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This study was conducted to estimate the heavy metal contents in various foods (n1=696). The contents of lead
(Pb), cadmium (Cd) and tin (Sn) were determined using an ICP (inductively coupled plasma spectrometer). The
content of mercury (Hg) was determined using a mercury analyzer. The values of heavy metals in canned foods
were as follows [minimum~maximum (mean), mg/kgl; Pb 0.001~0.36 (0.10), Cd 0.001~0.10 (0.04), Sn 0.01~24.75
(2.60). The mean values of Pb and Cd in animal foods were 0.40 mg/kg and 0.03 mg/kg. Also, the mean values
of heavy metals in vegetables and potatoes were 0.03 mg/kg for Pb, 0.02 mg/kg for Cd, 0.001 mg/kg for Hg,
respectively. The mean values of Hg in fishes and canned fishes were 0.08 mg/kg and 0.04 mg/kg. Our results
showed that heavy metal contents in various foods available on markets were similar to those reported in other

countries.
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Table 1. The operating condition of ICP

Classification Condition
Pb: 2203.53
Wavelength (nm) Cd: 214.438
Sn: 283.999
Sample gas flow (L/min) 0.5
Plasma gas flow (L/min) 12.0
Auxiliary gas flow (L/min) 0.9

d, 7les, ¥4 24

Pb, Cd, Sn A& A|¢ko 2 gulfuric acid(Dong Woo Fine.
Chem. Co. Ltd) ¥ nitric acid(Dong Woo Fine Chem. Co.
Lid)E ARS3IAT 545 EEEAL AAFZEAE B
Yo (Wako Pure Chemical Industry Ltd)S AHE3te] 3%
HNO, 8202 3Aste] ARGl BT A8E A&
3] dol At B Fao FARSf sl AHEAS A8t
Ak AR F o, JI=E, 74§ 95 §FE Table 19
Z79] w2} Inductively coupled plasma spectrometer(Model
XM2, GBC Co., Australiays ©]&-3tod 24815t}

M

)
+ Flo
L
"

HELHE AFTHZENE EF LA (Wako Pure
Chemical Industry Ltd)& AF&3} 0.001% L-cysteine £
o2 At AT 72 SHE HAIHRIEA AREEH
sodium carbonate anhydrous(Nakari Chem. Ltd.)$} calcium
hydroxide(Nakari Chem. Ltd)E 1:1ww)2 &3 At
aluminium oxide anhydrous(Nakari Chem. Ltd.)x= 800°CelA]
27 AEAZE F, sk ARSIk A8 F e F
e 71E 7137 o2 (Combustion gold amalgamation
method)'?ll &] A3t Mercury analyzer(Model SP-3D, Nip-
pon Instrument Co., Japan)® A}&-3}] Table 298] 2744
WA 8k

EME T2 (Analytical Quality Assurance: AQA)
EAAT e o ey B AEEE AR AW
71 98l F= 374 2]3F 5 (Department for Environment Food
and Rural Affairs)?] CSL(Central Science Laboratory) Food
Science Laboratoryll4] £ 35}= FAPAS(Food Analysis Per-

Table 2. The operating condition of mercury analyzer

e

formance Assessment Scheme) =4 AE#E] T2
Yol @ B 23S EHA 4% AAE U,

e

o o aF

g gl FIc8 §HeF

SESM F5 F o4 7 AHAF T FEE 2
AV A, B B2Y) W $Fo] 0,03 mgkge R TPY
olw &8¢ ¢ do] 049 mghkglE 7PE B4 viEbstTh
e FFe HY 729 Fl=F Ol 0.003 mgkgl =
M @k olf F2Ye FI=F FFol 0.04mekgE
7Pg =A e

Exy AF F ¢ ¥ J=F IS Table 35 Zoh B
@l AHEE %xﬂura} olF Eze ¢ T 022023
mg/kg, ASE 2 Ad T2H o FF2 ZH} 0.05 mgke,

w9 &

0.03 mghkgo.2 YEbdth $elvel 3 T2y o &F
2 0.2 mgkgl® $F9] FX T2 (0.03 mgkg)ETh ok
2 3t A 249 7EE L 001 mghkge = v
Z9) 7Y FZH(0.004 mghkg)Rth FFO] i w2 A
o2 JePgT

