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ABSTRACT

Biochar, which has high alkalinity, has widely studied for amendment of soil that contaminated with heavy metals. The
aim of this study is assessment of amendment for arsenic and heavy metals contaminated acidic agricultural soil using
biochar that derived from buffalo weed (4. trifida L. var. trifida). Pot experiments were carried out including analysis of
soil solution, contaminants fractionation, soil chemical properties and plant (lettuce) uptake rate. Arsenic and heavy metals
concentrations in soil solution showed relatively low in biochar added experiments when compared to the control. In the
heavy metals fractionation in soil showed decrease of exchangeable fraction and increase of carbonates fraction; however,
arsenic fractionations showed constant. Soil chemical properties indicated that biochar could induce recovery of soil
quality for plant growth in terms of soil alkalinity. However, phosphate concentration in biochar added soil decreased due
to Ca-P precipitation by exchangeable calcium from biochar. Arsenic and heavy metals uptake rate of plant in the
amended experiment decreased to 50% when compared to the control. Therefore biochar derived from buffalo weed can
be used as amendment material for agricultural soil contaminated with arsenic and heavy metals. Precipitation of As-Ca
and metal-carbonates are major mechanisms for soil amendment using char.
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olFe G HAELS] MHS ANtttk AH8
T FELL A AAE EGe] 7R 374 ARA
71%°] AAETHKoh et al, 2013; Ok et al, 2011).
ool TjellMe #lE<git i 2 F8Re sl &
WHEAAS] deko= kst Frgo] wo] HEHaL 3l
o 2 FHS B RRE QAEHY] 347} o FoiA
A= FA, 850] Bolg FHY] = =, AETH F
B % (bioavailability)7+S ZHrAIZI 02X F2E Tigh
JekS HA3} = Ao|thKim et al, 2010; Kim et
al., 2003). WpA QFYst TS AE A EYel
sl =84 54 Rl Abds aE sk AsiA
7IRke] B Qloix] dEF o=z 71 el Wkt
olg} & 4= Utk(Koh et al., 2015a).

TUeME ] 7Rk Sdo HilsE 5 v
o] SIS Tl Hla(As) B TEEH L FUIEa
o] K3} 7o) AtE]o] ko, o]e] 72 A
O F Fe-As F2OY Ca-As IA, 2138150 8k
HH 5o ez ¢HA JAtkKim et al, 2010; Kim
et al, 2012; Yun et al., 2011; Ko et al, 2010; Lee
and Jeon, 2010). ©]9] 7|23 nigko 2 AA IRl =
T2 3] (limestone)?} A3 FLHEQ] AdEH
T(steelmaking slagy’} SFHSHAIZ AREETL T} o2
o= vko] 22K (biochar)E FY3HAIZ = A7) =
o] &3] =il Ah(Abdelhafez et al., 2014;
Baek et al., 2014; Beesley et al., 2014; Fellet et al,
2011; Kim et al., 2013).
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5O S, SRS 2 U1 e T
AUTHLim et al,, 2015). Hlo]|92R= WABE E3ljel oigh
&3 S 7L Qlo] oistead] tiy] F uiEs
AAek= 719wt dieaart sle 3R I Sk
oo} Al Bl 71 A9 AHERS] JNEa, B

58 9 olewdhsEe] IR Q1% T A el
ghe ol 2 F5-& Wk thWoo, 2013). B

FSAZA vlo| A= B pHE S7HIA 748t
29 A, EG W 343 STt gt FEg3e =
Pole TEEY 55 AT - o, of2Y nlo]
ex FHe F2S B olFds Ao & o
(Beesley et al., 2014). 121} 1Al H1AHH,ASO,,
HAsO2 )eIH ok H;As05, HyAsO;7) 52 goleo=
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SABHE vl tiaixe vk RS ARt =
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9] F7tell 79Ik Ao g Husigtt. o]#Hd A A=
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o] e o= QIgh HEE vl I AHaap}
BRIEA] A58 YERH Folt} ©]9] Beesley et al.
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Table 1. Arsenic and heavy metal concentration of studied soil (mg/kg)
As Pb Zn
| Concern 25 200 300
Standard”
Countermeasure 75 600 900
Studied Soil 136 419 491

