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Abstract

BACKGROUND: This study was to carry out risk
assessment of contamination of cadmium (Cd), lead (Pb),
and inorganic arsenic (I-As) in agricultural products of 25
crops from the abandoned mine areas. The 36 typical
investigation sites located in Gyeongbuk provincial area
were selected by considering the heavy metal levels, that
had been known that the amount of the heavy metals
exceeded the contamination level based on the previous
survey.

METHODS AND RESULTS: Cadmium, lead, and total
arsenic (T-As) concentrations were determined using
microwave device and ICP-MS. Inorganic arsenic was
determined by HPLC-ICP-MS. The limits of quantification
for heavy metals were 0.59 ug/kg for Cd, 0.42 ug/kg for Pb,
0.55 ug/kg for T-As, and sum of As (III) (1.74 ug/kg) and As
(V) (2.25 ug/kg) for I-As, respectively. The contents of Cd,
Pb, and I-As (only rice) were N.D.-0.958 mg/kg, N.D.-0.227
mg/kg, and 0.082 mg/kg, respectively, in the agricultural
products. For risk assessment, dietary exposures of heavy
metals through usual intake were 5.20x10-7.15x10°
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ug/day for Cd, 7.00x10°-7.75x10" ug/day for Pb, and
1.17x10" pg/day for I-As, taking 0.01-14.37%, 0.01-2.05%,
and 15.16% as risk indices, respectively.

CONCLUSION: It requires to consider the critical levels
of heavy metals in agricultural products due to
unexpectedly high levels in a few places, while
concentrations of heavy metals in the samples were
relatively low in most areas.

Key words: Agricultural Product, Heavy Metal, Mine Area,
Risk Assessment
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Table 1. The number of agricultural products in Gyeongbuk
province

Samples Number

Rice 365
Pepper 343
Korean Cabbage 56
Potato 42
Maize 39
Wild Berry 34
Garlic 28
Soybean 19
Chwinamul 16
Peach 15
Onion 13
Welsh onion 12
Bracken 9
Apple 9
Radish 8
Sweet potato 7
Jujube 7
Sesame 7
Japanese apricot 6
Ballon flower 5
Cabbage 5
Perilla leaves 4
Squash 4
Peanut 3
Chinese chives 3

Total 1,059

HATE Sl AREE B Aok S0 R 9lste] A

= Slal WEEAlE 70% 22KDong
woo Fine-Chem, Korea)¥} #3l HZAZ 30% a4
(Dong woo Fine-Chem, Korea)E AFE-sISITE A3l ARE-
2 ST Milli-Q ultrapure water purification system
(Millipore Co., Massachusetts, USA)°l 2J3] 18.2 MQ -
cm TEOE AR 3xF TRTE ARESISITE Ajdel AR
B BE A ZEda(PE) AdE ARSI, 5%
kel 24417 FJAA7)3L 32F SRR Fs] AlFs = 7
zate] ARSIt 7HEH, W, THlal] BAE flste] BF
A 1,000 mg/L (Merck, Darmstadt, Germany)< 5% 2
s o]gste] 10 mg/LE &5 8493819] working solution
o2 AMSISa, wi BAA] standard solutions Z2AI6HA
AREEIATE 718 A(arsenite @} arsenate] ¥H)2] W HA
< 9184 arsenite (High-Purity Standards, USA), arsenate
(High-Purity Standards, USA) 1,000 mg/L2] %75
S 771 AHgEled], pH 5.62% ZA1¥ 5 mM malonic
acid (Sigma Aldrich, USA, 99.0%)% "< =Z 10 mg/LZ
=3+ 3438t working solution = ARg-s}31 T, Wi
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FEE st SR FEIF I vlA §lEkE] o]
o] i &80 £2 5 mM malonic acidE ARSIt
[5, 13],(MFDS, 2017). a5 449 &4 AsS Slg
Aeeel AUvs AlREE ATEFEA(CRM, Certified
Reference Materials)S T35l A8t
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H]= A1E7](FC-2K, Tokyo, Japan)E ©]&3}o]
YAZS AAT dAv|Z A F, 500 g oS
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ARSI, ARE F E AlEE F5EA & 3% PE
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Table 2. Operating condition of microwave instrument

