Korean Journal of Environmental Agriculture

Korean J Environ Agric (2013)

Online ISSN: 2233-4173

Vol. 32, No. 3, pp. 171-178  http://dx.doi.org/10.5338/KJEA.2013.32.3.171 Print ISSN: 1225-3537
Research Article Open Access
Of = =ZA40] AMlBoe s = OJ5I Clolx=
Eot S 3|=|'—'|'—| H=T2 "_g7l'a TIP_I' JE'I'EQ I:lll_-l'-
=11 =] 2 = 2 3 4 5 1*
Mg AT T AAIE? 2R SAE, AU AMY
ddarely| st Eekstora ek, 2*1@1%&16%1 R dofgt}, E ety S Es ey,
ety ulo) oAk g eyl Swe syl slehE Aok v}

Comparison of Single Extractions for Evaluation of Heavy Metal Phytoavailability

in Soil

Byoung-Hwan Seo, ' Ga-Hee Lim,*' Kye-Hoon Kim,” Jang-Eok Kim,’ Jang-Hyun Hur Won-Il Kim® and

Kwon-Rae Kim'
Horticulture, University of Seoul,

(‘Dept. of Agronomy and Medicinal Plant Resources, GNTECH, “Dept. of Env1r0nmental
*School of Applied Blosc1ences Kyungpook National University, ‘Dept. of

Biological Environment, Kangwon National University, *National Academy of Agricultural Science, RDA)

Received: 22 August 2013 / Revised: 29 August 2013 / Accepted: 10 September 2013

(© 2013 The Korean Society of Environmental Agriculture

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

Abstract

BACKGROUND: Consensus of heavy metal phytoavailability
in soils needs to be introduced for soil management
protocols in relation to safer food production in the
contaminated agricultural soils. For this, setting up the
method for evaluation of metal phytoavailability in soil is
an essential prerequisite.

METHODS AND RESULTS: The current study was
carried to select a proper single extraction method for
determination of phytoavailable metal concentration in
soil. Two extraction methods were examined including 1 M
NH4NO; extraction and 0.01 M Ca(NOs), extraction
methods using 142 soil samples collected from the
agricultural soils nearby abandoned mining area in Korea.
Corelation analysis was conducted between phytoavailable
metal concentrations and soil properties potentially
influencing on the metal phytoavailability. Both methods
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showed similar significance (p<0.001) in correlation with
soil properties such as soil pH. However, higher correlation
coefficients between phytoavailable metal concentrations
and soil properties were observed when used Ca(NOs),
extraction rather than using NH4NO; extraction.
CONCLUSION(S): It appeared that 0.01 M Ca(NOs),
extraction was better option for determination of
phytoavailable metals in soils and further study to test the
efficiency of this method is required in combination with
plant uptake.

Key words: Ca(NOs;), extraction, Mobility, NH4NO;
extraction, Solubility
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o

gt dAHe = FRHeR FEE wEo 99
2t 73, g, ARt gt QS Hast ok Ae &
2 0 & 3h9(Naidu et al., 2003a), ©]= 93t Ao &3
F 715 AHA gk A4o] AAtKNaidu et a., 2003b;
Heemsbergen et al., 2009; Kim et al., 2009; Salazar et
al, 2012). A& £°, 48] Tu&5S 57/F8%h 4=
of & A= AL BEY T T5 AdF Hoks a2
gt e el Qsjr AT (Ruby et al, 1993;
Geebelen et al., 2002; Kim et al., 2012), ©] &3+ 3&f
o] TS5 TS BEYY ofy 714 oJghety A9 ¢S
HH=THKim et al, 2007). EY T T5%2 Tessier &
(1979)9] A&HE Aol ofeliA Eirshd, AFEl(EY
e AR 2 W EA), F7IE(R71E ARE dH), 3/
B ASLEE(A /R AtsE R A9 GH), SARTE(E
A FeE A FH), ASES 7l 2 B A
xe FFEo e gaME 2T UtiZhu and
Alva, 1993). ©] Tl A=frad 2, shehaQl getst
A 9 A7 B AR kgko, AgHE E3ehs v
2 Hholzo{7]al QItHWang et al., 2002). ol 7t Ta%
o] A Fei= B pH, 1715, $5719e, A/ AL
Sl 59 FFel wet #Eo] Rt Alloway, 1995;
Naidu et al., 1997; Lock and Janssen, 2003; Vig et al.,
2003).

