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Heavy Metal Contents of Vegetables Available on the Markets in Seoul
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Kangnam Agricultural Products Inspection Team, Kangnam Agro-marin Products Inspection Center,
Research Institute of Public Health & Environment, Seoul 135-160, Korea

Abstract

This study was conducted to estimate the heavy metal contents of vegetables available on the markets in
Seoul area. Concentrations of mercury (Hg), lead (Pb), cadmium (Cd), arsenic (As), chrome (Cr), nickel (Ni),
copper (Cu), and zinc (Zn) were measured in 300 samples using a mercury analyzer and inductively coupled
plasma optical emission spectrometer (ICP-OES) after wet digestion. The average values of heavy metals in
vegetables were as follows [mean (minimum~ maximum), mg/kgl; Hg: 0.0005 (N.D~0.007), Pb: 0.011 (N.D~
0.259), Cd: 0.012 (N.D~0.188), As: 0.002 (N.D~0.142), Cr: 0.100 (0.019~0.954), Ni: 0.093 (0.003~1.231), Cu:
1.098 (0.072~36.29), and Zn: 3.48 (0.485~21.31). The heavy metal contents of vegetables available on the mar-
kets in Seoul were almost the same as or lower than those reported in other studies. The weekly average intakes
of mercury, lead and cadmium from vegetables take 0.44~7.71% of PTWI (Provisional Tolerable Weekly Intakes)
that the FAO/WHO Joint Food Additive and Contaminants Committee sets for evaluation of food safety.
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Table 1. The operating condition of ICP Spectrometer

Parameter Condition

Wavelength (nm) Pb: 220.353

Cd: 228.802

As: 188.979

Cr: 267.716

Ni: 231.604

Cu: 327.393

Zn: 206.200
RF Power (watts) 1,450
Plasma gas flow (mL/min) 15
Nebulizer gas flow (L/min) 0.82
Auxiliary gas flow (mL/min) 0.2
Sample flow rate (mL/min) 1.50

S gAF - 09D

Table 2. The operating condition of mercury analyzer

Drying Drying Decomp. Decomp. Purse Amalgam Record
temp.  time temp. time time time time

200°C 150 sec 200°C 180 sec 60 sec 12 sec 60 sec
Table 29} o}

HESHA & FE

FL BHE 9% AFHL 5 mg/kg FT AL o] 8§31
25, 50, 100, 150, 300 ug/kgo 2 7}z X3l 43 H 1
3, =R, vz, 28, U4, 79, o 5 75 34
AL 7 XS 001, 0.1, 1, 10, 100 mg/k o7 7ztz}
g43ted 298 F AEeAE TIHAT

S8 AFL AR 5Av 1 AeEsted A1%ee)
Mol HFE=7F 2 5 ng/ke, & 05 mg/kg, 7F=F 05

mg/kg, Bl& 05 mg/kg, & 1.0 mg/kg, YA 1.0 mg/kg,
72 10 mg/kg, oFd 50 mg/kge] HES 558 NS
7tate] A g% 7 Fa&e TS BAT v Y

ZHo2 33 54, oS Fsto FIFES ST

FIE U oIEY Tt
Aawe 5

= =
FAO/WHOO A A& 2 559 JFBFIHASE
Ql PTWI(promSlonal tolerable weekly intake)(7,8)9} H
ko] H7RstAY AAFY 19 19 AHA =2 20009 =91
FZAF ZHHIAM(9F 7|FLE o, T HHEFS
o 2ol o3t 4bEEt T
F7 A3 #E(ug/week/person) =72+ AE ] FE&HHFIEF

(ng/g)x 2zt A& 19 A3 F(g/day/person) x 7

SAHAz
A% Ad= Hd(mean) = EFAIFSD)Z EA8HA
A BFE TE5 FFS vusy] fA SAS(Sta*

tistical Analytical System, Version 9.1, SAS Institute Inc.,
Cary, NC, USA)Z 2 #S o] 83l ANOVA 4 F a=
0.05==°l| 4] Duncan’s multiple range testZ 243 #

ot

A (limit of detection, LOD)+ & 0.0021, 7F=+ 0.0005,
Hl 4 0.0018, Z& 0.0002, Y 0.0005, 72 0.0003, o}
0.0007 mg/kgel A a1, g =+A (limit of quantitation, LOQ)
= ¢ 0.0065, 7F=H& 0.0014, B4 0.0056, 2= 0.0063, YA
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Table 3. Recovery of the heavy metals in vegetables

