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ABSTRACT

It is important to identify the contaminant sources and to evaluate the fate and transport of heavy metals to crops in
agricultural lands. This study was conducted to evaluate metal sources and its transfer and accumulation to crop in
agricultural soils. Pollution indices were calculated and multivariate analysis was performed to identify metal sources. To
evaluate transfer and accumulation of metals to crops, the contents of phytoavailable metals were evaluated by using
single extraction method and the correlation between metal content and soil properties was analyzed. Also the BCF was
quantitatively evaluated for investigating the metal transition to each crop grown in the research area. As a result, Cr, Ni,
and Co were expected to be mainly derived from geologic factors due to weathering of certain parent rocks. The content
of nickel in soils of the research area was slightly higher than that of the concern level criteria based on total concentration,
but the amount transferred and accumulated in the crops was actually low. Understanding the contamination characteristics
by investigating the pollution sources of heavy metals and its transfer and accumulation to crops through various
evaluation techniques could provide important information for proper management of the agricultural land.
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(receptor model) ©]-& T WS ARESIAL AUTHWang
et al, 2005; Dragovi¢ et al., 2008; Ming-Kai et al,
2013; Taiwo et al., 2014; Luo et al, 2015; Guo et
al., 2017; Gonzalez-Acevedo et al., 2018). T} 2
A4 F F2 enrichment factor(EF)E H715le] 24
o] 7195 FHEIAL(Ye et al., 2011), SFESUAE @
%%%i‘o% H]%(206Pb/207pb, 208Pb/207Pb)’% %7];3}_01 S)&T‘%
k2l ATH(Cloquet et al., 2006; Yu and Li, 2011). &=
Sk ThHEF AR 0 2= FAEEY (principal component
analysis; PCAYZ} 334 (cluster analysis; CAYS &
3lal ). (Zhang, 2006; Davis et al., 2009), S84
RdEA CMB R4, PCA/APCS R4, UNMIX 22
5ol A= Ah(Zhao et al,, 2014).

e EGOENH o AES Sl Hoks
o] 7125 FslaL Qlo] HEENH Holrkze| 13
2 o)Fsle 54 AwY 54 w0l tig =7t A7
F3 ch(Peralta-Videa et al., 2009). B 5 55
A duFog od ArE Hrisial 04 e
N 7o s gy &8Har 9l
71 FREE e AAAS B fE=E gkl
7] el AFEEAL oK Anjos et al., 2012), 2183} E
F=o] o] Thed TEEe FEle} ol sl ek
AAQ HAR= A|FetA EFTHPueyo et al, 2004
Lago-Vila et al., 2014). & QR1E0°] $359] 3}k
ejoll JS v)H)7] witol EY T 5559 o)FA,
o8 H A4S AA Bk ofHATHD'amore et
al,, 2005), FE TAHE B3 Wy ok vk
o7 ES B FEsle] B4, 59 249 &
=5 R} 89 SRR BAshes TdSFE Y o
S| BE SAHoR RSl E4ske dEFE
o] ATHTuzen et al, 2007; Zimmerman and Weindorf,
2010). SLFZHo| AR8sk= BulY] FRE 4238
(HCI), Zgo]E-L(EDTA, DTPA), H3-&1(NA,0AC),
FA -8l (CaCl,, NH,NO3) 5°] ATHGupta and Shinha,
2007; Menzies et al., 2007). ©LFZHol| o3+ T
TE ke A8EE] ApiEaL e LEFAIA 2
FEAY] A=Re] Aol - FHE ey #% WRe
2 & Jhesith. A& o3 TuE & 57
= a5 I 71, 28 - 31 o84, sl o
sk AR HRE AFE = JUTh(Sungur et al., 2014).
Tessier et al.(1979), Sposito et al.(1982), Silveira et
al.(2006) ‘s°] QK HPHo] flom, FA|F o2 F2lE
ALFEHS w10tkslr] 9J8)] TS0 BCRH(Ure et al.,

iy

IR oleld M

]
o, ok
N

rl
N

J. Soil Groundwater Environ. Vol. 23(3), p. 27~42, 2018

oy
N
o
.
8

871

Ho

T

1992)°] UtkHe et al, 2013). AEFSHE FFE9
o5/ - o84 Wk o} TFEE] 1l g HE
£ 22 T e BHReEA AEFERN ke
el (residual fraction) FElw= Eke] 2kAZ Aol A
gt FeEoE WK & Sltke d7 A Bals
3 QIth(Ratuzny et al., 2009; Wali et al., 2014). ©
S F24 B AEFFHOE WU FE5 T &
I E=¥e] o] - 3ty B4t AU JuBAE Bolr]
(Buchter et al.,, 1989; Naidu et al., 1994; McBride et
al., 1997; Christensen and Huang, 1999; Kim et al.,
2007), TEEe A= B SN Ht Al Tad
ARZ AFsHA Hrt.

