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Abstract

BACKGROUND: The Transfer Factor (TF) of heavy
metals from soil to plant is important, because TF is an
indicator of heavy metal in soils and a factor that quantifies
bioavailability of heavy metals to agricultural products.
This study was conducted to investigate the transfer ability
of Arsenic (As), Cadmium (Cd), and Lead (Pb) from soil to
agricultural products.

METHODS AND RESULTS: We investigated heavy
metals (As, Cd and Pb) concentrations in 9 agricultural
products (rice, barely, corn, pulse, lettuce, pumpkin, apple,
pear, tangerin) and soil. TF of agricultural products was
evaluated based on total and HCl-extractable soil
concentration of As, Cd, and Pb. Regression analysis was
used to predict the relationship of total and HCl-extractable
concentration with agricultural product contents of As, Cd,
and Pb. The result showed that TF was investigated average
0.006~0.309 (As), 0.002 ~6.185 (Cd), 0.003 ~0.602 (Pb).
The mean TF value was the highest as rice 0.309 in As,
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lettuce 6.185, pear 0.717, rice 0.308 in Cd, lettuce 0.602,
pumpkin 0.536 in Pb which were dependent on the
vegetable species and cereal is showed higher than
fruit-vegetables in As.

CONCLUSION(S): Soil HCl-extractable concentration of
As, Cd, and Pb had the larger effects on thier contents in
agricultural products than total soil concentrations. We
suggests that TF are served as influential factor on the
prediction of uptake. Further study for uptake and
accumulation mechanism of toxic metals by agricultural
products will be required to assess the human health risk
and need TF of more agricultural products.

Key Words: Agricultural products,
Monitoring, Soils, Transfer-Factor (TF)
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of thgt 1A mES FaRlo] Hu, FAHE FEE5E WA
ol 9JajAdS YERItHNan et al, 2002; Cui et al, 2004;
Lee et al, 2012). EolA FAERY FH5 HojATE=
AEA Y FuE5 F43 tio] AR kAol AA <l
FFE AT FRIAE olgd Zlojgks Rt Stk
(Greger et al, 2007; Uchida et al, 2007; Dudka et al,
1996; Puschenreiter and Horak, 2000; Nan et al,
2010). HolAlFE A=Y 5% AusHA o] §x9 Aol
= Rleh=t o] 85, Al or Eeln T55 ol
574 Ax= AHHh

Lee(2012) 5 EU Wl Su50] $A=2 S8 4
T B9 54w EA Aee) gug Sl 7t
T G HE e EY T sus dFeY, EY
T Tus o] SR EN A U TS5 éz%* | 57 }
S gRlaolth. Egelr sikE=2o) mﬁ«l o)Al
EoF B4, AEA 791, 121 s el n E}ok%}
], 7F=F oA 1~10, 729 H 0.01~0.1% A=Y

AtHKlocke et al, 1984). Wang(2012)2] Aol <Jsha
AAFoIA HlAE 0.01~0.87, FFEHS 0.06~4.69, 'HF&
0.00~0502% Cd > Zn > Cu > Pb > As > Cr 0.7,
2| 739, Zn > Cu, Cd > Hg > Cr > Pb =02 et
HWang et al, 2012; Cao et al, 2010).
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& glstaat sigick webA B AqeM= "Tﬂ'—% HA,
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A=(ME, 371, 39, 38 & - 55 73*& weaE A
Z A5

24} AR SR 3T B, 459, AL 0%

—% %&54 %74]75 2010@
2011 Ak Bl AuiES AR E afgoR 72t Ed 2 kg
2 A et ﬂow% 1 1741# RS flste] wAHE W B

él?f} /‘]EL é@‘%% Hall WAM7|Z 5A Hot s}
g & WE Bkl e w Zot w43 ¢ ¥ 2 mm

2 AEse] U3 AR AT 24 Bz, 7
S 9 g Al A4 Saee 4

Aol et 7HE TS SelEa
DT olsyutale] ¥AIOm, B ¥ 15 c
I FAA AHF EPAEE 4, 2 mmz AL F,
ARl NER ASS

