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Survey of Heavy Metal Contents of Circulating Agricultural Products in Korea
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Abstract This survey was conducted as a surveillance program following the establishment of safety guidelines for
agricultural products in Korea. Concentrations of arsenic (As), cadmium (Cd), lead (Pb), and mercury (Hg) were measured
in 421 samples using a mercury analyzer or ICP-MS. The average levels of Pb in mg/kg were 0.021 for rice, 0.020 for
corn, 0.028 for soybeans, 0.034 for red beans, 0.025 for sweet potatoes, 0.021 for potatoes, 0.019 for Chinese cabbage,
0.031 for spinach, 0.021 for Welsh onions, and 0.011 for radishes. The average levels of Cd in mg/kg were 0.021 for rice,
0.002 for corn, 0.020 for soybeans, 0.006 for red beans, 0.008 for sweet potatoes, 0.011 for potatoes, 0.007 for Chinese
cabbage, 0.035 for spinach, 0.006 for Welsh onions, and, 0.006 for radishes. The average levels of As in mg/kg were
0.103 for rice, 0.005 for corn, 0.007 for soybeans, 0.005 for red beans, 0.005 for sweet potatoes, 0.004 for potatoes, 0.007
for Chinese cabbage, 0.015 for spinach, 0.009 for Welsh onions and, 0.006 for radishes. Finally, the average levels of Hg
in pg/kg were 2.3 for rice, 0.2 for corn, 0.6 for soybeans, 1.4 for red beans, 0.1 for sweet potatoes, 0.3 for potatoes, 0.5
Chinese cabbage, 2.1 for spinach, 0.5 for Welsh onions, and 0.2 for radishes. Based on the Korean public nutrition report
2005, these levels (or amounts) are calculated only at 2.6% for Pb, 8.7% for Cd, 1.2% for Hg of those presented in
provisional tolerable weekly intake (PTWI) which has been established by FAO/WHO. Therefore, the levels presented here

are presumed to be adequately safe.
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FAS HARE S8t AEFA AEE A AHYY T 59
AHE AF O Wl A FH A Th).
AleF =X}

Toll& Aoz E WEAFe FAHDongwoo Fine-Chem,

Iksan, Korea)Z} 3:F8l4=4~(Dongwoo Fine-Chem)E A&-319137,
Ao AMREHE FFFE 182MQ 02 AAD 5 A}
39, BRE AixAe EdEd 2 Zejz=g9 AE
S AHEBILT, 5%(viv) Aol 24A7F BAdE F 2R
MESA AL Jelz 2839k ICP-MS 42 9%t 3%
Aqe o Jl=F, HlA& EFY 1,000 mg/mL (Korea Research

zjl

Institute of Standard and Science, Daejeon, Korea)E 5%
Aol FAjstel AR, Se E29
5 ug/mL(Perkin Elmer, Waltham, MA, USA)E SHF= 34

&t} ARE-stA T

L2 Q o O
EEEYe

Aze| Hxz2|

AFE FAES AETH SAE F TEE5 A uet A
itk E2 7R AR & FiEe] JPEE EEst
o3& 7](Hallde VCM-61, AB Hallde Maskiner, Kista, Sweden)Z
aAslste] Al82 ARSI AY, oA &7 ol ¥F
(-20°C ©Jsh) B & A4 dEate] AMEsIAT Al5e] &
S 2HEEIH I microwave H3HS Blwste 1 T 34E
g&7d0] 2 S Al

ICP-MSE 0|8%t Y, 7IER, H|A M

MNEE AFsdoMe Algede] Alzel AHEaH, microwave
3l 2 AABIsPES AL ATKS). & AFddxe 2HE
3 2 microwave £l gk ¥ wAHE ST
oF 10gS Z9Zeleao] FHsl, 24k 30mL
SR Wbx|st & 7FEsiaith A%l & oA
2T ThsiiA 71dste] Aol HUS of
stk 37 € AR FFTE 100 mLe] EA
s|Alele] AlgEH o= STt

