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Abstract (0.385) > polished rice (0.176) > carrot (0.116) > corn
(0.060) >red pepper > (0.047) > potato (0.044) > egg plant

BACKGROUND: The current study was conducted to (0.025) > garlic (0.023) > spring onion (0.016) > Chinese

examine the species specific accumulation of Cd and Pb in leek (0.011). BCFs showed the same order.

11 crop species (Soybean, Sesame, Corn, Polished rice, CONCLUSION: From this study, it can be conclude that

Carrot, Potato, Garlic, Spring onion, Chinese leek, Red seeds plants should not be cultivated in Cd and Pb

pepper, Eggplant), through cultivating them under the same contaminated soils to secure food safety from metal

condition with metal contaminated soils. contaminated soils.

METHODS AND RESULTS: Eleven crop species were

cultivated in three different soils contaminated with Cd and Key words: Abandoned Mining Areas, Agricultural soils,

Pb and harvested. Edible parts of each crop was pretreated Cadmium, Heavy metals, Lead, Phytoavailability

and analyzed to determine Cd and Pb concentrations, and

subsequently bioconcentration factors (BCFs) were M E

calculated. In general, the crops of which seeds are used as B0} ul ZA3h70] QlolA BATBEL 2L oolo] =

food showed high concentrations of both Cd and Pb. For

instance, Cd concentrations in crops cultivated in Soil A

was in the order of soybean (0.432 mg kg') > sesame

Q4llo|thNavarro et al, 2008; Zhuang et al, 2009; Li
et al, 2014). 3n], #4], FAkeF 52 4 FYO=E <l
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AREAe] Hoh w2 ZoF HiEI QtHYang et al,
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Table 1. Physico-chemical properties of the soils used in this study

Ex. cations (cmol. kg’l)

Soils pH EC 1 DOC-] CEC B Texture
15  (dSm’)  (mgkg) (cmol. kg") Ca Mg K Na
Soil A 6.4 0.8 313 17.7 Loam 15.7 24 04 0.06
Soil B 74 12 524 - - - - - -
Soil C 7.8 0.4 285 15.1 Silt loam 230 0.7 0.1 0.04
2009). vl 2,00009 7He  wHgAte]  glow & 29 FAA EelA A st
(MIRECO, 2013), 344k 91 5734 5 Bk B AR

ANE A 149 S, S ek 3ol
WS y8kste] 20001 3ol @skal ItHMOE, 2012). 5385
AR ER M o]t sEA A AulE FAHE T AES
ORERFAA A A A FuE AFVIS(MEDS,
235 SARES H7|A7E 2AE Ak oY,
ol V|EAE 2% FAHES feS YAKORE v A
ol ¥ LEAQ g | gltk wEA] FAHoR 94
7Fs730] Sl sAHE Ak Alolsta RUHE sk we

gt ol= =9 AP ClAFE o]Fo] Aok
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Aol el weieke wiEsh] flaiM= AEol B
= oAzl ¥, 18
AEo] F, Holwy] 4% dHE A
| Qo] ¥ mAE= Eook‘{x} e A4=dE T

k= 7|2A97F B Qs Yang et al, 2009). VI=EPA
(Environmental Protection Agency)'t— EFAE-QA R
o] T=H AolE 1Hs EY T %%5—7‘ 7]%=(SSLs,
Screening Levels)& 2742 F o7} 9l o5 fleiA 24
25-0] 555715 (bioconcentration fac’cor)E 288 A
S F4atar QITUSEPA, 1996). B35F =+9] o1 Algjof| =

LA EAA A At e SRS PAYSEE Sl A
7Fseh A2 $AEE AAEiL V1% StKSingh et
al, 2012). H&U& Felvehs BY SEE o9s 9 e
TES o AolE s & AAES AHAoE
Aufatar ek Zmo] Bkl T55s Fdte] Aol
]E o) ix%g}l: 7]70—0 A B %_9] Ag-_% %7"”, Eooh‘ﬂr
T4 JHO 79, B 24, 715 59 24 g5
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(Bioconcentration factor, BCF) &=%& APdg a7} g
o} oolg} 22 AAE T o Al FuE FF 2 ©