(1) Criteria for agricultural soil from Soil Environment Conservation Act of Korea

Table 2. Chemical properties of studied soil and biochar

oM Av.-P,0s CEC exchangeable cation (cmol./kg)
ot %) (mgke)  (cmol/kg) K Ca Me
Studied Soil 6.03 2.26 1,001 16.28 1.27 7.63 2.90
Biochar 9.75 14.00 499 333.50 375.87 2.46 11.44
Table 3. Chemical properties of limestone used in this experiment (%)
Sio, CaO® MgO® Fe,0, ALO,V Others
3.00 50.5 227 0.64 1.66 41.93

(1) Analyzed by Korea Testing & Research Institute (KTR)

14S 3l Smm olske] YAE7IE 7 AS A
ez stk Ad & HFHow SIS A
ted Hoigh Alge] T3} o] FoRAEE ST

AZAEE o R B FFAAH7IE(KME, 2013)

E‘J 2% BXAIR= Table 10 Yehd nie} o)

2(Asyh 136 mgkgl 2 U] B AN 7IE(As 75
mg/kg)a Zshs EEE AT o9l H(Pbyt
olA(Zn)e] 79-ol= 242} 419 mg/ke, 491 mgkglE E
o} o‘g%—gﬂf(m) 200 mg/kg, Zn 300 mg/kg)yS Z3s}
A}, B EQRe AFE(Sandy loam)Z2A] 2, AE, 3
B9 g2 717} 68%, 15%, 17%33TH.

FSAEA Y] HETFeAS AESIA} sk vlo|L
2= HEA HRE A wifida L. var trifidays 71RFOZ
A z3 Aol Fakar e A7]ZE(model 48000,
Thermolyne)S 10°C/min2] =2 523l 500°C 27
X T B vlolemiAE FRSEIA:. g7t &
A7) BH7)(model All, IKAYZ olg&slo] Hoa Hi
(1 mm ©JhplaL, oMIES AMESl] &7 w74 7]
BEES 40 723 & SRR A & X
A(Park et al., 2012)S Al ARSI, Bl
HINAAS, 201000 wE o]stsHEA a7 F-a204HP,05)
2 Z<5(Cays AlQIE pH, 7715 T, dolusts &
o] o= Nzﬂ;ﬂ)\} EO]:EE}- =2 zﬂog 7].@ ;i_gg B
ERJTH(Table 2).
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25%7F A =S

7Fs/d SRS f3l A3Ae IR AESKH A
AL AR HFEBAE FH FEAY REA] Bol
A& Y= st £ Aelxe Alsel fF
HE AEG mm ©)3h)S ARSI Table 30 2 A9
o] Aew M3 sekzyd BEAATE Jepgoh A

F5a i 7 FE(Si0,, Ca0, MgO, Fe,0s, ALO;)
S A3 YR sEke 41.9%2 7]E}F vlEkIset Co,
5o] ApAg.

2.12. XEZA
Aol AF8E TEE 150000 9] 1A ZERH
shtell B8 A(soil solution)e] A7} 73S
RHIZON Soil Moisture Sampler(Rhizosphere Research
Products bv)E AX|sItt. ¥XE ] 3kgd| HAREWNS
Ao, nolodie QAERe] FAN il 0.5%
T, A4 3% TR EFEIH Hlelete] &
F UL 1% Mo HEWS B AEPe] EF
A 3F8W} =4 vehdthe 9727 Ra, 2013)E, A
e A ARolA s SISl FE 1%~
576 W9Il 2% W2 AR Jelck EE 2 2
ZA8 gk o g Asl] thET(control) X3 F 9