TEEe] EAFH 9 fFaxe ToAo] FAEwA, F
= Bkl f% ol 7 SEe] JPEE Ik
TE S48k Wi A F24K0.1 N HCl, 043 M
HNOs)S ©]43R= WH(Wu et al,, 2012), Z&°|E(EDTA,
DTPA) A3tes o]&sh= W(Jackson and Alloway
1991; Bermond et al. 1998; Hammer and Keller 2002),
A E(AM NHNO;, 0.1 M NaNOs, 0.01 M CaCly) ¢ %
3 o]4sh= WH(DIN, 1995; McLaughlin et al. 1999;
Nolan et al. 2005), ¥2]2] #H]E-& TARSE 53 {714 +
= (Chen et al., 2004: Feng et al., 2005)°.% 7 #|
= 7tk ol T FAUE oldehe 9 FEUS 4
=Tl SRS QA AAIR BEY T S5
E fd HHew ogstu e stk 549 1M
NHNO; F2H5 Aefas 9o d8sta 9lon
(DIN, 1995), 22~ 0.1 M NaNO; FE%2(Bo, 1987,
HE=E 0.01 M CaCl, =55 o83t ltiHouba
et al.,, 1990; Houba et al., 1996).

Sk ol FEEe FEE JES, AT ARelA o
o7t G HTtM = HElE S SHeME fakel 7]
Z3 7|55 AFA0R olgstal QUtPriep, 1997). ¢
vhe ok Fa4e] A% el gk ofs 9l S As
b RS Aor, uig AAAo R 8= ofdE A
ox ety ey, 5% Fakdd g a7 AdES
A& 07 FHAste] Tud kAT E g HdAQl A
k] 7155 vpE ort vk ole} 22 Al T
& fas S Y, vt BEY 5 5 ras 5

b

of

AR IR, FuE frass A el WA At
I

A= Flol dust F545(Cd, Cu, Pb, Zn) &%
o% F 7K AE ks FEHE §

o
) #AZ v AEsle] weh A4 W AR 9
34 sk
HE W wy
FEuy

Aubel 3 WA 25 S B3l ngos ax
7F Ea AFEHAL FUelA FAA R o] gsta e
1 M NHNO; F=Ho|glor, & WAl Wie 0.01 M
Ca(NOy), &0z, FaielA AE7L o]F4% 0.01 M
CaCl, WS Ag Wi oz Awagith 0.01 M CaCl,
FEHL TS AETAE SoR gy o8 gle
U, FEd Fo] daolRe] BEY F =R ol¥e] At
Ao JI=F o] ol Xge ol for FE |l
Th= ©o] B 315t Bingham et al., 1984; McLaughlin
et al., 1999). wehA. o]& Bkl st Wow st

-

R0 ANAHS ol gk F U F urk 298
Mol Aee 24w d fEe $EUk B S4E w
oF % wska QA9 BE FolY(FENS o8 B
AR A 9 PR goY) S meistel 2%
ssict.

EY AE

B AL 9134 Selvet AR Q12 577 £ o
ga9om, A5 AP A2 BAA £%) YEYS 913

A 3971 FAKEE R 38) A2 FAEA A F 1427
o] EANE(< 2 mm)E FHsto] Rasklct

EQY 2
Eoke] pHS} ECE B} T3 1:59] vIE= g AR
1 S pH 3747|(MP220, Mettler Toledo, Switzerland)
1l EC 5747](MC226, Mettler Toledo, Switzerland)Z
S8tk BEY 7159 S 2GR (NAAS,
2010) 0%, HE e mlold=uulY  (Miller and
Miller, 1987) 2.2 #4&13ith B 5 &7 1¥2(DOC)
e B9 10 g2 20 mLe THTE 2AKF X% F 045
um AEZ e oMEHPCIE FHE osie] TOC #4177
(2100S, Analytik Jena, Germany)® =743}tk 4, 40|
F, W AR geRe AR ESAl FEHoR FET
(Schwertmann, 1964, 1973) ¥ Whatman No. 42(pore
size 25 um) OSTHE  ofFste]  ICP-OES(8300DV,
Perkin Elmer, USA)Z 23150t B9 5 T35 3
F SS HelM 4 EF AR 1 goll 9 mLe] 45E ¥
AL 7)(0OD-98-001, ODLAB, Korea)® *3j3}

