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ABSTRACT

The study is to propose the optimal separation technique of heavy metals (Pb and Zn) contaminated in soil for improving
the removal efficiency by various applicable techniques. The heavy metal contaminated soil samples near abandoned mine
X-1 and X-2 were used for the study. Firstly, the wet classification process was shown more than 80% of removal
efficiency for lead and zinc. Meanwhile, the magnetic separation process was shown low removal efficiency for lead and
zincs because those heavy metals were non-magnetic materials. For the next step, the flotation separation process was
shown approximately 24.4% of removal efficiency for zinc, while the gravity concentration process was shown
approximately 57% of removal efficiency for lead, and 19.9% of removal efficiency for zinc, respectively. Therefore, zinc
contaminated in soil would be effectively treated by the combination technique of the wet classification and the flotation
technique. Meanwhile, lead contaminated in soil would be effectively treated by the combination technique of the wet
classification process and the flotation process. Furthermore, the extraction of organic matter was shown more effective
with aeration, 3% of hydrogen peroxide and 3% of lime such as calcium hydroxide.

Key words : Heavy metal (Lead, Zinc) contamination in soil, Abandoned metal mine, Separation technique of heavy
metal, Soil restoration
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Fig. 1. Schematic flow chart of the separation techniques of heavy metal contaminated soil.
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Fig. 2. Schematic flow chart of the removing of organic carbon.
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Sample, Depth(cm)

X-1-A, 0~30

X-1-A, 30~60

X-2-C, 0~30
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Table 1. Physicochemical characteristics, organic carbon and heavy metals of sample soil on each soil particle size (n=2)
EC CEC TOC Pb Zn As cd Cu
Sample (Depth) - Mesh — PH = (4om)  (emolke) (%)  (mgke) (mgke) (mgkg) (mgke) (mgke)
#10 6.88 1.14 18.50 0.54 15.72 4470 14640 1.51 58.58
Topsoil ~ #100 6.92 1.74 2426 0.94 19.90 5232 368.00 1.76 69.77
(0~30cm)  #200 6.94 1.85 2533 127 12.13 29.79  163.88 0.92 41.95
LA Ave. 6.91 1.57 22.69 0.91 1591 4227  226.09 1.40 56.77
#10 7.58 1.64 21.10 0.88 19.34 4096  120.05 0.98 17.95
Subsoil  #100 757 2.08 2791 1.12 33.11 6653  362.99 1.55 30.55
(30~60 cm)  #200 7.63 2.15 28.80 135 34.12 7138 197.10 1.85 35.72
Ave. 7.59 1.96 25.94 1.12 28.86 59.62  226.71 1.46 28.07
#10 5.72 1.54 26.04 1.81 801.12  367.90 32.40 233 27.19
Topsoil  #100 6.07 232 29.76 250 116036 44834 47.66 2.56 3491
(0~30cm) 000 5.76 246 28.16 266 106643  466.30 40.69 2.58 35.08
o Ave. 5.85 2.11 27.99 232 100930 42751 40.25 2.49 3239
#10 6.16 1.34 28.28 1.67 22.04 80.73 33.03 0.38 22.04
Subsoil  #100 621 1.78 28.98 234 5290  146.99 98.54 0.73 5.59
(30~60 cm)  #200 6.18 1.89 30.60 249 4451 13530 60.52 0.65 5.13
Ave. 6.18 1.67 29.28 2.17 39.82 12101 64.03 0.58 10.92
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Fig. 5. Removal of Heavy Metal Contaminated in Soil by the Wet Classification/ Separation. (a) Removal Efficiency of Top-soil from
Heavy Metal Contaminated in Soil near X-1 mine area on each Mesh Size. (b) Removal Efficiency of Sub-soil from Heavy Metal
Contaminated in Soil near X-1 mine area on each Mesh Size. (c) Removal Efficiency of Sub-soil from Heavy Metal Contaminated in Soil
near X-2 mine area on each Mesh Size. (d) Removal Efficiency of Top-soil from Heavy Metal Contaminated in Soil near X-2 mine area
on each Mesh Size.
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mesh 9739] E%E F(Pb) 2,787 mgkg, ©FA(Zn) 1,601
mg/kg, HIAx(As) 152.4 mg/kg, 7F=H(Cd) 15.29 mgkg,
T2](Cu) 137.0 mg/kg, YA (Ni) 29.03 mgkgS 2 LFERS
own, FEHIE Akt AAESS A8 o 83.2%,
ol 85.3%, 7I=F 69.5%, T8 77.4%, YA 90.1%Z
HAKFig. 5c). X2 RIT F4A EY A& ¢
Hx B9 Ags] A, 555 L95Es H(Pb) 1,667
mg/kg, °FA(Zn) 956.3 mg/kg, HIZ(As) 102.62 mgkg,
F}=H(Cd) 9.16 mgkg, T2(Cu) 73.25 mgkg, YZA
(Ni) 25.80 mg/kgolSloH, 524 ¥5 &, 7P =2 5%
Hl 60.62%Z 712 -325mesh YA EAXFS T(Pb)
2,295 mgkg, ©FA(Zn) 1,346 mgikg, HIA(As) 117.7
mg/kg, 7F=H(Cd) 11.7 mg/kg, T-2(Cu) 108.9 mg/kg,
YAI(Ni) 29.34 mgkeSZ VERGOM, ZHRIE Akl
AAES AAshA T 943%, oFd 93.6%, T=F
75.3%, 2] 88.7%, U 952%= HATHFig. 5d).