AR 1.0 g= 43| Fto] microwaved HZE £7]9
o o

a1 70% A4 10 mLE H7F 5 & A T2 Sl 2l
71% heating block ZH|(ED 16, LabTech, USA)°lA| 8
5C, 3087t euitals Hqek &, Akskra 1 mLE 3
7}akil microwave digestion system ©.= f7]E-S 2HH3]
et Table 2). W37} Euhal 30w7F 20 ¥zt
T}A] heating block BH|E ©]-8-ato] 120 CollA] oF 44]
Faet HE ool 1 mL7t d wi7bA] sHAIZTE A
=9 ATt HFA 0% 200H(F 20 g)7F HF 34 5
FTE olgst FFHoE HE3 vy 045 um IEE
olt § 7171 ol ARkl Helle W 7171HEE
o} =& QNS A8 fleto] A TEetrdd Tt
A7](Inductiely Coupled Plasma-Mass Spectrometer,
ICP/MS)E F& ARkl g, & A7-olM = ICP-MS
(Agilent 7700, USA)E ©]43lo] 71=F, |, Hl2E H%st
Qo 71714 271 Table 37 £t} g2 AR
NS 7R, W, vl 29 (Merck, Germany) 1,000
mg/LE 5% At §9o2 sAste] 122 10.0 mg/kg
<3 working solutions ZAIsE &, wjH S A} 57}
= 848l 1.0, 50, 10.0, 250, 50.0 ug/kgo] HE=
standard solutions ZA|s}] ARESI3ITH

N ol

¢

F7H|A 24

T A, Al Tkl Sl

Z(species)°| W& =/ o]z, Yt AFA7IE A=
HIEA] dEzlel o] #elg T3

3k ol o]FolAok stk
5

,]

-1 O
Adow T2 45 Qs wAWH HPLC (High Per-
formance Liquid Chromatography)® #}8ke-< telstal

HE712 ICP-MSE A§et 9l HPLC-ICP-MS (High

Step Power (Watt) Time® (min) Tempb) () Hold? (min)
1 800 5:00 90 10:00
2 1,000 5:00 150 10:00
3 1,200 5:00 190 25:00

? Ramping time
b Target temperature
9 Stay time in target temperature

Table 3. ICP-MS Condition for heavy metals analysis

Parameter Operating conditions
RF Power 1,300 W
Plasma gas flow 15.0 L/min
Nebulizer gas flow 0.91 L/min
Auxillary gas flow 1.45 L/min
Lens voltage 6.50 V

Ion monitored

Cd (m/z) 111 , Pb (m/z) 208, As (m/z) 75
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Table 4. HPLC-ICP-MS condition for arsenic species analysis

Instrument parameters

HPLC

As speciation

As (I, As (V)P

Column Anion exchange, Hamilton PRP X-100 (4.1 X 250 mm, 10 pum)
Mobile phase 5 mM malonic acid
Flow rate 1.0 mL/min
Injection volume 20 uL
ICP/MS
RF Power 1,300 W
Nebulizer gas flow 0.91 L/min
Auxillary gas flow 1.45 L/min
Plasma gas flow 15.0 L/min
Lens voltage 6.50 V
Ion monitored As (m/z) 75

