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Heavy metal pollution in agricultural field near the abandoned metal mines is a critical problem in Korea.
General remediation technique is to apply chemical amendments and soil covering. However, there is no
specific guidelines for conducting soil covering. Therefore, main objective of this research was to determine
optimum soil covering technique with microcosm experiment. Three different chemical amendments, lime
stone (LS), steel slag (SS), and acid mine drainage sludge (AMDS), were examined and varied soil covering
depth, 20, 30, 40cm, was applied to determine optimum remediation technique. Bioavailable heavy metal
concentration in soil and total concentration of heavy metals in crop were monitored. Result showed that
average heavy metal concentration in varied soil covering depth was ordered as 40 cm (14.5 mg kg'l) <20 cm
(14.6 mg kg'l) <30 cm (16.0 mg kg'l) and also heavy metal concentration in crop was ordered as 40 cm (100
ug kg'l) <30 cm (183 ng kg'l) <20 cm (190 pg kg'l). In terms of chemical amendments, average heavy metal
concentration was decreased as AMDS (150 pg kg™) <SS (151 ug kg™) <LS (154 pg kg™). Overall, depth of
soil covering should be over 30 cm to minimize bioaccumulation of heavy metals and SS and LS could be
applied in heavy metal contaminated soil for remediation purposes.
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Schematic figure of column experiment with varied soil covering depth.
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Introduction

FFEol HIF0] 5.0 g om ” o]4f0. & X|7}of| wjEF gF
=o] = %i‘é% sh, s o R= A f-3
Ut =5 5 9 (Cw), oFd (Zn)
I e -‘%JiEi 1}03.01] S AT o A= nFY
FarA AT-E sk SHAIRE thFe] A9 442
Rt o]2jgt 42 o fE A ndEe
d Al A A= A FEFE A, HoldAHE Sl
A= Fd=lo] myutely, ofefo]o]eto] B

T 7] wiizoll S8’k AFS] A o]fr= thFE|AL Qltt (Jung
et al,, 2006; Kim et al,, 2010).

240 egYogl Fob AL W L] H7)E Sl
Qlom E 0] .quA]-z]Oﬂ =7 X0 ]H_,] Zd 9 oo 2715}
EAR thF=aL ok, o] FAF a2 1960 )7k
2hdls] o] o] H o1} 1980t FRHE] ARS]|E 9] W3}
o[ YA] AH|sEl o] W3l 3D =59 31|, At 7149
FikE Y, PR ot so s J*%*%L%S A5E7]
AlAFsto] FAES FHlEsA AL, FHld GAl HA
St AN F= SRS 22| 7} v|Eet A7 Wk
t} (Park, 1994; Na et al,, 2013), & |34k thgt u| 53k
ZA|2 QI8 AAgHol kEH Fu], e A=
T, AUl 52 HEE ok AEHoR FEES A=
AA BAE FH A D PA AGE LHAIFT (Sa,
2008; Jeon et al,, 2012).

o|& I3 F-Hl AL = Q1% T e Hol tial ufjoll A
= a5l et QA il B7E o B 5 W

A A AA|, BEFRHE B 5w et AW 5
o] ghi5] o]Fo]x|aL QJr} (MOE 2007; Lee et al,, 2010;
Choi, 2012).

FTEHOE 2dE EYY 5 HHe 24 £ VAR
Lt S5 o S| 7he S FAasA7 | Hsst
W (3], HgEh Y Sed= §& =tk W (Soil
washing, flushing)o]t}, Z&u} @ @RA7F Har ofefgt
FTEEHOE 0HH AY o FAREE F559Y Xﬂ747}
7] Holl SE59 sEE VIS4 ofstE W
2 QoA B HESSS st V& th—
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= O O
58§42

oj-ggtth, et o] Rl W e #
=1 2% W 1S AU S LAY PN
o] W2 ZAA Hlgol Eoi7HA| ol
Faao] o5 W SH4E LA PSS ool
MES T T (Bioavilability) S WE ZHEZ T5EE 224
o) BES Wt QP Bl ABE olgalo] $E4E
St A7IAY &5k AlE HEPH (Phytoremediation)
S AbgaT et olela e ARHoR mopel F