P2 gloldt 4 97 A AR AT A7t 75t
qu AA7}F 7Vs5re

Qe AW MRl HHHE $34 ¥E L %

229 AesF7aE vl - AR 29 s3A A Al

W) bse A% $HE9E AN S Ak,

ol& flaiM thaEAQl 117 AES AFeISla, 4 T=

A EY SY

7V, | SR oY RIT A B 2 FF
(B9 A, OF AFsAL, B Adll SLEX S 2%F A7)
sl 34 EYBE A Pﬂ EO& B

Aeleh 5 334 BrEt o9 q-%%m T
’c'ﬂ—al:o] Q-E_ = Fok _a“ 7].;(] ZHHH}JGJ% Z]z'sgﬁi- s 7F zk

AN 2 |
Eo) 7R =204 2A =0 E | welith Eok C= EoF
A, Bell HIs 7h=so] 20, ol vl 7k wol] el B

olth A Bl AUnkH el slsh g3} S EkS Table

10 YeRAISIE

SAl &E

T Capsicum annuum L), 7YA)(Solanummelongena 1),
S Daucuscarota subsp. sativus), TN Solanumtuberosum
L.), 3(Glycine max L.), 37N Sesamumindicum L.), -
FAllium tuberosum 1.), S Allium fistulosum 1.), <
T7(Zea mays subsp. Mays L.), "Vs(Allium sativum

L)), 2 Oryza sativa L.) 5 F-2ve}t s747 A a4 o
2 AE L Qe 18 AES SAREE Akl Aol

ol g3kt

2| 3 =ZXHul

FA] BEGF A, B, C 28 L 3| 7}
Z+ A+ (ES A, B, Q)
Z¥7k2] AHEA| 7] Bkeo] uﬂ%, ola], o]o} a3t} 72
s s %

% pHE EYY SHTE 15(wwv) HlER Z§sto]
WHAIZ]AL 1A17E 3 pH meter(MP220, Mettler Toledo,
Switzerland)Z Stk EY T EEH7IER
(dissolved organic carbon, DOC) 9+ E9F 10 g= 20
mLe THFE 224 Y F ofFsle] TOC #417]
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Table 2. Total heavy metal concentrations and phytoavailable concentrations in the soils used in this study

Soil A Soil B Soil C *Background value "Standard limit
cd Total 7.5 7.5 15.2 0.19 4.0
(mg kg")  Phytoavailable 0.022 0.006 0.019 - -
Pb Total 156 156 1374 16.0 200
(mg kg")  Phytoavailable 0.006 0.004 0.014 - -

a. Forest soil based natural background value reported by Yoon ef al (2009)
b. Standard limit registered in Soil Conservation Act 2009, Korea (MoE, 2015)

* % TEH(Cd, Pb) FEE %%EE} BEairtl %
T2 el Sl s T Eg 1
mL® YF(aqua regia)s il SAEHEE7])(OD-98-
001, ODLAB, Korea)Z w33t S(NAAS, 2010), &3 &
HE Whatman No. 42(pore size 2.5 tm) o] #A| 2 o 7}at
o goll = FH4 kS ICP-OES(8300DV, Perkin Elmer,
USA)Z Z43th EY & Sa59 AEfray 3%
=437] 98 1 M NHNO; FZH(DIN, 1995)% o]&
Stk Y 10 g2 20 mL 1 M NHL,NO;Z FE319] ¢
Wek . FF4 3RS ICP-OES(8300DV, Perkin Elmer,
USA)Z Z74313lth

Alniﬂ HAM
gt 11520 AEA 5 1%, 7, 9, 2R,
3}, UPA PR ANEE FREY SRTE A2 70C 2

Bofla] 72213k o A% F wafele] 4G ARE 0§
stk dsh) 4, e e S5 S

AH F 2715 AAG AejelXe] A 1z & FAE =
Xﬁ}c’ﬂt} a8 F, 3, S5, A AARAR
st Aol ol gsisitt A& 7 TS w4
A AR 05 g¥ %1st AAiKcone. HNOs) 10 mLE 23l
ol Wi 52%-87](0OD-98-001, ODLAB, Korea)E ©|%
3fo] A H-33F & Whatman No. 42 9J¥R| 2 AejA &

o o] FF4S ICP-OES(8300DV, Perkin Elmer,

dlolef 24

Eof AR, A4BE MY B34 BE BEE AF
SloREQRIAN AT 4B FAE 71F3} BAsP v
REp eiel 43 oz w}az .%Hé Ve

EZAFBCHE o3 22
2004).

