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Effect of Soil Factors on Crop Uptake of Toxic Trace Elements
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ABSTRACT

Soil trace elements and their bioaccumulation in agricultural products have attracted widespread concerns, yet the crop
uptake characteristics of trace elements in different soil-plants systems have been rarely investigated. Experiments were
carried out to investigate the effect of soil properties on trace element concentrations in cabbage and radish. Soil pH and
total organic matter were major factors influencing trace elements transfer from soil to vegetables. Inclusion of other soil
properties in the stepwise regression analysis improved the regression models for predicting trace element concentrations.
Consideration of other soil properties should be taken into account for more precise prediction of trace element
concentrations in the two vegetables, which could help quantitatively evaluate the ecologic risk of toxic trace elements
accumulation in crops.
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1. M = 2EA ] SH=o] AyHoz AFANE T3l ATkl
A3l (risk)E 72 4= JtH(Yoon et al., 2006).

299 2o AuE AEEFE )R] EHAAE TS5 LAEHY WETH A % (bioavailability) 5, 2=2]
Aol ofef 0|5 AMlshe X FEOIA SsiE PR T o8 F e Brol EUpH, 7IEHOM),
G Q7] W] SARART Q% TR EYeEe Yol @ARMETH(CEC), B4, Fe-Mn oxides 59 EYRI
AuatEe] bdat ddsle] AAAF R Fa3k ol APF IS FA= o2 dEA UAthDai et al,
E3 th(Ramadan and Al-Ashker, 2007; Kuo et al., 2004; McBrlde 2002; Zeng et al., 2011).

2006). FEUeEs 3 AlA oY SrklMe LdEEe
Edulglac] Bk 2 RE B f9e EY, 7] F IS VFoE F o9 vk EY F 54
AzA D AEE, J A Qg v By ujElid Oid Bl sa g s tee AT
;—{10]31 524921 FHo]th(Kabata-pendias, 2004; Chen et EoA L9EAe] E3FFe ESF = 9 9EHFo] - th

. 2009). AEe] mFdae] e B YR W3 FelE ATl Qe EXe A AE Sl

1E°ﬂ olof ofFoliz 5 sk el § AR s S fEes 99 A7 AW} 9

@2 (plasma membraneys 7FEAZE AR ] 2 Hahs Aoz d#iA UTH(Chen et al, 1996; Liu
oJa] o]FoiX|=t]| & H]P;L Jiod As, Cd, Pb 5 et al., 2015; Zeng et al., 2011).
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sle FEoE eEEHde] A Blo] v AT
£ 534 A= AYJung and Thomton, 1997;
Lim et al, 2008). T1So] E3eko 2 rlee EFO
Tole s, LdEE BEPIES 29 oy
5o A TS TS 2tk A9t tee
RIF7|= st FAn|EdAe] P ds Haslshr] ¢
Sk FEPERES whdsly] 98k A7) Bedo] Ty
90TH(Naidu et al., 2003).

Warne et al. (20082 EYEAo] L@EHS] AEFT
o] mR|= Gkl thgh A3k mjeto] EYAEZ] ¢
s 7E, st o] AAAR1 Gl AL
Kabata-Pendias(2004y= 2 3=22] WESHFEAEE o
Z3h= Zlo] 379] A(environmental quality)S H7Fgh

¢

2.1. B A THHiAE

2 ARl AF8H EGS HxF|o= 7Y #HBAHGB,
MB, NS, YI, SD) QI Al A 2zjulol] &
|H= F4AY RE(B0em)E AMF st Fx & Al
Ao &8st AHT B 0 F 4mm A2
Aelx ZAEe] S FXAF7] S5t BEPAH]
(conventional fertilization)s}o] 2ol ARSI o™ vl
EAAS F5EES Hekebr] S8 viaH] Al T
N2 WS (Brassica pekinensis L.), W72 F-(Raphanus
Sativus L)YE APIEREZ 2743t vl 7] Aule
IIHZERE 20 cm, E°| 30 ecmpell EY ¢F 3kegS
A F B (seedlings)E ©12181] oF A7t ATt