«uEl $F 2 oulf F | % Jl=F L Table
4] L}Ehﬂ%lv}. U S/ 5 ¢ ?:} 8 0.49 mg/kg__
=4 j_.?_(ﬂ) 0:]-;17-(23) ?:_)_E_(M)oﬂ H]—gﬁ TL]— ﬁi ‘/]’ﬂ'}j\"
o} T8 #3279 A F IlEE ?ﬂﬂl’— Z¥z} 0.01 mg/
kg, 0.02mgkgl & FF(H 7] 001 mgkg®, EEEF
0.002 mg/kg)®, G327 0.005 mgkg, A7) 0.01 mg/
kg)® 59 BRI} HWA] HEEHAY i 52 AoE
ZALE AT

% F ¢ THS 047 mgkgl® F= FHPPEC ok
EgkoH, JAF F % FL 032 mgkglE L E®o)A]
ByE AR ti B4 veEsEt. a8y 7 vt
F7 g AR FFH7F UEH a5 R FEl

R0 we} Zol7t UL § AUk EF AAF, AR, A
2 2 FI=F T 0.01~0.06 mgkgl E YE®o|A B
® 7= FEeElF 0.03 mgkg, A4 0.17~0.19 mgkg, €
AF 022 mghkg)ETH A A velgth B v e @A gee
9] AL, AF F9 F=F o] HIL 1.8 mgkgZFA EIL
B ul Yo A EL 0.05~3.66 mgkeg, HFS W F

.j;
U.,Ol_‘.a

Classification Heating condition Standard solution (10 ng/mlL.) Samples
Sample amount 50, 100, 200 pLL 100 mg
Mode selector 1 2
1st step 1 min 10 min
2nd step 4 min 6 min
Additive Unnecessary M+S+M+B+M or B+S+B+M'?
Washing liquid Distilled deionized water
Measuring range 2ng
Combustion gas flow 0.5 L/min
Carrier gas flow 0.5 L/min

PM: sodium carbonate(anhydrous):calcium hydroxide=1:1 (w/w), B:
ISolid sample: M+S+M+B+M; liquid sample: B+S+B+M.

aluminium oxide, S: sample.



1>
it
ol

Table 3. Contents of Pb and Cd in canned foods
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(unit: mg/kg)

Foods

minimum~maximum (mean)

Pb

Cd

tuna

chub mackerel
Fish .
Pacific saury

15

13

0.143~0.362 (0.221)"
0.089~0.331 (0.223)
0.021~0.330 (0.229)

0.016~0.050 (0.032)
0.041~0.095 (0.070)
0.012~0.056 (0.034)

subtotal

37

0.021~0.362 (0.224)

0.012~0.095 (0.042)

orange
pear
grape
apple
peach

Beverages

10
10

12
10

0.010~0.090 (0.036)
0.003~0.108 (0.081)
0.085~0.109 (0.096)
0.002~0.097 (0.020)
0.001~0.504 (0.020)

0.001~0.003 (0.002)
0.003~0.021 (0.007)
0.001~0.008 (0.003)
0.001~0.008 (0.003)
0.002~0.012 (0.006)

subtotal

50

0.001~0.109 (0.048)

0.001~0.021 (0.004)

peach
grape

Fruits pineapple

16

0.002~0.085 (0.033)
0.004~0.088 (0.028)
0.004~0.016 (0.010)

0.005~0.024 (0.017)
0.001~0.009 (0.004)
0.003~0.008 (0.005)

subtotal

27

0.002~0.088 (0.029)

0.001~0.024 (0.012)

total

114

0.001~0.362 (0.099)

0.001~0.095 (0.035)

UThe values express minimum~maximum (mean),

Table 4. Contents of Pb and Cd in animal foods

(unit: mg/kg)

