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Safety Evaluation of Heavy Metal in Salted Vegetable Foods from Diverse
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ABSTRACT - This study was conducted to estimate the contents of heavy metals in salted vegetable foods from
diverse origin in Korea which were sold in Korea. The levels of heavy metals were determined using an ICP-MS. The
values of metals [minimum~maximum (mean), mg/kg] in kimchi were as follows; Pb 0.0~0.074(0.018), Cd 0.0~0.027
(0.004), As 0.0~0.024(0.002), Hg 0~0.002(0.0). The weekly average intakes of lead, cadmium, arsenic and mercury
from kimchi take 0.06~0.13% PTWI (Provisional Tolerable Weekly Intakes) that the FAO/WHO Joint Food Additive
and Contaminants Committee has set to evaluate their safeties.
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Table 1. Operating conditions and data acquisition parameters
inductively coupled plasma- mass spectrometer

Parameter Operating conditions
Rf Power (W) 1500
Argon Gas Flow Rates (L/min)
Plasma 15.0
Carrier Gas 0.87
Makeup Gas 0.27
He Gas Flow Rate (L/min) 4.5
Sampling And Skimmer Cones Nickle
Acquisition Parameters Quantitative
Points / mass (sec) 3
Integration Time/Mass 0.09
Replicates 3
Uptake Stabilizing
Analyze Nebulizer Pump (rps”) 0.5 0.15
Time (Sec) 30 40
Rinse 1 Rinse 2
Rinse (2mgkgAu) (3% HNO,)
Solution  Nebulizer Pump (rps) 0.5 0.5
Time (Sec) 60 30
Pb 208
M.W. Cd 111
As 75

PRevolutions Per Seconds
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Table 2. LOD and LOQ of the heavy metals in fermented vegeta-
ble foods from diverse origin

Pb cd As
LOD"(ug/kg) 0.024 0.017 0.013
LOQ(ug/kg) 0.072 0.051 0.040

YLOD (Limit of detection) =3.38 /s
PLOQ (Limit of quantitation) = 108 / s

4 = the standard deviation of the response
s = the slope of the calibration curve

Table 3. Contents of Pb metal in fermented vegetable foods from
diverse origin in Korea

(mg/kg)
Metals Samples Mini Max Mean SD
Kimchi ND ND - -
Tsukemono ND 0.074 0.049 0.042
Pb Zhacai ND 0.052 0.031 0.028
Pickle ND 0.036 0.012 0.021
Sauerkraut ND ND - -
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Table 4. Contents of Cd metal in fermented vegetable foods from
diverse origin in Korea

Table 6. Contents of Hg metal in fermented vegetable foods from
diverse origin in Korea

(mg/kg) (mg/kg)
Metals Samples Mini Max Mean SD Metals Samples Mini Max Mean SD
Kimchi ND ND - - Kimchi ND 0.001 0.000 0.001
Tsukemono  ND ND - - Tsukemono  ND 0.002 0.001 0.001
Cd Zhacai ND 0.027 0.017 0.015 Hg Paochai ND 0.001 0.000 0.001
Pickle ND ND - - Pickle ND 0.001 0.000 0.001
Sauerkraut ND ND - - Sauerkraut ND ND ND ND

Table 5. Contents of As metal in fermented vegetable foods from
diverse origin in Korea

(mg/kg)
Metals Samples Mini Max Mean SD
Kimchi ND 0.023 0.008 0.014
Tsukemono ND ND - -
As Zhacai ND ND - -
Pickle ND ND - -
Sauerkraut ND ND - -
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Table 7. Comparison of average weekly intakes of heavy metals from fermented vegetable foods from diverse origin with Provisional

Tolerable Weekly Intake (PTWI) established by FAO/WHO

Metals Mean concentration of metal (mg/kg) Weekly intake” (ug/kg b.w?/week) PTWI (ug/kg b.w/week) % PTWI®
Cd 0.0035 0.032 25 0.13
As 0.0016 0.015 15 0.10
Hg 0.0003 0.003 5 0.06
DWeekly intake of heavy metals (ug/kg b.w/week) = [daily intakes of metals per adult (ug/day/person) x 7 days/week/ 60 (body weight per

adult)
Pb.w: body weight, ¥Weekly intake/PTWI x 100



150 Ja-Young Jang et al.

o]

