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Monitoring Heavy Metals in Meat and Meat Products
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Abstract This study was conducted to examine the contents of lead (Pb), cadmium (Cd), arsenic (As), and mercury (Hg)
in meat and meat products in Korea. The contents of Pb, Cd, As, and Hg in 466 samples of beef, pork, chicken, duck,
ham, and sausage were measured using inductively coupled plasma mass spectrometry or a mercury analyzer. Wet ashing
and microwave method were compared, and the recovery and reproducibility of the microwave method were better than
those of wet ashing for meat and meat products. The recovery of the microwave method was 98.1% for Pb, 104.6% for
Cd, and 103.4% for As, respectively. The best result was obtained through digestion using an acid mixture (HNO,/H,0,,
6:2). Hg content was measured using a mercury analyzer. As a result, the contents of Hg and Cd in samples were lower
than those of Pb and As. The average contents of Pb were 0.009 mg/kg in beef, 0.010 mg/kg in pork, 0.006 mg/kg in
chicken, 0.007 mg/kg in duck, 0.005 mg/kg in ham, and 0.009 mg/kg in sausage. The average Cd contents were 0.0004 mg/
kg in beef, 0.0004 mg/kg in pork, 0.0005 mg/kg in chicken, 0.0012 mg/kg in duck, 0.0015 mg/kg in ham, and 0.0019 mg/
kg in sausage. The average As contents were 0.016 mg/kg in beef, 0.004 mg/kg in pork, 0.021 mg/kg in chicken, 0.010 mg/
kg in duck, 0.014 mg/kg in ham, and 0.018 mg/kg in sausage. The average Hg contents were 0.713 pg/kg in beef, 0.902 pg/
kg in pork, 0.710 pg/kg in chicken, 0.796 pg/kg in duck, 1.141 pg/kg in ham, and 1.052 pg/kg in sausage. Based on the
results of the National Health and Nutrition Survey 2005, the levels of dietary exposure to heavy metal contaminants in meat
and meat products were compared with the provisional tolerable weekly intake(PTWI) established by the Joint FAO/WHO
Expert Committee on Food Additives. The average dietary exposure of the general population from meat and meat products
was 0.03-0.2% of PTWI for Pb, Cd, As, and Hg, which indicates a safe level for public health at present.
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Fig. 1. Examples of structural formula of arsenic species.
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Table 1. Heating program for the digestion procedure
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Table 3. Operating conditions for ICP-MS

Step Time (min)  Temperature (°C)  Power (W) Parameters Values
1 (heating) 10 120 700 RF power 1100-1300 W
2 (holding) 5 120 700 Lens voltage 6-8V
3 (heating) 10 200 700 Nebulizer gas flow (Ar) 0.90-0.95 L/min
4 (holding) 20 200 700 Plasma gas flow (Ar) 19 L/min
Auxiliary gas flow (Ar) 1.5 L/min
Dwell time 50 ms
< % microwave digestion(ETHOS, Milestone S&T Co., Ltd, Scanning mode Peak hopping
Sorisole, Italy)S ©]-83l2] Table 49] L2 A|EE H3)5IA Number of replicates 3
ok a7t Bt F 7kEE AASE FFFE OF 1087 =HA Detector Dual

3|Mate] Aol ARR-SITE 250 79 A ko] Eof &
) Al g 7k2~7b A E O] microwave vesselo] He ES
FA HBER qu] AsE flete] AF S @A ERIEEA, 6:2)
S AREEte] EA 8T,

