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ABSTRACT

In order to reduce the accumulation of toxic metals (As, Cd and Pb) in the chives, various immobilizing agents
such as a soil pH change-inducing immobilizing agent (lime), sorption agent (compost, spent mushroom
compost), soil pH change and sorption agent (biochar) and, dissolved organic carbon (DOC) coagulator
(gypsum) and uncontaminated soil were applied to the contaminated soils in isolation and in combination.
Then chives were grown and determined for As, Cd and Pb concentrations accumulated in the edible part at
harvest. The Cd and Pb concentrations of the chive plant grown in the contaminated soil (no treatment)
exceeded the legislated Korean guideline values (Cd: 0.05 mg kg™, Pb 0.1 mg kg™") and As concentration (21
mg kg™") was 1,000 times higher than chives plant grown in uncontaminated environment in Korea. Application
of lime and gypsum significantly reduced As, Cd and Pb concentrations in all chives examined, due to the
increased soil pH and decreased soil DOC. Also, application of combination treatments involving DOC
coagulator such as gypsum together with lime decreased As, Cd and Pb concentrations from 21, 1.3 and 9.7
mg kg to 2.1, 0.1 and 1.1 mg kg™, respectively. Consequently, it was concluded that pH change-inducing
immobilizing agent (lime) which was already well known and DOC coagulator such as gypsum could be used
as a promising immobilizing agent for safer chives plant production.
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Arsenic and lead concentrations in edible part of chive (B.C: biochar, C.P: compost, G.S: gypsum,
L.M: lime, S.C: soil cover, S.M.C: spent mushroom compost).
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Introduction
Uk 4eletE QIsto] FER] o, At 5ol B SHAl B AT o] & AAZ Q] )7t o] Fo] 2| 7] of
FrofEd Rl Sasel HEEH FH ES LAAZAL T AREC] Bl B H ek 5512014 7o e Ul &
2594 5,396 704 - - w7 gA4te] 4,803 712 A 9] 89%5 ZFAISkL Q=] (MIRECO, 2014), ©]3 gt o]
= o] F] AP 2 A Al 5] g4t %%BE QISto] MYt | A} Fu) 7} i o Qlar gqtul|aer
Aste] FEE7|5% it o5 Bi7 1852 79 50l ololiA] sHiER olF - EtEo] B4 |et +AIE LAXA
=01 0] A7 A5t Ut (Jung et al., 2004; Kim et al., 2006). 20128 H 17of wh2 H w534F olLo] S54 -
7es RS 0117}% 1062, BF 10132 2512 ITH(MOE, 2012). 8422 @ JH 57370l 2F20] Aful=]
W ZHo=RE F45 Faso] AR Holx o Q17to] AA)| dFoh= 7HAH ] SAE R Q17He] 17k
11 8471 et (Zhuang et al., 2009). ‘FHFAHAIFF A= ol 2t 573 Xl oA Al AR F AECIoREIA
Ao AAeH-sitE S5 TR 71E (MFDS, 2009)2 2R s4ha2 |7 A7 l= 215 Fskal 3lo, o= 7]
TAE 2R SRS 5o YAIA o= v 21 %EHP A T:L—" e airs FEA 0 2 Fdsk= T
22 4 Qlok b A e 2 @ E 7HsAd0] i A AR Alofsha RU R ok e Hijte] T QR

O

= 2= Aol A58 o]FolxoF gttt (Kim et al,, 2012). T a5 LH EYoIA AE0] S5 35 5
Aol= FE EL S Ta5 T o Bt Azl fash FHQ] otoll oJs 27t B s 11 Qlrt (Ruby et
al., 1993; Kim et al., 2012). T3+ 5253} EFHO] A5 2180] Qlo] 3}8kE (chemical species) T

phase) 7Fe] A= Aolotal BRI wfliZe]l (Wang et al., 2004) AE8H SHoA = FH55] & g Bk &
aE] Fgo] Fagt ouE et a5 e i e EOJEPH 71 o, dol2uehed, %ﬂ- Jiﬂﬂ‘%

S S EFEA] FFe Y] wize] olE 7 AT EY T FaSY AEfakel nAle gFe melsk
o2 HpEro 2 AES T A7FS 9t Eokyta] Hdto] D}Emoiok ﬂt’r (Kim et al., 2007).

