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Abstract

BACKGROUND: Application of the transfer functions
derived from local soil data is necessary in order to develop
proper management protocols for agricultural soils
contaminated with heavy metals through phytoavailability
control of the heavy metals. The aim of this study was to
derive the transfer functions of Korean agricultural soils
affected by the abandoned mining sites and evaluate
suitability of the derived transfer functions.

METHODS AND RESULTS: 142 agricultural soils
affected by the abandoned mining sites were collected and
analyzed. Two extraction methods, including 1 M NH4NO;
extraction and 0.01 M Ca(NOs), extraction were applied to
determine phytoavailable metal pools in soils. Multiple
stepwise regression of phytoavailable metal pools against
the corresponding total metal concentration and soil
properties was conducted to derive suitable transfer
functions for estimating phytoavailable heavy metal pools.
Applicability of the derived transfer functions was examined
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by calculating NME and NRMSE.

CONCLUSION: Soil pH and organic matter were valid
variables for derivation of the transfer functions which were
applicable for estimating phytoavailable metal concentrations
in the soils being contaminated by heavy metals. In
addition, it was confirmed that transfer functions need to be
developed based on local soil conditions to accurately
estimate heavy metal-phytoavailability.

Key words: Agricultural soils, Heavy metals, Phytoavailability,
Soil properties, Transfer function
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at7] Sside a5 A=hrad
& TEdfolof dit

AnHAoR ok 59 As
(adsorption), %
reactions), 2% & (plant uptake), FZE(leaching), 3%
(volatilization) 9] #-&o <& A4 HKBolan et al,
2014). o]t A= ES W 55 fasE A%sH
3, 5o 294 GERE Rok pH, §71% ¥ odolem
FHEEHCEC), Atelah A $I(Eh), W=, ehibds 9 A -
WA Ak S 2 EYEA Y] 43 WH=tHMcBride,
1994; Kashem and Singh, 2001; Antoniadis et al, 2008;
Usman et al,, 2008).

F3% f0] nieh tha Aol

udk

FE Vo E wepst

& &<(absorption), &2
¥ (precipitation), H3H] F4)(complexation

A A0 2

A5k
} 9l

17

pHE T5% Face 2 AaaArt Aok §71E(0M)
< FeoR Jd fFARE AAATIAY Edg U
SER7IEA(DOC) FE S7HIA Fu5e frassE &
771 9Ee Sth(Naidu et al, 1994; Gray et al,
1998, 1999; Kim et al, 2007). ol‘zul - A - O3 AEE,
AEE 58 FHske 7S 3t BEY & a5
AE5E AT T:]-(Tack et al, 2006).

ol WAA HE A= EY —’Tf%% %%594
pH, 7= ¥ 22 EOLH 2l Z}E}ﬂ S S
THE AR 5 U4 S TESSaL *EEHﬁ] fl 34 3

7R B U 55 A 3H‘4°ﬂ o] E%W.—% ggstaat
SFTHSauvé et al, 2000a; Groenenberg et al, 2010; De
Vries et al, 2011). %% empirical model 5= transfer
function®. @ E¥]& o] Rdlall tko olg go|EE HQ
2 3] ¢kom dlofg Aol Algte] AA LQuo] T qfE
o dHolgE A shk=u| AgteltDe Vries et al, 1998,
2008; Groenenberg et al, 2006; Bonten et al, 2008;
Groenenberg, 2011).
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1. SAIEY 2 Data Set
2 AT v d3AE A A elA
(EE, 10-20 cm)< ©]gsto] Ksielet. =

o

SR
<

A 2
o
A

o, el 9IA1E 3971 #HdAt 9

T FE 2 mm AE A F FAS Ao,

2aAs etr] flst &}
, Al JRUkg- oo Ef(derivation data set) & 83}
o} e ks flsk AR o]glef sl el o] R
& AR 3 AEE HET AR Aol 417 A
Ay, st BAHS olgsto] ‘BRI HES dlol
(validation data set)’® &3]3t}