HO =
F4 FES UL fo] ofd 4 ARSI AER

Holgle 224 =08 vt Hlio)
Sasol 1’41?* 2344
SERY 3ok 3
Ao m Agsh= A9-E AR ¥F ek (Jung et al.,
2002; Song et al,, 2009; Kim et al,, 2010; Jung et al,,
2010; Jeon, 2013),

I oPYst TS H8stel AT Al got,
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Materials and Methods

L AAEITH AE el 37]= (30 ecm X 30 cm X 80 cm, W
X L X D& A&l QA shx l% 3], AtEEa,

AMDESHA|E AF3I9TE Hults 224 Q9 ECKF 8
kg, 20 emizol)e] 3712 PHSAIE oF 3% &3 (W/W)
sto] Zzlet 3, By AAjsle] BE Zlo]E 20, 30, 40
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Fig. 1. Schematic figure of column experiment with varied
soil covering depth
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o WHE o] BT Fob Y] G- BL wAIL
A0 39 Az A3 Sol BB HAolH B go

W2 A7 At 2 AR FE A 15 ecm Zo]
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HIQHE 15 em A 13 (Fig. 12] @), 40 cm BEQ] H-¢
HIQHE 15 cm A Fulct 23 (Fig, 19] @, @)& AFIaH
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et St(Fig. 12] D)ollA BEF AIRE AFsHct.
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& B4
A (2000)70] Esto] AEsHch EoF
pH (1:5)9} EC (1:5)= Z=4E Ok 10 gof] &F5= 50 mLE 7}
3ol oF 120 rpm O 2 30& 7 Mg5l3l Whatman No, 22
o]T}HA1 7] & pH meter (METTLER TOLEDO, MP200)2} EC
meter (METTLER TOLEDO, S230)& ©]-835fo] 212+ 24313

f

ok Ul /Ll‘jy\ﬂ 1=WSh=;]

o} GVIE SRS Walkely—black HHol| el 1 N KoCroOr S
7¥5he] HES-A]7] - UV/Vis Spectrophotometer (Schimadsu,
UVmini1240, Japan)i 12} 610 nmol|A] v]A Aeksloich

S8 21AF 3RS Bray No.1 HPH O 2 $%3610] Ammonium
paramolybdate® YFMAIZ] & 3} 660 nmo|A] UV/Vis
Spectrophotometer (Schimadsu, UV 240, Japan)E& ©]-&3}
o] v Akl w3 oFol-2-& 1 M NH,OAc (pH 7.0)
golog A= 5 AAS (Atomic Absorption Spectrophotometer,
Sihmadzu, AA—6800, Japan)E- ©185}0] Calcium (Ca), Magnesium
(Mg), Potassium (K), Sodium (Na)9] $taFS -i’,;ﬂé]—oﬂl:}
24 242 01 M HClY Melich—3 HPH o2 =%3}0]
AAS (Atomic Absorption Spectrophotometer, Sihmadzu,
AA—6800, Japan)= Cadmium (Cd), Copper (Cu), Lead (Pb),
Zinc (Zn)9] & £7451ct (Table 3)

BEAle] 79 vkl dat e 2o

E A,
21, wel ) TS SEL E U A4 24

(2000)"0]] W2} HNO;—H.S0s (L:DZ H3f5ke] ICP-AES
(Inductively Coupled Plasma — Atomic Emission Spectroscopy,
Thero, iCAP 6000 series)® A3}

Table 1. Physicochemical properties and heavy metal concentration of contaminated soil.