2.2. 8l5HEA

FA B 71 33 B4 3 F 2mm AR
Ae] B4 ARSSITE Ee] pHe S/HTE 115 vl
A)ZE wHkeE & 243199t Thermo Orion 920A).
ES U 7715 32 Walkely and Black(1934)°]l
mel & A, GolRAREH(CEC), Fajt 5 U

1

A
.
Ege) Fa4 F S 2457] 99 9 (Aqua regia)
2 olgslel gAME A7) F 1 o) T FFS B
o
=

ICP-OES(730 Series, Agilent)2 =731t}
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L2Av)AA0] AWESRAE (bioavailabilityf= 1.0 M
NH,NO; 3EH3} f714F £ (M phytic acid + oxalic
acidys ©]-&3te] H7ISIAh 1.0M NHNO; &2
1S019730(2008)°1 w2} Bk 10g] 1M NHNOz&
25mLE 7181 12027 e 3 Q4E2)(1,000g, 10%)
sfd 1 ANE 045um= AE F ICP-OES(730 Series,
Agilen)Z 78313tk f71kl o3t =S Ed 3
ZH9] HIE 1:200= 3l F715F EFH(1.4mM phytic
acid +02mM oxalic) 0. & 24A17F A& & AAE
(1,000 g, 10%)3t] 1 NS 0.45umZE HE F ICP-
OES(730 Series, Agilent)2 =743l THGonzaga et al.,
2012).

T3 AEA Y F AEA W T55 sE5E S5
Aate] At IRSREAE o8, 5 2372 walgh
3 o F FFES ICP-OES(730 Series, Agilent)®
=8t

Eut AEA S 249 AYsE A5 Hst
o] EFA|E (heavy metals in a light sandy soil BCR
No 142, White clover BCR No 402)Z o]|-&3}t}.

AN

EgoaNE AEZ Frold xS Yeplie AjE
2ol EGAEL FAAG (BAF, Transfer= Thae]
A& o838l =E3ATHGeorge et al., 2013). %714

[e]

CSOIITC_)T EOO]: % vl‘o]g%;é]‘g] —%'%E% ‘O,]U]‘a‘]-tq Croot% Z‘]-
B pelEe 0gBAe srg ojuja,
C
BAF root
C

rr

ZOJAISG(TF, transfer factory= ©}2]2] 2
AESATHZu et al,, 2005). A7 Cyoors 222

Al
B F Ld=E TS s Coa AE A

©:

Y LEEHY =5 Yuigith
TF = shoot
C

root

AL mEo Rz Feiaiglon AFAT] digh
tolEl= SAS ZZ 1S o8 one-way ANOVA
(Turkey-HSD testyS AR FTHEA, 3|AEAS
SPSS 18.0(SPSS Inc., Chicago, IL, USA)S ©]-&3&}]
AAEIAE. EYpH, CEC 529 EYRIAIS} SAdw|Hda
o] Afs=ele] #AE 118317 23l Pearson FAAIG
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71]];(q U558 A5 (stepwise multiple regression analysis)
g Sy,
3. 4o 3 nE
3.1. EAEY

Fo A AN AT FAEFS olslely B
A2 Table 19 VFERRITH B (pH)S 4.82(NS)~
6.88(SD)e] WS AM, ok S w3

2} 74X Ht pH= 5.9%

oz ﬁzm Eoyo s 3k

f71&

Ik

o AN
U=

o =u
Aow dHA Stk BEA
< YE(GB, NS), A}élé‘%k (SD), AIYEMB, YI) &
Sl o] Fegk B4l
2 1.41-3.672 T bs}?ﬂ el
yet 7%11 B R W 2.6%E 2EA
At} Yol &XERE-2ECECK= GB EX©] 20.62 cmolkg™

ol 5]

FAEYFEY] HEE
A As ESSER AR e
8 A& AQslae A
sk
=
= THEX (FeAsS) 5°I
= B9
S =
A2 FAEEA Ase] 2
A=At

BT AL AESHH 8
Table 39 YERAATE. 44921 1.0M NHNOZ
ol g3l FEEE I A As, Cd, Cu, Pb 18|11

p

L

39

10.83~13.04 cmolkg™'e] HH 9]l UITh.

