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Simultaneous determination of 16 kinds of European priority polycyclic
aromatic hydrocarbons in meat products by isotope dilution-gas
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ABSTRACT: Objective To establish a method for the simultaneous determination of 16 kinds of European priority
polycyclic aromatic hydrocarbons in meat products based on the molecular imprinting purification and isotope
dilution-gas chromatography-tandem mass spectrometry. Methods Deuterium isotope internal standards were
added to the samples, which were extracted by n-hexane-dichloromethane (7:3, V:V) mixed solution. The samples
were purified by the molecular imprinted column, separated by the DB-EUPAH column, and collected in multiple
reaction monitoring (MRM) mode, then quantified by the internal standard method. Results In order to reduce the

matrix effect, the quantitative method of matrix matching standard curve was used in this experiment. In the range of
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0.2-200.0 ng/mL, all the 16 kinds of European priority polycyclic aromatic hydrocarbons had good linear
relationships, and the linear correlation coefticients were all greater than 0.9990. The detection limits of the method
were 0.03-0.10 pg/kg, and the limits of quantification were 0.10-0.30 pg/kg. The recoveries of 16 kinds of European
priority polycyclic aromatic hydrocarbons ranged from 85.9% to 118.3% and the relative standard deviations (n=6)
ranged from 0.4% to 6.6% at the spiked levels of 1.0, 5.0 and 10.0 pg/kg. Conclusion The method has the
advantages of simple pretreatment, high sensitivity, high accuracy and strong anti-interference ability, and can
determine the 16 kinds of European priority polycyclic aromatic hydrocarbons in meat products simultaneously.

KEY WORDS: European priority polycyclic aromatic hydrocarbons; gas chromatography-tandem mass spectrometry;

isotope dilution; molecular imprinted column; meat products
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L EU-PAHSs
Z 55 (polycyclic aromatic hydrocarbons, PAHs)/& e 7S L]
—RZAATE IS ), FERIE T Ll v T th AL 1 B /
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P UM NS RN HR, 2R H 1 26 IR RS 3 Jt / &:
(Environmental Protection Agency, EPA)7E 1979 442 HIHY 4 st / 0
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FtE R B AR, PR R TR, 18 2 IR B LU
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AT S0 A bR, T340 BN AR A i v IR Men
RRREE RS, FUATHE SR SRAERIS . MWD . il 20 IR BJFA
AL . PAHs AOSGERRGIN Jy ik A i OR fak 21 — I (a,)EES DBalP be.
(high performance liquid chromatography, HPLC)!'”) | 3 4H {11, /J\\ -
- RIS 200 S TR ) S - 2 —HH e DBacP
H K 792 (gas chromatography-tandem mass spectrometry,
23 R (a iy DBaiP

GC-MS/MS)I#* 2302 | BEMOR H 42986 PAHs BRI T
HPLC [ RIS, H HPLC HOAM M LK | sk 5 s 24 ) DBahP
HHEAEPIR A GC-MS ME TR R BRI T 168 . o o, PAHS 448547 6 EARAOIAJE T EPA-PAHS A1
R Z 05 18, T AR s B e, B EU-PAHs; “EPA-PAHs; “EU-PAHs.
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1.1 UE5RF

GC-MS/MS-8040 “CHH (a3 - 55k T i A [c A L 3%
8 U (electron impact, EI)]. 43 FEN#54E(300 mg/6 mL,
H 7 S Ee A Al ); MS3 IRTEIR A 4 (T8 IKA 247]); 3-18KS
O ML E Sigma /A #]); N-EVAP116 % WX (3 [
Organomation 22 #)); SQP #HL FRF-(F5/% 0.01 g, JL%EL
FPHRPAT B2 7]); EMR-lipid [5AH A< B0 (300 mg/6 mL)
DB-EUPAH E41441:(20 mx0.18 mm, 0.14 pum)(GE [E 24
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1.2 fRERREH]

FRUEfl 5 W 27 IR TR A PR MEVE T . ARV TR
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W AR MER RS IUE BEAR MRS A, TS i+
PATR(1:1, V)R BT RV 9 0.1 pg/mL AR A PR T