Ao HM
T= ™=
&9 E42 Direct Mercury Analyzer(Model 1T/DMA-80,

Milestone S&T)E AHg-sted 718 7]3}=oF 27 (combustion gold
amalgamation method)22 287 S35t A5 £
THHG AMEE] HElsta HE IS ETEZ(0.091 mgke,
NRCCNRC)E ©1§3}ed 0, 2, 5, 10, 20ng F=2 HHFHS 24
siom 4 B AREEE MY boate THTE o83l
Z2u AlE % Wl boate] height”} 0.000-0.003 ©]3t7F € w7}
A FAE T AEEA AT #EstE AR oF 01gS
Fste] A glo] SR & EA7)E ol&ste] B3I

v 7]7] BAZAL Table 23+ 7t}

7171 &Y

g, 7l=F % H]A&E ICP-MS(Model Elan DRC I, Perki-
nElmer, Waltham, MA, USA)E A}M8-3lo] EAISIATE, =4
2238 Elsl] A8l 05N Fake g B4 1, 5, 10, 25 2
50 ugkg T2 BTEYoE FFJAE P 4 AR
104o] &y YA 7+ 28N 10 pgkg FHY A8 58 F
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3, BE APk SPSS(Statistical Package for the Social Sci-
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Table 2. Operating Conditions for Mercury analyzer

Analytical masses P As, *®Pb, ""'Cd

Table 4. Comparison of digestion conditions of Pb, Cd and As
using microwave and wet ashing methods"

Spiked Measured Recovery RSD
Elements Methods Concentration Concentration %) Y %)
(mg/kg)  (mg/ke)

Pb  Microwave 0.1 0.10 98.1 5.7
Wet ashing 0.1 0.09 89.3 5.7
Cd  Microwave 0.1 0.11 104.6 0.9
Wet ashing 0.1 0.08 80.0 6.4
As  Microwave 0.1 0.11 103.4 2.8
Wet ashing 0.1 0.11 104.0 6.6

YSamople: Pork
JRelavtive standard deviation, number of samples=6

S HFEFAS] AA-FIRS FYs] AL, vholms

o|EH-L b EFtA AL, 6:2)S ARSI A|REE B
39T Demirel S(11)2 2]EATAA AA2 v|2E S35}

Bl 5
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sithal BEtar, A EAS AMYS e F5ES =Y
= Jed AabERtala6:2), A H6:2), AahEAk2:6) =
ArHEAH6:2)yS o83 A A e Habaitelra6:2) S5
o] 3ol 7P Een FUs A EFAS ARES 52 B
AN E 3 3482 Bk

ARAR F AHPANA ¥iae HsSiHY 9 7lEEe
nfo]A 2 o] B ] 3480 =A Uom(Table 4) 2] E-3)
el A9 Awgho] &2 28 Edloll= Beol AlZke] A8F
Ak wW2a] 2217F ojdlel] EE 48T = e vlo|aEgo]
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Drying temp. Drying time Decomp.” Decomp. time Purge time ﬁggf;gﬁgr Amalgame time Recording
Q) ) temp. (°C) ) ) ) ' (s) time (s)
200 180 700 180 78 900 12 42

YDecomposition
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Table S. Summary of results from the validation test for Pb, Cd,
As and Hg

Elements
Parameters

Pb Cd As Hg
LOD" 0.040 pg/kg  0.020 pg/kg 0.030 pgkg 0.017 pg/kg
LOQ? 0.120 pg/kg  0.060 pg/kg 0.100 pgkg 0.051 pg/kg
Linearity () > 0.999 >0.999 >0.999 >0.999
Recovery (%)  98.1 104.6 103.4 99.2%
RSD (%)" 5.7 0.9 2.8 1.2

YLimit of detection=3.3 &/S

ILimit of quantitation=10 /S

6 = the standard deviation of the response

S =the slope of the calibration curve

JRecovery test of CRM(Certified reference material)
“Relative standard deviation, number of samples=6

2, 7lEE 2 BAE 1,000 mgkg $5E0] ¥FEEAE 05N 2
Moz A3l |, 5, 10, 25, 50 pgkg SEZ ARSI BEI
4438 I TtHTable 5). A159] S|Auj+E 1082
3ted Blanke] EFHAE o] &3 &S (Limit of detection,
LOD)Y= W 0.040 pgikg, 7F=F 0.020 pgkg, Hl4 0.030 pgkgel
32, A Z3AI(Limit of quantitation, LOQ)= & 0.120 pg/ke, 7+
=F 0.060 pgkg, Hl4 0.100 pgkgol AAtK(Table 5). 722 AF
EFEZS 0]8319 2, 5, 10 ¥ 20 ng® & WHE =43l g
A4 0999 o] AFAE F3laL o]E o] &3t HEIM
0.017 ugrke, A #3HA 0.051 pgkgs F3kiTh.