9 S

Br\er Az GBQ‘r MBE |
S xylste] A
= 574 Ao} FA)
°]AtK(Table 2). GBS} MBE #A =, 2, 7
A3} sPrko g FHSEER Gt 3 BEE
1=, A APHg
gk FA=R BEAATPE 59 Al s 2 A
et A Ve BloE &

w5 971 2t

Zn°] Z+Z} 0.014~0.027, 0.01~0.08, 026~044 0.03~0.10

aea

Table 1. Physico-chemical properties of the soils used in this experimenta

0.09~1.78 mgkg '] 5
ZAHQ1 aqua regia® —r%%
1.42~15.98, 0.48~2.75, 0.05~0.83, 0.07~2.24%°] 3lJ

FEH =
Xd?ﬂ%u 0.032~1.19,

°l=

3t

Parameters
Soil pH® Sand Silt Clay® oM TN CEC? Av.P
Texture
(1:5) % cmolkg™ mgkg™
GB L 6.53b 43.56 30.69 25.75 2.04c 0.11a 20.62a 468.44a
NS L 4.82¢ 35.83 37.78 26.38 l.41e 0.22d 11.60cd 79.04d
MB SL 5.89d 60.63 20.45 18.93 3.67a 0.10b 10.83d 107.67¢
SD SCL 6.88a 62.15 12.13 25.72 2.82b 0.07e 13.04b 267.18b
YI SL 5.97¢ 66.93 15.5 17.57 2.36d 0.09¢ 12.55bc 37.78e

“Mean values and standard deviations of three replicates, except for soil texture, Means (n = 3) followed by same letter within a row are not

significantly different (p> 0.05)

®Soil pH measured at the ratio of soil to H,O as 1:5 (mass:volume)

“Particle size (%) was analyzed by pipetting method
dCation exchange capacity (cmolkg™)

Table 2. Pseudo total trace element concentrations in the soils used in this experiment

Pseudo total trace elements

Soil As Cd Cu Pb Zn
mgkg™!

GB 38.10b 0.48b 71.56a 10.37d 71.99¢

NS 5.37d 0.52b 21.04c 12.30d 79.32b

MB 221.48a 0.87a 21.59¢ 61.10a 77.31b

SD 6.14d 0.67ab 24.56b 27.19b 114.84a

YI 8.32¢ 0.81a 11.30d 19.26¢ 55.93d
Mean value of Korean arable soil® 6.2 0.1 19 20 71
Korea standard for agricultural soil 25 4 150 200 300

?Aqua regia extractable metal concentration
® Mean value of Korean arable soil from Hong et al. (2018)
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Table 3. Extractable trace element concentrations in the soils used in this experiment

NH;NO;-extractable

Phytic acid+oxalic acid-extractable

Soil As Cd Cu Pb Zn As Cd Cu Pb Zn
mgkg™

GB 0.014¢ 0.01c 0.34a 0.03b 0.17b 1.42b 0.06¢ 1.79a 0.36b 0.73b

NS 0.064a 0.08a 0.44a 0.10a 1.78a 0.31c 0.08a 2.70a 0.31b 1.32a

MB 0.027b 0.01¢c 0.32a 0.03b 0.10b 12.76a 0.06¢ 2.37a 0.49a 0.53¢

SD 0.005¢cd 0.01¢c 0.26a 0.03b 0.09b 0.73bc  0.06b 2.28a 0.38b 0.46¢

YI 0.003d 0.02b 0.31a 0.03b 0.16b 0.34c 0.06¢ 1.84a 0.39b 0.60bc
Means (n=3) followed by same letter within a row are not significantly different (p > 0.05)
£ ol 591 GBoh MBEGS] B8 AS ATY  Egemiel ol GRS A 8 P
< 7IFoR HYIES A Asle —% HE=IA Az} wjFe] A|sRoll= As, Cd, Cu, Pb 18]3L Zno]
TS89 NH4NO3°1] oM H7RE AEf-ae= vl Z+7F 0.89~19.83, 0.08~0.47, 5.86~19.74, 0.52~1.83 1
S wudt o YeRth o)8jdt Avks Aol A 23 19.34-44.85 mgkg '] FEOR EYORRE 5
83 B 6“”301 U L=l Fg3 PHlE = olg Hof U}, Fo] Aghiol= As, Cd, Cu, Pb 1