Microwave ®319H: F42HeS #d3lsle 1§ 7Ax SHE9
At 1g A 529 B9 Al 37k AlRE FHste] A
6 mLe} A 1 mLE Yol microwaveZ E3|31993, |, T
EH, A FF4S ICP-MS(ELAN DRC-II, Perkin-Elmer,
Waltham, MA, USA)E ©]-&3le] =433t Eald Alggde
Ake BE FEAZI 05N Arkez o 1087k EA 345t

o B0 A3l on 7172 AE Table 13+ 74t}

e mUE 239

Table 1. The Conditions of ICP-MS

Parameter Value

RF power 1200 Watts
Lens Voltage 9.6V
Nebulizer gas flow(Ar) 0.90-0.95 L/min
Plasma gas flow(Ar) 17 L/min
Auxiliary gas flow(Ar) 1.7 L/min
Dwell time 100 ms
Scanning mode Peak hop
Number of replicates 3

Detector Dual

Analytical elements As(74.92), Cd(110.9), Pb(207.98)

AR AT AT gzt AGd 2 AFEE FAH L
2 18R] 93] P $H73 2 E (department for environment
food and rural affairs)©] CSL(central science laboratory) food
science laboratory®ll 4] % 3H= FAPAS(food analysis performance
assessment scheme) =A4] AE=a] TR IFrisle] & E
F 7I=E, Hla B4 3 AF3E AATHE).

ol X}

#3303
2| My djm

FrHEAA S i TtEE, HAe] HA AAME 20E 2] 9
3 ARE3lH, microwave w3lH-S HRSISITE sl wet
378 A¥AAE Table 33 o) ARSI 749 B8l &
2 Azl AQEon W g e AR wiEe] Sbd
of 971 AU 2ol H|3] microwave 3lH-> HaH &7] W)
oAl 223817] wiitell A v @A FHo] HaL a8l A7ko]
wEw, 2237 AjFo R RE|S Qo] A, A& kel it
S ARESHE RS 7 ) Sastre 5(7)E S5 A
2] ¥ 5 microwave I+ <A ¥57]7 (International Organiza-
tion for Standardization, ISO) 114662] +2l&E3aW = vlwst 4
I, f7lE0] =2 AE U 958 BUHY 502 A1e
= microwave o] -8k AAE] WHOE AAEHI ot wh
b B A microwaveS |83 Algo] AAE] WPHS 1)
=+ 374X S (US Environment Protection Agency)2] EPA method
3052004 AAISE F71d8we EEE AHEslskE WS &8
SIATHS). AIEE oF 13 g Fotal dik HiksrEaE ARS8
HE 2% 180°ColA a3tk Microwave 2ol <]}
248 72t F59| 35EL 90-106%2 & FAE UE
ARl 23 3]e-e 83-108%E 2 2ol Holx &
gkth B A e JAE AIZHE ©E53] 18] microwaveH

[ A

< o]&siith
P B4 AE T 2 e 71871skgoPE 7 (Combustion

gold amalgamation method)S ©]-8-$t mercury analyzer(DMASO, ek o AESH
Milestone, Vergamo, ltaly)s ©]-&3te] S48t 5 78 2 B4 93 AL Smgkg TS o83k 25, 50,
2 P BTN SpgmlE SHTE A5t ARSI Al 100, 150, 300 pgkgS 2 3Asle] S 3% I AP
EE oF 0.1¢g F3td EA3t e, 7171 2L Table 291 2t o 7t ZFANES 05, 1, 5, 10, 50 pgkgo 2 A ekl 24381
Table 2. The conditions of mercury analyzer

Drying Drying Decomp. Decomp. Purse Amalgam. Record

temp. time temp. time time time time

200°C 150 sec 700°C 180 sec 60 sec 12 sec 60 sec
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Table 3. Comparison of digestion methods

