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A WAL F OB PR REW, FAK R OR Y
(1. BRI SRS B AR E, K 410000; 2. K EE 252 ammirh.e, K 410100)

# E: BW ARSI T Y £ 3555 (polycyclic aromatic hydrocarbons, PAHS)IAG N A ¥, Bk KAZ
JiE$EHL-QUEChERS Ak Ab PRI 752X, 8 SR BO AN SR R i DAk, 3 e AR € 33 - AR 1 4] Al
fr- ORI BRI R D 16 R 25 R R T T vk . SR RS I BRI BORIC AR ME T R, 16
FZ I I5IEAE 20~500 ng/mL AL IEINERIERAF, 25 Hbsd r* JEHETE 0.9989~1.000 Z [, i BR(limits of
detection, LODs)>} 0.08~4.00 pg/kg, €% FR(limits of quantitation, LOQs)>} 0.30~15.00 pg/kg, SZBRAE SR A,
20 40 F1 200 pg/kg 3 NACEINFR B H Ky 73.09%~111.18%, FHXSFRUEM = (relative standard deviations, RSDs)
9 0.73%~4.48%. B5I®  ZITIERBUELF . OGRS RSB, GG THOE T 16 R ZIRITIR A A .
KEIA: HUS; BRORAR IS, 205K, YOI

Determination of 16 kinds of polycyclic aromatic hydrocarbons in spicy strip
by high performance liquid chromatography-diode array
detector-fluorescence detector
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ABSTRACT: Objective To optimize the method of determination polycyclic aromatic hydrocarbons (PAHs) in
spicy strips. Methods  Acetonitrile extraction-QuEChERS purification treatment was adopted, through the
extraction of solvent type and dosage optimization, a rapid analysis method was established for the determination of
16 kinds of PAHs in spicy strips by high performance liquid chromatography equipped with both diode array detector
and fluorescence detector. Results Standard curve solution was prepared with blank matrix extract, 16 kinds of
PAHs showed good linear relationships ranging from 20-500 ng/mL with r* from 0.9989 to 1.000, the limits of
detection (LODs) were 0.08—4.00 pg/kg, the limits of quantitation (LOQs) were 0.30-15.00 pg/kg. In actual sample
tests, recoveries ranged from 73.09% to 111.18% at 3 different level of spiked samples of 20, 40 and 200 pg/kg with
relative standard deviations (RSDs) ranging from 0.73% to 4.48%. Conclusion The method has good sensitivity,

high recovery and precision, and is suitable for the determination of 16 kinds of PAHs in spicy strip.
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LI 12 (polycyclic aromatic hydrocarbons, PAHs)f§
PP DL IR R B e — R S B R & 1,
B BB ARG YY), ERARUE . B,
RARI = HORON, A W B faEY SRR,
BrT IO ZR TR . WA R Z AN, RO AR R
FEHF R EEREDT, HAh, BONBE &7 2R
(European Food Safety Authority, EFSA)HE tH i & X i
16 Ff Z3R 35 18T T KU PEAL

TEFRE, AT TR, gl | T
ARUTHEAR, ARl A R/ MEYs, LA BRI A BR,
X B AR A L A KR O A A e e
SRR EE MM, &AM ERIF RS AR
PR, BEAN, BUEA IR B R L M T A AT e
HEZ IR B GB 5009.265—2021 € £ i 4 42 [
FhE T ZRIFROMNE) MET 15 FERITR
49 o ROV B % 4 BT v EL R AL 9 il v A%
FE il TAD 307 1 AT IX A3, T AR X R AR BRI 4 % 1)
A Ah B 9, OB T R AR ST A L A T A 3 2 R
1t — R, AR SV X Bk S T — BRI [a)
B Y 3 M7 s, (H ARG A 2 31 05 R a5 SR L
VB R PO X A rp 4 Fh 2R R T AR -
T3 AT 7, AELIESL 2R PN RS A0 AR £ 3% - SBT3 A s B
LW RN, BT K 2T R ST A R A
EIENZ N

