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Impact of Environmentally-friendly Organic Agro-Materials on
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Chemical Properties of Remediated Soils

Kim, Dong-Jin - Ahn, Byung-Koo - Lee, Jin-Ho

Soil contamination has continuously increased worldwide, thus the remediation for
the contaminated soils has risen steadily. However, the consideration of ecologica
safety for the remediated soils and their agricultural uses has been very limited.
Therefore, this study was to investigate the influences of selected environmentally-
friendly agricultural materias, organic by-product fertilizer (OF), charcoa (CC),
and biochar (BC), as soil conditioners for improving poor chemical properties of
fuel-oil removed soil by land farming technique. Two different remediated soils,
remediated soil A (RSA) and remediated soil B (RSB), were selected. Soil texture
of both RSA and RSB was sandy loam. The chemical properties of RSA and RSB
were as follows: soil pHs of 8.5 and 8.7, soil organic matter contents of 7.4 and
55g kg, tota nitrogen contents of 0.26 and 0.10g kg™, available phosphorus
concentrations of 7.2 and 4.4mg kg™, and exchangeable calcium concentrations of
14.8 and 11.7cmolc kg?, respectively. Results of the properties were not reached
for the optimal values for cultivating crops that were recommended by National
Academy of Agricultural Science at Rural Development Administration in Korea.
However, after applying OF, CC, and BC, the chemical properties of soils were
selectively improved, which were that soil organic matter content and available
phosphorus concentration increased, whereas the soil pH were not changed. In
particular, the chemical properties were positively changed more with the applica
tion of 5.0% biochar. Thus, continuous management of the remediated soils with
applying the eco-friendly agricultural materials can improve the quality of reme-
diated soils.

*EATE TSR AYoF IdxAdFATL AU ol Y I 2ATFAEY
(No. NRF-2012 R1A1A2007217).
** Corresponding author, Z5thew A =274 38t #H(E-mail : jinholee@jbnu.ac.kr)

*kk ;q
*kkk zda]_

2ojstm sty 535t
S HET M ET e T

LI =22 Aol wrE AslEke] M &IF

753

ISSN 1229-3571 (Print)
ISSN 2287-819X (Online)



754 Eab R e K e

Key words : remediated soil, organic by-product fertilizer, charcoal, biochar,
chemical properties

(o3

EE FAHES AL A AlF, A Fa H AZE Ao dolA wlg- Fastt
(Abrahams, 2002). dHHz 0 2 Eoke Hy AEE FA5tL Jdoy 1 A3 58S =93
A5 2ol MYHA Ha, Ul =EEo] o] A HWA A3} HAHo] g
E3eta o9 B2 Hlgo] 285 "Ack webA] AR ddo] 7H FaEkH, e dH
Edo talixe 29dd @ E&50 Helet Hsr)so] A8, F3t & HASIEY
of thgh A& dejet 7fAdol Eastti(Yang? Lee, 2007). 18]aL, o2 7kA] g3} gl
Y 7lzol ot BlE EGS @ vy, 287 wigA g, £ FAF e A
A =t Sol FE AEEI e Ao, o]y A SH R HEHAE A9 A2xk 24
< op7lste A FAE ¢ T % tH(Elgh-Dagren 5, 2011; van Hees &, 2008).
=o] A9 A FEY s §&F 54 AT (Elgh-Dagren &, 2011), BSIELFS ]
£3 #H dudged] WESHE B AF(Makadia &, 2011) So] Rudnl ok 12y =
o] A4, ESSAERAHe] A4 2 AgE 1996 5EH o3 Eoke] A3talgo] Al
Halom, BAAE o] &3 FFLIYEYF A3HIeong? Jang, 2003), oA & o] &3
LAEY W AfAFesl4(totd petroleum hydrocarbon, TPH) 2 34 A A(lung %,
2009), EYH|AE HUAE o] &% A7 LYEY HY(Hong 5, 2011), FESHA] A 2o
TEE 0 44 BY9 584 HIHOh 5, 2011), A ES H wjErt2e] 54
3 A2deatgz o] A4 A84 HyH0h 5, 2012) 5 AH3rlE NS nigo g B
AT7F o] FAAA I Ut ol EFAS) 7o) LAEG 285 o
Edke 83, 35t7, AESHA Wt} Wyo] oatem, 285 Aslr|&d et
E EAS RolA "Hrl(Yangd Lee 2007, Kim 5, 2008). o] 3 A3} ESFS 317
=8 AeF o= kHsta w93 SHA Z83t7] fsiAe eE A0 el
Ho] o] Fojxof sl=Hl, EYNFAZA A FAAA FAHEH| R, charcoal, biochar
< o8 F Utk FAHEYI S E AT JolA ES fUE FEERE ofYet 4
Tw AFE 7IE F A V1A F s E B W 93 (Grandy 5, 2002 Yun
, 2011), charcod & E%F 71& & 71 2 A= A4 #HE ES 54
Aol A E3Z ol (Omil 5, 2013), biochar= B4 A, EY 4718 Z7},
Ede 84 2 3EA A Tdstes AeE g JdthBel 5, 2011 Free 5,
2010; Jones 5, 2012; Novak 5, 2009; Yeboah 5, 2009). 3+7 A A 7H2012)° wt= 2006
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WRE 201137H4] B 2 29Ul 7F=H(cadmium, Cd), 7-&](copper, Cu), ‘Z(lead,
Pb), XA F 3k (tota petroleum hydrocarbon, TPH) 59 L@ =7} wid &3] S7Fst
ISk 28 R GRA 9 FTtet F A EGEA R AR ] A} skl vt o
B9 A e Foidn I AAoltiKwak, 2007, Yangd Lee, 2007). 12U, 3=
Fo] AeIAA 2 A Ui ZAE HAT  Ae AT WS vE Ao, kA
NEES S AHslEY HE F A UEES A3 vtEE Havt Aok oled A3}
Eoko] Ag Ast HelARNAE S FHa, o] 5 o] &gl Slo] Ar|Hoz HIEGFS
AR B BFH o R ook Frt wetA, B ATl e HeELGY] EA
<N

