AHEAXE, 443, X35, 203-215, 2011
Econ. Environ. Geol., 44(3), 203-215, 2011

ozt 3 B b Lo Eyo| X|SEIN Y BESY 54

308 - 470l - = &*

Agviska Azt e ) 72873t

Geochemical and Mineralogical Characterization of Arsenic-Contaminated

Soil at Chonam Gold Mine, Gwangyang

Mi Hye Kong, Yumi Kim and Yul Roh*
Department of Earth and Environmental Sciences, Chonnam National University, Gwangju, Korea

Geochemical and mineralogical properties of a contamited soil should be taken into account to decide a remedia-
tion strategy for a given contaminant because development and optimization of soil remedial technologies are based
on geochemical and mineralogical separation techniques. The objective of this study was to investigate the
geochemical and mineralogical characteristics of arsenic-contaminated soils. The arsenic-contaminated soil samples
were obtained from Chonam gold mine, Gwangyang, Chonnam, Particle size analysis, sequential extraction, and
mineralogical analyses were used to characterize geochemical and mineralogical characteristics of the As-contami-
nated soils. Particle size analyses of the As-contaminated soils showed the soils contained 17-36% sand, 25-54%
silt, 9-28% clay and the soil texture were sandy loam, loam, and silt loam. The soil pH ranged from 4.5 to 6.6.
The amount of arsenic concentrations from the sequential soil leaching is mainly associated with iron oxides (1 to
75%) and residuals (12 to 91%). Major minerals of sand and silt fractions in the soils were feldspar, kaolinite,
mica, and quartz and minor mineral of which is an iron oxide. Major minerals of clay fraction were composed of
illite, kaolinite, quartz, and vermiculite. And minor minerals are iron oxide and rutile. The geochemical and miner-
alogical analyses indicated the arsenic is adsorbed or coprecipitated with iron oxides or phyllosilicate minerals. The
results may provide understanding of geochemical and mineralogical characteristics for the site remediation of
arsenic-contaminated soils.

Key words : arsenic (As), sequential leaching, soil contamination, soil mineral, soil remediation
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Gsigol] WAl BEAN)S] 48 5
ol f& Bl 81 WA =@ A Aol

e AEe, s 9 2ERA7) A

o 9 Ha g FERAY Y gaEe] e TS
& vl o5 BEjH o o)Fsn, Aupr) el Wl
2ol 28 FAH0) ol FE A FL B ga) =0
olgHERE Fi Fuel Bl AEFLE 0@t
(Suh er al, 2008). WM CAEY W FI&0] &
B e RCR %&0‘3% ARl ik
FE 2 ) 9 s e ﬁ’mﬂﬁoﬂ 1 Shls
oE FE A& Yol A" FHAME Eshe
Re By - ?»}W* %73%}0%\ £ 359 ASS

d&shed 88 YRE AlFsA dohung, 1994;
Lee et al, 2004; Yeon et al, 2005). W8 Bk W)
FEe] Foleh wAR AHE 23 YAE T
9] %t‘sﬂ;} e FETHA golgo] =534E HAE &
‘gel] FFe riXE Aoz d=A
B Aol EAske #3] $84 5 vlas
A Adeola] PAFE, 94314 E (arsenides), B3}
5, 282 824k (arsenates) == o142k (arsenites)
FHE T3k 200 AL FEM AR db=
vER olE FEES BEAdolM Cd, Ph, Ag,
Ay, Sb, B W Mo 59 9483 Aysle gk
AE 7H9 & HEE vePdtHSmedey and
Kinniburgh, 2002). & 0%“\‘_}4 FERA 7= &3]
FHEEA ) FHE slom, o9} & Ay IE &
L Sle FES] 2kl o9 Ao $EHgoR
F A1serd 37 0 o] yeRla o), AkslE|R]
S fHEA Wl viae F2 -7 Ju@As? 85%,
As” 15%)% EAE Bo g7k dEsle] dsld
7AS 2 B 43, +5 9 +171 FEjrt 1) ¥
glot F55 oy b}E}""P1Z]~(N(:‘sbitt et al, 1995),
Hidme] Al 8ol pHeF Eh 2e) o) 2
B F2 Asl3Rol A nlate) &(H,As0,, HASO)
o2, AR o ate] 2(HzAs04", HyAsOy)S
"‘ZH o]-X] o} )\]-I;HZJ oz -3 /\}i} )RRy u}_xggsq
A28l ofs) viEEgER F 7] Hert g5
T Sl (Masscheleyn er al, 1991; Jones ef al, 2000).
T3 AETA 9 mAEEE wWdd wgd 25
MMAA(monomethylarsonic or monomethylarsonous

of

acid), DMAA(dimethylarsinic or dimethylarsinous
acid)59] 771 2 vehbrle gck(An er al,
2003). vlae] EAL& olgl At} 71, 7
Hejo] BFHE oE3hy 4, 7] FHE A
e WAt akel §7] FEE EXjske vldng o