2. EY &AM
& pH, A7|HM =% (Electrical conductivity, EC)+ E

S FHRTE 15(wiv) HIEE sfo] wRMAZIIL 1A $-
717t pH meter(MP220, Mettler Toledo, Switzerland),
EC meter(MC226, Mettler Toledo, Switzerland)Z =%
SISt BESF A71E g FAEPA(NAAS, 2010), E9F
% 87 'kx(dissolved organic carbon, DOC) &
E% 10 g 20 mLY SHTE 24K A7 5 of3sto]
TOC #4171(2100S, Analytik Jena, Germany) % =733}31
th &FuE - d - WA g EESAA 2
062 FZE3HSchwertmann, 1964, 1973) ¥ Whatman No.
42(pore size 2.5 ym) oJFA|Z {3331 ICP-OES(8300DV,
Perkin-Elmer, USA)Z #4319t AESES nlo]g=
I (Miller and Miller, 1987)°.% =73}tk

B9k F 2E4(Cd, Cu, Pb, Zn) 5= F5E9 A&
TEH FEE et S Sus T EY 1
goll 9 mL Y5(agqua regia)s Wi SAEHwE7
(OD-98-001, ODLAB, Korea)Z #3l5}32(NAAS, 2010),
3l &5 Whatman No. 42(pore size 2.5 (m) T4 2
ofatst F & T FHH TS ICP-OESE S4s3irh
EY T Tu5d defras H7k S8M 1 M NHINO;
FZH(DIN, 1995)7} 0.01 M Ca(NO;), =% (Seo et al,
2013)% o]-€-3I3itk 9 10 g& 20 mL 1 M NHiNO; &
F%, % 10 g2 25 mL 0.01 M Ca(NOs), & FE3}]
e F FES #EE ICP-OESE skl 1 M
NHINO; FEHE 5YoA A=fad Fu5s S45h=
g ARESHY 9l F=HOH(DIN, 1995), 0.01 M Ca(NOs),
FEHE 001 M CaCl, iibE](Bingham et al, 1984;
McLaughlin et al, 1999)& HBAZ FEH2ZEA CaCl,
o] @aolo] ol X3 oo FIEF olxs FE
= TS HYSItSeo et al, 2013).
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solid phase metal concentration in soil

SHIH (k) =

solution phase metal concentration in soil

total metal concentration (mg/kg)

- phytoavailable metal concentration (mg/kg)

o] el gt wA|YAfel| HEshs FEEe HEA S
% FaTs Yehls #)3Ee|thNaidu et al., 1994; Sauvé
et al, 2000a, 2000b; Krishnamurti and Naidu, 2003).
2 ATelM= 1 M NHNO; 524, 0.01 M Ca(NOs),
EHog A% AEFad vRo U Tl HER
AXkstalet.

‘TEs AR e B2 e 2 AN wdsl]
£t A% =2 Normalized Mean Error(NME)<$} Normalized
Root Mean Square Error(NRMSE)E AH-313{tHDe Vries
et al, 2011). P, P, RAX o2 RE] L2 zks n|a}
i, 0, 0,7 AAS &8l e ASAE vjditt w
24 NME #ko] ko] gho] vhow RS 58 =29
ZFik(estimated value)©] &A% (measured value)H.th
Fol RdlXo] gyverestimationdt A2 ety 59 @
o] 149 underestimationdt 71 0.2 st 4= St} 0o
TVReTE AS REAS FEl fEake] nlsest Ao
%, 3 meldo] = % 58S oJolaith, NRMSEL: 4
=gk fak Aolol o] LS Vel AZEA o]
s iz o] Bpgdo] Alshet(Janssen and Heuberger,
1995).
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1. AIZEQ| 0|&j5tE S
2 QAo AR B /1B B8 ol FE% &
Eo] 9L vlAl QAR) £ pH, #4712 FRHOM), &
!