Foods

No.

minimum~maximum (mean)

Pb

Cd

beef

Meats pork

20
20

0.25~0.67 (0.43)
0.06~0.96 (0.55)

0.004~0.027 (0.013)
0.003~0.069 (0.024)

subtotal

40

0.06~0.96 (0.49)

0.003~0.069 (0.019)

yeliow croaker
chub mackerel
atka mackerel
Pacific saury
anchovy
Pacific cod
flounder
hair-tail
Alaska pollack

Fish

10

10
10
11
10
12

0.06~1.27 (0.32)
0.11~1.09 (0.62)
0.32~0.55 (0.46)
0.04~0.39 (0.23)
0.39~1.34 (0.72)
0.12~0.42 (0.27)
0.38~0.80 (0.54)
0.53~1.20 (0.85)
0.01~0.46 (0.22)

0.003~0.048 (0.024)
0.004~0.081 (0.025)
0.004~0.019 (0.012)
0.004~0.067 (0.026)
0.006~0.099 (0.042)
0.011~0.040 (0.023)
0.011~0.040 (0.023)
0.037~0.085 (0.062)
0.006~0.089 (0.048)

subtotal

89

0.01~1.34 (0.47)

0.003~0.099 (0.032)

shrimp

Crustaceans crab

15
16

0.21~0.58 (0.33)
0.19~0.41 (0.31)

0.010~0.042 (0.022)
0.010~0.084 (0.036)

subtotal

31

0.19~0.58 (0.32)

0.010~0.042 (0.029)

squid

small octopus

Molluscs octopus

10
11

0.05~0.64 (0.21)
0.06~0.49 (0.18)
0.07~0.22 (0.12)

0.009~0.035 (0.020)
0.020~0.093 (0.053)
0.016~0.068 (0.032)

subtotal

30

0.05~0.64 (0.17)

0.009~0.093 (0.037)

190

0.01~1.34 (0.40)

0.003~0.099 (0.030)

o= 30~50 mg/kg®]
ZhA T o {9
o2 Alghad

TEvet 57, TR 2 2 HE F H 2 V=R 8%
< Table 591 Jepich 47 F & 32 028 mgkeS
2 gt & = ggH0.03 mgkg)Roe Tk =9

FHE A9 Ao 2TERID. o
g G 098 FEol okl

o

[}

U d

]

of
L

B
i
Eat
N

ol

SrEro

R

@) 20,21 mgkg)ol+ A1(0.22~0.46 mg/kg) Bk
A we Aoz vehhd eeiuet B % 9
Zvz} 0.10~0.27 mg/kg 22 AE(HF 0.05

mg/kg, B 0.12 mgkg)®o vt F=EEFH 0.01 mghkg)Erh
U 2o Aow Uehgt Ax ny F J=E dEe 4
7} 0.01 mg/kg, 0.02 mgke. 2 JEE 2AASE & 0.09 mg/
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Table 5. Contents of Pb and Cd in vegetable foods

(unit: mg/kg)

minimum~maximum (mean)

Foods No.