M., (mgkg™ ", freshweight or dryweight)
BCF=—% —
jl/[sr)il (mg kg ’

dryweight)

BesFATe B Wl 55 sl g 2=2] 744
52 2 O, o) BN

ABE FEH A0 FsHS WA 9% Ameln
(Chumbley and Unwin, 1982; Alloway ef al, 1990). &
F Ul FFE BEs $5EA dF FEEd 1 M
NHNOsol &t Fa8 sE2 st dEsHATs
APEIIT) ek A EA Alge] AZuA o T Qlsh gtk
HgE 18st] Ades 55 3% 34 F AT Ve

ET R=hal
2 SWEREF w)ste] £ A8 B B0l g
A=l F, N, S5, A2 AEs(idx F A=
NFow ATEEATE e,

AEEYS ozt £ | S35 o
EF U 559 A fasel g & 9% viAE
Ak B9k pHE 4 A gl B A pHE 647 oF
)\}/\% Eoko] 1, Eok B= Hg /\]Q.oﬂ g]—gH pH7}. Eook A
of wlal 15+9] Asate] 742 Velstth B C pHE 7.8
2 Z3% A KTable 1).
EYA, BY FIEHE 75 mg kgl o7 EFEARAY
AADY] FI=F $27)F 4 mg kg Bt 2u) TR =
FAYL, B Al 1499 $-2)71% 200 mg kg'& zvst
A ggkort $-2lue} wiAEE 16.0 mg kg (Yoon ef al,
2009)2] 10uHel] gk A5 UEFAtHTable 2). £ C&=
=8 F57) 152 mg kg' o2 SR Ay Al 149
o] Jh=d FE7]E Bk aul] o) E5ka, W feIER

3L AL,

o} 68 o], thA71F(600 mg kg )Rk 2u) o) 2 5=
= E"ﬁﬁ}. ojg} o] EF CY 2 JIEF FELRE fra
S5Ol BkdElo] 37k ESF 7 Jt=E faH w20t 7F
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Fig. 1. Cadmium concentrations in edible part of crops and bioconcentration factors basis on fresh weight (FW) and dry

weight (DW).
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o k=g Brgte] 714 oleks Ve A ST, A,
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AR IV R HghS 340.235 mg kg, o)F &9 A
2> 271(0. 211)>ML(0 079)>%3+4(0.049)>7}+4(0.049)> 115
(0.047)>7}H=(0.044)>57(0.034)>7E24(0.021)> -5
(0.008)>3H0.005) =22 UERITHFig. 1b). FaH F5=&
ARAIZ B BolM . Bk AolX e} VAR FhEES
7V wol Fshs AES Follern, I3 e =g
7-;(4 L= )JE_A %o}xﬂ;qoﬂ/q H;g]a]. Z‘L%HEJ lr_}\].g 7}
TH 7)EE o8] 27 SISIthFig. 1b). % CE EF A,

Bell vls) B 7h=g At fad fol BT w3t
(Table 2). Wb 259 71=F & B8k dA|2E Hto
0.67 mg kg' & 3714 B AT F /M UrE}kk
ok BSh 115 Be AR 7tEE st AEeoRE

n
<l
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rN
_>J‘_l‘

oM BHE AEE SAE e VIR w2 % L}
ERTE 21T 3, s V1A R 109 o] s %ﬁ
FEE BTk B ColM #A=E TN JlEE s B

e F(2.675 mg kg, o1F w9 ks> (2.378)>%F
47(0.362)>4740.349)>7141(0.335)>"2(0.310)> 115+(0.268)>
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Fig. 2. Lead concentrations in edible part of crops and bioconcentration factors basis on fresh weight (FW) and dry weight

(DW).