2005 = AF7VIEHAAME Ao)BEE AFY S5UL
gt 2AK12)E AAlste] AESAE 9 0.002 mgkg, 7HEF
0.001 mg/kg, Hl4 0.006 mgkg 2 4~ 0.003 mgkgS 2 H 313
om B HFAE olitt ¥ £ A= E YERITL

Table 6. Recovery of trace metals in meat

Table 7. Recovery of trace metals in meat products

Spiked Recovery = RSD (%)"
Elements concentration

(mg/kg) Ham Sausage
0.05 96.0+5.4 88.1£5.4
0.1 95.4+6.7 99.2+5.0
Pb 0.2 973+1.7 92.0+£3.0
Average 96.2+4.6 93.1+4.4
0.05 98.6+3.3 88.9+2.4
0.1 98.8+5.4 973+2.7
cd 02 98.7+1.8 94.7+0.6
Average 98.7+£3.5 93.6+1.9
0.05 80.9+2.5 82.3+2.5
0.1 94.8+5.2 95.0+2.2
As 02 96.1+1.5 96.0+0.8
Average 89.6+3.2 91.1+1.8

DRelavtive standard deviation, number of samples=3

e ARd 28NS A

o] 43t W (Table 8)0.2 =74
< ©]8-3k WH(Table

mghge] 7M1 St HES g4 YL AN 9
1.5 goll 38907 Arbaibelan6:2) £ 10mLE 3 vt
ozl H F571E ol§Fel ¥l F AF FEE Wiol 3
89 ¥ 2HSA 72 FEd 334 5 03] s A
4 e 85E 240] ASE ARG FAs] BAsIoH
(Table 6-7), 5 AlFolA 80% olde] 5E&3 10% PNkl 4
NEFHARSD)S VERI AT

g, 7IEE R HAE SS9 EEAFTEH (Certified ref-
erence material, CRM)< IRMM(Institute for reference materials
and measurements, Belgium)ollA] 3t Y4828 ERM(Euro-

Spiked concentration Recovery + RSD (%)"
Elements
(mg/kg) Beef Pork Chicken Duck
0.05 95.8+8.8 99.84+2.8 87.7£5.0 88.5£3.6
0.1 92.5+4.6 105.1+£0.9 95.8+1.4 103.1+7.6
Pb 0.2 107.5%£1.5 100.9+£0.9 99.8+1.1 107.6%1.1
Average 98.6+5.0 100.8+1.5 94.4+2.5 99.7+4.1
0.05 106.3+6.9 107.0+3.0 101.1+4.5 99.4+2.4
0.1 103.0+3.6 105.0+0.8 102.3+1.0 106.8+5.1
cd 0.2 98.2+2.6 102.5+0.1 103.9+0.9 108.5+0.9
Average 102.5+4.4 104.8+1.3 102.4+2.2 104.9+2.8
0.05 105.6+4.1 104.8+1.1 96.6+2.0 99.5+£2.5
0.1 105.3+3.8 101.2+0.8 100.5+1.1 106.5+4.3
As 0.2 102.8+2.1 101.0£0.5 103.4+0.6 109.0+0.7
Average 104.6+3.3 102.3+0.8 100.2+1.3 105.0+2.5

YRelavtive standard deviation, number of samples=3
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Table 8. The measurement of CRM"
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Analyte Certified value (mg/kg) Measured value? (mg/kg) Recovery (%) Coefficient of variation (%)
ERM? (CE-278)
Pb 2.00+0.04 1.968+0.072 98.4 3.7
Cd 0.348+0.007 0.329+0.011 94.4 3.5
As 6.07+0.13 6.421+0.097 105.8 1.5
CRM (KRISS? 108-04-001)
Hg 0.182+0.006 0.181+0.003 99.2 1.7
UCRM: Certified reference material

