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Investigation and analysis of polycyclic aromatic hydrocarbons content in
high risk food
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(Hebei Provincial Center for Disease Control and Prevention, Shijiazhuang 050021, China)

ABSTRACT: Objective To investigate the effects of different types of food, food sources and other factors on
polycyclic aromatic hydrocarbons (PAHs) content in 136 fried and smoked foods in 11 cities of Hebei province and
point out relevant exposure risks. Methods The samples were purified by gel filtration chromatography after
ultrasonic extraction with cyclohexane: ethyl acetate (1:1, V:V) solution, and detected by high performance liquid
chromatography-fluorescence detection method. Results In the 136 samples, different kinds and different contents
of PAHs were detected. The detection rate of phenanthrene, anthracene, fluoranthene, pyrene and benzo (a) pyrene
was 100.0%, and the detection rate of benzo (a) anthracene, flexion, benzo (b) fluoranthene and benzo (k)
fluoranthene was relatively lower. Conclusion The PAHs content of non-formal bulk edible oil with high
temperature and repeated use for a long time, fried and smoked directly with open fire is higher, and the PAHs content
of such foods produced by regular manufacturers is relatively lower.
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AR A S {5 4, AT () Il 4 (a,h)
BBE TARC JH R oy >, 51k th AR 12 60

FYEVE AT o T HERME Y 1R BBy (5 S
IR, R ARG, RS TR
0 2B XU A T SR R A A B ORI 28 137, (H il TR
FF e S A R R B R Y A B AR R, H.
B0 B R RIS 7 A2 PAHSs, SEIIERIE Y
1 PAHSs & g i FIHAME ™), BRI e |
ARSI T S PPN . JHEE R PAHSs BTS00, X
IATHI R B f e HA R

FUAG, gk il E s bl b PAHS A6 )
Tr, F AT AR SO AR 3 - R BT Uk (ultra
performance liquid chromatography-tandem mass spectro
metry, UPLC-MS/MS)®8 | Sk 1%-Jfi 1572 (gas chromate
graphy and mass spectrometry, GC-MS) "2 &2 i A (i
% (high performance liquid chromatography, HPLC)!? 10145 |
UPLC-MS/MS Xf TR A BEEOR 5, HL A B ARN T A @
TSI B IS, LA B R, GC-MS
G AR AR B HPLC HoA A% & L %) THRAE
B, BHAER T Z o AWFFERA HPLC ik, XHadb4s 11 M
ittt 136 4335 g KU i A AE i« RO L il &
I A P AT SO PERY 15 R PAHS EAT T AN A3HT,
FEH T AREYIRIZE . BBk IR 45 D Z £
PAHs & it FSEI0A, LU T 28 g KUB A i B2 T, hy
PN e et R AR 5 €/

2 MREREE

2.1 SKIedR
2.1.1 ZEBAE

Waters 2695-2475 =20 A 154 (32 [ Waters 22 H]);
Preplinc GPC #E/i615 15 (45X (32 E 12 Scientific 2 A);
KQ-600E ##75 {{ (B L i B A X340 BRA FD); 11600 HLFK
SR BT RS IR 2R ); 3-30K ¥k 85 DML (FE [ Sigma
2N T]); N-1200BV-WD Jig 53 %A (H 7 EYELA 23 7)),
212 FEKA

PAHs IR GPRHES[ZE. JE. 25, JE. B, K. .
KI@B. H. EIHO)E . BIQKE . ).
THIE@E L BiIE(1,2,3-cd)EE MFE I (g h )L (MR N
200 mg/L, ZiEAF], —18 °CIRFF); Okt LR L ER(tis
4fi, 32 Fisher A A)); LME(EI%LE, f5E Merck 22 F]); 32
35 BT FH K 308 Jef B TG 78 08K
2.1.3  fFmAf

ARSI RN LA 11 shTiidit 136 Opfedh . M
FEYrh 33 . RIKEV 7 . FEES A LG 37 . RUAE
i, Rl 59 0y, BIKIRIUREE 36 AR(CREVEKERTT 11
By, INBUEIRIATT 23 0y, REEBHE 20y), R AT I7RAE 36

1y, #BTTREE 48 Uy, MIIARES 6 o
22 ZWHE
221 ARG EH

1000 pg/L dRofEfd R A ECH]: WA 50 pL IRE
PR (200 mg/L)H GBS 10 mL, #5318 °CIRAF.

