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Heavy metal pollution in agricultural field near at the abandoned metal mines has been a critical issue in
Korea. In particular, bioaccumulation in plants can have detrimental effect on human health. Main objective of
this research was to examine arsenic (As) concentration in soil with varied extraction methods and to
determine bioaccumulation and biological transfer factor in different crops. Results showed that bioaccumulation
ratio of As for total contents in soil was ordered leafy and stem vegetables (1.19%) > fruit bearing vegetables
(0.79%) > pulses (0.40%) > root vegetables (0.36%) with different crop species. Among 6 different extraction
methods, all of extraction methods showed high correlation (R2 =0.87-0.97) except DTPA (R2 =0.25) when
comparing As concentration in soil extracted with different extractants and As concentration in each crops.
Calculated biological transfer factor was ranged 0.002-0.018 depending on crop species. Overall, concentration
of As in crops can be varied and best management practice for minimizing bioaccumulation of As should be
considered depending on crop species.

Key words: Arsenic, Bioaccumulation, Biological transfer factor, Soil, Crops

Biological transfer factor (BTF) of As from different extractable in soil to four group of agricultural products.

Total CaCl, NaNO; DTPA EDTA LMWOAC
Max. 0.068 20.40 95.00 11.73 1.281 58.00
Leaf vegetable .
(n25) Min. 0.001 0.875 0.000 0.091 0.045 0.000
-
Ave. 0.018 6.606 18.46 3.170 0.318 1491
o M 0.010 3.158 25.00 5.455 0.152 4167
Root
o0 (ff;)ta ¢ Min. 0.000 0.143 0.000 0.024 0.003 0.000
Ave. 0.002 0.996 3.735 0.839 0.051 1.441
‘ Max. 0.144 1202 601.0 30.05 2.163 85.86
F“”t( Vezg;)table Min. 0.000 0.176 0.000 0.136 0.004 0.000
1
Ave. 0.014 8.948 35.09 3.972 0.283 12.02
Max. 0.075 26.00 5033 14.00 2211 4533
Pulse crop .
1) Min. 0.000 0.200 0.000 0.083 0.004 0.000
Ave. 0.015 8.227 7.095 3.441 0.334 5.883
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Introduction

Mat H7184Ee} olest oAl ulae] &
O PRI B4t 0] a4 00 B4 e FRsos
&2 A Qlt} (Romero—Freire et al,, 2014), H|A=
of g Raxshy FAdof thet ofFeFe] Hirxar
B3 94a AF Ll 598 E3 ﬂiﬂ°ﬂ =
Witk el 22 meelA e
2, gl YolEs AAskREe] vl 28 vjAe
wezo] Als} EL F912Hgo] ofs) §5Elo] Bk, ahd
W Aelol] §IEo] S.90] SHIEIT STt (Lee ot al.,
2010). Blast AN O 7o) A\olA] BRFHOR 18
mg kg ' 5 FREC] Y, Uik B4 10 mg kg ©]
sl=2 A= AoeE A Tt (Romero—Freire et al,,

2014), AAA o= F 534 =Rl A3 B "
Alek= Hlaxof| o3t 2ol ARt Aem dA
o] A9 B 2A R0 ofai 2171 9 o)
7)1#E 25 A 0] 61% (63874 & 38874y 0]aL, 1
T 52% oldo] HlAR eHE Ae® RIEI It} (Lee
et al,, 2011; Wang and Mulligan, 2009), 2|=+-2] Comprehensive
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Environmental Response, Compensation and Liability Act
oflX= F71id f8ll Ld=2eol il As ) Pb ) Hg ) Cde]
S0z ulast by Spelet BAR Basigth Hal £
Folut =4 2 HollA 37} E= 571 Jol2 FHE &
Azt A/ A uhel HoAsOs |, HAsOs™~ , HoAsOy |
2 HAsO,” ¢} Ze FEHE EAsks oz dA ot
(Duker et al,, 2005; Yoo et al., 2007),
vl AE Aol 1-1.7 mg kg’1 (A=
HOE By glow, A AR} AEdo] A7) o
of FarEell FA%7] 4o W9 dAsHA Hestar 9l
(Kim et al,, 2012; Romero—Freire et al,, 2014), EFo] g+
ok w169 3 ol RS S A 3
of US> FAT QAR EOF F ul4o] AR olgE
% Ol5l= A F 2 AFEE7| = SHo} (Kim et al,
2012). AP Aol EFE Hlart FaHeR HolHe &
e Ul ool Be w g de v
Seg MuSUT, e W 2 Ao}
U= Ao R BB (CaO et al,, 2010; Kim et al,,
2012; Wang et al,, 2012),
2 AollA= Fal= Qe e EH
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Materials and Methods
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AMzo| FXE| A B AFo AMSE EFO] Hlie=
6714 SAFETHS ol8sto] EASHITh vl F3t
2 Eofo] 9= (HCLHNOs=3:1)5 73| 3|04 7}