FROVGRAE TAEW: FS-ERe+TR I (1:1, VoV)H B rhE
TAEBAMNPRE R, FEIEWEES N 0.2, 1.0, 5.0,
10.0. 50.0. 100.0. 200.0 ng/mL, PIFFFTHE MR A H 50 ng/mL
) 2R SR T AR

FERTVCEL TRV RHa AR, Amits, Ha
o BRF AR 1.3 BRI 2 H Ok AR T )5, 43 3IA 1 mL
R 7 AR A F AR T AR, ) B R DC i
TAEV W, 6 P B
1.3 BIREEFE
1.3.1 Ak 4948 B

TERRFRIL 2.0 g(MERAZ 0.01 )AL Z 50 mL H.2
BT, A 20 pL AR, A 10 mL IEC kit — 5
FGE(T:3, V2V), IRHERER 5 min J5, A 4 g SAbah, IRERS)
2 min, 8500 t/min B5.0> 3 min, B EIERT 15 mL HIEZIBEE R,
40°C/KI FAMRZEILT, F 5 mL IEC kBRI REE.

132 HSth4k

B4 FER AR Y 3 mL 4 4 A 3 mL iF O 4%
WRVETE Ak, KRR A B Ar FEN AL b, I 4R
FE 1.0 mL/min 247, f5BAEIREISER)E, JeA 5 mL
IECREMBERR AR 240, P 5 mL SR k-2
ZER(L:L, VV)PEEE, IR T 15 mL HEE.LE T,
VR AE 40°CoK B R WGE T, WEFMA 1.0 mL -
SoEBE(LL, VIV IR Y, IR IR b, it
GC-MS/MS il & ,

1.4 {UERFEH

SAREIG A UERETTIRE: 280°C; dEFEEE: A4
FHERE; AW E: 1.75 mL/min, {43%4:: DB-EUPAH L4014
(20 mx0.18 mm, 0.14 pm); EiEHTHRRF: RIEEE
9 50°C, 345 2 min, DL 15°C/min #EFEFTHEZE 220°C,
SRJG 3.5°C/min Tt & 315°CHEF 9 min,

JRREZAE: BL: 70 eV, BT URIEE: 250°C; H2 iR
300°C; REM: MRM £,

1.5 ERMETENTTE

A FHARBI AT, FERIRREAER S, o0 HR
WIS 5 T R S R am e 55, 1T ™ A6 %00 (matrix
effect, ME), ASHHF5T 3 1 FL A3 0 DU b vfi il 26 1 Bl S5
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FUIBRHEHZ RO O, 2 A(DIHH. DB-EUPAH (3E#E, XITHEFE . B 7Ll . @ik
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L6 HuE4E BB, WA RIEK . 16 Fh PAHSs H1 7 Rl AR

) . 4 METRELAE 1,
{d F H AR 58,5 v) Lab Solution GCMS Solution Ver i ‘
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16 B BARIA 7 FOTRAR AR TR A FRUEE R A
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SR - BRI T P AT A, B XS NIST %%,
2.1 BIERHFREE FSFI A BRI (R FORAE F 8, 16 480 o o R R L3 3 A v )
EU-PAHs Fi 2, Wit o ikt (940 BS AR 3ok 75, TAE NI ES 1, K5 A & HAUE Bk A Y Auto
o, B [E A SRR PRI (b) 2 B L R I () AR IF:

SRM IifE, 153 &0 FRLE e i 2, wEPea i
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1 2RI ()2 2. DR (a) B 3. RI(a) L 4. Dio-Jiil; 5. MR RF (e, d)EE; 6. i 7. 5-HJEJH; 8. Dip- AR I (b)9E G 9. R I (b) 2
10. FIFR)DER; 11, HFIEGHEH; 12. Dp-IF()EE; 13. HIF@)IE; 14. Dio-idf(1,2,3-c,d)iE; 15. Diu-— A (@h)E 16. BiFE(1,2,3-¢,d)iE;
17. 7831 (@,h) & ; 18. Dip-#E (g, h,)AE; 19. ZKIf(g,hi)dE; 20. T, )iE; 21. K If(a,e)il; 22. IR IF(a,i)El; 23. K (a,h)Eb o
K116 Fh PAHs I 7 FfAFRAYE 2 13 @35 15](50 ng/mL)