IN=9

JERM: European reference material, Institute for reference materials and measurements (IRMM, Belgium)

YKRISS: Korea Research Institute of Standard and Science

Table 9. Trace metal Concentration of meat and meat products

Meat Pb (mg/kg) Cd (mg/kg) As (mg/kg) Hg (ng/kg)
Beef 0.009::0.008" 0.00040.0004 0.016+0.015 0.713+1.089
(0.000-0.051)? (N.D.-0.002) (0.001-0.061) (N.D.-8.800)

Pork 0.010+0.008 0.0004-:0.0002 0.0040.004 0.902+1.155
(0.002-0.067) (0.000-0.001) (0.001-0.038) (N.D.-10.354)

Chicken 0.006£0.004 0.0005+0.0004 0.021£0.026 0.710£0.550
(0.001-0.025) (0.000-0.004) (0.002-0.139) (N.D.-2.388)

Duck 0.007+0.005 0.0012+0.0020 0.010+0.019 0.796+0.883
(0.002-0.027) (0.000-0.012) (0.003-0.109) (0.002-4.240)

Ham 0.005+0.003 0.0015+0.0009 0.014+0.005 1.141+0.824
(0.001-0.018) (0.000-0.005) (0.007-0.031) (N.D.-3.000)

Sausace 0.009+:0.004 0.0019+0.0013 0.018+0.011 1.052+2.548
g (0.004-0.021) (0.000-0.006) (0.007-0.084) (N.D.-17.100)

YMean=Standard deviation
IMin-Max

pean reference material)-CE278(Mytilus edulis)® o152 Z5=
LS o] &3, T2 A% ERUTEL L dxnEHTd
Lollr FY3 F22] FELH(KRISS, 108-04-001)S ©]&3le] =
sich EEATETELS o838 FF&S Y2 93] ol
HHESIS1 5L (Table 8), ', 7F=g, Ml 5L F2ollA 90% o]/d]
353 5% °late] CVEHBAT)E et

ol 4 XN

_|_4

e A=]e 35 B

Mg 3 N AGHE, A7), 3, 39, A9, AE 2
AehellAl & 1037, =R 1257, & 1007, 28 397, & 517
g 2R 49718 A eH ol tisle W, JI=R, HlA B
T FEFE A9 2 A3E Table 99 YeEAT

@) BT AS F 4237 0.009 mgkg, HAL7] 0.010
mgkg, 7] 0.006 mgke, £237] 0.007 mgkgol™ 2157+
Z Z 3 0.005mgkg 2 2AA 0.009 mgkgo| Tt HaEgto] =
F 0010mgkg ©13tZ ©]& Codex ¥ EUS 31& 7]& 0.10
mgkg Bt 22 FXA Jung F(13)> SAAE F @ 2
FHYE ND.(Not detected)-5.00 ppmoIA L, 74 ¥4 A&
NEE FEEOR 1.05ppme] ATk FYA2IL7]7F 0.03 ppm e
7P Wekow, HiR | E HEEA R PFAAM = v
AZHQoH, 7= 0.14 ppmlE FY LB =4 A
ZHJTZ B3 Sk 2003d Kim 5(14)2 41327] 043 mgy
kg¥t ENA2L7] 0.55 mg/kee] TFS B & AF 49
£ o] B} ¥ X5 HI O™ Kim(9)y> 4317] 0.027 mgke,
A7) 0.059 mgkg, $L7] 0.047mgkg 2 27| 0.073

mgkgs EI3G= o] 3 £ HA¥AH Hr} A7), =HA
7], @] 9 22 25 &2 X% EK(Table 9). Demirezen
Z Urue(15)2 2A1A] 0.135 mg/kg, A2t 0.135 mg/kegdt 259
A 0.125 mgkg® ® B, Abou-Arab(16)2 & kol of
3le] 2 0.061 mgkg, E24 0.052mgkg, A= 0.040 mgkg, %
0010 mgkg = 94 0012 mgkgl® 2 AFe} fAls AL ¢k
7F =& TS R

