ALHEREXE, M38H, M6%, 699-705, 2005
Econ. Environ. Geol., 38(6), 699-705. 2005

T HiEL FH X AESE0M SFE2| EXHHEL
olQIA!L - o|HP2 . HAEL* . Z|X|R1 . AZIM3
1Zuo)skn A eselsh, Z1adelelts, R AAdA T ARRAAN AT, et Avasest

Chemical Speciation of Heavy Metals in Geologic Environments on the
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In order to identify the speciation of As and trace elements which are contained weathered waste rocks on the
abandoned Jangpoong Cu mine area, five fraction sequential extraction was carried out. Concentrations of the
extraction solutions which were acquaired each fraction were mesured by ICP-AES. Mineral characters of weath-
ered waste rocks were determinated by XRD. The weathered waste rocks could divide into two types (Type I and
type 1I). Type land type I weathered waste rocks are mainly composed of a quartz and a calcite, respectively. The
most dominant speciation of As, Co and Fe is residual phase. Most of the speciation of Cd, Mn and Zn is residual
phase for type I and Fe-Mn oxide phase for type II. In case of Cu, residual phase is predominant in type I and sul-
fide is predominet in type II. The most dominant speciation of Pb for type 1 and type II is associated with the
residual phase and Fe-Mn oxide phase, respectively. At pH 4-7 range, the order of relative mobility considers
Zn>Cu>Cd>Pb>Co>AS in type I, and Cd>Cu>Zn>Pb>As>Co in type II.

Key words: weathered waste rocks, Jangpoong Cu mine, sequential extraction, As and trace elements, speciation,
mobility
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Fig. 1. Geologic map of the Jangpoong mine area(after Lee and Kim, 1972).
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Table 1. The methodology of sequential chemical extraction (Tessier ez al., 1979).

Fractions Chemical Extractant Extraction Phase
1 IM MgCl, pH 7 exchangeable
11 IM CH;COONa, HOAc, pH 5 carbonates
i 0.04M NH,OHHCI+25%HOAc, pH 2, 96°C, 6hours amorphous Fe, Mn hydroxides

v 30%(v/v) H,0,+0.02M HNO;, 85°C, Shours
3.2M NH,0Ac+20% HNO;, 85°C, 3hours

v HNO; , HNO,+HCIO,, 6N HCl

sulfides

residuals

1m FEolx 7J5-3o) we} fie| Wslr) 4t o
#, 2Mulgo) 2= S22 ual Fod B gk
o} FEeo] #FEd. FR Ar SRl s2
50m, A 20m, ¥0| 5m 5] selEe g ¥
e 3 FHRFo) e, o] AR AT sk
Z Al Slo] Auh) T dlole HEAo] skdos
FTAHAY 934 Huig) 9hgs Al Fo) a1
< 29NE 7R Uk I3, Aelas W9 o
vE FH3AY, w4 A2 95 Fe sk 59
HoH| A glof 31312 FEE 099 gle] HI 9=
AR ot R4 F20028- 7=olA ke 2wl
o gt B2 - 35k 543 AT EY e B
HZA AR Ufellxe] AbAdule) SF ARE el
7%= SFiTh

3. A

3.1. A=zl

AN AFEEo R A% 5% Y45
TAEAF 295ES AR 8l A2 (waste
rock)?] E3} 2AF AEE AFs AHE ANBEs
3087 AFg AR Z WHAZ &, 2mm o]eE HA
3l 50°Colx Az AxE AlBE 1Mo
22319 100 mesh(<150 um) olale] Yea Ky}
et

3.2. A FEUY

ES HAEA $eElo] gle 5359 24 9
(chemical speciation) 2= & TW| 52, 4EF
HE X4, gidRE, AEE 9 slte 539 F
Z(co-precipitation), B&AE F 7183 AY, 7
TAFEFE] PR AR} ALl gube Al So]
HHEoltt, ASFEHE B o8] 7AFES Fut