0,
g
o9l
>
Q
=
s
®)
=2
X
i

2,
rot

A= Table 794 72t}

vl Az, FEEe AAALEYYFZ T EH
AH e T35S FAO/WHOOIA A H A F7h4
F3]-& <l PTWI (Provisional Tolerable Weekly Intake)2}t
v wE Az 7l=g, vla, 28 242F 0.032, 0.015, 0.003
ug/kg b.wiweek©] 3L, % PTWIE 0.13, 0.1, 0.06°]34 T},
oEtA] gRls 710 R g % PTWIE AdE 23, A

£ 75 AR AU 17019

L1

o AEE B Hae AFHT e Wi e FA40
ARk F7IM Ao AT kg'T 15 ugQ 2 AHA o 2
AT E F HIEEA 0.1% PTWIO|ERZ AAR2E
AES T v&e] fEdS TAE HA e Aes
FEnh wEpA Sulel A AlgtE s AlAA A A EE
TEE TPl L9989 FEol ofd AdIFF =
202 vhetse], pEuel Abte] AAAIAEYA TR
T AFshe TEEe S e e Ao AdEn

2 A7) A= AR F] TS T A
HAF ZFs Baves FAE Aoy, F s B
T A BN dRE tdoR 3 REEAN] 2
Folnz, dARe FdHe o Y 2 g= AL
T Atk FEAR A FEE FEel e w2 AlAA
AAYPAFES B FoE AF HAske AR e
71 mwEolth PTWhe RE 4o 4HE Ad F& 7]
ToR 3 AolnR, AAALENNF] TS As)
e HEA kst £ ¢ Qi 53] TE5 @
stoe AFFAA oln] Hid 3o mER, HaF 1
The =5t odiFelr el o9 3t Aol Fe] o
=& o8 Yehd sivh mEpd AF FRel mE A
A H7Pr AEH oz deHol & Ao Heln.

2 ¢

2 A7 AEeAe AR VIE A dEe EdE
g = A T AAASE DA FA i AR«
AHellA s ol AAASE A E 5EF Wet T
& e AR et =il fE S AR
AAEel diste] Ta5 de] MBS Hrhste] A

4 Bug 99 712 ARE AvaA At F &

5 U AAANSELAE 55 diste] 4 3FFH F
15718 F4stal 5545 4% (As, Cd, Pb, Hg)S ICP-MS
O

AAN LGN F T Fo AEFS 0mgkeolA 0.074
mg/kg® B+ 0018 mgkg TTLE 7] 0.3 mgkes
HEskd o, £ AAMNLELNFE 151 2R E
of Agstdon, 7tl=E2 #4 A3 0 mgkgolA 0.027
mg/kgl ZA Ha 0.004 mgkgd] FEOE 157 BF 7]
ol At AAMNAEYAE F vl&e] ¥4 A
0 mg/kgoll Al 3L 0.024 mg/kgl 2 YEFS O Het 0.002
mg/kgl 2 FALEI oW, &9 79 0 mgkeollA 0.002
mg/kgS Z BA7|Z¢ 0.05 mg/kgol HlE) WS FFEow
Uebgton, AANEAAEFY] FE5S B AT
AHSEZFHPTWDS A A3, 7h=H-2 0.032 pg/kg
b.w/weekZ LFERL} 0.13% PTWI FE2] e 3ol
o, A 0.1% PTWI, $29°] 0.06% PTWIZ Hdg A
© 2 vERstth 20089 SRl SFZA AR IA ] 1Y A
HAZFE 27HE FAO/WHO®| S35 HAFIAHAS &%
I vl A}, Ao]E 53 kol A7 Sl Aoz
Tt ool AxE wRo] FuY AlE He =g
NERAN 98, Fd 7, Alxegol tsinz ¢kd
23 By were] Al@H o7l shv 7t FF4e] el Al
AN LEAA 7S T55 294 dg FAe gle A2

= Az

=

SR

1. Concon, J. M.: Food Toxicology(in two parts), PART B :
Contaminations and additives, chapter 18, Iarcel Dekker,
Inc. New York. pp. 1033-1073 (1988).