olglgh Tt WIS B sEEe L9Yd F
ZHER 0] Ho] Yl FAPFFS ofste] A 74
LAEHE olsfiske Aol
g a3k AR 2 4 glon, &% st 9 Eo
g B2l A3 Vs A&skd doM® 7R
AngA 82 F US Zolth kA 2 AFelM=
SAAE WEeR 55 299 IUsh] Sl Hrt
e ALEhy sRAER 2FE
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& Aol - 51 PP
ek S, Fa4 LN AN, FARE
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T Qs PEe Agsel B avold g oo

A5 (EF, Igeo, CF) Y B ORHE 24 59 ALY
G, AR S SES5 LAY RIS
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|=re]
(BCF) B712 3 4% o] s282e) F3% 2
o] - HHFL ISk,

o= =

2.1. A 2xF

2.1.1. EX AEAH 2L #xg

ARG FREANAM EY 25HGEE, 0-15cm)s A
st v BEEE a#sk] 2524 T RIS Al
sl A= AZAFHE FP5IITH15-30 em, 30-60 cm,
60-100 cm). EYAIEE EGFLATZAIE7IE wEt A
FAFH & T8, B4 ek 2 mm(10 mesh,
o]-3}et4] B4 E289} 0.15 mm(100 mesh, 55 A
sk 248 A= 47 AASES s
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2.12. 3= AEAF 2 AAe

EQAEA 9sidEr AR @SARTA] Al 2018-61
Syl At S AHASIATE Al AxE AFH
ZHE0] eERlol] wt AE8AEE TR AR HolA
A A SHEET, AT, LR, AR
AFAsIA. =7 BER, @n), 5= A, AL
Fe W5, @, &), Ads<e “‘E’% ANFHSFAL,
EFoAEA aiiHr}t A @RI Al 2015-643)
T} AlZojokZolx]e] AR = T4 AXE s
A £4 AT A, & Fasl] AsE Sl A

2] skt

22. EQF BN
22.1. EY o] -
EoF pH= E9k0 AFAARTIZES 07302.12, 2013)
o W} EY 5 g8 SR 25 mLE £33 & dAFS
pH SA7IE ARgste] S8t 77182 Walkey-
Black® (Walkley and Black, 1934)S o|-8-8}o] 41515

pj’_tﬂ—xq _E.}\ J_i_)ﬁ]

o el - @ - U0 KRS ShRESAREEY
(Schwertmann, 1964)0.2 Hxjejsle] F=2gZel=r}-

A APEF-E-33 A (ICP-OES,
optical emission spectrometer, 730-ES series, VARIAN,
USA)E 2339 EFABRAE vlolag sy
(Miller and Miller, 1987)°.2 #-X3}%c}

inductively couple plasma-

222 BEY T TE5 W BN
EY 5 F57Y 4L B GFAHAYTIE(ES
07400.2b, 2016)°1 W} FASFATE D5 (aqua regia)ys

olgdle] EPAES WA F FEARTL=rl-UA}
HF3-E-S3A (ICP-OES, inductively couple plasma-optical
emission spectrometer, 730-ES series, VARIAN, USA)

2 H|A(As), F(Pb), Z=(Cr), YA NIi), ZLE(Co) &

Table 1. Soil physico-chemical properties

223. BEY T A& 4

EY T A=faH 355 &2 0.01M CaClL 5=
H(Novozamsky et al., 1993y 283l 243190 E
PrEe} FE80] HlES 1'10(W'v)_i 3l 20+ 1°C
Z710)A 3AF FEksla PAIEE] 7] (150 tpm, 303 )E A
SHS EEdk & 045 pum PTFE ZEIS o|&3le] ofw}
stact. A7l T UANI) vE55 F=23Ee=zv-4
FE A (ICP-MS, inductively couple plasma-mass spec-
troscopy, Perkinelmer, ELAN DRC-e)Z ZA3}T}.

=rad S5 g

ol
A

|

2.3. & EX 24

AT FHES EFAEE it A3 @
TA] Al 2015-645 )7 AFH (AF SRR A A
2017-575)0] wel Al 248, 38 5 & =
ok AxAR AAHHNO)H HLksrA(H0.)s ¥al
7rgste] Ealigh & 48 PR gl feAdEe
Zul-AZE A (ICP-MS, inductively couple plasma-
mass spectroscopy, Perkinelmer, ELAN DRC-e)& UZ

SRS Zgsgh.

2.4. HolEEY X SHE
TAR] gk, A - A, FUw, FEUAL
‘jd%ﬂ]}\-J A} AFHEA (correlation analysis), T3+
-4 (principal component analysis; PCAYS SPSS 18.0
(SPSS Inc., Chicago, IL, USAYS o83} AA|E}.
TS tRiE AR dFo= S7guolH Y
iAol thdo R Z8Eal glom, QHEZHY AAH
EE A9 s ket ol8Ha T Mico et
al., 2006).

