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Bl MRS B AR 20 3 A R A, SR T = DURRFF S BTE FASUR S RO DO IR R A A AR 5 B (a) P PAH2,
PAH4 1 PAHS 7, KW @risk BN TR REA YRS M EIS & 258 T PAHs ML XU PPAL AR, W
BRI (MOE) MY PAHs IEHERS . 2558 50 M KE £ dh AN 20 359 Be il A AG I H 1 (0B il £
i B (a) P#EAR; PAH FPAECH 0.20 ~ 3.64 petke, IABTF, FUMTIEE B (a) P, PAH2 Fl PAH4 fEPZEE 5
HIE TR 5 1.54, 3.54 F18.13 ng/ (kgbw-d) , JESEMEIRIF 435124 1.61. 3.76 F1 8.09 ng/ (kgbw-d) o MJHE
R AP PR PAHs fE <95% \HEE R, s AIFMZEE A PAHs it <90% ARG iR A, PAHs [
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95% N\IHIEE R, ULAESEERIT A B (a) P, PAH2, PAH4 AR =95% \BEEEZFE R, MOE {514 < 10 000,
gt bUNT R REFEEMIEISE RIS Y2 EE T PAHs BRI AL, BRASEYIEA PAHs Hit 97.5%5% 99%, P
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Risk assessment of polycyclic aromatic hydrocarbons exposed from cereal,
fried and grilled food in Hangzhou
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Abstract: Objective To assess the health risks of polycyclic aromatic hydrocarbons (PAHs) exposed through cereal, fried and
grilled foods in Hangzhou. Methods A cross—sectional study was conducted to collect food consumption data of three
inconsecutive days among 1 769 subjects selected by probability proportional to size sampling method from two districts in
Hangzhou. Fifty samples of fried and grilled food and twenty samples of cereal were collected from five districts in Hangzhou.
They were tested for B (a) P, PAH2, PAH4 and PAHS8 by high performance liquid chromatography coupled with triple
quadrupole gas chromatography—tandem mass spectrometry. The probabilistic models were established for the evaluation of PAHs
exposure by @risk software and then margin of exposure (MOE) was calculated. Results The contents of B (a) P in one
sample of fried and grilled food exceeded the limit. The median contents of PAHs ranged from 0.20 to 3.64 pg/kg. The median
exposures of B (a) P, PAH2 and PAH4 from both two kinds of foods were 1.54, 3.54 and 8.13 ng/ (kgbw+d) in the mixed
model, 1.61, 3.76 and 8.09 ng/ (kghw+d) in the non—parameter model. The MOEs of <95% PAHs exposure level in one kind
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of food or <90% PAHs exposure level in both kinds of foods were more than 10 000. The MOEs of =97.5% exposure level of B
(a) P, =95% exposure levels of PAH2 and PAH4 in both kinds of foods in the mixed model, and =95% exposure levels of B
(a) P, PAH2, PAH4 in both kinds of foods in the non—parameter model were less than 10 000. Conclusion The health risk

of PAHs exposure was very low in more than 90% of the population in Hangzhou. However, for high—end consumers, 97.5% or

99% exposure level in one kind of food and 95% exposure level in both kinds of foods had a potential health risk.
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A 500, EIEEHERAA YA, F 2017 4
3—10 A, FEHUMNTT 3 AN EIRIX BT AL ST 9
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121 FEEAZEEHIHF  Agilent 7890B GC-7000B
MSD S AH 8 3% — = 5 PO 2 AT AR B 53 B R
Agilent1260 TR AR AL (7 1260 BRI ERT I 5
F[E Agilent 2y H]) 5 Free style TACS 4 H BRI {5 %
Wik 24 (GPC, 18 [E LC Tech GmbH 72\ ) ;
KQ-250DB B A A (b ] B Ll A s A BR
vw)) s TDL-5 AR KA st g ol (b E Bifi
FERFEALART) 5 Retsch GM200 ¥ iy (%[ Retsch
Nwl) s i (Eggal, fitS . 2016/03/20) 5 LFRZ