2 (105°C)5hY 2A|7F &3 8992 ICP-OES (Thermo,
iCAP 6000)2 =435ttt 718-A H]ageFS Chen et al,
(2004), Feng et al. (2005), Kim et al, (2007)¥} Pueyo et
al, (2004)0] AlsiHLof| A ARESE 0,01 M CaCly, 0.1 M NaNOs,
0.005 M DTPA (diethylene tetraamine penta—acetic acid),
0.05 M EDTA (ethylene diamine tetra—acetic acid) & 10
mM LMWOAc (low molecular weight organic acids) S5
HS 0] 8-515th 0.01 M CaCly 7H8-A SHFe B9k} &
B2 1:10 (soil:extractant, w/v) 2.2 3}, 0.1 M NaNO;
71 ke B9k} 1:2.5 (soiliextractant, w/v)&2 &
3l G-oh2- ICP-MS (Agilent, 7700)2 E-A43}t}h 0,005 M
DTPAS} 0.05 M EDTA 718-A] &leke &0kl 1:29} 1:10 (soil:
extractant, w/v)2] H|E&Z2 HPQ/\] 71 8H8 ICP-OESZ &
A5k T3 IMWOAC 7184 SRS B0k} acetic, lactic,
citric, malic, formic2 4:2:1:1:19] H|&E Z3}3t FoHS:
1:109] Hl&= REGAIA &3 892 ICP-MSE #4513
t} (Kim et al., 2007), U2 ZA3t H2E9] 7R
2= microwaveg- vesselof] AAkl A4 (HNO;—HOn)

¢} 37 Wil US EPA method 30520) Zslo] £allst g
S ICP-MS (Agilent, 7700)% HA5l¢ct Ealg EoF 1

1 2}5o] H| 43tk o] &3] SPSS (ver, 21) Z2 TG o]
8510 pearson correlation analysis +-41-2 S8 =29 7F

o} AR vl Tl chel JBTAS B,
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EQL=xI=20| H|A FMO|AlL =74x EofozmMy
Aefe)= s2HER HolEe v ool tigh e w4t
=9 QA kel A1HAQL QIxfelH, S Aol QL
of o] el thet A= B-gH L e}, T3 g A
FollAl B U Fa5e] Wt A el Al
B Ul WU WAL UL AL, olo] et
B 9I) =R Aole] Holaol tigk AEAS
BnsgE, EopemiE Fade] A Holgl et
A2 A& ?ﬂ'&} Zo]A14> (biological transfer factor;
SHA

o)

HEAS
BTF), =34 g5
BAC) = AE==74> (bioconcentration factor; BCF) %
o& 583 9o (Kim et al., 2012; Lee et al,, 2012; Oh
2012), T4E AU S ESY FHoR e A
A9 HIE R 1, B ARl A Hol Ak
of 448 95 = v WIS 6710 2EYoR Boletl
Ee] ulag ule RS oA Wrtsar,

=

S 4Al4> (biological absorption coefficient;

et al,,

Results and Discussion

Eal SX2 A|29 HIA%.;%* i""a 573 A4

A= 7t
] Ap=0] 710 olo. 7]—“—,—H§ 0}‘— =215 (leaf vegetable)
2 F 2585 AFSI AL, AW B vlAagE 0.48 (0.03—
1.59) mg kg .2 VyERGTE E3 Au) =R v]adre
aqua regia, 0.01 M CaCls, 0.1 M NaNOs, 0,005 M DTPA,
0.05 M EDTAS} 10 mM LMWOAc®] T3l 40.5 (4.22-79.7)
mg kg ', 0,08 (0.02-0,16) mg kg ', 0,02 (ND-0.07) mg kg,
0.20 (0,07-0.51) mg kg ', 2.18 (0.60-8.26) mg kg 2} 0,05
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(ND-0.13) mg kg ' ©& UERgil, S Egehd Ayl
712 (FEH Y vl o 80% (2041 21h)7F LHH
Ao R ZAEQITE AR, vhsat -2 7HAEP7E A|shHE

