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Soil Neutralizer Selection for Phytostabilzation Using Miscanthus sinensis
Anderss. in Heavy Metal Contaminated Soil of Abandoned Metal Mine
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The objectives of this study were to select optimal soil amendments through analysis of heavy metal availability
in soil and uptake to Miscanthus sinensis Anderss. for phytostablization in heavy metal contaminated soil of
abandoned metal mine. M. sinensis was cultivated for 6 months at contaminated soil with several soil treatments
(bottom ash 1 and 2%, fly ash 1 and 2%, waste lime+toyster 1 and 2%, acid mine drainage sludge (AMDS) 10 and
20%, compost 3.4%, and control). The analysis results of heavy metal concentrations in the soil by Mehlich-3
mehthod, growth and heavy metal concentrations of M. sinensis showed that AMDS 20% was more effective than
other amendments for phytostablization, and AMDS 10% showed second effectiveness. Waste lime+oyster, bottom
ash and fly ash were also improved compared to control. Mobility of some heavy metal was increased by
treatments. Therefore, it is necessary of preparatory investigation of soil condition to select soil amendment to apply
on-site phytostablization.

Key words : abandoned metal mine, heavy metal contaminated soil, Miscanthus sinensis Anderss., phytostabliza-
tion, soil amendmet
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ks A EAsE B2 FE45(As, Cd,
Cu, Pb, Zn) §go] =7] wiel FulXdol} FuXe
A s AEFTE T A ] o E &
P B 748 2F9AA AEAE B dck
(De Bartolomeo et al, 2004; Miro et al, 2004).
TSk 0 FAACNA AvEE BRES FEES
Aol 28 =3 2= o] HFske A A
7S 3R 9 Ho] ATKKim et al, 2006; Yun et al,
2010; Souki, et al, 2017).

s}

ol AR FAYAA] LPEPE B
371 Slal ol wpel A, 7H 4 48
He e el MePEFS felsl) HEE
SR wpolth. SAR o e MedEgS Y
oA Ao o] Wl AF BN EF HA
5 22199 Aol that $e7k A7) S 99, A

2
2 o 8ol FUsteE wAIZE At Ju et al,
2011; Jung et al 2016; Oh et al, 2012). ool u}
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.-
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71%0l == Hlgo] a7to]7] wiiEel] Aol 4
she ©ol ATHOk et al, 2004). Foll= °l&
A7) 913k FHORE AES o]&3 E7E] A
Aol g AF7F ol o]FoA L )
(Cunningham and Berti, 1997; Cunningham et al,
1995; Cunningham et al, 1996; Gomez-Sagasti et
al, 2012; Hong and Cho, 2007; Jung et al, 2016a;
Ju et al, 2011; Park, et al, 2010; Ok et al, 2004;
Viana, 2021; Wei, et al, 2021; Wong, 2003; Wu,
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Kim et al, 2010; Krishnamurti and Naidu, 2000),
e T4 A2 E B A=A T2 575
=004 ook, T A8san sk AEe] 4%
o] EPNEAE HEld T35 SHEDNA dgs]
of s, 5% oARA AYRRT AsHe] F4
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0] &S oA 3IA|7]= HHo|th(Baldantoni et al,
2010; Kim ef al, 2010; Panayotova and Velikox,
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U Al&gel=rt F2 AR-ET AEgsaHe
ojn] o] AFE Fol FEELE 2HY EYS ¢
A7l 2t el BEATHKim et al, 2010;
Oh et al, 2011; Oh et al, 2012; Nsanganwimana
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et al, 2014; Souki, et al, 2017).