1

o

(n=25) pH EC OM Aloy Fe.x Mn,, Particle distribution

Sand Silt Clay

(dS/m) (%) (mg/kg) (mg/kg) (mg/kg) (%) (%) (%)

AVE. 6.6 0.15 24 1348 5665 702 51.8 30.5 17.9
MIN. 54 0.05 0.4 1114 2953 116 314 114 104
MAX. 7.8 0.32 8.4 1683 11854 1251 782 452 23.7
MED. 6.6 0.15 2.2 1265 4895 734 51.8 30.6 18.9
S.D. 0.6 0.10 1.6 182 2396 262 9.9 7.4 3.7
CV(%) 8.5 38.0 66.2 13.5 423 374 19.2 244 204
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EY T 5559 H3}(enrichment) - = (accumulation) £ Wigste] 7IeEAE divl rh FA LAESe] &
< AFHoZ Hrtstr] sl LAAG<] enrichment 2% IS Assle RAolth(Ravichandran et al.,
factor(EF), geo-accumulation index(la,), contamination 1995). EFZ E3] 21$12el K2ld] &) ung%]- Zdey)
factor(CF)E 713} th(Ye et al, 2011; Barbieri, A2t e A@skze] W o3t =348 FEsk, 9

2016; Mazurek et al., 2017). AL E HUIsHA Fth(Feng et al, 2004; Ye et al,
EF 2011). EFgtell w2 371 2 a2 Table 301 AAISHITE
I €0
|:(CV/ /)sample:| *
(C,/C) (&)
r/ ucc/ss. I eo:Logz - sample
. - ¢ 5%C) yeessst
Enrichment factor(EFy= 9|9} 22 2oz Aol
C& Frlstaat sl BN 54 A=k, & A Geo-accumulation index(/p..)= EY & Fa552 34
7} Z ZAN] B4 = Q8E EAJo] et YUk (Fe, S sl vikg- LubEel HypglolH | Miiller(1969)

1 5)% 55 ov|3th(Table 2). o]2igh Y4d & off ofeff aqke o] Aol wet AT (Cosampie B

Table 2. Description of terms used in equations and selected metal concentration for estimating the pollution indices

Description Concentration and source
Term
Element Concentration (mg/kg) Source®
As
P | 1(loid ion in soils (b ia di
(Ch)sample ~ concentration of a given element in sampled soil Cr total metal(lot )concentratltoi(r)lnl)n soils (by aqua regia diges-
Ni
Co
As 4.8 1
o of a o | - Pb 17.0 2
concentration of a given element in the upper con-
(Couce tinental crust Cr 92.0 3
Ni 47.0 3
Co 17.3 3
As 6.05 total metal(loid) concentra-
concentration of a given element measured in a Pb 9.02 tion (average) in soils (depth
(Ch)ss  deeper soil horizon can be considered a "local back- Cr 3252 60-100 cm) (by aqua regia
ground (site-specific)" for the upper soil horizons Ni 375.8 digestion)
Co 57.5
concentration of reference metal(such as Fe, Al, .. . e
(Chsample Mn) in sampled soil Fe total Fe concentration in soils (by aqua regia digestion)
concentration of reference metal(such as Fe, Al,
Cuce Mn) in the upper continental crust Fe 51,899 4
concentration of reference metal(such as Fe, Al, .
Mn) in a deeper soil horizon can be considered a total Fe concentration (aver-
(Css P Fe 68,624 age) in soils (depth 60-100

"local background (site-specific)" for the upper soil
horizons

& (1) Average of sedimentary data from Sims et al. (1990) and Gao et al. (1998)

(2) Average of values in Shaw et al. (1967, 1976), Eade and Fahrig (1973), Taylor and MacLennan (1985, 1995), Sims et al. (1990),
Condie (1993), Wedepohl (1995), Gao et al. (1998), Plank and Langmuir (1998), Peucker-Eherenbrink and Jahn (2001) and Rudnick
and Gao (2003)

(3) Average of values in Eade and Fahrig (1973), Condie (1993), Gao et al. (1998), Sims et al. (1990), Plank and Langmuir (1998), Peu-
cker-Eherenbrink and Jahn (2001), Taylor and MacLennan (1985, 1995), Wedepohl (1995) and Rudnick and Gao (2003), McLennan
(2001)

(4) Average of values in Clarke (1889), Clarke and Washington (1924), Fahrig and Eade (1968), Ronov and Yaroshevskiy (1976), Tay-
lor and McLennan (1985), Condie (1993), Taylor and MacLennan (1995), Wedepohl (1995), Borodin (1998), Gao et al. (1998) and
Rudnick and Gao (2003)

cm) (by aqua regia digestion)
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Table 3. Enrichment factor (EF), geo-accumulation index (I,,) and contamination factor (CF) classes of soil quality