Ql EZAFE (root vegetable)2 127 Ho AU v|AgEFo]

0.20 (0.01-1,80) mg kg ' 0|91, AR LFEE= 75% (9

A7 71ExE 2ot e sAHE Al E‘-"H H]

e ZZHPﬂ*oﬂ wa} 56,2 (10,4-182) mg kg ', 0.12

(0.02-0,57) mg kg ', 0,04 (ND-0,27) mg kg ', 0.22 (0,04~

0.41) mg kg, 2.86 (0,17-11.9) mg kg '} 0,08 (ND—0,45)

mg kg 0.2 ZANE|QTE T (fruit vegetable)2] H]A

gHg2 0.65 (0.03-6,01) mg kg = UERITE Bk o

L= 83% (19AX3)7} 7122 E 2abstglar, =4 E 3

k2 820 (14.3-265) mg kg ', 0.17 (0.03—0.77) mg kg

0.08 (ND—0.66) mg kg ', 0.20 (0.05-0.75) mg kg ', 5.29

(0,45-22.9) mg kg ‘I 0.34 (ND—4.51) mg kg ' ©.& ZA}

Hlct & (pulse crop)e] AW H]A3EES 0,46 (0,02-1,51)

mg kg 0131, A EFe] @ Hw= 71% (12417)lA] 7]

A& 25Tt EQFY] HAgEE 114 (5.16-536) mg

kg ', 0.09 (0.02-0.28) mg kg ', 0.02 (ND-0.09) mg kg

0.22 (0.03-0.49) mg kg, 4.31 (0.19-17.4) mg kg ¥} 0,11

(ND-0.47) mg kg 'O 2 UEPgt}, Efo ke o]0

L;;i]—goﬂ 7(45] H]/\QJ Ok_O_ it‘s}al: rv:l:r}%}l\— EHH] Ojiﬂ—ﬁ—

(1.19%) » TANF (0.79%) » 757 (0.40%) » <A (0.36%)

B2 Uebgtar, oleg Auk= 2 A9 Aful EfollA] HlA

SheFo] =4 A= Aeof 7]¢1gt AxtE R QIt) Kim et al,

(2012)9] =ROJAE B0 H2E W SHFS 7 ) o

A7 ) F7Y so= FAFo| g Zog Hilste] 2

Are] Aapet Yok Ao R AT B 718

v A8k Z38leF fjH] 0,01 M CaCly 0,08-0.21, 0.1 M

b

Table 1. Distribution of arsenic (As) concentration in selected agricultural soil and products.

Soil-Aqua  Soil0.01 M Soil-01 M Soil-0.005 M~ Soil0.05 M Soil-10 mM
regia CaCl, NaNOs DTPA EDTA LMWOAc
mg kg’

Max. 79.7 0.16 0.07 0.51 8.26 0.13 1.59
Leainvjzg;’)table Min. 422 0.02 ND 0.07 0.60 ND 0.03
Ave. 40.5 0.08 0.02 0.20 2.18 0.05 0.48
Max. 182 0.57 0.27 0.41 11.9 0.45 1.80
Rooinff;)table Min. 10.4 0.02 ND 0.04 0.17 ND 0.01
Ave. 562 0.12 0.04 0.22 2.86 0.08 0.20
. Max. 265 0.77 0.66 0.75 2.9 451 6.01
let(nvzezg;)table Min. 143 0.03 ND 0.05 0.45 ND 0.03
Ave. 82.0 0.17 0.08 0.20 5.29 0.34 0.65
Max. 536 0.28 0.09 0.49 17.4 0.47 1.51