zAl EF A ARE vy, I8 AAIQ] F4HE vl S, charcoad, biocharE
E d

SRR FARA HEG] 2§l Eoke] B4 MBS RS, EPAFA] B8 7]
2 AASE ol glo) VZARE Rudtel, YN EYORM BE FsHL B
34 sk,

SHEY AE BdGA oA A-FAFES 2 (tota petroleum hydrocarbons, TPH)Z 2 ¢
H EYS ESEAH(land faming) 0.2 Aslet o] B2 2372 EY RSA(remediated
soil A)9} RSB(remediated soil B)S A 22 AHE3HATEH HSEY A8 RSASH RSBE =7

HESF 20mm ELGAE THAZ ASE Aol AMSSATH Al AHgE EFY

g - 348tz EAL Table 101 YEh Utk =3 AH3lESo) A2g 187 EY/FA =

ZHA gk BakER s, Y= FH Fsrbvpil A F4% charcoa, 350C 94 dow
= [e]

=
A Z3 biochar s ARE3FH oM, o]59] 318t EALS Table 29 2},

o

pyrolysis 712

Table 1. Selected chemical and physical properties of soils studied

Soils” RSA RSB

pH (H:0, 1:5) 85 8.7
EC (dS m™) 154 0.77
soM? (g kg?) 74 55
T-N (g kg 0.26 0.10
Avail. P,Os (mg kg™) 72 44
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Soils” RSA RSB
K* 0.16 0.13
Exch. cations ca* 14.8 117
(cmole kg™ Mg? 12 28
Na' 0.10 0.14
CEC (cmolc kg-1) 79 8.8
Cd 3.18 7.51
Cu 26.2 49.0
Total h metals
eavy_l Ni 11.7 24.0
(mg kg")
Pb 21.7 13.3
Zn 68.5 72.8
TPH (mg kg™ ND? ND
Sand 65.9 72.6
Particle size digtribution i
Silt 17.4 15.3
(%)
Clay 16.7 12.1
Soil texture® SL SL

Y RSA, remediated soil A; RSB, remediated soil B.

2'S0M, soil organic matter; T-N, total-nitrogen; CEC, cation exchange capacity; TPH, total petroleum
hydrocarbons.

99 is indicated sandy loam in soil texture.

“ND, not detected.

Table 2. Characteristics of different organic agricultural materials as soil conditioners

Soil conditioners Organic by-product fertilizer (OF) Charcod (CC) Biochar (BC)
pH (H,0, 1.5) 8.9 10.2 74
EC (dS m) 10.4 7.4 0.8
oM? (%) 80.6 55.2 64.9
T-N (g kg™ 350 1.87 381
P (g kg?) 1.09 1.35 1.06
K (g kg? 8.69 5.07 2.27
Ca (g kg™") 459 16.98 121
Mg (g kg™ 2.23 0.46 0.30
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Soil conditioners Organic by-product fertilizer (OF) Charcod (CC) Biochar (BC)
Na (mg kg™) 341 121 ND2)

Fe (g kg™) 11.80 0.07 0.46
Mn (mg kg™) 146.6 17.1 172.4
Cu (mg kg™ 50.39 0.71 211
Zn (mg kg™ 149.8 20 19.0
Cd (mg kg?) 1.68 ND ND
Ni (mg kg?) 7.03 ND ND
Pb (mg kg™ 7.65 ND 0.86

Y OM, organic matter; T-N, total-nitrogen.
AND, not detected.