Elements Recovery rates (%)
Hg 94.51
Pb 94.09
Cd 92.15
As 92.38
Cr 98.12
Ni 99.23
Cu 98.47
n 97.35

0.0015, 2] 0.0009, o} 0.0021 mg/kge] At

A
)]
0

Fo g FEolUT
s AFa7) sl W, ke
T, oY A% vlw ZEHSVE
9 (National Institute of Standard and Technology, NIST)
A TP FF9FE A (certified reference material,
CRM)?] Peach Leaves(1547), Spinach Leaves(1570a)& ©]
g3l B R T M & ICP-OESZE A3}
o I FE&S Faden, 22 NRCAA +U 3 Mess—3
£ A3t mercury analyzer® Z48te] 34&S vhotet
Aok 1 Ay 2, JEFE, BlA, 38, YA, 7, ok
T 8% TEEY AA 4L 88~96%°| A tH Table 4).
Magel 3
AEAGANA FF 5 AiF 20F 3000 sl
W ASE, Nz, 28 U, 79, ok 5 889 R4
B3 A3+ Table 5, 69 YE At
Foo Hi dHFLS 0.05 pg/kgoE 11 HYE ND~07
ng/kgel k. o] Kim 5(10)8] AlE-X] 2.125 pg/kg+1.333,
Chung 5(11)9] 2.000 pg/kgR o} s+ ot 18y
Kim(12)¢] #(0.16 pg/kg), 3(0.23 pg/kg) Bok= =9kt
T3 Tanaka 5(13)9] AF+Z2Z Ala2(1.70 pg/kg), 3
(1.3 pg/kg) vl A S o FASIAR, 9=(14)9 =Y
Bl A49Q 3, EvtE, 49 1.0 pg/kgE ot 2ot A&
oJekE oA Ao A 20093 =0 W H I FAE FF
EYUHH 23152 2 0.015~4.120 pg/kgRux @

flo

)

tlo

AA SEvE AaFel g F29 7E
AA gkom FuEe| A9 0.1 mg/kg, siatoid
mg/kgo 2 A= o] glo] oz AfiFol
NFEAAe] BT Aow HordA

rlo

mg/kgel Atk o] 3 A= Kim 51009 AlFx9) g
2 0.031 £0.017 mg/kg® FAFSFRA 2 90.021£0.009 mg/
kg)¢F F(0.011+0.008 mg/kg) Bt} W& F=Fo] At} Park
7} Na(16)¢] A2 %](0.037+0.029 mg/kg) S+ $AF3+%8om,
B 3(0.001 +0.002 mg/kg) R o= =%t T3 Kim(12)9]
F2(0.013 mg/kg), $+3(0.011 mg/kg)® FASIG T F
(0.013 mg/kg) B th= @At =] AFA e} vlast g
S w F=(17), TF(18), YE(19)] ANAF(0.01~0.03 mg/
kg) B ETE 22 FEo|Th o8 g AFde e,
Codex ¥ EUQ 7]FX|¢1 3}, &, I, vls, ¥59] 0.1 mg/
kg, M5, Al5A19] 0.3 mg/kgoll HIE) W& FFol Tk &
AToME F2 TG FAANFE AEE AHSS W
71E Ao E TAFE F2 XFH7] WE Eol
ofgt 3o 1 o] YW Ao F AZETH0).
7AEF] FF FHF2 0037 mg/kgo 2 71 HSE ND~
0.188 mg/kgol ATt ©]+= Kim 5(10)2] A1531(0.035+0.029
mg/kg), 3(0.006+0.004 mg/kg), F(0.006+0.004 mg/kg)
oF Mg W FAFSFA I HlF=(0.007+0.005 mg/kg)E oF
E =gt =3 Chung 5(11)9 71=5(0.023 mg/kg), ¥
(0.011 mg/kg)et= FAFSIR 2™, A1 53](0.028 mg/kg), F
(0.012 mg/kg) B th= W2 FFoldtth. 9=t AFZE 9}
Bl HS o F=(17)9 ZF(0.008 mg/kg), F3H0.009
mg/kg) Btk Eko 53(18)9] &4H0.004 mg/kg)Z
AFE S=Fo| At} Ikebe 5(19)9] HiF(0.01 mg/kg), A3
(0.018 mg/kg), ZHHO0.005 mg/kg)TE FAFSFIA W Al F
2(0.088 mg/kg) A= P2 FFAG. ol A=
Sl Codex B EUS 71EAIQI w59} A5 3] 0.2 mg/