Pulse crop .
1) Min. 5.16 0.02 ND 0.03 0.19 ND 0.02
Ave. 114 0.09 0.02 0.22 431 0.11 0.46
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NaNOs 0,02-0,10, 0,005 M DTPA 0,20-0,50, 0,05 M EDTA
3,786,452} 10 mM LMWOAc 0,09-0,419] B]&& 32Z%]
%t} ©]= Huang et al. (2006)°] H113 EQF | HlA+=
Zodt vl g o) 4284 S 0.3-1.7%, 0.43 M 24t
21Z3}1F 0,.1-1.8%, NH,OAc—EDTA AZ3FF 0.05-0,43%,

2 0.01 M CaCly &7 ¥ 0.1% o] = FARE
ZoZ LRyt

EY-SEE HIAREO| A2 =g =0
of m& vlarg w2 Al vl fgE 1] A

+ pearson correlation analysis (SPSS, ver, 21)=
w2 pRe A 2l v
Fape 220 710 Aol uhe clekabA Uk,

C} (Table 2), AHl

=
A=

b

o
o]
H

AF AE] B 10 mM LMWOAc =W} Aqua regia,

0.01 M CaCl¢} 0.05 M EDTA & 7k 994 (r)o]
0.496 (p € 0.05), 0.673 (p < 0.01)2} 0.822 (p € 0.01)<] 4
TS B, 0,05 M EDTA &L 0,01 M CaCly$} 0.1
M NaNO; F==H Zhofl 594 (r)°] 0.689 (p < 0.01)%} 0,430
(p € 0.05)8] o5t ARAE = Ao=E Usyitt ®
3+ 0.1 M NaNOs2} 0,01 M CaCly S22 7= 8214 (1)
©] 0.744 (p < 0.0DE FHE YA, HE F2HI F2=
Atolofl= foleh AtAIZE A-ER] S o= Y
o}, AR A B W vl F=EH AlolollA] tiEE p
< 0.019] w9 Folgt AAHIAE Bt ESF ES—FZ
5 7o) v|AgeF AFA]-S Aqua regia, 0,01 M CaCly, 0.1
M NaNOs, 0,05 M EDTA®} 10 mM LMWOAc®] thal| 0,865,
0.966, 0.969, 0,908} 0,966 (p < 0.01)2] w9~ =& Al
Al S Aow AT, TF2] 79 < (rhizosphere)

Table 2. Correlation coefficient between As concentration in soil by different extraction methods and As concentration of crops.

Soil-Aqua

S0il-0.01 M Soil-0.1 M Soil-0.005 M Soil-0.05 M

Soil-10 mM

C
regia CaCl, NaNO; DTPA EDTA LMWOAc rop
Total 1
CaCl, 0.329 1
NaNO; 0212 0.744%% 1
Leaf
25) DTPA 0.307 20297 20412 1
-
EDTA 0.376 0.689%* 0.430% -0.082 1
LMWOAc  0.496* 0.673%* 0.369 0.152 0.822%* |
Products 0.140 0.364 0.094 0224 0.337 0.295 1
Total 1
CaCl, 0.936** 1
NaNO; 0.925%%  0.998%* 1
Root
12 DTPA 0.618* 0.386 0.380 1
=
EDTA 0.974%%  0.969%*  0.963** 0.562 1
LMWOAc  0.949%%  0985%%  (.984%* 0.470 0.975%* 1
Products  0.865%%  0.966**  0.969% 0.254 0.908** 0.966** 1
Total 1
CaCl, 0.883%* 1
NaNOs 0.787%%  0.952%* 1
Fruit
23) DTPA 0.725%%  0.814%F  (.862%* 1
=
EDTA 0.913%%  0.872%F  0.827%*  (.752%* 1
LMWOAc  0.040 0.062 0.081 0.078 0.061 1
Products 0.074 -0.008 -0.053 0.067 0.058 -0.075 1
Total 1
CaCl, 0.842%% 1
1 NaNOs 0.915%%  0.965%* 1
P
(nfls;’) DTPA 0.652%%  0.742%%  0.774%* 1
EDTA 0.940%%  0.922%F  0.968%*  0.684** 1
LMWOAc  0.804%F  0963%*  0975%  0748%%  0.957%* 1
Products -0.067 0.011 -0.090 -0.179 0.016 -0.010 1