X-1 F3H X2 FAke] HE 9 AE B F2 4Y
B 30 =& Agass Hoon, 55 AE A
ol $Xxxoz Hedt yHoZ Yehitt

[e]
EF2 X2 W AIEE A AES FEileH, —10/
+50 meshe] YA} & A8 739 3,000 Gauss®] AX
AFAES AASE Ak AdEE] B9 17.3%, HIRF
A BAE 82.7%2 AEHIE HYor Y TEE AXE
Hof|x4 803.1 mg/kg, HIAHIEZAA 554.7 mg/kg® =
ERgtal o} F= AMERAM 467.3 mg/kg, HIAMIE
Hof|A 390.8 mg/kgS = VHERTE RFA A#HE Alklst
EXHIE ARKIE g A9 AEE 23.3%, PIAMIE
A 76.7%= UERo™, ofde] A AMIEA 20.0%,

HIZAAEZ 80.0%= LFERITE
A=7}F —50/+200 mesh, —200/+325 mesh, —325 mesh2]
7% 5,000 Gauss, 10,000 Gauss, 20,000 Gauss® AF=341
B A8 Ayt Adwrdgog Japt 52 W ofd
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of Apgmat vAgEARe) Bk A A o)
Yekor] Aglo] A4S AgEa &, ol 5w} v)
AR FEETE A UehdthTable 2). A28
o) A% Fa% 09 B gt okde] Ad Helo)
A & mE HolA e Ao et

323, A 9 A

X2 FAkel ¢ Aol FERA¥E ZF}, Conc.9t
Middling 0.67 wt.%S} 5.59 wt.%2] FHH|E Hon,
Taik> 93.74 wt.%2] SHHIE HAT. ConcollXe H2
ol BT Algo] o] o HEHA ko,
Middlingoll A 3 9.27% S5 ZoE YERaL, ofd
L& 24.4%2] AASS BT 3 FujoA e 8.17%
FEEeH, olde 15.7%Y] AAES BRIk i A
HE HollMe a3t Uep A ke r, ofdol a8
< Hof ofd Aol A9t o= ettt v B
ZAHN| M= Treated Soil(#1, #2)¥ Conc.(#3~#6)= A
Hol o™, Treated Soil&= 55.0 wt.%2] =aH],
Conc.= 44.9 wt.%2] SHHIE HAT). Conc.d $559]
F=0] o™, ConcE AA Al, ¥ 74F Treated
Soil & #1914 70.2%, #2014 57.0%2] AAEES
Helom, o}Ade] 79 Treated Soil 5 #1914 19.9%,
#olME 7.5%2] AAEES Bk viF A8 H¢-
W AEEA o At ASE UERSTHTable 3).