2. A2 8 AR

A3tEF RSASH RSB 40092 2+ 500mL polypropylene bottleol] & &3t % HAalEn| g
(organic by-product fertilizer, OF), charcoal(CC), biochar(BO)S HAXEY FA T Z+Z; 0%,
1.0%, 5.0% FFo 2 83t 1L, Eo]-24(deonized water, 182 M 2)E o] &3] A&
F FEoR FETHFS 2N, BI715 &olshA st F2(24£2C)0ll A R2F B

incubation$t & F3le] Ao }\]-%6]-93\5].'

Eofo] 84 EAQ EA(soil texture)S Gee$} Bauder(1986)] vl A
el 3t BAstom, Bk 318ty B4 AU EFRAY 3t

of AAIBFAT (NAAS, 2010). E4F2] pHE}E 21734 = (electrical conductivity, EC)= X1 &
oy Z=FHFE 15wh) B2 E¢38te] pH&EC meter(Professional Meter PP-20, Sartorius,

=249t EUYH7]E(s0il organic matter, SOM) #-S Tyurin'sH, 24
(total nitrogen, T-N) k-2 Kjeldahl 57 H(Vapodest 10s, Gerhardt, German)S ©]-&-3}o]
2189 AL, & Q14K available phosphorus, avail. P)S Lancastery] ©. 2 2H243la] UV/Vis Spec-
trophotometer(DU 720, Beckman Coulter, USA)Z =3} th X34 Fo](exchangeable
cations)2 1.0N CHsCOONH4pH 7.0 F=3}4 Inductivdly Coupled Plasma Optical
Emission Spectrometry(ICP-OES, Optima 7300DV, Perkin Elmer, USA)2 743} a1, ol

Germany) =
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%] 3}-8-TF(cation exchange capamty, CEC)2 ammonium acetate’ 2 o] &3t EY 5 S5
& geke 9kr(agua regia) FEH(1S0 11466, 1995)2 38314 Inductively Coupled Plasma
Optical Emission Spectrometry (ICP-OES, Optima 7300DV, Perkin Elmer, USA)Z A &35l th.
83, BEY 5 A H5AZekskA(total petroleum hydrocarbons, TPH)= ES QAT AHAE
71%&(MOE, 2012g)l wha} #293}% T

M. Z=2t « o3

A3LEF RSA(remediated soil A)9} RSB(remediated soil B)2] &3] - 882 EAS A
Az, EALS F EY BT APdYE(sandy loam)E EF 901, RSA= pH 85, EC
154dS m-1, EXF71E &% 749 kg', A4 3 026g kg, FEAA T 7.2mg kg,
234 2§ 0.16cmole kg, X134 24 14.8cmole kgt X134 w145 1.2cmol. kg, X8+
4 YEF 0.10cmol. kg?, %o]ex]3-8HCEC) 7.9cmol. kg'oE UEFEO™, RSBE pH
8.7, EC 0.77dS m*, E¥47|& 3% 559 kg*, 2243 0.10g kg™, F& 14+ §HeF 4.4mg
kg', X134 Z%F 0.13cmole kg, X134 Z45 11.7cmole kg, 2184 mF v 45 2.8cmol. kgt
X34 VEF 0.14cmol. kg, CECE 88cmole kg's Btk 181, 54 9L AaA%e
B}EA(TPH) S RSAS 79 7F=8(Cd) 3.18mg kg', 7-21(Cu) 26.2mg kg™, YZ(Ni)
11.7mg kg*, ‘F(Pb) 21.7mg kg™, ©+$(Zn) 68.5mg kg*, &8t o, RSBE Cd 7.51mg kg™,
Cu 49.0mg kg™, Ni 24.0mg kg™, Pb 13.3mg kg’, Zn 72.8mg kg* AEHJoH, F E¢ wF
oA TPHE HEH A ttl(Table 1). EY3IH R A (MOE, 2012b)e] EFed$-#H 7=
oA RSAE Cd, Cu, Ni, Pb, Zn, TPH =5 1A% 7]2(Cd, 4mg kg"; Cu, 150mg kg™; Ni,
100mg kg™; Pb, 200mg kg™; Zn, 300mg kg™; TPH, 500mg kg?) 13t el o™, RSB 4
< CdE 249 71%(Cd, 10mg kg™ Cu, 500mg kg™; Ni, 200mg kg™; Pb, 400mg kg™*; Zn,
600mg kg TPH, 800mg kg") ©la}, Cu, Ni, Pb, Zn, TPHE 1A 7% ol&t= Vtebsith
RSAS} RSBO| EfolA TPHZ} HEH A &2 AL EYE A H(land faming) &2 A3} &
L@ 717 T D HE HAFA P 2 v o] Wi o R A4HET AR, B
SFAZANLS TPH 98 ES AHIEZZ o]ls & Ay|FHog JokRy 8BS Xgst
F719ke] HEHE FHA7E tilling 2AYES Fdlo] JUA T HAS S7AA TPH
JElE SN FEs ST EN TPH 55 4T (Paudyn 5, 2008).
Reynolds 5(1994)2] Aol 9J3}H, v ArkansasT Fairbandks Q19 A 24 A9&

