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Progress in polycyclic aromatic hydrocarbons in food
LI Cui - cui, MA Yu -xiang, LU Qi —yu
(School of Food Science and Technology, Hunan University of Technology, Zhengzhou Henan 450001 )

Abstract : The progress in research on the formation mechanism, analytical methods and control measures

about polycyclic aromatic hydrocarbons in food was summarized, in order to provide references for solving

pollution problems caused by polycyclic aromatic hydrocarbons in food.

Key words:food; polycyclic aromatic hydrocarbons; progress

% ¥ 57 #& ( Polycyclic aromatic hydrocarbons,
PAHs) 245 2 8l 2 A RLEZRIRLAZAR AR
AR HES Iy 2R B — A WAL A9 A g
Z5 AR BEAE 400 ZRMEA Y, 1R UL B A B0
PER) PAHs Z2 0 UBISIR AL S 9, AT (a)
PE LRI (a) BUHFF (b) 9 A% [ bRy AE ik 7T
O (TARC) (1976 4F) 51 4 94 Flodf 52 56 5 W) £
LG4 1S FR T PAHs BEwE, T2
(a) BEJE H MR RS = BUB Y, B A~
2 Ve, BUB PSR, 5B PAHs 1 —E R
SN BT TS R ARG (a) BEARE DN PAHS (940,
Bl R EUEE PAHs 1) 1% ~20%

PAHs 15 YL £ i (149 77 sUELES IR R 52 B3R 58 15
e Mok z i S ad e rp AR i ds e Lo Tad A
FEEE CHHURE R 0 A B0 5L, B2 A PR B8 05 | FIOKE L A
o) S, UTAESK, Bk PAHs T YR B SRRz, W
MR B HEA it e 3R KR B P A S A e 0
1l ity RO Al LA B W ) ity 25 T A 5 B 52 491t A
A AFAERIE 24 R S B T AT A PR R
IR B AR GERE . PRI, A3
XPUTAER AL dh o PAHs BT JSOHLEE 20 M 5 1 S 4%
i FE T PO I 5 R R R AT 1 a3, LAY figp DR
PAHs [75 4¢ [A) FBLR BEAR I .

s B #7:2015 - 06 - 14.
EE RN 2R 1985 E A, &, T
BIES FE 1956 4Rk B 14, Hz.

1 R&® PAHs IR B HNIE

Xt PAHs JE BALEE (9 0 58 36 T 1959 4F Badger
S XFARIEE (BaP) IR A 2 X BaP (19 2E 1
AP S B e A HU T il B A R T
SRR E H B REL SR O, h OB RS
VERAE R A HE SRl 1,3 = T — 0, Ja 2 3 AL A
FAERLC R, PR — 2D 555 T AN U 2 AL,
B e P R AR A BaP o T3 A R SR
TERTFEME B EL b B BaP 45 ), BaP A — 72 22
PRI AL S 00T 46, B AR — P [l R 3l e
700 C 2L BaP,

-0 -0 —~C0

S
Y
B 1 Badger IR HBIEFH (a) ERERITE
Davies £ 7E JCE S T WFSE e M 19 TR 52 I
KRB, PE IR A 370 ~ 390 °C i Bl N e =4 0.7
we/ke 1) BaP, 1M 7E 650 C B}, ;=4 1Y) BaP & & 5 ik
17 ug/ke, B Masuda % SO6 K 1t 44 200
12 Be i T2 IWEFE . 7E 300 C I I o2k
AWy TAE 500 °C Fi1 700 °C B4 ES H T 19 Fpigek
(6% BaP) , 7£ 500 C, \BRKALEHI R KB T 5
Z 1 PAHs; 7£ 700 C, N\ P AP T Z 1)




BRI £23 5 2015 F H5H

REZE

PAHs'®', Taylor 25" 738 1 46 /F VUM 6 16 % i 5%
PR BE B S AL TE B HE R M 25, Mestres 25 1
fa s, & ARG Y ie 5 & S Y SURE Y B i 7 )
(n 1,3 = T ) i i Diels — Alder 2 )i TE i,
PAHs, BLAN, BEMR =10 CAN3E O 9 ) ol g Al R
KRR NG C4 LA WIE IR ZE ML PAHSY
1M H, 3@ R A 5T NI Y A iR sl —
IR L H e 42 5 5 T B PAHS