g (fajga, #tS. 1106417); ke (figal, it
51 1105397) ; 16 Ft PAHs IR A FRUEIE R (25
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1.3 EBRBRHF2AE SRR LGIE
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[we/ (kgbw-d) ]; X, B ANHHEGN k B
(gfd); Cy MEHh k P PAHs &8 (pgke) ;s W, N
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W EARAG T Py P RERE . & PR R {E =10, 7T
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B 8 B8 AT o0 AT LG, AR R AR b fE B HE T
(Akaike information criterion, AIC) {H . DI M-Hi{Z &
HEN] (Bayesian information criterion, BIC) {EFE H
W, EFESE R AT R, MG T 2 R AU R
FIE AL PAHs 16 pREL X BIAP s38 Sk L T8
SEOTITIERERLAAE  HEAT 10 TTUGEAL, A R
ZAtBESEIE Y PAHs MREME. A TRIERERIEAN
FERI ARG E I, SR PIAT iyt 45 2R 45 200 Yk AU sk
INFELE 3% LA (95%CD) o A5 AN I ZER I i AR

U FZ AR

1.43  PAHs f# g XA 230003t 5 B (a) P
PAH2, PAH4 F1 PAHS f#) MOE {6, MOE=BMDL10/
H G285, BMDLI0 38 10%%7 71MMgE & A= XU )
95%CI T FR1H ,B(a)P . PAH2 . PAH4 PAHS A BMDLIO
{E43 5114 0.07.0.17 .0.34 1 0.49 mg/ (kgbw-d) 5),
MOE {E 88/, i £ 7% 58 XUR K, 35098 19 7T RE 7 ik
B IZIRR . JEHE AN MOE > 10 000 /82 5
(A 6 ) o I 2 R 2 R K ;. MOE <10 000
FERXTIH T (R T BRI il S

1.5 %it o R @risk G0, X
1 PAHs (ARG IIAE 7% R PAHSs B4 A G501 1
WL (iU

2 # B

21 LM kAt XL S PAHs 4%  GB
2762—2017 (&G eRaE) 0 B M EPAHSs
PR, HEXT B (a) PHEH T HAKZR . B &I
il dh o AR KPS KL B (a) P
¥1<5.0 wakg, AXRKMEER TR, 1 HHFEmES
ih B (a) P AR, HAth 49 035885 0 KER A 20 1y
BYREMI B (a) PYEERHEPR; 70 R A &
PAHs H 5 YLK 0 0.20 ~ 3.64 pe/kg, W 1.

R BUNTAPRIBSEIESE B AL PAHS K2 Dl

PAHs i (pg/ke)

R PAHs LioalllEY For A K% (%)
Ps Prs Py Pos
EALYES B (a) P 20 15 75.00 0.26 0.32 0.48 0.94
PAH2 20 17 85.00 0.47 0.56 0.69 2.30
PAH4 20 19 95.00 1.00 1.25 1.64 4.71
RPN RS B (a) P 50 19 38.00 0.20 1.08 3.09 3.29
PAH2 50 25 50.00 0.64 3.67 13.20 19.09
PAH4 50 25 50.00 1.64 8.54 31.63 37.44
PAHS 50 25 50.00 3.64 10.58 37.92 4551

2.2 JERFRFEIRL  BEBIMMESSE MM SRR
PR BN ER, HORAESERIZE R, BYKE
i IS ECAE SRS RIEAT IR . 5 BN, A
K 0h PAHA BB 28 280 MAESBUE Py H
Sk 4.36 Fil 4.44 ng/ (kgbw+d) , Py {43514 54.20
1 62.67 ng/ (kgbw+d) ;5 HakE i 1E IS £ 5 PAH4 I
PAHS i & 2 8 i AE S 80E Py [H453 5110 1.48 H
3.07 ng/ (kgbw+d) , Py {H7%> %N 68.87 F1 81.04