UAAH S o] g3t AslE A 75 T TPH ¥ 57} 6,200mg kg'oll A 280mg kg' o =
a3l 9131, Wingrov(1997)= 7luth Manitoba 5] Pukatawagan Q12 AH LGAE
B9z o g Aalsle] et 13,000mg kg' o142 TPH 557} 250mg kg' ol 8t= 7+as}

>

¢
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W5 A HTYA(NAAS, 2010)0 4 BAS= 2HE & EA4& AR H(Table 3),
B9 pHE 6.0~7.0, EYH71E 3eS 20~35g kg, FESI4F 3k 150~550mg kg, X &4
2% 0.30~0.85cmol kg™, X184 245 4.0~7.0cmol; kg?, ¥4 P14 1.0~2.5cmoal kg,
CEC 10~15cmolc kg, EAL APASEA mAldAFER At oh ey A3LE
% RSAS}T RSBO] +48 318t EAF ZHE A& 913 A8 EYGEAL S vlud o), EF
pHSF A|2Hd L& wom, CECS A ZFS Uh ¥, ESfrlE & Fag

A=A EoF

A FFFe vl vl AR Alfol AR ke 5o 3l
Eqe T AREge] BE AAYESN A4 E4o yehgth 181 8%d 54 F
4o FFol vl B e EPFAR) A% Ao F JYROEN TH

= e}
Ale) Apgel Al Hoz Az

at

Table 3. Optimal soil properties for cultivating various crops in Korea (NAAS, 2010)

, Exch. Cations
pH SOM?  |Avail. P,Os CEC Soil
Crops K ‘ Ca ‘ Mg 3
Texture
(1:5) g kg | mg kg" | - 1170 R 0 i ——
RsAY 85 74 7 0.16 14.8 12 79 SL
RSB 8.7 55 4 0.13 117 28 8.8 SL
Apple 6.0~6.5 25~35 200~300 | 0.30~0.60 | 5.0-6.0 | 1.5~20 | 10~15 | SL~CL
Barley 6.5~7.0 20~-30 150~250 | 0.45~0.55 | 6.0~7.0 | 20~25 | 10~15 | SL~SIL
Bean 6.5~7.0 20~30 150~250 | 0.45~0.55 | 6.0~7.0 | 20~25 | 10~15 |SL~SCL
Broccoli 6.0~6.5 25~35 350~450 | 0.40~0.60 | 5.0~6.0 | 1.5~2.0 | 10~15 | SL~CL
Cabbage 6.0~65 | 25~-35 350~450 | 0.70~0.80 | 50~6.0 | 1.5~2.0 | 10~15 | SL~CL
Carrot 6.0~65 | 20~30 250~350 | 0.55~0.65 | 5.0~6.0 | 1.5~20 | 10~15 L~CL
Chestnut 6.0~65 | 25~-35 200~300 | 0.30~0.60 | 5.0~6.0 | 1.5~20 | 10~15 | SL~CL

Chinese cabbage | 6.0~65 | 25~35 | 350~450 | 0.65~0.80 | 5.0~6.0 | 1.5~2.0 | 10~15 | SL~CL