kg, ¥, 9= % vl= 0.1 mg/kg, 9} 3 0.05 mg/kgel
H S| B FFo|h

H)20] W LS 0002 mgkglE T 9= ND~0.142
me/kgol ATk 1 Lee 5(4)9] w3, 3}, %(0.0006~0.007

Table 4. The recovery of heavy metal using certified reference material (CRM)Y

Element Material No. Certified (mg/kg) Measured (mg/kg) Recovery (%)
Hg CRM NRC MESS-3” 5 0.091 0.009 0.087+0.006 92.22
Pb CRM NIST 15472)' 5 0.87+0.03 0.78+0.05 90.37
Cd CRM NIST 15702 5 2.89+0.07 2.8040.006 94.87
As CRM NIST 1570a 5 0.068+0.012 0.057+0.007 88.32
Cr CRM NIST 1570a 5 2.64+0.12 2.45+0.30 93.51
Ni CRM NIST 1570a 5 2.14+0.10 2.05+0.30 96.17
Cu CRM NIST 1570a 5 12.2+0.6 11.5+0.2 94.65
n CRM NIST 1570a 5 82+3 79+1 94.49

) . -
Data were expressed as mean+SD (minimum ~maximum, n=3).

?National Research Council Canada.
YNational Institute of Standard and Technology.
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Table 5. Concentration of heavy metal (Hg, Pb, Cd, and As) in vegetables

%

(ot

Sample No. Hg (mg/kg) Pb (mg/kg) Cd (mg/kg) As (mg/kg)
G 5 0.0004-+0.0001" 0.009+0.011 0.009-+0.006 0.004-+0.002
reen bepper 0.0001 ~0.0006 0.002~0.038 N.D”~0.021 N.D~0.027
Perilla leaves 5 0.0007 +0.0003 0.005+0.005 0.003+0.003 0.005+0.002
N.D~0.0014 N.D~0.026 N.D~0.010 N.D~0.050

Carrot 5 0.0004+0.0002 0.013+0.014 0.021 +0.008 0.005+0.001
0.0001~0.0011 0.002~0.062 0.001 ~0.024 N.D~0.006

Sedum 5 0.0010-+0.0009 0.006+0.005 0.005-+0.003 0.001+0.001
¢ 0.0001 ~0.0070 0.001~0.018 N.D~0.012 N.D~0.003
Gl 5 0.0005+0.0002 0.011+0.010 0.028+0.019 0.002+0.001
artic 0.0001 ~0.0013 0.003~0.050 0.004~0.083 N.D~0.008
Radish 5 0.0004 +0.0001 0.002+0.001 0.008+0.003 0.002+0.001
adis 0.0001 ~0.0008 N.D~0.004 0.001~0.011 N.D~0.006
Waterd . 5 0.0005-0.0002 0.017+0.014 0.006+0.005 0.001+0.001
aterdrop wor 0.0001 ~0.0010 0.002~0.100 N.D~0.027 N.D~0.006
Chinese cabbage 5 0.0003+0.0002 0.023+0.063 0.011-+0.008 0.006+0.001
€ 0.0001~0.0012 0.001~0.259 0.002~0.035 N.D~0.006

Leck 5 0.0007 +0.0003 0.010+0.010 0.016+0.030 0.002+0.001
0.0001 ~0.0014 N.D~0.038 N.D~0.123 N.D~0.019

