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ABSTRACT : Soil samples collected at the Kangwon and Donghae mines were investigated for the
characterization of heavy metals using physicochemical and mineralogical properties. Arsenic (As)
concentrations of soil samples sieved above 18 mesh and under 325 mesh at the Kangwon mine are
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250.5 to 445.7 ppm, respectively. For soil samples sieved above 18 mesh at the Donghae mine, the
concentrations of As, Pb, and Zn are 70.4, 1,055, and 781.9, while 117.7 ppm for As, 2,295 ppm for
Pb, and 1,346 ppm for Zn are shown for the samples sieved under 325 mesh. XRD and SEM data
indicated that the samples from the Kangwon mine included quartz, mica, albite, chlorite, magnetite,
and amphibole while those from the Donghae mine contained quartz, mica, kaolinite, chlorite,
amphibole, and rutile. SEM-EDS showed that magnetite found in the samples at the Kangwon mine
was positively correlated with arsenic concentrations whereas ilmenite in the samples from the
Donghae mine contained only small amount of As. Our results suggest that physicochemical and mine-
ralogical characterization plays an important role in optimizing recovery treatments of soils contami-

nated in mine development areas.
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Table 1. Metal Concentration of the Contaminated Soils Collected at the Kangwon Mine, Jungsun,
Kangwon Province and Donghae Mine, Gosung, Kyungnam Province in Korea

. . Concentration (ppm)
Sample | Particle size (mesh)
As Cd Cu Pb Zn
10/18 250.5 2.9 63.0 63.8 54.2
18/35 267.1 2.9 76.2 74.0 67.8
35/50 365.9 2.8 824 75.2 74.2
KW-195 50/100 371.8 2.8 97.2 82.2 78.0
100/200 412.1 3.0 103.5 88.0 102.6
200/325 408.7 32 110.7 112.1 114.9
-325 445.7 33 114.0 138.7 118.1
10/18 70.4 8.5 62.2 1,055 789.9
18/35 77.7 8.6 65.0 1,125 781.9
35/50 83.2 9.3 85.8 1,186 856.9
DH-1192 50/100 108.7 10.1 75.5 1,229 9174
100/200 96.07 10.8 93.5 1,803 1,014
200/325 111.5 11.6 102.7 2,069 1,108
-325 117.7 11.6 108.9 2,295 1,346
A Zg2n 9AEE 37 (inductively coupled & EFAA F54 945 st FEYAY
plasma - atomic emission spectrometer, ICP-AES) /43 54 949 g21e 8 #Ag Ay} 7
g o] &3l FEEY FEE BT TAEE ANG ESANE T T55Y 57 &
< NEE Adste FAAAEAAE A& FH
X—41 3= (XRD) &4 g HolZE 1PN gy F HEsT
A9 AE7HAEAAE, e F8l ALzl 2 E9
BE AR F 5559 57 22 AEE O
o7 X-A FHEM(Xray diffraction, XRD)S HAXS 524 s 24
ANt EAlste FESS Edstaat A
NEE E(powder) FJEIE THE T Rigaku jit A A g4t Faga /IE LY E
of DMAX-2500V/PCE ol §3te] Cuke HUS %9 534 55 AL AT AnRE % 19

o RN
Z sty on, BAEAL 2 theta 5~65°¢ ¥ YERASITE ALFAe A4

Aol A 274 S (scan speed)= 1°/min, 28 A}o]
Z(step size)= 0.01°2.Z =43t}

FXHE AL 0| E (FE-SEM/EDS) &4
FA A v 7 (field emission scanning  elec-

tron microscope/energy dispersive spectrometer,
FE-SEM/EDS)E &7 o2 ate= A9 3

9|(75 ppm) 3.3~6HlE HE ALE UEoH
3B A9 vlAE HA 704 ppmol A H1L
117.7 ppm, & HA 1,055 ppmoll A H1L 2,295
ppm, °FA-2 A 781.9 ppmoll A 1L 1,346 ppm
o2 EYSH t/FEM A 75 ppm, H: 600
ppm, ©Fd: 900 ppm)S 247t 1.54, 3.8%), 1.54)
Vg 2 AR SAHIT B EYGLY