7H7} HR] = AT
Efo] AA1E XE= A7 /E EE AdeolM
AYS AP AF7RE T BEF e 20%-~
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2.13. AlES AFH E 24

A7 T B Al EXEN(soil solution),
Eoltt. EY U 29549 8§55 ok 98 E
FEAS Hx ¥EHIR] & 2 AIAERE F 13 1l
T2 F 53l AXA AFASAT. TES] 237kt F,
upR|e}t Sjate] Bkl Aede XEMLX] & 31Y0] F
FE A)Holtt. EgkgNe FEo| Ax)¥ RHIZON Soil
Moisture SamplerS FAF|ol] A3l 73315 2171
T AP o3l FEH FEolth. EY ERgde)
upRek A A 2Fste] 48 A= 3T

Edgd Y Fr19AE s FELATHANEIE
(KME, 2014)°] A& F83le] FFsiden, 1 gt
& kg3 TRl HiA(As), B(Pb), ok (Zn)lt}. o182
o] 247 HilslEe o3t JYHEE FHelshr] ¢
3l Zg(Capt H(Feys F7H 2 481 9] )
Hgoll A pHeF VAT (ECYE S48 XE U E
g olsjaly EAWslE A&HoF RUERSIN

EGgN RUHY FTEAHNA A s ESS
Vo B 29 olslslEAdSs Akt o|5ks)
EALe o Table 200 AAE FES ESSISHEAMH
(NAAS, 2010)°l w} EA3130t). of&e] ESF e dd=
(As, Pb, Zn)®] AESHH H8 % (bioavailability)2} EF
Y BIEAT AEsged, A8 fFEEE 1M
NH,NO; FZH(KS 1 1SO 19730), BYEAL A%3=
Hell mE AXEE F83lnh. 53], &5 B85
FEEA S we} FAEAE gt AR &
olo g ZEAF}= HlA= Wenzel et al.(2001)0] A|otst
FEUS, GolRoR EAlshs TE5 VN FE(Pb, Zn)

Table 4. Sequential extraction procedure for As

< Li et al(1995)9] #AHAE F83tATt. oyt vHA|

gk S0l sl ZHR3 (residual > =] ELL EEH

ANEe 2SS T8 B899 0H(Table 4, Table 5

Az, o]9] FUHoE FIEA BT AlFel tis)
=]

FEA AT et 7 9 s 3 Blas) 3
A AEFZAAHY F AR &
Aolut BAEe] BEY U AFE 58 s e
T e FEHY A sk Sfdtelt)

o] IS Tl Xt duH EGE 2 EY
W 24 o] AeRRAS. [CP-OES(model 8300, Perkin-
Elmer Inc.)?} UV-VIS(model Lamda 25, Perkin-Elmer
Inc)E &3tk

2.2. M EX| Mo|EA EMHSE
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HZAHAE 79 vlo]@fol| oJgt L AEYF Fs)
B HAFS S8l e ApEEs A 5
A B Fgste] ZEAQ] FA]] 4
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Al g2z
L= FAolEas gjlshr] AsiMeltt. 2= A
A OE S st AAlsin
2 a7 5L 54 PEsAlel tisl HHe] avE
Uehfle A8l dRlshe Zo] ofd, HgsiAlEA
o] A87Fs7d S ERlsks Aotk wEbA b 2.1
o] APS B3l LA BETH frEE, EFEA
W 8247 537t B3] KgshlEA o] exte]
HgAo] SRIFAETUG.1E Fx), ol9] #840] e

FINE ARl el A SIS Fa7t ke A

Step Phase

Extraction condition Note

1 Non-specifically sorbed
2 Specifically sorbed
3 Amorphous hydrous oxides of Fe & Al

0.05M (NH4),SO,, 4 h shaking, 20°C
0.05M (NH,4),H,PO,, 16 h shaking, 20°C
0.2 M NH;-oxalate buffer, pH 3.25, 4 h shaking in the dark, 20°C

Wenzel et al.