NEFE U ABIRETE) TELE =P
FAE AHTH Holth, Meb FEsom ogw
E9gol ole] ERe| EPNFAS NS F 4o
WA 3% 4w, BRI FFE AEH 9L
Ao odE EFS BUs] A% AT 4
B5PY YRS RS F UL Ao st

¥ % AEersaEe By

NE A5y M= sinensis Anderss.)E 3t
2.3} (Poacea), 717} (Panicoideae), 4]==:(Andro-
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wkato] AMESITE ARSEE B A E Skl
2] 2] (Acid Mine Drainage, AMDS), ®}5#](Bottom
ash, AB), H]2x)|(Fly ash, FA), #43]+Z32}
(Waste lime + oyste, WLO) 2 EH]$it}. AMDS=
7dA= ElAlof fX|et shegede] e SElEA
shrldolA AF3EIA e, vieAlel vlaAlE 73
gl fIAIg Sk SHE Ry H 4 3)
A= Gl YA FeegolA AF A
Hle} FojZe AlFoA IElal e HIEE 7
AHE-EFATE. Table 101 7HEA|o} FAESFC] S &
& YeRit(Jung et al, 2016). 3AEYFS] pHE
4.1019001, FH71etAe}t TEALE 247 0.28) 0.04%
Atk zk AEAS] pHE 7.6 ~ 9.29] BEZ Hol=),
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Table 1. Chemical characteristics of materials ("Jung, ef al., 2016)

Mine pHT TOCT  Total-NT As Cd Cu Pb Zn
unit % mg kg
AMDS 7.6 3.6 0.04 8.4 0.8 11.7 22.0 129.0
BA 8.6 8.1 0.02 6.8 N.D 13.6 9.2 18.4
FA 8.4 9.1 0.06 13.4 N.D 17.8 102 23.7
WLO 9.2 52 0.08 0.0 N.D 153 422 31.5
Abandoned Metal Mine 4.1 0.2 0.04 2,133.4 43 257.6 42330 13675

AMDS: Acid Mine Drainage Sludge, BA : Bottom Ash, FA : Fly Ash, WLO : Waste Lime + Oyster
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Fig. 1. Soil total heavy metal concentrations in treatments (unit : mg kg™).
*AMDS: Acid Mine Drainage Sludge, BA : Bottom Ash, FA : Fly Ash, WLO : Waste Lime + Oyster
**Different letters (a and b) indicate significant difference at 5% (Duncan’s multiple range test)
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**Different letters (a, b, ¢, d, e and f) indicate significant difference at 5% (Duncan’s multiple range test)
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Fig. 3. Heavy metal concentrations in shoots of M. sinensis Anderss. in the study after 6 months from plating (unit : mg kg™).

*AMDS: Acid Mine Drainage Sludge, BA : Bottom Ash, FA :

Fly Ash, WLO : Waste Lime + Oyster

**Different letters (a, b, ¢, d, e, fand g) indicate significant difference at 5% (Duncan's multiple range test)
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o} CdlME vHEAl 1%} 2%, BlAHA 1%7F 1.0
gollem, Cust Phollre RE HETolrl olF
A 10188 Btk Zno] AS- FU3HA v)iHA) 1%
7} 185} =2 o)FASTE BTk A=A SE4%
Aol gk 71& AFAHE AuEH #01 %%i-%
Aol =248 w dykxoz Walr) Hojuth
7] o Bkl skle™ (Adriano 1986, Han et
al, 1998), Ju et al (2011)°] A-7sF ZAz}o| wp=w
M= Aset Cwrt AE-HT Ashite]| 2 =23
Eh 3te], ¥ Ae ol9} viszgt AAE Wk ok
F, Shin et al (2001)°] F5% LHEGNA A <]
%——‘L’: =2 A% A4 Cho et al (2010)
o] o] W= Cdzt Zne A1E<] A|sHinc} A4
oA o el FHEe Ao vehged], B A7
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Fig. 4. Heavy metal concentrations in roots of M. sinensis Anderss. in the study after 6 months from plating (unit : mg kg™).
*AMDS: Acid Mine Drainage Sludge, BA : Bottom Ash, FA : Fly Ash, WLO : Waste Lime + Oyster
**Different letters (a, b, ¢, d, e, fand g) indicate significant difference at 5% (Duncan's multiple range test)
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Table 2. Translocation factors (ratio of heavy metal
concentrations in the shoot to that in the root of M. sinensis
Anderss.)