@}749; E240) ATHAWN ef al, 2003). oRjitele
o} Atsle ulitoleol wisl) oF 60u) olde] st H4d
2 wu(NAS, 1977), F7] Sele] vd FiEo] #

7) gejel vl SFHEET: 1000) o) e BAS
wrh(Ferguson and Gavis, 1972; Williams and Silver,
1984; Aposhian et a/, 2003). &% HlAhE A5HS
7oA Anadds) e S5 FeE JHEA
v fr1EAe] ASRIES FAs AESE §
A7)z st dH, 4T, ‘”JU 59 FatslEe &
s vigol dvbdeow A JeEldTHSmedey
and Kinniburgh, 2002). 58] ujabel 22 FA 9 of
abdel pH 20 97k, dEule, 8 AsEe] o
2} W Ezolwo] FEAE AL A oMok and
Wai, 1994; Lee et al, 2010) H&EZ FUE}

o] Ay HEhdE FUA Fds 2] At
o} HA2 ou¥E BEYS AAESIT) o] Ao sk
(Park et al, 2000)# FAHS(Jung et al, 2003)
of 3 e JPEUAT B i AFE
ulsinh, zEiM 2geat B Wl Blhe] #|glekE
FEeA B8 ATl S8l B Xsieky 54
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3L 213 Agald Fdo] EAlEle 24t
oh. 1936 Liso] 198974 ZrEH o2 A
o] ) 193838 1942970 Ee) & AEw
o] ek 230~700 kgolSivh/t 196458 1967714
= oF 1 kgl 2 7HAEkittJung ef al, 2003). 1980
Ay Sitele ANFEEE AR AR sigon, |
A #2581 dgo)th AFEAe Qe FdST Y
FA7} " A7iEeelr)e] At HARIERAE 7]

o H

AZ olE 7{&_@ F) Bl oty AAFFE]
AFSE, FASEH o158 BUT 24 SHIUF
2 34 103 ACHEE. 1. 28 8ol N 40°W
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Fig. 1. Geological map around the Chonam gold mine, Gwangyang, Chonnam Province, Korea (modified from Korea

Institute of Energy and Resources, 1989).
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3 2 SRjokEel Fuse] oldd SFAC: 9, o
URe) REPHES X Qo wesE BT 49

1995). F8 FAFEL A (FeS,), 1124 (FeAsS),
AdotAX (ZnS), 54 (CuFeSy), B (PbS), AFEA
(FeS) 5o, 2 &} JHEH, AA2(Ag), 124 (AgY),
HHH (FeyOq), A (BiySy), AFAEA (CuppShySia),
WA (FeS,) Fo] 9 ch(Kim and Kim, 1995).

22. A2 M3

ESAEE AT xE A= 34° 56 03.7"°]%
X 127° 37 00.8"0|t} AF 3 B R Algme
T Y42 CE 7FEoR 3l xFo 28 R
7, A&2 L= wisien, Col 49 #es Y,
THe 28 HE 39sidthFg 2). 712 24 m,
AR 12 m?l 7T & ESR VIR 24 m, AlE 8 m
Q) = 7 4 m HHOE AFHSEA o] o]
T A BEYY) 37 vAR MH & Y3k
2 1m = 1 mé AF UWEe 2 mEe=
ZHE QA F 12 m Hol9] NHE AF sk
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Fig. 2. Schematic diagram showing soil sampling site at
Chonam gold mine, Gwangyang, Chonnam Province, Korea

(C = mining spot for the gold mining, R = right side of the
mining spot, L = left side of the mining spot, V = vertical area
of the mining spot, H = horizontal area of the mining spot).
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311 9= 4