™

el 52
3 ALFEHoE GBY MBEY EAFHE
A3}, F5(Residua)dAIZ EA)5= HIA7F 242 64%9)

BlFT k. T3 Wenzel(2001)0] A

R

33%% —?:"’\ D22 AgHA 7] (binding strength)?} o=
o thet 545 1T o <83 R Ak s
& R F 9}19&1‘:}

o

71k &3l (phytic acid+oxalic acid)S &3l &
BTE H7) A7 As, Cd, Cu, Pb 18]aL Zno] 247}
0.034~12.76, 0.06~0.08, 179~2 37, 0.31~0.49 1%
0.46~1.32 mgkg'®] T2 FEHo] HueH Mg
2] 3.64~1048, 6.75~14.28, 3.85~18.66, 0.75~3.68, 0.37~
1.66%2 z‘sﬂﬂﬂb TEo 2 Z/99 NHNO©I BIsiA o
2w FE FEEQ AETHFa=s JrIsh
o lo] %711_3- G833k A2 v AAkEl o)
Bygy QEH Vazquez et al.(2008)S Ase] AJESHH
FEEE 7 o] f7hks &8s 27 4] 9 7
el A RS Rt 50 (p<0.001)
A7} Yokal BArskial, Feng et al.(2005) acetic,
lactic, citric, malic, formic acid 59 f7]4F &gt =
259 By AR Cr, Cd $ERE we] A
7F dokar 51_1_6]- vl ok B Ao AREE oxalic
acides AEFAEWRES F=3Hct| ARSEE szﬂ]i 2]
EERHlE F8 PRI, AAEA 2 A
T} o] 253 BAdsel 7] wWiEo|th(Fransson, 2001).
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23 zno] 27+ 0.06~112.26, 0.04~0.40, 0.81~2.49,
0.08~0.12 Z12]al 14.12~50.43 mgkg'e] 502 SHiH
o] A}, Fo] Ash- Fee AR Uidt <S5
7 Cd} Pbo] 22} 0.1 mgkg & Z2H[HE o)Ak

2] APdRol= As, Cd, Cu, Pb 2223l Zno| 22}
0.02-0.09, 0.02~0.22, 0.46~3.45, 0.07~0.19 12|l 535~
1236 mgkg™'®] TEO = FHrEO] Ut iR 4

Qg FolRoLt VIOl AW - Ao

cdo] FAF 71F2 02 mgkg S 273l AZHAULH
o] AR As, Cd, Cu, Pb 128]3 zZno] Zz}

0.03~0.27, 0.00~0.10, 0.41~0.58, 0.01~0.03 —Lg]iL
746 mgkg 9] LR o] AT

21 58] o] v YT EE=(s0il pore water)
o 3rE =xU07) /\1‘:'15\3;!40]] o)5} By AHow B
T el BEYR] 35 52 BEYaritve] A= 4
EA9] ¥R (medium)y’t =™, of7]ef] Ehfrz]o]
ol AEe o3 &olatA FFE &
(McLaughlin et al., 2011).

Eofog é"% Bgjo]] o]y

Edere) A Fo v5F
(Table 4), HH%«] A% Ase 0.01~0
& F Fovle Aol QISItE Cde NS, YIEGA
AABHAl =& BAFRte]l E&HSlaL, Cu®l 7% NS,
SD, YIES|A] =2 BAFZ} E%ﬂ It} Pb= E}—E— =
JhAE0l Hls] Al 2 BAF(0.03~0.09Y} &

423~

011—
U=

ME}
== Yehll= BAFE
1%0}04 A%t Ay

0.069] HAGoY E

\_

QO@ Zno] 735 Cuo} vf\}o}ﬂl NS, SD, YIES koﬂxi
2 BAF} E25HYT) PhollA] ER1EE dAEHA
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Table 4. Trace element concentrations in tested vegetables