Chen 2" 7 BF 55 3l G 02 FH i 340l 4 v 14
PAHs J& B & 1L, 31 i v B 077 TR A A 6 R B 52 i)
PAHs [ Fp JS FECE , TR H g R R 1 L I 7
iR H iR 1 — S St A T8 ORI & . IFSE
R, RAAA Y] RES& PAHSs B 8 R I
AT XS & AR A TR B AR Al T s D
I YA O i — 2P AT R s @358 € = C
HIREAR ™= W) ] 5 0k R kA Diels — Alder [,
TERLE ARG BNR W BB A ALY i it 1k
W1, 8K )G 400 F N RN TE R RAE & 90, W3R O f 5
DZZ AN A 5 B2 ( 0 IV 3ok 8 0 0 R R ) 30 o SR A
YER™ A SRR R sk — R Wy, W4, Filley i1 Mu-
rakami HWARIE TRABE AR TP IR ML B BT AL
FERR R ) 2008 4, Mariad Guillen 25"
HREEAMESRAG N EALS AR
PAHs FISRI5 I, iAW OF D B A SA7
TERT , AR ABERE A B SEA6E N @ AE AR R
TEF=1 Z 181 S o

2010 4F, Uriarte 45" % B, £x I3 75 RUVE IR 5
T ETE BT B I T (A e BE AR 2 s B R
%) o HORMTE B 32 Bk B W R R 1 A, i T 3%
RINTE B B H W ER R o SRR —
—ANRE A FE R IR X R W] IR Ok
B RRR R . B R AE PG B T LR B Br 2
TE R —SE BLER G I T B8 5 - i R SR W ) &
HEAE IR — B AR o B G , Kubdtova 25 URIESE
TR A T A O = ER R, R
ik 20% WML R LG ¥, X 5 Diels — Alder JZ
N 3T (B AR 3 P9 o i A e s 6 11 B 3k
N EYIKFR . Hih=HRTE 400 ~440 C F St 25
FEAEERIRAERIRGE R I 55 A RIS T R i
90U A % T B 7= 400 T e A O A T 7= A e 3 A
ek [ 2

S5 B2 B ARSI R & & b PAHSs [T
BCHLIE , AELE R ATYAH X 2818, AN B AE Tl #R R J7 1
PAHs (78 SLELAE 78 . BRI BE, AT AAE % Tk 4ok
J5 Tl PAHs (A58 AR, R 15 Bh S ML pse R4k
W5 T HBEA TS B3, A & dh b PAHs B HLELAF

FEREAL T 2 0 S g%
2 | PAHs 5377 iE

[ 1933 4 Cook 25/} 851 BaP LI, 15 £ €%
THIGEC )T PAHs 73 85 73 J5 ik RO WE ST, 32200 1)
TEREE T PAHs 197087, 1002l b PAHs BORIFSEAH
B, SR, AR R BEE PAHs 5| & B8 i %4
FEZAEN 22, X PAHs 4387 07 125 B WF 55 72 7 1 h
i
2.1 f& & PAHs poFiAbIE

B PAHs 1 73 A1 20 B8 A0 35 F 40 BRI %€
AL PR AR PRI AL A AR R, FETTEA
RAFEHE ( Soxhlet extraction, SE) | Ji—K 28 L 1=
(Liquid liquid extraction, LLE) | #8 75 Ji $2 B % (Ul-
trasonic extraction, UE ) | i Iifa FL i 1 #% Bt 5 ( Super-
critical fluid extraction, SFE) | il 18 5 7 2% Bt i (Ac-
celerated solvent extraction, ASE) . [ #H 1k 2% B ( Solid
phase micro — extraction, SPME) | it 5 #£ Bt ( Cloud
point extraction, CPE ) | $E I 18 1% 2 1% ( Gel perme-
ation chromatography , GPC) 4§,

2.1.1 SE &

SE & J& 4 WL FF 5 AL B 7 v, R 'k
PAHs i &b B d5c 51 — TR, (B A SR FE
fh R T — Al S S . Pascal Mottier %517
FH SE %K I AT R AL B, A 2 16 Fh PAHS , 5
KL R 0. 06 pg/kg, 14 R 96% . AT %
Z SRR IR A B B RS ) SE 4RI
I al B8, BOREST
2.1.2 LLE ¥