3 As (I): Arsenite, ® As (V): Arsenate

Performance Liquid Chromatography coupled with
Inductively Coupled Plasma-Mass Spectrometry)% o]
8-819] arsenite [As(Ill)]2} arsenate [As(V)]E &8 A3}
QE13]. W) sHeiFe] F2E e fo) Mol FEa4
ol A= BeEREe] wglo] dojupx] otolsiiig, - A
oMz A oREeA] A V% Y9 qtA el Ao
A= AP malonic acidE ©183 & AIEHOE T
7aE ARsIler(4Ee] 71 8l at4; MEFDS, 2016),
717184 221 Table 49} At
AR A3
Tug A Zed 2471719 AEA(Limit of
Detection, LOD) %} A&3H|(Limit of Quantitation, LOQ)
= i BERAe AR Ve 2 sk At
a3t LOQ 9 21 Fk=9 109 §5=2 8-
73 WS4 AR A% yE sl A
3

=3H7(LOD) = 3.14 x 6/S
Z314(LOQ) = 10 x 6/S
(0: WFS) ®FHAL S HFAL 7187])

EEgOe] e AR ANYE 7HEE, b, sl
g 784 gEkge] dist Z7be] REE S A
71718 dBATRE EAit). AT AEE g9l
= AlBE s QFETEH(Certified
%5]'01 LA RS} TS E4
HH o 2 AA]gd & Wl =439 1
AL B4 119 C.V. (Coefficient of Variation, %)
RIS

E
@
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@
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S=EIt
2 A7 Akl digt a5 A8k AEA
A Aldz(LEE7Ee] Y 5) 13 e % A1299735)
4 Codex?] ‘213514 2171 Stel] st &) of whz} 4
AR THEete] A9, A9 E, =E87L SlsieA
el o gt oA o)l o RNE 7|
ke wE0] A9E AEel vlste] kF 7]omrt s W@
oug & AFie i wibE F s 259 A=l
A AQJSIAEH15, 16]. 7H=F, W, RIS AEEE 4 5
w50 Wt el Arveltella weh S Y Yz
AY 25 FE(Korea Centers for Disease Control &
Prevention, 2016)3}o] A& =3} A Zﬂz S o]gstod Yot
sioleh. AARtE R AEE AFRe 97] S8 sAEE
@9l SPSS (ver 14.0, SPSS Inc, USA)E &-g-3}o 33}
AEaie] wet AEAFEE AESISlTE S5 Aol
= 12—/‘\ S A}Ezﬂ- ke 7].5%8 _;Lz.“)\]al:h:?j
71 AARAZ T A E A7 H w7 98] (Joint FAO/
WHO Expert Committee on Food Additives, JECFA)°]
A A7st 29751818 Provisional Tolerable Monthly
Intake, PTMI) ¥} tiu]sle] H7lelda, 92 AAFHE5
&]-§-%(Provisional Tolerable Weekly Intake, PTWI)©|
2010 H3] & Ag7HA] RS PTWIZE §lof 23] o) 3k
= *FQEP“EKIECFA 2010). F7[H]Ae] FFAF S
F2 201014l 15 ug/kg b.w./week7} H3|¥ 2 57}
] A2 okol o] ] PTWIRLS AREstod Ssides
ISR THJECEA, 2010).

o} AE AR Qg = o
N (ug/ kg b.w./week or month)
[e) L —
A = =25 o weeie

(ug/kg b.w./week or month)

x100
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2 % 78
AlgH dE

7VEE, o, F0A AN A5s A HESA(Limit
of Detection, LOD)$} &sHA|(Limit of Quantitation,
LOQ)%= LOQ 2¥] &3 LOQ 104 8] F+845 7
3] WHE St Fatgkel sl xeEdAkel 71e71E ol &st
o] Azt EIAE FF=F 059 ug/kg W 042 p
g/kg, EHIA 0.55 ng/kg, 77104 3FEo A= arsenite
[(As(I)) 1.74 ug/kg], arsenate [(As(V)) 2.25 ng/kgloI3l
om, /M40 dE2 arsenite [As(I)]2} arsenate [As
(18] Fo= sigitk &3l 714, |, SH4 9 784
o] 444 1.0, 5.0, 100, 25.0, 50.0 ug/kg®l Sl
A3l =d), R29) ghe 7 94 BF 0.9995 oo s B o

