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i1 B BRI AG X S 1 2 A AR A W i TS
TR

MITE 2, &Y POPs 75 mii = it # 4
R M. i B P e A PLE e
PLE S AL A 7T iE 2 530 POPs 194 i1k, (R It
BT NARTE H 8 A TG H 6 POPs (2% 88, [ 6k G0
A LAY TE m R AT R, FRE AT B
IE R R RE R A E X

3 /&

ZRATR R, EATAE b —F B & T
IR, eI EY T POPs B & . E¥IH Y POPs
FE E i AT 55 T RE S e 7 B <M b, W] B i A 7R
O3 AV Ak, T AT R R i R R S R i A L
Ak, WA RESBOSIE ZEITH POPs B4 AL,
FASTR] [ SR b IX iy F & okl L e XA
TR ROAR, S2SEETSEYTH EY S EM
SRR SE RN [ER, R TR A e, W flifg
AV EYH POPs 7E 2L H i A B Pk k. T
B, EEXT AT IR ER LA &Y POPs
A AR, LY ) POPs 78 SEPR 2 AT
HR I A A SR 5T I R A TR

1 Williams P R, Hammitt J K. Perceived risks of conventional and organic produce: Pesticides, pathogens, and natural toxins. Risk Anal,

2001, 21: 319-330

2 Sjaastad A K, Jgrgensen R B, Svendsen K. Exposure to polycyclic aromatic hydrocarbons (PAHs), mutagenic aldehydes and particulate
matter during pan frying of beefsteak. Occup Environ Med, 2010, 67: 228-232

3 Zhou P, Zhao Y, LiJ, et al. Dietary exposure to persistent organochlorine pesticides in 2007 Chinese total diet study. Environ Int, 2012, 42: 152-159

1483



8 & 2014568 #£59% Z16#

20
21

22

23

24

25

26
27

28

29

30

1484

Karademir A, Kilavuz S A, Korucu M K, et al. Dietary exposure to PCDD/Fs through animal products in a highly polluted area in Turkey.
Hum Ecol Risk Assess, 2013, 19: 341-353

Fromberg A, Granby K, Hgjgard A, et al. Estimation of dietary intake of PCB and organochlorine pesticides for children and adults. Food
Chem, 2011, 125: 1179-1187

Darnerud P, Atuma S, Aune M, et al. Dietary intake estimations of organohalogen contaminants (dioxins, PCB, PBDE and chlorinated
pesticides, eg DDT) based on Swedish market basket data. Food Chem Toxicol, 2006, 44: 1597-1606

Desalegn B, Takasuga T, Harada K H, et al. Historical trends in human dietary intakes of endosulfan and toxaphene in China, Korea and
Japan. Chemosphere, 2011, 83: 1398-1405

Windal I, Vandevijvere S, Maleki M, et al. Dietary intake of PCDD/Fs and dioxin-like PCBs of the Belgian population. Chemosphere,
2010, 79: 334-340

Zhang L, Li J, Zhao Y, et al. Polybrominated diphenyl ethers (PBDEs) and indicator polychlorinated biphenyls (PCBs) in foods from
China: Levels, dietary intake, and risk assessment. J Agric Food Chem, 2013, 61: 6544-6551

Tornkvist A, Glynn A, Aune M, et al. PCDD/F, PCB, PBDE, HBCD and chlorinated pesticides in a Swedish market basket from
2005-levels and dietary intake estimations. Chemosphere, 2011, 83: 193—-199

Domingo J L. Health risks of dietary exposure to perfluorinated compounds. Environ Int, 2012, 40: 187-195

Chen H L, SuH J, Hsu J F, et al. High variation of PCDDs, PCDFs, and dioxin-like PCBs ratio in cooked food from the first total diet
survey in Taiwan. Chemosphere, 2008, 70: 673—681

Domingo J L. Influence of cooking processes on the concentrations of toxic metals and various organic environmental pollutants in food:
A review of the published literature. Crit Rev Food Sci, 2010, 51: 29-37

Moya J, Garrahan K G, Poston T M, et al. Effects of cooking on levels of PCBs in the fillets of winter flounder. Bull Environ Contam
Toxicol, 1998, 60: 845-851

Lin Y C, Wu TY, Chen Y M, et al. PCDD/F levels in the stacks and food of fast food restaurants. Aerosol Air Qual Res, 2011, 11:
437-447