A7 A o] met FAFE © vjke] EE
ANE goliy] flale Yu BAE AAsE o
E 842 QR A9 A o #AE ol 8%
2E0] Wil 7|zl #3l g o)g3idt). Z
A7 B AEe 9= B4 33 McManus,
1988)91 10 g& 200 ml AZpEekisd] S5 25 ml
¢ &7 Y& F hydrogen peroxide(H;00)2 #7182
AAS N g2olA AT B9 90°CE % H2E]
58 AYT F ARE 95°Colld AR 100 ml
259 B sodium-hexametaphosphate(Na-
Hex: 35.7 g2 005 M sodium-hexametaphosphate<t
794 g9 007 M sodium-carbonate®] 431, Nag(HOPy)g
£ 10 mt FErisled 24A17F Bt o] Fik e
% 005 mm AT ZHE 28k 1000 ml WA
ool vAke} HEE S50 @7 Eol 1000 mI=
e} Fth viAle} HEE Basb] 98 259
AL o]gd) ANEE F 4oE thE AFILE o)f
3] 7AIZE 402 F9) 95 cwbA] Hopdt, ol9) ke
4L 95 et He AR Aol gl w7
HrEESiT), Zhzte] RAE o) TANEES AL}
o] Y= B4 A3}E vls 554 US. Department
of Agriculture, USDA)?] EAAZIE o} EA)5le] E9k
9 U=F B3

L

3.12. E% pH 24
ofelellA A & EFE 7U7 AA A2E A

Al -

=g

% 2 mm AR F#ch o|2A ez EYS 2 mm
old} z719] ARE ol&3I%c). pHE F33] Aol
pH Aol A3 F&AE 71sl7] A8 pH $471&
BASNT pHel BAL pH 4, 7, 10 37148 pH
buffers AHE3ld EASIA. AR 10 g S75 10
miE 15 ml KB @ol ol&th. o] o A8% F
59 vl L1 gt} @ 4lolE & 308 FHo
233t ¥ o EYSe visd 218 9
F7] 98 1 M9 CaCly 0.1 miE B3 3 4lolE &
308 FHell thAl & W SAsidcRoh et al, 2000).
CaCl, B2 & A9F ¥ ASRL A EF 79 ¥
%% o] &% S (ionic strength) 2734 EY pHE
Yolu7] #8t Aoitt.

0x

32 X3iEy 5§

321 4&FE 4

dA&ia Ay Fv HHegE BEYE A9 A2
AZI & 2 mm o|3le] EYL Fnjel] BH FE8
A8 o] g3 BlAv} 100 mgkg ol EYANEE A
Aste) At of W ARG §&8% g
L1009, A432urde] 7t GAE 27A4-S Table 100
AABIET FAHA AE $E-S 30% hydrogen
peroxide(H,0.)2 F&38 ¥ f7183 83z w7
2has Fell 19AGtep 1) 4, pH 50, 1 M2
sodium aceatate (NaOAC)S 7HH3 SN2 Fet &
3 ehabg el 2 AGstep 2) I, pH 2.0, 0.1
M¢] hydroxylamine hydrochloride (NH,OH-HCDZE
308 FeH F&% W w7 sE FH 39
(step 3)74, pH 3.0 acid ammonium oxalate =
X7 Bk Wk 271 & 05 g¢ sodium dithionite

]

Table 1. Sequential extraction procedure of the As-contaminated soil from Chonam gold mine, Gwangyang, Chonnam
Province, Korea for the targeted groups outlined for each step of the extraction

Step Fraction Treatment
Organic matter &
a) 0,
1 Easily oxidized species 30% HyOp, 24 hr
2 Carbonate & NaOAc ! M, pH 5.0, 5 hr

Exchangeable forms

39 Mn oxides-remained NH,OH-HCI 0.1 M, pH 2.0, 30 min
Na28204 0.5 g+ N33C61‘I507'2I120 6 £, 16 hr
449 Fe oxides NH,C,H;0, 1 M, pH 5.5, L h
(NH4),C,04 0.175 M + HyCO4 0.1 M — pH 3.0, 2 hr
50 Acid soluble minerals H,S0, 5 N, 24 hr
6 Residuals HNO;-HF

IKunze & Dixon, 1986; Tessier et al., 1979; “Chao, 1972; YHolmgren, 1967;
@Schwertmann, 1964/McKeague & Day, 1966; "Roh er al., 2000
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(N2;S;00% 6 g9 sodium citrate (NazCgHs0,-2H,0)
= 7S 1647 B9 FES A AlsE el 49
Alstep 4) 34, 5 N9 sulfuric acid (H,SO)2 24
A FRE &3 Aol B3lEE FEil 5eAI(step 5)
4, nitric acid (HNO3)® hydrofluoric acid (HF)
£ 7K &5 FEQ 6DA(step 6) HFY F
67RO E rolXith. AEEke B4 ATE A45E