Pollution

indice EF

Igeo CF

Soil quality

Value Value

°Soil quality *Soil quality

Value

description description description
EF<2 minimal enrichment (] uncontaminated CF< 1 low contamination
2<EF<5 moderate enrichment 0<lge<1  slightly contaminated 1<CF< 3 moderate contamination
5<EF<20 significant enrichment 1<]geo=<2 moderatrei;{e;ontaml- 3<CF< 6 considerable contamination
. . moderately to heavily . L
<EF< NRS >
20<EF<40 very high enrichment 2<geo<3 contaminated CF>6 very high contamination
EF>40 extremely high enrichment — 3<I,,<4 heavily contaminated
4<]S5 heavily to faxtremely
contaminated
extremely contami-
>
Tgeo™ nated
Value dSource origin description
0.5<EF<1.5 natural weathering processes
EF>15 non-crustal materials and other
sources
#Source: Barbieri, 2016
®Source: Barbieri, 2016
“Source: Sadhu et al., 2012; Likuku et al., 2013
Source: Zhang and Liu, 2002
—=

7kelaat slke B a5 =W (Chucosse =4
o] XAt wjHEEE 2v]d(Table 2). ¥l 1.5
HAAGEA A-EA o= g Ak w7 sEe
73S FA4sksh7] 913 AlEo]th(Stoffers et al., 1986;
Ruiz, 2001). .ol WE 7} 2 4 Table 301

At
CF
(&)
CF = n’sample
(Coss

Contamination factor(CFy= S53FA9] /N T35
e Gk A LAAGTEA £19] 2 w2t
A (Miiller, 1969; Cabrera et al, 1999). 319 <
o] A HIBEE((C,)ss)HRl B7FskaLAt s E
E(Cam®) PHER TR, RO
11238 Table 3l AAEIAT).

LARG EF, L= WEEES] 3k

o
=
(upper continental crust)®] FE< =} A Hj

0% o > o
S o o
oL ofX X
Lol
ya
ol OH"

o 2
i
=
fo
ok

L Eay

HAeEE AR & Qlu. AubE o= v TR Fho=z
ARAL SF45 F e A AA 3 S5
&S A8} A WHRubio et al., 2000; Loska et al.,
2004), TEE BXEO| WEA S5 aelsle] A widE

T2 ARESE A8 PAs7|= 3HRubio et al., 2000;
Manna and Maiti, 2017). Blaser et al.(2000)2} Sutherland
et al.(2000y> A MBEE o2 AE F THEE F
T5 &83 AS AT =g A dE|elA A
2 FHE Ak ARH S Wi EERE 7St
Agsl= A= UtHYu et al, 2010; Saleem et al.,
2015; Sun et al., 2015).

Solid-solution partitioning coefficient(K,)

H

O

Kg=(solid phase metal concentration in soil (mg/
kg))/(solution phase metal concentration in soil
(mg/L))
~ (total metal concentration (mg/kg))/(phytoavaila-
ble metal concentration (mg/kg))
~ (pseudo total metal con. by aqua regia diges-
tion)/(extractable metal con. by single or sequential

extraction)

Eke] AP Wt Alole] T4 Bl TE5
AEFEE, AEZ9] o], Ae54ds 3=
HAo)tH(Gerritse et al., 1983). Wl B = FE
9 FETE AZEF VFo =2 Hrlsl] 98 99 A

J. Soil Groundwater Environ. Vol. 23(3), p. 27~42, 2018



32 DN - 2T A - BE - 4]

o 539 A o] R HH Wil B 5
k. B Kes B by

(Beesley et al, 2010), 4% |42

(Pueyo et al, 2004)S o83 ¢ Qlth. £ AFox=
0.01 M CaCl, F2WHog J/RRt Aeqay 335 &
Fe RSt BAlEE BRI Kegtel Aers

sEEO| AL AL At FEEY] FET 255
ou]FH(Lim et al., 2014).
BCF

(C")vegetation:|

BCF=[ )

soil

AT FAolA AujE 2HEe] EGAEL AES
HAFBCRE AFgsl7] 18l f1ek Ze 74E ARt
ATHGonzilez-Acevedo et al., 2018). EYA1E7F A&
FHATE EY § 555 5 UFl 2E 7RR &
e FEE TR HISE AYslal, EYeA A2
Tad o] 7hsds W7ksl7] 91’ A|3o|th(Alloway
et al, 1990). (C)rgeraior= 2F= 7F*F-(edible part of
caop) T TEe 55 AVIehL, (Cwrs ZEs A
g AN FLH AHT EYY T55 =5 o)
g},

3.1, AFCHAEX]| SFE2 29 ot

.11 EYO o] - 3lsk B4 9 T 3

AR Ee] pHE 5.4-~7.82 CRabAdo|A] oFad
71/ BRI Aoz RIS, Wit pHeE 6.60F =
E9F A pH W2 5.5~6.5(F238H wASIHES
H), ek 2 pH H9l 6.0~7.006305% w4
AAFEAR}L 2 2ot fle Aoz Yeldth A7
T2 (ECy=E Hit 0.15 dS/mE EAFAT} F715-(0M)
it 24%=2 ZARES A f71E TS BYoH, &
Fulg AlE, d Al WUzt AkelEe) sl 7kt i
T 1,348 mg/kg, 5,665 mg/kg, 702 mg/kglZ FALE S
HTable 1). 257] EXAE F 12719 A&7 4E
(loam)Z ZAME AL, 11701 AlE7} AP Y E(sandy
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loam), 271€] A&7} A4 E (sandy clay loam)Q] A
o7 ZAIEA.