Broceoli 5 0.0005+0.0004 0.005-+0.003 0.006+0.002 0.001+0.001
c 0.0001 ~0.0030 0.002~0.016 0.002~0.011 N.D~0.004
Lett 5 0.0008+0.0003 0.013+0.009 0.020+0.011 0.003+0.001
ctiuce 0.0003 ~0.0033 0.002~0.042 0.001 ~0.053 N.D ~0.004
Stinach 5 0.0015+0.0008 0.029+0.014 0.037+0.019 0.011+0.001
p 0.0004~0.0019 0.001~0.062 N.D~0.177 N.D~0.006
C da 5 0.0005+0.0003 0.007+0.005 0.013+0.011 0.001+0.001
rown daisy N.D~0.0010 0.002~0.026 0.001 ~0.051 N.D~0.003
Onion 5 0.0004+0.0002 0.007+0.006 0.011+0.009 0.001+0.001
N.D~0.0008 0.002~0.028 N.D~0.030 N.D~0.007

Cucumber 5 0.0003+0.0001 0.006+0.010 0.005+0.003 0.001+0.001
N.D~0.0005 0.001~0.043 N.D~0.054 N.D~0.005

Burdock 5 0.0004 +0.0003 0.026+0.015 0.043+0.015 0.012+0.011
0.0001~0.0012 0.001~0.096 N.D~0.188 N.D~0.142

Tomat 5 0.0004+0.0002 0.005-+0.003 0.005-+0.002 0.001+0.001
omato 0.0001 ~0.0010 0.001~0.013 N.D~0.013 N.D~0.006
Welsh oni 5 0.0004-+0.0002 0.007+0.003 0.007 +0.005 0.007+0.003
eishomon 0.0002~0.0009 0.002~0.014 N.D~0.016 N.D~0.007
Sweet . 5 0.0003+0.0001 0.011+0.010 0.003+0.001 0.005+0.002
oweel peppe 0.0001 ~0.0005 0.002~0.082 N.D~0.011 N.D~0.064
Pumokin 5 0.0004+0.0002 0.010+0.007 0.002+0.001 0.002-+0.001
D N.D~0.0009 0.002~0.070 N.D~0.003 N.D~0.012
Total mean 0.0005+0.0001 0.011+0.009 0.012+0.010 0.002+0.001
(N.D~0.007) (N.D~0.259) (N.D~0.188) (N.D~0.142)

"Data were expressed as mean+SD (minimum ~maximum).
YND: not detected.

mg/kg) &%, Kim(12)2] ¥ 3(0.0008 mg/kg), F(0.006 mg/
kg), Nam 5(21)¢] #]3(0.005 mg/kg)$} FAeFA T &=
o] AxZAe} Blwstd, AfuTh22)9] 445(0.002 mg/kg),
F(0.004 mg/kg)e] FEFH FABIA Y FEAE=(23)9
AA2F 71F 1.0 mg/kgRThE e FFo|qith

59 B L 0100 mg/kglE 1 W= 0019~
0.954 mg/kgolAt}. o]= Nam 5(21)9] 239} vu P S

o A9 0.036 mg/kg BT =2 Yoost Kim(24)¢] 742
0.249 mg/kgH.th= Skt Kim(12)2] §-(0.086 mg/kg)E
ok ¥orom, £4(0.105 mg/kg), B(0.033 mg/kg) Rt
=T T3 Kim 50Q)9] ¢-guyzt Aafw 25 Hd 0077
mg/kgBRthe & FFo|AT)

yA Hd g3 0.093 mg/kgl 2 1 W= 0.003~
1.231 mg/kgol et 718 =& AL $9(0.254 mg/kg)©]
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Table 6. Concentration of heavy metal (Cr, Ni, Cu, and Zn) in vegetables