LLE ity j2—Fp g MR IOy s, o Tl A2k
it PAHs (942, AP IR E BT AR Ol
AR BORMCHE R 2, Pandey 25 LK
Yy g e BEGE  , F WY AR AR B PAHEs
[y 58% ~99% , KPR 0.1 ~4.0 png/kg,
Wu 25200 O Rl I 28 1E COBE A N, N —
F B Je Y — R 2 B, 8 4 0 L 0 A5 3 Y A o
PAHs f-F-25 5 BV O 0. 82 we/kg (FEAE AR
Y ) ~457. 12 wg/kg CHIBE I AL it o O TE IR )
it PAHs #-F-2 3 YLy 0. 68 pg/ke (FE4
FERL Y BaP) ~ 16. 35 wg/keg (HIBE Tl AR dh P (19K
IE(b) ) . EBPY A S @ DMC 5
CAN YR A 70 VR — V0 2% I B Ak 1ok i BB T vt v 1)
BaP, — 2 [ %45 5 T 95% , ] DMC — CAN %53t
HEGAROR I T ik, 4 rmg ™ fifTro
B A U TR S WP IO - PY e R Y PAHSs, 16
Ff PAHs 5245055, BIKCR K 77.5% ~99. 4% , k3%t
FRUEIR2Z (RSD) K 2.24% ~8.70% .




REZE

IRHRERE $£23%5 2015 F 55

2.1.3 UE

UE 132 36 E A R 47 R 7 11 PAHS 42 U7
1:2Z—(EPASW — 846 — 3550 ) , f & i 75 I 78 Wi 1K
IR Sl 7 AR I A AV R T RE S P A RO A T
o HRETE S PAHs (HREUR 2R L . Jason
Chen 25 FERFTE I 1 3R 2 JE X 28005 1) 4 & v
PAHSs ) W 4 F B, 7E BLAL B B2 b i FH T UE
WL BUS TBIFRCR . TR BB T UE %5
O AR IR I ) BaP, 45 5 R W Oy
TARABE 2.0 g/ L (3K Tl 1) [ SR , 8 T
95% ,{H UE 3 BB TRl B A .

2.1.4 SFE @

SFE 752 E PR - ek i B2 B A . B I
BT LA ZE SR 5 2F 185 1 R TR 11
BRI P FNIRAR L, HAT RV R R, rTVE s
FIZEHCH bR Al 25204 C g A R I 0B A
FUNGEBRIEE H, 7E 100 °C 35 MPa [R5 0F T
FAREIG A CO, ZEBURE it (1) PAHS, [E1IC % Ry 94%
~100% , Zougagh %' R Fl SFE 1 A BURLH) 3
() PAHs , 8% Ji5 1] Cq RE4R 400, 28 0 AH €3 —2 5 4y
B RO RAT . Lage Yusty'™' Jl SFE 3545 & A
AT —2 A I 2% 4G R 4 3l PAHs 5 &2, DU
FAIG S CO, A A, HY Ay B 5 391, I 3o G ) B
0.5 pg/kg, EI% >76.7% ,RSD <15.0%

2.1.5 ASE

ASE 3 2 FI) T 8 T R g 88 g S e
JE R B USRI S A B . ASE B —Fh
5 £ 5 AR A T LTS Y A SRR R AR
G ZER A ARA LG, ASE HIEME . A S
ZERFATHE Veyand %% SR ASE 35454 GC
- MS - MS FHARM & TImFEH 19 B PAHs, R
H30% ~70% , R 0.008 ~0.15 png/kg, &
FE0.025 ~0.915 pwg/kg,R* >0.99, Wang %" F
ASE #2454 GC - MS 22 40 2 £ & 1 (¥ PAHSs, g
K i 16 w1 PAHs, SRR I BR M 0.1 we/kg. Yusa
40 ) ASE I 4T ) PAHS, FIHC A 10
min & SE 514 12 4%, 1M JF A HLIAT N 25 mL,
5 SE #1712, Lund 2PV B ASE 3, DL 4 H
BERIIE CLBE (152 85) 1 Jhy 46 B DA AR 28 rp $2
PAHs, 51645 )7 A EL , B I1 47 5 —2F , ¥ 751 i P
B/ S A A
2.1.6 SPME 3

5L 5 M E, SPME 325 5 fRi 5 PRkt fof T 1)
VD T P AR B (0 A IROCH B AR B o Guillén
S SPME 325 46 T A0 7 103 1% P 9 PAHSs AN
SPME JEAGE F T P4 A 8 PO 24 LU T 1) PAHs B9 Rif 4k