B £ H|2(As), 'F(Pb), Z=(Cr), YA NI), TLE
(Co) % ®XE Fig. 19 AASIT] HlAe] HT T
= 43 mgke, F9 HT FTE= 8.7 mgke, 9] Hit
= 266.7 mgke, UAS B FEe 299.8 mgkg,
o] H FEE 50.6 mgkedl AOZ FARIITH
A EYe Ay el 2UxEE Hrls)
u, Ydo] 9715 2930 tiF7Ee
2] ke Aoz YEial, U QEEREL V|F
HRto] ALk(As, Pb), 7IEX7F AAE] YA RoKCr,
Co) H7P7} E7Fssidth. 24 33459 wWEAs
(coefficient of variation; CV)E 53l H7Id H-A] U

4
rl

1

T
m

!
1

PE(@HJ
o,

a2/
o r

A AHI} EUYANE T FTEFE TR WA
(variability)g I = a1, ¥iEde] & EEL 9
[JARINA &, AFsA w77k Tl o FEs

R 7FsAde] okl Wrist 4 Stk olE

FEo] WHEAGTE 20% PlRbeld e WHEA, 21%-~
50%0]™ F7F HEAL 51%~100%0]H =& HEA
101% oPdold wif- =2 WsAY v £¥X5 /K &
402 18k 4= th(Pan et al., 2016a; Li and Jia,
2018). & AFHY FA9] EYS YA(CV =47.6%)°]
T LA9ER T 7P =2 dlEes 7R 22 e
WAL, B4 (CV =27.8%), ZLE(CV =36.2%)2}F 3 5
TS 2 EAE riEdnh TRl TR o

AL AZ(CV = 15.4%)°10H, FH(CV =19.1%)2
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Al Aol e EA4F HriEQloh WEATT 50%
ol WEAdo] E LEEHLS AAAR] 8l vl <1
AHA 2l FEFs ke Foz IS = Q)o(Pan
et al., 2016a; Mazurek et al., 2017), ¥ A7 ESYF
o] TE& FEPL iR o= 1917 8RRt AjdAF 8
el ot F3iQl o= i 4 YT 18y 24
4 2 H o4 Vdm: #Fe dAde] B
(uncertainty)©] Z=AS}=2 (Dragovié et al., 2008) F7}4
Q1 sk A AE wkdsie] Hrkehke Aol Eesitt
NI S A

3.1.2. L9R¢

EF

£ a7 229 29w 7t 3 0| 71 ot
°ks 98l EFE St EFe dA7e] EdEE
e AYH WIBEEE TIEeR A 5 glen, £

WA AES] FEE TEE VIEoR ASIH
(Table 2). 7TV 749 A= A= &= Wi}
7b 34 BE ZUCV <20%)°02 ZAREA O, A%t
TS Tt ase A% HolA |t ols

Lo

v 702 X 4 ATHMOE], 2012). &gt AE -
59 o Y=z It o] ] AW HE
(60-100cm)®] 57} 93]8] HESY FeHt}h O %o X

et
o,
i
=
ok
R
lo
-
o>
b
i3

= o 2] L we 7
k. WP AES) FE4 FEE FAS|HAASH)
EEE 285

A EAEE Ve E WU EFuec] 4 T
=& FFES Ni6.07) > Cr(2.93) > Co(2.85) > As
(0.95)>Pb(0.53)°]1 e, A wFFE 7IEo=E Bt
& EFg=  Pb(1.32)> Co(1.13)> Cr(1.10)> As(1.00) = Ni
(1.00) 2 H7}=|QIThFig. 2). WiAEES] 7|l w2t
dolgh 9E Wt ¥ e I Wyt At v
Ao SRIFUT). Table 39 AAE EFS] H7} MFE
7)o R Zh Aol tiel kel Hoks W, WA AT
A2y 71520 F ‘significant enrichment’, ZE53} TUEE=
‘moderate enrichment’, H|Z4=9} P& ‘minimal enrichment’
2 WP A9F A TEE 7ECE g EFel
A= 7R B8 $95°] ‘minimal enrichment’2 ¥4
et

olFA dRtd At m==E AL A7 FA1 A

Enriment factor (EFss)

As Pb Cr Ni Co As Pb

-s8)

N
|

N
il

Geo-accumulation index (lgeoucc)
o
|

Geo-accumulation index (lgeo
' ,

-4 - T T T T 2.5

Contamination factor (CFss)
o o -
IS <Y [N}
L | L | L | L

o
|

As Pb Cr Ni Co As Pb

Fig. 2. Pollution indices.
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o7} A7) wiFoloh. TSk A|7ke] HAQl 4 EAH]
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7] whizoll X7} vlolEE E8<th v eE A4 Ay
= dFT & o= Aoz Qg A