-340.239)>3H0.126)>72H0.126)>7F=(0.100) <=C2 1}
EhithFig. 1o). ¥, W, S5 B A AeTR 6
TV S F4 FEE BN, 58] 1}, 75, 15, 7L
Zyzk gull, 224, 61l 13W1¢] %7 FE Kol QAT AA
Tt B T JI=F AgF Hold e AES F4 s
Wst 2 28 & 5 dslth

=3

EF A AAAE W vE FEkS 0122 mg kg 'O
e, 2R 7R B0 gk 297(0.448)>
2H0.289)>271(0.233)>2(0.196)>1F5(0.074)> 4(0.061)>
F-3£(0.047)>3H0.041)>72H0.036)> 115+(0.023) > 7}4]
(0.004)=2.2 JERITHFig. 2a). ZA| A& 5 845, 2

F57F 7184 0.2 mg kg (MEDS, 2009) 5.Uh 352 3]
= yeplow, $A5 7HNE ok =, 7, AR
o] BRMERT = 25 YERinh v 13, 71
9] HAFelE Bl vla] B sEE vERith B¢
B HAFE @ & Hitik> 0.118 mg kg'l_o_i ERSE

om, FlEg vlste] BEY T FuH FEE A
A= T T AT ave IA g AR
ol EY T AEfaEH FqFS SHT dijelA
A2 Yepgth B 7 a2 7tEE sEelA B A9 B
9] F% 2o)7} 72%9) Whd, H 33% o2 FH=Fol H]
3 FE% 7ago] A Table 2). EYUBoIA S ZHEH
TR F TR $5970.340)>240.330)>34(0.200)> "=
(0.118)>371(0.103)>K0.041)>7+#K0.032)>F<+0.031)> 4
3+0.029)>315(0.026)>7F4](0.016)= 2. & LR THFig. 2b).
o] T &7, &, F, vksol 7IEAE 29k A oE YE
W} EoF CollA AAEES] F Wit 55 0.329 mg kg’l
o% Ueton, B A% B AelTe] AAEE W E s
Sofl njal 3ul 7Pk FAE B o= B T | A%
9l faefshere] Aol 711gk Aow Ty ok C
EF A, Bl vlal] & Ao o =11, A=had g
2~38 =3ITKTable 2). &2 gy} Fadse> 2
o] T FA 2 mAE AFAY Qi A=

O

o rlo rr
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4 gl o8] 29$-E 1 (Ruby ef al,1993; Kim ef al,
2012), A=l 93] FHo] ast B & 5=
Tad SuHe AFgF Ul STH0EHE BFAA e
Fad T55 ol AHHoR TTHHE d4dol yehd
EY A, Boll vlal] 52 9 F4 55 Hl o
th 53] B> B AAETl vlE) 279 & F7
g B BEY F 9 A el 7P s wo] ke
=2 AL B ColAe] A M v Ee
T(1.662)>%557(0.610)>2(0.508)>20.372)>3H0.113)> 4
3(0.112)>371(0.093)>7+2H0.087)>7}+=(0.041)> 2.5
(0.020)>7F4(0.014)= 2.2 YEFITHFig. 2¢). °] & 9,
T, 57T 8 b 1T, e VIEAE 29eelen,
Al 23 7 E 17 & 5 7R W3S F4 55
£ B3tk

117K 228 7t o 54 shold $82es &
T, A, A, I A2 AR, T, A, S M
7F AR A= Fud FAEEE 2 S 1
Ak weba] R F97E TRl AES T LHES
oA Aush= A AFsfor & Ao AdE it gk A
o R AEl] T 5 TR AsHe A el v
3 T4 4 w57F oNLiao, 1993) B> A>A (&
N> FoE FA4 FEUF B Zo®E duA gl
(Cheng ef al 2002), ¥ Aellx] GA] 7paR7) Bl &
A, A1 9 (B3R T 9 99 TS5
gk Wisgte] 7P wizket AEE fdEHh o
W, &5, &, B2 S5 2 AN At A
Fxlojol & AEE FE gtk