RAVRHER S M Z 5% 1000 pg/L AR FH 5%
FHIZ R R 14 Jy 2T 1) T ) o 22 43 391y 400,200, 100,
50, 20.0, 10.0, 5.0, 2.0, 1.0 bpufEikE R4, % 4 °C
TRAF
222 BIREEAELM

HBEIR5 3 (0151 (gel permeation chromatograph, GPC)
IER R 12 O BE-4 R G BR A% FE (200 mm*25 mm, H
% Bio-Beads S-X3 H0kL), Kl 254 nm; JBIAH T
L LBRZTR(1:1, V:V), ik 4 mL/min, #FFEE SmL,
223 &EEN

{43541 Waters PAH Cyg WiAH 3541 (4.6 mmx25 mm,
FER: 31 °C; Wishtl: ZHE0K; BREEVRIRELT: O
1 65%(PRFF 32 min), ZETMTHZE 100%(32~49 min, F£4F 8 min),
)5 57~58 min FEZE 65%; i3 K 1.0 mL/min; #EFEEE 20 pl.
AR T (SR R S R 1

5 um);

F1 KNBSH

Table 1 Detector parameters

i ] /min WUR A /nm K5 /mm

0 270 324

8.5 248 375
11.5 280 460
13.5 270 385

35 256 446

41 292 410
51.6 300 500

224 HdnaE

BEAFES I RAEEATHRE 2 1%, BRI 500 g0
FE GRS 53RAE s BT R . FR R REESFS5 i
S, BURIRAE, BRtiRAs

FERE R E R, TR, MERIRRI 2.00 g FE
F 15 mL HEZ.LE P, A 10 mL k-8R LB
(1:1, V:V), TRJE 30 s J&, #8745 15 min, 7£ 4500 t/min %0
3 min 5, W EEWGE 0.22 pm IEE T GPC #EREI T, &
J5 AT GPC ik, WedE 19.5 ~30.0 min AR5, KBS
WEMSEZET, 1 1.0 mL ZJEEMERE, 1of 0.22 pm JE
Ji&, % JFHR 20 uL #E47 HPLC 23047,
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3 GRS B, HCREU AT 09990, 4MI7EZS FIRER PRI |
R L oA 3 R RCOT i BRI A, FATIE 6 %, T8 A
3.1 FARERMGEE B A 2 W0 9 151 i 2 AR X B M i 2 (relative standard

AL ISR LT E B . PAHs BRI 7% K deviation, RSD). 7k B A 65.8%~121.2%, HIXTHriE
WA 1B o TELRAETE TN, 280 12 Fifb S AR R R 228 3.7%~9.0%, 5T a4 5

400.00
8 |9
300.00
a
2 20000 1011
100.00 ; MLI\Z
0 AN
0 500 1000 1500 2000 2500 3000 3500 4000 4500  50.00 5500  60.00

i [F] /min
T, 20, 347 49F. SHEL 6B, 7. 8HEH@ME. 9. 10 FEHOWEHE . 11 FEHWHHE . 12FH@iE. 13 “FH@h)E.
14 BfiFf(1,2,3-cd)eb . 15 ZKIf(g,h,i)dks
Bl 1 PAHs bRifER K faigE
Fig.l Chromatogram of standards
3.2 xﬁ]1{é%*ﬁ;}n\u2§% z&ﬁ(ﬁﬁ?{%%iﬁ—\‘, 15 *‘T‘ PAHs Tl:E 4 j(;‘éﬁlﬁ:l ':F'igﬁ*ﬁ
. . H, B 100.0%, S5FAHXTE AL S ke B RS
RS ISR T2 0. 45 AL A TR e e
L R R LRSS 0 2 RS TEWE G, XS haYA G485
’ B 3, FREESFE GB 27622017 (£ A E R hif
TG Y BR A T R, I (a) A B HL i e

