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Stabilization of Heavy Metal (Ni, Cr) in Soil Amended with Biomass Ash
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Abstract

This study investigated the potential use and the effectiveness of biomass ashes for the stabilization of heavy metals in soil through a series of
experiments. The ashes used for the experiments were obtained from the gasification of biomass including miscanthus and woodchips. The amounts of
nickel and chromium released from the soil and ash mixture were analyzed. Chemical analysis showed that the ash contained unburned carbon as well
as silica and alkali metals. Miscanthus ashes have C (83.400 %) > Si (9.040 %) > K (3.180 %) > Ca (1.800 %), and woodchip ashes have C (93.800 %)
> Ca (2.220 %) > Fe (1.370 %) > K (1.200 %). KSLT and TCLP test results implied that the heavy metal concentrations were below the environmental
standards and would not impose the risks. The results also showed that Ni releases were more limited as more ashes were mixed with the soil due to the
increases in exchangeable, carbonate, and oxide nikels. Both miscanthus and woodchip ahses were effective in stabilizing nickel and chromium through
mixing with the soil. It could be seen that ashes produced from biomass gasification can be used to stabilize the heavy metals in soils.

Keywords: soil contamination; soil stabilization; miscanthus ash; woodchip ash; heavy metal

bl 9 HRkA A o] A EE He = ¢lsto] $H
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%EHE]JZ O‘E}(Go etal., 2012). 31215} 20041 5 gg

o & BA1S] AT A 5 A S 64047 4k o
AL 9L, 574 7] Aol sl ato] 913151 9lo] 1.
o] |- Ao R OFE%Z% 816 ™ (Korea Rural Commynity
Corpoatrion, 2008), & H]33At Q1L 574X 9] <4 2 F1)
) AR 9 AT Q1 470 S 09
7} A B 15 ¢} (Hong et al., 2009; Ok et al., 201 1; Baker
etal., 2012; Ahmad et al., 2012; Lim et al., 2013; Ahmad et
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al., 2014). ole} tlBo] Aluks7Ale] 79 7ul A7 2 A3
73 kel S50 Hu) Bgo] S7heln A

Aol A AES sde ARA 2 Bl B, Aok
W PIERE A4H02 29AA7|T Yo, AlFe thalo]
Q== Aotk (Go et al., 2012). £3] 7
4 97 vl 4L Aol 19lsl 7y e
L FAET} AFESF (0.09 mg/ke)e] oF 4ujE
0.39 mg/kg 0 2 ZAFE|Q L, YA HX 1w v A, IE,P, ofl &
3} P8 ST g A4Hel Erolle] Ag ol
WHEo] i 5=} S71EE 43S veljo] Fieg ¥
2o} F971 B 235}c} (Kim et al., 2010; Go et al., 2012).

TS Jﬂoﬂ UH—r =it 2AE S9] v Aee
1A9] 75 3k 4 9l = S-8ll3<; (Cd, As, Hg, Pb, Cr,
N i - ettio] £ 049] SehS o121 18
Z4:(Cd, Co, Cr, Mn, Ni) .8 B2} 2= oIt} (WHO, 1992;
WHO, 1995; Go et al., 2012).

234 9E| 3t YRyHoz:= 1gs)
(solidification), 32|31 (vitrification)¥} E kA 2/ Ak
 (soil washing/ acid extraction), A EFA|AF
(in-situ soil flushing) S-©] QJth. 1&ji} o|2jst ZHES
A) 9915710 H§317]0l= AR S0l 457
Zmof| A FAZ¢] oz L-0] 9Jr}(Korea Rural Commynity
Corpoatrion, 2008). |+ 555 Y 54X 8 o= oF
7g 3} (stabilization) 5 o] mj-¢- H-83F FHO = ¢l H L
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Uk St FRIE LB EYOoRRE AgHow
AAE A= AL A (in situ)ol A #-g-o] 7FsshH,
QAR T HESt E8S A8AIA B Holl A
3= S 545-2 A (adsorption), A (precipitation) 5
Eol -8l (solubility) Lt /o] W P = HIFA|A A
=A% (bioavailability) 2 &1 (extractablity) S 23
A el & Al 7= W o= FR fIsHA| e A
T TEH LUAEYE APttt 714 4 HEAQl
A 71A) AL )t} (Basta and McGowen, 2004).