Pb cd
rice 20 0.05~0.55 (0.24) 0.001~0.020 (0.009)
barley 20 0.06~0.87 (0.31) 0.001~0.051 (0.020)
Cereal & its products wheat flour 12 0.01~0.38 (009) 0.020~0.059 (0037)
cereal 25 0.11~0.74 (0.39) 0.001~0.047 (0.016)
subtotal 7 0.01~0.87 (0.28) 0.001~0.059 (0.018)
soybean 13 0.05~0.43 (0.18) 0.004~0.083 (0.025)
mug bean 1 0.05~0.52 (0.25) 0.003~0.034 (0.014)
Pulses & products red-bean 12 0.17~035 (0.27) 0.005~0.089 (0.023)
bean-curd 12 0.05~0.13 (0.10) 0.002~0.018 (0.009)
subtotal 48 0.05~0.52 (0.20) 0.002~0.089 (0.020)
orange 1 0.04~0.10 (0.08) 0.001~0.007 (0.004)
apple 9 0.01~0.12 (0.05) 0.001~0.007 (0.003)
Fruit juices grape 10 0.03~0.11 (0.06) 0.001~0.003 (0.002)
pear 7 0.02~0.07 (0.04) 0.002~0.014 (0.004)
subtotal 37 0.01~0.12 (0.06) 0.001~0.014 (0.003)
soybean paste 10 0.27~0.59 (0.43) 0.004~0.035 (0.017)
soybean sauce 11 0.10~0.97 (0.31) 0.002~0.014 (0.018)
. soy paste mixed with red pepper 10 0.24~0.68 (0.38) 0.004~0.043 (0.015)
Flavoring foods powdered red pepper 8 0.22~0.86 (0.53) 0.020~0.086 (0.049)
pepper 6 0.27~0.56 (0.43) 0.003~0.063 (0.034)
subtotal 45 0.10~0.97 (0.41) 0.002~0.086 (0.025)
Chinese cabbage 9 0.01~0.06 (0.02) 0.001~0.014 (0.006)
radish 10 0.01~0.09 (0.03) 0.002~0.016 (0.007)
lettuce 10 0.01~0.04 (0.02) 0.002~0.059 (0.023)
carrot 10 0.02~0.09 (0.05) 0.002~0.067 (0.015)
garlic 10 0.01~0.03 (0.02) 0.004~0.073 (0.030)
spinach 10 0.02~0.08 (0.05) 0.007~0.061 (0.027)
onion 9 0.01~0.05 (0.02) 0.004~0.056 (0.021)
red pepper 10 0.01~0.04 (0.02) 0.001~0.051 (0.019)
cabbage 9 0.01~0.05 (0.02) 0.001~0.027 (0.011)
Vegetables & potatoes crown daisy 9 0.02-0.04 (0.03) 0.006~0.073 (0.027)
pumpkin 10 0.01~0.10 (0.02) 0.002~0.043 (0.010)
green onion 9 0.01~0.10 (0.03) 0.002~0.038 (0.014)
cucumber 10 0.004~0.09 (0.02) 0.001~0.045 (0.013)
Chinese bellflower 7 0.02~0.07 (0.05) 0.003~0.022 (0.015)
young radish 4 0.01~0.02 (0.01) 0.007~0.042 (0.020)
bean sprout 10 0.02~0.10 (0.04) 0.002~0.041 (0.014)
potatoes 7 0.02~0.17 (0.10) 0.002~0.064 (0.019)
subtotal 153 0.004~0.17 (0.03) 0.001~0.073 (0.017)
total 360 0.004~0.97 (0.16) 0.001~0.089 (0.017)

kg, B2 0.02 mgkg)®?®, %3(0.02~0.03 mg/kg)>?, AT=
(0.02~0.04 mg/kg)*”, WY ZH=(0.03~0.04 mg/kg) ol B.31%
AAA BT e Aoz eyt £F 2 9% F =E
TS 001002 mghkglE UEZ 001 mghkg, T 0.04
mg/kg, D7 0.01 mgkg)®, F=0.01 mg/kg)® SollM B3
d d7E#Aet v

U HaF 2 AMF T 2 =R S Table
594 UeblSich AMAEF F 9§32 0.01~0.05 mgkgS 2

STFO0, JEO, GHP9 AAF F F FH001-0.03 my/
kgt fFARE Ao2 vebsth 2019 A9 Afut®eA =
046 mghkee] W& FFote] sURtRG 4P3] w2 Ao
5 B3tk f2lvel ALaFY o S B 0.03 mgkg
ol EC®Y A4aH F ¢ 71501 mgkg) 2 Codex®™
ALaF D FAFAFA AL & 7152H0.3 mgkg)ETh
W@ AoE etk AaF F 7l=FE TS 0.01~0.03
mghkgl 2 3F(F<, &8, A5 2 0.29 mg/kg, 0.004 mg/

qr lo W oo
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Table 6. Contents of Hg in foods (unit: mg/kg)
Foods No. mean minimum~maximum