AT RTBRAR R, R CIEFEIC . 43 Bl A A
By =X, (0 P e A5ORR i - AR A R A A I 2 -2
S #6:I0 #% (high  performance liquid chromatography-diode
array detector-fluorescence detector, HPLC-DAD-FLD)i#47
For ), g [ B A I 16 b 2o PR AR ) BRI vk, SR
Z07 il v 22 A5 H 0 W D RS I 4 L AR S

1 MR5ERE

1.1 RFISHR

16 FiZ 5k . 25, 2. Juks. dF. Bl 2K
BB FIF[all . . BRI FEIF[alE . I [a)
B ARIEIE L RIF K9 BRI B IR1,2,3,-cd]EE TR A AR eI T
(200 pg/mL, AHfEE 3%, o EEBTEEHE BAA RA
Al); HEE, 206G N IE S e(mibal, 75E Mecrk 23 H));
TC K B R B (4 A 2, 1 2 4R A A R A IR H ),

ProElut QuEchERS 23X B AHZEBGAFI (1 53a87]: 150 mg
N-NHEZ /900 mg Jo/KBRFREE; 2 S15): 150 mg N-14
FZ TS mg TCETIRR /885 mg Jo/KEREREE, JbaCih
B LR AR F]); Poly-sery MIP-BAP Y [ AHZEH (solid
phase extraction, SPE)/M:( b8 223 SEu6 Bl B A BR A
Fi]); 0.22 um A AL R IEE(SE [E PALL A #l).
1.2 UEEE

LC 1260 75 RO €015 A3 (T 3 — A 87 I 1) A6 0 gk
KM %%, < E Agilent Technologies /A F)); AL204
I H R (G 0.0001 g, Fi 1 Mettle Toledo 2 ));
HYPERSIL GREEN PAH %4 (250 mmx4.6 mm, 5 pm,
3% [E Thermo Fisher Scientific 23 ]); Milli-Q 2= & F/K &4
#$(ZEH Millipore 23 1]); TDSK B4 R B.OHLAS YDA IESE
IR AT B D), XH-B R BER % 2 (TT 0 a3 7 FH
A BRZAF]); KQ-500B AR 75 A (B 1L i B U G FRA 7)),
HN132 BURE SR 46 AL (F M REALAR A w]); M-N30 BIAS
RA AR AU A B R B A BR A |
1.3 #HmEE

WER PR ACRE AL 24 2.5 gCRE B2/ NBUS R 4 60) T
50 mL .08, A 5 mL g, A 2 g To/KEREREE I+
MHPREE, BFikgsE. WRBEFRI | min J5, 500 W R I
10 min, $RESEHJE LA 4000 r/min BYFE 3 B0 5 min, BE
HWET 10 mLIAE, HEMA 5 mL O, DA
YR TIE . PR IC—IR, B IR IS
1.4 BUFRGE

FERTAR ARG I IR IR T, A 1.05 g 2GR
AHZEBGRF T 1530, R PREEZY 30's, FELL 4000 r/min
B R L 3 mine WERABEL S mL 3SR T —il4E, UFR
MR TG, F 1 mL ZIEHERE % 36 24 IR e |
IR 1%, B R SR 0.22 pm FLAAA LR IERE,
WA BT
1.5 {U&85%H

A IRACA WIS o BOR R VR, ishAl A
AHMHLK, B tHAZE, @ik HYPERSIL GREEN
PAH {4 354E (250 mmx4.6 mm, 5 um), B EEBEHS1F L3 1;
FEIRAE T B M IH IR 40°C; DAD IR 24535 225 nm A K
FLD R A 5] f) 38 2 I8 4 R 25 S [) 1) 2 S5 I EA T A
M, EAREL & B K (excitation wavelength, Ex)All& 5 K

(emission wavelength, Em) /.3 2.,
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Table 1 Chromatographic elution procedures

S F]/min TEIAR A% sl B/%
0 40 60
6 40 60
10 30 70
16 4 96
31 4 96
32 40 60
35 40 60

F2 TOLEMBHARESIRK

Table 2 Excitation and emission wavelengths of fluorescence

detector
BHF/min - A BEKMm  EHEK U/nm  ZHHEK 2/am

0.0 271 340 507
11.0 280 315 507
13.0 254 363 507
14.4 250 408 507
15.7 283 459 507
16.5 271 388 507
19.9 294 440 507
25.0 294 415 507
33.0 271 339 507