A2t & =X}

B Aol ARESE A0k B SEAIkE st A
43131, SFTE Milipore water purification system
(Le Mont-sur-Lausanne, Switzerland)= AM-3}It) W]
2, I1=E, 9 ¥ Merck (Merck KGaA, Darmstadt,
Germany)°llA F4Jsto] ARE8IGITE A 2ol AHE-S 62%
%_V\J'(Dong Woo Fine Chem. Co. Ltd., Iksan, Korea),
37% %4 KDong Woo Fine Chem. Co. Ltd., Iksan,
Korea) 9} 30% JJr’\@}—r/\}‘ = Electronic gradeE AHE-s}
nom, BE s LU EE R 2 Y(PTEE) Ad<
A& H’H““ﬂ«] EdAde ERlstaar m:lsEd
2 Tomato Paste (ERM-BC084a), Rice Fluor (KRISS,
108-01-003, NIST 1680a), BAM Soil (BAM-U112)& A
St BE A= 10% Akl 24A17F o)) HA] &, S5

S AlFste] AMg S

StE ¥ EY T 535 53

AR FHES AFTA Sud AP wet IR
S9E Ak, zuf, Ak, v, 2 WS AAse] A4
T} 7pA RS dAslsle] AlRE ARSI skt AlsE
°F 2~3 g& Microwaved teflon vesseloll F3til 62 %
At 7~8 mL, FSrEA 2~39ES Y3 Microwave
digestion system (ETHOS, Milestone, Italy). 2% 200 [©
oA 2083F waetal o, il ¥, SRTE ARl B
ZEAAE o] 83iM 20 mL 7HA] HE-3aL o1 2K0.45 m)3}
o AlFgHoR 3Ly M4, JIER, He ICP-MS
(Agilent Technologies, 7500a)x. A3t o.M, H]4, 7HE
#, | 47 75, 111, 208°]&& Aol ® sl
Eﬂé}tﬂ}‘i AN FEE Eoly uFEAE
F AR A717F A AR A 9 Ak
wofl adol l_-% ] Witel] 2mm9} 0.074mm = Aste] Ab
Galoleh. AEUS AR 5 g& FZee] 0.1 N HCl 25mL
wal 1AF 1%, o3 3 ICP-OES (GBC Integra-XMP,
Braeside, Austalia)Z 431911, B & & & S92




KIM et al.

A7 Hke-E7e] B 3 g FHslo] 94k 21 mL, 2
2H7 mLE Tl 2P| (Kjeldatherm) (C.Gerhardt
GmbH & Co., Northants, UK)E ©|g-3}o] &35} T) vk
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b sikes Avlishs B W w4, 7kes, 22a 7@
A ek ul AEA =S Table 100 AXEITE 97) SAHE
Al EoFe] i vl A g Wele FRE A &
ol A it 6.22 mg/kg O 7P =okom, TR AlSe
OE AR A Eokelr= 4t 3.38~5.93 mg/kglE
ZAFEGIE BE Ak Al B U] v]A s e ESF
A7 25 mg/kge A SUAINE T 27
A% T 1 AR Vs 23eolt) 2 3.82(0.44~11.84),
B2 3.38(1.23~8.14), <7 5.93(1.06~22.23), 3t 6.22
(0.95~45.16), A5 3.84(0.12~9.33), T4} 4.66(1.22~9.76),
A} 4.32(1.06~9.57), Hi 5.44(1.70~23.48) 12|11 & 5.08
(3.03~10.18) mg/kgo& ZAFESIC

FFEES] W SEHSE = A Bl Bt 4.02
mg/kg o= 7H =8k, 11 8] thE wAHE AP ESelA =
B3t 1.37~2.35 mg/kg®E AL 4k A 24 U
FFER0 Ht e B A7) 4 mg/kge ¥
SHA= ESIAIRE, AdFellM 1A, Folld 5A 30l -7
& Z¥ske Zlo® UEhth A 1.68(0.93~3.08), HE
1.37(0.72~3.76), <5<+ 1.71(049~357), & 2.38(1.62~
3.91), A5 2.22(1.45~4.20), &4} 2.30(1.18~3.63), A+t
2.17(1.12~3.74), 183 W] 2.35(1.50~3.38), = 4.02(2.69
~620) mg/kgO® FAESIE W] A e 3057~
39.28 mg/kg O & it ke Al EelA] AR g
HoJFQlal, B FAks Al EFellA ol st Eed
)5S 2HSHA] Routh AR Al Eokd do) g
2> 2 3057(16.16~44.36), H2] 31.81(17.22~198.92), <%
T 31.14(17.17~43.39), ¥ 39.28(27.96~82.32), 4+
30.21(17.73~47.78), 4+ 30.99(20.00 ~49.60), A1} 34.76
(17.98~66.21), B} 36.00(25.05~62.78) 18]al = 38.58
(25.05~50.75) mg/kg= EF o] BT fAH AE
=]tk