A= Aol E, Ag]Aat e FEa Ated
71, =7}, 74 ek 22 AR FANES o] 83 EeHst
of gt A7) 21T} (Yun et al., 2010; Ministry of
Environment, 2011; Koh et al., 2013; Yun et al., 2014). 3} 4|
U A AEE D AR FARE O] A ERHSRE eIt A%
2g A EE O] E4) 2 Fe7h e sto] 280 qlof vl
Aol Z 7l o= wehEnh Hhd vlo] QA FARS-S o] 851
BRIt e xshAolar AAIA Q] S 7HA AL 9l
31, HE A A o] tigto & Blo| QU AE o]§3T of ]
A Ry 2 AL gk 9tk E3E RPS (Renewable
Portfolio Standards)A| =5 2012 d 5] A A], v}o] Qujj A o
U R 9] ARR-S 7F3)51aL 9Tt (Kang et al., 2014). Hfo] 2.ul
22 B2 vpo| e AE HES] S S WA= A
2 o) S 5ol wel ek 2-10 % el e Ao}, 2
Tt Eom, JRA77F AR EA4S 7HAAL Qlo] Eoko
hel Al 71 A8AJo] w2 A o= etk

oo & toflAl= Hiol e 3|EY EF W S5
(Ni, Cr)QH3t B85 H7Isl7| 98] i vio] 2wl
¢l A (miscanthus) @} F521 A o] @i 21 ] A= - =3
(woodchip) Z|it-5 A3t & 71 5445 78 AL, 4 A]
B vio] euf A Sli-g E3ste] B Wi T QHES)
S0l tfsto] A Hlck

Il. XZ L gheH
1. 57X EYol E4 I}

EQF HY3IE 93t FAA] B QA A AR
ol 1A 2= EFG ARSI B 5 AAE 715 5L
253t 713 7120 ZFsto] 29eli Ak Bl
L 374717121 201549 290]] #ZE F (Depth: 0~15 cm)S
oF3 kg A3 T A A A Bk BEAS mlotsioltt EQF
o] =R A 4HEE 200 H71A] A EAS A AL
913, 2008 M2 e Al RE HFAS o] §3to] Hals}
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At (ASTM D422, 2005). E9HH|E 574517] f15t0]
105 °C Zz7]0]| 24 A7t 2 5 A WSHE S5k ek pH
OtEC+ EYH SR HlES 152 EFs8laL 1A wit
3 filter paper (No.2 Whatman, USA)Z oJ1}5t F pH/EC
meter (Sevenmulti S40, Mettler Toledo, Switzerland) 2 =
A5ttt BEFS /-7]& $FeF (organic matter, OM)-2 2+
EAFHOZ 450 °Coll A 24 7HE & FARSRS 545t
9l o1, 224 (total nitrogen, T-N)= B} 2 A &2 K280,
9} CuSO,Z 9:1 H[- &= H7}3}e] 400 °Col|A] 4417k 75
3 & H|AH o 7 =435} 31, 2421 (total phosphorus, T-P)
2 HCIO, -3l ol wheha] HEsl 3 ofAa 2 RIA Shl Ry
o WA F Z2Aetgc) Eobol] ZAISR=Ni, Cre] %
2R Z A7 1 go HNO; 0.5 ml, HF 5 ml, HCI 2 ml1& 411
140 °Cof|A 2A17F 52t B3l & ICP-OES (PerkinElmer,
Optima 8300, USA) & Z45}1t}.

M

2. Ho|20jA 2|29| ZH| | SEHEM

Aol ARERE 2= ioll AAlshke A=
Skl ol A A3 Afufstdar, Al =
TAER ZHHE Sl ARt Al ollA Y AR
aoict. vlol ul s slo] Az gfetod L] (High
temp electric furnace, IH H&C, UP-350, Korea) o] A2} -9
S22 217H1 kg H31 1000 °ColA] 1 hr 59k uhgA|Zick
A who] o2 SR (A, S5 425 um 217 olst
A71E sfo] Aol AHgBIT. Hlol enll Blie] pHet
71 = 5ot 15 SR S35 5 pH/EC meter 22 2
e}, B15e) skshA EAS mlete}] 916}o] XRF (Xeray
fluorescence spectroscopy S8 Tiger 4K, Bruker, Germany)+-
A& ARSI TiRjeke 2 vlo] erlls Bie] a4 85
HES dobiy] gistol S w71 8EAHUL KSLT
(Korea standard leaching test)®} w|=+ EPA-SEA|Hl
TCLP (toxicity characteristic leaching procedure, method
1311) ¥HE 2|-gstof vlolemx 30| 54 85 H=E
71515 (USEPA, 1999; Ministry of Environment, 2014).
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3. £ 334 obmst X2l M3 U 943