AlE AT A ARt B RS a5 0R Qi Bl SHERHIE Aefste] AlEiaE AdA
7= JRo] =t ARATE Soll TRt PSSl A= o] gt (Kim et al., 2007; Kim et al., 2010;
Udeigwe et al., 2011). 4138 S0 ARSH SPYSHA| -2 2H8 Ye|ds ER6HH 37 EY pH 571 Fot] &
U F FEES BEoF wAof SHA7) 1L HAHA]7]7] Q8] o] 8-5E QY 3FAI2} (Cheng and Hseu, 2002; Hong et
al., 2009) QP2 ZpA|Q] S2E S o] 8olo] Fas2 Pt A7l ZiRAIE A2 4= It (Uchimiya et al.,
2010). tEAQ] o] T 7FA] ' 2]of| e BEH7 64 (DOC)E 46t AlEfa s Ade o = 1ieto] qlrh
Eokgol | 857 et AVl SE5-S DOC-5 25 A8FH o] 84 (solution phase)Z Z1gkslo] 2]
Eoﬂ O3t 545 SV X1tk &4 Q11 (Christensen and Christensen, 1999; Almas et al., 2000), 22402 &

E R TF SIS 25 Fa TS TV IE 98 St (Naidu et al., 1994; Gray et al., 1998, 1999; Kim
etal., 2007; Kim et al., 2010). W2}A §E77 84 5 S 1A A 4= Q= oA E A 2|ettH Sa40 A=
AR A Aolgt ok 2 A= P IT S5 04 544 EYol 85/ 8 AE A
= PSS Axolsto] of 2] QPSS B, T Eeot A2fet & B B4 §ish 2 Zajo] S4H Fa5 5

= H —é—_].—
512 2Afolo] QAT AR LS 917 SPEH 28714 =Y BH 02 ANSHITE

LEEN
rE 3o
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Materials and Methods

E

A EY  Z AolM Akt B2 S 54 'R AR o SRt gt 7 S 2. 9%
A AFg EFolct. AFTH EFo] durAQl 51514 £49-2 Table 1701, As, Cd, Pb Fago] S35 < Eeh
BE of| PAIE EFQ F-217]5 (As: 25 mg kg, Cd: 4 mg kg, Pb: 200 mg kg )& 7513k

Table 1. Physicochemical properties of the soil.

pH EC' oMT cCa Mg K Na As cd Cu Pb Zn
1:5 (TR R0 < L —— cmol ) kg'! mg kg -
Soil 4.6 0.19 24 35 2.0 036 004 1541 49 63 952 92

TEC: electrical conductivity; foMm: organic matter.

obEstHl £ AToIAE B F Fak0] ARA Tl Gae X 7]3"1]“1"3}367}11 s A
Fct A B9 pH 271 fisle] B34 A FAEE a7l o R, 57 (S EE] ot 53

=

ot

& 524 fUE a4 71 QP BakA| 4 (Castaldi et al., 2005; Kumpiene et al., 2007)5 L Ll =7
& AESRREE AL 4= Q= EH | H AR, 1231 B9 pH 5710t SR W A=A 24 A AT (Beesley

and Marmiroli, 2011; Park et al., 2011; Khan et al., 2013; Moon et al. 2013)% o Ql=Zl 0 7 ej R Hio| Q25

o] 85It PRR[E O & BER7 84 (DOC) AAE Frolo] T55 AEfa s A4 A 0= AlidE= 4
5 RIS Eroll 7Rl B o] 5] Ca o] -2 WHEo] 1H AN S5 HAL e SR IEA
O] 714 Wi & A A, A=t AJeFLEIA (zeta potential & THAA] 7|1 SE20|E9] £ (floc)= FA5HL &

A (coagulation) A H ESF T FEF7 840 555 THAAIL o= Uk (Park et al., 2005; Song et al., 2005). ©] 5F

o= oA HEARI (5 514) 5= 7Rl Sl ol A AN PSS He A she ’ieke =
ot ot @ AR o2 Hl L FEYS Aot T55 & S fraH €= SAl0 e e Aol

w3tetoe}. 7t obdskA| o] 5 6_17;, E/3-2 Table 20 LFEFATE

Table 2. Chemical properties of the immobilizing agents used in this study.