N

Table 1. Total and HCl-extractable contents of As, Cd, and Pb in nine kinds of agricultural products-cultivated soil (mg/kg)

Rice-soil Barley-soil Corn-soil Pulses-soil Lettuces-soil Pumpkins-soil ~ Apples-soil Pears-soil Tangerines-soil
Toxic (n=40) (n=28) (n=30) (n=27) (n=30) (n=31) (n=30) (n=30) (n=30)
element
HCl-ext HCl-ext HCl-ext HCl-ext HCl-ext HCl-ext HCl-ext HCl-ext HCl-ext
Total. ractable Total. ractable Total. ractable Total. ractable Total. ractable Total. ractable Total. ractable Total. ractable Total. ractable
3.82* 0.73 3.38 1.07 5.93 0.51 6.22 0.63 3.84 0.66 4.66 0.88 4.32 043 5.44 0.49 5.08 0.20
As (044~ (004 (123~ (020- (106~ (0.03- (0.95- (0.05- (0.12- (0.05- (122~ (0.12- (1.06- (0.06- (170- (0.07- (3.03- (0.00-
11.84) 174) 814) 197) 2223) 144) 4516) 456) 933) 173) 976) 215 957) 120) 2348) 346) 10.18) 0.73)
1.68 0.10 1.37 0.12 1.71 0.11 2.38 0.13 222 0.05 2.30 0.12 217 0.09 2.35 0.08 4.02 0.14
Cd (093~ (0.04- (072~ (0.03- (049~ (0.01- (1.62- (0.05- (1.45- (0.00- (1.18- (0.03- (1.12- (0.01- (1.50- (0.03- (2.69- (0.04-
308) 022) 376) 038) 357) 036) 391) 038) 4200 027) 363) 040) 374) 016) 338) 030) 620 029)
3057 297 3181 343 3114 254 3928 168 3021 1.60 3099 119 3476 243 3600 1.08 3858 1.82
Pb (16.16~ (0.04- (1722~ (1.81- (1717~ (0.15>- (27.96- (0.07- (17.73- (0.05- (20.00- (0.07- (17.98- (0.63- (25.05- (0.06- (28.01- (0.27-
4436) 634) 16892) 8.17) 4339) 7.61) 8232) 294) 4778) 6.64) 49.60) 225 6621) 865 6278) 297) 50.75) 2.81)

* Mean (Min-Max)
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Ve ErkE A B W) HlA, JhEE, il g3l HE
Bt FF> 043~1.07 mg/kg, 0.05~0.13 mg/kg, 1
11 1.08~343 mg/kgo = HAZEIh HEA Ht TF
& & Al EokellA H]4x0.73 mg/kg), 7H=E(0.10 mg/kg),
2 9297 mg/kg)o®, Ha] Al =gl HlA (1.07
mg/kg), 7F=1#(0.12 mg/kg), % H(3.43 mg/kg)o.&, &
5 Al EoFllM 112x0.51 mg/kg), 7F=H(0.11 mg/kg),
2 w254 mg/kg)oE, T Al EdelA HlA (0.63
mg/kg), 7F=H(0.13 mg/kg), % H(1.68 mg/kg)OE, &
Z A EoFol ¥)4x0.66 mg/kg), 7F=E(0.05 mg/kg),
2 H(1.60 mg/kg) o=, &8 Aul EFelA Bl (0.88
mg/kg), 7FEH(0.12 mg/kg), ¥ H(1.19 mg/kg)°.&, A
2} Al Eool A 1]2x(0.43 mg/kg), 7F=F (0.09 mg/kg),
2 w243 mg/kg) o, Wl A =kl HIZ (049
mg/kg), 7F=H(0.08 mg/kg), % H(1.08 mg/kg) .= &
ARSI