P Purcaro %7 7 SR H] SPME — GC — MS 3P
DFES M 9 BaP 1 PAHs, BaP [ &6 I 45 4k V12 [l
H0.5~15 pe/kg,R* =0.999, 4 H BR Al 5 BR 43
TS 0.17 F10.46 pwg/kg, PAHs KRR M 0.1 ~
0.4 wg/ke, FYLEN 38.5% ~107. 0% , BHEACE
2D Sy 7 PA s (14 I8 Al BI— [0 AR Gl A% HUBE
FR (MAE - SPME ) , I 5 S0H (35 58 FHI0 2 1 %
Pt 16 Fh PAHs , BICR G 78. 8% ~101.2% ,
RSD 52.5% ~6.1% ,

2.1.7 CPE &

CPE & — i 8 i) 5k R 0 M 0 AH o 25 2R
R E . 5 LLE AL, SRR 5 B P AR
R E . T CPE A A & A AL, TEREAIR
JRAS B [ 0 B A BRBE A GF A 3. 2 i
¥ CPE H T & Hihh Z 3 05 18 i pivk 45 i F2 v, B
T B S S5 & Il /DMSO/PP - 18 = 1.5/
3/17(v/v/v)  RIEEPERIWR B 2% o Bz 510
T HABFNZE PAHs B A B IS 1858 26 UK
[FIERE, 2R FH 2% 1 336 1 7] PP — 18 3R A7 3 o5 2 BRIk
455, AT E DL CERR B G 4T HPLC U 2 1 AN
PRI
2.1.8 GPC#:

GPC LR G rh B M B HR . LT
FROFHEREL T, AR FF i vh 25 2H 53 00 - R/ AN [
TEGERS s B8 I [ AN Rl Tk 2 0 88 H i, B AR
IR T — 14 b TR ERE L TR, 5 TR A
Zhail . Fromberg 2557 FIL 45 4 [ A 2R BURE A,
HESE TR SREA I S AEAT I A 69 FAE 1k
PAHs 2 B 3 5 ik, JFiA 3] T RCE & Bt SR
B PRI B T KO AR . DY R
FIF Z W BL IR 45 & GPC HoR g 1A
PAHs FR Y GC — MS Al 7532 , Bl h 80% ~
110% KRR} 0.5 ~ 1.0 pe/kg.

2.2 fB&& PAHs pilE

D B b i) PAHs R 225k 357, A4
BB (352 (58 Ah—RT UL | A 8 B3 | e A
i) VA A (IR B A A I ST A
) B RIKESE . Horh, B RO — 2GR
PR 8 R R AR R, SR A R 2
5251 PAHs TG W) I AT 6 S0 8335 15 B < — o B
FH
2.2.1  EROAE Ak

ERCRAR B e LRI T BAE, B 2 L
LA HU A P AT B e 2 B, G R % e
ORGSR AR AR R 2= AL S W 4y B 4y
Bro Ciecierska 25 Fil Fi i R0 (0 38— e Fl —




BRI £23 5 2015 F H5H

REZE

WA Ak AT (HPLC - FLD/DAD) 3 4E % G A 4)
W PAHs, 19 Fft PAHs 19 5440 S 36 E o 23. 41
ng/ kg (B SEFFIN) ~ 234. 30 pg/kg (R IR ) o
Dost 2" Fj HPLC /UV - Vis B I 52 F K i 3%
FERFIh RIS )% PR RIS £ b ) PAHSs, 9 Ff PAHS
R H BRI I 0.26 ~ 1. 15 ng/L, MK RN
0.9951~0.999 6. AIAIKESH PAHSs ()4 it v
0.44 ~98.92 pg/L,

WAH A3 — e 3K B3 (BC A APPT) (LC - MS/
MS) 1 22 ¥ 5 S 4G I Hh (1) 3t 57 B 2 AN o IR A, & RE
PRSI A AT T T S S5 A A5 L, I 25 R
FOREHG TSR, £ el IR E T ORI
OROBETH RIS o AR S B PAHS A5 3
2.2.2 SAHEEE