Dong S, Wu J, Liu G, et al. Unintentionally produced dioxin-like polychlorinated biphenyls during cooking. Food Control, 2011, 22:
1797-1802

Wu J, Dong S, Liu G, et al. Cooking process: A new source of unintentionally produced dioxins? J Agric Food Chem, 2011, 59:
5444-5449

Bendig P, Blumenstein M, Vetter W. Heating of BDE-209 and BDE-47 in plant oil in presence of o,p-DDT or iron(III) chloride can pro-
duce monochloro-polybromo diphenyl ethers. Food Chem Toxicol, 2012, 50: 1697-1703

Dong S, Liu G, Zhang B, et al. Formation of polychlorinated naphthalenes during the heating of cooking oil in the presence of high
amounts of sucralose. Food Control, 2013, 31: 1-5

Arifio A, Herrera A, Conchello M, et al. Hexachlorocyclohexane residues in meat products after processing. J Food Compos Anal, 1993, 6: 55-61
Arino A, Lazaro R, Conchello P, et al. The effect of commercial processing on incurred residues of DDE in meat products. Food Addit
Contam, 1995, 12: 559-566

Bayarri S, Herrera A, Conchello M P, et al. Influence of meat processing and meat starter microorganisms on the degradation of organo-
chlorine contaminants. J Agric Food Chem, 1998, 46: 3187-3193

Conchello M, Herrera A, Arifio A, et al. Effect of grilling, roasting, and cooking on the natural hexachlorobenzene content of ovine meat.
Bull Environ Contam Toxic, 1993, 50: 828-833

Conchello M P, Herrera A, Arino A, et al. Effect of several kitchen treatments on hexachlorocyclohexane residues in ovine meat. Bull
Environ Contam Toxic, 1993, 51: 612-618

Bayarri S, Conchello P, Arino A, et al. DDT, DDT metabolites, and other organochlorines as affected by thermal processing in three
commercial cuts of lamb. Bull Environ Contam Toxic, 1994, 52: 554-559

Wani S A, Kowala B, Rao V K. Effect of cooking on the pesticide residues in goat tissues. Indian J Small Rumin, 2000, 6: 23-28

Zabik M E, Zabik M J, Booren A M, et al. Pesticides and total polychlorinated biphenyls in chinook salmon and carp harvested from the
Great Lakes: Effects of skin-on and skin-off processing and selected cooking methods. J Agric Food Chem, 1995, 43: 993-1001

Zabik M E, Booren A, Zabik M J, et al. Pesticide residues, PCBs and PAHs in baked, charbroiled, salt boiled and smoked Great Lakes
lake trout. Food Chem, 1996, 55: 231-239

Zabik M E, Zabik M J, Booren A M, et al. Pesticides and total polychlorinated biphenyls residues in raw and cooked walleye and white
bass harvested from the Great Lakes. Bull Environ Contam Toxic, 1995, 54: 396-402

Khanna N, Santerre C R, Xu D, et al. Changes in dieldrin and p,p-DDE residues following cooking of channel catfish. J Food Protect,
1997, 60: 300-304



B

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52
53

54

55

Wilson N D, Shear N M, Paustenbach D J, et al. The effect of cooking practices on the concentration of DDT and PCB compounds in the
edible tissue of fish. J Expo Anal Environ Epidemiol, 1998, 8: 423

Santerre C, Ingram R, Xu D, et al. Chlordane and toxaphene residues following cooking of treated channel catfish fillets. J] Food Protect,
2000, 63: 763-767

Bayen S, Barlow P, Lee H K, et al. Effect of cooking on the loss of persistent organic pollutants from salmon. J Toxicol Environ Health
Part A, 2005, 68: 253-265

de Boer J, Lammertse N, Koekkoek J, et al. PCB and organochlorine pesticide concentrations in eel increase after frying. Chemosphere,
2013, 90: 139-142

Soliman K M. Changes in concentration of pesticide residues in potatoes during washing and home preparation. Food Chem Toxicol, 2001,
39: 887-891

Perellé G, Marti-Cid R, Castell V, et al. Concentrations of polybrominated diphenyl ethers, hexachlorobenzene and polycyclic aromatic
hydrocarbons in various foodstuffs before and after cooking. Food Chem Toxicol, 2009, 47: 709-715

LiJ G, Wu Y N, Zhang L, et al. Dietary intake of polychlorinated dioxins, furans and dioxin-like polychlorinated biphenyls from foods of
animal origin in China. Food Addit Contam, 2007, 24: 186-193