TN AV =<5 Ho)i= Heavy metal transporting
ATPase(HMAs)7} ATP 7kl & &all doladoles
A71848k7 Fuljel ool dAFehedl T TS
sh=H|(Verbruggen et al, 2009), o] ® H¥3hH= w40l
w2t HMAs7} 7 15592 WroAAl Hal, ofd, T2HE,
FIEE, gol 2719 FEEolRow e IFoR ER
HrHAxelsen and Palmgren, 2001). webA PR} |
BFollA] Tt AEE0] BFEME nlal] F4 w2t =uH
Ro7 dekein)

HHE AT}, )9 RO, 1) iAo E
S5 8 T U ZoR zAEo FE507 oY
¥ 5AA A o5 A=E Ak Zlo] wAkE Y =
HellA {28 oz JaE gk

)

il
r
of ¢

ofl Y 1 e

S

c

=8 Y=55A=(BCFs)

BEsFATE 7 AEF(plant species)©] FHE O
2HH AE 24 R 555 FH8 285 Jret
(Ladislas et al, 2012). 5, 2Ha 5% kol i B¢
T T TR HE Ui AR o] £X= 4 FuH
of thst 2= F/524 =S Ukl BEdelr AER
o Fu Hole HoAk: dlellA Al =Fe] Fddeltt

(Zhuang et al, 2009). 7]

H

EPA(Environmental Protection

Agency)olM= B, 48, AAS §71420 $AE st
o] B F S5 7I(SSLs, Screening Levels)= 473}
e, o] W e AEs A ARl AEwEAT
(bioconcentration factor)E W4 = ©]-&-SCHUSEPA, 1996).

B Agede B R, 4 AR BET VI
AET 7o st 77k AEs5A7E AP
t A=F 71 AEssATE HERE AR o= 1
E0% e A=5FAT (USEPA, 19%) & EY 5
Tu5 71% A4l ol8dsk= vs EPAFCIE ¢ s
SIgolSlthFig. 1, 2).

} [¢]

£ A, B AFY 71F ATHY AREEASE F
@ WAk AR F25 wrolth ¥ R B F74
Fo] BUSUE FEE Wa] BE 4F ) F2 3%
B Aolol) we AEEFAGIL ek Ak webd e
HEE ABFEATE 4B SR B0 BU T

(0.058)>771(0.051)>+(0.024)> &2(0.016)>-%(0.008)>
I5>(0.006) Z2H0.006)>7+4](0.003)>7}=(0.003) > 3}
(0.002)>%7-50.001) =O=2 =UTHFig. 1d). £ BollA] 2
B JI=F AEEEAGE 3H0.031)>771(0.028)>20.011)>
2(0.007)>7}14(0.007)> 2153(0.006)>7H=(0.006)> 255
(0.004)>77H0.003)>4-5+(0.001)>3H0.001) <O =9k}
(Fig. 1f). B¢ 5 7158 Fa% s Qs 5545
= AARE VIR 42% Hasigl, 7 AR T,
N, S5, 2 92 24, 3 59 A=sSAT
31~67% 7rast AE HSITHFig. 1d, le).

E ColMe] 7 A= 7t AesHATe 7
A 7 w2 EAFE UERla, E9F A, Bell vl
B 354 & FAE BHAtHFig. 1d, le, 1f). o= EY
CHe77F B9k A, BAHE|Tl vlste] 2= W 7t=w 57
EEO T HlEe] EY T IEF w50t S7F SRt o
=971 wEolrt.