1993; Birch et al., 2008; Rodriguez-Oroz et al., 2017).
wehr] B Aol Bx]e] EF A A|9F widEe
o oJgt 2Fgo] v AFsihar Bri 4= 9o, EFgE
7IEoR Qe TEs wellEs W, 7 SR
EF Higko] 25 1.5 vvke g Ayaid BA9] T35
< 1A HRIRT AFAZFR] AJ &S] T3 5 Al
At 71el o3k JES u WS Aoz =]
TH(Table 3). 1&ut o]Hgt 7} 9 AT 7iE 55
o] Hit EFgell ot 37} Ajelar, AA| A 2ok
2 7RRke] R HEA e WPt o] FoAA] ot gHA|
Aol EANFY. webA o] ¥R TS 299 7Y
ke IR JrEE wrgsfiof skt i B R
EFE H718Pa 257l ESRXE F EF7} 1.52 295+
A 89 Hlgo] QIAEAHET As(12%), Pb(40%), Cr
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ARt
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AT FAY 1.5 B7IeE 2HAE Fig. 200 AAIst
At Ieo= EFS} TH3H A7) 45wt A9
2 MATES 7SR 22 APgsiint. A
EE A8 Leouee® BT AR A3, Ni(1.92) >
Cr(0.93) > Co(0.87) > As(-0.78) > Pb(-1.58)2] Aoz e}
wom UAL ‘moderately contaminated’, &Y} FUE
£ Sslightly contaminated’® E7}=| %3, B4} Ee
‘uncontaminated’®. H7}=|TE A|9F] wBEEE VE
OF HIIGE Lyeoss®] BTES FARRE A3}, Pb(-0.67) >

Table 4. Correlation coefficients for metal concentrations in soils

0] - A - w8 - PET -

471

Co(-0.87) > Cr(-0.89) > Ni(-1.08) > As(-1.12)3] Ao=Z 1}

Etor BE @ AEZ0] ‘uncontaminated’E H7 = AT

CF

A7 FAY CFE W71s 49, BE LH9EH]
‘low contamination’® = H7}EQen | Zke] CrY F
e HlA7} 072, Hol 0.96, &) 0.82, YZo] 0.80,

FLET} 0.88% AFFE Tt

EF, Iy, CF 37} AoX viETE AAS FAo=
skeAld] et A2 e L9x WUt At =E5E
Rom, E AFA AA] wiFEES Ao wEt 29
ztolg Btk ot LARTE ARESle] SR
LAETE FWrhs AL 9] 7Y A st

AEA e E &8 5 S AoE FHEA|TL
A o] AHETH Eo= Qs LFAEH] st

we A9l A, PpAe B FRE BYE @

to 1o

4=

3.1.3. A 9 AR

Table 4= ATHWIFA S5 TH] FaEAs 530
TES ATt rgEet EY T TEES U
o7 3 AR (correlation analysisy> AMZ2 TS FH
ol Uigh FARRE 299y A= gt RE Al Fsict
(Ma et al., 2016; Pan et al., 2016b). A& ArAdo]
T T R oE 9ol T, el A2
2] ke FFELME UE NE 2990 sl FIS
ks o= Jrkek = QUck(Dartan et al., 2015).
Aol TS AR ARllM YA, 38, IEE
H)gk o] FAIAE e BE F o] T
2380] fAE Aoz Tty YAy} miE
FAAI7E 0.948(p < 0.001)0]aL, VAT 22 0.740

¢

j{go

roap e
rlﬂlgrl

o,

As Pb Cr Ni Co
As 1
Pb 0.598" 1
Cr (-)0.215" (-)0.021" 1
Ni ()0.566™ (-)0.494™ (+)0.740™ 1
Co (-)0.640™ ()0.450" (+)0.683™ (+)0.948™ 1

S Correlation in not significant

* Correlation is significant at the 0.05 level

** Correlation is significant at the 0.01 level
*** Correlation is significant at the 0.001 level
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Table 5. Percentage of total variance explained by different principal components for soil metal concentrations using principal

component analysis (PCA)

Component Squared loadings
Initial eigenvalue
Extraction sums Rotation sums
% of Cumulative % of Cumulative % of Cumulative

Total variance (%) Total variance (%) Total variance (%)
PC1 3.23 64.62 64.62 3.23 64.62 64.62 2.41 48.27 48.27
PC2 1.17 23.31 87.93 1.17 23.31 87.93 1.98 39.66 87.93
PC3 0.39 7.79 95.72
PC4 0.18 3.57 99.29
PC5 0.04 0.71 100.00