Chives 6.0~65 | 25~35 | 350~450 | 0.70~0.80 | 50~6.0 | 1.5~2.0 | 10~15 | SL~CL

Corn 6.0~6.5 | 20~-30 150~250 | 0.45~0.55 | 50~6.0 | 1.5~20 | 10~15 |SL~SCL

Cucumber 6.0~65 | 20~30 | 400~500 | 0.70~0.80 | 5.0~6.0 | 1.5~20 | 10~15 | SL~CL

Eggplant 6.0~65 | 20~30 | 400~500 | 0.70~0.80 | 5.0~6.0 | 1.5~20 | 10~15 | SL~CL
Garlic 6.5~7.0 | 25~35 | 300~400 | 0.70~0.80 | 6.0~7.0 | 20~25 | 10~15 | SL~CL
Ginger 6.0~65 | 20~30 | 250~350 | 0.50~0.60 | 5.0~6.0 | 1.5~2.0 | 10~15 | SL~CL

Grape 6.0-65 | 25~35 | 200~300 | 0.30~0.60 | 5.0~6.0 | 1.5~2.0 | 10~15 | SL~CL
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” Exch. Cations
pH SoM?  |Avail. P,Os CEC Soil
Crops K ‘ Ca ‘ Mg 3
Texture
(1:5) R IR T i e — (o110 [ (¢ i ——
Jujube 6.0-65 | 25~35 | 300~400 | 0.40~0.80 | 40~70 | 1.0~2.0 | 10~15 | SL~CL
Leek 6.0~65 | 20~30 | 300~400 | 0.40~0.60 | 50~6.0 | 1.5~2.0 | 10~15 | SL~CL
Lettuce 6.5~7.0 | 20~30 | 250~400 | 0.40~0.60 | 6.0~70 | 20~25 | 10~15 | SL~CL
Onion 6.0-65 | 25~35 | 350~450 | 0.70~0.80 | 6.0~70 | 20~25 | 10~15 | SL~CL

Oriental melon | 6.0~65 | 20~30 | 350~450 | 0.70~0.80 | 50~6.0 | 1.5~20 | 10~15 | SL~CL

Paprika 6.0-65 | 25~35 | 450~550 | 0.70~0.80 | 5.0~6.0 | 1.5~2.0 | 10~15 | SL~CL
Peach 6.0-65 | 25-35 | 200~300 | 0.30~0.60 | 50~6.0 | 1.5~20 | 10-15 | SL~CL
Peanut 6.5~7.0 | 20~30 | 150~250 | 0.45~0.85| 6.0~7.0 | 1.5~2.0 | 10~15 SL
Pear 6.0-65 | 2535 | 200~-300 | 0.30~0.60 | 50~6.0 | 1.5~20 | 10-15 | SL-CL
Pepper 6.0-65 | 25~35 | 450~-550 | 0.70~0.80 | 5.0~6.0 | 1.5~2.0 | 10-15 | SL~-CL
Perilla 6.0~65 | 20~30 | 250~350 | 0.40~0.60 | 5.0~6.0 | 1.5~2.0 | 10~15 | SL~CL

Persimmon 6.0-65 | 2535 | 200~-300 | 0.30~0.60 | 50~6.0 | 1.5~20 | 10-15 | SL-CL

Potato 5562 | 20~-30 | 250~350 | 0.50~0.60 | 45~55 | 1.5~2.0 | 10~15 | SL~CL
Radish 6.0-65 | 20~30 | 350~450 | 0.60~0.70 | 5.0~6.0 | 1.5~2.0 | 10~15 | L~CL

Rape 6.0~6.5 | 30~50 150~250 | 0.45~0.85 | 6.0~7.0 | 1.5~20 | 10~15 |SL~SCL

Rice 5565 | 25~30 80~120 | 0.25~0.30 | 5.0~6.0 | 1.5~2.0 | 10~15 | SL~CL
Sesame 6.0~65 | 20~30 150~250 | 0.45~0.55 | 50~6.0 | 1.5~20 | 10~15 | SL~CL
Spinach 6.5~7.0 | 20~30 | 350~450 | 0.45~0.60 | 6.0~7.0 | 20~25 | 10~15 | SL~CL

Strawberry 6.0-65 | 20~30 | 350~450 | 0.70~0.80 | 5.0~6.0 | 1.5~2.0 | 10~15 | SL~CL
Sweet potato 6.0~65 | 20~30 | 250~350 | 0.55~0.65 | 5.0~6.0 | 1.5~20 | 10~15 | SL~CL
Tomato 6.0~6.5 | 20~30 | 400~500 | 0.70~0.80 | 5.0~6.0 | 1.5~2.0 | 10~15 SCL

Watermelon 6.0~65 | 20~30 | 350~450 | 0.70~0.80 | 5.0~6.0 | 1.5~2.0 | 10~15 | SL~CL

Wheat 6.5~7.0 | 20~30 | 150~250 | 0.45~0.55 | 6.0~7.0 | 20~25 | 10~15 | SL~SL

YRSA, remediated soil A; RSB, remediated soil B; SCL, sandy clay loam; C, clay.
2 SOM, soil organic matter; CEC, cation exchange capacity.
99, sandy loam; CL, clay loam; SiL, sty loam; SICL, sty clay loam; L, loam.