Fig.1 Total ion chromatograms of 16 kinds of PAHs and 7 kinds of internal standards (50 ng/mL)

&2 MRM &KX 16 ¥ PAHs # 7 MASRERERE . E2EME T RERES

Table 2 Retention times, monitoring ion pairs and collision energies of 16 kinds of PAHs and 7 kinds of internal standards in MRM mode

Fre Yy (R B0 /min AR PRz, AL P )
A /eV i RE R eV
1 I (c) ) 18.015 215.00>213.10, 27 215.00>189.10, 24; 216.00>213.00, 45
2 Dyp-#Jf (a) & 21.477 240.00>236.10, 30 236.00>232.00, 36; 240.00>212.10, 30
3 I (a) 21.599 228.00>226.00, 30 226.00>224.00, 33; 228.00>224.90, 45
4 Dy, 21.854 240.00>236.00, 36 236.00>232.00, 36; 240.00>212.10, 33
5 I (c.d)EE 21.878 226.00>223.90, 42 224.00>221.80, 33; 227.00>225.00, 36
6 il 21.998 228.00>226.00, 33 226.00>224.10, 33; 229.00>227.10, 33
7 5-H L 24253 241.00>239.10, 27 242.00>239.00, 39; 239.00>236.90, 33
8 Dp-#EIF (b5 B 27.221 264.00>260.10, 42 260.00>256.00, 39; 264.00>232.20, 45
9 I (b)) 27.367 252.00>250.00, 33 250.00>247.80, 42; 253.00>251.00, 33
10 HIF()Pe 27.505 252.00>250.00, 33 250.00>247.90, 33; 253.00>251.20, 36
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x2E)
e s (R B ) /min EL P ) EIRR TR,
i fg i /eV i g /e V
I RO 27,668 252.00-250.00,33 2530025110, 33
12 DA (a)EE 29.402 264.00>260.00, 36 ggg:ggi;gg:gg: §3
13 HI(a) 29.544 252.00>250.00, 33 522:883‘5‘?:3}8: §3
14 Dus (1 23000 35.052 285.00-284.10, 42 285.00-283 80, 3
is DAl 35158 292.00-285.00, 39 292.00-264.00, 43
16 341,230, d)tE 35.181 276.00-274.00, 39 o .20, 36
17 TR (ah) B 35.336 278.00>276.00, 36 g;g:ggz;;;:gg: §2
18 DA 36.628 288.00-28390,39 254.00-280.00, 39
19 $ It (g h,i)IE 36.768 276.00>273.90, 39 g;‘;:ggi;;:gg: §S
20 IR 42.292 SUZ0B2290. 33 2828833?38 ii
o1 —H I (a,e)tE 44.039 302.00>299.90, 39 ggg:ggigg?:ggj 23
22 T (e 45.138 302.00>299.90, 39 ;gg:ggiggg:gg: §2
23 Z K I (ah)iE 45.797 302.00>300.00, 39 303.00>301.10, 36

300.00>298.10, 36
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3
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BcFL BaA CPP CHR MCH BbFA BKFA BjFA BaP
16Fh Z 5k

HINER+ 2.8 2 We+ 525 55(2:2:1, V:VVPE MR,
I % I IS 6 4 o b O o B A AR BB R o 5 SR ANl 2
R, AR FE COGE AR A BRI T, SR 1 R 4%
2, MIREREAF] ., IECE+EFBE(T7:3, VoV) L IECKE
NI (1:1, V:VYFIIN B+ 2R S FR+5 2 56(2:2:1, ViV:V)IX 3
PRV, ARV R LB B, BRI TR AR AR e 3

IP DBahA BghiP DBalP DBacP DBaiP DBahP

B2 ARSI 0 X SRR A R

Fig.2 Effects of different extraction solvents on extraction efficiency
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i, SRBGI XS AR BRI BCRE IR, XRPEAE
BB R R . Ea ke, IECbErINER(1:1, V:V)FI
I+ R LB+ Ba2:2:1, V:VVWE NI, [k
FROHTE 64.5%~115.1%. 60.0%~113.2%F1 63.4%~112.2%
Z (8], TE1 A0 A A X B v R 22 (relative standard deviations,
RSDs)/3HI7E 1.4%~7.8% . 2.3%~5.0%F1 1.9%~13.4% [i];
ECLE+ R BE(7:3, VTR R BT, 16 Fft PAHSs 1)
BHSCR BT, 78 70.5%~114.2%2 8], [EISCK i 22 5/,
£ 0.5%~2.0%2 [8], EIMRAE ARTFF06 LUE O e+ — 5
FE(7:3, VV)PE R IGA
24 RBUBTIAIRRMMKL