Sample No. Cr (mg/kg) Ni (mg/kg) Cu (mg/kg) 7Zn (mg/kg)
G . 5 0.083+0.079" 0.057+0.033 0.774+0.220 2.823+1.415
ceen. pepe ‘ 0.019~0.350 0.014~0.125 0.450~1.235 1.390~6.275
Perilln loaves 5 0.106+0.032 0.094+0.032 1.427+0.443 6.835+2.889
erifla feaves 0.070~0.207 0.019~0.574 0.586~2.686 3.131~15.88
Carrot 5 0.102+0.057 0.128+0.113 0.696+0.416 2.294+0.893
arro 0.036~0.254 0.031~0.561 0.283~1.848 0.906 ~4.353
Sed 5 0.076+0.072 0.057+0.031 0.708+0.453 3.195+1.710
edum 0.021~0.298 0.004~0.330 0.224~1.908 0.787~6.874
Gl 5 0.137+0.128 0.119+0.079 1.640+1.536 7243+ 4578
artic 0.026~0.527 0.030~0.298 0.306~7515 1.993~18.26
Radich 5 0.059+0.030 0.166+0.125 0.188+0.135 1.497+0.628
adis 0.028~0.130 0.008~1.106 0.072~0.634 0.706~3.113
Waterd . 5 0.080+0.043 0.036+0.019 0.657+0.228 2.368+0.779
aterdrop wor 0.039~0.184 0.015~0.088 0.351~1.259 1.443~4.135
Chin o 5 0.074+0.040 0.079-+0.066 0.405+0.171 4015+ 1.785
ese cabbage 0.024~0.135 0.010~0.241 0.190~0.810 1.653~8.706
Leck 5 0.102+0.101 0.061+0.031 0.695+0.220 3.942+1.861
ce 0.036~0.452 0.009~0.262 0.418~1.070 2.108~9.879
Broceoli 5 0.083+0.020 0.117+0.101 0.504+0.160 3.973+1.863
occol 0.030~0.399 0.012~0.382 0.290~0.885 0.485~8.977
Lettuce 5 0.104+0.096 0.050+0.042 1.668+0.284 3.657+2.574
0.044~0.434 0.010~0.274 0.399~ 1.506 0.900 ~8.687

Soimach 5 0.201+0.140 0.089+0.065 3.944+1.775 7.870+5.358
pmac 0.026~0.954 0.015~0.249 0.334~36.29 1.685~21.31
c da 5 0.082+0.072 0.090+0.013 0.924+0.394 3.692+2.192
rowm daisy 0.026~0.301 0.013~0.415 0.127~1.708 1.514~9.783
oni 5 0.084+0.059 0.088+0.060 0.251+0.104 1.594+0.561
mion 0.031~0.258 0.012~0.213 0.120~0.499 0.710~2.619
Cucumber 5 0.099-+0.092 0.072+0.028 0.596+0.182 3.196+2.201
0.027~0.396 0.007~0.370 0.360~0.949 1.214~9.050

Burdock 5 0.157+0.142 0.254+0.125 1.587+1.221 3.472+1.900
urdoc 0.022~0.552 0.013~1.231 0.245~5.199 0.837~8579
Tomat 5 0.066+0.056 0.047+0.021 0.425+0.188 1.246+0.493
omato 0.019~0.235 0.006~0.161 0.150 ~0.740 0.592 ~2.098
Welsh oni 5 0.104+0.056 0.113+0.028 0.757+1.190 2.039+0.654
clishomon 0.030~0.263 0.019~0.961 0.150 ~4.889 1.369~3.640
Sweet . 5 0.107+0.102 0.052+0.051 0.749+0.003 2.641+1.070
Sweel peppe 0.021 ~0.441 0.003~0.147 0.416~1.422 1.105~5.138
Pumokin 5 0.085+0.081 0.082+0.066 0.481+0.181 1.824+0514
D 0.025~0.368 0.009~0.272 0.256~0.665 0.946~2.671
Total mean 0.100+0.082 0.093+0.042 1.098+0.210 3.48+2.887
(0.019~0.954) (0.003~1.231) (0.072~36.29) (0.485~21.31)

) - -
Data were expressed as mean+SD (minimum ~maximum).