HAT, W & &b PAHs i) 2 0 22
M. Poerschmann' ™ SR Fl GC - MS 46 4
BN PAHs, £ & 28 Ak VR AE B [ A AR
R A ok 4, o HE BRYE FEIAE 0.5 ~ 1. 0 ng/kg,
PAHs {38 K 69% ~121% . Jira'®' R F GC - MS
LI AR B PN 7 P PAHS, A BR RT3k 0. 01 ~
10. 00 ng/kg, EEA S gy TR T 16 i Z3F
R GC - QqQ — MS/MS [k 5 1 I3 [l i
0 68.5% ~106. 3% , AN FRE 2% 0. 4% ~
17.8% , K tHBRIE N 0. 024 ~0. 06 pg/kg, & R
JEHE M 0.08 ~0.2 wg/kg, Jaime Nacher — Mestre
45SIR A GC — (APCL) QTOF - MS 4347 Hi i1 4 Hf
f) 24 Ff PAHs, f: HFR 8 0. 05 mg /kg,

2.2.3 S

HPLC 1 GC — MS J& H i 47 £ i i PAHSs
BB IZ BRI . BUA IR B AN H ik
RIS ARETEH AR R T A AR IR
DIE 5 . B4 UL &R Y s Ffe s g
IS 3 BE A [ R AT 43 B A, JLP- W] A3 B B
FE R MEFMETS M) 2 H0 0 25 R o, AE G E RS B2 48
PR R OIS E R A S AL AR A O [
AEIRZ BFF 741 5 4R €20 335 7 U] SR FH Tk Ak 08 AR A 151 AH o
H =25 1 R AR 53 25 B R EE I 22, % PAHs 7
FRARRER BT 2 o SR o ik AR A% It i
DS T R ANE 1 ¢ ST 01 o (= 7SS T = T Rl 2
SIS o PRI i SO VAR R TN A Fh IR i PAHS
PR IR Z
3 EHEE

Tl PAHs 35 9% £ Bk R AR £t B 1) T K
JH, BRI, SRBBUA B2 R 4 o £ P ) PAHs ZIR %%
%, FERARE . OF W Shia R A KRR
JRUAT BB B R 2 R 175 e s @A & i i T

T2 XA 2 o T = i R T

WA T 535 , LA/ i B Ai7 >k 1 PAHs 75 4

VL FE IS AL At 87 =X, AR R 7% i 2y

PAHs 53¢ o J3 o, 3K B3 N 55 g I S e 2% L bk

BT ARSI 7 125, R ) O JEAR O B LRl IF 5T T

Vi, HER AL TR & i o PAHSs (975 YR B0, il 2 5

I £ 3 1 I O B

SE Lk

[1]J Cook W,Hewet C L, Hieger, et al. Isolation of cancer producing hy-
drocarbon from coal tarpart[ J]. Chem. Soc. ,1993:395 —405.

2V . SIS 1995 (10) 31 33,

[3] Peter Simko. Determination of polycyclic aromatic hydrocarbons in
smoked meat products and smoke flavouring food additives[ J]. Jour-
nal of Chromatography B. ,2002,770:3 - 18.

[4]Badger G,Moritz A. The C — H stretching bands of methyl groups at-
tached to polycyclic aromatic hydrocarbon [ J ]. Original Research
Spectrochimica Acta,1959,15:672 - 678.

(5] HORE2F, 2oRar BRI, 2. A S Bl PR 5 () BE RO AL BE
KeWi ik 5] SRR Y ,2007,23(7) 167 -70.

[6]John W. Howard, Thomas Fazio. A review of polycyclic aromatic hy-
drocarbons in foods[ J]. J. Agr. Food Chem. ,1969,17 (3).527 -
531.

[7 ] Taylor A J,Mottram D S. Composition of odor of volatiles from autoxi-
dized methyl arachidonate [ J]. J. Sci. Food Agric. ,1990,50:407 —
417.

[8 ] Mestres J,Sola M. Diels — Alder cycloaddations of 1,3 — butadiene to
polycyclic aromatic hydrocarbons. Quantifying the reactivity likeness
of bowl — shaped PAHs to C6[J]. J. Org. Chem. ,1998,63.7556 -
7558.

[9]Pitts ] N. Formation and fate of gaseous and particulate mutagens and
carcinogens in real and simulates atmosphere[ J]. Environ. Health.
Perspec. ,1983 ,47:115 - 140.