Table 6. Component matrix and rotated component matrix for metal concentrations using principal component analysis (PCA) and

varimax with Kaiser normalization, respectively

Element Component matrix Rotated component matrix
PCl1 PC2 PC1 PC2
As -0.75 0.46 -0.29 0.83
Pb -0.61 0.68 -0.05 0.91
Cr 0.69 0.67 0.95 0.09
Ni 0.96 0.18 0.86 -0.47
Co 0.96 0.14 0.83 -0.49

(p<0.001), Z=3} FLEE 0.683(p <0.001)°E e}
7&e A S R RES AT A7)
cHEO] e AAEA FLES} A5t JAAAIE Kol
© qE T TEES AR A o) Aok o
@8k 4= AtHHu et al., 2013). WA o]5 Uas} AF
A o] witol AL} o] efgh HlAe} g
A 37, EES} thE 2@ o) WS 7t
o] =A Eth(Tokalioglu et al., 2010; Hu et al., 2013).
Table 59} Table 6 T3 AFEA FAAEEA
< thAs BAEA] sl AR faksHl F
=59 LH99s SRlske EA7IHeRE &8Fa Ut
(Luo et al, 2015; Tepanosyan et al., 2017; Li and
Jia, 2018). /94 AP}, -f-gk(eigenvalue)©] 1 ©
41 g0l F ZHelM(PC1(3.23), PC2(1.17)), °I159]
Z X A (cumulative)=  87.9% A TtHTable 5). FAE
1(PC1IA fE Fro] 2 5L AF, YA, ILE
RaL, F/E2PC2PIA AFHE] gro] 3 Aok
Holth(Table 6). T8R4 239s Hrlshd 3,
UA, sFES] @ o] fARE ZoE HrKsE 4= L,
H A, 7ol oddlo] fAKE AR i 4= ok 74
13 FEE00 F 29Ed e e Frel A
HEA ot 59 s Hole AS SIXE 29U

719 ZpolE eIt 4= At(Tepanosyan et al., 2017).
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0.0l M CaCl, F=FHo= Jrist A EREH YA &
2o Hit 1.09 mgkeol™, A 0.17 mgke, Hl 3.14
mg/kg?] RO Uehgon, sl givl B 0.36%=
252 Holg F e U ko] vigo] mj§- vk
Ao Z YERHTH(Table 7). B3 BEYF YAV ESEAH
0] FEE BAITEA Ky w2 7R AdeiME &
< Bl 3he Bl YA FrEx (availabilityy} S
0z

102 P75 tHTable 7). YAl EujAls= 6.7
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Table 7. Nickel concentrations in soil analyzed by 0.01 M CaCl, extraction
T PA® PAN/Tni K*-Ni
(mg/kg) (%) (%)

AVE. 299.8 1.09 0.36 501.9
MIN. 106.9 0.17 0.07 89.6
MAX. 598.9 3.14 1.12 1435.1
MED. 276.9 0.74 0.27 366.5
S.D. 142.8 0.90 0.30 391.6
CV(%) 47.6 86.3 78.0 78.0

* Total concentration
® Phytoavailable concentration
¢ Solid-solution partitioning coefficient

(Ramachandran and D'Souza, 2013)°1A4] 3,000(Sheppard
et al., 20097714 tfeksl X2 RuEy g, EYGEA
o wet aiAGTE 2] BrkEm 1 F ES pHO
TS 7Y A B AR dEA Uth(Degryse et al.,
2009). 0.01 M CaCl, €92 EY & U4 F& &8
T2 Zo® RuHa e &9 (Lago-Vila et al,
2015 Eslal, & A7l FA19) BEYSHoR <
3 AEfae] YA ko] WA HrkE ZloE wdEnh
AEFraEd s Ae EYEACde EY pH, #71
&, 32 -z e s, AE 39 Sl o,
EY U 559 AEFEEE Wkl & W S5
Agrd B o - 38k SAS I ndsfor gt
(Seo et al, 2013; Lim et al, 2014). B3} S5 2]
EaEE o5 S8k A3 met Ajols B
©]3l(Rastmanesh et al., 2010), ©] 35k ZAdde] 2
TAHELS To5 L9 w2 5 Qlo] 2
o] EFel wt Fa5e] AEfasrt vEA WHE
Uk A2 Aol o) WA FEE2 FHRE] H
&o| FaL, 191 Rlel el WAg FEEe IHRE
£ ALt ol Fe|, ek e, H - g1 AskE
e, 7715 FHiO HlEo] A2 ETH(Linglong et
al,, 2015). 71 P81 FEiQl ZHFES] HlEo] woW
FTEE FEET oA AAE HA(Su and Wong,
2004) TE5Y A Heto] FEge AE Aol & =
e A g s s ARV E 5 s BloE
doEn 2 A7y FRY EY T YA 3 A
A AR Aol ZI91sE A= AL, YA 4
EFESE HE3F B 307 kgt