2. Choi, S.Y.: Contamination of Food, Ulsan University Pub-
lishing Department. Ulsan. pp. 18-20, 196-228 (1995).

3. Conor, R.: Metal contamination of food, 3rd ed., Blackwell
Science Ltd, Australia. pp. 5-11, 40-76, 81-188 (1991).

4. Lee SR: A Study for Food Safety. Ehwa University Publish-
ing Department. Seoul. pp. 142-184 (1993).

5. Lee SR: Food safety. Free Academy Publisher, Seoul, Korea.
pp- 206-220 (2008).

6. Reilly, C.: Metal contamination of food. 2nd ed. Elsevier
Science Publishing Co., New York, USA. pp. 5-21 (1991).

7. Lee IS, Park KH, Hong HG, Bang SJ, Park MJ, Park JH, Kim
JC: A study of on safety in domestic Kimchi, Gyeonggi-do
Rep. Inst. Health Environ. 165-717 (2006).

8. Korea Health Industry Development Institute: Dietary intake
and risk assessment of heavy metals in Korean foods, Table
3-68 (2001).

9. Kim MH, Kim JS, Sho YS, Chung SY, Lee JO: The study on
heavy contents in various foods, Korean J. Food Sci. Tech-



10.

11.

12.

13.

14.

15.

Safety Evaluation of Heavy Metal in Salted Vegetable Foods from Diverse Origin in Korea |51

nol. 35(4), 561-567 (2003).

Lee SJ, Kim MJ, Yoon YH: Effects of Korean green tea,
oolong tea and black tea beverage on the removal of cad-
mium and antioxidative detoxification in cadmium adminis-
tered rats, Korean J. Food Sci. Technol. 28(4), 17-26 (1995).
Yoo HY, Jung JJ, Choi EJ, Kang ST: Heavy metal contents of
vegetables from Korean markets, Korean J. Food Sci. Tech-
nol. 42(4), 502-507 (2010).

Lee TJ, Kim KC, Shin IC, Han KS, Sim TH, Ryu MJ, Lee
JK: Survey on the contents of trace heavy metal in agricul-
tural products of Gangwon-do. Rep. Inst. Health Environ. 7,
75-87 (1996).

Kim DW, Yoo CC: On the heavy metal contents of some veg-
etables on the super markets in Korea, Korean J. Food Nutr.
18, 254-264 (2005).

Kim MH, Kim JS, Sho YS, Chung SY, Lee JO: Contents of
toxic metals in fruits available on Korean markets, Korean J.
Food Sci. Technol. 36, 523-526 (2004).

Chung SY, Kim MH, Sho YS, Won KP, Hong MK: Trace
metal contents in vegetables and their safety evaluations, J.

16.

17.

18.

19.

20.

21.

Korean Soc. Food Sci. Nutr. 30, 32-36 (2001).

Cho TW: A study on the heavy metal contents in vegetables
in Inchon area Inchon city, Korean J. Env. Hith. Soc. 12, 55-
61 (1986).

Food and Agriculture Organization: Summary of Evaluations
Performed by the joint FAO/WHO, Expert Committee on
Food Additives(JECFA), ILSI, Geneva, Switzerland (1994).
Choi EY, Kim JS, Kim HC, Kim HR, Han GJ, Chun HK:
Safety evaluation of lead and cadmium in domestic and
imported kimchi, J. Fd Hyg. Safety 19(1), 9-11 (2004).

Kim HY, Kim JI, Kim JC, Park JE, Lee KJ, Kim SI, Oh JH,
Jang YM: Survey of heavy metal contents of circulating agri-
cultural products in Korea, Korean J. Food Sci. Technol.
41(3), 238-244 (2009).

Kim DW: A study on the heavy metal contents of root vege-
tables on the retail markets in Korea, J East Asian Soc
Dietary Life 15(4), 465-474 (2005).

Choi CM, Choi EJ, Kim TR, Hong CK, Kim JH: Heavy metal
contents of vegetables available on the markets in Seoul, J
Korean Soc. Food Sci. Nutr. 39(12), 1873-1879 (2010).