I=Iha |

2 BoFge ez EAshex feddgse)
nl- S RAH ((CP-AES) 2 2 243lgc) H)A

o] BML Edod FAAEEY wet BAS AN

3.3 2EEH EY
331 FERA B4

i~

< ANBl Hlavt E¥xshs AxE FHsleA s
o} HEE R HAZ oY B o3 F

AA}&v)7d (scanning electron microscopy, SEM), &
A )73 (transmission electron microscopy, TEM),
R EAHE3 (energy dispersive x-ray spectroscopy;
EDS), XA-84 (X-ray diffraction, XRD) £41-2 2]
st A7 X9 Eoke TSk BE 5, AF,
spetaAle B8l vlavt S FEd X3E Ju=
SA=AE FRlstuA) st o|24 kel x|3t
4 B4 FETH S4E golRd olF B8 2
A Bl vlae £ FHE ATl waE
SFHE EYE A5 £ Je ez s
Lotr v} ot Bejot vjake] A FE9) oY,
q xR, Bt BEE] A ARE Axsly
I AEE AEB(stub) Yol 2HAA Pt ZHE 3
F SEM-EDSE A9, HESY 74 359 29,
W 22, sk #AEP] S8 dAReE Al
B BAIE AAS T 4328 4o T dax
Y ¥ 2g=d B8 TEM-EDSS 4Alsisich. mae}
A, HES FEL 545 flsle] XRD 48
€, 2ot vlale AR F ool mapApS
ol g8 Z7} 5% 59 zEld g AER
A5, FAEE 90°ColM Ax T deE
AP B3t HEFEL Z7000 oJd o]0} &
Ao goj7k=ubol] wlel HAZEE Zro] 2] b7
o K& X#A71 F 25°C, 300°C, 550°ClA A2t
o 3134 (kaolinite)# =14 (chlorite)e %31, 2

i o

gk
o

Aot ZuElo] E(smectite) 22 B3 F=5 I
7] 98 Mg2 X 2120 & glycerol X2]3}] XRD
1< 313l
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4.1. Eo| E2| - &Y M A 3

HAZ odd Ede] guiad o]8d ARE &
AT W EYo= H)Ao] FaFo] 150 mgkg ©]
dolar ikt Bkl e JE AIRE A9t 2
g9 2 (sand)y] 271 50 um~2 mmoli, FA}L
(il =Z7)= 50 pm~2 pmel™, FE(clay)e] =7
T 2 um )&k YEEA A AT e A
WBgo wayl 17~36%, U} 25~54%, HET}
9~28%= Ui B} vt BxES & 5 gl
FAMESS v v FRAAH oA =4
Aol mAEIITE L A A X9 EYR A}
Sk (sandy loam), %E (loam), TIAFE & (silt loam)
2 etk Table 2). A7 L8HL 7P¢ o<l RO
oM 7T P EQ R6E ZA4E mAke] <o) ol
Ak AT 49 7P Q] LodlA B o &
2 L109) EAo] HEZ FAUPT, L4A Be]
o] HopHt}. ol BEAe] Aolw 7|ite] F3lel
Aol 71615 Ao AlgEd I A9 B pH
g 3% 49 5755 EHsle SRS W A+
O EYS pHE 45~58% ZHMMIS Wy, k%o
pHE 5.0~6.622 ofidE wr, 787 W2el pHe
45~6.00F 7oA Rk e] RS o3 SUTt
(Table 3). Patrick and Delaune(1972)2] ol wi=
W, pH 77F= H|4&7F HyAsOy, HaAsOs, As(s)E
EA|5, AL Fe(OH),¢H ol 248el Fe?t2 veh)

2, W7 Mn*tel ol 2HHE EAlEkE 2S¢ &

N

Table 2. Particle size distribution and soil texture of As-
contaminated soils from Chonam gold mine, Gwangyang,
Chonnam Province, Korea

