, &
AF)CZE 10 minZt YAEYF H =2
A3 T FAFE2HLe W ARE A
71 e AdB FRF S mLE ¥ F
02 AARIYANAG. FZ4 A gH
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brator 500 22 & A& Q1Y 3). 2 ©A
H4E FEd NEE IV zxAdAYETY
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g 20 44 42 2324 7](Inductively
Coupled Plasma Atomic Emission Spectrometry;
ICP-AES, Jobin Yvon Ultima2C)E o] &3lo &
Ast g
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o D 1 off

o Sk afo

Zap 9l A
2459 gz

¥ 2+ -10 mesh (< 2 mm), -70~ 80 mesh (<
200 pum), -230 mesh (< 63 um)Z A A Fn|
9} QAIZAFA E%o KBSI methodE & 43}
of AAed B4 Aot} Fr A5 7
3 F iy FE EIE 5239~18,782
mgkegdl HHYE Holmw AEFL 77.49~97.54
mg/kg, T8l 427.1~1,407 mgkg, HL 89,455
~153,070 mg/kg, -2 89.09~188.0 mg/kg?]
HYE Btk F % E4ZAd 9% v
o} 2, 78 BEE EGIAFRANY «U A
H(ETFEA, E2, LA 2 FFAA A4)
of e EFLENH 7] F(As 50 mgkg, Cr 30
mg/kg, Cu 500 mgkg)s A A3 ¢l
BHANE F Hla CEET ALEE & & 9
o EYY Yxd mE HA R E2
mm$ 200 pm Arole] Y=o A 533
< 63 um9 YEAM = 18,782 mgked FFE
Hol ¢ 368 A5 ¥7 Uy 2EL
mm® 200 pm Abol9) YZolA 77.49 mg/kg,
< 63 um9 UYEANME 89.16 mygkgd FHFE
Hol ¢ 120 A% A4 YEged FE& 2
mm® 200 pm AFo]] YE A 427.1 mglkg,
< 63 um9 Y=ANAE 1,407 mgked FHFS
Bo ¢ 33 A= A Jegz, A3 go
22 179 2. A B w2 EA ST
A& Bzt vPd EFQ < 63 um9
FHek AT AFA EG Fd x93
< "4} 1235~13.40 mgkgd =
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7.865~20.03 mgkg, d& 12,070~20,031
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Table 2. Results of heavy metal in size fraction of tailings from Dalcheon mine and reservoir soils di-

gested by KBSI Method (unit: mg/kg)

Element

Size fraction

200 pm to 2 mm fraction

63 pm to 200 pum fraction

< 63 um fraction

Tailings of Dalcheon mine mg/kg % mg/kg % mg/kg %
As 523 1.65 12350 39.0 18780 593
Cr 77.49 2933 97.54 36.9 89.16 33.7
Cu 427.1 15.46 928.2 33.6 1407 50.9
Fe 89460 23.23 142500 37.0 153100 39.8
Pb 89.09 19.47 180.5 394 188.0 411
Reservoir soils mg/kg % mg/kg % mg/kg %
As 13.40 339 12.35 313 13.73 348
Cr 11.68 19.9 17.25 294 29.75 50.7
Cu 7.865 19.7 12.11 30.3 20.03 50.1
Fe 12070 24.6 16910 345 20030 40.9
Pb 22.90 28.1 27.34 335 31.29 384

Fig. 3. Sonic Dismembrator 500 (Fisher scientific)
for the ultrasound-sonication extraction method.