33. 7718 MAHE ¢l 2™ =1 =& A HI}

Z=5E 29 ESF Y9 #7718 AAZE Y3 Lab-scale
o] Ffr A AX|ollA 375U (Aeration), THiHEA
g9l A3 79 T AHE o] 8dl HHxAE ==3)
ok ARESE X-1 3 A 0 EY A 2T EETE
HI A (As)7} 261.27 mgkgl 2 EULASE7IE 3
(200 mg/kg) 71EX] olde] FEE YERNOH,
7H=4(Cd), 72(Cu), F(Pb), °FA(Zn), YWANi 2z}
0.55, 73.97, 22.52, 59.40 12]a 25.10 mgked] T%
Uepd o 24 BF EYRAEVE 1KY 1A ol
£ TSS9 & 718k (Total Organic Carbon, TOC)
= 1.85%4S IRl

i T

8

)

H

g
M N o 1g r

oft

33.1. F7FRTH
teket 7] FY (Aerationy?} fgHsle] WE QHE
& Hellre] f718 E2le 9 T35 AASe] d9Es
AHE, BAE AQgE YA FEE45ES Aeration -
Zo] 2, 4, 6 Lmin® 2 F7F8l] AES F45IHS o,
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Table 2. Results of magnetic separation of heavy metal (Pb, Zn) contaminated soil in X-2 mine area
Mesh Magnetic Material Weight ratio Pb Zn
Force (Gauss) (wt, %) Conc. (mgkg) D.R. (%) Conc. (mgkg) D.R. (%)
Origin 1120.0 - 804.1 -
10/50 3.000 Magnetic 17.3 803.1 233 4673 20.0 Dry
’ Non-Mag. 82.7 554.7 76.7 390.8 80.0
Origin 1402.0 - 946.7 -
5,000 Magnetic 16.5 891.8 21.6 550.7 19.0
Non-Mag. 83.5 640.9 78.4 463.5 81.0
50/200 10,000 Magnetic 16.5 790.2 22.0 5452 20.0 Wet
Non-Mag. 83.5 555.1 78.0 432.1 80.0
50,000 Magnetic 14.6 819.2 22.6 4983 18.5
’ Non-Mag. 854 480.3 774 376.4 81.5
Origin 2069.0 - 1108.0 -
5,000 Magnetic 74 1428.3 8.0 821.9 8.5
Non-Mag. 92.6 1316.1 92.0 710.8 91.5
200/325 10.000 Magnetic 5.9 1776.7 8.6 808.1 8.7 Wet
’ Non-Mag. 94.1 1190.1 91.4 531.7 91.3
20,000 Magnetic 104 15533 18.0 7773 17.5
Non-Mag. 87.0 848.8 82.0 439.2 82.5
Origin 2295.0 - 1346.4 -
5,000 Magnetic 5.0 19923 5.1 1049.7 5.0
Non-Mag. 95.0 1969.7 94.9 1054.9 95.0
-325 10.000 Magnetic 5.8 1987.4 5.8 1059.6 5.9 Wet
’ Non-Mag. 942 1976.6 94.2 1039.9 94.1
20,000 Magnetic 7.0 1974.6 6.9 1070.6 7.2
Non-Mag. 93.0 2024.8 93.1 1043.4 92.8
*Non-Mag.: Non-Magnetic Materials, Rem.: Removal Efficiency, Conc.: Concentration, D.R.: Distribution Ratio.
Table 3. Results of gravity separation and flotation separation of heavy metal (Pb, Zn) contaminated soil in X-2 mine area
Separation Weight Weight Residual Pb Zn
Technique (@ Ratio Value Conc. Rem. Conc. Rem. Remark
(WL%) (mgkg) (%)  (mgkg) (%)
Origin - - - 1,667.3 956.3
Conc. 2.8 0.67 - n.d. - n.d.
Flotation Middling 234 5.59 - 1,821.9 -9.27 7232 244
Tail 393.0 93.74 - 1,803.5 -8.17 805.6 15.7
Total 4193 1000 - - - - . Theoretical
Value
Origin - - - 2,218.5 781.9
Treated #1 445 8.0 28.1 661.2 70.2 626.1 19.9
Soil #2 260.6 47.0 220.8 954.3 57.0 7232 7.5
Gravity Conc #3, #4 344 6.2 15.6 1,340.6 805.6 Concentrated
#5, #6 214.5 38.7 180 2,456.8 968.2 heavy-metal
Total 5540 100.0 - 1,536.5 815.4 Theoretical
Value
*Conc.: Concentrated, n.d.: not detected.
EFIN F55 AR #Heke 719 gl AeE &, 749 mgke] AAE AS SIS Ble] A
A=At ok, FEle] 7, 2 Lmine® 7‘43‘“5}91% 7 2 L/min, 4 L/ming 283193 o), 7] L95%= 261.27
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Table 4. Results of Extraction of Organic Carbon by Various Aeration (Reaction Time: 30 min)
TOC Cd Cu Pb As Zn Ni
Unit % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Initial 1.85 0.55 73.97 22.52 261.27 59.40 25.10
Soil 2 L/min 1.51 0.55 66.48 25.36 242.12 61.54 25.76
4 L/min 1.46 0.57 72.48 25.79 240.32 61.53 26.03
6 L/min 1.40 0.59 73.55 25.12 252.57 61.29 26.35
Unit mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Initial n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Aqueous 2 L/min 24.22 n.d. 0.23 n.d. 0.14 0.07 0.02
4 L/min 10.12 n.d. 0.32 nd. 0.14 0.05 0.01
6 L/min 7.58 n.d. 0.14 nd. 0.13 0.05 0.01
*n.d.: not detected.
mgkgdllA 242 19.15 mgkg?t 2095 mgkgol AAHE & Fx A8 wWE f7IE & B TS AAE
BEae Foke Uepich W, 6Lmino® #8st  Wrh Aok slmge] A9, e RS 1, 3,
s e 271 AR s eIt 5%2 S7MA AL Al, ZHE 0.02, 0.06, 0.13 mg/keo]
F 71 (TOC)e] 739-, aeration S 2, 4, 6L/ Z27] R9%E 0.63 mgkglBHE AAY AL st
min0E F7INY W, QYRR RE f1% HelE & 9lon], sRleke) el FKE R
&0l 27k 18%, 21%, 24%2 3% F7FRs A¥E AUl TTRRe AFE :RIF £ A3l
SRS web aeration®] SR Hle] A2l TFele A, FEae] FEE 1, 3, 5% F7M
= 7R GRS W, AA ¢S 7IESE 4 L/min A AE Al 1% 3% s=AAME 22} 0.67 mgke?t