Root Shoot
Vegetables  Soil As Cd Cu Pb Zn As Cd Cu Pb Zn
mgkg 'F.W.
GB 4.52b 0.05¢ 17.06ab  0.52¢ 35.92b 0.02b 0.02b 2.18b 0.09b 5.35b
NS 0.59¢ 0.23b 14.69b 1.07b 44.85a 0.02b 0.16a 0.46¢ 0.07b 7.73b
Cabbage MB 19.83a 0.18b 5.86¢ 1.83a 19.34c 0.09a 0.17a 2.63ab  0.18a 12.36a
SD 0.59¢ 0.08¢c 19.74a 1.03bc  36.16b 0.02b 0.08b 2.85ab  0.19a 8.07b
Y1 0.89¢ 0.47a 16.24ab  1.25b 33.95b 0.02b 0.22a 3.45a 0.09b 5.52b
GB 0.24¢ 0.04b 1.72bc  0.08b 43.36a 0.03b 0.00c 0.47a 0.02bc 4.23a
NS 0.19¢ 0.35a 2.49a 0.14ab  50.43a 0.01b 0.05b 0.46a 0.03ab 4.64a
Raddish MB 12.26a 0.28a 1.15cd  0.18a 31.29ab 0.27a 0.04b 0.58a 0.03a 7.46a
SD 0.06b 0.07b 0.81d 0.12ab  14.12b 0.01b 0.01c 0.41a 0.01c 5.31a
Y1 0.20b 0.40a 227ab  0.12ab  35.32ab 0.02b 0.10a 0.52a 0.02abc 5.29a
“Means (n=3) followed by same letter within a row are not significantly different (p > 0.05)
Table 5. Bioaccumulation factors and transfer factors of trace elements in soil-vegetables
BAF TF
Vegetables  Soil
As Cd Cu Pb Zn As Cd Cu Pb Zn
GB 0.01a 0.11c 0.24¢ 0.05bc  0.50a 0.00b 0.36¢ 0.13bc 0.18a 0.15b
NS 0.04a 0.45b 0.70b 0.09a 0.57a 0.03a 0.67b 0.03¢ 0.06b 0.17b
Cabbage MB 0.06a 0.21c 0.27¢ 0.03¢ 0.25b 0.00b 0.94a 0.47a 0.10ab 0.64a
SD 0.01a 0.12¢ 0.80b 0.04¢ 0.31b 0.04a 0.93a 0.15bc 0.18a 0.22b
YI 0.02a 0.58a 1.45a 0.07ab  0.61a 0.03a 0.48¢c 0.21b 0.08b 0.16b
GB 0.01c 0.09¢ 0.02¢ 0.01b 0.60a 0.11ab  0.13a 0.27b 0.24a 0.10b
NS 0.04b 0.68a 0.12b 0.01a 0.64a 0.07ab  0.14a 0.18b 0.20a 0.09b
Radish MB 0.06a 0.32b 0.05¢ 0.00c 0.41ab 0.02b 0.16a 0.52a 0.19a 0.26ab
SD 0.01¢c 0.10¢ 0.03¢ 0.00bc  0.12b 0.15a 0.20a 0.51a 0.08a 0.37a
YI 0.02b 0.49a 0.20a 0.0lbc  0.63a 0.08ab  0.25a 0.24b 0.16a 0.16b

“Means (n=3) followed by same letter within a row are not significantly different (p > 0.05)

BAFo| ™3l Gong et al. 20062 EY F Pbo] F2
Pb(OH),, PbCO;, PbSO, 5] &3} wt& QFg3t §
B2 A8 Wil AERe] Foldo] AghH o
o]Fojxictar & u} Q.

