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Abstract : Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) are ubiquitous and can
contaminate the food chain. A study monitoring PCDD/Fs in imported meat was conducted at the National
Veterinary Research and Quarantine Service NVRQS, Republic of Korea) in order to maintain food safety from
the bioaccumulative PCDD/Fs. Seventeen PCDD/Fs with toxic equivalency factors (TEFs) established by World
Health Organization (WHO, 1998) were analyzed in imported beef, pork, and chicken by high resolution gas
chromatography/mass spectrometry (HR-GC/MS). Results of the monitoring for the last 5 years are presented.
The levels of PCDD/Fs were similar to other studies except two unusually high concentrations in pork and
beef. Excessive levels greater than the Korean provisional maximum residue limit of PCDD/Fs were found in
a sample of pork imported from Chile and a sample of beef imported from U.S, and those products were rejected
and returned. There was no obvious trend or differences with respect to time or origin of meat in this study.
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Table 1. Toxic equivalency factor (TEF) for PCDD/Fs (WHO, 1998)

PCDD TEF PCDF TEF
2,3,7,8-TCDD 1 2,3,7,8-TCDF 0.1
1,2,3,7,8-PeCDD 1 1,2,3,7,8-PeCDF 0.05
1,2,3,4,7,8-HxCDD 0.1 2,3,4,7,8-PeCDF 0.5
1,2,3,6,7,8-HxCDD 0.1 1,2,3,4,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDD 0.1 1,2,3,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-HxCDD 0.01 2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8,9-OCDD 0.0001 1,2,3,7,8,9-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01

1,2,3,4,6,7,8,9-OCDF 0.0001
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‘ Fat 5 g |

I

‘ Dissolve in hexane 200 ml |

LCS (2 ng/ml) 100 pl—

< Acidic silica gel
| Shake for 2 ~ 3 h |

‘ Filter thru Na:SO; |

‘ Evaporate |

‘ Redissolve with hexane 8 ml |

CSS (0.8 ng/ml) 100 pl —

‘ Power-Prep™ clean-up |

‘ Concentrate to dryness |

‘ Redissolve with nonane 90 ul |

ISS (20 ng/ml) 10 pl—

| HR-GC/MS |

Fig. 1. Flow chart for analysis of fatty samples.

Table 2. GC conditions for the PCDD/Fs
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Table 3. HR-MS conditions for the PCDD/Fs

Descriptor Condition
Source temperature 260°C
Electron energy 35eV

Trap 500 pA
Interface temperature

Capillary line 1 and 2 260°C
Re-entrant 260°C
PFK septum 160°C

Descriptor Condition

Instrument HP 6890

Column DB-5MS (60 m x 0.25 mm i.d., 0.25 pm film thickness)
Carrier gas Helium (1.0 ml/min)

Injection port temperature 260°C
Oven temperature program
Time (min)

10

10

12

Initial temperature: 180°C

Rate (°C/min) Temp. (°C)
15 240
10 260

5 290
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Channel Group 1 Group 2 Group 3 Group 4 Group 5
1 303.9016 335.8597 373.8207 407.7818 441.7428
(TCDF) (PeCDF) (HxCDF) (HpCDF) (OCDF)
2 305.8987 341.8568 3758178 409.7788 4437398
3 3159419 351.9000 385.8610 419.8220 4577377
(BC-TCDF) (3C-PeCDF) (3C-HxCDF) (3C-HpCDF) (OCDD)
4 317.9389 353.8970 387.8580 421.8191 459.7348
5 319.8965 355.8546 389.8156 423.7767 469.7780
(TCDD) (PeCDD) (HxCDD) (HpCDD) (BC-0CDD)
6 321.8936 357.8517 391.8127 425.7737 471.7750
7 331.9368 367.8949 401.8559 435.8169
(C-TCDD) (3C-PeCDD) (3C-HxCDD) (3C-HpCDD)
8 333.9338 369.8919 403.8530 437.8140

Table 5. Levels of PCDD/Fs in beef imported from five countries for year 2002-2006 (pg WHO-TEQ/g fat)

2002 2003 2004 2005 2006

Country Mean Mean Mean Mean Mean
N . . . . .