pH EC’ As cd Pb
dSm™ mg kg

Soil cover 7.6 0.1
Lime 12 9.4 2.51 0.7 0.1
Compost 7.5 9.2 nd 0.9 8.0
Gypsum 9.4 10.3 1.56 2.6 4.1
Spent mushroom compost 5.3 4.1 nd 0.3 3.6
Biochar 10 1.5 0.03 0.1 0.8

TEC: electrical conductivity.
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M2l & HEMMH FEE QA EY25 kg (AE 7190l 229 SIS ESF 7| tiH] 3%4 ER1tt &
(A3l 2432 B FA tiH] 1%, H|QFESS QAESF] A0 25%E Yol &) 2] 50 cm, =30 cm X
E (pot)°ll S5t HYSHA| B&A 2= A3] 1% + EH] 3% (LM + C.P), 3] 1% + 437 3% (LM + G.S),
A13] 1% + HHATEIZ] 3% (L.M + S.M.C), SJAEF25% + A13] 1% (S.C + L.M), SIHEF25% + A3] 1% + E]H]
3% (S.C+ LM+ C.P)= -J5t3irt. Zaf Al Aol QHdelA] A2] 5-21do] Bt Aol 2t A2 = 39k

(37l9] LE) © & A5,
23}t (Allium wakegi Arakiy=-SH2ZoA 19 A 7\H HiSt A& o] 85191, ZF T EY 3T)j9] ZutE 2016 8
3] Ak, Zat Ajel= el ol et Bl=E Aokl AR § I QR Al A S s T= ol

of e 2T AL 20161 11 24900 ZA4= S19H A ZAFE S

EQ U ASH BA Zuls A2 A4S 45lsle] e) KRl S ARl 4 B SR A4
o}, 0] 70°C 9-EollA] T2ARH5RT AEA|A Hafste] f—ﬂ% N2z o}gatch EepAEE e 438
APV S E%Wﬁiﬂ% Au1Ql 7] (auger) S AHE3le] LE W 152 A5 om, AT ke BT

iO'—

DI

EYdpHEE O‘Fﬂri = 1:59 &2 1AIZF RS pH =74 7] (MP220, Mettler Toledo, Switzerland) = =7
SHoltt. ESFO] 5177154 (DOC)= 50 mL Altol] 409t EFA R 5 g1 5725 mLE Fol 1A 5t
Hk5to] 3000 rpmof| A et & %ﬂ*&% IH (< 0.45 pm) 2 A7}381A TOC E447] (21008, Analytik Jena,
Germany)i zxq;nr,}. Z Jq-/] T:L = 2‘&7&3].7] _?45]]/\1 1 gﬂ 71j_7,\_/\]§9]- 2] o]— 7\u} 9mL, J}Oﬂ /\/\]- 2 mL—
Haflo] Wil SAE2ES]7] (OD-98-001, ODLAB, Korea) 2 2H4 E5ll51 syringe filter (0.45 pm) = 1}3H 5
Lol 2 F22:0] J1FS ICP-OES (8300DV, Perkin Elmer, USA)Z S22t E5A| = (1570a trace elements in
Spinach, National Institut of Standards & Technology)®} &A1= (blank)E 54|l Eallste] Eolld2 A3

ololel 24 AY Ay FA RS EelRE 1270 AlRTR9] 3RHE A9 Aol A B BEHAE EE05t
o] 1 ZE 2451t A2 folAd A48 SAS T2 T3 (SAS version 9.1, SAS Inc., USA)2 ©|- 83 EAREA]
(ANOVA)S E5]l 127] A7) E%FpH, 85784 (DOC), Z1110] As, Cd, Pb 557} 22| E &2 Golgt 2lo|7}