EH71EA(DOC), ¢F1lE - A - U1F AFslE(Al+Fe+Mn)
8, HESH(clay)2 Table 10 UERNSITE
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3 5
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HE 29 EoK3.4)0lM 9714 EK8.5)7H4] th

= e, Bt A5 6,002 f-2vel 5734
T Bl 599k Hisdt Jlo® UehdthKang er al,
2012). 7l $F 4.0 g/kgol 193.0 g/kgl LS
Holy, Het FA= 53.0 g/kg® vt w44 B4
BatAIQl 26 g/kg WUh= 3 TKKang er al, 2012). ©|
T A Aol 79k o gttt DOC 9A A&
of uwhe} theket ¥ 74(18.5-688.0 mg/kg, HiF 152.7
mg/kg)& UERITE HESE 0.8%°14 25.8% Alo1%
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IANERY] F55% TF55
FaE 18, Ky 3k Table 29}

7 Ard FE5 TEEE ERAERAN) $HE
I} vwal & w Cd& Har 124, Cu= 64, Pb-2 354, Zn
2 11 23k BEOS I8 QIth 8% T5%
BitEk T Pb(308.4 mg/kg)> FH7IE Bk °F 50% H
=2 A5 YeEplo e a5 H7IE olskilth
124t Yoon 5(2009)0] ZARSH S-2lvet E4FS] Bt T
% F%(Cd 0.2 mg/kg, Cu 13 mg/kg, Pb 16 mg/kg,
Zn 51 mg/kg)E 71¥C2 Ay HS W= Cd, Cu, Zn
BT S FAE Holal §lo], & A9 ZAF Bl QI
Frke] gu] gl gk Hgs Sl QEe ke ZoR k.

FE0el w34 fEH &Y 2¥E 1 M
NHNO:;Z FE3S w7} 0.01 M Ca(NOs), & FEIS
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Az vws] 2 o, 1 M NHNOG:= 538 fad] s57}
0.01 M Ca(NO;),2 5743 frad %ol vlsir Cd< 2.3
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Table 1. Chemical properties of potentially influencing on the metal phytoavailability

pH oM Clay DOC (Al+Fe+Mn)
g/kg %o mg/kg

Max. 85 193.0 25.8 688.0 18786.0

Min. 34 40 0.8 185 997.4

Ave. 6.0 53.0 8.6 152.7 52825

OM: organic matter; DOC: dissolved organic carbon
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Table 2. Distribution of total heavy metal concentrations and phytoavailable concentrations in soils, and the soil-solid
partitioning coefficient (modified from the study by Seo et al., 2013)

aT bPAN-ex. AN-ex./T  K+AN dCN-ex. CN-ex./T ¢Ks-CN
mg/kg ug/kg % ug/kg %
Cd Range 0.05-47.5 25-7025  0.05-75.0 0.2 -2160 0.3-381 0.04-42 2.4-2700
(n=98) Ave. 3.2 76.5 12.8 108.5 33.8 72 184.1
‘Background value 0.2 - - - - - -
sLimit standard 4.0 - - - - - -
Cu Range 8.3-871 7.52240 0.01-73  13.87127 0.6477 0.003-1.0  104.2-34500
(n=38) Ave. 138.2 535.8 0.8 1093.6 84.7 0.1 4714
Background value 13 - - - - - -
Limit standard 150 - - - - - -
Pb Range 1.5-6905 25688250 0.002-19.5 5.1-40825 311364 0.0003-0.4 241.7-328810
(n=94) Ave. 308.4 10690.5 2.0 2384.9 200.1 0.1 100072
Background value 16 - - - - - -
Limit standard 200 - - - - - -
Zn Range 20.4-3222 5.0-38250  0.000521.7 4.6201600  0.6-12072  0.0006:5.9 16.9-176167
(n=140) Ave. 187.8 1611 1.3 2412 507.9 0.4 3882
Background value 51 - - - - - -
Limit standard 300 - - - - - -

aTotal concentration of heavy metals using aqua regia digestion method

bAmmonium nitrate (AN) extractable concentration
‘Fraction of AN extractable metal to total concentration
dCalcium nitrate (CN) extractable concentration
¢Fraction of CN extractable metal to total concentration

Natural background of the soil heavy metals in Korea

8Standard limit according to the legislated guideline of the Soil Environmental Conservation Act 2009, Korea

NH,NO; 5%99] 557} 001 M Ca(NO3):l 13l 30}
F4900) aelsigle W) sk oleEe] B 4 NaEe

Holi(Pueyo et al, 2004), pH H3$t NHNO; FZ°
pH(4.64+0.08)7} Ca(NO;), F+ZE4°] pH(5.70+ 0.02) .t
stol AWA o g Fa&] EA Fej(ZAY T2 e dA)
2 EE)E FEATIE AR Afolrt wAlst 2o R wdE
. 1 M NHNO; F&99 fag %7 001 M
Ca(NO;), FEN] FaH FEHL} o} 3% T o
v FEd 559 B]&(AN-ex./T, CN-ex./T) %3 1 M
NHNO; FEgte] o &=tk KahE 1 M NHINO; F%
oMo FAE Zlo] 0.01 M Ca(NQOs), FZFo7 HAsh
fEoh W2 kS Hol=t o3 oA AdWe w& 49 pH