Ho} 2 L/mino] 2t fraFolefal AETH(Table 4).

Fgoiite] Ans AvRd, Jl=F o] AL,
aeration -] 2, 4, 6 L/min® & F7IA|A A St
39S, 8 Aol IEFTTL AEHA 2o,
H|Z, ofd 9 UAe] A= Al 7HA] frigelA BF o
2 TEE AEHE S RIS ok 2o At
2 L/min, 4L/mins 2-83%s ®, 22 0.23 mg/Le}
0.32 mg/Le] FEEET) i RIsioH, i SVt
Al, 0.9 mg/L A=7F § HEESE 6 Limine2 283}
As We 0.14mglE A F e fE=Eddd vl
Ao s v Fr HERSITE

T8 8EF F A7IE(TOC)e] 7%, aeration
o] 2, 4, 6 LmineE Z7MAA AES YIS
w), 217} 2422 mg/L, 10.12mgL 2 758 mgLE HE
e, aeration o] T7RSE 8= =7 A
2} gHaske e ERlsks

ol ek Aol TAERE B Aol EAIBIE F7]

I3

o
u=

[e]
g}\—'ﬁ'

[e} Fu
29 &0l Tk B Es BEE UEh
Il ot

3.3.2. sl )
Aeration % (2 L/min) 47} -sAloll Tkt Fiksla
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73 mgkgel 7] 2 FEE FE AAE 3& SR
I ARom, 5% FxolM= Al 11.43 mgkeo] A|A
= & ERIEAT. 9 A, HIsA 1% A8
], %2 APEES H F, 3%} 5%=2 HEI0S
u, ZF2} 337 mgkedt 4.93 mgkeo] 7] LEEEE B
g AARE 2 gRlsn

1%9] islrd TEE A83AS A5, Hlie
0.03%2] "HISH 2] E8-S B oL}, ksl
7F 3%} 5%E FVFEIAS AT, 5% A& Al A
21.10 mgkg’} 7] 2 EE%(268.00 mgkg)EHE AAE]

=

>

£ e AEES Uehiick obd w3 ulkeh f4}
S AFOR 1% BEOAE PIF A ELS B
=]