QL= sheTstelct

Results and Discussion

EY pHeI EER]RIIEA (DOC) HaEt Z17}o| PAslA| A2] & ZatE Aufiet EFO] pH HHaks Bl sl
HokS ol A3 el AeHE AlQlotale i A 2]Trol| A B PR =2 a5 B 0™ (p<0.05), pH 57
520 2 At A3 Aefte] - FA 2T (6.0)HT} 1.5 =2 7.55 UERITH (Fig. 1). §HH 4117 (CaSO, - 2H,0)
3letdo] Caol EYell 5550 pH7H57HET AL EA0 SO7t 555 o] pH7t 57161 A] gF2 A o=
EFF5asod Aenasel 7MY A Gk niAle B 1A= ESF pHEks Ao] ofn] B 71l
HH 55|22 (Cheng and Hseu, 2002; Kim et al., 2007; Hong et al., 2009), & SLo| AT A3 5 23}
2] QYA A2lof ofsiA] Hstet pH7 | 3 ko] Ta450] S35 kol YkS nld A o= HeE Ik
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Fig. 1. Soil pH and DOC concentrations in the soils 4 month after amendment treatment (B.C: biochar, C.P: compost,
G.S: gypsum, L.M: lime, S.C: soil cover, S.M.C: spent mushroom compost). Different letters indicate significant difference
(o< 0.05) between control and treatments.

BER718A (DOC)= T4 2 102.7 mg kg ol BIsH] HHAEN=], vio]. @2, B8] Z=]of| 4] 22} 133 mg kg™,
118 mg kg™, 113 mg kg 2 & Z7}515=t] o= 4718 B G71ga £9lo] ofof Eggo U 82471847t 5
71t Z o 2 gokE) HhH A 12 A2jeh RRE A2l e A1 68 mg kg, A+ A19] 64 mg kg 2 FA 27 H]
off B {7 eI HASHAT, of= Aaref| ool -8R 1§47 -S4 (coagulation)=|o] AR A0 2 Hof
ZIt} (Park et al., 2005; Song et al., 2005; Kim et al., 2016). =77 |6t40] 57 B T 555 8ol 9=
A|Zch= oot A A+ AaE v e = A1 Ao oJjt §ER715 A A7 E9F pH ¥igle} BlEo] Kt
Tas 54 Fol Y2 nld A o= et gick

Zate| As, Cd, Pb SNsE A feyete] Zut Fa5 54 55 7 )2Cd0.05 mgkg”,
Pb 0.1 mg kg ]t} (MFDS, 2009). 12 2] FAfz|tollA] At Zut S84 5 (&3 719)+=Cd 1.3 mg
kg, Pb 10 mg kg o[ $=Tl, o5 Zut -2 T (90%)= 2l efsto] A 71 2= ALKSHA Cd 0.13 mg kg ', Pb
1.0 mgkg' 02 Y} 7| E R 7FEF-2 oF 2,64, E-2 F 108 =A| 25 A 0 =2 FRIE|QIT) (Fig. 2). ELH 742
T Al Zako] As T (AES 7152 20.8 mg kg =2 Choi et al. (2010)9] dLollA] AR IE 9-2uket g4t
=73 7ol A A el Zako] As $F1 0.03 mg kg H ek oF 7008] A LFERATH (Fig. 2).

T QPP A e]of] ofRt Zute] F () Fs (HI4, 7IEH, W) ST B 34 Ao A ARt Zute
7YEE SRS AlLJotals FA{ =] HlohA At o, A Hr = 5 (D)as SRl mehAlol= Lo A
3] > A1 > EH] > Hlo] 9.2 > wH Al 2] =o|Slet. A13] A 2] tol| M= pH /g% afet tlEe] A 2lof| A 335 Ca
o] 2221 As®t As-Ca complexesE /3] w2t (Kumpiene et al., 2008) TF= A 2|7 B} =2 A4 G VL= LiEt
W 7o 2 Holu, FAjz]of| ]l Z1}o] As, Cd, Pb &0 ZF2 86%, 20%, 82% #17F5t3irt. §HH m|=Alul2] 2|2
T= EY pH % Bk SAEE TR A2tol vls Aset Cd A a7t o 2 WStk (As 57%, Cd 1%,
Pb 80%). 0= §E7|etio] w2 o R HofHirt, Yutzog g2 qr|ekal 802 SPHE: TS
7H2)7) wizel Egud 9 71/ E= o=t phdE o] WAste] DOC-5a< |9 EY=roll 8Eok= a9