[10]Chen B H,Chen Y C. Formation of polycyclic aromatic hydrocar-
bons in the smoke from heated model lipids and food lipids[ J]. J.
Agric. Food Chem. ,2001,49 . 5238 —5243.

[11]Filley J, Mckinnon J T. Dimerization of cyclopentadienyl radical to
produce naphthalene[ J]. Combust Flame,2001,124.721 -723.

[ 12 ]Murakami Y ,Saejung T, Ohashi C et al. Investigation of a new path-
way forming naphthalene by the recombination reaction of cyclopen-
tadienyl radicals[ J]. Chem. Lett. ,2003,32:1112 - 1113.

[13 ] Mariad Guillen, Encarnacion Goicoechea, Gemma Palencia, et al.
Evidence of the Formation of Light Polycyclic Aromatic Hydrocar-
bons during the Oxidation of Edible Oils in Closed Containers at
Room Temperature[ J . J. Agric. Food Chem. ,2008,56:2028 -
2033.

[14]P S Uriarte,M D Guillén. Formation of toxic alkylbenzenes in edible
oils submitted to frying temperature Influence of oil composition in
main components and heating time[ J ]. Food Research Internation-
al,2010,43.:2161 -2170.

[15]Kubatova A ,Stévova J,Swames W S, et al. Triacylglyceride thermal
cracking ; Pathways to cyclic hydrocarbons [ J ]. Energy & Fuels,
2012,26(1) :672 —685.

[16 ]Luo Y, Ahmed I, Kubatova A, et al. The thermal cracking of soy-




REZE

IRHRERE $£23%5 2015 F 55

bean/canola oils and their methyl esters[ J]. Fuel Processing Tech-
nology,2010,91(6) :613 —617.

[17] Pascal Mottier, Veronique Parisod, Robert J. Turesky. Quantitative
determination of polycyclic aromatic hydrocarbons in barbecued meat
sausages by gas chromatography coupled to mass spectrometry[ J].
J. Agric. Food Chem. ,2000,48:1160 —1166.

[18 LS = Z RIS Jf it FHHTAE 21 FLAATE G A 1% 35 B 1AL
MEEFE[ D] 2014.

[19]Pandey M K,Mishra K K,Khanna S K, et al. Detection of polycylic
aromatic hydeocarbons in commonly consumed edible oils and their
likely intake in the Indian population[ J]. J. Am. Oil Chem. Soc. ,
2004,81(12) :1131 - 1136.

[20]Wu S, Yu W. Liquid - liquid extraction of polycyclic aromatic hy-
drocarbons in four different edible oils from China [ J]. Food
Chem. ,2012,134(1) :597 -601.

[21]EZ. b 2 (a) BRI Y i AL 21 H GC/MS 2 Bir
[D].2013.

(224755, AT, E P SR ETE - BUk ke 15 2 A B b iy 2 56
F5RE[T]. i ,2010,27(4) 11380 — 1384,

[23]Jason Chen, Shaun Chen. Removal of polycyclic aromatic hydrocar-
bons by low density pol yethylene from liquid model and roasted
meat[ J|. Food Chemistry,2005,90:461 —469.

[24]Ali M Y,Cole R B. SFE plus C18 lipid cleanup method for selec-
tive extraction and GC/MS quantitation of polycyclic aromatic hy-
drocarbons in biological tissues[ J]. Anal Chem. ,1998,70(15) .
3242 -3248.

[25]Zougagh M, Redigolo H,Rios A, et al. Screening and confirmation of
PAHs in vegetable oil samples by use of supercritical fluid extraction
in conjunction with liquid chromatography and fluorimetric detection
[J]. Anal Chim. Acta. ,2004,525(2) ;265 -271.

[26 ] Lage Yusty M A, Cortizo D J L. Supercritical fluid extraction and
high — performance liquid chromatography — fluorescence detection
method for polycyclic aromatic hydrocarbons investigation in vegeta-
ble oil[ J]. Food Control ,2005,16(1) :59 —64.

[27]Sun H,Ge X,Lv Y. Application of accelerated solvent extraction in
the analysis of organic contaminants, bioactive and nutritional com-
pounds in food and feed[ J]. J. Chromatoger A. ,2012,1237.1 -23.

[28 ] Veyrand B,Brosseaud A ,Sarcher L, et al. Innovative method for de-
termination of 19 polycyclic aromatic hydrocarbons in food and oil
samples using gas chromatography coupled to tandem mass spec-
trometry based on an isotope dilution approach[ J]. J. Chromatoger
A.,2007,1149(2) :333 -344.