At tdA Y
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Table 2. Arsenic (As) Concentration of the Soils Selected by Magnetic Separation at the Kangwon Mine,

Jungsun, Kangwon Province in Korea

As (ppm)
Sample Magnetic condition (Gauss)
Mag Non-Mag
KW-Mag-1 5,000 537.6 386.5
KW-Mag-2 10,000 604.7 379.7
KW-Mag-3 20,000 658.8 3727

* Mag: Selected by magnetic separation
* Non-Mag: Not selected by magnetic separation

Table 3. Arsenic (As) Concentrations of the Soils Selected by Flotation Separation at the Kangwon

mine, Jungsun, Kangwon Province in Korea

Flotation condition

Sample  As (ppm)
Dispersing agent Sulfidizing reagent Collector Foaming agent
KW-PCO-1 4822 NaSiO; 10% 5.0 ml - KAX 2.5ml AF65 1% 1.5 ml
KW-PCO-2 3557 NaSiO; 10% 5.0 ml - AP 3418A 1% 2.5 ml  AF65 1% 1.5 ml
KW-PCO-3  358.8 NaySiO; 10% 5.0 ml - AP 3418A 1% 4.0 ml  AF65 1% 1.5 ml
KW-PCO-4  326.8 NaSiO; 10% 5.0 ml NaS 10% 5.0 ml AP 3418A 1% 5.0 ml  AF65 1% 1.5 ml
KW-PCO-5 4103 NaSiO; 10% 5.0 ml NaHS 10% 5.0 ml AP 3418A 1% 5.0 ml  AF65 1% 1.5 ml
KW-PCO-6 3902 NaSiO; 10% 5.0 ml NaS 10% 5.0 ml AP 3418A 1% 7.5 ml AF65 1% 1.5 ml
KW-PCO-7 3434 NaSiO; 10% 5.0 ml NaS 10% 10.0 ml AP 3418A 1% 5.0 ml  AF65 1% 1.5 ml
KW-PCO-8 3193 NaSiO; 10% 5.0 ml NaHS 10% 10.0 ml AP 3418A 1% 5.0 ml AF65 1% 1.5 ml
KW-PCO-9 3284  NaSiO; 10% 5.0 ml NaHS 10% 5.0 ml AP 3418A 1% 10.0 ml AF65 1% 1.5 ml
KW-PCO-10  401.2 - - - AF65 1% 1.5 ml
< UBdth oj¢k 22 B U= TEdE  H AAdA VT LEYAM vEd FEM
T 7to] AIFHE 71Ee ATE(Singh er al, A 408.7~445.7 ppm)ETHE H A9 F57} B3

2005; Chakraborty et al., 2007)°14 R1HAH
upe} o] J=rt ZFolAFE wlmHH o] F7)st

T HERES] FIE vk 9 FFEE Fo|
A o] FAA T F7} ﬁsko] L}E}L}E Ao
E fddn.

=o|d M8 T

rn

He A3dE Bon Yo At FUEeE
H 40 $571 golAe AL gelstdnh. 12t
SeEA AR Afde ARAANM H&, F
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Table 4. Metal Concentration of the Soils Selected by Magnetic Separation at the Donghae Mine, Gosung,
Kyungnam Province in Korea

Sample Magnetic condition As (ppm) Pb (ppm) Zn (ppm)
(Gauss) Mag Non-Mag Mag Non-Mag Mag Non-Mag
KW-Mag-1 5,000 744 69.2 1,992.3 1,969.7 1,049.7 1,054.9
KW-Mag-2 10,000 73.5 69.3 1,987.4 1976.6 1,059.6 1,039.9
KW-Mag-3 20,000 69.6 72.7 1,974.6 2024.8 1,070.6 1,043.4

* Mag: Selected by magnetic separation
* Non-Mag: Not selected by magnetic separation