Apolient opel FE9 A FE A7) Aol dle] =
% 3tk Gupta 9} Sinha (2007)& FF99 % AVE

HWEIT, FE9e] #% A7]:= EDTA > DTPA >
NH.NO; > CaCl, > NaNO; <A eka Husieith 943
Ka#k& 2% Pb, Cu, Zno| Cdell vl gko] &2 As
FEAA FEHow 1  Qlrk Irving-Williams 5
AAGo] wEw T34 FAASE Hg™ > Pb™ > Cu®*
> Zn®" > Ni*' > Co™ > Cd*" £22(Kim et al., 2009),

L=
=
&

Cd®] F#7A57F Pb, Cu, Znoll w]a} stol &k 5 3
Z9 Cd olzo] AthH o g Zlofal oel me} Kqgko]
e Aow g

SREH SS9t fF REA ML

2ol FAS wEanh

= AHACE Yehdl= Ka 2ol ofd
7129 y @ow A9 olft AUA i
A5sl7] Belst=s d7] fallMe]iL, Sauvé 5(2000a)
AN ElAl7E obd R sRs Tud FEk, pH
59 BPEA AR} Alols) BEAS AMgahe ol B &

a W el Tuse viE sk Al o
UduEAe Fol =EE d9NE B BE vt
a4 1A

234 FErsl B pHl 29 W5l 4
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Table 3. Multiple stepwise regression of phytoavailable metal pools against total concentrations of the corresponding
metals combined with soil pH, OM, DOC, (Al+Fe+Mn) and clay

