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Abstract: This study evaluated the chemical properties of cadmium (Cd)-contaminated
soil and reduction in Cd bioavailability following the application of biochar derived
from rendered animal carcass residues (RACR-C). The results demonstrated that RACR-C
improved soil quality by increasing soil pH, organic matter content, available phosphate,
and exchangeable cations. The Cd fractionation analysis revealed the decrease in the
highly mobile exchangeable form (F1) and an increase in the carbonate-bound form
(F2) derived from biochar. Furthermore, as the RACR-C application rate increase, plant
growth improved, while Cd content and uptake decreased. Especially, Cd immobilization
led to 60% reduction in Cd uptake in the 10% RACR-C treatment compared to untreated
control, effectively suppressing Cd translocation to crops. Therefore, RACR-C is expected
to function as a soil amendment and heavy metal stabilizer by improving soil conditions
and reducing Cd transfer to plants. Further long-term studies are needed to assess
its environmental impact and effectiveness across various crop and soil conditions.
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A A3 7|17 EAhEA ket E% Bl QIZtoA Hol-SZHHE =N A%t At AFE 2R 7lEF ¥
ool et 29 o] RFHIMS
EY9 7lER 9 =54 09S 7(49} 71 Yol EF A& (soil washing), EF Al (soil flushing), 5% 7] (electrokinetic

seperation), 173}/ 118 SH(stabilization/solidification) 5 TFFSF HFHo] AREEH A Qi 18U S550] B3 LAHAY €2
o BAY AL =24 o E S35 AAS|de & Hl-8o] AR 6-8]. o]of o= 559 AE/aH (bio-
availability)9} AL AZERE FH3H whilo] WAHY WHOR WU ok S UL 57 BAL A8l
Q9B WY YL AL 714w 9 @R T] YAs| AASAL AT, B0 85 A7 H8o] EA ehdrk

w9, =IOl B A 2ol 27 2 vlBo] WS ol ARl Sastrs Ao

o] 9IcHo).

B EF FF4E ARSI 9 vholoxs B8 A7t Hol ST rk. vlol o Yo EwAT Fxa

A e W12 THIT Qo] $R4S ARHOE FHT 4 dom, B F/1B0] 24, 9440t NGO B

pHE Utk olefat &8 pHE %0 24518 57007 Foled +4818 Aot 3249 3242 B9 5349

O15AS UAAZITHI0L. Bk ohiet ATEBo] e THYIBQ S HAE, FAF HAR 9§71 RAEL AP uhe
il A W78 A9 5 e gHol ki,

A Rendering) & 715 AAE TLAALE SALSNG] 150 433} AHE 82, FANIE PHOE T2 A2
o] vlsf Al&starl QP ARl A Wrolt. HH P A & 715 AR 7Y oF 15%0f sigste HE 7]‘=1— A FAbE
(Rendering animal carcass residue; RACR)O| B&E]| 1L lOo, A7t wi&TF 97,2208 0] &9 E]' A Y 7H A FAES
7 743 s AVl LGOI AT 23 34 Y AAF e SISO U R WYKL UK 1) el

7V AR BAMES B2 wep o] 23 E o] Qlal, FHG 2 gHT 4 Qo & 7}747} e =S A0 woET
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S43 4% o84 AgaNE Yol uA sy

M Y

YCE 715 ARM| S4HE2 o[ 2X}

ALY 715 ARA| FAHE Hlo] @ XH(Rendering animal carcass residue biochar; RACR-C)&=
(RACR)Z U9 g guo] Yl FE3|| AF*|(B400, Nabertherm GmbH, Germany)o]] AA7FA
5 500°ColA 2417k 5ot AR Hsto] AZSIGTh RACRS S A Qo)A Aol AHgolEom, AZH vho 93t
=2 3}oHE E42 Table 13} .

=g ey
N

i

L

o

~ ol
N

I

>

)

i

it

Table 1. Physicochemical properties of rendering animal carcass residue biohar (RACR-C)

Bulk density  Surface area pH EC C H N T-P Exch. cations (cmol. kg™)
(gecm™) (m?kg™) (1:5) (dSm™) (%) K Ca Mg?*
0.736 99.1 9.5 229 28.6 0.4 2.7 9.1 16.0 3.2 1.9
QAHUE

2 7ol AST /ISR 08 EFS B A0 AN A PGS Ao Eg 1), LAEYF Ant BEE
(0~30 cm)Of| A A3t o, 515HE] EAJL Table 29} 2t} EFQ] pHE 5212 RIS UEFH O™, §7|E(Organic matter)
I} 88 914K Avail. P,0s) FFF2 22} 22.9 g kg, 67 mg kg'o|Utt. FAIEY W 7I=F RS 222 mg kg' 02 ESEIARA
HA EFRA9-27]2(4 mg kgH)I 7112 mg kg')E =3It

=
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Cd contaminated area

Fig. 1. Sampling location in the study.