(2001)
. . 0.2 M NHjy-oxalate buffer + 0.1 M ascorbic acid, pH 3.25, 30 min
4 Crystallized hydrous oxides of Fe & Al in a water basin, 96+ 3°C in the light
5 Residual Aqua regia KME (2013)
Table 5. Sequential extraction procedure for Pb and Zn
Step Phase Extraction solution note
1 Exchangeable 0.5M MgCl, (pH 7)
2 Bound to carbonate 1M CH;COONa (pH 5) Li et al.
3  Bound to Fe & Mn oxides 0.04 M NH,OHHCI in 25% HOAc (1995)
4 Bound to organic and sulphides 0.02 M HNO;, 30% H,0, (pH 2), 3.2M NH;O0Ac in 20% HNO;
5 Residual Aqua regia KME (2013)
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Table 6. pH and contaminants concentration of the soil for plant growth experiment

Concentration (mg/kg)

pH
As Cd Cu Ni Pb Zn
Standard® Concern - 25 4 150 100 200 300
ar
Countermeasure - 75 12 450 300 600 900
Studied Soil 5.76 35 0.23 90 23 58 159

(1) Criteria for agricultural soil from Soil Environment Conservation Act of Korea

ontrol
"
[}

"

Biochar 0.5%

Seeding on Apr. 13

Fig. 1. Photograph of pot experiment for plant growth.
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218014 A3 S FEQIMTE Yehd Solzel &4t
o] ohd Es=o] QB 8ol 73 WMeAS 714
A A%l dedtta & 4

B e Agujad o Eoke 21\5} A &A)9] H)
&R T AR AFHGE Aol o] 9A] |
FAH T AP xS oM, HEHOE Smm ©]
3l PA7NE AFNWIOR 3Th EFLAZHAIRY]
F(KME, 2013)& 53 4= #4243} vl (Asy} 35
mgkgl® Tl EYFQASH7IF(As 25 mgkgs =7
3l o]9] YmR] ol S AY BF sevE
o] olyje] FFo = ERSh= Ao E ERITHTable 6).

AE 10cm, =°] 9cm?] 4%
, TE W 03kgd AXEFS st & A
AolM= PSR no]eat A820 HESIOH,
S APH rRPIAIR P8 2L LAESY T

H] tiH] 0.5% <29 Hlolexpt &9k E¢eld. ZE
= RO g Ao, tET(contro)S XS]
Z N7} WA= ACH(Fig. 1).

HIA(As) B S5 ol HES 9Ig A A=
A= FFEAHE st on, Aapdaloz TEG
1571 A%e] RokS F3lnt. Hx FFId=HE 3
73§ oy} 1AL, ol F 40d BHAIEA X
ELGS S ARV T 7 ol9le] =4

23. AlgQ] AFH L BN
Az wolgzry 402 4% F AXE 4R o

3l 253 (KMFDS, 2015)011 wet X2 E skt
AAE] e AHE 5 18 B8 AEE B,
]gi nfo]|=ZZ2¢|o]H (model ETHOS EASY, Milestone)
o ¥ar 180°ColA HNOsE AREelsE & SR/-E 7135k
S sl wAMdoR sh= Flolrh BAPES o
Table 60l 712Gk vk} o] sf] EYFedEA=E 2w
H| A (As) B Pol& FF<& 57 dE=(Cd, Cu, Ni, Pb,
ZnelH, EYG W ¢z E43 HilskEol ofg 93y
=5 otelr] Sl A< (Capt H(Feys F7FsISh
g Al F=A W 55359 TS HA
(As), 7F=E(Cd), F(Pb)°l ™3| ICP-MS(model iCAP
Q, Thermo SCIENTIFIC)E, ©]®] &+&(Ca, Cu, Fe, Ni,
Zn)S ICP-OES((model 8300, Perkin-Elmer Inc.)E ©]
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Fig. 2. The variation of pH, EC and concentration of inorganic elements in soil solution.
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ol 20l Wo|thKim et al., 2009). 413]4] &
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