Canned fish tuna 15 0.054 0.024~0.110
chub mackerel 9 0.027 0.014~0.053

Pacific saury 13 0.039 0.026~0.051

subtotal 37 0.042 0.014~0.110

Fish yellow croaker 8 0.016 0.013~0.020
chub mackerel 9 0.030 0.022~0.042

atka mackerel 10 0.084 0.044~0.119

Pacific saury 9 0.060 0.034~0.075

anchovy 10 0.019 0.010~0.044

Pacific cod 10 0.080 0.060~0.126

flounder 1 0.221 0.044~0.439

hair-tail 10 0.026 0.008~0.072

Alaska pollack 12 0.109 0.011~0.241

subtotal 89 0.076 0.010~0.439

Vegetables & potatoes Chinese cabbage 9 0.001 0.0004~0.001
radish 10 0.001 0.0001~0.001

lettuce 10 0.002 0.001~0.003

carrot 10 0.001 0.001~0.002
garlic 10 0.001 0.0003~0.003

spinach 10 0.003 0.002~0.004

onion 9 0.001 0.0002~0.001

red pepper 10 0.001 0.0003~0.001

cabbage 9 0.001 0.0002~0.001

crown daisy 9 0.002 0.001~0.004

pumpkin 10 0.001 0.0003~0.001
green onion 9 0.001 0.0004~0.004
cucumber 10 0.001 0.0004~0.002

Chinese bellflower 7 0.003 0.001~0.005

young radish 4 0.002 0.001~0.003
bean sprout 10 0.001 0.0002~0.004

potatoes 7 0.001 0.0004~0.001
subtotal 153 0.001 0.0002~0.005
total 279 0.030 0.0002~0.439

kg, 0.01 mg/ke)?} 9=H(F 0.008 mgkg, ¥ 0.009 mg/
kg®RTh= thd wouh Avth(E 0.01 mgkg, FT 0.02
mg/kg, 2°1 001 mgkg)*Vehs A Aoz Jeigth 3
23 Gue] heg FFE A Fd 002mghkgo R ol
AE(FZ 0.02 mgkg, ¥ 0.03 mgkg)®Pol G2, ©
7 0.03 mg/kg)@ell v Ft=F o] vlszstAL ¥ A
o2 Yeitor ECPY MHLH F 7I=F 71F0.1 mgkg)
2 Codex™9] A4/ FH=E 71F2H0.05 mghkg)Rth e
Aoz eyt

F2 E#HY

"l"‘:ql’}"j’]"’] é‘]ﬁ' b= B S e o Table 6°ﬂ L}E}L}}‘}iﬂ- o
L0 LR 7R Bo) 38FHo] 9= Aow A g
o oyl BUEHME oif & 1 sHFE] dste AL
3t olf T2Y F & T2 0.04 mgkg, o1FE 0.08
mgkg, A2F 2 MFE 0.001 mgkgolAth ole TFEA
223 0.11 mgkg, oI5 0.35 mg/ke)?"e] BUE Al H

T re e
=}

3 o A2 49 F22 FHsks FFEoIvh ZUEE 2
s AFAR) 2 - 2 ZARIAG] JE s vm
Al Zicker #sbh gldlen, MNkAQl e oo Bt
e AATAF FEoR ekt AsigolRsE A9
o Foll st $-elvteke] e FAIX Y 0.5 mgkgolH,
HEOL fPFeoEA 10meky YEOL 520 2A
04 mg/kg, MIE25L2 2 03 mgkee] A= eyt of
FRo] HrtlAe AlskaL

2T —
AA et

T 2
TxY AF T 4

N

e Table 79 YERHITE o7
229 & 34 FFS 024 mgke, WS89 ¢ 116 mg
kg, o B2YL 203 mgke, FU TX2HLS 1033 mgkeS
2 o)y Agde) o) ¥ d BxYS AFAXQ] 1~77 mg/
kg@ET}H wgkon AZFAe] B - WRY 2Fe F4 F
ZF 7#22) 150 mg/kg ©BHTHE, AMY BEHL 200 mekg ©]
shEch B4 UeE AL gtk

o
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Table 7. Contents of Sn in canned foods