Table 2. Chemical properties of experimental raw soil used in the study

pH EC oM T-N Av. P,0s Exch. cations (cmol. kg™) cd

(1:5) (dsm™) (gkg) (gkg™) (mg kg™ K Ca Mg (mgkg™)

5.2 0.2 229 2.7 67 0.4 2.0 0.5 22.2
ZEMH

RACR-C A2jol| W2 7IEF QAEFY] 315H4 EAT A& o84 AaIE B7leh] Yot A W f-224d
A BEF-(Raphanus sativus L.)E 4047+ Aot & A= 2 mm Ao BA|A FASH LAESFS AHESto] ZE(1
5000 a)oflA SFPEPOH, HE A2 WHEOR Pttt REO| EFS A4 9 RS 7 1 kg¥ Y ARSS
FAIFT 11 o]F QHPE) 2 kgoll RACR-CE H2JolA] P2 FA T (0%)E HXTE ot] RACR-CE EYF FA tiy]
1%, 2%, 5%, 10%E H7loto] &3 & FX5tAth 2= Aule 5230839 9% 71& AHl ol wet AAstgied, nE
Ao IR FER2AH|ZH(N-P,05-K,0 : 7.5-3.0-3.0 kg 10a™)S AJH]5}9IT}

S S BAL SEUEYS B % 4R L0l T AN 55 AT B2 45 F

= B4 AR ARESI9oH, pHE EYF SHFE 15 (wivk) HIEE E391st & 308 B9 2gsto]
pH meter (5220, Mettler Toledo, Switzerland)E AE-ol0] S45IAt}. 7712 Tyurin®, F-& A4S Lancaster‘ﬂ(UVZSSOPC,
Pekinelmer, USA)S AR&olo] B35}t w3k o] (Exchangeable Cation)2 IN-NH,OAc (pH 7.0) 40 & H& & of3t
Slo] ICP-OES (ICPE-9000, Shimadzu, Japan)E ©o]83}o] K, Ca, Mgo] »=& EA351ch

O

& F=H
EG U EAck= 7I=w0] FHEHet I Tofstr] fls) Fig. 29k Zo] A& FEHS AT 15]. & &4 045 um
filter paper (PTFE syringe filter, Whatman)Z ]I} & ICP-OES (ICPE-9000 Shimadzu, Japan)E ©]|-&5lo] EA35t3t). A4
SHoA 184 o2 e FH|, 29 A= B4 FH), 38 A= F/87t AR FH, 4a44= f71E 2% FH, s9A=
X}E% BEfo].
SAHEA

 QTOA S RACR-C Hejo] w2 =i OPEere] Siobe B3 A% o84 AYATE WIHs] 9Iste] SPSs (PSS
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Soil 1g, <200 mesh

8 mL Distilied water
1 _

1 Rinse

i 10 min shaking (15 min, 3,000 rpm)
A4
3 mL 0.02M HNOj; + 3 mL 30% H,0,
Fraction Boung to organic 3 hr heating in 85°C,
4 matter 5 mL 3.2M NH Ac in HNO3 20% (15 min, 3,000 rpm)
Rinse 8 mL Distilled water
10 min shaking (15 min, 3,000 rpm)
Fraction . . :
5 Residual Aqua regia (15 min, 3,000 rpm)

Fig. 2. Procedure of sequential extraction used in this study.

version 26.0, SPSS Inc., Chicago, IL, USA)E AF8-5l°] DMRT (Duncan’s multiple range test)& A5} p<0.05 ~52] 724
5L Fustan

ot 7 Eopo] st 54 wskE BA% At Fig 33 2T B pHE RACRCE] H2igol Z7Heo] me F7kehe
O

BEFoINC™ 10% A4 6.8= 7HF E=A UEHHT ol A% RACR-CO] &2 pHO| 9jsto] A Z|Fo] F7I3tof| waf
Z713F Ao 2 WAE T, Almaroai et al.[16]2 EFO] HIO| QA& 5% £+FO0F X7 A] Hlo] Qx}9] &Ze|Add] 7]|2lslo] EQF9]

pHZE AETkT SHAT) §71%, FEQUAE FS EF pHO 2ol RACR-C Aol S7Htol et S7hshe 202 L,
AYAT 23} vo] 0240] o] F7FI4E 471 Yol S7H5He AT Holnl, B ) S Blol OX7L TR
APOE Qs F7HITHL S, £ ATNANE SAR 2HE BYTHI718). EF] WY TF, T4 B vkl
e E3 10% AToNA 418, 7.59, 6.61 cmol. kg 0.2 A A ek, ol 2 SRS HAL A s3E
57]epso] Eqgo] AHgy] RO WErHTHIoL.
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Fig. 3. Change in soil chemical properties according to the different rates of RACR-C after radish harvesting *Different letter indicates
significant different at the 5% level by DMRT.

