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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 Aster koraiensis Nakai for forest rehabilitation of heavy metal contaminated
soil of abandoned metal mine. A. koraiensis was cultivated for 6 months at contaminated soil with several soil
treatments (bottom ash 1 and 2%, fly ash 1 and 2%, waste lime+oyster 1 and 2%, Acid mine drainage sludge
(AMDS) 10 and 20%, compost 3.4%, non-contaminated natural forest soil, and control). The analysis results
of heavy metal concentrations in the soil by Mehlich-3 mehthod, growth and heavy metal concentrations of A.
koraiensis showed that waste oyster+lime 1% and compost were more effective than the other amendments for
phytostabilization. However, it is needed comprehensive review of factors such as on-site condition, slope
covering to reduce soil erosion and vegetation introduction from surround forest for revegetation to apply
forest rehabilitation.
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Heavy metal concentrations in shoots and roots of Aster koraiensis in the study after 6 months from plating (unit: mg kg'l).

Treatment Shoot Root

As Cd Cu Pb Zn As Cd Cu Pb Zn
AMDS 10% 16.7d 1.7¢ 19b 23cd 117¢c 57.4bc 0.7e 48bc 131b 62ef
AMDS 20% 19.5d 0.9¢c 17b 32¢ 116¢ 27.0e 0.4f 48bc 53cd 45f
BA 1% 33.9bcd 14.5b 41b 28¢ 1,298bc  74.4b 13.7b 74b 145b 1,762b
BA 2% 19.5d 13.3b 41b 3lc 2,138b 22.0e 10.8¢ 61b 66¢ 1,822b
FA 1% 24.9cd 13.8b 31b 43bc 1,468bc  37.1de 10.5¢ 74b 116b 1,345¢
FA 2% 33.6bcd 15.1b 26b 58b 973bc 94.7a 8.1c 56bc 159ab 1,370c
WLO 1% 33.6bcd 2.7¢c 25b 33be 116¢ 52.8cd 1.7d 53bc 48d 77e
WLO 2% 41.1bc 1.7¢ 16b 20cd 95¢ 50.8cd 1.3d 24cd 69¢c 73e
Compost S51.1ab 2.0c 24b 37bc 156¢ 66.3bc 1.2d 130a 50d 147d
Forest Soil 1.3e 0.7c 22b 3e 87c 1.7f 0.5ef 28cd Te 6lef
Control 63.3a 45.3a 157a 177a 2,518a 59.0bc 26.9a 158a 201a 4,160a
Reference’ 0.5f 0.1d 14c 2e 42d 3.4f 0.1g 13e 2e 24g

AMDS: Acid Mine Drainage Sludge, BA : Bottom Ash, FA : Fly Ash, WLO : Waste Lime + Oyster
"Before treatment
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Table 1. Soil chemical characteristics of materials (TJlmg etal., 2016).
Mine pH' TOC' Total-N' 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 0.0 13.6 9.2 184
FA 8.4 9.1 0.06 134 0.0 17.8 10.2 23.7
WLO 9.2 52 0.08 0.0 0.0 15.3 422 31.5
Soji Mine 4.1 0.2 0.04 2,133.4 43 257.6 4,233.0 1,367.5
Forest soil 5.6 0.3 0.08 50.1 0.3 26.9 77.8 9.4
AMDS: Acid Mine Drainage Sludge, BA : Bottom Ash, FA : Fly Ash, WLO : Waste Lime + Oyster
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Table 2. Heavy metal concentrations in treatments (unit: mg kg'l).