Constant Parameters 5 alue
Cd
Log(®Cdan)=  0.74 - 0.25Log(°Cdr) 0.36 <0.001
Log(Cdan) = 142 + 0.35Log(Cdr) - 0.16pH 0.41 <0.001
Log(Cdax) = 200 + 0.34Log(Cdr) - 0.18pH - 0.27Log(OM) 042 <0.001
Log(Cdan) = 290 + 0.36Log(Cdr) - 0.23pH - 0.14Log(OM) - 0.41Log(DOC) 0.45 <0.001
Log(Cdan) = 3.62 + 0.38Log(Cdr) - 0.22pH + 0.02Log(OM) - 0.41Log(DOC) - 0.31Log(Al+Fe+Mn) 0.46 <0.001
Log(Cdax) = 374 + 0.37Log(Cdr) - 022pH + 0.05Log(OM) - 0.40Log(DOC) - 0.27Log(Al+Fe+Mn) -0.32Log(clay) 0.47 <0.001
Log(‘Cden) = 0.56 + 0.22Log(Cdr) 0.36 <0.001
Log(Cdex) = 161 + 038Log(Cdr) - 0.25pH 0.51 <0.001
Log(Cdex) = 150 + 038Log(Cdr) - 0.25pH + 0.05Log(OM) 0.51 <0.001
Log(Cden) = 210 + 0.39Log(Cdr) - 0.28pH + 0.16Log(OM) - 0.29Log(DOC) 053 <0.001
Log(Cden) = 2.32 + 0.39Log(Cdr) - 027pH + 0.19Log(OM) - 0.29Log(DOC) - 0.09Log(Al+Fe+Mn) 0.53 <0.001
Log(Cden) = 237 + 039Log(Cdr) - 028pH + 0.23Log(OM) - 0.29Log(DOC) - 0.08Log(Al+Fe+Mn) -0.15Log(clay) 0.53 <0.001
Cu
Log(Cuan) = -0.36 + 0.50Log(Cur) 0.40 <0.001
Log(Cuay) = 042 + 048Log(Cur) -+ 0.02pH 040 <0.001
Log(Cuay) = 127 + 0.67Log(Cur) - 0.12pH - 1.00Log(OM) 047 <0.001
Log(Cuay) = 0.68 + 0.65Log(Cur) - 0.03pH - 143Log(OM) + 1.05Log(DOC) 0.58 <0.001
Log(Cuan) = 0.63 + 0.73Log(Cur) - 0.01pH - 1.35Log(OM) + 1.06Log(DOC) - 0.53Log(Al+Fe+Mn) 0.59 <0.001
Log(Cuan) = 058 + 0.74Log(Cur) - 0.01pH - 1.42Log(OM) + 1.05Log(DOC) - 0.55Log(Al+Fe+Mn) +0.19Log(clay) 0.59 <0.001
Log(Cucn) = -1.74 + 0.67Log(Cur) 0.58 <0.001
Log(Cucn) = -1.58 + 0.71Log(Cur) - 0.05pH 0.59 <0.001
Log(Cucn) = -148 + 0.73Log(Cur) - 0.06pH - 0.05Log(OM) 0.59 <0.001
Log(Cucx) = 282 + 0.81Log(Cur) - 0.04pH - 0.44Log(OM) + 0.66Log(DOC) 0.63 <0.001
Log(Cucx) = 361 + 075Log(Cur) - 0.05pH - 046Log(OM) + 0.62Log(DOC) +0.34Log(Al+Fe-+Mn) 0.64 <0.001
Log(Cucn) = 295 + 0.88Log(Cur) - 0.14pH - 0.64Log(OM) + 0.91Log(DOC) +0.28Log(Al+Fe+Mn) -0.98Log(clay) 0.70 <0.001
Pb
Log(®Pban)= -0.60 - 0.62Log(*Pbr) 0.55 <0.001
Log(Pbax) = 191 + 090Log(Pbr) - 0.65pH 0.73 <0.001
Log(Pbax) = 430 + 098Log(Pby) - 0.77pH - 1.20Log(OM) 0.75 <0.001
Log(Pban) = 6.02 + 0.97Log(Pbr) - 0.84pH - 0.99Log(OM)- 0.78Log(DOC) 0.77 <0.001
Log(Pbax) = 819 + 1.00Log(Pby) - 078pH - 0.69Log(OM)- 0.76Log(DOC) - 0.87Log(Al+Fe+Mn) 0.78 <0.001
Log(Pbax) = 823 + 1.02Log(Pby) - 078pH - 0.74Log(OM)- 0.75Log(DOC) - 0.93Log(Al+Fe+Mn) -+ 0.19Log(clay)0.78 <0.001
Log(Pbex)= 116 + 0.52Log(Pbr) 0.67 <0.001
Log(Pben) = 037 + 0.73Log(Pbr) - 0.43pH 0.78 <0.001
Log(Pben) = 154 + 0.75Log(Pbr) - 046pH - 0.64Log(OM) 0.79 <0.001
Log(Pbcx) = 1.85 + 074Log(Pbr) - 0.47pH - 0.59Log(OM)-  0.15Log(DOC) 0.79 <0.001
Log(Pben) = 396 + 0.81Log(Pbr) - 044pH - 0.12Log(OM) - 0.13Log(DOC) - 0.94Log(Al+Fe+Mn) 0.83 <0.001
Log(Pben) = 397 + 0.81Log(Pbr) - 044pH - 0.12Log(OM) - 0.13Log(DOC) - 0.96Log(Al+Fe+Mn)+ 0.04Log(clay)0.83 <0.001

2Phytoavailable concentration of heavy metals using 1 M NHyNO; extraction method
PTotal concentration of heavy metals using aqua regia digestion method
Phytoavailable concentration of heavy metals using 0.01 M Ca(NOs), extraction method
OM: organic matter; DOC: dissolved organic carbon
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Table 3. Multiple stepwise regression of phytoavailable metal pools against total concentrations of the corresponding
metals combined with soil pH, OM, DOC, (Al+Fe+Mn) and clay (Continued)