Wet ashed Microwave
Samples Element Spiked conc.  Measured conc. Recovery Spiked conc.  Measured conc. Recovery
(mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%)
Pb 0.20 0.17 85 0.20 0.18 90
Rice Cd 0.12 0.10 83 0.12 0.11 92
As 1.05 1.08 103 1.05 1.09 104
Pb 0.20 0.18 90 0.20 0.18 90
Redbean Cd 0.12 0.10 83 0.12 0.11 90
As 1.05 1.13 108 1.05 1.11 106
Pb 0.20 0.18 88 0.20 0.19 95
Sweet potato Cd 0.12 0.10 83 0.12 0.11 90
As 1.05 1.00 95 1.05 1.03 98
Pb 0.20 0.17 85 0.20 0.19 95
Chinese cabbage Cd 0.12 0.11 92 0.12 0.11 92
As 1.05 0.96 91 1.05 1.06 101
Table 4. Recovery of the heavy metals (standards addition method)
Sample weight" Spiked conc. Measured conc. Recovery
Samples Analyte
P v © (k) (k) (%)
Pb 0.98+0.00 200 199.1 99.56
Ri Cd 0.98+0.04 200 19.18 95.96
e As 0.980.06 200 208.53 104.26
Hg 0.034+0.002 20 21.69 108.5
Pb 1.01+£0.03 100 97.60 97.60
Sovb Cd 1.01+£0.05 100 92.40 92.40
oybean As 1.01:£0.02 100 97.30 97.30
Hg 0.023+0.002 20 20.22 101.1
Pb 3.05+0.05 100 100.22 100.22
Potat Cd 3.05+0.07 100 90.02 90.02
oo As 3.05+0.03 100 9521 95.21
Hg 0.076+0.0006 20 21.13 105.65
Pb 2.95+0.01 200 191.05 95.52
Chi bb Cd 2.95+0.01 200 169.07 84.52
nese cabbage As 2.9540.01 200 190.22 95.11
Hg 0.080+0.0009 20 21.78 108.9
YNumber of sampling=5
th F25 ALS 3T 559 89 AFAE ol &S HEIM oAl P AFAE o83t 1 AF= Table 590 VERY

(limit of detectlon LOD)= & 0.008, 7F=+# 0.002, H]4 0.003
pg/kgel AL A &3 (limit of quantitation, LOQ)E & 0.025, 7}
ZE 0.006, 114 0.010 pug/kgel AT
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FAFEHY] SHAE Table 4, 59 2
golg olgalo] AN Py ¥, A=
o 42 20 ugkel 710l BASE W V% EEH L

(national institute of standard technology, NIST)o|lA] F43F %
1552 (certified reference material, CRM)S ©]-83l= F 714
WYoR B4 24aNT |, HEE, Nae) BYe BE
AH7bR) A AF 4 shjel B2 hoz A
3, 858 A9 A ARdl 7 BAQAe] Hel 37 FE 5
T2 Arket] 3egs ettt FEISEES IEREHE)
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Ao AlE FY 72 F=H PHo
2 43l HEps sl s I, 3F 259 A
A FFEE 88-91%= UERNIT

sSthEe| 3% &

TENE 10F5®, S5, uF, 2, 2T
) 421490 ik
@ Baans 7340 FHRE

:(on

FAE tham]
uh, AL, wlF, AR, g, T
T2 4T FTEEIHFE 24
L& Table 6, 79 YERRATH

= 04?—01]*1 ZAVE ol e A 0.021, S5 0.020, THF
0.028, Z 0.034, J_?—u} 0.025, 7F2} 0.021, HHT 0.019, Al &X
0.031, JJr 0.021, ¥ 0.011 mgkgo 2 JEFITE o] ZAR=E Lee
539 & 0.029, S5 0016, HF 0.029, & 0.070, L7}
0.021, 2=+ 0.017, W3 0.022, Al&3 0.039, 3 0.024 = F
0.013 mg/kge] A7} Lee 592 FFol 3 A7nus F &

nu



U 8 3R e 24 T RUEY 241
Table 5. The measurement of certified reference material (CRM)
Analyte NY Concentration of CRM Mean value CoefTicient of variation Recovery
(mg/kg) (mg/kg) (%) (%)
CRM (KRISS 108-01-002)”
Pb 5 (1.18)% 1.037+0.051 5 88
Cd 5 1.32+0.24 1.185+0.050 5 90
As 5 2.02+0.13 1.801+0.141 8 89
CRM (NIST 1633b)"
Hg 5 143.1+1.8 129.78+0.38 1.73 91