W ATEIE 718 AEAY WA d7dde) v
st =20 A9, HlA 0.77(0.08~3.06) mg/kg, TH=F
0.16(0.01~0.37) mg/kg, H 5.73(2.16~10.01) mg/kgo
2 e Om], WEFS] A, v]4 0.71(0.03~2.90) mg/kg,
FF=%  0.07(0.00~0.20) mg/kg, H 2.65(0.00~15.47)
mg/kg % =R Y WEYY F5 FE2Y IS At
A UERGOLHRDA, 1999; RDA, 2001; RDA, 2003;
RDA, 2005; RDA, 2007; RDA, 2009), 33 s34 EoFQ
Al B A 8 7o w AEET] wel,
A& §F AHE 23 vusplee olglge] ITHMOE,
2010).

o M ox

St=E Y HIR, 7IEE, © 285 H HMoAE

ol FHY TR T vla viuR 2 W edEe
Table 201 AAJSIATE. HAgH Ihalsroll W) 7ellA H]
WA gtk 53] A3 ®eellA 0.10 mg/kg, 0.02 mg/kg
o% AN, IAFelE Hd 0.003~0.008 mg/kg
Fololtk % 0.101(0.041~0.173) mg/kg, H2| 0.017
(0.004~0.050) mg/kg, <<= 0.008(0.001~0.023) mg/kg,
F 0.003(0.001~0.008) mg/kg, "4 0.009(0.003~0.028)
mg/keg, &8} 0.003(0.001~0.012) mg/kg, A1} 0.005(0.001
~0.016) mg/kg, ¥l 0.003(0.000~0.010) mg/kg, 12|

= 0.004(0.002~0.007) mg/kg@ A ILE 7H=F SRk
A v, 123 Aol 0.02 mg/kg® =9k, BF FANE
< 0.001~0.004 mg/kglE wokth 7k=Re] ek 4
0.020(0.000~0.105) mg/kg, 2] 0.018(0.005~0.051)
mg/kg, <5~ 0.003(0.000 ~0.007) mg/kg, & 0.003(0.001
~0.009) mg/kg, 45 0.015(0.002~0.063) mg/kg, =H}
0.001(0.000~0.005) mg/kg, A} 0.001(0.0001 ~0.003) mg/ke,
1} 0.004(0.0001~0.017) mg/kg, ~L&]1L H& 0.001(0.000 ~
0.002) mg/kg 2 FARSITE

9] A¥H= Kim 5(2011)°] st 6 #5 5122 3
V=g ok Adtel fARSitE =5, T, AAsel o
= FlEF V1S BT 2T ooko, S sl
= 7h=g 71e] @Al v HolSAIN, Codex, A%
oA AIAIZ FF=R 7] 0.05 mg/kg 02 AGE ] 9o
o, 9 7153 vl eeks W, el dgt =g Ve
B ZabebA] ok Aow vkt
H FEFE sYsA & 0.10 mg/kg, 22 0.14 mg/kg
2 WA #9aL, e A 0.01~0.08 mg/kgo® =
T8 & 0.099(0.010~0.337) mg/kg,
B2l 0.136(0.034~0.407) mg/kg, <55 0.075(0.013~
0.198) mg/kg, & 0.041(0.009~0.094) mg/kg, “J5- 0.040
(0.006~0.108) mg/kg, =4+ 0.030(0.004~0.075) mg/ke,
A1} 0.019(0.0001 ~0.075) mg/kg, Hl= 0.013(0.002 ~0.030)
mg/kg, 123 #2 0.013(0.006~0.036) mg/kg® LFE
wor, Kim 5(2011)°] B3t 6 5 sAHE0] it i o
& Ao} FAkITh S =, GRS, SR 7159 0.2,
0.3, 0.1 mg/kge Hitdows BT sAe egkoyt
AollA 4, Bl 6FolA =l VIEe Z3keklt 53
A3k wejefA Hlae oF 10 W, ZR=8- oF 20 Wi, 12
W oF 2~100) A AEE B3 v shks el
&) Aol Hlat ok 2~3 Hf, Fh=HS oF 4.5~ 174,
T8 W oF 1.3~30 #A AEHY, FRAME Bt
gro] A vepdth ol B Aol we Fe] AE
o% e, Wit o] S 0w ek A4S | 7t
T Bt FFol v sabEel el Hoj 1787k #A
UeRs 2 B Bl IS sAkEclolM FE5 &
Fo] F& 0% HI¥HZeng et al, 2008; Fergusson,
1990).
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Table 2. Contents of As, Cd, and Pb in different agricultural products (mg/kg)