PO T A AR S 5 B AR PR IR, AR
A, HARYIARRE B 70 A SO S, SRR AN BT L 0K,
IR R 25 3 RV 7R %, B2 80 S 30 A 3 3 A B8 75
Yoo BT LU RN, AWF5E 5T B0 A A BT A,
S 5. 10, 15, 20 mL (9IE e+ S KE(7:3, ViV)XT
16 Fi PAHs #EATHI, LIk S5 1 3 iR, b
FHIRBURFII A, HARy o) R g m, SR EUARD
10 mL FHRBUICRIA IR &, IBCRAE 70.1%~96.2%Z i,
I AASHIFZE 8% 10 mL 1 A S ZAR BUATH
25 B RANEE

Wl R E 2, IEC ki P BE(T7:3, VIVTENE
U B 43 i 0 A FL2E e 4R B ok, 52 BRI
WER O IS ik R G AT Y, Ik, ] sk 2L PR
PRI AR I 5 2 T A T A R PAHs Rl i) S BB TR
& 8 (W R BT e AL 7 IR B Ak . BEIC B OB 1 1 (gel
permeation chromatography, GPC)F+H L FINE U RIESE . 2fk
AT EBR T iR, (H2 kil #rh PAHs F¢5iE

BeFL #iREK, BALAMRTZ], Arab B B s . #ERT,
NS PRI . GPC b A A R . W RITEFER K.
FEIF, B FHEEFES MR . VR IR NG AR B A T
i A, FIZ ) IRAERT G L RCREAR, BERIBOR
Vo VR IR I 3 40 i IS AR PR SV A AE T R rp, B AR H fh sk
B BT, AMF5ESET QUEChERS k. EMR-lipid
[ A AE BRI MIP-PAHS 43 E[Vik [ AH 25 B 3 Fhigefk Jy 20t
FE SR RIBOR B9 AL RCR: . QUEChERS ¥rfk HLAT fii i | B |
USRS, TIZ N AR L 5 YL PR I A 4,
HHERL PSA M Cg BEA R ERA LR . N5 i %524
EMR-lipid [ AH 2% U 56 F B HEBEL R B 5510 5 B o i 1
JE W B T RE 121 =2 18] A8 % AARR LA ke 25 BRI o, RENS w ik
PRIk | B2 N R AL R ; MIP-PAHS 431 B AT 258 i A5
A3 F B SR A, AR A A0 T e AR S 1L
X BARAL S EA TR B, SAE Ay MAlb B . 8 Bk 3 Fing
bW AT B A A, R AR R (B 4a) FTLUE H
MIP-PAHs 43 Bl AR A Ab =0, JHE 88 3 B 4%
JE VR /b, LR R

o, AR5 %E% T 3 FdbirXF 16 # PAHs
fR [ 36, A 25 FRE A R S N B BV B 10 ng/kg 1Y
FRUETR AR, Hode 3 Rl o7 A [l e 3, 45 5L
&l 4b, QuEChERS ¥k EISCRTE 78.2%~96.7% 2 [H],
EMR-lipid [ A0 26 BURE 46 Y [ S 37E 86.8%~97.7% 22 [H],
3BT ek Y [T i R TE 90.4%~106.6% 22 [8], 3 Flvgrik
J5 3 DR R BE G AL S2 0 2R, {H MIP-PAHS 43 ED il
HE [0 i AR B4, HL 43 BN A i fb J5 RO AR o 2% o i
Ieb, JeT g, LRG 75 B RCR X S0 AR
HISEI, ASBIF 5T 2 $E MIP-PAHS 53 BV A A S e 2 1) ¥
Bk RE 5 =X