UNumber of samples

YKorea Research Institute of Standard and Science
IReference value

“National Institute of Standard and Technology

ollx419] 0.034(0.007-0.146) mghkg?t AR =Fo]tt. Parks} Na
(10)2] A=A A3} 0.037+0.029 mg/kgSt AR L i S0l A
£ 0.001£0.002 mg/kgl 2 ThA ¥ FXE BTk Nam 5(11)
o] AIZA 0.014 mgkg, I 0.012 mgkgRth B o] EQto
U HlE 0.011 mgkgl 2 AT Kim 5(12)°] 2 0.12 mg/
kg, I 0.11 mgkg, & 0.13mgkg, Z#F 0.09 mgkg, 77}
0.07 mg/kghth Sk S49= 0.01 mghkgl 2 H]|523h 0]
. G=213)e] & F & T 0.03 mgkgREthE thh Wy o
2149 & F F I 021 mgkge B15E Aog Ykt
TR Wi S 0.028-0.034 mgkgl® UE(14)9] thE
0.05 mgkghth Stont F=1(13)2] F7 0.01 mgkghths tha
2 202 YEth AR H TS 0.011-0.031 mgkg
o7 FF(15), 4E(16), FF313)9 ALF F @ FF 001-

9] 02 mgkg, 271} 22 3 F2 0.1 mgkg, W3, AlEX
9] 03 mgkeell Bls] & SRS HATH Ao F3g HH 5
Aol Zhet wEES T ] F2 QA Ul BE 7]ZH(organ)
I ZAoA TARTK17). F T5FEI A RS
Wz 22 BAES dfste 2 715 Welsh, ¥4 55 Al
o= A &RX, Ak, 85, F6, AE4E, 9, vg 5
o] F/do]l JERATH(IS).

FI=ge] e & 0.021, 255 0.002, TIF 0.020, Z 0.006,
Ik 0.008, ZAF 0.011, Wi 0.007, A1SX] 0.035, I} 0.006,
T 0.006 mgkgS 2 UERITE o] F(3)e] A<} vwds ul, &
0.021, === 0.003, & 0.010, #}3= 0.009, A= 0.045, I}
0.008, T 0.010 mgkgS FARBIAA. WIF 0.043, 3277} 0.022, 72
A 0.020 mghkghths W F2E Bl Lee 5(9)2 Z#Rl

0.03 mgkgsh AR 202 Vehet oleldt Wl SYAE 5

20,006 mgkgRTh B 7HS UERITE Kim 5(12)2] Z3e} v

U}, Codex ¥ EU 71FXQ0 Z@n] A9, &4, UIF, e B AL 0019 mgkeR AT, S5 0,012 mg/ke,
Table 6. The trace metal concentrations of each agricultural product

Samples NP Pb (mg/kg) Cd (mg/kg) As (mg/kg) Hg (ng/kg)

Rice (R) 0 0.021+0.006” 0.021+0.014 0.103+0.024 2321+1.168

(0.006-0.038)” (0.004-0.062) (0.052-0.160) (0.116-6.309)

Com (©) 1 0.020+0.010 0.002:0.002 0.005+0.003 0.195+0.416

(0.001-0.033) (0.000-0.009) (0.002-0.014) (0.000-1.458)

Soybean (SB) 0 0.028+0.006 0.020£0.012 0.007+0.005 0.610+0.666

Y (0.002-0.051) (0.006-0.081) (0.002-0.031) (0.020-3.238)
0.034+0.010 0.00620.003 0.005+0.003 1.385+1.101

Redbean (RB) 38 (0.004-0.059) (0.002-0.018) (0.001-0.016) (0.055-4.753)

0.025+0.015 0.008-0.009 0.005+0.003 0.147+0.224

Sweetpotato (SP) 44 (0.005-0.059) (0.002-0.051) (0.002-0.015) (0.000-1.235)

Potato (P) 18 0.021+0.008 0.0110.007 0.004-0.006 0.320+£0.496

(0.001-0.051) (0.003-0.034) (0.000-0.040) (0.000-1.999)

. 0.019+0.008 0.007+0.005 0.007£0.008 0.488+1.014

Chinese cabbage (CC) 4 (0.002-0.042) (0.002-0.027) (0.001-0.039) (0.000-6.637)
Spinach (S) 0 0.03120.017 0.035+0.029 0.015+0.009 2.125+1.333

p (0.011-0.085) (0.005-0.108) (0.004-0.046) (0.262-6.212)

Welsh onion (W) 51 0.02120.009 0.00620.004 0.009+0.007 0.488+0.538

(0.004-0.044) (0.001-0.017) (0.001-0.031) (0.000-2.249)