= Slst Aghst Al SlS gRIEISITHTable 5). AEH
gist AE ZRE fste] ATEZEZ(CRM, Certified

Table 5. LOD, LOQ and linearity of heavy metals

Reference Materials)?] 7I=H ¥ & KRISS 108-01-006
(Wheat Flour, Korea), KRISS 108-05-005 (Tomato Paste,
Korea), £H]A 4 F7]H])4; NIST 1568b (Rice Flour, USA)
¢} NMIJ 7532-a (Rice Flour, Japan)E 538 3=&3 3
e RISt 714, |, SHI4 9 nlA glskgel o
o ot BFES JI=F 96.3-97.7%, W 95.8-98.2%, FH]
2 96.1-98.0%, arsenite 94.8%, arsenate 115.4% ©|311,
C.V.% (Coefficient of Varidation):= 5=+ 5% ©v|9to=
AOAC (AOAC International, 2002)¢} U.S. FDAS] S+
& AN 71E(17]% Rt Table 6). E31 =A% Al
Fores @Rlsly] St G AFEATH(The Food
and Environment Research Agency, FERA)IA %3t
© FAsHEE ZZ T3] FAPAS (Food Analysis Per-
formance Assessment Scheme)®l] #¢3}9] z-scores &
sk AW 7=, o, FHlA 2 FIHlA B 205 oulE
$tA et Table 7).

Element Cd Pb Total As As (III) As (V)
Item (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)
LOD 0.18 0.13 0.17 0.55 0.71
LOQ 0.59 0.42 0.55 1.74 2.25
R? 0.9999 0.9998 0.9999 0.9997 0.9995
Table 6. Recovery and coefficient of varidation by CRMs
Reference Materials Element Cergxlfll;?k;;ﬂue Mea(s;fgeﬁ(gv)alue Recovery (%) CV. (%)
KRISSY 108-01-006 Cd 0.352 0.338 96.3 1.58
(Wheat flour) Pb 0.289 0.277 95.8 2.64
KRISS 108-05-005 Cd 0.297 0.288 97.7 1.69
(Tomato paste) Pb 0.213 0.209 98.2 2.04
NIST” 1568b Total As 0.285 0.274 96.1 1.68
(Rice flour) Inorganic As 0.092 0.087 97.6 2.37
Nl\/H]C) 7508-a Total As 0.098 0.096 98.0 2.96
. As(1lT) 0.071 0.068 94.8 3.85
(Rice flour)
As(V) 0.013 0.015 115.4 4.74
3 Korea Research Institute of Standard and Science
® National Institute of Standards and Technology
9 National Metrology Institute of Japan
Table 7. The Results of FAPAS (Food Analysis Performance Assessment Scheme)
Test Number . Certified value Measured value
Matrix Element z-score
(mm-yy) (ug/kg) (ug/kg)
Cd 25.0 25.0 -0.2
07289 Powdered Brown Pb 33.7 324 -0.2
(July-August 2017) Rice Total As 318 299.1 -0.3
Inorganic As 236 209.3 -0.5
Cd 34.0 329 -0.1
07314 Powdered Brown Pb 45.6 44.6 -0.1
(July-August 2018) Rice Total As 240 2463 0.1
Inorganic As 189 179.2 -0.2
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Table 8. The Average contents of cadmium, lead and Inorganic arsenic in agricultural products

EH|A

o] A =

=

[0}

fu

257) EE 1,059 thsk
Table 8 YERSI) 25

N Sl i = B
Bt S N.D.-0.040 mg/kgol3lth 2 TAFEo] oyt
FH| 2 Bt T 0.120£0.054 mg/kgOE YR, &

0.003-0.244 mg/kg,

Content (mg/kg)