=2 ARHABRAER DY 10 gk, THERZSRUK™ SR IRE 5 pgke,
Table 2 Detection results of different compounds Z’—‘W\*ﬁfﬂ!ﬂﬂjﬂ:ﬁﬁ?ﬁ%9ﬁj\, kRN 6.6%, o (A
A & I W 2R % > B g Y >
featads R (ke H /% BIRE L IR B 15 26.8 pg/kg, —(AROKE ARG HE D 18.3
% ND~305.4 87.5 ng/kg, HORILISHE G B RS &, 55 R s E L,
A ND~242.8 87.5 33 TRIMAHREMLER
% ND~238.0 81.6 ME 3T LUEH, SFEERIEAREMIE RREEE
1 I 84.6 PAHs ¥ H o FEH I A H (B i i AL B 0 e, A i E ok
. 97.4 ng/kg; K R NS, KiHEN 90.9%; fit %
i} ND~123.6 72.8 . N k .
B AR R H(1,2,3-cd)EE, K EHR 15.2%. BULERMEY
KH ND~115.2 92:6 PR RS AL A R, K E R 195.6 ng/kg; K
L3 ND~195.6 88.3 HRIEINZE . JE . EEAECEL R HEN 100%; K H %
}K#(a)@‘ ND~38.1 36.0 Eﬁ'f&ﬁ"]ﬁéﬁ#(l,Z,}Cd)ﬁf, *@Hﬂ$% 17.3%. Fﬂ‘k’ﬁ@\ I-/}:]
- ND193 31 %ﬂ&:*ﬁﬁﬁﬁ%%%é%ﬂﬂﬁ, KB {E R 315.0 pg/kg;
o Krth R Em 25 g . 8. B 988 AR, K
A ORE ND-~30.2 316 I 100%; K AR R T, Kt 16.9%.
HIF (P ND~14.9 42.6 Kt N PR R E R s LS N IR, R HRE R
;I':#(a)gg ND~26.8 91.2 137.0 pg/kg; *ﬁm&%%ﬁ"ﬁﬂiﬁ*ﬂﬁ, *ﬁm%ﬂ]ﬁ 100%;
B3 (1.23-cd)iE ND-8.61 316 oz ORI AR N i, R 0N 10.8% N
TUKE FIAR Y0 PAHS K HEE B S5 A6 2 3 B B &
TR (ah) B ND-~3.86 44.8

RETARIRYI, HAPRIF()EE AR H KI5 F] 100%. X
At (g h.ide ND-7.81 544 RIS T 2305 T A B . A%
Y ND 7 T H B ity T AT R I LA TR, A T R B i,
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JE PAHs g o KR R TR ) S 2B Y B IR
SRR, 20 A AL R ™ AR 1 PAHS .

RUME KRG €0 RS PAHS A5 R E % R . IXJE
Fhn Tl A b i S BOR WA B A KR 2RI,
R BEAE £ Pl P TN L R b e AR K, B
ZUGYHOATTE . BB EYIRAR R, SR yxs
TANAMEREZ R, F5 5182 R0
3.4 AEE~ARMIREHRENER

AU SR s B b A2 S T SRIE A [, PAHs
EAMRXH . kA TIEMA™ ZPEE s PAHs
Ko HAEL B ARG H AR T R b R R T IE R R A™
iz K P B R PRI A A BRIV, 7R 2 TS S LRI
ANTHCERE AL FREE I 7 I KRR PR SR AR A BIDME 41
PR A ol KR T SRR bR, A (L A R AR T
PR AT R AL R dh; RARE A P RA h TA
LA, RS H (B RS R R T B R il bt
HARKMAE R 3.

4 &

ABFFERHAACE 11 HuT T 136 395 G KU 1Y)
TR . BRI . TR B R PR b B SRR
15 F PAHs #F47 TR 44T . 455K, PAHs |2 AT
TP . ROKERT . R KRS A ISR, FR AR
SRAETERBAR NG . VR . It a] S A A Y Al IE M O
FH . BB F A K R S5 S 9 S P PAHs & 8 =,
MERL R A= ISP PAHs S &M B K. hF
PESERE SR 2 ARE 12, % E] PAHs X AR ™ 5 G,
RN 2 5 KU £ 58 PAHSs 5 ik Wil TR i 1R, DI
B N R b4

SE B

(1] HR3E, B2, R, 55 G b 2 IR 05 R A B AT 72 ik Ji
[3]. &dhTalk, 2019, (12): 244-247.
Xiao ZJ, Dong LY, Dai ZH, et al. Progress in detection of polycyclic
aromatic hydrocarbons in meat products [J]. Food Ind, 2019, (12):
244-247.

[2] FEWeEE, SZHUE, W, HE RG] & 2 e R 2 505 IR G
BRI S RIS IELT]. PIZEBIFSE, 2009, (6): 52-57.
Meng XX, Peng ZQ, Feng Y. Effect factors of formation of polycyclic
aromatic hydrocarbon and heterocyclic amines in fried meat and control
measures [J]. Meat Res, 2009, (6): 52-57.