= B5U4e] ARl AFA7)er BeistetE 3
73¢] wzle) wel AT 5 e AR FEk
o #3 FRE AT el AFE = Fit) ®=

oo o

o

s

O
's
[
N,
i}
o
S
[
T
o
§2
rlo
re
E‘r
T
o
2

A=Ak Tessier et al., 1979; Kersten and Forstner,
1986; )31 %, 2004a).
of¥l oAl ARERte MFA o R RE 451
F40] AR SAVdEE wHE) sl AlE
g5 3} Tessier et al. (1979) ©) AN 4=
ZHE o] &3t Table 1). 7+ WHAllA 34E Alg
= o DANAM B2 eIl e ehol2<(deionized
wate)®= A& st 7t gAlM 9] 9 HAgsI e
1, A1 E(blank sample)= #4¢] Hede AT
Zgd ghako] 4.2 [CP-AES (Perkins-Elmer Op-
tima 3000XL) & °]&-3}9low, #427& RF Power
1300 watt, Plasma Flow 151/min, Coolant Flow 05
L/min, Nebulizer Flow 0.8 L/min®|$it}. A} AJeke
analytical grade (Prolabo %= Merck) 912, ICP 24
Al AREE As, Cd, Co, Cu, Fe, Mn, Pb, Zn®] standard
metal solution< 1,000 ppm stock solution (Merck)
< glMsie] AMEETh A B g ol 8E "ol
2 o) 9l Milli-Q Millipore system A28t}

4. A7EH & E9

4.1. X|5&s Fi

gk HEA AEE Fo A GE) net
T 7 HeE HEEtHTable 2). Type 19] 8
FEL MY, WeRoly, Ak TR mA
A, 244 rectorite® FAE0] YT, PR 22
AO|E, EE o) E, AAs Fo) kg Type
= R e Bem gl Yo ARl jle
W, &) AEUAR, FAEME Ed. Type |
I type 18] 7P 2 xfele 448704 pHell of
g g2 @ ¢ e WeiAle] fF-olh

Eoke) 4th(soil pHys TAZE) wet 2 xpol&

_l



702 ojo17

Table 2. The mineral composition and soil pH of the waste rocks from the abandoned Jangpoong Cu mine.

Samples Type Primarry minerals Secondary minerals Soil pH
quartz, microcline, albite, jarosite,

P2-3 1 . . . I 3.5
rectorite, clinochlore, muscovite montmorillonite

P32 I quart.z, ml.crochne, alblte,. jarosite 38
rectorite, clinochlore, muscovite

JP12-1 I quartz, clinochlore, moscovite, microcline, albite hematxte. . 3.4

montmorillonite

JP12-2 I quartz, clinochlore, muscovite, microcline, albite 4.1

JP4-2-1 - calcite, clinochlore, quartz, muscovite 72

JP4-2.2 1 calcite, clinochlore, quartz, muscovite, pyrite 7.7

Table 3. Realative percentages of As and trace element concentrations within fraction ¥ to F for waste rocks from the

abandoned Jangpoong Cu mine.

Fl1 F 1l F III F1v FV

As type 1 0.0 0.1 8.9 0.9 90.0

type 11 0.1 0.3 14.9 4.6 80.2

cd type I 0.5 1.9 242 33 70.1

type 11 6.0 34.5 41.1 5.6 12.8

Co type 1 0.0 0.2 27.5 0.5 71.7

type I 0.0 0.0 24.7 6.8 68.5

Cu type I 12 35 15.3 26.4 53.6

type 1T 0.1 274 16.5 48.9 7.2

Fe type 1 0.1 03 28.4 0.8 70.3

type 1I 0.0 0.0 26.7 8.1 65.1

Mn type I 5.0 3.0 25.4 2.0 64.6

B type 11 32 324 59.9 1.0, 3.5

Pb type I 1.8 0.0 25 9.1 86.6

type II 0.0 3.9 533 5.1 37.7

7n type I 0.3 8.0 23.1 183 50.3

type 11 0.0 232 65.7 79 3.2
EO]I Atk Type 1) EGMEE 3384112 AH43E & skl vl E9Pgs SAFHR] olew
ek wH, type e 7.19-7.682 oF 9714 W @, TI9RE 3 S8E JHUE SAshs Ae

Ao A=K Table 2). S ekt Aoz RIHUTHFg. 2).

4.2. 3859 EXEH vl FI=E (Cd): Type 18] AEolAM AFIH= EAS)
AFsiers EARE Ade 2 9AE §EIFSE € =Rl §%E A Ve 399 WD 0%
T3 F 7 DA £ TS ] AR W 7P SISk, sk ate] FElR EAshe Bl
B2 AXtelgh. ¥ 599 Bla 2 vElAd] A 24%2 JERTh oL@ T (05%), BEEETE
Taes EAg 2AARe] Haptg o8l A (L9%) B FIBEFEHGBIRE Wi ved 2o=

2SI (Table 3).