A=Y TN T WA S AR A, U5
71FO 2 WF(Arachis hypogaea)®] Hi YA T
4.46 mg/kg, ALEN; Perilla frutescens var. japonica
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Haraye 4.82 mglkg, WF(Zizyphus jujuba Mill Y= 0.68
mg/kg, BY|M; Oryza sativa L)Y 0.11 mgkg, v|=
0.09 mg/kg, TGS, Diospyros kaki Thunb.y 0.24
mg/kg, A= 0.25 mgkglZ FALE T Table 8). Zh&
o ZpARS] e AEol wet YA el tE 2ts
RIT 4 AL, AFF BT, FAFS ASlo] &
g v =2 FEE KAt AiFez YA Hal
A7t =& AFE A9 S e YA 3
AsF 7Ere AR 29, 7R 0.78 mgkgES Ni
T 81.8mgke), Y= 1.56 mgkg(EY S Ni &

89.4 mg/kg), "I 38mgkgEY T Ni F%: 516
mg/kg), B2 0.61 mgkgEYE 5 Ni F%: 72.6 mg/

kg)RDA, 2006)21 Aog ZAMAL, 2o} T 0.06
mg/kg, o= 20.2 mgkg, B2 21.7 mgkg(KFDA, 2006)
¢l Ao UeRdtt. o] AfE & A7 FA A=
Tt YANA vlal Frkske A BrFsdou EY
T YA 3 oiv] Ao U RS AR eE Ut
SIS W, A7 FAY A= T YA 3ol AA9]
AU B sEE ofd ZAoE AU AEE Y
A FheFo] Ajole 2lEo] UAS 53k 7RI 7
Bik(passive diffusion)?} 55 <=&(active transport) &
o] 2E9] =@ A]xEl(Seregin and Kozhevnikova,
2006)°] A2 zlololl lo] glar, EI EY B B
9 pH, B 549 SAR, f71E Tl &) vA
E=5l #olE BRITHChen et al., 2009).

322. BEYe] AERREH T 3 EY o] - 3%
2 EA7H] g

0.01 M CaCl, F=Xo2 Hr)3t 21E5fad UAa 3
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Table 8. Nickel concentrations in edible part of crops by acid digestion and bio-concentration factors (BCFs) investigated in this study

and their comparison with guidelines of advanced foreign

I . . Ni .
Crop Classification Edible portion (mgke, DW) BCFy; Soil pH
Peanut Nuts Fruit 4.46 0.018 7.4
Perilla Leafy vegetables Leaf 4.83 0.024 7.3
Jujube Fruits (drupe) Fruit 0.68 0.004 7.6
Rice (polished) Cereals Grain 0.11 0.0004 6.1
Rice (unpolished) Cereals Grain 0.09 0.0003 6.1
Persimmon (hard) Fruits (pome) Fruit 0.24 0.001 6.4
Persimmon (soft) Fruits (pome) Fruit 0.25 0.001 6.4
Leafy vegetables Root vegetables Grain and cereals Fruits
0.032 0.008 0.01 0.006
US EPA (1996) (pH 5.3-8.0) (pH 5.9-8.0) (pH 6.2-8.0) (pH 5.9-7.3)
UK EA (2005) 0.047 0.018
0.07
RIVM (2001) 01 (0.011-0.678)
Table 9. Correlation coefficients between 0.01 M CaCl, extractable-Ni concentration and soil properties
T-Ni pH oM Al Feo, Mn,,
PA-Ni (#)0.57" (-)0.68™" (+)0.49™ (+)0.41° (#)0.73™ (-)0.54™
* Correlation is significant at the 0.05 level

**  Correlation is significant at the 0.01 level
***  Correlation is significant at the 0.001 level

FEAS okt st AEfae) U gk #
oJu|gt JAIAE Bl EYELS EY pH, #71E 3
F, GFvlE - - I AsE Reldlar, A AR
e gt s Bt 7 §A47e) A 4
frojghEe B pHele] A=A -0.68(p < 0.001), -
7183ke] AAATE 0.49(p < 0.01), LF0)F AH8Eo]
FBATFE 041(p<0.05), B A3ET] AAAF=
0.73(p <0.001y F7F AslEae] AJBAITE -0.54(p <
0.01)2! AoZ YePdtiTable 9). Ytz og Ao o]
T AEfaEd J¢S e EYEHCE EY
pH, f715 &, A - 41t ABkE 3, IE o] B
EI oW (Barman et al., 2015), ¥ AFNA HA|
ol¢} FAFHAl ESF pH, 715, E - W3t 4lslEo] 2
e VA 3 A e AeE ARSI

3.2.3. EGA1E AESAA9(BCF)

Ao EGAED AESAATE AEEE AR 4
3}, 7A21(0.024) > TF(0.018) > THF(0.004) > T71(0.001)
= ZA](0.001) > 1] (0.0004) > 31](0.0003) =& BCF
7} =& ASE UERkoH, 7Y =2 BCFE H A

[e)

R

u|=(US EPA), 9=5(UK EA), HIEH=(RIVM)OIA
AAE GAFS] Ni-BCF gEth v #2158 B3tk
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