Radish (RA) “ 0.011+0.008 0.0062:0.004 0.006=0.004 0.193+0.233

(0.002-0.047)

(0.001-0.016)

(0.002-0.017)

(0.000-1.134)

YN, Number of samples
YMean value+SD
)(minimum-maximum)
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Table 7. Frequency distribution of heavy metals concentration of each agricultural product

Heavy Content Agricultural products
metals  (ug/kg) R C SB R SpP P cc S W RA
<1 - - - - 1 - - - - -
>1 1 2 1 1 11 2 3 - 5 20
>10 49 15 40 34 28 45 2 35 46 24
Pb >50 - - 1 3 5 1 - 7 - -
>100 - - - - - - - - - -
>200 - - - - - - - - - -
sum 50 17 2 38 44 48 45 2 51 44
<1 - 1 - - - - - - 1 1
>1 11 16 3 34 37 25 37 7 44 36
>10 36 - 38 4 6 23 8 24 6 7
cd >50 3 - 1 - 1 - - 10 - -
>100 - - - - - - - 1 - -
>200 - - - - - - - - - -
sum 50 17 42 38 44 48 45 42 51 44
<1 - - - - - 4 1 - - -
>1 - 16 36 36 40 42 37 13 36 39
>10 - 1 6 2 4 2 7 29 15 5
As >50 24 - - - - - - - - -
>100 26 - - - - - - - - -
>200 - - - - - - - - - -
sum 50 17 42 38 44 48 45 42 51 44
<0.1 - 13 5 3 23 22 18 10 12
>0.1 6 3 31 9 20 21 22 6 34 31
>1.0 16 1 2 19 1 5 4 15 6 1
He >2.0 17 . 3 5 ; ; . 15 1 ;
>3.0 1 - 1 2 - - 1 6 - -
sum 50 17 42 38 44 48 45 42 51 44

% 0.031 mgkg, & 0.026mgkeg, ZA 0.018 mgkg, LT-vh
0017 mgkgo & e FFoz nrh dE (149 & 0.09mg
kg, MES=(19)2] & 0.03-0.04 mgkgRth W& FFo|UL J=
(13)¢] 2 0.02-0.03 mg/kg, 2=711(20)°] 2 0.018 mg/kgdF=
fAkeIATE olE s =] A SEvEr 71ER A &
T, UF, 29 02mgkg, 270k 2R, F9 0.1 mgkg, ¥,
A FA9 03 mgke, T 0.05mgkeol Hla] @ kS BTh
Codex B EU®| 7]5R|9F HluglS wox @ £321 Zlo=R
UERTE T2 404 oo oA 8%, FH, ItEE 52
fFHenske Fo2 484 de 7lEES ofd, e, gl Al
d A A7IE Hrst 5= Anl A ARSSe BN o
He AR A Aok 53] MM EeE AdEke] st=gol
=l Sl

Hlae] A e & 0103, S 0.005, HiF 0.007, &
0.005, ZZ7-1} 0.005, A+ 0.004, ¥WiS= 0.007, Al&X] 0.015, 3}
0.009, T 0.006 mg/kgo] A tt.

Lee 5(3)° Ao} vne o, S5, T, &, IL7u}, 7
2}, W%, o}, FE 0.001-0.007 mgkgl 2 A 0| &
I AFHE 22 0.068, 0.009 mgkgl ® TR =T e &
oll4 Kim 5(12)¢] 0.09 mg/kg®t Kim 5(22)2] 0.094 mg/kge] 1
TAH= FARE oIt olgRlon23)e] & Het 0.171 mg/
kg, 1E(24)°] 2 0232 mgkghth B FEo)UTh FRolA €]
H| A& RS Kim 5(12)2] 4321 0.100 mgkgith 2okt 24

l

~

F Sl ¥4 FF2 Nam 51D A<D w3 0005, o
0.006 mg/kget FFAFIAO W AlEA] 0.004 mgkgh the T &
AAE Bk H& S F FMAE FAH5EE veERH
oFH)4H(As 0,2 7HE e 548 7K ASE HAEN 9lo
11(25,26) HlAx9] 739 AR AYA] Woll A o] A kg-el ths)
A Aoz wEzl vt fla, HF HH Ay AA 5 S
Yellle Aoz 4EA k. FAO/WHOAME 2ES 531 4
A A gk kA Hrhe HAo] e FriEjid gl
ARE AT kgd 15pgl® A Jew@27), dRtder AF
ZFoll FiE v gl gon I giftito] {rn4
QA Rew LA ATHR6).