Kvalem H E, Knutsen H K, Thomsen C, et al. Role of dietary patterns for dioxin and PCB exposure. Mol Nutr Food Res, 2009, 53:
1438-1451

Rawn D F, Breakell K, Verigin V, et al. Impacts of cooking technique on polychlorinated biphenyl and polychlorinated dioxins/furan
concentrations in fish and fish products with intake estimates. J Agric Food Chem, 2013, 61: 989-997

Bocio A, Llobet J, Domingo J, et al. Polybrominated diphenyl ethers (PBDEs) in foodstuffs: Human exposure through the diet. J Agric
Food Chem, 2003, 51: 3191-3195

Kiviranta H, Ovaskainen M L, Vartiainen T. Market basket study on dietary intake of PCDD/Fs, PCBs, and PBDEs in Finland. Environ Int,
2004, 30: 923-932

Domingo J L, Marti-Cid R, Castell V, et al. Human exposure to PBDEs through the diet in Catalonia, Spain: Temporal trend: A review of
recent literature on dietary PBDE intake. Toxicol, 2008, 248: 25-32

Chen M, Wong W, Choi K, et al. Dietary exposure of the Hong Kong adult population to polybrominated diphenyl ethers (PBDEs): Re-
sults of the first Hong Kong total diet study. Food Addit Contam, 2013, 30: 1780-1787

Pic6 Y, Farré M, Llorca M, et al. Perfluorinated compounds in food: A global perspective. Crit Rev Food Sci Nutr, 2011, 51: 605-625
Voorspoels S, Covaci A, Neels H, et al. Dietary PBDE intake: A market-basket study in Belgium. Environ Int, 2007, 33: 93-97

Schecter A, Pipke O, Tung K, et al. Changes in polybrominated diphenyl ether (PBDE) levels in cooked food. Toxicol Environ Chem,
2006, 88: 207-211

Vestergren R, Cousins I T, Trudel D, et al. Estimating the contribution of precursor compounds in consumer exposure to PFOS and PFOA.
Chemosphere, 2008, 73: 1617-1624

Schecter A, Colacino J, Haffner D, et al. Perfluorinated compounds, polychlorinated biphenyls, and organochlorine pesticide contamina-
tion in composite food samples from Dallas, Texas, USA. Environ Health Perspect, 2010, 118: 796-802

Trier X, Granby K, Christensen J H. Polyfluorinated surfactants (PFS) in paper and board coatings for food packaging. Environ Sci Pollut
Res, 2011, 18: 1108-1120

Del Gobbo L, Tittlemier S, Diamond M, et al. Cooking decreases observed perfluorinated compound concentrations in fish. J Agric Food
Chem, 2008, 56: 7551-7559

Jogsten I E, Perell6 G, Llebaria X, et al. Exposure to perfluorinated compounds in Catalonia, Spain, through consumption of various raw
and cooked foodstuffs, including packaged food. Food Chem Toxicol, 2009, 47: 1577-1583

W, BRI, AR, SF. AT A A MLEUR SRR SR IR o EER R, 2000, 20: 18-22

Bendig P, Blumenstein M, Hagele F, et al. Hydrodebromination of decabromodiphenyl ether (BDE-209) in cooking experiments with
salmon fillet. J Agric Food Chem, 2012, 60: 8521-8527

Bendig P, Higele F, Blumenstein M, et al. Fate of polybrominated diphenyl ethers during cooking of fish in a new model cooking appa-
ratus and a household microwave. J Agric Food Chem, 2013, 61: 6728-6733

Bendig P, Higele F, Vetter W. Widespread occurrence of polyhalogenated compounds in fat from kitchen hoods. Anal Bioanal Chem,
2013, 405: 7485-7496

1485



44 % b & 20144568 #£59% £161

Effects of cooking on the concentrations and distribution of persistent
organic pollutants in foodstuffs
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Beijing 100085, China

Persistent organic compounds (POPs) are highly toxic compounds that are harmful to human health. Dietary intake is an essential
pathway for human exposure to POPs, especially the consumption of animal products. However, most foodstuffs are consumed after
being cooked. Various physical and chemical reactions happened during cooking processes could affect the concentrations and
distribution of POPs in foodstuffs. In the present paper, we reviewed current published literatures about the influence of cooking
processes on the concentrations and distribution of POPs in foodstuffs.

cooking processes, pesticides, PCDD/Fs, PCBs, PBDEs, PFCs

doi: 10.1360/972013-1269

1486