Sampl N
ampe Cd Pb Inorganic As
0.082+0.035
Rice 265 0.050+0.119" 0.003+0.015 (N.D.-0.211)
(N.D.-0.958) (N.D.-0.203) 0.120+0.0549
(N.D.-0.352)
Peoper 3 0.028+0.026 0.002+0.007
PP (N.D.-0.186) (N.D.-0.052)
0.025+0.040 0.003+0.014
Korean Cabbage 56 (0.004-0.248) (N.D.-0.074)
0.058+0.090 0.011+0.019
Potato 42 (N.D.-0.480) (N.D.-0.074)
Maise 39 0.016:0.011 0.008+0.015
(N.D.-0.040) (N.D.-0.065)
. 0.024+0.015 0.0010.002
Wild Berry 34 (0.008-0.060) (N.D.-0.012)
Calic - 0.071+0.063 0.0010.004
(0.014-0.266) (N.D.-0.020)
Sovbean 19 0.050+0.052 0.010+0.018
y (0.008-0.226) (N.D.-0.071)
. 0.103+0.093 0.0010.004
Chwinamul 16 (N.D.-0.345) (N.D.-0.013)
Peach 5 0.007:0.009 0.018+0.038
(0.009-0.035) (N.D.-0.148)
. 0.026+0.017 0.011+0.022
Onion 13 (N.D.-0.049) (N.D.-0.064)
. 0.145+0.133
Welsh onion 12 (0.011-0.385) N.D.
Bracken 9 0.109+0.070 0.008+0.025
(0.036-0.204) (N.D.-0.076)
Avole 9 0.014:0.022 0.013+0.016
PP (N.D.-0.053) (N.D.-0.042)
. 0.017+0.012 0.0010.003
Radish 8 (0.005-0.040) (N.D.-0.007)
Sweet dotato ; 0.009+0.009 0.034+0.058
p (N.D.-0.029) (N.D.-0.161)
. 0.008+0.001
Jujube 7 (0.006-0.008) N.D.
Sesame ; 0.124+0.136 0.040+0.085
(0.018-0.420) (N.D.-0.227)
Japanese apricot . 0.004+0.007 0.028+0.012
p p (N.D.-0.017) (0.021-0.052)
Ballon flower 5 0.244+0.164 0.039+0.056
(0.013-0.439) (N.D.-0.123)
0.011+0.011
Cabbage 5 (0.004-0.030) N.D.
Perilla leaves . 0.003+0.003 0.034+0.016
(N.D.-0.006) (0.016-0.055)
Souash . 0.032+0.018 0.032+0.065
q (0.008-0.048) (N.D.-0.129)
Peanut 3 0.037+0.027 0.011+0.010
(0.017-0.068) (0.004-0.022)
. . 0.026+0.012 0.012+0.021
Chinese chives 3 (0.012-0.033) (N.D.-0.037)

3 Number of samples, Y Mean value+SD (standard of deviation), © Concentration range (minimum-maximum),

9 Total arsenic mean value
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o thelix= FHl4x0] G ool Fh=g} ol njaf ]
0% ¥ 9EE HSlh FEHEEE RobA 0.24440.164
mg/kg, t¥ 0.145+0.133 mg/kg, 7| 0.124+0.136
mg/kg, 14| 0.109+0.070 mg/kg, = 0.103+0.093
mg/kg, W= 0.071+0.063 mg/kge] wO.2 Fk=F2] Het
o] =9ta1, @e] A-9-olli= 371 0.040+0.085 mg/kg, =
ZH4] 0.039+0.056 mg/kg, 17w} 0.034+0.058 mg/kg, &
7491 0.034+0.016 mg/kg, &4} 0.032+0.065 mg/kg, 4
0.028+0.012 mg/kg?| FFo= %7 Yelutrh 2% A
R(UER, AW SR TR R Aeld nE Fa
& e jAEE ot ofeglet, ol EYY F
% Sl wet sAER HolHe] FAEHE SA4 719
Sk ZloR ATETH18]. Ao FH|A Het FHRR 0.120+
0.054 mg/kg % 7k=golut ol Bl £ eARE B
A, ol v A 54 LW/ Gt A4
ok By Bl 2 5 njae] 54l 7]elE Ao w sdd
tH18, 19]. [16]9] =W & &AtEel disto] 7l=s 2 o
o g% =t vlud BokS W tiAA o fAketAu o