Fraction(%)
Sample # - Soil Texture
Sand Silt Clay

RO 31 46 9 loam
R4 18 52 28 silt loam
R6 17 54 23 silt loam
Lo 36 35 21 loam
L4 26 25 17 sandy loam
L10 26 44 24 loam
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Table 3. Soil pH of the As-contaminated soils at Chonam
gold mine, Gwangyang, Chonnam Province, Korea

pH pH
————  Sample
H0 CaCl HO0 CaCl

1HR4 532 437 4HR12 5.07 3.90
1HRS8 487 398 4HL4 518 421
THR12 4.64 3.75 4HL8 554 448
1HL4 560 464 4HL12 5.13 4.00
THLS 492 4.06 bAY 6.47 5.60
1HL12 456 396 2VR4 6.65 6.11
2H 4.93 421 2VRE 5.07 4.36
2HR4 5.56 4.45 2VR12 6.45 7.14
2HR8 579 673 2VL4 574 487
2HR12 531 6.31 2VL8 586  6.13
2HL4 5.86  4.87 2VL12 525 4.24

Sample

2HL8 5.72 4.85 RO 5.69 4.79
2HL12 5.55 4.39 R2 6.02 5.05
3H 5.14 3.99 R4 535 542
3HR4 5.08 4.07 R6 5.52 4.64
3HRE 524 4.05 R8 4.58 379
3HR12 5.19 4.05 R10 5.30 479
3HL4 5.63 4.40 Lo 5.98 6.33
3HL8 5.79 4.52 L2 5.93 493
3HLI12 5.80 4.75 L4 5.58 6.09
4H 4.89 3.69 L6 551 4.59
4HR4 5.20 4.02 L8 5.14 4.19
4HRS 5.19 3.98 L10 5.19 4.29

rh. EY pHoll M vlAe EY Ul &4 FEES
2AE ), A NFe] B} pHIt 4~70]7] wio)
A A Yo A3k ¥lae 571 HAsO,, 371K
HzAsO.%) A2 AlRdEr) B3 o] u) Exl3h= 3
< AslgAdolA Fe(OH)S Fe?t7t 2&8lm 9lg A
o2 Held, ol Fol2AHE SAshe wldvt
I A F38l EAE £ S-S AAEH

42 Xstety 84 24 Y

421, ¥4 e

AT A o] Hl2Z 0 FE Bl Sk vk
ke 3T 4 EY oA 4~180 mgkgolH, kol
Al 7~109 mgkg, 77 R4 19~620 mgkeol
AcHTable 4). ol EL299871520 20 mgkes
Zkzh s5ef, 3, 16907} dslew, Bk gia el
50 mgkes ZHzh 291, 1290, Ml de Rez e

A4

Table 4. Total As concentration of the As-contaminated
soils at Chonam gold mine, Gwangyang, Chonnam Province,
Korea

Elements Elements

Sample As(mgfke) Sample As(mg/kg)
1HR4 10.8 4HR 12 673
THR8 bd®  4HL4 29.4
1HR12 b.d. 4HLS 29.6
THL4 84.5 4HLI2 33.8
1HLS 785 2V 23.8
1HL12 17.1 2VR4 6.6
2H 592 2VR8 109.1
2HR4 134 2VRI2 b.d.
2HRS 44 2VL4 89.1
2HR12 23.9 2VL8 96.9
2HLA 1189  2VLI2 27.4
2HLS 56.1 RO 183.1
2HL12 59.1 R2 151.8
3H 35.9 R4 395.4
3HR4 296 R6 619.7
3HRS 36.1 R8 67.53
3HRI12 15.8 R10 76.5
3HL4 81.1 Lo 159.4
3HLS 451 L2 193
3HL12 333 L4 223.9
4H 180.1 L6 55.7
4HR4 53.1 L8 74.6
4HRS 24.9 L10 225.1

Db.d.: below detection limit

dok. B8] A7 UiRvh ool s A Ao
2 thHle] Bad Lo AlRHD

422 9&FF AE H¥

BB vihe] o] 100 mgkg oMl vl
2 09¥ EokS AAsY d&FE 4YE AN
t}. Rost R6 BEYARE 707 UlRA AFHE A8
oW, 4H} 2HIAE 74T & EYAIR, 22]32 2VRR
& AR GF AR 0E2F EYA BT $7183) B
Ao %7 eSS FE3 E ¥4 RO 8%,
R69 1%, 4HOl 7%, 2HLAY 12%, 2VRS 32%=
A S AUSUT). Bt FEE FEYL W v
AEHA ggten], 7 AsEg FET A3 vk
7} 2HL4% 1%, 2VR8l 25% #4353, RO, R6,
4HolM BlaE HEEA ¥ 3 dsEg FE9
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Fig. 3. Arsenic extractability of the As-contaminated soils
at Chonam gold mine after sequential leaching.