Category pH (1:5) EC Organic Matter P,0s CEC
ds m’ % mg kg’ cmol, kg
6.2 25 83 22.5 153
Cd Cu Pb Zn
mg kg’
Concentration 0.6 19.3 30.0 74.5
Table 2. Physicochemical properties and heavy metal concentration of chemical amendments.
Category pH EC Cd Cu Pb Zn
(1:5) ds m" mg kg’
Limestone 9.09 0.35 <LOQ" 0.41 1.89 7.48
Steel slag 11.04 0.76 239 19.55 8.27 263.9
AMD sludge 8.36 0.59 29.8 <LOQ* 6.30 966.5
*LOQ of Cd: 0.1ppm, iLOQ of Cu: 0.1ppm
Table 3. Summary of analysis methods and instruments.
Method Equipment
pH pH meter
Sample : D.W (1:5)
EC EC meter
Organic Matter Walkely-black )
UV/Vis Spectrophotometer
P,0s Bray No.1
CEC 1 M NH4OAc
Mehlich-3 Atomic Absorption Spectrophotometer
Heavy Metal

0.1 M HCI
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Results and Discussion

EY EY 2M pHE ¢HYSIA|I S
A 2st 4 9 A543 A7
&2 A= 6.83-7.522 R (6.66-6.87)°
uls) e 0.5 unito] wgkom ECO| H9 oA 5|t
xﬂﬂéaﬂ: 2] (0.95-5.93 dS m )7} Hi2TE (0.46-0.56
S m ol vl B oF 6H) FrE e AR ARG
OI% Aol Avtel vprA = M54yt AldEeE 1
o] 7§ theke] Zgol2ol o3l EFe] pH A5aitrt 9
o o|]2 QIgt FHE] FAEE AT (Lee et al,

A29] Zold o

3 Z10] (sampling point 1)2] 732

ToF FARE Aem RAESIH ol A¥ dAtolA=
AMDE A 9] 79 g=4v0]20] WAL HA pH7} 7HAgE
207 T (Kim et al, 2014a), AHZFAE vl S214]
(AMD)&} A& 1= Fe, Mg, Mn, Cu 5 5242
3L lof ofefgt T4 Alehe-2 pH S0l weh 3 A
st Gt FEse 67—‘}%" ’ﬂ'é
(pHS 1Y 7% 544k % 5]—“ 47'" = p

7F 4714 (pH) 7)< %0} | =W a5ARREY E‘:ﬂ%
SA8HE WA Ee=t) FH| SHs7H AAE™ o= AE
9] ZF<&o] ol E&E T} (Song et al, 2012; Cui et al,
2009),

2008). SHYSHA] A 2]te] pHe= QHESHA| A2 Qs L HE9]
SHARE AV FARG S22 9] ¢ L HES} &35 A7 27] pH Hrp AR Ao A3 5319 0“4 HES2 7
= E9FO] pH (6,41-6,59)2} EC (0.65-0.81 dS m )7} j= - pH 6.5 o|HE AZE| T LHES] - A3 A1} A
Table 4. Physiochemical Properties of soils with different depth in each columns.
Treatments Soil covering depth pH (1:5) EC oM P,0s CEC
(cm) dS m" % mg kg’ cmol, kg
0 @ 6.66 0.51 1.81 31.9 9.68
@ 6.47 0.42 1.50 81.8 6.60
20 @ 6.78 0.46 485 7.1 7.04
Control @ 6.36 0.58 129 97.8 5.50
@ 6.87 0.56 1.88 415 11.00
40 @ 6.59 0.34 1.26 933 6.16
® 6.28 0.78 2.39 156.9 5.50
20 @ 6.83 4.56 5.85 28.7 25.52
@ 6.52 0.47 1.72 101.4 5.28
20 @ 7.33 1.64 435 59.6 2453
Lime stone @) 6.47 0.50 2.20 128.9 6.16
@ 7.26 2.24 492 46.7 26.40
40 @ 6.62 0.81 2.69 85.9 7.04
@ 6.51 0.47 2.61 101.1 6.14
20 @ 7.52 0.95 5.46 149.5 14.30
@ 6.56 0.13 2.30 1223 5.50
3 @ 7.01 2.11 3.39 120.0 12.10
Steel slag @ 6.59 0.69 2.12 114.4 7.70
@ 6.83 5.93 6.40 156.3 12.32
40 @ 6.40 0.58 2.56 110.6 6.38
©) 6.52 0.47 227 159.4 6.40
20 ) 6.43 0.65 5.08 57.8 8.26
@ 6.66 0.29 1.38 79.0 7.26
20 @ 6.59 0.81 429 33.1 11.88
AMD sludge @ 7.05 0.12 1.38 166.0 5.94
@ 6.41 0.81 495 0.7 6.60
40 @ 6.32 0.52 132 117.4 6.16
® 6.44 0.97 2.23 101.1 6.60