Table 5. Metal Concentration of the Soils Selected by Flotation Separation at the Donghae Mine, Gosung,
Kyungnam Province in Korea

S Pb 7n Flotation condition

Sample
(ppm) (ppm)  (PPM)  Dispersing agent Sulfidizing reagent Collector ~ Foaming agent

DH-PCO-11 93.7 1,906.9 1,086.4 Na,SiO; 10% 5.0 ml - KAX 2.5 ml AF65 1% 1.5 ml
DH-PCO-12 101.8 2,055.0 963.5 NaySiO; 10% 5.0 ml Na;S 10% 5.0 ml KAX 2.5 ml AF65 1% 1.5 ml
DH-PCO-13 100.1 2,242.5 1,127.8 Na,SiO; 10% 5.0 mINaHS 10% 5.0 ml KAX 2.5 ml AF65 1% 1.5 ml

DH-PCO-14 106.4 2,233.8 1,188.6 - - - AF65 1% 1.5 ml
B AR A AYAG HAYA 1 B 8% 2% % RIS A0 Uuyth 59
5o] AjolE HolA] gom YN FAAUMM o HRA U FBY FHROR EAGE 9
Aol SA o8] Gao] Aojup o] FEo] oAU FRo| AHTFE Lo o

FHRAA Fsta ARGl v S5 =7 A FEEHEH 2HIHAY AAHY] I I
Faskes 237t EEHAt dddn. B otk salEat ARA WA 3
APoNMs SRA, &3k, 54, 71Z2A BIE oF 60%, 3TAIY H/E7 ASEF L oF

> g O > 1P o2 mE oY }-ﬂ_ViOI-Fz?‘:'

3} FHE O2A A¥sy Bid 249 T 38%, 194 o2 B YL 2%E EE5A
TE 48 AAS A3 PCO-1, 5 10 /\]E—Loﬂ g3 ofd e AEA Fest 2 oF 30%F 60%
49 FE7F /M =4 YEbgS EsHA Bxsigon A/t 2 Egegrt B EA4
S ANRE Yo E XA ﬂ@ﬁ*—wf ?4@1} SFA ¢kotth ol e AFZEE P4t A
n7Ag o] &3t 74 BE 24 9 FHEAS 99 vae UYEE FE AATE Y 243
A3 AT 7] W&ol 3180l WS o] &3l BEY FEZ
HE gZA7]7] ol $EE B4 AfE gl
HEFEHE ST 525 = 22 Y = FE9 54 oty olE Hehgoz E
AN T e H“%‘A AA7F B Ao Z Alg
a3 Falgat Algol thall Tessier/k Al "ok FElEAF A H9 Ade SHFEEY T
A sTEA dA&FEH Z2RE O8 19 A Foll i} A EAFE I s EE 2~3
AT AYFA ABANA AZEA o] e & JHAY B A HdEriHE ol &sld 7t TF453
HEE HQ HAE 5P sidstes 74 & 9o AAA] =2 FEESS ¢AFoE FyAA
BZ 9 Jom Azt 4ksl o & Ao AGHG

90% o4& A3
2FEGEA)G ol eay FUITA)E 247 oF
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Fig. 1. Distribution of heavy metals for soils collected at the (a) Kangwon mine and (b) Donghae mine after

sequential extraction.
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Fig. 2. XRD patterns for the soil samples selected by magnetic separation at the (a) Kangwon mine and (b)
Donghae mine with different magnetic conditions of (i) 5,000 G, (ii) 10,000 G, (iii) 20,000 G and (iv) without
magnetic separation.
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Fig. 3. XRD patterns for the soil samples selected by flotation separation at the (a) Kangwon mine
(KW-PCO-1, 5, 10) and (b) Donghae mine (DH-PCO-12, 13, 14) at different experiment conditions.
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Fig. 4. SEM images for the soil samples selected by (a) magnetic and (b) flotation separation at the Kangwon
mine and (c) soil samples selected by flotation separation at the Donghae mine.
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