EfEA R 8452 FAHE-H) E(organic by-product fertilizer, OF), charcoal (CC),
biochar(BC)E A 3}EF RSASF RSBol| A 8]3tal 3257 At & Eoko] 3184 EA W3}
£ AR A3 pHE RACNA FA 2T 8.6, BC 5% 2] 7= 845 R 2.1, RSBollA]
= FAET = 89, BC 5% AT 852 UENTE BC 5% A2l oFzt dastle
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Y EdANEFA A2zt pH Helel| E TS FA= E5GH(Table 4). ol EYS &%
(buffering) 2802 Qlste] EF pHr7E Al WehA] &2 Zlo=2 Ho|w(Bradyst Well,
2003), Ludwig 5(2001)2] 7ol A= Amazonian Ultisololl OH =& H' X8 A] €A =
AN pHE| Ws7F HAYEHA] 2 A2 pHell g ¢+5e wjZolgta stk ECe WSk
RSAS] A8 Frell A 1.72dS m*, BC 5% A 2] 7+ 1.42dS m'Z UEbgtar, RSB F-3 2+
o A= 0.73dS m*, BC 5% A 2] 7ol 4 0.60dS m'S BEtl, X Ttol wet ozt 243
57 dAER oY, A o2 TR Mslyl UEhA] eFktH(Table 4). ol 2 Ay
7+ E/l A o] EC % & OF zm—?# 10.4dS m*, CC A2l F+& 7.4dS m*, BC g T+&
0.8dS m'&EA OF7} 433 <& EC 3+ Ueldo| = 27811 1.0% 2 50%] A& ¥
ANMe BEYNFA g uet ElE‘j’il gk zbol7F ERA] getha By ol s Ay
= 2guet EY A EC ol 20dS m' o]8ke] Ao g B w(dung 5, 1998) HIIEY
RSA9} RSBY] pH7F E& A& 7t u] EC ghe] st zfol7) §ltkes A FAHZFo=
H7te & vk EYR7IE S RSANA F-x 8= 7.4g kg', BC 5% A& TE 17.99
kg'ES BH I, RBE FA g TolA 6.7g kg™, BC 5% A2l 7= 19.9g kg'2 UElGE=d, E
SMFA Aol we} F71E FFS S HTable 4). 7715 &9 7= OF(7]
5 80.6%), CC(+7]15 55.2%), BC(H715E 64.9%)° &< 715 ko] 7|13 Aoz A
Z

2k5im), BC A7t )9 B e #4718 FF 3748 HATh Lee 5(2012)9] AToIA 4t
BHE 2 IH) A go] EFRIIE F7} 1 332 79100, Jones $(2012)¢] BC Hel7k
o E4o) WX G AN EW EF B FFS AL A4 3P U

£ RSACIA F3 2] 7& 0.27g kg, BC 5% z%al—?—t— 043g kg'S R, RSBE FA T
oA 0.10g kg*, BC 5% A& T-oll A 0.33g kg'&2 UEbt=H, 284 ke Bk A
go] wet gt FUletRoH, BC 5% Aol dHFHOR & FVHE B THTale
4). Hwang 5(2002)%] 7ol &sld FAHEH|E Al 8ol wel EY 5 A4be] d4 3ol
Z7H AL & £ dlen, ALEY RSA(T-N, 0.26g kg')2t RSB(T-N, 0.10g kg')= Luk
Ekol] Hste] iAo g e AAE hetal ol EYUNEAIQl OF, CC, BC A8 &
of AA gheFo] ofgte] FUME KAl Ao Z AZHET. fFERILE 2 RSACA FA T
(6.9mg kgh)oll H13le] BC 5% *] 8] = 245mg kg 24 718 & 2715 B Y1, RSB A]
= FX2]7H4.7mg kg')ETE BC 5% A 2ol A 17.5mg kg 24 714 %A UERETH(Table
4). FAEJL T2 OF 5% A 2] 72k BC A TollA 71 B =T, BC 5% * 2] 7ol A
=S 2712 Bk 28y, FHEY A (NAAS, 2010)0 4 Aleksts ZHE 8 F-a214¢
A% T2l 150~550mg kg'olls AA B B3 Ao ®Helrh Hwang 5(2002)2] T2t
Yun 5(2009)9] ATl EW FAERIE XY & EY T FaAJAY o] 3 & A
< & AATE 2HY CC AT A FEJLY FEFo] FAE el Bt % i’a‘}
A W37} gl Ao et ol A7AEYNA 14k &(HPOsY, HPOS)o] Z