Lettuces
(n=30)

Pumpkins
(n=31)

Apples Pears
(n=30) (n=30)

Tangerines
(n=30)

0.101£0.038  0.017+0.009 0.008+0.005 0.003:0.002 0.009+0.005 0.003:0.002 0.005:0.004 0.003£0.002 0.004:0.002
(0.041~0.173)* (0.004 ~0.050) (0.001 ~0.023) (0.001 ~0.008) (0.003~0.028) (0.001 ~0.012) (0.001 ~0.016) (0.001 ~0.010) (0.002~0.007)

0020:0020 00180010 0.003+0.002 0.003+0002 00150014 0.001+0.001 0.001+0.001 0.004+0.003 0.001::0.000
(0.000~0.105) (0.005~0.051) (0.000~0.007) (0.001 ~0.009) (0.002 ~0.063) (0.000 ~0.005) (0.000~0.003) (0.001 ~0.017) (0.000 ~0.002)

0.099+0.083 0.136+0.090 0.075+0.044 0.041+0.023 0.040+0.025 0.030+0.018 0.019+0.017 0.013+0.008 0.013+0.009
(0.010~0.337) (0.034~0.407)(0.013~0.198) (0.009~0.094) (0.006 ~0.108) (0.004 ~0.075) (0.000 ~0.075) (0.002 ~0.030) (0.006 ~0.036)

Toxic Rice Barley Corn Pulses

element (n=40) (n=28) (n=30) (n=27)
As
Cd
Pb

* Min-Max




304

KIM et al.

Table 3. Transfer Factors (TFs) of As, Cd, and Pb from total and HCl-extractable in soil to nine kinds of agricultural products

Toxic Rice Barley Corn Pulses

Lettuces

Pumpkins Apples Pears Tangerines

eleme

nt TFot TFext. TFiot. TFext. TFtot. TFext. TFiot. TFext. TFiot.

TFext. TFiot. TFext. TFtot. TFext. TFiot. TFext. TFrot. TFext.

0.051* 0.309 0.007 0.023 0019 0242 0.006 0.063 0046 0219 0010 0046 0.012 0132 0006 0107 0.006 0.255
As (0.014 (0.068 (0.001 (0.003 (0.002 (0.010 (0.001- (0.005- (0.005- (0.029- (0.002- (0.008- (0.003- (0.023- (0.001- (0.014- (0.002- (0.028
-0.211) -3.156) -0.020) -0.100) -0.070) -2.169) 0.015) 0.200) 0.479) 1.299) 0.094) 0.147) 0.078) 0.510) 0.025) 1.223) 0.017) -0.576)

0.019 0308 0017 0254 0.013 0235 0008 0.198 0.068 6.185 0.005 0114 0004 0177 0.013 0717 0002 0.066
Cd (0.000 (0.005 (0.004 (0.044 (0.001 (0.005 (0.002- (0.013- (0.011- (0.331- (0.000- (0.014- (0.000- (0.004- (0.004- (0.068- (0.000- (0.000-
-0.106) -1.593) -0.046) -0.853) -0.034) -1.075) 0.019) 0.533) 0.219) 47.987) 0.014) 0.338) 0.014) 1.806) 0.011) 4.306) 0.004) 0.187)

0.005 0.198 0.006 0.048 0.018 0.366 0.008 0279 0.013 0.602 0.010 0.536 0.005 0.097 0.003 0.247 0.003 0.069
Pb (0.000 (0.003 (0.000 (0.010 (0.004 (0.023 (0.002- (0.025- (0.003- (0.033- (0.001- (0.037- (0.000- (0.001- (0.000- (0.027- (0.001- (0.027-
-0.020) -2.766) -0.021) -0.207) -0.053) -3.269) 0.023) 1.459) 0.030) 6.217) 0.022) 4.376) 0.014) 0.368) 0.008) 2.807) 0.008) 0.243)

*TFot. : Transfer factor based on total soil concentrations.

*TFey. : Transfer factor based on HCl-extractable soil concentrations.