ng/ (kghw-d) ; BYIRE S EERI RS MIESRE
A BRGNS B (a) P. PAH2 Hil PAH4 JiE
EIRFR Py (090 154, 3.54 F18.13 ng/ (kgbw+d) ,
Poo {E43901 R 12,74, 38.10 #191.03 ng/ (kgbw+d) ; 4+
Y Mpe s mIER BRI ESBEAGT B () P
PAH2 il PAH4 & & 2 85 & A4k 1.61. 3.76 i
8.09 ng/ (kgbw +d) , Po fH 754 16.05. 45.12 F
94.36 ng/ (kgbw+d) ., W% 2.
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Fz2  HUMTERAYZIEAPE ST PAHs JEE R R [ng/(kgbw-d) ]
T2 BERIEAN ik PAHs Py Py Py Pos Pys Py
[RLYES ZHL B (a) P 1.02 1.98 3.61 5.20 7.11 10.22
PAH2 1.96 3.58 6.25 8.94 12.38 17.61
PAH4 436 8.42 16.11 2435 35.31 54.20
S5 B (a) P 1.09 2.01 422 5.99 8.41 13.72
PAH2 2.06 3.92 8.08 1137 16.05 28.06
PAH4 4.44 8.44 17.54 24.63 35.12 62.67
BeksuhrEds ARS8 B (a P 0.18 0.63 1.82 2.86 456 7.01
PAH2 0.58 2.65 8.67 14.18 21.87 32.34
PAH4 1.48 5.49 19.58 30.36 4559 68.87
PAHS 3.07 7.88 23.13 36.03 53.82 81.04
it BHIHSH + PR EIEIE SR B (a) P 1.54 2.86 4.96 6.93 9.14 12.74
PAH2 3.54 7.22 13.51 19.49 26.82 38.10
PAH4 8.13 17.21 32.19 46.82 63.77 91.03
B[ 37 B (a) P 1.61 3.07 5.51 7.64 10.59 16.05
PAH2 3.76 8.28 15.04 22.14 30.99 45.12
PAH4 8.09 18.10 32.52 47.94 66.24 94.36

2.3 MERREIEE BT A W alobe B b 4 2
i, 448 A PAHs 8 <95% A B R & B0,
B (a) P. PAH2. PAH4 #l PAH8 [ MOE {3 >
10 000; S IFMZEE A, M4 A PAHs @ <90% A Hf
fEE RN, B (a) P, PAH2 1 PAH4 /) MOE {}
¥1>10 000, AR EGHIESEEIT 5 S HRR T
MOE fHil 45 R —5, 28U EEMHEAB (a) P
of PAH4 & =97.5% N\ BffE & % 5 & . PAH2 $E A
H=99% A\ R FE R, MOE < 10 000, %Ki

YERE AR B E/R, 4B (a) PEARE=99%
ANBERE A R FE R, 3 PAH2. PAH4 1 PAHS 45 A
H=97.5% A\BEREE R FE AT, MOE <10 000, %A
IRABEIFPIZEE N PAHs EATE, 4B (a) P
A =97.5% ARG & B 55, MOE <10 000; JCig
HAES B ALA R GBS JF PAHs $8 A f, B
(a) P, PAH2. PAH4 {T—1=95% A\ R{ 2 R T2 7,
MOE {84 < 10 000, VL3 3.

# 3  HUNTTE RS BRI AESS M PAHs 22 B (MOE)

RN B paps  PMDLu MOE i1
[mg/(kgbw-d) ] Py P Py Pis Pos Py
wk e B (a) P 0.07 68 448 35305 19397 13 474 9 841 6 848
PAH2 0.17 86 786 47 542 27212 19 012 13 733 9 654
PAH4 0.34 77 955 40 371 21 101 13 963 9 628 6273
e[ 21 B (a) P 0.07 64 471 34 884 16 605 11 687 8326 5103
PAH2 0.17 82 684 43351 21 038 14953 10 591 6 059
PAH4 0.34 76 624 40 286 19 384 13 806 9 681 5426
BeREES  AES L B (a) P 0.07 379 167 110 600 38 564 24 500 15 363 9 987
PAH2 0.17 291 488 64 047 19 613 11 986 7712 5257
PAH4 0.34 230 184 61 897 17 363 11 197 7457 4 937
PAHS 0.49 159 454 62 213 21 186 13 600 9 105 6 046
a1t BYESH + PR EAE S5 B (@) P 0.07 45 317 24 464 14 118 10 108 7 658 5 496
PAH2 0.17 47 958 23 542 12 580 8 721 6339 4 462
PAH4 0.34 41 825 19 755 10 564 7 262 5331 3735
[ 37 B (a) P 0.07 43 495 22793 12 714 9 160 6 607 4 360
PAH2 0.17 45 213 20 537 11 303 7 678 5486 3 768
PAH4 0.34 42 014 18 781 10 454 7 092 5133 3 603