>
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F39] fixationo. 2 13te] =7 A7) W#o 2 HIti(Ravens} Hossner, 1993
Lee¢} Doolittle, 2004). CC ] 2] 7-&= OF(Ca, 4.59 g kg')t} BC(Ca, 1.21g kg") A 2] 7ol H]3}
of AR o7 o zher 3eK16.98g kg')S H 5k glol(Table 2), RSASH RSB2] CC 5%
g ol A x84 Zh4ro] 3302mg kg, 2944mg kgt = A BC 5% A 2] TR (RSA, 2236mg
kg'; RSB, 208lmg kg') ¥ &S YeERItK(Table 4). 12]31, X34 252 RSAA
28 7-(54.7mg kgh)oll BIste] OF A FollA ¥ 2712 RO CC 5% ] T-oll 4]
100.3mg kg”, BC 5% A ] T4 128.7mg kg 2 A vl & F7HE B3, RSB 75
T T2 2] 7(48.5mg kg')oll HIEke] CC 5% 2] 7-(84.6mg kg?), BC 5% *] 2] 7(75.4mg kg")
A E F71E HYtK(Table 4). ¥4 245 RAONA F-2] 2] 7(2591mg kg')oll I3}
o] CC 5% A& F-oll 4] 3302mg kg'&2 4] Z7}8t9 1, RSBIA = F-3] 8] 7£(2236mg kg™)H.th
CC 5% 8] ol A 2944mg kg 24 $71E 1.9l ¥k, BC 5% 2] ol A= RSAS RSB
oA z+z} 2236mg kg, 2081mg kgt = A Tha AT Ao 2 Uebgti(Table 4). X1$HA ul
U452 RSAOIA F-4 2] 7-(113mg kg')E.TF BC 5% A 2] T-ol| 4 140mg kg =4 ¢fzte] =
7He B3O BC 1% 9 OF, CC A TollAe FEg M3yt UehA] 23tar, RSBollA]
= 728 7(295mg kgh)E Tt BC 5% & 7ol A 319mg kg'E= A °Fzk 745k wbd, BC 1%
51 OF, CC A g]FollA= Fel @k Apol7h HolA] F3ttk(Table 4). RSAS] BC 5% A 2] -
/q /‘OI'EHZﬂEE lr-:o x]ﬂx% 7‘:_!—5' tﬂ—alro Eoﬂ 01/]. 7(]§L/H %l— _/] tﬂ—a]:o] /\H:Hx«l o7 1/17]]
UERSE], Li 5(2013)2] ATollA ZE(K) Aol we} 7184 Z5(Cae FaFol #ast
Tl B3k o, Tylerel Olsson(2001)2] £k Aol wE o)L =90 Wil A3
TolA EF &9 pH 2 Mt ZFHK)H ZH(Ca> B T2 540 YeldS
uheln} ok 8la, X8 JEFQ 7%, RSA9 RSBoA zhzhe] ¥-3)2]7(20.0mg kg™
255mg kg)ETH OF #g7<9} CC Aol X84 YEF o] Zrlstded, ole
OF¢} CCY UEF 3ol 2z}t 341mg kg3 121mg kg 'Sl Z(Table 2)ol 71213 Ao & A
Zt=m, BC A7 A% BCo UYEF ¥ BHEUdE X3H YEF FFo| T
7}ak A tH(Table 4). Tyler2} Olsson(2001)2] EoF Ao w}i o] %EA W} g AT
NA JEFY 25L& AHA ez EXNL Ho|x = FAAA gzl EAJo| L}E}
< BHelnl 9=, RSAS} RSBE| BC A 2] 7ol A] ﬂ@w Z59] 61%*8_ 71k HhH, A

A o] T is};’iu}(TaUe 4). =3}, Harron 5(1983)2] <170l ¢]3lH Solonetzic
EFA YEFS Zad Al A84E 7HES Wbk Aok ol X 2-8-7FH(CEC)
W3slo] -9 RSAOA T gl FE= 7.6cmole kgt, OF 5% 2]} BC 5% Az]7= z+zt
9.3cmole kg9t 9.4cmolc kg-124 OF 5% A 2] 7-¢} BC 5% 2] ol A Z7}1315 3, RSBE
T2 2] Froll A 8.4cmolc kg-10191. 2.1} BC 5% A 2] 7+ 9.7cmol. kg 24 BC 5% A 2] 7-ol| A
o4 F71ekE Ao 2 UERgtHTable 4). RSAS RSBE] BC 5% Al &] oA Aid oz &