rCltonsta Parameters R 5 alue
Zn
Log(Zna) =  1.20 + 0.29Log(Znr) 018 0.029
Log(Znan) = 1.51 +0.84Log(Znr) - 0.50pH 0.59 <0.001
Log(Znan) = 1.62 +0.85Log(Znr) - 0.51pH - 0.06Log(OM) 0.59 <0.001
Log(Znax) = 207 +0.89Log(Pby) - 0.55pH  + 0.03Log(OM)- 0.28Log(DOC) 0.60 <0.001
Log(Znan) = 262 +091Log(Znr) - 0.53pH + 0.12Log(OM) - 0.28Log(DOC) - 0.25Log(Al+Fe+Mn) 0.60 <0.001
Log(Znan) = 262 +0.92Log(Znr) - 0.53pH + 0.09Log(OM)- 0.28Log(DOC) - 0.29Log(Al+Fe+Mn) + 0.09Log(clay)0.60 <0.001
Log(Znen) = -0.24 + 0.47Log(Znr) 0.28 <0.001
Log(Znen) = 0.04 +1.02Log(Znr) - 0.51pH 0.61 <0.001
Log(Znow) =  0.82 +1.08Log(Znr) - 056pH - 0.44Log(OM) 0.62 <0.001
Log(Znen) = 1.28 + 1.11Log(Znr) - 0.60pH - 0.34Log(OM)- 0.27Log(DOC) 0.63 <0.001
Log(Znen) = 148 +1.12Log(Znr) - 0.59pH - 0.31Log(OM)- 0.28Log(DOC) - 0.09Log(Al+Fe+Mn) 0.63 <0.001
Log(Zncn) = 152 + 1.11Log(Znr) - 0.61pH - 0.18Log(OM)- 0.28Log(DOC) - 0.01Log(Al+Fe+Mn)-  0.44Log(clay)0.65 <0.001

aPhytoavailable concentration of heavy metals using 1 M NHiNO; extraction method
PTotal concentration of heavy metals using aqua regia digestion method
Phytoavailable concentration of heavy metals using 0.01 M Ca(NOs). extraction method

OM: organic matter; DOC: dissolved organic carbon

OMeo] W42 g4 3|45 7Fow & o, Cde 5=
ol 1 M NHNO:E w= AA47F 042, 001 M
Ca(NO;), ¥ wj= AdA57F 0512 0.01 M Ca(NOs), F
Y 1 gi 78I Cut FE90] 1 M NHNOsY
w= AAIE7E 047, 0.01 M Ca(NOs),d Wl AHaA|=7
0.59% 0.01 M Ca(NOs), =Y o A F7Hsith Cde=
0.01 M Ca(NOs): =W W 1 M NHNO; F=HY o
o Hla]l pHS A7} 0.189014 0.25% F71el7] wio]a,
Cuiz T T= AF7t 067904 07302 5t 7
o] 7P & QRloF kIt Table 3).
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Table 4. Values for the NME and NRMSE indicating the performance of the transfer functions derived in this study and
other studies to estimate total dissolved Cd, Cu, Pb and Zn concentrations using ‘Derivation data set’ and ‘Validation