115}“%01]}‘1 APFREY olFAE, F AE9 54

&3 TF(transfer factor)s 2F2-2] AP, Ashie] %
£ o83t =3t A3 wiFo] 7% As, Cd, Cu, Pb
a8]al Zno] Z+Z} 0.00~0.04, 0.36~0.48, 0.03~0.47,
0.06~0.18 Z&]aL 0.15~0.642] HoAIGFE Holal UL,

o] 79 As, Cd, Cu, Pb 18]3L Zno] Z}Z} 0.02~
0.15, 0.13~0.25, 0.18~0.52, 0.08~0.24 1&]3l 0.09~0.37
o] HolAlFE Kol It

O

25

al

3.3, AFEHEEA|
EoyogHE 2E7 &

=

Forolael ke WA 4 g

E%kﬂx} S A Esh ] K8l Pearson’d
S Y35ISTHTable 6). EYFAEZ] 2EZ F9)
%‘iﬂ% 33l olFolfom A E- e
S Folz)7ke] A#S 240 7 BT}
*&15*4 Ay} EPS(pH F ®eE] F Cd, Cu,
SRt o] Foldaad A (p<0.01y7F Jeo] Bl
HATL EGRTIES w5t 7] By AsgET e 3
OPFHTA (p<0.017F YW whA | wjF] ¥E] W) Cu,
Pb, 79 Bl Cu, Znhe Fo 33384 (p<0.01y7}F &
ZH—E]»L— Aoz FRIEITE CECY 7% e e

, TEEle] Cd, Pbt a1=o] oA (p<0.01)7t
91%01 RIFULE EFeAEZ] Mk F 25
T el T As, Pbol AoVHTATE A KR &
Fao=z st AESFaE As, Zndt ] ]
o] Aol dadA7t EAlskaL AT

off rlo Mr

-|~
I rfok
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Table 6. Pearson correlations of concentrations of total and extractable trace elements and soil chemical properties

Vegetable Elements pH OM T™™N CEC Av.P T.E Tow® T.E~ T.E.p,
As -0.047 0.799™ 0.514 -0.218 0.069 0.994" 0.106 0.992"
Cd -0.358 -0.399 -0.118 -0.481 -0.466 0.445 0.234 0.084
Cabbage root Cu 0.394 -0.545" -0.409 0.403 0.299 0.222 0.023 -0.140
Pb -0.256 0.560" -0.078 -0.762"  -0.357 0.815™  -0.044 0.512
Zn -0.282 -0.811" -0.426 0.201 -0.303 0.110 0.639" 0.609"
As -0.118 0.809"™ 0.363 -0.402 -0.059 0.990™ 0.152 0.993"
cd -0.693™ -0.284 -0.122 -0.699" -0.763" 0.387 0.498 0.345
Radish root Cu -0.654" -0.827" 0.101 -0.007 -0.581" -0.105 0312 0.331
Pb -0.366 0.422 -0.136 -0.716" -0.468 0.658" 0.184 0.231
Zn -0.644™  -0.560" 0.397 0.203 -0.437 -0.592" 0.598" 0.784"™

# T.Eromi, Total concentration of trace element; T.Eny, NH;NO;-extractable trace element; T.Ep,, phytict+oxalic acid-extractable trace ele-
ment
® Significant at *p <0.05, **p<0.01

Table 7. Prediction of trace element concentrations in vegetable roots by soil trace element concentrations and soil properties

Vegetable Elements Linear Regression Model p R?

As logAseer = -0.950 + 0.9711logAssi p <0.001 0.984

Cd logCdo0r = 0.831 - 0.2660M - 0.058CEC + 1.32910gCds0;i p<0.001 0.797

Chinese Cabbage Cu logCu,e = -0.025 + 0.315pH - 0.3460M - 0.069CEC + 0.72110gCu; p<0.001 0.887
Pb 10gPbyoo = -0.533 - 0.064pH - 0.1730M + 1.013logPby; p<0.001 0.880

Zn logZnye = 0.612 - 0.1610M + 0.676logZn; p<0.001 0.916

As 10gAS00t = -0.256 - 0.2820M - 0.105CEC + 1.496110gAssi p<0.001 0.986

Cd logCdo0r = 2.106 - 0.354pH - 0.042CEC + 1.0811ogCdsoi p<0.001 0.812

Radish Cu logCuyoy = 1.747 - 0.253pH + 0.070CEC - 0.7131logCusi p<0.001 0.789
Pb 10gPbyoo = -0.645 - 0.03CEC + 0.1011ogPby,; p <0.005 0.620