=

xﬂ
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(NAAS, 2010) &3 §9& Whatman No. 42(pore size
25 um) oFAR AL F §IA F FTITHY IFS
ICP-OES(8300DV, Perkin Elmer, USA)Z Z743ISitE &
& wlE Sl A9 E8 MEole EFAE(Montana
Soil SRM 2711, National Institute of Standards &
Technology) ¢t 3455 EFAA L7t A&s] ez
=AE Al B & Fu59 AEfas 9k 4
34 1 M NHNO; FEHS o] $31tHDIN, 1995). B9k
10 g= 20 mL2 1 M NHUNOsE FE3ato] o3t & H&
o &o] Fd dekS [CP-OESE Z739ith & v 4
EHEE =4 WO 0.01 M Ca(NOs), £95 o]g3lo]
1 M NHUNO; FEH7} 22 o E9F 7 A5
kS =481tk 0.01 M Ca(NOs), 3599 ARE 3
A 045 um AEZ = olAlE|o]E A7 ofF)sle] &
718(DOC) &S TOC 4712 24519t

FN AN fof
Jo S &

Hlo|E] &4

T 14279 EF AR T oY S5 s, 7, |,
ofddell wheiA 2z 4] T fad) gl BE 54
H AIEREE o] g3to] dloJE] #Aef o] g3lolth EYEA T
Tud TEE 9 Fad I 1] AREAE Yok 9
M A& BAe Al olell oA 7 S A=
< pHSF HEFFS A9lsty, SAgke] EEE BF38]
el Za(log)#ho® Mgk & o] galqith wEdt Bk &
72t TuHY Faks T VIeow Hrksky] flaiA of
g A8 o]gate] FHE] HulAF(Ky) RS 7] A¥ 3]
7] EAe] o] g3kl

Table 2. Distribution of heavy metal concentrations in soils

Table 1. Chemical properties of soils potentially
influencing on the metal phytoavailability

OM  “DOCuyater YDOCcn (Al+Fe+Mn) Clay

PH ) (mg/kg) (mg/kg) (mg/ke) (%)
Max. 8.5 7.6 688.0 863.3 18786 25.8
Min. 34 0.4 18.5 ND 997 0.8
Ave. 6.0 4.6 152.7 210.6 5283 8.6

z. Water extractable DOC,
y. Calcium nitrate (CN) extractable DOC

EY pHE AMB4)IM 9714(8.5) EX7H] 124
B30, A FAE 6,00 $Eluet 544 =g
BH(G.9)H v=d TS Holal SlSltHKang et al,
2012). F71% S 04-7.6%% THS BI¥E HYowH,
Bt FAE 4.6%E eyt 84 B 1T (2.6%)
B e #=90KKang et al., 2012). o] 2 Adoi=
F2] Akghol] obd Azt ow SR Wiow ¥
GEth f71EA sk £577192(DOC) EEE