[B] EE, AEH, ARk, 55 ZIOFRIAEE SHAN]. E AT R
247, 2003, 24(3): 40-44.
Yue MG, Gu XX, Zou H, et al. Harm and prevention of polycyclic
aromatic hydrocarbons [J]. J Cap Norn Univ, 2003, 24(3): 40-—44.

(4] H[EHg, ZHOE, Fed. ME RG] b 2 IR07 R MR IR A% 6 ik

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[ &M 5T %, 2010, 31(3): 180-183.

Cui GM, Peng ZQ, Meng XX. The sources and control methods of
polycyclic aromatic hydrocarbons in smoked meat products [J]. Food Res
Dev, 2010, 31(3): 180-183.

IR, BB 2 ORI T EVIED]. B AR R,
2013.

Zhu L. Studies on the analysis method of FEuropean priority
polycyclicaromatic hydrocarbons in foodstuffs [D]. Nanjing: Southeast
University, 2013.

e, XUE 22, WA - SR I s A I 2 P AR vh 2 PR 05 AR 0],
R E RN, 2015, 30(12): 114-119.

Shi LK, Liu YL. Simultaneous determination of PAHs in edible oils by
liquid chromatography tandem mass spectrometry [J]. J Chin Cere Oils
Ass, 2015, 30(12): 114-119.

Lien GW, Chen CY, Wu CF. Analysis of polycyclic aromatic hydroc
arbons by liquid chromatography/tandem mass spectrometry using
atmospheric pressure chemicalionization or electrospray ionization with
tropylium post-column derivatization [J]. Rapid Commun Mass Spect,
2007, (21): 3694-3700

Van DWTR, Peru KM, Verstraete W, et al. Liquid chromatography-mass
spectrometry analysis of hydroxylated polycyclic aromatic hydrocarbons,
formed in a simulator of the human gastrointestinal tract [J]. J Chromatogr
B, 2004, (806): 245-253.

Naydenova S, Veli A, Mustafa Z , et al. Qualitative and quantitative
determination of polycyclic aromatic hydrocarbons in fine particulate
matter [J]. J Environ Sci Health A, 2020, 55(4): 498-509

GB 5009.265-2016 i AxFZEARHE P ZFRF5 IR A0 E(S].
GB 5009.265-2016 National food safety standard-Determination of
polycyclic aromatic hydrocarbons in foods [S].

GB/T 23213-2008 & ARk MY b 235 R IE ~H
- FHEL[S]

GB/T 23213-2008 National food safety standard-Determination of polyc
yclic aromatic hydrocarbons in vegetable o0ils-GC-MS method [S]
Ghaemmaghami M, Yamini Y, Mousavi KZ. Accordion-like Ti;C,Tx
MXene nanosheets as a high-performance solid phase microextraction
adsorbent for determination of polycyclic aromatic hydrocarbons using
GC-MS [J]. Microchim Acta, 2020, 187(2): 151.

2015 4[] 52 B b5 Yy A 3 IR 3 RUSS: s ) LA T Mik-Al 2343 (2]
2015 National food contaminants and harmful factors risk monitoring
manual-Chemical section [Z]

EE, A, XHER, . QUAZRE G OREIERPIAT 16 F
BRI Z PRI ]. P ERIE, 2012, 37(3): 74-77

Zhang ZW, Zhu L, Liu HL, et al. Determination of the 16 European
priority polycyclic aromatic hydrocarbons in vegetable oil by dono-r
acceptor complex chromatography [J]. China Oils Fats, 2012, 37(3):
74-77

Falsafi Z, Raofie F, Ariya PA, et al. Supercritical fluid extraction followed

by supramolecular solvent microextraction as a fast and efficient



%5 18 3]

B W, % R 2R R A S A 6613

[16]

[17]

preconcentration method for determination of polycyclic aromatic
hydrocarbons in apple peels [J]. J Sep Sci, 2020, 43(6): 1154-1163.
Tomasz K, Dymitr C, Jolanta I. Determination of polycyclic aromatic
hydrocarbons in waxes by high performance liquid chromatography with
fluorimetric detection [J]. J Anal Chem, 2020, 75(4): 495-502.

GB 2762-2017 £ i 2 FRIRAE b5 R (S].

GB 2762-2017 National food safety standard-Limits of pollutants in food
[S].

(T1EY% 4. Sr5EE)

B 8, BEERE, EERRAE
AERRESRZE.
E-mail: lyxyx00357@163.com

BERRE, TERM, TERARFEAR
mRESZRE.
E-mail: hbweisheng2@163.com