=21 08E35)R] A 35 W Al 4 3 (2003)

(unit: mg/kg)

Foods No. mean minimum~maximum
tuna 15 0.15 0.07~0.18
chub mackerel 9 0.32 0.05~0.98
Fish Pacific saury 13 0.50 0.05~0.95
whelk 17 0.08 0.01~0.19
subtotal 54 0.24 0.01~0.98
orange 10 3.36 2.32~4.84
pear 10 0.12 0.01~0.24
grape 8 0.21 0.08~0.60
Beverages apple 12 021 0.08~0.60
peach 10 191 0.07~4.83
subtotal 50 1.16 0.01~4.84
peach 16 8.56 0.48~20.89
) grape 8 12.67 0.43~24.75
Fruits .
pineapple 3 13.50 11.71~14.93
subtotal 27 10.33 0.43~24.75
corn 8 0.14 0.02~0.35
Vegetables mushroom 7 4.19 0.04~13.28
subtotal 15 2.03 0.02~13.28
total 146 2.60 0.01~24.75
B Aol AR A% = g sleg 24 4o i 2. Reilly, C. Metal Contamination of Food. Applied Science Publish,
; o T London, UK (1991)
[o]
< AF7A BAEE S - 9 f’t—]—}j' A 5 8 Aozt 3. Kim, S.J. and Ryang, H.S. Studies on the heavy metals in paddy
g AT JERLH 5 - £ 2AE AR §HiH o rice and soils in Janghang smelter. J. Korean Soc. Soil Sci. Fert.
9= Y = 2340 JHe A F8¥ F£298 & & 18: 336-347 (1985)
:;"i 9 wa \;_1 agBe }OJ o el et A 4.Rhu, HL, Suh, YS., Jun, SH, Lee, MH., Yu, SI, Hur, SN.
A 48z s 7k ,Xﬂfoﬂ and Kim, S.Y. A study on the natural contents of heavy metals in
M Q89 TRl Ed3) 5& 7o glE HoE Hof paddy soil and brown rice in Korca. Rep. Natl. Inst. Environ.
7FE HgeAe]l edL Qe Ao Az Hc} Res. Korea 10: 155-163 (1988)
5. Rhu, H.IL, Kim, LK., Kim, H.Y. and Jun S.H. Survey on the con-
tamination of the hazardous substances in the agricultural land
A QF and the agricultural products. Rep. Natl. Inst. Environ. Res. Korea
8:231-240 (1986)
6. Suh, Y.S., Mun, HH., Kim, LK., Kim, HY., Jun, S.H. and Ji
E_ \:_ A o= ol Al = ] ) > ) > ’ 'y > ) >
= " ‘“Z FEetelA FHL = oAF K AF F D.H. A study on the natural contents of heavy metals in soil.
o UTFE] FF& L FA) BAsl FHHo2 Hrt Rep. Natl. Insi. Environ. Res. Korea 4: 189-198 (1982)
A St Savet A= zF X9 F8 AR 5 7.Kim, K.S., Lee, J.O., Sho, Y.S., Seo, S.C., Chung, S.Y., Yoo,
N P -« = S.Y,, Song, KH., Son, YYW., Lee, H.B. and Kwon, W.C. Stud
A EANaN = 7O }\1 \:ﬂ A Zo g_\_)q B2 =] > g, > > > > 5 y
o L' ZH—A 696:1) o ;P‘J'E_ o _'isn 3t on the trace metal contents in food (Trace metal contents of cere-
ICPE ol&3le |, 7l=® 2 4 FZFE s x als, pulses and potatoes produced in Korea). Rep. Natl. Inst.
Mercury analyzer—g O]—g—o]—O:] 3"—% 6‘:}%]:-% %—%‘ 6‘]—93\]:]- Bz Health Korea 29: 365-377 (1992)
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