ES U Ta5 s A2 A2 Vs A B¢t
A =2 A 3] (Miscanthus ash) 1F-2-=%] 3] (Woodchip
ash) & T3t} 44 IS Ba) ST 574 B}
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AN &S A FIete] T4 5 A of| ARSI 573 A Bl
ZAJER=Ni, Cro] ZAF elj+=Tessier et al. (1979)°] 2|3} A
R A4REYS ARk A4FEUE 2 5T 0] 3
EUA R 0] 2w 3 §E (exchangeable fraction), BFAFY &
E}j (carbonate fraction), & 7+ ASHE &€ (oxide fraction),
8715 A% P (organic fraction), HFA|E}O &2 25 Sl
(residual fraction) 2 JLE-=IC) (Tessier et al, 1979). = &
olo] BLX2 filter paper (NO.6, Whatman, USA)E o1} &
ICP-OES (PerkinElmer, Optima 8300, USA)& =45}tk
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1. EY 3 HIO|0iA 22(HM, REH)S| £4 et

2 Aol AR BESFe] 5414 AakE Table 1] o
Eli gt} E2F9] Sand/Silt/Clay H|S-2 2+ 69.3 %, 12.2 %,
18.5 %], Soil texture+=Sandy loam &] 442 Ve AT}
pH=4.75, A7) A =T 68.60 mS/cm, 57|15 #2430
% UFEREAL, 22 4= 1,153 mg/kg, £912-1,143 mg/kg ©.
2 goEQict B W AR 2.80 mg/ke, FF 2.74
mg/kg © & EFeE A O] -2 (U# :100 mg/kg, 671 =
£ 5 mg/kg) 7|52 2514 kA ]HL Kim et al. (2008) 2]
AFA T A AAZE2007d e M55 A ko] Hat YA
S (1.19 mg/kg) Btk =910, AE0] B A= = EY 3
2 312 (0.39 mg/kg) 2o} =4 Urehdeh (Kim et al., 2008;
Kim et al., 2010). Hfo] mlj 2 S| =, A2} - 53 3l7to]
o3k XRF 4] 235 Table 20 e it oAf 3]29] 73
©.C(83.400 %) > Si (9.040 %) > K (3.180 %) > Ca (1.800 %)
o] &0 1k 24J0] 1A Lhehdar, Al Fe 5 A% 2
Fhe]o]Qlk. 2= 3] B]H.2C (93.800 %) > Ca (2.220 %) > Fe
(1.370 %) > K (1.200 %) 2] =02 F4d =|o] gl om AAf 3]+
I} o] Al, Si T 2FHE| o QI

Hlo] ouj o) skald B4 a4 52w 145t

Table 1 Properties of soil sampled from Anseong—si

£ 7H 7ks/dol A, a4 HISAIEA o) 2874
S Bl Q= A0 2 WEtH(Lim et al., 2015). &) &
=i} 9-E3] 389 pH= 2171 12.08,9.06 0 &2 dZeld =
AR opote| Q). A EA-2 a5 HFIE St E
FNFA 2 AR = t 2] 2= B A Eo] pH
EASAI7IH, ojnf] O] S SHE o] WFol 4 5
549 BE9F g&to| =78t} (Zhao and Masaihiko, 2007).
ofof what 2 Lol A A 23t Hfo] QoA FlE-2 EQF ] F
T4 QPgStell AU A o= o SH

tol

N

oA U 2=

S
5ARES) wjo] o Bt
[e]