mg/kg, F2 22.90~31.29 mgke HHE H
ol AL & F Ut AZ AFA BE% A
$ B vl A=A Fdgo] d vo
U Hlae EGSHARARY op A g (Yo, 3
A, FEEA T Ay 3 EFH S
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3, 23 ge 247 1.7d e 148 A A U
By ndd B <63 umY Y= B 7}
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Ultrasound-sonication ¥ oll 93 HALFZ
A4 ARE &£ 33 I8 49 e 63
pm ©|3e] PEAA EAFEE EH v i
AS 02 AEed ved $HoZ AR
(FV) 67.8%, 32 %2 J i (FIII) 30.1%2 H]
£ BPo AT AFA ESY A4, AF
FHEVNA  73.6%, FIHFE  FE(FIV)
12.3%, S99 3E FHFIDAA 10.1%=Z 3]
¥ FV > FIII > FIV > FII > FI9| €08 &)
BRI QT AFA EYY A$ FV > FIV >
FII > FIIS 2 FI19| A% HAE3A olstyf e
Bt ZAEH 7, 9 ¥EE Fvg UL
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Table 3. Potential mobility of heavy metal concentrations within fraction FI to FIV in size fraction of
tailings from Dalcheon mine and reservoir soils extracted by the Ultrasound-sonication (unit: mg/kg)

1 Fraction
Element 1+ FII FI + FIl + FIl __ FI + FIl + FII + FIV
Tailings of Dalcheon mine
200 pm to 2 mm fraction 28.47 946.7 3999
As 63 um to 200 pm fraction 44.65 1821 8249
< 63 um fraction 132.5 5310 16960
200 pm to 2 mm fraction *E - 26.03
Cr 63 pym to 200 um fraction - - 25.72
< 63 um fraction - - 41.90
200 pm to 2 mm fraction 64.39 64.39 222.8
Cu 63 um to 200 pm fraction 85.00 85.00 304.8
< 63 um fraction 157.1 4452 806.2
200 pm to 2 mm fraction 12.61 4675 32600
Fe 63 pm to 200 um fraction 4328 7004 41640
< 63 um fraction 5.843 12750 71600
200 pm to 2 mm fraction 14.03 34.67 62.96
Pb 63 pum to 200 um fraction 17.07 44.04 130.3
< 63 um fraction 18.23 26.79 235.8
Reservoir soils
200 pm to 2 mm fraction 0.114 0.604 3.669
As 63 pm to 200 pum fraction - 0.947 3.136
< 63 um fraction 0.532 0.744 4.633
200 pym to 2 mm fraction 0.214 0.214 0.358
Cr 63 um to 200 um fraction 0.218 0.218 0.218
< 63 um fraction 0.216 0.216 0.220
200 pm to 2 mm fraction - 0.503 1.861
Cu 63 um to 200 um fraction - 0.509 2.401
< 63 pm fraction 1.523 3.609 5.839
200 pm to 2 mm fraction 45.40 3055 6945
Fe 63 pm to 200 pm fraction 50.03 2535 6220
< 63 pum fraction 50.38 2979 8562
200 um to 2 mm fraction 6.275 16.48 19.48
Pb 63 pm to 200 um fraction 4.812 13.76 17.70
< 63 pm fraction 2.179 12.17 16.77

*: Exchangeable fraction (FI), Carbonates fraction (FII), Fe-Mn oxides fraction (FIII), ofganic-sulﬁdes fraction
(FIV). Residual fraction (FV) was excluded.
**: Less than detection limit.

Agx B BFAQA Y5 B2 & o8 ASE Fojend FYFDE EAst: 289
HolA et 89 A FulAggA o]  oo], Mg P FHFIDE EAst= Aol

SUE FE(FD, BAEEE FHEID, A3F 2R A28A old e AP ZAH| &9
B4y tﬂEH(FIH)i EA 3= ﬁOI d%t‘z A elsk  eAe Fv W ZAEL FV > FIV, CuE FIV >
2 YetRa, o A9 dol&wd FEWENE  FV > FII > FII > FI, & FV > FIII > FIV >
EA e 7A4°} AETA ol }i, XHXl EE  FIIY €22 YRy, A2 AFA EY Y
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Fig. 4. Relative percentages of sequential extracted heavy metal concentrations from lower than the 63
um fraction: (a) Tailings of Dalcheon mine, (b) Reservoir soils.
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g > 389 £22, 200 umo A 63 pm Aol
o Yd=oA d > ¢ > HA > Cu> Cr 29
3, 63 ym °J3te PENA H > ¢ > Fg >
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FHE nws) By fREo) AgAuz ¥

FIDE EAt w3t 7o 49 e +
o2 veAn EFEARANA 0T /F
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