YA 33F 0201 mg/kght @2 5
et Frol YA gig A7e obF vug
Bon FoRE A% RUHY] Bad Qo 4
k)

TFeo Hi FFS 1.098 mg/kglE AFX7}F 3.944
mg/kg 2 7HE w9kal Fu7} 0251 mgkg o E 7HE ok
o 1 9 AAAaFE 0.072~36.29 mg/kgol ATt °]= Kim

(12)9] $4(1.760 mg/kg), 5-(0.233 mg/kg) 9 FrAlatA 1
g2 0.261 mg/kgBE e =& &3tk Chung 5(11)Y
243 2,060 mg/kg BT ST EvFE(0510 mg/ke)E FrAF
3t} Park¥ Na(16)9] AlE%1(0.879 mg/kg), »F=(0.693
mg/kg) ® Tk ¥ O AF(L072 mg/kg)s FTh EF I
2199 A4F FH 052 mg/kgHth & 50Tt 1
Hu FRAM=(23)9] 712 X9 25 mg/kgRUuE ¥tth

ol i e 3480 mg/kg o E A F X7} 7.870 mg/
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Table 7. The heavy metal concentrations of classification of vegetables

Group No. Hg (mg/kg) Pb (mg/kg) Cd (mg/kg) As (mg/kg) Cr (mg/kg) Ni (mg/kg) Cu (mg/kg) Zn (mg/kg)
Leafy 104 0.0006+0.0005% 0.014+0.012* 0.014+0.011™ 0.002+0.001* 0.10440.102* 0.079+0.024" 1.225+0.556" 4.636 +3.422°
vegetables N.D~0.050 N.D~0259 ND~0.177 ND~0.050 0.024~0.954 0.010~0.574 0.127~36.29 0.485~21.31
Stalk and stem 48 0.0007 +0.0005% 0.008+0.007* 0.008+0.007" 0.001 +0.001* 0.09440.081* 0.077+0.049" 0.719-+0.705" 3.059 +1.718"
vegetables 0.0010~0.0070 N.D~0.038 N.D~0.123 N.D~0.019 0.021~0.452 0.004~0.961 0.150~4.889 0.787~9.879
Root and tuber 75 0.0004+0.0003" 0.012+0.001* 0.020+0.010* 0.004-+0.002* 0.108+0.101* 0.151 +0.115* 0.872+0.165" 3.219+3.145"
vegetables N.D~0.0013 ND~0.09 N.D~018 ND~0.142 0.022~0.552 0.008~1.231 0.072~7.515 0.706~18.26
Fruiting 73 0.000340.0001” 0.008+0.004" 0.00540.002° 0.003+0.001* 0.088+0.021" 0.061+0.023" 0.608 +0.250% 2.360 +1.510
vegetables N.D~0.0010 0.001~0.082 N.D~0.177 N.D~0.064 0.019~0.441 0.003~0.370 0.150~1.422 0.592~9.050

““Means with different letters in the same column are significantly different (p<0.05).

Table 8. Comparison of average weekly intakes of heavy metals from agricultural products with Provisional Tolerable Weekly

Intake (PTWI) established by FAO/WHO

Mean concentration of

Weekly intake”

PTWI

5 o 3)

Metals metal in vegetables (mg/kg) (ug/kg b.w?/week) (ng/kg b.w/week) 7o PTWI
Hg 0.0005 0.022 5.0 0.44
Pb 0.011 0.495 25.0 1.98
Cd 0.012 0.540 7.0 7.71

DWeekly intake of heavy metals (ug/kg b.w./week)=[daily intakes of metals per adult (ng/day/person)x7 days/week]l/ 60 (body

weight per adult).

Ph.w: body weight. YWeekly intake/PTWTI x 100.

kgl 2 7} #3ka F7F 1497 mg/kg o= g worom,
1 9] AAFE 0485~21.310 mg/kgel At ©o]= Chung

S(1D)Y A3#(5.02 mg/kg), T9H2.09 mg/kg), F=(1.85
mg/kg) BTt EAY FARATH 28y 482099 A
(1.6 mg/kg), 2°](3.6 mg/kg), TUH2.7 mg/kg), TF=0.7
mg/kg), $3H2.02 mg/kg) Bt A AY & =50
Ak =g Kim 5(3)9] ANA&F(3.700 mg/kg) B A<=
ARSEATE =] AT Ao vlws] FHAE=(23)9]
2] Q1 40 mg/kgH th “H-cl’r @ FEoIUT O E F