FIEF-e 3} vlAe] ]3] MRkHoz v HAEHS 1o
v eg]w7], @ =@ 2AR A 0.001-0.002 mgkgs YERNI

7], #iXa7] 2 Harzlel|A= 0.001 mgkg ©l3HE HSTH
(Table 9). Kim S$(14) 23719} SR 7] & Jl=F s 7+
7} 001, 0.02mgkgl 2 B, slQoAE 53 237
0.01 mg/kg(17), @& &7 0.002 mgkg(18), F= 4127] 0.005
mg/kest G HAXL7) 0.01 mgkg(19yS B2EAT). Jung 5(13)
2 AESE 5 JI=F TS 0.03-0.13 ppme] HAZA X217
oA 0.09ppmeE 7P BA AZFHAL, FY 232717F 0.06
ppmeE A HEEJoH, 7HEE TS ND.-0.18 ppm 9]
2 FdEol 013 ppmSE =9I Jlo] mgo R e TS W
AT HI ST oHEA JI=E T AR 4 0010
mg/kg, B4 0.006 mgkg, A= 0.010mgkg 2 % 0.011 mgkg
2 B A7 mRRAE g A5 W $HE0.010-0.061)E
o ThEge] ghgol WekeS & 5 AUTh(16). 2006 El7]e]
A 2% 0.086 mgkg, AAIA] 0.083S Hlsled(15) o] HE 2 oA
THUY 2 S eIt B A UeRd A8 2 2
S7HEEe] =R TS el 71 ArAse sele] A
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Table 10. Comparison of average weekly intakes of Pb, Cd and
Hg from meat and meat products with PTWI" established by
FAO/WHO?

- Total weekly

Ele- PTWI Daily intake (Lf heavy intake” PTWI

ments 3 metals (ng/kg (%)
b.w./week”)  (ug/person/day) b.w/week)

Pb 25 0.515 0.060 0.2

Cd 7 0.033 0.004 0.1

As 350 0.754 0.088 0.03

Hg 5 0.042 0.005 0.1

YPTWI: Provisional Tolerable Weekly Intake

JFAO/WHO: Food and Agriculture Organization of the United
Nations/World Health Organization

b.w.: body weight

YDaily intake of heavy metals =X(Concentration of heavy metals in
each food x daily intake food (g/person/day))

JTotal weekly intake of heavy metals = (daily intake of metals per
adult (mg/day/person) x 7 days/week)/60(body weight per adult).

oF vlwsle] @& FXEA F 28] g 29EE
3% 5 Uk

e Ha G A8 F 237 0016 mgkg, A7)
j=2 3

o

} 1 0.021 mgkg, 221327] 0.010 mgkgol™ 24
7VEE F F 0014mgkg 2 2A1A 0.018 mgkgel ATk Kim(9)
o A9l ghEES mlws) BW A217] 0.012mgke, SR
0.003 mghkg 2 28] 377] 0010 mgkgollAd 2 gz w23k 3
FS BHow g9 E 0.005 mgkgl 2 e dHEES e
WATHO).

215 9 28 7hyEe] us 2 e &517] 0.713 pgke,
AR 7] 0.902 pgkg, 271 0.710 pgkg, 221271 0.796 pg/ke,
1141 pgkg 3 2AA 1.052 pgkgs HERTE 22 2571
FEM AFHT TS FXZ HATHTable 9). Kim(9)2l I+
oAM= &327] 0.005 mgke, A7) 0.012mgkg B 2F|3L7]
0.003 mgkgo 2 H A3 Rt} 2 IFS e 22

3 Wge2o S AHild oF
oM =& S Ho|n(20) 8ol o3t SAEE AP A
A HolFERo] vl AehE

Alg o MSIISES SEt F3F floid Eot

215 2 A8V ES B3 AR Fus S8 ke
7t FF&o| F7HF S JECFA(Joint FAO/WHO Expert Com-
mittee on Food Additives)2] F7HdAH 3-8} vlwsle] 3
7¥elit). JECFAYM = FHRIAAFS 8 F 224 7t=Fo] 25
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