Hl2 (As): Type 19 AlECA BlAhe 2RI
2431 Hlgo] He 90%E Y53] 24519 Table
3). Type II¢] Alsol] EAlste Hl4 9N ZEFE =
SR dhekeo] AA vl gEke] B 80%E 7R
SAEH, aksld w7te) FUlz EAshe vliae He
15%= SR1HATHTable 3). B HZ A Gol w2

ERITHTable 3). Type M2l AEolM l=fe Ast
Hubrd Felg 41%, SHE3E Ju 235%, 225
AFFUZ 13% SAshs Aoz et B3 o
273 3y, JAE FHE A V=g 7
7} 6.0%, 5.6%% ERIEATH(Table 3).
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Fig. 2. The chemical partitioning of trace and major elements within the different frations(F I-F V) in waste rocks from the
abandoned Jangpoong Cu mine.
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2 EAske ILEE HEIA clFlelAY, o} H
Z A2 5AtHTable 3).

72| (Cu): Type KEAA FEle 54%7F FHFH
2, 26%7t F89E Pe7, a8 15%7) AskE
7+ FHE SAske ALE FRIFNeH, olgnd 3§
g} B E Fele 47 1.2%9 35% JeRdth
(Table 3). Type I A BoME B3l3E Fei7t AR
T 49% HAEFULH, SAEFE 2 sk
kel Feivy A2 27%, 17%2 HAEEYC. Type
X204 AFFeEe olendFeHe 22 7.2%,
0.1%= oi$- vleFsith(Table 3).

& (Fe): A9 EAFE= type 13 type I BF =
LES} o Al JelgThFig. 2). Type [ A&
M JFFEHE SASs Bl 70%°1H, A3k
7] PR EAshs H]E 28%2 FIHUY 2
urol ol2wd e, BXIdFE e azlw B3R
B2 A 29 §FE 2R 1% olFE AEEAU
CH(Table 3). Type O AlBE] 734 65%7t AFHEN=,
27%= 2¥sFE-A7he) BEHE EAjste Aos Vel
o} BA3lEEe] g2 EAEE FL 81%E AEH
Ach(Table 3). ol 2>w¥ Fello} ehildZE el 2
E3HA olstol A w ksl AtHFig. 2).

Yzt (Mn): Type [ AlBoA w7ke) EAFe= &
FEEIE P M8 (65%), A8 -7 (25%)
7F 2 tee® $Ag oz YeldthFg. 2). o]
2P 2 Ak U7k FqFe T 5% FEE
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ANEGE Feo} AFE Y2 EAEE ke 7
Zk 30%, 2.0%Z e t(Table 3). Type T A2
W7k A8k -7k FuElE EAlshs vl 60%=
718 B, BIEEE Py EAlEle 9k 32%
2 Yehgth o2 ng JuzE SAshs 497 3.2%,
AR e 35%, F34E Fule 1.0%2 YERit
(Table 3).

& (Pb): Type IoIA gl EAldel= IFFEH7T
87%= A8l 7 $AIE Fel2 ekttt g
B2 EAske g dA | $eke] 9.1%, ASEYT
Fe 2= 25%0|t). o] L PHEE 1.8%= 1|,
BAERE FHE BAske 9 2E I olsi:
UERSTHTable 3). Type Iellx] o] SAFel= FII
A 53% A& o] AsrdHzte] Fe2 EAske 2
o] $AI3 Aoz FRIHYTE AFRFHZ SAIBK= ¢
o] vl 38%E sl FH) o E A
o} BRREs F3E JEE EXske ¢ 4
7} 3.9%, 51%°1H, oleudyele] ¢ FFE A
A olzloltH(Table 3).
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ojle] ke 50%2 7Fg AIE, AskE ke ¥
HE A Tk 23%, F3FHE FHE EAks
T 18%= Ueldth o] 2wt e 0.3%, BIHEF
E3H 8.0%2 VeIt Table 3). Type O] AlEoA
7V AR ofde) EAEEE A3kE TR (66%)
olH, BhIGFER EAhs ofdL 23%°l2, F3hF
B e 7.9%=2 SAEe AoE Jeikth 5%
B2 EAshs old e 32909, oleudyHe A&
&4 o]319tHTable 3).

43. 3%9 ol
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2002), &4 7molA wlE=e 3wl pHE
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>TYE goiUti(Table 4).

Table 4. Mean percentages of heavy metal concentrations within fraction FI+FI for waste rocks from the

abandoned Jangpoong Cu mine.

As Cd Cu Pb Zn
type 1 0.1 24 4.7 1.8 83
type 11 0.3 40.5 271.5 39 23.2
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