9 FEE ek AgEiA sl w2k ik S
T5 o]gste] s el vlsiA 0.01 M Ca(NOs) =
FEolo] 593 A7 Bt oF 60 mg kg HE EE T

Total zAN-ex. YAN-ex/Total XCN-ex. WCN-ex/Total

(mg/kg) (ug/kg) (%) (ug/g) (%)
Cd Max. 47.5 702.5 50.1 381.0 42.00

Min. 0.05 2.5 0.05 0.3 0.04

Ave. 25 58.4 11.3 29.3 6.4

Cu Max. 871.0 2240.0 14.5 1164.0 0.96
Min. 0.5 2.5 0.01 0.6 0.003

Ave. 56.6 301.5 1.04 31.2 0.03

Pb Max. 6950.0 688250.0 19.46 11364.0 041
Min. 1.45 25 0.002 3.0 0.0003

Ave. 242 .4 8951.7 1.7 1394 0.07

Zn Max. 3221.5 38250.0 21.66 12072.0 5.94
Min. 20.4 5.0 0.0005 0.6 0.001

Ave. 197.5 1604.0 1.33 500.7 0.39

z. Ammonium nitrate (AN) extractable concentration, y. Fraction of AN extractable metal to total concentration
v. Calcium nitrate (CN) extractable concentration, w. Fraction of CN extractable metal to total concentration
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EY & 53
£ o]glsly B4 mRVHAE Alge] AR E
o] TH4 AR Table 20l YeRH nke} o] WL &
A5 YeRa ATk
EFIARANL] 7 T 7IE A9 vlas) E o
Cd2 7]zolstol ] Har oF 124, FHeli= 7]5olatelr H 1
oF 6Hll, > 7]olatell A Har oF 35ul, oA 710l st

oE o2

A Az ok 1187} 28k BokS E3keta gtk Aldo
ol g¥ Eok N7 & o H = FEE U)E

= I Asith :Lﬂiur, vl B He 9
(Cd 029 mg/kg, Cu 152 mmg/kg, Pb 184 mg/kg,
Zn 543 mg/kg) Htt ¥ FAE EO]J_ Ael(Yoon et
al, 2009) AMEE AT 584 Bl I FAozTH
PEE Wol £ FEE Holu Qe Zlow AdEglow,
4 A tiF ek SN At Pd 2 A
T A AEEA AYeE wo 1?%@

o
of

TR FEoR S4% A v 2XE 1M
NHNOsZ 35 o 0.01 M Ca(NO3)zi FEYe
Hoh QA ety B A 9k ok g AR
w3l = v, 1 M NHNO:Z 5743t frad] 557 0.01 M
Ca(NOs), 2 A% fraH 2ol vsia Cd oF 29, Cu

+ o} 100, Pb2 ©F 641, Zn oF 38 F% Skth ol
FER) FLoA 7]Qek= 2124, 0.01 M Ca(NOs), &
Mol vlElA E%=7F 1004] =2 1 M NHNO; £ 19
Z} 3fj2]¥ 0] &E59] mass effectol] 9]5} 73t 2838 Kol
7] WZoltiPueyo et al., 2004). 55t NHNO; FEH2

pHE 4.64+0.08% Ca(NOs), T%?M pH 5.70+0.02 X.t}
ol o] B FuES FESH thA S vEs AL
2 HQIth NHNO;, CaCly, NaNO; 2 53 534 &
H s=E HwE Pueyoi= NHINO; > CaCl, > NaNOs
TORE FF G8S Heltka Bt vl QIt} (Pueyo et al.,

vl 1 M NHNOsel 9]
A % g vlgo] Hd FAZ E o Cdo] 11.3%,
Cu’} 1.04%, Pbo] 1.7%, ©°}do] 1.33%% 001 M
Ca(NOs)oll 93t $=2(Cd 6.4%, Cu 0.03%, Pb 0.07%,
Zn 0.39%)5.tt 9T} Pueyo 5(2004)> ol AR
TEH sEE5s FATee] B4 49 Su5e favrt
=2 $£4E Cd>Zn>Cus>PbE Bty ok w3k

Irving-Williams®] F&AT%E Hg2+ > Pb* > Cu* >

7™ > Ni** > Co™ > Cd*'2 g FHA7) o fra
T7F FElRg w2 Ao ® YEPITHKim et al., 2009). 7L
eut et BRE o8 & AT F 32 W

¥ % Pbo] Cukth a5/t ¥ o® yeRth
T 2EQ EUSHIO| HEEME SEt
EY T o599 fFaEE olgsta sidsketl SloiA

Rz el & ARl fra kel FEFE vAE EYY
o]glstal SA4oltk. Kim 5(2007)°] ofv] Ba1gh upe} 3o

>J

Table 3. Correlations between partitioning coefficients of
each extractable metal and soil properties