I

o R7IH A ke HPLC-ICP-MSE o]g-38le] #-4
a19lom, F 0.082+0.035 mg/kg [As(Il) 0.078+0.031
mg/kg, As(V) 0.013+0.009 mg/kgl, Z7tak 0.076
mg/kg, ST 0.144 mg/kg, g 0211 mg/kg,
Haghe BHEND)RE RIS 2)F 2ok 2
w9 715 9 114(2018) 9] TS 8V 2A AR
T ST [24]% thFd B3eA aE e A F
71812 1 $=9 0.06-0.08 mg/kg¥} Wlws] RS
AA oz fARE s ElakltH14, 25].

AL
=y
-
)

sitE Mol g ="t

2 AT AFAHR Qg M=, |, e 9
%71z JECFA, ASDTR SollA Rid SAARE 2A=
APF7HE AFslth FEEES AT AA(IARC) CIA]
Group 1 (A e BA)2 wFste] #elstar glom,
2000l FF1HIFE L PTWIE 7 pg/kg bw.o
2 4319 CLHWHO, 2000), 20103 JECFA #1734} §]2]
oA FFEF-S Holut iAok 9] A& w77t Ao
1797 A% Brks g AF FEoR aeeks 4
o] Fgsirtal wdxlo] PIMIE 25 ug/kg b.w./month®
73S EHIECFA, 2010). 2> 2010130 JECFACIA A&
o7 F7P} olFol R, v AiA oz F ok dfrob
oA A=A Agete] B s FEHeE &
AT F 5 4] PTWIE 25 ug/kg b.w./weekZ 273
319 ©LHWHO, 2010), 2010 JECEA A|73x} 3]2]of| 4] A

37 A3 719 PTWIE 7ol dish ks ngehs
T 3 ol HA FEde olf R H3HUI(ECFA,
2010), =AIYATAIARC) A= Group2B (UA LH7Fs
B2 A3 HIARC, 2010). Hl2E Aol @77}
TwshaL vekst kAl el Hlae] edE AeE
713k AdFlshd wetol fraE T Hek, e, At 5o
TR A ATl wet A4 T 7184 Group 19
WA PHSISITHIARC, 2004). F71H]28] #7853
AHE S 15 ug/kg b.w./weekE 19880l H]A =7
FFF7rE Bl AASICWHIECFA,  2010), 2010
JECFACIM = F718] 49 vpast SAetzAbs e Abad
714]4:9] BMDLgs (Benchmark dose lower confidence
limit, #2754 0.5% S7D7F 3.0 ug/kg b.w./day
o]l 7]1&& PTWI 15 pg/kg b.w./week’} BMDLos #9I4]
off &AL whtel 71 PTWIE 1 ofd AdabA] obrhar ¢
whalo] Haleiglan, FAKA JECFACIME F7H]4e] A2t
PTWIFES ARG 2kl SITHIECFA, 2010).