(min.~max.) (min.~max.) (min.~max.) (min.~max.) (min.~max.)
Australia 39 0.02 18 0.002 62 0.18 40 0.10 25 0.02

(nd~0.34) (nd~0.02) (nd~2.79) (nd~0.95) (nd~0.40)
Canada 6 0.19 1 0.01

(0.04~0.44)
Mexico 2 0.74 1 0.38

(nd~1.47)

New 26 0.06 5 nd 25 0.20 18 0.11 11 0.03
Zealand (nd~0.61) (nd~0.88) (nd~0.41) (nd~0.19)
USA 36 0.13 22 0.22 2 0.07

(nd~1.42) (nd~1.15) (nd~1.67)

N: Number of samples. nd: not detected.
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Table 6. Levels of PCDD/Fs in pork imported from fifteen countries for year 2002-2006 (pg WHO-TEQ/g fat)

2002 2003 2004 2005 2006
Country Mean Mean Mean Mean Mean
(min.~max.) (min.~max.) (min.~max.) (min.~max.) (min.~max.)
Australia 1 0.03 1 nd 6 0.14 1 0.85
(nd~0.85)
Austria 4 0.01 1 nd 3 0.12 4 0.11 2 0.002
(nd~0.03) (nd~0.36) (nd~0.02) (nd~0.003)
Belgium 12 0.01 5 0.003 17 0.10 3 0.01 4 0.001
(nd~0.09) (nd~0.01) (nd~0.93) (nd~0.04) (nd~0.004)
Canada 2 0.001 3 0.14 6 0.03 2 nd 6 nd
(nd~0.001) (nd~0.43) (nd~0.16)
Chile 89 0.06 17 0.06 6 0.03 7 nd
(nd~3.32) (nd~0.38) (nd~0.15)
Denmark 7 0.002 3 0.002 7 0.01 2 0.01 3 nd
(nd~0.01) (nd~0.01) (nd~0.08) (nd~0.02)
Finland 1 nd 1 nd
France 2 nd 12 0.003 4 0.05 1 nd
(nd~0.02) (nd~0.18)
Hungary 6 0.05 4 nd 5 0.03 2 nd 4 nd
(nd~0.20) (nd~0.11)
Mexico 1 0.01
The Netherlands 1 0.004 1 nd 8 0.01 2 0.11
(nd~0.05) (nd~0.21)
Poland 3 nd 2 nd 1 0.83 5 0.16
(nd~0.81)
Spain 3 0.001 2 0.005
(nd~0.002) (nd~0.01)
Sweden 1 nd 1 nd
USA 3 0.37 4 0.11 13 0.08 6 0.06 16 0.03
(0.001~1.11) (nd~0.44) (nd~0.64) (nd~0.18) (nd~0.23)

N: Number of samples. nd: not detected.

AFolger o]F 2006 12€ ul=Fal £ 437] 2758715 pelg fatye 23S 6.26 pg/g fate] Tk
N AlE(Table 59014 A&kl s-2vet 37 o|gAle] HAE =] dFAFo] WHEEHAT 7P, A
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Table 7. Levels of PCDD/Fs in chicken imported from eight countries for year 2002-2006 (pg WHO-TEQ/g fat)

2002 2003 2004 2005 2006
Country Mean Mean Mean Mean Mean
N (min.~max.) N (min.~max.) N (min.~max.) N (min.~max.) N (min.~max.)
Brazil 1 9 1.17
0.63 (0.27~3.44)

Canada 2 0.96

(nd~1.92)
China 1 1.26
Denmark 0.03 5 0.18

(nd~0.05) (nd~0.41)
England 1 0.01
France 0.05
(nd~0.16)

Thailand 23 0.21 15 0.27 nd

(nd~1.45) (nd~1.67)
USA 30 0.18 28 0.08 nd 4 0.12 6 0.004

(nd~1.30) (nd~1.09) (nd~0.17) (nd~0.02)
N: Number of samples. nd: not detected.
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Table 8. Levels of PCDD/Fs in imported beef, pork, and chicken in each year (pg WHO-TEQ/g fat)

45

Beef Pork Chicken
Year
N .Mean N .Mean N .Mean
(min.~max.) (min.~max.) (min.~max.)
2002 107 0.08 41 0.04 56 0.24
(nd~1.42) (nd~1.11) (nd~1.92)
2003 46 0.10 113 0.06 43 0.15
(nd~1.15) (nd~3.32) (nd~1.67)
2004 89 0.20 101 0.06 14 0.03
(nd~2.79) (nd~0.93) (nd~0.16)
2005 59 0.11 31 0.09 11 0.18
(nd~0.95) (nd~0.85) (nd~0.63)
2006 38 0.07 51 0.03 15 0.73
(nd~1.67) (nd~0.81) (nd~3.44)
N: Number of samples. nd: not detected.
Table 9. Levels of PCDD/Fs in meat from various studies
Country Food Concentration (pg WHO-TEQ/g fat) Reference
Belgium beef 1.56 8
pork 0.17
chicken 0.35
Egypt beef 2.88 ~2.95 9
chicken 1.35~1.37
Italy beef 0.160 10
pork 0.109
poultry 0.126
Japan pig fat 0.63 11
chicken fat 1.71
The Netherlands beef 2.05 12
pig 0.47
poultry 2.78
Slovak Republic beef 1.15 13
pork 0.30
chicken 0.51
Spain beef 0.7 14
pork 0.3
chicken 0.8
USA beef 0.75 15
hogs 0.16
young chicken 0.18
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