[15mL
120 [CJiomL
B 15 mL
CJ20mL
100 F
80 |
< A
¥ f
= 60F
40 |
20 |
0

BcFL BaA CPP CHR MCH BbFA BKFA BjFA BaP
16FP 31 T35 18

IP DBahA BghiP DBalP DBaeP DBaiP DBahP

3 R[S BRSO 5

Fig.3 Effects of different solvent extraction volumes on extraction efficiency
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[ QUEChERS
a r x107 b 120 3 EMR-LIPID
6 QUECERS [ S FENAT
5 B | EMRLIPD penmigge | ] Al
Hk < 80}
5 4 o
E %s 60
5 40}
T 20}

6 12 18 24 30 36 42 48
£ B3 B A /min

@é“\)%,bY’OQQCQS' &QY’\&Y’,@Y’Q& NS @@Q#’S %8 ,58 r§$

Y F D

L6Fh BIAFTIE

Bl 43 Biige b igi A9 3 g 1l (a) J 3 Aigefe 7 =09 1ml i (b)

Fig.4 Full-scan chromatograms of 3 kinds of purification solutions (a) and recoveries of 3 kinds of purification methods (b)

2.6 ERMR

S R R0 S 5 W ARG O 4 SR oA e e A R A MR A R SR N
R, ARFELET 16 FEHRWIEETEN . 451 ER, 4
P EEYI R H @D . R H(a,e)tE . AR FH (s . =
HI(a,h)EE A9 MEs 7E 20%~50%3E [l N, 23N P25 1sen
LN, HoAx 12 B BARPIH) ME ¥I/hF 20%, Joim % 3t
FTRNE o PRI Ak, RO 2, SRR AR BT Ak iy X
o I 25 SR SR A S, AR 5% R P 38 5 DG A v AR I
HATE R ITT
2.7 FHEFFN
271 KMEE. AXEZREE SR

BB RE R 0.2, 1.0, 5.0, 10.0. 50.0, 100.0.
200.0 ng/mL Y R HHERVCHCHR HE TAEVS I, I8 1.4 1438
M AT, AT a8 AL FR (X, ng/mL), DA%

PAHs 5 N FRIG TR AY FEAE(Y) AL AR il bR 2k, 15
WP R, [FIEE, R R A 25 AR S TR S IAS [R] 2 itk
S PAHS, DUZEME G (S/N) =3 15 %65 g B A K S S A He B
(limits of detection, LODs), 1M H(S/N)= 10 s % i s i
JK - 7€ i FR (limits of quantification, LOQs), 45 3RH:
16 Fl' PAHs 7£ 0.2~200.0 ng/mL 5 [l N HA B iFagge bt e
Z, M AEZEH KT 09990, 16 # PAHs () LODs 1E
0.03~0.10 pg/kg 28], LOQs 7E 0.10~0.30 nug/kg = [8], it 2
16 fift PAHs PRSI . HARGE R L3 3,
272 FiREAEAEE

FIFAB T S ik s, 61728 AIRER P 3 A4S
[ B K (1.0, 5.0, 10.0 pg/kg) PR I SE 56, 454
FrAKSESEATINE 6 WK, 16 Fb PAHs A5 2 [B] i R 78
85.9%~118.3%z2 [6], RSDs 7E 0.4%~6.6%2 ], FH] 7311
TR RO R Y . BUASEIR LR 3.

3 16 M PAHs MZMESTE. LkIEMHEXRE,. LODs. LOQs FMAREILSEIRLER (n=6)
Table 3 Linear equations, linear correlation coefficients, LODs, LOQs and experimental results of labeling recoveries
for 16 kinds of PAHs (n=6)