wEY Wk ARG ERAL A5 (2016)F FAR T
et Flso] ARl sl Mg AT B 7t
TH, 9 TR 2EEHE vEE RIS dY Aol
AFFE B 143.09 g/dayZ 7FF ¥9ka, ARt 59.64
g/day, %3 26.18 g/day, 7=} 21.56 g/day, + 19.73
g/day?l 0% @Wo] AFatal = Zo® et Table
9). F1=F9 »EF & 7.15x10° ug/day (1.19x10"
g/kg b.w./day; 14.37% of PTMI), ti=} 1.66x10° ug/day
(27710 ug/kg b.w./day; 3.34% of PTMI), =
1.25x10° ug/day (2.08x10” ug/kg b.w./day; 2.51% of
PTMI), A1} 8.35x10™ pg/day (1.39x10? ug/kg b.w./day;
1.67% of PTMI), %3} 6.81x10" ug/day (1.13x107?
g/kg b.w./day; 1.37% of PTMI)9] 0% Yebt=H], ©]
= 2 A, AR AoldFFel w2 F5el disl ke
FEY Y 52 WSS Hol 0w RISt Table 9).
ol wE:e R 9] AR 7.75%107 ug/day
(1.29x107 ug/kg b.w./day; 2.05% of PTWIE 7Hg =%k
a1, 71 4.49x107 pg/day (7.49x10° pg/kg b.w./day;
1.19% of PTWI), & 4.29x10" ug/day (7.15x10° pg/kg
bw./day; 1.14% of PTWI), &4 3.01x10" pg/day
(5.01x10° ug/kg b.w./day; 0.79% of PTWI), <43}
2.88x10" ug/day (4.80x10° pg/kg b.w./day; 0.76% of
PTWID)®] +°2 =Sk=d(Table 9), =& H7lolA At}
o] & 2% 0.013+£0.016 mg/kgolEHs W FEel=
Bkl 2 Aol dFRoR Q] AddoR e vF
Fe Kol Zo® gt Ao digh FrHlA wE S
1.17 x10' ug/day (1.96x10" ug/kg b.w./day)= e}
th PTWI tH] 15.16%°] =&%S Rtk & A5 oy
s 25% 0l digh JtEFEY] AA kF: V&S Aol
51%% 7V =9kaL, st 12%, A 9%, At 6%, 43t
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Table 9. Estimated exposure for Cadmium, Lead, and Inorganic arsenic in the Korean overall population

Sample Food Intake Exposure (ug/day) % PTMI % PTWI % PTWI
(g/day) cd Pb Inorganic As  (Cd) (Pb) (Inorganic As)
Rice 143.09 7.15%x10° 4.29%10! 1.17x10" 14.37 1.14 15.16
Pepper 3.60 1.01x10™ 7.20x10° 0.20 0.02
Korean Cabbage 8.09 2.02x10™ 2.43x107 0.41 0.06
Potato 21.56 1.25x10° 2.37x10! 2.51 0.63
Maize 3.60 5.76x10” 2.88x107 0.12 0.08
Wild Berry 0.07 1.68x10° 7.00x10° 0.00 0.00
Garlic 457 3.24x10™ 457x10° 0.65 0.01
Soybean 3.49 1.75x10™ 3.49x107 0.35 0.09
Chwinamul 0.27 2.78x107 2.70x10™ 0.06 0.00
Peach 10.84 7.59x1072 1.95x10™ 0.15 0.52
Onion 26.18 6.81x10™ 2.88x10! 1.37 0.76
Welsh onion 11.46 1.66x10° - 3.34 -
Bracken 2.30 2.51x10™ 1.84x107 0.50 0.05
Apple 59.64 8.35x10™ 7.75x107! 1.67 2.05
Radish 19.73 3.35x10™ 1.97x107 0.67 0.05
Sweet potato 13.21 1.19x10™ 4.49x10! 0.24 1.19
Jujube 0.47 3.76x10° - 0.01 -
Sesame 0.66 8.18x10” 2.64x107 0.16 0.07
Japanese apricot 0.13 5.20x10™* 3.64x10” 0.00 0.01
Ballon flower 0.79 1.93x10™ 3.08x107 0.39 0.08
Cabbage 9.26 1.02x10" - 0.20 -
Perilla leaves 2.37 7.11x10° 8.06x102 0.01 0.21
Squash 9.40 3.01x10™ 3.01x107 0.60 0.79
Peanut 0.74 2.74x10” 8.14x10° 0.05 0.02
Chinese chives 3.14 8.16x10” 3.7x107 0.16 0.10