ZLog(K4-AN) YLog(K4-CN)

Cd pH X(+)0.57%%* (+)0.66***
Log(OM) w(-)0.20* (-)0.24*
Log(DOC-water) - (-)0.24*
Log(DOC-CA) (-)0.31%** (-)0.39***
Log(Al+Fe+Mn) (+)0.29** (+)0.29**
Clay(%) - -
Log(Total Cd) (+)0.36*** (+)0.36***

Cu pH - -
Log(OM) (+)0.22* -
Log(DOC-water) (-)0.27** (-)0.32*
Log(DOC-CA) (-)0.27%* (-)0.41**
Log(Al+Fe+Mn) (+)0.34*** -
Clay(%) - -
Log(Total Cu) (+)0.40*** (+)0.58***

Pb pH (+)0.64*** (+)0.70%**
Log(OM) - -
Log(DOC-water) - -
Log(DOC-CA) - (-)0.29**
Log(Al+Fe+Mn) (+)0.38*** (+)0.52%**
Clay(%) - -
Log(Total Pb) (+)0.54*** (+)0.67***

Zn pH (+)0.66*** (+)0.62***
Log(OM) - -
Log(DOC-water) (-0.17* (-)0.18*
Log(DOC-CA) (-)0.31*** (-)0.31%**
Log(Al+Fe+Mn) (+)0.25** (+)0.22**
Clay(%) - -
Log(Total Zn) (+)0.18* (+)0.28***

z. Kq value of metals by ammonium nitrate (AN)
y. K4 value of metals by calcium nitrate (CN)

x. the sign refers to positive or negative correlation
w. * (P<0.05), ** (P<0.01), ** (P<0.001)
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54 o A5 2ol Holu gloy, Bk pHE +F
%] fFawst §o| AHAlE Helth f71%8 g £
S B TEHY FEARE A2APE 98 N B
ST T LERTIERS] FFE FUMAA 213 (affinity)©]
=2 T 2 FuHY faRE MR g
(Kim et al., 2007). %3t d/93t Absks 9 AE e
THEY Fasst F9o e Btk AT dxEo] 9l
HTack et al, 2006). WetA, EF 5 F559 FasE
Z45hs WS ols EdSEAAE] o3 s # ot
A WS o] g3k Blo] niEsitt & A

g 5 ol

A@e F 7] MRS Table 3] vebd wls} o] 24

faH FES A SR Aol 2 Kolx glout, Fig
2

A 7re] ARVAT} oS
G 20 o] fAke

o= grkE,
R, T BT Eadel thet o 2ol Kol
S, B9 pH, f71%, $E716kA, B/l O
, F0% T FANCE wEE 57 f

=

Ly

1=
pul

=30

o
> r>~ r1r
ol
e
X
¥
B
e
<1>_‘(‘
U

3.0

254 y=0.69x+0.18
(r=0.81, p<0.001)

2.0
1.5 1
1.0 4
0.5
0.0
-0.5 1 X
-1.0

Log (CN-Cd)

00 05 10 15 20 25 30 35
Log (AN-Cd)

y=0.60x - 0.15
4] (r=0.86,p<0.001) .

Log (CN-Pb)

Log (AN-Pb)

Log (CN-Cu)

AFET 24 Yeht B SAd o3t Fu49] fraks
3 thaut 9 gekeiAl wkddttiar 8 4= gtk
o), TH& Fakel 7 AA Bolshs BEY pH, $F
T fray skl AATE vushd v 2
0.01 M Ca(NOs),°ll I3t f-aH s=8t EoF pHoLe| A%t
A7F Cd¥ Phold] B 1 M NHINOsol| 23 A=
BT} =943, 0.01 M Ca(NOs)oll &J3t fraH =9 T+
& Folkgol A#ASE Cu, Pb, Znold EF 1 M
NHiNOsell 2Jst AdaAI=H ) %9t Table 3). 53] &
pHell oJ8ll frakel ks 7 ol W= Zlow ¢
Cd¥} Pboll(Kim et al., 2009) th3t =2 AdAsE= o]
& g Fa% 400 0.01 M Ca(NOs), FE4H70
BT} G4 QS AR o] fle: 0.01 M Ca(NOs), 5
P 5 v AR Aol= Qlou ST,
A/ dFulEe] o3 FEE HEE 1 M NHNO; F
Sl vlaiA o 2 Rkds] = A9E HeltHTable 3).
TSk 0.01 M Ca(NOs), FE8HoE S48 §57sa
o] SHTE % SEATeR SR FE5 fE
Tof s vA= A5 9 & el o, o= 0.01 M
Ca(NOs), % oz FaH w59 43 =771e
A 3] S 4dst & & odes v 2 A7 4