Study for Phytostabilization using Soil Amendment and Aster koraiensis Nakai in Heavy Metal Contaminated Soil of
Abandoned Metal Mine

Treatment Total Mehlich-3

As Cd Cu Pb Zn As Cd Cu Pb Zn
AMDS 10% 1,890a 4.5ab 231a 3,717a  1,373ab 0.9¢ 1.1de 11.7g 5.1e 188.3cd
AMDS 20% 2,420a 5.9a 290a 4,867a 1,897a 0.5¢ 0.9ef 10.2g 3.8ef 146.7¢
BA 1% 2,023a 3.9b 247a 4,100a 1,327b 34.7cd 1.7ab 24.9ab 32.3d 405.8a
BA 2% 2,327a 4.2b 282a 4,550a  1,457ab  34.5cd 1.5¢ 22.7cd 26.6d 352.8b
FA 1% 1,970a 3.9b 240a 3,907a 1,263b 35.7¢ 1.6b 23.6bc 29.4d 364.1b
FA 2% 2,063a 4.0b 251a 4,037a 1,313b 35.2¢ 1.5¢ 21.5de 27.6d 351.0b
WLO 1% 2,423a 5.3ab 294a 4777a  1,750ab  46.4b 1.1de 19.5f 38.3¢ 177.4de
WLO 2% 2,027a 4.0b 242a 4,057a  1,370ab  43.8bc 1.0de 19.1f 45.9b 107.2g
Compost 2,087a 4.5ab 26la 4,340a 1,503ab 73.8a 1.2d 19.7ef 55.7a 219.9¢
Forest Soil 50b 0.3c 26b 77b 9¢ 0.1f 0.1g 8.1h 1.2f 2.5h
Control 2,133a 4.3b 257a 4233a  1,367ab  24.9d 1.8a 26.0a 39.8¢ 1429.8a

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

: Fly Ash, WLO : Waste Lime + Oyster
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E]u], AR 2710} Aol STk, vhe

Table 3. Dry weight (unit: g plant”') of Aster koraiensis used
in the study after 6 months from planting (Jung et al., 2016).

Treatment Shoot Root Total S/R ratio
AMDS 10%  1.26ab 1.06ab 2.32a 1.2ab
AMDS 20%  0.86¢c 0.81bc 1.68bc 1.1ab
BA 1% 0.39 0.76¢d 1.16ef 0.5b
BA 2% 0.72¢ 0.83bc 1.55bcd 0.9ab
FA 1% 0.64cd 0.79cd 1.43cde 0.8ab
FA 2% 0.45de 0.46e 0.92f 1.2ab
WLO 1% 1.38a 1.09a 2.48a 1.3ab
WLO 2% 1.12b 0.75¢cd 1.88b 1.6a
Compost 1.40a 1.18a 2.58a 1.2ab
Forest Soil 0.67cd 0.61de 1.28def 1.1ab
Control 0.22¢ 0.18f 0.40g 1.4a
Reference’ 0.56e  0.64de 1.20def 0.9ab

AMDS: Acid Mine Drainage Sludge, BA: Bottom Ash, FA:
Fly Ash, WLO: Waste Lime + Oyster
"Before treatment
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Table 4. Heavy metal concentrations in shoots and roots of Aster koraiensis in the study after 6 months from plating (unit: mg kg'l).

Treatment Shoot Root

As Cd Cu Pb Zn As Cd Cu Pb Zn
AMDS 10% 16.7d 1.7¢ 19b 23cd 117d 57.4bc 0.7¢ 48bc 131b 62ef
AMDS 20% 19.5d 0.9¢ 17b 32¢ 116d 27.0e 0.4f 48bc 53cd 45f
BA 1% 33.9bcd 14.5b 41b 28¢ 1,298bc 74.4b 13.7b 74b 145b 1,762b
BA 2% 19.5d 13.3b 41b 3lc 2,138b 22.0e 10.8¢ 61b 66¢ 1,822b
FA 1% 24.9cd 13.8b 31b 43bc 1,468bc  37.1de 10.5¢ 74b 116b 1,345¢
FA 2% 33.6bcd 15.1b 26b 58b 973¢c 94.7a 8.1c 56bc 159ab 1,370c
WLO 1% 33.6bcd 2.7¢c 25b 33bc 116d 52.8cd 1.7d 53bc 48d 77e
WLO 2% 41.1bc 1.7¢ 16b 20cd 95d 50.8cd 1.3d 24cd 69c 73e
Compost 51.1ab 2.0c 24b 37bc 156d 66.3bc 1.2d 130a 50d 147d
Forest Soil 1.3e 0.7c 22b 3e 87d 1.7f 0.5ef 28cd Te 6lef
Control 63.3a 45.3a 157a 177a 2,518a 59.0bc 26.9a 158a 201a 4,160a
Reference’ 0.5f 0.1d l4c 2e 42d 3.4f 0.1g 13e 2e 24g

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

"Before treatment
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Table 5. Translocation factors (ratio of heavy metal concentra-
tions in shoot to root).