& o ¥&7F ROl 33%, R69 8%, 4HO 30%,
2HLA) 75%, 2VR8A 1%E XFA8l2 AUct. Al
S3EE FEE FET 43 82Ut RO 1%, Red)
0.1%, 4Hel 1%, 2HL49 0.5% EA3}1, 2VR8IA
Hl4s AEEA 2 d9Ed A3k vie
RO 58%, R69 91%, 4Hol 62%, 2HLAY 12%,
2VR8 42%Z XABE ARTHFig. 3). olv AT
% EFAdA mavt d ASES F23L q
75~90%7t 37 AE=W, A+ UKot wielxe 2t
ol & 40~90%7t Holdeg & & AUk ol& 57t
F2 fdo=y HlAvt AAEHA Fa ool
A AR At JAl sEuEE selekEd

j=]
i
S ek 2L B9 o8 /A W3 WHEY
=
&

, 83y A3}, 35k Alsl Sl Y ol
Atk AF AN e & 5 YRl EYS
dei7E Bl HERL BEH o EA)5)
7] W&ol & 7HA sletekES ARSI Aslele AR
Bt ERAYS o)lgdtid 2~37HA] sEorES
A g3 oF EYS Asklor sivka shdEnh

< uigo g HlAR odd BEY W =43}
= Hae 2d 9~81%, Tl 9~67%, HLE|
7~28% TolAthFig 4). YA = JAEE v|E
o] I7 W} 743k 234 28 S o)T ¢
7] miiel A1 WS slEH W] Hais|o]
Aot #2 X7 74 A
Zhgtt. o2t HlAe) Y REE B wiE oY
H EYiME dAE & o B A g
3] A2l (sleving)et 72 ET)EQ Heptogs
48 A 223 9F E% A
aAEY oz AyzEn)
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Fig. 4. As distribution in particle-size fractioned As-
contaminated soils at the Chonam gold mine, Gwangyang,
Chonnam Province, Korea.

L_i o499 EYNEY ®ae SEM-EDS &4
A, F A Aol IEA, MY, *F, 3 AEEY
S 2 AUk A9 2717 40 pmely Si, 0=
o]Fojx lowm Fslof| et FEol7] Wil FHo]
e vREA] B3-S B F AthFig 5A). 25RE
2717} 60 umelZ K, Si, Al, O FAEe] gl

A B SR oot wlen 2 AlEFvh(Fg. 5-B).
FHAL A7)7F 15 umel Si, Al, OF o]F %3]
thFig. 5-C). & AL A7)7} 10 pmels 39l
AXo] AU Fe, 02 A= SUthFig. 5-D).
mzje] SEM-EDS A& ulgoz 4o3t &5 &
7] 918 XRD £4-& sisich 2 A% 23 +
TA%E-2 SEM-EDS #AZtel fARSHA LHA,
AR, M, $E2 FAE dtHFg. 6). 223
SEM-EDS #43} XRD #A0ljA vlie oA 4
252 goit}. ole Ruo EReh WA el
SEM-EDSell #&2 vhe BA 92 5lo= Algdrh
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Fig. 5. SEM-EDS analyses of sand fraction of the As-contaminated soils from Chonam gold mine, Gwangyang: (A) quartz,

(B) mica, (C) kaolinite, (D) iron oxides.
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Fig. 6. X-ray diffraction analyses of sand fraction of the As-
contaminated soils from Chonam gold mine, Gwangyang,.
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Fig. 7. SEM-EDS analyses of silt fraction of the As-contaminated soils from Chonam gold mine, Gwangyang: (A) quartz,

(B) mica, (C) kaolinite, (D) iron oxides.
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Fig. 8. X-ray diffraction analyses of silt fraction of the As-
contaminated soils from Chonam gold mine, Gwangyang.
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Fig. 9. TEM-EDS analyses of clay fraction of the As-contaminated soils from Chonam gold mine, Gwangyang: (A) quartz,
(B) mica, (C) kaolinite, (D} iron oxides, (E) titanium oxides, (F) native silver.
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Fig. 10. TEM-EDS analyses of clay fraction of the As-contaminated soils from Chonam gold mine, Gwangyang: {(A) iron

oxides and (B) mica with arsenic.
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Fig. 11. X-ray diffraction analyses of clay fraction of the
As-contaminated soils from Chonam gold mine, Gwangyang.
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Fig. 12. X-ray diffraction analyses of K' and Mg**-
saturated clay of the As-contaminated soils from Chonam
gold mine, Gwangyang.
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