oo Ha e A 2321, 255 0195, UIF 0610, &
1.385, Z7u} 0.147, A 0320, ¥i5 0488, A= 2.125, %
0.488, - 0.193 pgkgS = ERATE Lee 5(3)¢ A¥e} Bl
= o, S, Al 24w, 9k P2 05-09 pgkgo ®
AR oA A AlFH], B 7t 6.5, 3.5, 2.1 ngkgl =
ohA WkT Kim 5(28)2] & 3.11 pgkg, Kim 5(12)2] & 5 g/
keRoh W9tk 3R B S 1.03 ugkegS Z Kim &
(28)9] 1.07 pgkgst Lee 5(29)2] 0.6-1.1 pgkgl 2 v|5=38 28
Btk F79 #Ha IS 1.00 ugkgl 2 Kim 5(12)2 5ug/
kgS HQl AR Yo £FE HAFI vt AF] At F
F2 023 pgkg® 2 Kim 5(28)2] 0.79 pgkgi ol tha Wt
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Table 8. Comparison of average weekly intakes of heavy metals from agricultural products with PTWI established by FAO/WHO

PTWI

Daily intake of heavy metals®

Weekly intake”

0,

Metals (ne/ke bw"/week) (ng/person/day) (ng/kg b.wiweek) 70 PTWI
Pb 25 0.6 26
cd 7 0.61 8.7
Hg 5 0.06 1.2

Yb.w: body weight

IDaily intakes of heavy metals per adult (pg/day/person)=E[Concentration of heavy metals in each foodxdaily intakes of foods (g/person/day)]
YWeekly intake of heavy metals (ug/kg b.w./week)=[daily intakes of metals per adult (ug/day/person)x7 days/week]/60 (body weight per adult)

SHES %?.P 35 AEFIFSEEPTWI)

AHE] B3 AAl FFEe TFE U A
<% }0}71 8l FAE 1052 S8 AAHE I %
FAO/WHOOIA 73+ 3714 # 88321 PTWI(provisional
tolerable weekly intake)S V|3 Th Z A9 1YW HFFS
2005 =71 °ﬂ°k§/\}7ﬂa+imi(30)§ 7o R Sk A2
U]i/ﬂ 2057g, S 2F 05g, A 139g, ZFvF 23 g UIF
06g & 02g "3 67g ¥ 203g AIEX 1lg 3 129g°1A
1;} 101 H%ak;}_ }r_/\}%g,] %%d: ﬁﬂ& t’sl—akoil’ﬂ_a l.—_/\].%_O_
B3l AR FE&e] T AHTEE AFESHH Table 83 2tk
UM FEEE siEdA dFEE S5 TS FAO/
WHO°IA AFE 8 FHHS-E&2< PTWISH H|L A] Pb
2.6%, Cd 8.7%, Hg 12%= JEFHTH27).

o oF

Rl =
B Q:F_L; A]E_Tf_;q o] AR =g 7]5_%21 H;%E'Li o3k
}—‘? J&ﬂ M frE F i*% 10550l tiste] T5<

/\}o}‘ziﬂ} Aol 5 T thir] sE A, S5
ﬂl T, 2, 2A, o) a1 FaLil, I 2171& 20074
FEH 10497 FYstaL FF34 4% (As, Cd, Pb, HgyS 52
—E-—" 7] 2 ICP-MSE o]&3l A3t} Al52] £33 micro-
waveH < o]g&3lgon 4 AH|Z ALS-E ICP-MS % Foi
2719 HEIHA} AT 42 0.002-0.025 pghkg 2 0.023
pgke® =2 s YeEMIATE 10859 F4HEd s S+
% 439 BAAAE o 2ok '] Hagke & 0021, &
4 0.020, ST 0.028, Z 0.034, L1} 0.025, 7ZH2F 0.021, By
== 0.019 AFA 0031, I 0.021, ¥ 0.011 mgkgS & VERSEA
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