5%9] <02 e O m(Fig. 1), W A} 26% % 7V 28.21%, &2 PTWI thH] 7.94%, F7]v]4E & ¢
=R, AT 11%, 2 11%, 38 8%, %9 7% £o.% of gkl PTWI ti¥] 15.16% 2] $1sl=8 HelozH,

52 7)o8S RATHFig. 2). 25/) BE BABE BF A FolAl AP FFE) 0fF Al A

Al AFlgdal 7HElE S =R PTMI thH] Fro] ofd Zloz FIFIrt

Radish
2%

Squash
2%

Korean Cabbage
100
Japanese apricot

0%
Peach
1%

ild Berry
0%

Apple_/ Chinese chives
6% 1%

Fig. 1. Contribution ratio of dietary exposure to Cd by agricultural products intake.
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Chwinamul

Sesame__ 0%
) 1%
Maize

Wild Berry
0%

2 %

= AelME wiT - BEAIY 3670 HAE A olA
A= 2571 SAHE 1,059%1¢] diste] 7=, |, vla 2
A= 2AS} Ho] 987 Arlsiit AgeAls 7t
# 0.59 ug/kg, W 042 pg/kg, FHI4 0.55 pg/kg, 714
2 31ekEollA arsenite [(As(Il)) 1.74 ug/kgl, arsenate
[(As(V)) 2.25 ng/kgloliom, 244 25 0.9995 oo
2 el F710]49] gk arsenite (As(ID)) 9} arsenate
(As(V))9l gro= ailvk Bt 3542 7H=H 96.3-97.7%,
' 95.8-98.2%, |4 96.1-98.0%, arsenite 94.8%, arsenate
115.4% ©]%131, C.V.% (Coefficient of Varidation):= 55
5% vIREO® e AR Sad Bk S R
0.24440.164 mg/kg, ¥} 0.145+0.133 mg/kg, A7l
0.12440.136 mg/kg, 1Ak 0.109+0.070 mg/kg, =
0.103£0.093 mg/kg, "F= 0.071+0.063 mg/kge +O%
FFEES] @A%7F =9k, w2 F74 0.040+0.085 mg/kg,
E244] 0.039+0.056 mg/kg, 177t 0.034+0.058 mg/kg, =
7891 0.034+0.016 mg/kg, &2} 0.032+0.065 mg/kg, =4
0.02810.012 mg/kg?] <02 #& LAEE RHAlrk F7H] A
= Aol dalo] ZARESIET Bt 0.082+0.035 mg/kg?] 2
AEE BTk Jh=H] A 2 1.19x10" ug/kg b.w./day
(1437% of PTMI), dizt 2.77x10% ug/kg b.w./day
(334% of PTMI), 72k 2.08x10° ug/kg b.w./day
(251% of PTMI), AR} 1.39x10% pg/kg b.w./day
(1.67% of PTMI), %43} 1.13x10% pg/kg b.w./day
(137% of PTMD)9] 0191, 7] ¢ A} 1.29x107 p
g/kg b.w./day (205% of PTWI), 17w} 7.49x10° u
g/kg bw./day (1.19% of PTWI), & 7.15x10° ug/kg
bw./day (1.14% of PTWI), %3} 5.01x10° ug/kg
bw./day (0.79% of PTWI), <3} 4.80x10° ug/kg
b.w./day (0.76% of PTWI)®] 0% ¢ L&dgo| Erh
= AT FARNE 2570 EE sAES B AAlel AFE
thal 7Hgskoles A9, Jh=ES PTMI tiv] 2821%, W

Radish
1%

Japanese apricot
10/
Peach 0%

Koread®a bbage

Chinese chives
1% 1%

Fig. 2. Contribution ratio of dietary exposure to Pb by agricultural products intake.

PTWI tjH] 7.94%, LMAE A Tl FEE &8 PTWI
o) 15.16%) SIAEE wYOZH, B QATelN 1B
W 2220 a4 YFARE 088 423o] ofd Ao
2 ZRIESI.
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