data set’
Metal Transfer function Data set NME NRMSE
Cd Function derived with “IM NH;NO; extraction data set’ Derivation -0.011 0.371
Log(Cdan) = 2.00 + 0.34 Log(Cdr) - 0.18 pH - 0.27 Log(OM) Validation -0.070 0.346
Function derived with ‘0.01M Ca(NOs), extraction data set’ Derivation -0.020 0.375
Log(Cden) = 1.50 + 0.38 Log(Cdr) - 0.25 pH + 0.05 Log(OM) Validation 0.455 0.547
Vries et al. (2011): 36 uncontaminated Australian soils .
Log(Kd-t) = 1.55 + 0.67Log(SOC) + 0.36 pH - 0.94 Log(DOC) Derivation -0.441 0706
Sauve et al. (2000a): data from 70 studies in
literature including contaminated soils Derivation 0.580 0.813
Log(Cdss) = 3.42 + 1.08 Log(Cdiw) — 0.47 pH - 0.81 Log(OM)
Sauve et al. (2000b): 64 US samples including contaminated soils L.
Log(Cdss) = 3.23 + 0.77 Log(Cdiw) - 0.54 pH Derivation —0.490 0.676
Kim et al. (2009): 39 Australian samples affected by smelter -
Log(Cdss) = 5.78 + 1.23 Log(Cdw) ~ 047 pH - 0.66 Log(OM) Dervation  3.148 3:223
Cu Function derived with ‘1M NH,NO; extraction data set’ Derivation 0.005 0.343
Log(Cuan) = 1.27 + 0.67 Log(Cur) - 0.12 pH - 0.98 Log(OM) Validation 0.028 0.331
Function derived with “0.01M Ca(NO:s), extraction data set’ Derivation 0.037 0.341
Log(Cucn) = -1.48 + 0.73 Log(Cur) - 0.06 pH - 0.05 Log(OM) Validation 0.051 0.338
Kim et al. (2009): 39 Australian samples affected by smelter .
Log(Pbss) = 1.38 + 0.54 Log(Pb) — 0.08 pH + 0.29 Log(OM) Derivation 0849 0925
Sauve et al. (2000a): 70 data in literature including contaminated soils ..
Log(Pbss) = 1.37 + 0.93 Log(Pbw) ~ 0.21 pH - 0.21 Log(OM) Dervation 1069 1130
Function derived with ‘1M NH,NO; extraction data set’ Derivation -0.003 0.298
Log(Pban) = 4.30 + 0.98 Log(Pbr) - 0.77 pH - 1.20 Log(OM) Validation 0.116 0.421
Function derived with “0.01M Ca(NO:s), extraction data set’ Derivation 0.003 0.347
b Log(Pben) = 1.54 + 0.75 Log(Pbr) — 0.46 pH — 0.64 Log(OM) Validation 2.185 2.758
Kim et al. (2009): 39 Australian samples affected by smelter .
Log(Pbss) = 694 + 1.22 Log(Pb.) - 1.01 pH - 0.63 Log(OM) Derivation 1745 L1774
Sauve et al. (2000a): 70 data in literature including contaminated soils ..
Log(Pbss) = 1.81 + 0.56 Log(Pbw) - 0.37 pH Derivation -0.021 0334
Function derived with ‘1M NH,NO; extraction data set’ Derivation 0.008 0.206
Log (Znan) = 1.62 + 0.85 Log(Znr) - 0.51 pH - 0.06 Log(OM) Validation -0.055 0.243
Function derived with “0.01M Ca(NO:s), extraction data set’ Derivation -0.002 0.299
7 Log (Zncx) = 0.82 + 1.08 Log(Znr) - 0.56 pH - 0.44 Log(OM) Validation 0.080 0.408
Kim et al. (2009): 39 Australian samples affected by smelter .
Log(Zns) = 7.24 + 0.76 Log(Znw) ~ 0.87 pH + 0.26 Log(OM) Derivation  1.238 1.263
Sauve et al. (2000a): 70 data in literature including contaminated soils ..
Log(Znss) = 3.68 + 0.94 Log(Znw) ~ 0.55 pH- 0.34 Log(OM) Derlvation 0682 0713
‘2l -8 Hlo]El(derivation data set) & 717} 483} data setE AEAIA AEfFaH F5F 3t A2 4%
e o AHEE NMES] Aozl NRMSE #k& Blasl] X 3 & AoT FdHy, AEHoF FeElstuA}l sk A
2 AT mdoA akEd ghee] A2 AS & F old o] Eof B4 9 o] wide RS sidate] 483
(Table 4). TEgt 2 A9 HEldof|A £ {53HT & Aol e HERASIEL
glola] =EE a2 fagte]l o AL Lol
AL AFHAE Hola A kol {5kt A5 ekt 4.2. Validation data set Cd, Cu, Pb, Zn 7}7}2] 79l
UA w7 HofAl= ZloR AEItkFig 1, 2). webA & Aof ‘22 Ji-g- Ho]E|(derivation data set)’ & 4]-&-3
oM E=FE B S Fa% 29 w44 EY & wrct ‘Bl HES HlolH(validation data set) &
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Fig. 1. Comparison of measured and estimated phytoavailable metal concentrations using transfer functions derived
in this study for the ‘derivation data set’ (solid line refers to 1:1 fit between measured and estimated values; dotted
line refers to linear regression fit between measured and estimated values)
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Fig. 2. Comparison of measured and estimated phytoavailable metal concentrations in the soil samples for
‘validation data set’ using transfer functions derived in this study (solid line refers to 1:1 fit between measured and
estimated values; dotted line refers to linear regression fit between measured and estimated values)
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