HI L3S Wl o 29 A AolA 1.00 mg/kge] = ©
o2 HEE AL ofdHy 7o A AF T FHE ¢
29 A FHF WEoz A= ZAVF s A=

PR

71
_/l‘_.
=

A:

o

i

%JW»
o oo Mo

g}x]
A AATHpP<0.05).
FAFF ZAFIE F A Zel7t gl 4
AT B Foll M= FAQA Zol7t AATHPp<
0.05). o}d9] A5 AAF7E 8 AMAFERG FoHo =
= H(p<0.05). YA-L& AAF, GAAF, 182
BAFEG FoFe=z ol A (p<0.05). ol &
F :XH 7t ‘4%‘ gk FEAdel =dthe
LWL HA, 3E, aEa T
oAl 2pol7t fATh

r!i

@& o o g

g

A

%Eoﬂ

(p>0.05).

157 03
st e,
JA%E 3270 gl 2THO)

=7H LT E

Z+ 0.022, 0.495,
i, %PTWI= 044 1.98, 7.71°]
EEREES

g Ol‘iir%

0.540 ug/kg b. W/Vveeko]o4
ATt wekx AL

pay
o
it
el
a0y
i
A

2 T
B e
-
2,
>
Lo

4
o8 L

ZAS| =) 71E 7
N A A ul = of ’\1501]’\1 55
oozﬂ—% 2009 1975 102704 9
7V=F, Hl&, 2F, YA, 3,
ICP-OESE ©] &3t #4313t
S ol &3t on A FHZ AHE

o g

2 5
fd

(L

41 o

ol

X,
o,
o

N
-

¥
:|N:"4
B
4
Do

0%

tlo ol rr
all
I
0
o
w

B A
¥
flo
M

o &
AN
wa !

o
M
)
fr
o



Meolld 5 5

® ICP-OES % & #4719 HE A A FA s 44
0.0002~0.0018 mg/kg 2 0.0009~0.0065 mg/kgl.& 7%
7t EJth AMAF T TEE FHEHT(FHE~HW), mg/kel
& $& 0.0005(N.D~0.007), & 0.011(N.D~0.259), 7}=F
0.012(N.D~0.188), B4 0.002(N.D~0.142), =& 0.100(0.019
~0.954), Y7 0.093(0.003~1.231), 78] 1.098(0.072~36.29),
o<l 3.480(0.485~21.31)° At & ATFE T3l |44 2
s T 52 9, 7MEE, v, e, a8 ofde v|E

ATED fASIEOM 28, UAE e FFEolU. W

7teFe] B¢ Aaw T 5 7es 29 A ¢ 4
T A EF 2000d FRIGGRA AR 1Y A
AFS 2AZ FAO/WHO?| Fu& FAFdAs &

7.71%9]

o
R
=
ob
i
&
&
W,
Q

=
fr
N

N

N
(=]
i
X
—
[{e)]
[09)
X
wa

MO
ol

1. Lee SR. 2008. Food safety. Free Academy Publisher, Seoul,
Korea. p 206-220.

2. Reilly C. 1991. Metal contamination of od. 2nd ed. Elsevier
Science Publishing Co., New York, USA. p 5-21.

3. Kim MK, Kim WI, Jung GB, Yun SG. 2001. Safety assess-
ment of heavy metals in agricultural products of Korea. Kor
J Env Hith Soc 20: 169-174.

4. Lee JO, Sho YS, Oh KS, Kang KM, Suh JH, Lee EJ, Lee
YB, Park SS, Kim HY, Woo GZ. 2005. Heavy metal survey
of agricultural products in Korean circulation market. Annu
Rep KFDA 9: 953.

5. KFDA. 2008. Korea Food Code. Korea Food and Drug
Administration. Munyoungsa, Seoul, Korea. p 9-1-5.

6. KFDA. 2008. Korea Food Code. Korea Food and Drug
Administration. Munyoungsa, Seoul, Korea. p 10-6-11.
7. Joint FAO/WHO Expert Committee on Food Additives
(JECFA). 2000. Safety Evaluation of Certain Food Addi—
tives and Contaminants. WHO Food Additives Series 44,
International Programme on Chemical Safety and WHO,

Geneva, Switzerland. p 273-391.