oS
O

e 2

I 4

oL

3.5

3.0{ y=037x+0.74 o
(r=0.42, p<0.01) o ®

2.5
2.0 1
1.5 1
1.0 |
0.5 .
0.0 .

-0.5

05 10 15 20 25 30 35
Log (AN-Cu)

y=0.81x-0.05
44 {(r=0.79, p<0.001)

Log (CN-Zn)
N

Log (AN-Zn)

Fig. 1. Correlations between 1 M NHiNO; extractable- and 001 M Ca(NOs), extractable-metal
concentrations (AN and CN refer to ammonium nitrate and calcium nitrate, respectively).
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Zof] 24 Pueyo 5(2004) 0.01 M CaCl, &%
w59 fFEE 34l ol 1 M NHINO; F
NS ke 22 olfelA AWt 9tk 1 M
NHNO; FE8942 2H| %71 #1311 0.01 M CaCl, 5%
el HiiA B 23 o] 2ES FEIITE 3 0.01 M
CaCl, FEE AA2 Ca FHFE EUA FEH+= Ca
SFell dEE A wAA gtk webs] ICP-OESH
ICP-MSE F29 F F5% §55 AT o w480
waj Aol 22 0.01 M CaCl/t 554 8% 540 B
o} &340t Pueyo et al., 2004). ¥ AFlME 0.01 M
CaCl, tilef] FYst 552 Ca(NOs)E AlEeISit) o=
CaClLE thAlat] &l gt Zle=a, ofe] EdolA
CaClel 3= CI7}F 5557 A (complex)sto] X|3He] ©]¢]
o Jor TEEs FEUhes e A4skaL lth(Bingham
et al., 1984; Lebourg et al.,, 1998; McLaughlin et al.,
1999).

ool A= 2 o, 0.01 M Ca(NOy), &84S ¢
Yyt B 5 FE5Y A% Sl 0]8 £ 3lS Ao
2 dagn 28y, CaNOs) 2 753 £ ) S+
EE7F ol JEAE $lsiME ICP-MSZE WAsljof sl
L o) whgolxf eko # FRaof o Fatolu), Hdt
B oAdpores FE3459 AR vEY FaEe] 9FS 1)
e BEEAT] A #48 Bl AEE sioled, &

F AT Fol A8 FEE 2519 G Sol Fz

St AR Ak AAlste] B F FuE] ok

s JaME FE5 FaS A =900] me- Tesih
g JaME S5 FaE 579 Wl dist Agle] A

slojof &b, & AFE A AT AAES EUE T2

Fa%s S o8 F 9= 7 FEFEHE01 M

NH:NO;, 0.01 M Ca(NO3), 5

1 M NHNO:l o3t F+5%5 F= ¥57F 001 M

Ca(NOs)0ll 93t % % W} ¥ Qe 55 B¥S

%o, 0.01 M Ca(NOs), =¥} A4 2.

TOF B 5AS W fraw S740]

U oy 2 A3E 0.01 M Ca(NOs), HHHo] o a3H4

olgbal & 4 QIgith 1)EYGEAI TS| AFEAlelA 0.01 M

FAFE HSlA, 2)0.01 M

£
E94S 49st & 4= 9lom, 3)ICP-MSE & 49 U
TE5E AT A 1Mool A2 0.01 M Ca(NOs),
Hol f fejsith & A9 BEdg &5 A5 TEE5 &
%5} 0.01 M Ca(NOy), &4l ol B % fad &
oo A A9t 37k et itk
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