=

>

o

ol

to] =) 9 vj=o] S5 8-S A9 WA KSLT2F TCLP
< F35F3aL L A3HE Table 30 UERY Itk KSLT
A A3} oA B2 As, Cd 2] 8-20] §191a, Cu, Pb, Cr
o] 8%0] 7}0.008, 0.017, 0.860 mg/L 2 LFERGT) =3
S1E-2 As, Cdo] £30] ¢19leH, Cu, Pb, Cr* 7} 0.007,
0.003,0.124 mg/L2 A & S-= 3] 3|5 = KSLT 7] 3]
o]at2 yepytth. TCLP E443} oA 3152 As (0.059
mg/L), Cd (0.001 mg/L), Cu (0.016 mg/L), Pb (0.017 mg/L)
L5 o] AR QAN 7|22] ofstolw, =3 359
1= Cd (0.010 mg/L), Cu (0.020 mg/L), Pb (0.007 mg/L)
of| A §Zo] WAL AUA|NE H5 7]EA] o] 5k UrEbgtTt. BF
¥ Cro] =2 AR 7] Falgl o), BAo] o = Cr®
9] 3R Cr 7|2 K} o} QP4 A1 © & st ofof uf
o|euiA FE-S Bl B S A 7l FEL £
e $- e Ao 2 ke

2o

1o fr fz Ho

3. HIO|2iA 3|2 =&t ME E L Ni, Cr
EMe] Hat

7l Hio|2miA 2|2 =etof ME £ L Ni ZXHZE Hat

vl Qo2 85 B T2 EF U Nie] Qe B8-S

Sand/Silt/Clay (%) Soil texture pH EC (mS/cm) m::?::_néf/) T-N (mg/kg)| T-P (mg/kg)| Ni (mg/kg) | Cr (mg/kg)
69.3/12.2/18.5 Sandy loam 475 68.60 4.30 1,153 1,143 2.80 274
Table 2 Chemical composition of miscanthus ash and wood chip ash
Element wt. (%)
Materials pH
Na Mg Al Si K Ca Mn Fe C

Miscanthus ash 0.113 0.690 0.319 9.040 0.546 3.180 1.800 0.360 0.134 83.400 12.08
Woodchip ash 0.033 0.388 0.175 0.352 0.183 1.200 2.220 0.102 1.370 93.800 9.06

A5 83)e=i Alssd ABE, 2016 © 41
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Table 3 Analytical result of leachate from miscanthus ash and woodchip ash

Vaterials Korea Standard Leaching Test, (mg/L) Toxicity Characteristic Leaching Procedure, (mg/L)

As Cd Cu Pb Cr crt As Cd Cu Pb Cr crt

Miscanthus ash n.d n.d 0.008 | 0.017 - 0.860 | 0.059 | 0.001 0.016 | 0.017 - 1.028

Woodchip ash n.d n.d 0.007 | 0.003 - 0.124 n.d 0.010 | 0.020 | 0.007 - 1.394
Criteria 1.5 0.3 3.0 3.0 - 1.5 5.0 1.0 - 5.0 5.0 -

*n.d : not detected

Brksl7] Yate] B9k 0.1, 0.5, 1 %H]&& S35t 5 223
B M3} 7t 1, 2, 4, 85 &2 #4510 Fig. 1of] A|A[8HT.