* Mean (Min-Max)

SAHE Al B9l Hlx, 7MEH, 9 el uist AR
o] Mol Table 3ol AL H]AS] HolAlFE &
H Ao A ghgo 2 HE 4t 0.006~0.05101%%, 3
Srako] thellA:= et 0.063~0.309% A= QL 7}
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Table 4. Correlation coefficients of total contents in nine kinds of agricultural products with total and HCl-extractable

concentrations in soil

Total contents (pg/kg)

As, Cd, and Pb contents in soil (mg/kg)

in agricultural pI'OdUCtS Loglo(TotAs) LoglO(Tot.Cd) LoglO(Tot,Pb) Loglo(Ext.AS) Loglo(Ext.Cd) Loglo(ExLPb)
Logio™ 0.41* 0.02 -0.15 0.09 0.26 021
Rice Login ™ -0.12 -0.09 -0.05 -0.03 0.02 0.33*
Logo™ -0.07 0.18 -0.04 022 0.14 0.34*
Logo™ 0.22 -0.10 0.14 0.08 0.26 0.18
Barely Logio'“” 0.18 0.07 0.15 -0.13 -0.28 0.13
Logio™ -0.19 035 -0.20 0.35 0.24 0.14
Logio™ 0.08 0.44* 0.01 0.11 0.04 -0.16
Corn Logio'“” 0.08 0.34 0.09 0.05 0.19 0.22
Logio™ 0.34 0.30 0.18 -0.27 -0.17 0.08
Logio™” 0.26 0.14 -0.09 0.25 0.11 0.12
Pulses Logio“® 0.29 0.44* 0.20 0.02 0.10 0.02
Logio™ -0.04 0.06 -0.02 0.10 -0.03 0.26
Logo™” 0.05 021 0.13 0.24 0.25 0.04
Lettuces Logio“® 0.22 0.17 0.34 0.18 -0.10 0.25
Logio"™ 0.01 0.12 0.35 -0.17 -0.18 0.31
Logo™” 029 025 -0.40* 0.37* -0.55% -0.06
Pumpkins Logio ™ 0.27 0.27 0.26 0.07 0.38* 0.21
Logio™ 0.19 0.11 0.15 0.03 0.03 -0.02
Logio™ 0.24 -0.11 0.47* 0.44* 0.38* 0.49**
Apples Logio'“” -0.04 0.23 0.06 -0.24 -0.38* -0.14
Logio™ 0.29 0.08 0.05 0.23 0.00 -0.08
Logio™” 0.45* -0.14 0.26 0.20 0.32 0.03
Pears Logio'“” 0.00 0.37* 0.49* -0.14 0.24 0.28
Logio™ 0.23 0.31 0.32 -0.04 -0.08 0.37*
Logio™ -0.20 0.20 -0.23 -0.37 -0.09 -0.11
Tangerines Logio“® -0.88 -0.32 -0.65 -0.63 -0.44 0.86
Logio"™ -0.07 -0.45 -0.02 0.34 -0.29 0.45

tand ®* mean total and HCl-extractable concentrations in soil.
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Table 5. Summary of multiple regression equation between As, Cd, and Pb contents in nine kinds of agricultural products
and total and HCl-extractable concentrations in soil (stepwise regression criteria: probability of F to enter p < 0.05,

probability of F to remove p = 0.10).

Contents Equation R? p-value
Rice
Logio™ = 11953 + 0.2266 Logi™"™ 0.16 0.012
Logio™ = 1.1104 + 0.2167 Log;y™*™ 0.11 0.04
Corn
Logio™ = 1.299 + 0.6691 Logi" 0.20 0.018
Pulses

Logio“ =-2.979 + 0.990 Logio ™" 0.20 0.02
Pumpkins

Logio®” = 1.499-0.534 Logi™ 0.30 0.002

Logio“ =-1.066 + 0.517 Log;™" ¥ 0.15 0.04
Apples

Login™” =1.360 + 0.574 Logi™* ™ 0.24 0.007

Logi” = 0.8028-0.524 Logi™? 0.15 0.04
Pears

Logi” =1.913 + 0.624 Log;p™"™ 0.21 0.02

Logio =-5.849 + 1.387 Logi" ™™ 0.24 0.01

Tt and ®* mean total and HCl-extractable concentrations in soil.

Contents in soil and five agricultural products were Logio-transformed to make the homogeneous variances.
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