Zn logZn,,o = 3.898 +0.029CEC - 0.759l0gZny; p<0.001 0.845

The trace element concentrations data in soils and vegetables were log transformed to obtain normality

& pHE} PlFAAe] o5 B AEFaeite] A g2 F5E F7MIFITL S8t & =

%’l’ﬁ]"ﬂ eire tere] A7EelA Bk vh e fr7lEe] AESHFER vXe o] didl wt
Bang and Hesterberg(2004)= EF pHE Aol o3| g=2A Jehd=t, Ase] AEfase SV vh o
EFe 2R v]E2(Cd, Pb, ZnyS2] 88i=7} AA3 2 ol TEEEY AETfaEEE AT Ao
7Rk Barsiiiar, EYC] pHrtF el whet wkd 2 et EYY] f71E, FRQIAES Bl AEg
29] o)sd B AEHFEETE SRS Bargk AH] o & JEgS nx= Ao=E FRIFon o]l ERiA}
= o™ (Wang et al., 2006; Du Laing et al., 2007), ofo] ST A] Lol EAL IRl vAe AAE
A or AMER Folgo] TIgRE Balgh ARlE Fol] 711 Ao AT
ATHOliver et al., 1996).

HEAA0] Fawd PXE 7159 gk tisiie 3.4. Linear regression
T s Z23so] BaEal =t Impellitteri et Eoko g2 HE =Au|Ekgio] AERo] Fio|dd=
al.(2002)= ek Ao BRE=S FpRoz A oA 2 3BHA ) AEEA | EE)ZQl Q150 J3ks mHog 3
AESAFEEE WFe Zo] duko|7|= AN EY A LAEZ9] AERa 5 (phytoavailabilityy= 37 u}
71800 HIEEE f71Ed0] vEddae] AESAH 2 sl BaHal lgo 2 B AfolMe EYEA
855 SVMZE F= JYar 93 Du Laing et I LAEHY] FEE o83l L9EHY AUE=E
al.(2009)= §ER7IEAT} kAol ol F/dn AEht A 53l7] Sl GAH the3) AR (stepwise multiple

=
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regression analysis)S =33l ESAAHpH, OM,
CECR} 24| =8 28sio] Lu=e] Aef
axo} TGRS WAE oflie} 2 mdEA
A} SHATH Table 7).

log [TEoot] =a + b 1og[TEg;] + cOM + dpH + eCEC

A7 [TEwl®t [TEwiF: 21E9E9 EY 5 29=
Aol FEE ouslal a~ex= 3|AEA Ay}t HojAE A
T ou|git

Aot 22 mdle) o3 @AY thes|HEAS S35k

Az} 78 ARETE] AEEAlel vls) 1 AEEATE o
TlEe daE =28 ¢ UATh

EgoZRE ujFe} Fo] Heg olFH 2dEde
Aore wdof] o8| YastA AS7Vs = wiSl
Al As, Cd, Cu, Pb, Zn®] He]Z29] o]FS =3 =d
o] o] Z¥z} 0.98, 0.80, 0.89, 0.88, 0.922 LFERtow
HoA= As, Cd, Cu, Pb, Zno] 57 B4 o] Z4zt
0.98, 0.81, 0.80, 0.62, 0.85% LERIT}.

FU
o rol

o

4.4 B

03%210] AEZo & o]sg o
oF AFE S A v
FE39a0] Frolda BEYpH, %
T 7 e %‘3’&%74] 7} shee SIsisith &
E29] 5%, E%pH 52 ERIE 283} zguﬁzm
o] Bz nFgEddad] Frolde dSshe Xds
WL Awt, Sl ez AEH F]
=S A 5T l%FEﬂ A7 B

_{

2 ApjAEE Bl L9EEY AFAdRY] FYS &
astslel AzHoRE o@wARRE gl HAE 9
3|32 (risk management)ol] 82 4= Qlojar FgHETH

A A

e sl e/ inE
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