Table 6. Bioaccumulation factors (ratio of heavy metal concentra-
tions in soil to shoot and root).

Treatment As Cd Cu Pb Zn

Treatment As Cd Cu Pb Zn

AMDS 10%  0.4cd 2.9a 0.5¢cd 0.2cd 2.3ab
AMDS 20% 0.8abcd  2.5ab 0.4cd  0.7bcd 2.8a

BA 1% 0.3cd 0.6¢ 0.4cd 0.1d 0.4e

BA 2% 0.8abecd 1.1bc  0.6bcd 0.4bcd 1.0bcde
FA 1% 0.6bcd  1.1bc 04c  03bcd  0.9cde
FA 2% 0.4cd  2.2ab 0.5cd  0.4bcd  0.8de
WLO 1% 0.9abcd 2.1ab  0.8abcd 0.9ab  2.labc

WLO 2% 1.3ab 2.0ab l.1lab  0.5bed  2.2abc

Compost 1.0abc  2.0ab 0.2d 0.9abc  1.3bcde
Forest Soil 0.5cd  1l.6abc  0.9abc  0.5bcd 2.0abcd
Control 1.5a 2.0ab 1.3a 1.3a  1.7abcde
Reference’ 0.1d 1.3bc  0.8abcd 0.6bcd 1.6abcde

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

AR ET) (Adriano, 1986; Han et al,, 1998; Ross, 1994), 4]
EAY SE5S S 3 AEA AHAE AAS a5

=
H}FA19] Phytoextraction®] 739 X|sHE R} ]

= AAsH= A4
A A o] WS sttt sHAIT S5 AA 7 ofd
SkAb WA S 9J31 Phystabiliztion®] 79 HIt)2 Z3<&0]

Aol A E|7) gk Ao] fejsir), o)F etk v
A 1%e BRe SE5elA olsASTE 10l5kR UERG
Phytostabilization®] 7} S-2je Ao 2 TActEw, HjALA
1%} 2%k Cd& ALt UHA] 4Fo A o 5Al5 10l
Hol 2.8 7hsd AR AlmEr, o]of vl # A 3] +=3f
7} 2% sy 4504, EHlE 3F0lA oAl 1014
© 2 Jeh} o2 2] ko] v]d) Phytostabilizationo] Z&¢
317 ok o8 wthE )

EQUNEA xz[o wE HiHo|F 3% SE|
A AU S5 5= ESH 5552 Mehlich—3
3RS BEU|R2 "9 S35 £24H] (Bioaccumulation
factor, BF) & 243} T) (Table 6). As2] 739 AMDS 10%2}
20%°] <5 Z2Au|7} 2¥2} 20,63 33,302 714 =9Th
Fad FAH] 0]k Kol A 2|+t HlAHY 1% (0.7)2}F 2%
(1.0), HA3]+=97} 1% (0.8)2} 2% (0.9) AT, Cdo] - &
= AgltollA BE7F1 ool o, 7 =2 gk Hel A
2l vk 1% 31,30|90H, HIARY 199} 2% Z2)
8.7} 8,002 =2 FhE Kt Cu HA| HE A2+ A4
BF7} 10)/do] .o ThFo] A eftol A f-2fgt Aol & B
o] 2] ekt Pbo| 79 #| A 3] += iz} 19%2} E]H]of| A 212k
0.9} 0.6 Helom, U] HeltofA= 1 o]4fo] 3T,
Zno| A BF7} 71 =2 A2t v 1%8 27,0019