[29] Guangdi Wang, Arthur S L, Monique Lewis, et al. Accelerated sol-
vent extraction and GC/MS for determination of polycyclic aromatic
hydrocarbons in smoked food samples[ J]. J. Agric. Food Chem. ,
1999,47 :1062 ~ 1066.

[30]Yusa V,Pardo O, Mrti P, et al. Application of accelerated solvent ex-
traction followed by gel performance chromatography and high — per-
formance liquid chromatography for the determination of polycyclic
aromatic hydrocarbons in mussel tissue [ J ]. Food Additives and
Contaminants ,2005 ,22(5) :482 —489.

[31]Lund M, Duedahl Oiesena L, Christensen J H. Extraction of polycyclic

aromatic hydrocarbons from smoked fish using pressurized liquid ex-
traction with integrated fat removal[ J ]. Talanta,2009,79 (1) :10 -
15.

[32] Guillen M D, Sopelana P. Headspace solid — phase microextraction
as a tool to estimate the contamination of smoked cheeses by polycy-
clic aromatic hydrocarbons[ J ]. Journal of Dairy Science,2005,88
(1):13 -20.

[33 ] Purcaro G,Moret S, Conte L S. Rapid validated method for the anal-
ysis of benzo( a) pyrene in vegetable oils by using solid — phase mi-
croextraction — gas chromatography — mass spectrometry[ J ] . J. Chro-
matogr A. ,2007,1176(1 -2) ;231 -235.

[34 ] Purcaro G, Morrison P, Moret S, et al. Determination of polycyclic ar-
omatic hydrocarbons in vegetable oils using solid — phase microex-
traction — comprehensive two — dimensional gas chromatography cou-
pled with time — of — flight mass spectrometry [ J ]. J. Chromatogr
A.,2007,1161(1 -2) ;284 -291.

[35 JBRACR, 55, SEANAE , 55 I By — [ R B4 OB T AR FE
MR ZIIFIRIDITE )], B dh Tl B4 ,2008,29(6) - 197 -
202.

[36 ] B 2L S ZE UL vk i & JH h 23005 wr g [T . & iRl
+,2008,33(6) :209 -212.

[37 ] Fromberg A ,Hojgard A, Duedahl — Olesen L. Analysis of polycyclic
aromatic hydrocarbons in vegetable oils combining gel permeation
chromatography with solid — phase extraction cheanup[ J]. Food Ad-
dit. Contam. ,2007 ,24(7) :758 - 767.

[38] Egltfe, 5038 JEE IS, 45. GPC ¥rfk - [ KA BN AR & GC
- MS XM 2357 I E [T ] 0=~ , 2009, 28
(3):267 -271.

[39 ] Ciecierska M, Obiedziniski M W. Polycyclic aromatic hydrocarbons in
vegetable oils from unconventional sources[ J]. Food Control 2013,
30(2) :556 -562.

[40] Dost K, Ideli C. Determination of polycyclic aromatic hydrocarbons
in edible oils and barbecued food by HPLC/UV - Vis detection
[J]. Food Chem,2012,133(1) :193 -199.

(41 ] el XK 22, B30, & i AU B 23058 5 1y
AAGLT]. BUR SR ,2015,31(4) (311 - 315,

[42]] Poerschmann, U Trommler, W Biedemann. Sequential pressurized
liquid extraction to determine brain — originating fatty acids in meat
products as markers in bovine spongiform encephalopathy risk as-
sessment studies [ J]. J. of Chromatography A. ,2006,1127.26 -
33.

[43 ] Wolfgang Jira. A GC/MS method for the determination of carcino-
genic PAHs in smoked meat products and liquid smokes[ J]. Eur.
Food Restechnol ,2004,218 :208 -212.

[44 SRS, WA ZRIE S ZHFER GC - QqQ - MS/
MS #3077 285 [ D]. 2012,

[45]Jaime Nacher — Mestre , Roque Serrano, Tania Portolés , et al. Screen-
ing of Pesticides and polycyclic Aromatic hydrocarbons in feeds and
fish Tissues by gas chromatography coupled to high — resolution mass

spectrometry using atmospheric pressure chemical ionization[ J]. J.

Agric. Food Chem. ,2014,62:2165 -2174. &