Probabilities for pearson correlation coefficients represent *, at p < 0.05; ** at p < 0.01
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o] FF4 FAE 249<l 10 mM LMWOAc F&H2 A9
3F ME 22w 7hof| p € 001 (0,725—0,952)2] G-2]3F AFk
B, FAERe] S gle AoR Yeit

TR Al £ vl4 &9 2o BE FE9o] p ¢
0.019] & 9] A4 (0.652-0.975)7F Y= AL E LEk
Wi, sEETR] AL gle Ao E Uit B
A st v A0 522 ol i3l Zhao et al. (2009)
oA E7|29] o5 FrH|4 P2 Ho|=aL, W]
ol sl Bl ) E719F A > BA ) ol o7 HA
3] Fradte] FERQ| o5 wje- AlgtAolati B gk A
o} Ax|st= Ao 7 Vet ESE Huang et al, (2006)

A A T A A A SEE S v
FeF2 #a] (0.34-13.3 mg kg ) ) % (0.02-6.95 mg kg )
%7 (0.02-0.82 mg kg) > oL} RSk (0,02-0,44
mg kg )9 08 EYo|A 7t A|sHe] H|ageo]
7P EAFFo] 2 A0 R Hst¥al, Roychowdhury et
al. (2005)% H]4 AR Ao A gE AlE2] A w4 A
oS ¥E] (3.1-13.1%) > &€7] (0.54-4.08%) » < (0.36—
3.45%) 9] =02 A E| L AlEF0] e ueh ZHFE &
2he Bt

>

N

I
©

N oo qlo

HlA0| FOE ATl ALgT 4] e gol dig
Wl4Tieke Eope] S e AEsH HoleF (biologica
transfer factor; BTF)& Ar=3}9t} (Table 3). EoF =&
Holl U} ERe] uz HolFe 183 Pk Aqua
regia 22T ol 2 (A T1) 0,002 < AR
(315 0,014 ¢ F5 () 0,015 < A5 (= W,
0,018, 0,01 M CaCly &3¢t tiu] 225 0.996 ¢ AT
6.606 { 5% 8.227 ( A7 8.948, 0.1 M NaNO; F=3+
& tiH] A 8,785 < 5 7.095 ( FAF 18,46 A

= 35.09, 0.005 M DTPA =3 tjv] ZA5& 0.839 < &
A= 3,170 < T 3,441 { IAYF 3,972, 0.05 M EDTA F
ST el A5 0.051 < B 0,283 < AT 0.318 <
50,3349} 10 mM LMWOAc F==3$HF tiH] 2357 1.441
(=2 5883 IR 12,02 ( GAFE 14,912 JERGT}
2 AFolA AEH BEY-sAHEY Hla HolghE A
7b AR, AFeE TRl s e FE A WA
=i

H]4 HolAlgof| et A8 == PJallidB7} (risk asse—
ssments) o] AFE-E11 ¢l 2w USEPA (2% 0.026; 2+ 0,002;
AAF 0,036; A5 0.008), United kingdom environmental
agency (UKEA; GA5 0.009; X5 0.009)2} National
institute for public health and environmental protection
(RIVM: G257 0.03; A7 0.015)9014 AARE ke o8
SkaL Stk & Aol =EE Aqua regia =Tl o
HIR Avpx|e} vlastd JAfF2] 75 0.018 (0.001-0.068)
2 UKEART} =23k USEPAQ} RIVMo|A] A A3 ¥2] U
of Zat= e}, =3 ZAFE] 45 0.002 (0.000-0,010) >
2 7} 7oA AXsE Hlae] dolAd: Welel Ll
Ao Vehdth AT Bl vao] H2E Ho]
T2 Kim et al, (2012)0] =W A} SAHES o= =
At o, EReF 71 0om TRk ASollA] 0,006, 0,046
1} 0.1 M HCl &3S 7|& 02 0,0632} 02192 T+
T Al Z2jeko] e o Buskglc)h Zhao et al, (2009)
© 7] Hl0] HAE HolFe Bk UL |FoR
EnlE 0,01-0,03, GRAE 0,03-0.1, AR} —0,12, & 0,11-
0.31% 7 ) AT > WAFL 0= WUk} Koke
et al, (1984)2 1]4:0] FFF thu] o] FolZS 0,01-
0.1, Alam et al, (2003)2 23z}, #A}, 2548}, 71x]e} ot
oo H|A Ao|=S 0,001, 0,006, 0,006, 0,0142} 0,030

Table 3. Biological transfer factor (BTF) of As from different extractable in soil to four group of agricultural products.