713 (RSA, 17.99 kg'; RSB, 19.99 kg')ol Z7}gtoll wlal RSAS RSB2] BC 5% &+
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o 4 CEC7H 718 2.2 Azhgith £ el A8 W85 AA12 OF, CC, BCE 4
slEfel Hel@ At Ege] B4 W} dehkon, ESATE, FA&, A 5o B
Fol Z7h uh A% Ao T HAEPS FEI AAGL B T 7

4 e Aoz Addn,

filo

7‘_
[}
S Eoko] AL A

Table 4. Changes in chemical properties of remediated soils as affected by the application
of soil conditioners after 32 weeks of incubation

. Exch. Cations
pH | EC [som®| T-N AP"g" CEC
_ 2Us
Soils” ;gz) K ca Mg Na
(H20, -] -1 -1 Al o cmolc
15) dSm~| g kg g kg~ |mg kg mg kg kg’l

Control 8.6 172 74 0.27 6.9 54.7 | 2591 113 20.0 7.6

OF 1 8.6 154 85 0.30 8.7 64.2 | 2691 120 22.3 82

OF 5 85 154 125 0.35 134 769 | 2621 133 230 9.3

RSA | CC1 8.6 1.56 10.2 0.29 6.9 66.6 | 2573 117 21.6 7.8

CC5 8.6 1.58 134 0.34 6.7 | 100.3 | 3302 127 234 82

BC 1 8.6 1.52 138 031 137 746 | 2655 128 219 82

BC 5 84 142 17.9 0.43 245 | 1287 | 2236 140 23.2 94

Control 89 0.73 6.7 0.10 4.7 485 | 2236 295 255 84

OF 1 8.9 0.73 7.3 0.17 54 499 | 2266 295 26.4 84

OF 5 8.8 0.76 113 0.29 9.0 712 | 2216 312 34.0 9.1

RSB | CC1 8.9 0.69 7.3 0.17 4.6 498 | 2343 284 294 82

CC5 9.0 0.75 8.7 0.22 6.1 84.6 | 2944 287 294 85

BC 1 8.7 0.60 101 0.19 9.1 61.1 | 2199 309 29.7 9.2

BC 5 85 0.60 19.9 0.33 175 754 | 2081 319 304 9.7

YRSA, remediated soil A; RSB, remediated soil B.

2 Control, no treatment; OF 1, 1% of organic by-product fertilizer treated; OF 5, 5% of organic by-product
fertilizer treated; CC 1, 1% of charcoa treated; CC 5, 5% of charcoa treated; BC 1, 1% of biochar
treated; BC 5, 5% of biochar treated.

¥ soM, sail organic matter; T-N, total-nitrogen; CEC, cation exchange capacity.
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A3l E% RSA(remediated soil A)2} RSB(remediated soil B)S] E%F EA4S =
}\].Zloo}:Ei/q ZHE ¥ EoF EX HA 7])F9 ;<«l;<4 E/\—lo]x]tl]- o B pHﬂ- ‘]g}
4, Tha e oFo] 2 X %k-8-2K(cation exchange capacity, CEC)3} X|3H4 ZHg, wj$- ©e &
A 1

F71E FFY FEAMN FHFS o] AE Sl AR g2 ZoE ATEHAT
Hu, J18AFAA BAEN S, charcod, biochars EYNZAZ A2 & B A0
2 ol4e] MG HolZ Aoz walth Ho pH A7 Eobes B 5 glglon), Ega]
& ek S0} a2 5o a9t o, Fd A(tota nitrogen, T-N)9F 2|
3 259 FEFel i FUbstth 18, A8 Zge] o]l AE E AR 7F o]
Hog o AL Z.%"J’S‘}Ei u} biochar A& T-oll A X84 L FFS TFaAIZIN}E A&
ol AT w3 Fod Ao AGHL) olE EYAZIH | odte] AslE Eokd] tste]

ES
RAFEH 8, charcod, biochar 52 I8 ASAAS EWFAZ AL A EF M &
7 Jebd Aoz AZEW, E3] biochare] 75 EY EA Walo] B IS
mebA, ASLEYS AHH o2 FAeta #e & B EYY A& FE3] F3IAZE
US Zo =2 7t

[=EHY 2013, 10. 14, =AY 12013, 10. 26. HFE=EHS4Y 1 2013, 10. 30]
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