Treatment As Cd Cu Pb /n
AMDS 10% 0.013° 0.111° 0.063° 0.012° 0.084¢
AMDS 20% 0.034°  0.151° 0.084* 0.034° 0.326%
BA 1% 0.105°  1.434*  0.192° 0.090c° 0.827°¢
BA 2% 0.059%  1.510* 0.171° 0.074° 0.896>¢
FA 1% 0.053%  1.678* 0.194° 0.044° 2.132*
FA 2% 0.035°  0.648" 0.094° 0.040° 0.462%
WLO 1%  0.032° 0278 0.117° 0.026° 0.119¢
WLO 2%  0.025° 0.184° 0.188" 0.222° 0.295%
Compost 0.021° 0304 0.096" 0.036° 0.159%
Control 1.414*  1.097° 1.239* 1478 0.990

*AMDS: Acid Mine Drainage Sludge, BA : Bottom Ash, FA
: Fly Ash, WLO : Waste Lime + Oyster

**Different letters (a, b, ¢, and d) indicate significant difference
at 5% (Duncan’s multiple range test)
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(Bioaccumulation factor, BF)E 413} tH(Table 3).
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19%9}F 2%, #1413 +2907F 1% <F 2% 2 H¥lEe 1.0
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o], vieA 2%7}F 222 7P} wskow, wlakAl 1%
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(Cluis, 2004; Mac et al, 2001; Rezvani and Zaefarian,
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Table 3. Bioaccumulation factors (ratio of heavy metal
concentrations of Melich-3 in soil to shoot in M. sinensis
Anderss.)

Treatment As Cd Cu Pb Zn
AMDS 10% 4.1° 049 03> 08 03¢

AMDS 20% 102* 03¢ 05> 218 04°
BA 1% 03¢ 30° 03>  04° 1.7°
BA 2% 034 34> 04>  07° 220
FA 1% 03¢ 31> 04> 04°  20c
FA 2% 024 31b 03> 05 1.7°
WLO 1% 024 09 04> 04" 03°
WLO 2% 024 054 07" 128> 05°
Compost 014 054 03> 02¢  02°
Control 1.3¢ 4.3 1.4% 1.8% 2.6°

*AMDS: Acid Mine Drainage Sludge, BA : Bottom Ash, FA
: Fly Ash, WLO : Waste Lime + Oyster

**Different letters (a, b, ¢, and d) indicate significant
difference at 5% (Duncan’s multiple range test)
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24 229} Jung et al(2020)0] LiERS
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AABIaL o)E ket H4E Table 49

. Z72ke] &) tigt 7FEAIE Jung et al
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WA AR A7elx] oA B, B

77ke] g5 H4E Holslel

Table 4. Total score of each treatment according to soil heavy metal concentrations by Melich-3, translocation factors and

bioaccumulation factors

Growth of
M. sinensis As Cd Cu Pb Zn
Treatment Anderss.T Total

S R T M TF BF M TF BF M TF BF M TF BF M TF BF
AMDS 10% 4 3 3 1 1 2 2 1 1 1 1 1 1 1 2 3 1 1 30
AMDS 20% 5 1 1 1 1 3 1 1 1 1 1 1 1 1 4 2 1 1 28
BA 1% 2 2 1 2 2 1 4 3 3 6 2 1 2 1 2 5 1 2 42
BA 2% 1 4 1 2 1 1 3 3 3 4 2 1 2 1 2 4 1 3 39
FA 1% 4 3 2 3 1 1 4 3 3 5 2 1 2 1 2 4 3 2 46
FA 2% 2 4 3 3 1 1 3 2 3 3 2 1 2 1 2 4 1 2 40
WLO 1% 3 4 3 4 1 1 2 1 2 2 2 1 3 1 2 2 1 1 36
WLO 2% 4 4 4 3 1 1 2 1 1 2 2 2 4 2 3 1 1 1 39
Compost 4 3 3 5 1 1 2 1 1 2 2 1 5 1 1 3 1 1 38
Control 7 6 5 2 3 3 6 3 4 7 3 2 3 3 3 6 2 3 71

*AMDS: Acid Mine Drainage Sludge, BA : Bottom Ash, FA :

Fly Ash, WLO : Waste Lime + Oyster

**S : Shoot, R : Root, T : Total (Shoot + Root), M : Melich-3)

fJung et al. (2020)
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