JFA, 5%l 10.34 mg/kee] dHo R B o] AA
e ERIg 5 Sl

Aol A9, 1%9 3%2] FEdA 212 2.13%%}
2.7%9] ¥Is=3E AP EaES YA, 5%%] FEddMe
A2 &E0] 6.03%= 7R B IRl &
7IREA(TOC)S] Tk ilkslrie] w57t S71
= 1 7o) Sk AES 2RI 4 d%ler, |,
3, 5%0llA Fel8o] ZHt 14.05, 45.95, 50.81%2]At.
Aeration T4} Al FilslGAe] FEE STAA

o1-= ©o
859 39, Fake WAACE Fsek B

2 o



Table 5. Results of Extraction of Organic Carbon by Various Peroxide Concentration
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(Reaction Time: 30 min)

TOC Cd Cu Pb As Zn Ni
Unit % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Initial 1.85 0.63 75.00 26.50 268.00 63.91 30.01
Soil 1 % 1.59 0.61 74.33 26.38 267.92 63.87 29.37
3% 1.00 0.57 67.70 23.13 261.62 56.37 29.20
5% 0.91 0.50 63.57 21.57 246.90 53.57 28.20
Unit mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Initial n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Aqueous 1% 2422 n.d. 0.23 n.d. 0.14 0.07 0.02
3% 10.12 n.d. 0.32 n.d. 0.14 0.05 0.01
5% 7.58 n.d. 0.14 n.d. 0.13 0.05 0.01
*n.d.: not detected.
o Z71ell Riglshe A3s VEeH, SAl f7lE to i
o] BE& w3t TRk s ERBIL ole T8 - .
o) AREEe G TR Tl mE AR E “o_
B STkl NQke o= AREtHTable 4). | (Y
Aeration T BA] WS A FE Wsl] e wg =
gobgel REEE BAAE =B g A%, S
aeration + 484 system HES- &, 8-W 9] = = k H oz
PEEA) ggkon], olels) WAL BE TRIss S T et %
oA HFHo=E Z}7t 0.01 mg/L, 0.06 mg/Le] wi$- SHe
FEE EAeks AL SIS TEle) A, 1%, 3%, . ® ;
5%2] == AE3I= W, 22} 0.23, 0.32, 0.14 mg/L " M —
2 FEAA HAEFoH, vl A9, BE A8 Eo —_— -
Asld FxelA Bt 0.14 mg/Lo] HAEFH U / M oF -
F folRRe] A%, BsRe) B 1,3, %2 L / =
Z7RERE, 717} 2422, 1012, 758 mgLE WA AEF 5 I 0T
T} sk A 18 4 QISITH(Table 5). I

3.3.3. 243 79
23] FE A8 mE fU1E 228 2 F95 A
& 37t d¥= TOCY AS, &43] FEE |
5%= S7HA A8 Al 22 05, 0.75, 0.88 mg/kgel
%27] QEEE 1.85 mgkgl BHE AAE AL gk
T ANom, A43le] Ut FTTREE f71Ee] AlA
Fo] Zrlshe AES R = U
7I=we BY, 243 FEE 1, 3, 5%=

fo ol
>
a

AL Al Z2F 0.02, 0.09, 0.12mgkge] 7] 29%FE
0.55 mgkel 2 FE] AAY AL IS 5 don,
2M3)9) Tt SIS 1R AlAYe] SR
B IR 5 U}k o] A, 243 FEE |,
3, 5%= /MR w7 B ol AES B

Control

1%

3% 5%

Calcium Hydroxide Concentration

Fig. 6. Extraction of Organic Carbon and Removal of Heavy
Metal by Lime Precipitation (reaction time: 30 min). (a) Results
of Extraction of Organic Carbon and Removal of Heavy Metal by
Lime Precipitation (Analysis of Soil). (b) Results of Extraction of
Organic Carbon and Removal of Heavy Metal by Lime
Precipitation (Analysis of Aqueous material).

o 7}t 16,79, 2824, 34.42 mg/kego] 27) 73.97 mg/
kel AAE Zbe SIS 4= Uit Fol A5, 243
FEE 1, 3, 5%= S7MIFC wet 27 E 2252 my/
keoll A 1%0ME 0.43 mg/kee] S7FF] U] 3, 5%
A8 Aloll= 4.08, 7.00 mgkge] ATES BT HAo]
B, 243 BEE 1, 3, 5%E /PR wet Hx
261.27 mg/kgoll X Z¥2b 23.14, 63.42, 82.82 mg/ke] 7+
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