8. Codex Alimentarius Commission. 2006. Codex General
Standard for Contaminants and Toxins in Foods. CX/FAC
06/38/19.

9. Korea Health Industry Development Institute. 2006. 7he
Third Korea National Health & Nutrition Examination
Survey: Nutrition Survey (II). Ministry of Health and
Welfare, Seoul, Korea. p 123-171.

10. Kim HY, Kim JI, Kim JC, Park JE, Lee KJ, Kim SI, Oh

2,
b
B
L
of
ol
s
%

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

sk A 1879

pid

ol

i

JH, Jang YM. 2009. Survey of heavy metal contents of cir-
culating agricultural products in Korea. Korean J Food Sci
Technol 41: 238-244.

Chung SY, Kim MH, Sho YS, Won KP, Hong MK. 2001.
Trace metal contents in vegetables and their safety evalua-
tions. J Korean Soc Food Sci Nut 30: 32-36.

Kim DW. 2005. A study on metal contents of root vegeta—
bles on the retail markets in Korea. J East Asia Soc Dietary
Life 150 465-474.

Tanaka T, Aoki Y, Tamase K, Umoto F, Ohbayasi H, Imou
M. 1992. Improved methods for determination of total mer-
cury and its application to vegetables and fruit in markets.
J Food Hyg Soc Jpn 33: 359-364.

Ministry of Agriculture, Fisheries and Food (MAFF). 1997.
Food surveillance intormation sheet, survey of mercury,
lead and cadmium in ods. Food surveillance paper No.
119, London, UK.

Korea Food and Drug Administration. Monitoring of Heavy
Metals in Agricultural Products. Available from: http:
//www .foodnara.kfda.go.kr. Accessed Mar. 16, 2009.
Park JS, Na HS. 2000. Analysis of trace metal in agricul-
tural products. Korean J Food & Nutr 13: 595-601.
Ministry of Agriculture, Fisheries and Food(MAFF). 1997.
Survey of lead and cadmium in foods. Food surveillance
paper No. 113. publ HMSO, London, UK. p 1-6.
Australia Food Authority. 1992. The 1992 Australian mar—
ket basket survey—a total diet survey of pesticides and
contaminants. Australia. p 78-88.

Ikebe K, Nishimune T, Sueki K. 1990. Contents of 17 metal
elements in food determined by inductively coupled plasma
atomic emission spectrometry (vegetables, fruits, potatoes
and fungi). J Food Hyg Soc Jpn 31: 382-393.

Jung MS, Kang JS, Park SH. 1994. A study on heavy metal
contents in vegetables and soil at Seoul area. Kor J Env
Hith Soc 20: 55-64.

Nam HS, Won Y], Seo IW, Yoon CY, Lee DM, Park DH,
Lee HM, Kim SS, Kim HJ, Lee KY. 2002. Study on hazard-
ous metal contents of circulating vegetables in Korea. Annu
Rep KFDA 6. 162-168.

Dabeka RW, McKenzie AD, Lacroix GMA, Cleroux C,
Bowe S, Graham RA, Conacher HBS. 1993. Survey of ar-
senic in total diet food composites and estimation of the
dietary intake of arsenic by Canadian adults and children.
J AOAC Int 76: 14-25.

WHO. 1983. International Digest of Health Legisiation. 34,
580.

Yoo CC, Kim DW. 2005. Studies on the heavy metal con-
tents in some vegetables sales on markets in Korea. Korean
J Food Nutr 18: 254-264.

Food and Agriculture Organization. 1994. Summary of
Evaluations Perfomed by the Joint FAO/WHO Expert
Committee on Food Additives (JECFA). ILSI, Geneva,
Switzerland.

WHO. 1989. Environmental Health Criteria 18-Arsenic.
World Health Organization, Geneva, Switzerland. p 43-50.

(2010 9€ 139 A< 2010 11€ 8¢ A=)