o o T zmmae LODs LOQs X ET I /%/(RSDs/%)
X4 /(ug/kg)  /(ng/kg) 1.0 pg/kg 5.0 pg/kg 10.0 pg/kg
1 It () Y=0.6358X-3.518E ° 0.9990 0.10 0.30 98.1(0.8) 85.9(2.8) 87.4(2.5)
2 It (a) B Y=1.2335X-2.584E ** 0.9997 0.03 0.10 110.8(2.0)  106.1(1.1)  101.2(1.0)
3 %I (c,d)tE Y=0.6637X—6.068E " 0.9996 0.10 0.30 99.6(5.6) 94.3(2.3) 94.4(6.1)
4 i Y=1.0098X—1.060E °** 0.9993 0.10 0.30 114.7(1.7)  107.6(1.3)  104.8(4.9)
5 5-HIEL R Y=0.5182X-2.830E " 0.9993 0.10 0.30 99.7(1.5)  100.2(0.4)  106.5(5.9)
6 RIF (b)) & Y=1.9353X—1.149E 0.9996 0.03 0.10 114.5(1.9)  108.3(1.7)  103.1(1.1)
7 I (k)P Y=1.7092X-9.266E ** 0.9995 0.03 0.10 118.3(6.6)  112.9(2.2)  114.0(1.1)
8 HRIEGHE Y=1.8790X—6.262E " 0.9997 0.03 0.10 106.6(1.2)  105.4(1.9)  101.7(1.2)
9 It (a)th Y=3.6168X—1.009E " 0.9993 0.03 0.10 104.5(1.1)  102.7(1.6) 99.7(0.7)
10 EiIf(1,2,3-c,d)iE Y=1.8846X—9.352E 0.9996 0.03 0.10 105.52.4)  101.7(1.7) 97.5(1.2)
11 TR (a,h)E Y=1.2744X-3.684E " 0.9994 0.03 0.10 104.2(3.2)  109.7(2.4)  106.6(0.8)
12 It (gh,i)dE Y=1.5349X-7.012E ** 0.9997 0.03 0.10 113.0(1.4)  106.9(1.5)  101.0(0.6)
13 ZARIF DI Y=1.2531X-6.362E % 0.9997 0.03 0.10 105.3(2.3)  107.7(1.1)  104.0(1.4)
14 TR (ae)El Y=0.9655X—8.715E 0.9994 0.10 0.30 116.3(2.4)  109.8(3.1) 114.8(3.3)
15 TR (a,)EE Y=0.5846X—3.640E " 0.9996 0.10 0.30 115.7(2.7)  115.9(2.5) 115.3(1.6)
16 ZRFF(a,h)Ek Y=0.5826X-5.895% 0.9994 0.10 0.30 114.5(4.2)  114.9(1.9)  115.1(2.3)
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PR ST BEx iR 10 HE kbR i . 5 bk
FXGF 5 MU AR AEE AL EAT TR . 25 R oR, 10 #LK
KRG A 6 HEUKS: H R TF (a) BRI (g h, ) AE, K HiE
SrIAE 0.10~0.24 pg/kg 1 0.15~0.42 pg/kg Z 18], 1 #HLUHE
Fa PR, KeHER 0.16 pg/ke; 5 HREFES A
4 LUK T (a) B, At EAE 0.11~0.17 pg/kg Z I, 14
UK R I (e, d)El, R AN 1.7 png/kg, 1 HEKAS 28T
(@)eE, Kih{EA 0.23 pgkg; SHLKEF NP, £ 1Lk
AT (a) B, M HE N 0.20 pg/kg. GB 2762—2022 £
ZaFEFIRE B RIS YRR E ), XA R A SR
ERFF (UM S B AT 5.0 pgke, BRE Regulation
(EC) No 835/2011 3EHUBUE, HATE A K A il & HR AT (a) e 2
BB 2.0 pgkeg, FIF@EE . FKIF()BE . ZKIF(b)TEH .
4 M FIARREREIE 12.0 pg/kg. WAL HTTLIE L, B
RARE A ARIRREE | REFRE 207 R, o, 28
IH(ayeE XI5 IF @) B . I (b)v BRE4 Tz Ak
(EIMCF R B AR R R, A TRk,

3 & 1

X3 TALSE Y 16 Fi EPA-PAHs, ASBF5% LLME 5 L 18
kR . BRSO EREZA RN 16 MRS
PAHs RWFSE NS, FIFERE A 2 bR A4 7 Bl 4 5
PEFAL, 454 GC-MS/MS ) MRM #=, £ RS HifE:
LTI, Rt A R R, s 2S8R
TRAE, B 2E, Bk, GPC SAEGERIE I ik ik b
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SRR 2 1 B AR, ASBFIE LLIE O i+ —
SBT3, VIVEBIE R TR, Horp iy SR bes
B, WSS E 2%, BERYIE o Sk £, SEbRkE
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