EYIIEE 28 Y
RACR-C 7|0 W EF Yl 7I=d 29 54 Z3= Fig 49 2tk EY Wl 7H=8 &2 RACR-C A 23] S71g]
et o]Fgol w2 WA FHI(F1)Q 7IEg2 d4astal, @Ak FHI(F2) S718HH. oli= RACR-CO] HjF-#0] CaCOs=
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Cd fraction (mg kg'1)

0% 1% 2% 5% 10%
RACR-C

Treatments

Fig. 4. Cd fractionation of in contaminated soil according to the different rates of RACR-C after radish harvesting.

Td= o] Qlo] 5ol &3=7] 412 FHl(exchangeable)®] FF40] TAIH O FHsto] o5Ado] At Ao=w wotdn
[20]. Pb, Zn¥} Z2 FolL F55 £8 A+ 23 2T A= HAZem wehyd FE7F gashal, gAY
Z7Kst . R E T QIth21]. 3 Yuan et al.[22]9] APATF A 5Y FAEZ A Z3E Hlo] Q2Fo A CaCOs, MgCOs2
ZAJ5I= gatdo] 9714 Soled) 3 S =S FUMAIZITk L B gt vl Q). whdo] AR5 FE|(F5)2] 49 RACR-C
Zg]gfo] 2715t 2716ttt EQF U] AEE FH 2 2Asls FREC] AL 484 T wIlY FEH 2 25 FEET
22 A& o) A EF5EA %ﬁi‘:}i A4 QUrh23]. 10% A 2]FLoA= RACR-C A o] 93| A]&E0] o]&35t7] 4%
it FEI(F2)014 o]-&5t7] ofEe ZRE FE(F5)E A= o] FAgFto] Hls) w4 S71e Ao et whebA
RACR-CE EY/NTFAR AME Al 7IEES E849 FHIZ ALAA e 7I=w F585 AdAZE 2oz ddE

gFIlEE S+ E4

RACR-C A2jo]] w2 FF9| 7IEF &5 542 AR A= Fig. 52} 2t} RACR-C Ao mpE IF 9] AFH A5
2 10% A 2|74 0.20 g plant' 2 FA2]51(0%)°] B]ol F 54% o4 F7F=] At} RACR-C A 2|&go] F7 5ol whet 571619
o, A|5HR9] AEST £ FARE 235 HATH(Fig. 3A, 3D). 7tEw 2 AP Fo] S7heto] wet F4astiion, 10%
Aol A Aot Aok ZH27E 0.25 mg kg, 0.1 mg kg' 0.8 FAZ|to] B[ 75%, 79% ZASHTHFig. 3B, 3E). FF-C
IER S5 FAET(0%)01 4 130.0 pg plant'2 7Hg EA] Yepgton ZzjgFo] S7kg] whet 7rAste] 10% A 2ol A
50.1 pg plant' &2 7P @& S4E Bt Aot 7IER 4% B3 10% A 2olA 7T BA UEsith o= RACR-C
A e} 7t=g LAEYCIA 7tEgEe] AlEH EFEEC] EYOIA E5T 4 fle &9l R FHIE WslE ] TtEw
HE=3slo] g2 n]z Ao 7 WohErh Koh et al[24]9] A AToALE 224 Q JE 0| THEQHAE 7]4} Hlo] 9 2} AL
Al NHWNO:Z H&EEH+= A8 fFaH 55 A4ER ofy g A% AWEY S5& Ao] T3t fdagthal gt vp glom,
2 AFoA T o]} FARRE ATE HIHh

2 8

B ATNHE AETY 7hE A RALE vlolod} Hele] 12 JlEE 0PRSS FRtA SH AR o|§H AGANE
71tk 9 A3}, RACR-CO| met 7iEE QAR pH, 718, SR B L BAY Fol22 F/7IE BT
a7} SLESIC B o SHEE 9] 54 23 o540l ke T4 FHENS B0 ol A el FAE B
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Fig. 5. Dry weight (A, D) Cd concentration (B, E) and uptake (C, F) of young radish under different RACR-C rates applications.
*Different letter indicates significant different at the 5% level by DMRT.

P (2] Z71h FAHUt. EFF RACRC HelFo] Z71845 Hgo] AT AACF Tt B4F BF Fhstrt
£3, 7l=go] $53}s0] 10% el 7oA =g Fago] FHLT ] co% gstgon, A2zl Hol7t A=

R RACRCE /ISR SHEYA 4% 4 BT HEARS ASE Al DA A02 Mot 2IFA
334 AR AY Bl A5T A0 WY, FF ST AEBY} EFEANA 37149 T L B3H GF

27149l A7} By Ao Azw
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