FE 57Xt (Hartley et al., 2010; Kim et al., 2010). ©whA] HHAERZ] Zj2]of] oJs E¢) pHE =oF O,

T AN
o
ol
N,
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Fig. 2. Metal concentrations in edible part of chive (B.C: biochar, C.P: compost, G.S: gypsum, L.M: lime, S.C: soil cover,
S.M.C: spent mushroom compost). Different letters indicate significant difference (p < 0.05) between control and
treatments.

BAlo DOCE 75510 F ()5 S5 A1 7t ok A2|7te] Hlol Frid o2 Ueld 710 2 e, 5
o] Q2}o} E[H] A2} Lo| A e FA 2| HTE ESF pHL} DOCTT 25 F7 5t oL, HsAlE| 2] A 2] tE o} Atha .o
2 EYpH7} =1 DOC T/t W2 20 2 e 5 ()54 st 8t s Al 2| Bt A vretsith, A1
Agftola = FA 2Lt ESF pH7F HISSRE <ol Rl oL Zute] S35 54 Frt FA 2T tiH] As 82%, Cd
19%, Pb 70% 7HA3H AL B 4= 9lit|, o]= A7 8287|849 24 (coagulation)S -F-E61o] DOC-3 (£) &
%4 JPEI= 850t T (D)5 F8H s A7 Wit 2 B 4= Qlrk 2 &l A2 vlaws 2 At A
B)oF A1 Aeof| A Zute] Fa F2 F ST ey RieF @ QEFO] pHIT o]n] 7 o -ofli= A3
A7t g Sl 2SS & 7 UE BEE EY pHE 7 = e B g Aa1E Aefole] F (a5 &
B 55 AR 7] o] BiE Y 20 & waETh
55 Aol ofgt ko] S5 S TR B R HTE Wetth 55 Al + A3] A2l EY pH A%
4 -BER7eA A Qo] Aol ey 5 (a5 -FaH sk Al vl 821 k= yeyith EH]
w27} o E3} Aol ol & PSS YR Aelet AR Brh= S8 57 A= 519l
O ohE EebA g]te] HlehA= S35 Tt v =] LrERT 84 Ae] oAk T 2l Atet H s A] Zate]
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SR ETE AR 2k gelskelon), B14 + A15] Ml Zte] As, Cd, Pb s/t A A2l
& S e

o FARTo| Hls) QPESHA Hel el Fut Fak FAs ot dastion], 48] $34 57
Fe B0 3 (8% Fame E%pH 3719H8ER7194 (DOC) 1 A48 A4 4 gl
zaaiu} 7293 QPSS TR Aelshs 2 HoB3ko 2 Aejshs Zlo] mukael o2 Vet 413]
5] Aeipold Fmte] F (Fyad AT W pEeIg.
(S AT 918 S F 819 ol pHE F7HAIAS Shs PEEHIE S BRI Bhe &
ST e ATolA] HofE Alxie} o] EoRgl U] §E R4 (DOO)E AMAIA 5 (B4
A 4 Ghs PSS 0] A obe] FEStER 2 g rio R 4u ok 857
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Conclusions

S&5Ate] ofgko g a0 2 o ofF e z|of| A QEHSH RS ABATSEY] Qls) SRk Ee EUskL F
2 - FAEE UE 5 Q= ook A2l Eesit) Tkt oFgSHAIE Bkl 225t & Afuljet Zuto] FE<
EA% 2 2% A1 EF pH 3715 G55k Alolu 8247640 B8 AAA F(HEE0 GaH 5
T2 A= A0 2RO S5 22 T A7l avbAo)qlnt teo] A3t A 1S F Al A E]5HS
W2 QAT B A Zuto] 7R W E2 57| 5AE 5187|540 61 5771A] Wobdth 2 o
o] Ab= pH 7S S ohs 439t 8E G 78 (DOC) AAS -FLsl= A 119 -2 0P SIA| S b3l At
B2 5] $15H e e R -85 5 9122 AR
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