W REERS MOE {H/NT 10 000, HAT T LEREE XU
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e el AR (7] DING 28 081 SR RIRFSE AR
PAHs fEIMAc . TG . TR 2 o 22 8 AR TP AE e —
FEERRIAURS: . R BIFSE 35 S AT 45 SR — 3
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KX E Y PAHs FREZKPCE TR RE , B
e S SR B (a) P<2.0 pgkg. PAH4 < 12.0
perke, MTAERBYILEM B (a) P<1.0 pgke.
PAH4 <10 pgkg, MG B (a) P <20 pgkg.
PAH4 < 10 pwgkg "o AHRERE M RREARE, ABFSE
i PAHs (AR MG R & . PR AR 418U
TSR DA S SR B Rt itk £ 5 b PAHs 1)
WA, Wby 5 oEEA, i s b
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EAFIEREEE , RIS R s R BRI & i G
FRIAT, XGRS AR 2 B i o M A RS

S5 3Lk

(] W, T8, skarsk, & g 2RI U .
PAEWRSE, 2015, 44 (1): 151-157.

[2]  WHO/IARC. Agents classified by the IARC monographs [EB/OL] .
(2018-11-09) [2018-11-22] . https://monographs.iarc.fi/list— of—
classifications—volumes.

[3] IBANEZ R, AGUDO A, BERENGUER A, et al. Dietary intake of
polycyclic aromatic hydrocarbon in a Spanish population [J] . Jour—
nal of Food Protection, 2005, 68 (10): 2190-2195.

(4] HEWOL, IR, BN BAEYII T 23Rk IR AL
U] . BUCHIRG B, 2014, 41 (11): 1993-1998.

[5]  EFSA. Polycyclic Aromatic hydrocarbons in food scientific opinion of
the panel on contaminants in the food chain [R] . EFSA, 2008
(724) : 1-114.

[6] WHO/IPCS. Selected non—heterocyclic polycyclic aromatichy— dro—
catbons .  Environmental Health Criteria 202 [S] . Geneva:
WHO/IPCS, 1998.

[7]  EU Scientific Committee on Food. Opinion of the Scientific Committee
on Food on the risks to human health of polycyclic aromatic
hydrocarbons in food [ EB/OL] .(2002-12-04) [2019-02-16] .
https : //ec . europa . eu/food/sites/food/files/safety/docs/sci—com_sef_out
153_en.pdf.

(8]  XUJB~F, AR, BABZR. 0 dh Al 2 P XU DA st DU A0 7 2%
(M] . dbst: ARIAEHGE, 2012.

[9] DE BOER W, VAN DE VOET H. MCRA, Release 5, a web-
based program for Monte Carlo Risk Assessment [EB/OL] . Wa—
geningen UR . (2004-05-06)  [2018-11-22] . http://edepot.wur.
nl/28277.

[10] e AR AN [ 58 TAE RHR AR 5 2 51 2. B b is YL
H#: GB 2762—2017 [S] .2017.

[11] POUZOU J G, COSTARD S, ZAGMUTT F J. Probabilistic assess—
ment of dietary exposure to heterocyclic amines and polycyclic
aromatic hydrocarbons from consumption of meats and breads in the
United States [J] . Food and Chemical Toxicology, 2018 (114) :
361-374.

[12] ZETTERBERG L A, DARNERUD P O, WRETLING S. Low intake
of polyeyclic aromatic hydrocarbons in Sweden:Results based on
market basket data and a barbecue study [J] . Food and Chemical
Toxicology, 2014 (74): 107-111.

[13] VEYRAND B, SIROT V, DURAND S, et al. Human dietary
exposure to polycyclic aromatic hydrocarbons: results of the second
French Total Diet Study [J] . Environment International, 2013, 54:
11-17.

(TH# % 270 |W)