@D - @; Soil sampling points (Fig. 1)
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A& A Te] pHYF thE A2t vE) 1L1vf =2 A
o2 vehgth E3EC7F Bt 0.75 dS m S HA] Qgke
o, olof vl HHSAE H2Ft F& HF 1.8dSm &
UeRETh SHASHA Aej ol AEA + 20 em HE A7
T AFEN T + 40 cm BE A2 77} 242F 456 dSm
5,93 dS m & &7 Yepdth BEZo| vl 2 gEe} oF
AHAE At T9 B 5718 FeFol 4u] o] Yl
o, xR} QPSR At A f7EY ol =
A el SRS BEZoA oF 120 mg kg & &
Al vebon, QPSHA F A& Al falat
o] T2 Ae|tHrt oF 3. 78 =4 Yelgth EEZC] CEC
=10 cmol. kg ' ©JE}E SHAEA| AEFt S PEHT) U

Table 5. Heavy metal concentration in soil analyzed with
Mehlich-3 extraction method.

UEReH, PYSHA| A2ls A2t vhE P ekAoll vlsl
CEC Zkol =7 Yebett (Table 4).
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A =)o) AREE|QITH (Oh et al. 2012; Kim et al, 2014b).
E W 594 5% dik= Table 5, 63 2t}
E YolA F549 FEFET 9 vA= A

Table 6. Heavy metal concentration in soil with 0.1 M HCI
extraction method.

Soil Soil
Plot covering Cd Cu Pb Zn Plot covering Cd Cu Pb Zn
depth depth
(11 E mg kg'] ---------------- cm e mg kg'] ———————————————
20 @ 0.09 1.05 1.81 1.15 20 O 712 1.08 9.05 16.29
® 0.09 0.43 1.06 0.25 @  3.06 0.53 5.31 6.16
10 ) 0.10 0.78 1.19 0.67 30 D 4.06 0.68 5.59 10.86
Control @ 0.09 0.57 1.00 0.32 Control @ 313 0.52 5.00 543
D 0.13 0.79 1.71 1.47 D 832 1.16 8.55 18.09
40 @ 0.10 0.58 1.55 0.60 40 @ 4.69 0.69 7.74 10.11
® 0.08 0.56 1.04 0.33 Q@ 6.04 0.54 5.20 5.34
20 D 0.11 1.10 0.74 3.07 20 D 1.69 0.47 3.71 20.26
@) 0.07 0.54 0.99 0.28 @ 289 0.42 495 4.94
) 0.11 0.73 0.67 2.00 D 152 0.87 3.35 15.62
Lime 30 Lime 30
@) 0.08 0.60 1.06 0.28 @ 4.62 0.44 5.30 4.70
stone stone
) 0.10 0.92 0.71 2.51 @ 1.70 1.08 3.54 18.60
40 @  0.09 0.72 0.87 0.61 40 @ 442 0.59 433 9.74
® 0.06 0.95 0.90 0.30 Q@ 324 0.48 4.51 431
20 ) 0.11 1.30 1.11 2.97 20 @ 1775 1.66 5.57 21.41
@ 0.08 0.63 0.91 0.34 @ 333 0.45 4.55 5.70
i 30 @ 0.12 1.12 1.02 2.72 ' 30 O 172 0.45 5.57 21.33
Sty Sty
e @ 008 102 LIl 033 e @ 716 045 509 626
slag slag
@ 0.15 1.14 1.28 2.88 D 8.05 1.82 5.29 21.61
40 @ 0.08 0.59 0.91 0.25 40 @ 230 0.44 4.57 5.08
©) 0.08 0.66 0.81 0.25 @ 2.08 0.44 4.04 4.47
20 @ 0.09 0.45 1.12 0.89 20 @D 5.05 0.62 5.59 14.52
® 0.09 0.33 0.81 0.18 @ 446 0.49 5.34 5.69
@ 0.09 0.25 0.77 1.77 @D 8.96 1.67 3.86 22.31
AMD 30 AMD 30
@) 0.08 0.32 0.87 0.21 @  4.00 0.51 4.36 6.95
sludge sludge
) 0.10 0.46 0.84 1.47 @ 10.77 0.75 4.19 16.44
40 ® 0.08 0.35 091 0.16 40 @ 4.09 0.48 4.55 5.51
® 0.08 0.95 0.73 0.26 Q@ 544 0.49 3.67 5.82
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o459 T, pH, 8577184, Jol2Xghsd, A%
7t AbshEol] g 5ol 9o (Kime et al,, 2009), °l&
% ESF pHe pHZF 3716Hd EoF wdofA YA (g=4m0]
2, H)Eo] EF & Yol 3= SF&5ET A=A