Hpo] @ uf 2 B2 S351A] -2 052 T2 Ni =4 H]&
2 Z47; o] &gl e (exchangeable) 1.47 %, BHAFA
(carbonate) FE|| 1.01 %, AF3H= (oxide) FE) 21.22 %, 7]
= (organic) FE}| 3.97 %, XH7= (residual) FEf 72.33 %=
et gyt o 2 o] 2w gt e, ThAY e, 4lekE 3
Bl o A EH o7 BFo] 73t FHOIAIR f7]E B
Hiof = FEle O 8o 2 §50] ofEle &4
e =2 LA itk (Bacon and Davidson, 2008). =, ]2l
gt Fejof et FE), Ak FH Y FaS2 B ol
7d ®3H(pH, &%= 5)°ll 2l A o237} 7Fssto] o] 5/d
o] ol 4= U A o= AR GAIE 0.1 % E7dst
- o] 2Lk Feli= 1521 3.25 %o A 8521 2.1 %= A
S, B HEl = 15521 1.01 %04 85:212.65 %2 5
7hhglom, AkSHE e 1222} 21.23 %of|A] 8222} 12.28
%= Zasele Wi HlwA] oy A Q1 2R E Q! F7 &
Pt X FEll= 15521 213.97 %24 72.33 %ol A 874}
3.06 %3 79.90 %= 7h2 % Z7ksRe AT Lrepyoict
(Fig. 1a). A 3]4-3 0.5 % S33t A9 154k Ni 9] o] 2u
2, e ), Al 9, 1718 FH, e
=7F5.03 %, 1.99 %, 20.21 %, 10.47 %, 62.29 %o A 8F2}
1.66 %, 1.10 %, 13.28 %, 2.56 %, 81.38 %= Z-=+5 & 9]
80| T} 0171 2102 Uelyte (Fig. Tb). o) SIS |
% ERI S U] 1557 21713.87 % (o] 28 Fel), 1.40 %
(SHar ), 17.50 % (A= ), 7.85 % (771= FE),
69.37 % (X7 ) 2 Ni ZAF e ol A 872 1.48 % (O]
2.8 ), 1.19 % (FHAF FH), 10.58 % (4H2k= FE),
2.19 % (+71= ), 83.83 % (A= FEl) = vl A -y
Q1 e ] vl&o] obxlet (Fig. 1c).

SEZ] 31H2] 79-0.1 % 238192 uf o] 2t

Bl
K

£

SNAS),
1552} 5.28 %0l A 85} 1.87 %= ZFA8}99 1L, gFAE
L 1221131 %ol A 833} 1.73 %2 Z7l5tg.om, Aks
HE=1552122.63 %ol A 85F219.78 % = ZrAashith vt
H) A Qg A|Ql AR E 5718 Pee} HRE P

tox]
=
A

T E

42 « Journal of the Korean Society of Agricultural Engineers, 58(3), 2016, 5

2} 7+ 8.15 %9162.62 %ol A 855212.95 %} 83.67 %= 7+
2 9 F7Pke AR UER it (Fig. 1d). 28 3l
0.5% o313t - 122k Ni 9] o| 2 gt o], Thiky el AF
ke gHl, 71 FHl, e FEle 2 3.22 %, 1.69 %,
14.89 %, 8.70 %, 71.50 %) A 852} 1.03 %, 1.70 %, 11.23
%, 3.09 %, 82.95 %= %5 FEj 2] Bl&o] wi$- otz A
© &2 UERITH (Fig. le). S5 3-S 1% 8319 1 |
AL 2121 1.02% (o] 2uLgk FEY), 0.92 % (T4 FE), 9.40
% (A FH), 4.30 % (71& FH), 84.34 % (=
) o Ni =2 & efjoll A 8522}0.60% (o]-21.ek ), 0.85 %
(gHtd ), 6.56 % (AF2kE FE), 1.68 % (715 FE,
90.30 % (ZH= FE) = vl QH2 Q1 Fej o] Hl&o]
oFxlth (Fig. 1f). o= Blo] emlj2 3] Fof] UF 3231 E o] §)
Zr (Ca)ol| o2} £ pH7 | 55HHA St B9 FHe
SRt e R o) ol 2 TaHe TR T T EE
SHER O Ao R S0 Gallert WobA Sl /gt 4]
71-8-d (phytoavailable) P 2] 54 s/t s = A S
2 g o} (Brallier et al., 1996; Paulose et al., 2007).

1o O o - g

L}, HIO|2OHA 3|2 =&0f [ME £ L Cr EXHFE] H3t

Hio] e uij A 38 S3tof| mbE EF W Cro Qg3 a8
B7ksl7] flste] £95210.1,0.5, 1 %4 &&2 S35 A3
B H3}E 7H 1, 2, 4, 8 & F45}0] Fig. 20| A|ASHIT