Aqua regia 0.01 M CaCl, 0.1 M NaNO; 0.005 M DTPA 0.05 M EDTA 10 mM LMWOAc

Max. 0.068 20.40 95.00 11.73 1.281 58.00
Leaf(nvjzg:)table Min. 0.001 0.875 0.000 0.091 0.045 0.000
Ave. 0.018 6.606 18.46 3.170 0318 14.91
Max. 0.010 3.158 25.00 5.455 0.152 4.167
Root vegetable .
12 Min. 0.000 0.143 0.000 0.024 0.003 0.000
Ave. 0.002 0.996 3.735 0.839 0.051 1.441
. Max. 0.144 1202 601.0 30.05 2.163 85.86
Fr“‘t(nvzezg;)table Min. 0.000 0.176 0.000 0.136 0.004 0.000
Ave. 0.014 8.948 35.09 3.972 0.283 12.02
Max. 0.075 26.00 5033 14.00 2211 45.33
P “(lzi 1°7r)°p Min. 0.000 0.200 0.000 0.083 0.004 0.000
Ave. 0.015 8.227 7.095 3.441 0.334 5.883

BTF = (As in agricultural products / As of different extractable in soil)
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2 B8t} Warren et al, (2003)2 EoF Y] H|A 3=
< 71&S 2 Cornwall X|FoflA] H]E 0,0018, B2E2] 0,0129,
oFafl3= 0,0009, A= 0.0101, 74} 0,0002, § 00128, Al=
Z] 0,0007Z} Northampton X|¥of4] H]E 0,0052, H=2Z
2] 0,0023, A5 0.0054, Al&3*] 0,0011%2 HI15}c),

2 At W AP Aol v FAE Hol=
A (B B4 2= F7 (B4 S0l weh A
ojgfo] YEtx|al, BEqf—wAtE 1+e] el Mol Brh=
ol Ao & wker) ket B =&l ¢lo] 0.01
M CaCly, 0.1 M NaNO32} 10 mM LMWOAc2} -2 Al & o
B2 92 22595 e FEUNE oAl Aol glo]

EGf-AE BA] AYo] ofele JoE e

Conclusions

2 AoA= FAREH IAEE A ¢ A
el FARES] Blahs Hig o2 S T A
9 SAERL] HolAl=E BT, B v|Aad
242 thdEZHH (Aqua regia, 0.01 M CaCly, 0.1 M
NaNOs, 0,005 M DTPA, 0.05M EDTA%} 10 mM LMWOAc)
= ol8sklaL, FARES] el wet Blusiith FANE
o] &2 Al (A, Wi, ), AR (s, A2AD,
A (P} 77 (Y 4872 sich s2=9] vl
Zajre mopo] Satet v malS ) AR (1197 >
AT (0.79%) ) F57 (0.40%) > AT (0.36%) 2] =2
ZAMEQIEE, EOFe] H]a &S A 11 A
AT QAT RS TR o] jldlen, &
72l 74-$-RF DTPA S=E39FF (0.254)& A|€]skal 0,865—
0.969 (p < 0.01)¢] AE=0] FPdS 2= A o= A
o}, o3t At Eg—wa= Aol Qlof vlAo] =Tt
2 Holge dst=tl B¢ F+50EE 7Iee® H7t
Shz A2 o9 ol FAR ek v sAE A
o|Al = B Hlas FeF o] AR (0.002) < i+
(0.014) < 55+ (0.015) < FAF (0.018)2] =O= eyt
A, Be FEHHA AR Holge] 7Y W Al
2 Yebgrh 3 oljgh HolAlgs =] theket 7]l
A 1l 7ol AMgsE7] 18 AAISE H 9ol 3= A
O &2 et 2 AollA] RARE AR BEYF F H|49
Sl e RS o] 88l FAEY eY9=E At
71l olEl Ao AR AT, AEE AER A
Oo|Al P thadt ¢lte] &go] s Ao w HEE,
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