)

-

AE FaE7 BoX A "ot (Kim et al., 2009).

Mehlich—3 =S 0|83 55 & HUEH 21
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0.1 M HCl =" Zib= 2t} vljashH A3]4
(0.794H) < AMDEER] (1,018H) < A7F&=iL (1.184)) =&
B2 Aol 7P =2 AES Holon, A3 + &
E 40 cm A2t71 0,698 2 7Y =2 AHES Ukt
AMDERIRA] A e]-te] 739 Hot 101 E A 3|4} A7)
o] Wekou, AMDEHA| A2+ HE& 20 cm, 30cm®] 7
0.7 = AZFgo] A YERtth

HUAaHE B Mehlich-3 H&EHoA AAHSZ AMD
&Y aEdo] o Pbe| 79 4340 aEAdol
5 <l 0.1M HCl &A= A349] - AAA L
B AfHeo] o Pbol A9 AMDE A AEo] ¢
A debdth AMDE YA Znf] A7E2 A3 ET £
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Mehlich—32} 0. 1M HCl = 7}x] 229 A3}l Aoz
PSHA AeElE (Fig. 1914 D)2 S55< T=H(Mehlich-3,
0.1IM HCl; Average 3.88, 30.26 mg kg HET}I= HE=
(Fig. 1014 @, @)9] 554 &% (Mehlich—3, 0.1M HCI;
Average 1,94, 16,31 mg kg )o] W7 LR

Mehlich—-3 S A1} BEEZ9| F5% 555 ¢
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20 cm (0.534]) < 40 cm (0.594)) < 30 cm (0,728 0 &2
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0.464) < 40 cm A7 (F+ 0.5281) < 30 ecm A2 (35
o 0.608H)= &2 et

o2 SR 0.1M HClx ©]-8-3 4] Aifol| A= tf
2ol 4] 20 em (0.454H) < 30 cm (0.65HH) < 40 cm (0,77
o2 UEpsith M54 tj2tef vt HkE B
ot A& A2z 40 em (0.328) 20 cm (0,39
H) <30 cm (0.718)) <=o]™, AMDE =] 2]+ 30 cm
(0.428K) < 40 cm (0.628) < 20 cm (0.63H]) &0 &2 BE
30 cm 7} @2 o]FES HAlth HE wold AUt Bt
2 20 cm (0.494l) < 30 cm (0.588}) < 40 cm (0.594)]) &=
2 yehgtom, A7&EdL + HE 40 em A 2|57} 0,324)
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9lo] A3z Bl sl BEA o RE a4 Ae)
7t 2 BEE B}, BE Roloje tlaTel bl
o AL Holn] 2312 BE 20 cm AP 1A
88 BT AEYTE 40 cmolK] A1 WL o)
wolou ogst RN 7 e BRS B
. AMD £ X|9] 74 F 7} FEHolA ulas 7}
2o 5gHS HEon, HE o[ Mol AL 30 em, 40

O ©

cmoJ A ofg/dol 7HE RAl e

3 ox rlo My
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=g ZOl0| M2 XBH U 538 5= A=A
R4 FE AN B, Z7], We| O Table
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Table 7. Heavy metal concentration in rice grains.