AMDS 10% 20.6a 1.6c 1.6b 4.8ab 0.6¢c
AMDS 20% 333a l.lc 1.6b 8.0a 0.8¢c

BA 1% 1.8b  313a 1.6b 3.0ab  27.0ab
BA 2% 23b  11.4b 1.8b 5.2ab 6.9bc
FA 1% 076 8.7b 1.3b 1.5b 4.5bc
FA 2% 1.0b  8.0b 1.2b 2.1ab 2.7¢c

WLO 1% 0.8b  2.4c 1.3b 0.9b 0.7c
WLO 2% 0.9b 1.6¢ 1.3b 1.1b 0.9¢c

Compost 0.7b 1.5¢ 1.2b 0.6b 0.6¢c
Forest Soil 25.9a 19.5ab 2.7b 2.9ab 354a
Control 3.3b 25.4ab 4.8a 5.6ab 5.9bc

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

o, AMDS 10% (0.6)2} 20% (0.8), #| A4 3]+= 37} 1% (0.7)
o} 2% (0.9) W HJ1] (0.6)0]4] BF 1 o]3H2 BT} AuhAo.
2 BF7}10]41 A1 &8 Accumulator®, 10]5}0|™ Excluder
27 3} (Cluis, 2004; Mac et al,, 2001; Rezvani and
Zaefarian, 2011), Phytoextraction®} Phytovolatilization %]
LAl = S35 £ H5E80] £ AccumulatorZ} 72|31
"l Phytostabilization2 2.3]8 Excluer’} ¢ S8-&]s}c}
(Pulford and Watson, 2003), ©|2]3t A& a&{dithd &
& 3%olA BF 1055 RQl #HAS+ZujzH%et En]7t
Phytostabilization®] Z&35}H, ZF<4: 4 o]Alo||A] BF1 9]
AR 2ol AMDS 10%2} 20%, BFHAY 1%2} 2%, BIALAY 1%2}
s M go] ot Ao AR,

EUIZEN| MA  Phytostabilizatione Z-85}7] ¢35t
AHARRFE Thefelt, A=) AR S WA Soll o
g HE dast, A= a5 S SATH T
Za3k adlo|t} (Bolan et al,, 2011), o]2]gk 210l gt
Btz o] AE7] 5k E|ojof Phytostabilization®] AJ3-

F 4= Qlek, & Atoll 4] Mehlich—3 412 53 EYUH &

AESHA] AR} AV} AeHe] A 9 A|
=5 A, AUelA Y] S5 ol s AT R Sa5 54
H] 5 70 &5 HES Ay, A 3+=2 97 192} B4 7k
thE Aol Bls] &8/ =371 izl Phytostabilization
= e AR Akl

o ek
o 4 4 ©
1 m-tn

ol
o o

2

Conclusions
B A gFsgatke] S35 0 ERS AES 3]
7] {1l ENEAl AElof w2 Bk S5 oleAdu ¥
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P%
n
o

ZAmFHW S

57 Pl 5 wAjstel 4% EPPA
£ At 5 %

5?‘21"% ol 98l o5& LAEYZ HE
A 1, 2%, H] , 2%, WA 3)+=Z|ZF 1, 2%, AMDS 10,
20%, E|H] 3.4% 502 A 2| StiL H|1-S 9o 2P HA] 5>
AHE A ESF 9l tzeto]] o] W HE AR £ 67)
A5 Aulstict. Mehlich—30] o3t Bk < Tk,
AmF BE S545 54 o 55 BT 2y} w A g+
|zt 1%2} E8|7} t}= 7)2FA|of B]3} Phytostabilization
off a&Z 0|t} ShANE AA| AFHEARR ] 7 tAdA
§]—7ﬂ EOoF /éjuol—;(]a T]E]— /\]-Eq,qi /\HEHE‘_O_]O T]E]— =ys]
/l]-%] OEHHA /\l}\ﬂ O?:} o:]a% _,c_),_o]o] _‘E‘SLZ4OE Z]—_Q_
517] wiszofl of2fgt a]lofl gt FHAQl HETF A3y o]
of g Ao},
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