Hpo] Quij A SRS S FF5FA] 982 072} wf &f Cr EAH|&
2 Z17; o]l &%l e (exchangeable) 0.16 %, THAFA
(carbonate) el 0.59 %, AF31E (oxide) FE 9.13 %, 7]
= (organic) Gl 3.84 %, ZHF-E (residual) FHEf 86.28 %=
UEhdeh olAIE 0.1 % B8t 29 o] 2 Fe 157
3.63 %04 85:210.79 % & 481 AL, A FEfl= 15
210.89 %ol Al 8721 1.22 %= F7 15l 3l 0w, AlelE =
15:2110.24 %ol A 852} 2.96 % 2 A5}tk vhd v w4
PR EAFER $712 Fehol 2 Fe 154 7
12.32 %2} 72.94 %ol A 8552} 2.40 %21 92.62 %= 74 2l
7 obe kS et gich (Fig. 2a). SAf 2125 0.5% &
ARt 79 1522} o] 2w gk e, Tt e, AlelkE FHE,
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Fig. 1 Change in Ni fraction in soils mixed by miscanthus ash and woodchip ash: (a) miscanthus 0.1 %, (b) miscanthus 0.5 %, (c)
miscanthus 1.0 %, (d) woodchip 0.1 %, (e) woodchip 0.5 %, (f) woodchip 1.0 %

71E FH, A5E FH=214.96 %, 1.04 %, 8.55 %, 9.95 %,
75.48 %ol 4 8522}10.69 %, 0.69 %, 1.76 %, 2.21 %, 94.64 %
A7 o] Vo] - teofal A0 Uebiet (Fig
2b). ) BE-S 1% ERBAL T 150 21243.30 % (o] &
ek Fel), 111 % (2b41] ), 1093 % (USHE ),
8.80 % (5712 W), 75.85 % (52 Hel) ol 4 8521073
% (o] -3k ), 0.63 % (FH41e] o), 2.48 % (41242 7
o), 2.30% (712 e, 93.86 % (52 e vlwA

291 e 9] Bl-&o] FolH Lt (Fig. 2).

S=H 3]E0] H9-0.1 % 238HS f o] 2w g g
1222} 5.63 %0l A 8322} 0.53 %= 745111, BFAFY
= 152 1.26 %A 852 3.61 %= S7F5H oW, 41D
e 12221 10.86 %O A 832212.26 %= ﬂAo}gau}. a5

v A Py A 2l ZAFE ] f71E FEjot HRE FHle1
2} 21 8.40 %2} 73.84 %0l A 8521 1.93 %2191.67 %2 7+
4 9 F7bel= A UER ST (Fig. 2d). $-E3 3&-S

el
%‘

ﬁw
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=
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HIO|QOHA 3|2

1]
ol

ol 2 EY W 34 (Ni, Cr) 2Fgst
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Fig. 2 Change in Cr fraction in soils mixed by miscanthus ash and woodchip ash: (a) miscanthus 0.1 %, (b) miscanthus 0.5 %, (c)
miscanthus 1.0 %, (d) woodchip 0.1 %, (e) woodchip 0.5 %, (f) woodchip 1.0 %

0.5 % 233 79 1552} o| 2.3k Felf, BhAke] e, AlshE
e, 97|12 ), 2 el 714.08 %, 0.88 %, 6.80 %,
9.40 %, 78.84 %) A 85210.59 %, 0.70 %, 2.55 %, 3.52 %,
92.63 %= = P 9] vlgo] w9 obl A 02 Uhebt
t} (Fig. 2¢). S5 382 1 % Tt wf 1524} 742
1.66% (]2 &), 0.99 % (TH4+ ), 6.71 % (41}
= FE), 5.58 % (7715 FEh), 85.06 % (K72 FE) | Cr
ZAF ol A 8F210.64 % (o] 22k FE), 1.08 % (B4
), 3.63 % (AHSHE ), 3.44 % (712 &H), 91.20 %
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(ZHeE FH)E vl PRl FEj o] o] wobslch
(Fig. 2f). Hfo] Quf A 35 S3tof| w2 EoF W A52] FY
3t 582 271] Zhgof w2 A E s 4= 9l=dl, A

SEZ 329 pH=7112.08,9.062 4| EHUR E
s} E3HElo] 0§ pHe| Aol 7|15}, 32 pH 27ko]
A 5= O FAS e} Sa59] AR (hydroxides)
279o] e & TetkEe) (Kostarelos et al., 2006; Zhao and
Masaihiko, 2007). T3} ]9} B 5o} 2715 pH= Al, Sio] 4
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etal., 1996; Kostarelos et al., 2006; Moon et al., 2013). &2
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