Soil covering

Plot cd c Pb z
° depth Y 1
cm e ug kg'1 ----------------
20 016 170 159 3468
Control 30 041 1735 984 1247
40 004 345 035 2313
20 020 253 098 9830
Lime
30 007 147 282 3676
stone
40 003 148 067 2427
1 20 011 700 053 3243
Stee 30 006 121 095 3094
slag
40 031 660 400 1085
AMD 30 019 463 059 6253
sludge 40 004 749 039 2011

Table 8. Heavy metal concentration in stems.

Soil covering

Plot cd C Pb z
© depth Y n
cm  —meememeeeeeeee- 10 < R ———
20 07 236 75 1382
Control 30 08 309 32 1181
40 12 354 14 220
. 20 04 293 09 1034
Lime 30 03 245 23 881
stone
40 03 233 24 834
20 05 295 14  100.
Steel 30 04 245 26 880
slag
40 05 287 36 1030
AMD 30 04 257 29 910

sludge 40 0.6 28.0 2.0 130.5
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Table 9. Heavy metal concentration in roots.

Soil covering

Plot Cd C Pb V4
° depth Y .
cm e ug kg'1 ----------------
20 1.9 45.8 1.9 44.2
Control 30 1.1 45.2 0.9 19.6
40 0.3 13.2 1.0 19.1
20 0.8 373.1 1.6 28.4
Lime
30 0.3 12.7 1.0 19.1
stone
40 33 410.7 5.5 58.4
| 20 2.5 219.1 7.4 66.8
Stee 30 29 10229 80 588
slag
40 5.3 238.0 49 74.7
AMD 30 0.9 27.0 1.2 17.7
sludge 40 0.3 29.9 1.6 26.1

I AR Fe] - Rl EE 40 em A 2|9
25 Yol 54 Bt F 2697 ug kg 02 A
Al Yebgow, S34 =0 Fodl gt BE 7ol ¥
FZre] EE 20 cm, 30 cm, 40 cm ZHZF 72.8 ug kg .
129.1 ug kg ', 68.6 ug kg ' = UEPITh E3 AYE
T AEFE AlLgt 4314 9 AMDE#A] Ao -
EE 20 cm, 30 cm ETH= 40 em®] A2t 224 W 5
=% =27t 7P WA deR,

719 7% U d2olA BE 40 em®] AEA] &
=7} 60 ug kg 08 7P WA Yehgon], BE Zlo] ¥
HEe EE 40 em7} 116.6 ug kg 'O2 EE 20 cm
(145.2 ug kg ), 30 cm (125.9 ug kg )ETF WA AEH3)
o} E3 QPYSHAl AEtellA HE 40 em A EellA 20
cm, 30 ecm Hth FEr @A HEE Sl

B Aoz gk vk Welo] H9- Y|, &
Hr} 3549 s&rt =4 vest o, e Egh 2,
719} o] EE 40 cm 2] TLof| A Ft 2231 ug kg ©
7P Ee Fet et Cul] st A SgE0] @
AsAE At AejtelA s=7F =A U o
RS Fa Yart Belo] SAE L Ho| £7]2 o]
El= ko] mi$- A7 wjEolct (Lee et al,, 2004),

ZHEA B9 B4 Ay e ) £7])) 9Y o' &
T4 27t AEEQIT o] ZuE Y BE Zo] Ha 2z
EA W 5% 555 Hast9S b, BE 40 cm A2
oA AAH O R FE7F A HEEHNOERE BE B
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Conclusions
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agAole} wtEm PSS A5l Wi 30 cm
ool HEES Agfsh= Zlo] FHEHE gt 2o s ek
ot E3 AMDE AU AFEe el Higt a8
O} QHA SHolA SehA el AEAlE

A, B e BrkE ohe F7HAl
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