EY A, B W AEsHAT 9N AteF AEsSAT
o} s EYF Tu5 o] sUsEE fak Wl

& AESFAT7E A7t ole Aow ERIHSGITHFig.
2d, 2e). T, S5, &, B2, A3, 1), FAelA ek wist
of W2 AESFHAF H2E B, BY F T25 A%
el W AEsF5AT7E AA &= 71 3.6% 1238l
. B AdA 2AEE o AesSAE $577(0.0029)>
2(0.0019)>%71(0.0015)>F(0.0013)>7}&(0.0005)> &
>(0.0004)>5-3+(0.0003)>2H0.0003)>7+2K0.0002)> 1.5
(0.0001)>7}41(0.0000) +=©.2 }THFig. 2d). = BelA
Eip ] AEEFATE $950.0022)>40.0021)>F
(0.0013)>"}H=(0.0008)>37H(0.0007)> 7+0.0003) > &+
(0.0002)>77K0.0002)>*+5+(0.0002)> 125(0.0002) > 7}]
(0.0001) =22 E3ITHFig. 2¢). EF A, Bolld 5 &=
o} o] BEEFATTE 7P =8kom, HARF 159
A7} 7V G AEEEASE YERITE

EY C Aol F AEssAlTe F 54 559 5
A3t AR Fto] MY w2 BEEEA1(0.0012)F HE

o
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wom, BafFl L%{o.ooom)ﬂ 7}4)(0.00001)7} 718 vt
9— AEEEATE eIt Fig. 2f).
= EPA°1W 143t B F TS 71eelA o8t
Wl AuF 71EY] AesEArs & a7a3e HE5F
7NE BESFATE tﬂﬂ} A v= EPACA AAEE 5
o] JI=H AEFEZATE 0004, 55 0118, IH=
0.008, A5+ 0.064, O*XH%% 0.364°]3(USEPA, 1996),
2 AFATe e T2 Bt FI=F AEEFAT7E 0.088,
<571 0012, ()71 0.018, <AF7E 0.1129 Ao®
Ueht S5 A9l 3714 A2 vl= EPACIA A g
RBEEFAT vlsl] =2 25 Bolvk T3 sle] g A
Tolxel T 7}5” BE=sH5ATE *@gﬂigi 0.056,
g A SEATE 00122 AoE ZAMY, L5559 A
E5E5A5e 7IEF 0002, & 0, A 7}5—% 0.099,
0.007, 9] AEFFATE 71=F 0.019, & 0.00131 72
2 YEPdE=d(Korea Univ., 2013), ¥ A2 3}o) = F-2
7IEF AEsSHATE AE750E 0088, & V=57
= 0.001, QTTA *ﬁ%%%ﬁlfr% ZI=E 0012, @
0.002, 2] AEFZAT= 7F=F 0.018, & 0.001, 32| A
E5EAS 7}5 0004 w09 Ao veh} AEde
*JO]@ ‘I‘X] Bt} olg} o] AEsHATF7E 24 Agnt
JolatAl b= 9918 B9k ) 35 A 9 &
o] zfolg} Azo] AulEE Bk olgletA B4, B
a5 A 9 A, =2 Al 2ol
71018k= Ao7 B 4 O‘E]{Zeng et al, 2012). WA
J% afolel] whet Al AEsFATE 247 tEA
;gﬁ _/’: gi_o_uq’ o}z 3} %:)L}-% Ag)d-_O_ 5} xl—‘:' /Htﬂ—/\]

A al UL =

T Eel U R AREIAFE WIS Zo] 2

LT
03#

5:

o>
O_u

Foz"érﬂil-m_uoroﬁ%ﬂ

ol
=

T e FoAE MR F34 51 B
2 % FAGE g 1 A9E EdE $35 o4
FAAA A1) ATk A Akt s

oﬁFFI

g

ABo) M) HE S 5 9 ABFEASE
o}k T, W, S5, & 59 BAE olgehe 4R A=

ol el dlslel 254 o ek, Wl )
Rl st B, BATA 1%, AL AFE AEpos
et Wb $ehfel 754 29 SRR 3,
TR, fAF 59 42 Ak 2 AFsor & Ao
ek,

B A polAls Qe B A SIe peletow 7
B ARSEARE AP o), ANDT F =%
542 steleke Aol Feshtha BRsdT. 2] Be &
F W FEE RAE) Wek A FIE F 5w
AEEEAIE gola] kol £ elalt 1171
Aol Satslo] ZARIGIOM: ols) 2 NG AFE T
B8R Frjsiel AL ZANIFH BE 9 U S
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