2 HREHR

2.1 @BIEEHFREE

15 SO B S I 22 R0 e 2 Ak A i 2 R R LRt
PRAEFY R, S FHDOCAI BRI A T o TR, (HA
W5 16 FhEZ I HAr R, TEARP DO, A
W55 5T DAD . FLD ARESRBIAGINA) SR 2 #4 Re s, SR
WA BRI - S o A I AR e 28, 2 225 nm (1)
L2 AN I X T R RGN

FESE BRI o b, JE AR A2 S AR AL, RO R
B EEVEMG, IR MELIA &y, IR 1 AT, FECR
i) 12 min BHE, ABFEZBIATE 225 nm Kb 5
Y ey 1145, MAERMA MK 280 nm, Z4HEK 315 nm
MIZETR, TERITIEH SMEARSR 6 5. NIk, %
FHZARAS FESIRG I 25 Lh 225 nm WRUSCH KGN 25, 196
SR A% 1L Ex=280 nm. Em=315 nm BJSRM K, L
AT REW/D B AR R A B

BRI R A2 46, ZEIIE S BT [1,2,3,-cd] 2t R4 B
Tl e, WA S o B I i) i K T AR T 2 S5 270, St e o

FHXTHGE . BRI VRN, X PRI 0T B S8 I e 3
FA R, (HSEhR TAE S, RIFFERBIIF[1,2,3,-cd]
EE R 294 nm ORI, RAHER B 415 F0
507 nm B A 25 BEAR K . 5 s /e W A s AR DD K, R
B 2R Gk e Pk R v, L 5 DR A eI 6 i B Ik i 22
Fo 5 M Ao I FSCH M A, SR R 2 A ) 1) 0 St A T 4 A
W5 Sl LA A6 p A4 I

25 B, AHIFSE R i OO - A S G
W28 -2 ARG I 28 14 =X, 38 e — 2% A PR S AG I 2 A
SHhZR, PRI (5 SR RN R AE(E S, K 16
FhZ IR E Y, FRE T . R AR G
16 hZ A F5 b S s E LA 1.

W O 348 B

5 10 15 20 25 30

483 isf 18] /min
B 12
i 6
i 8910
= 13
g 4 15
E: A 5 b N
I AT/ N1 .
5 10 15 20 25 30
4 B3 Bsf 18] /min
C
=
bl
42‘
E 16
A
5 100 15 20 25 30

£ B B5F ] /min

: A: DAD Kl 5 19 (3% [ B: FLD Rl 25 09 & Sk 1 i€
[&; C: FLD K25 09 & G5 2 i s & IR A PRt 2 i
Bed, BriteBE A 200 ng/mL; 1: 85 2: J&; 3: 455 4 JEkE; 50 3F;
6: B 7 VB8 BE; 90 FEIF[alBE; 100 ;11 FEIF[b]DEH; 12:
FEIFKIPETE; 13: ZEIF[aliE; 140 KT [a]B; 15: ZEIFTE; 160 B
I[1,2,3,-cd]tE
Bl 1 16 FhZ BRI Rebm v i (i 1
Fig.1 Chromatograms of 16 kinds of standard solutions of PAHs

22 REEEHMHKL
221 BA ek

BORFESD A 2, IR h 4R B 35 05 121k
HEYHERANERE K N, Eok, AR RS, H
o T B | R MR RS ) MORTF ST R R,
{CEELZ I . AR . TE ke 3 Mg T %8¢, MBS H
FEM, MARZE 200 pg/kg /K-, # & 1 h)5, 40530 SmL &



5512 1 i

A, S RRGR GRS AR SR -SRI ARSI B R 16 Bl 23Rk 3963

i\ PR, IECBERRIRC 1T UK, R ANIE 2 B

100.0 1 o TR il
= Ee ke
80.0 I = )i
& 60.0 I f
B ] "
= 4007 ¥
20.0

oL
e 4 ’@j %_ % )@; )@; % )@ )@J‘ %
ZIHFR

B2 R [ERIRGE R 2 2055 K [ 4 (4 5 1 (n=3)
Fig.2 Effects of different extract solvents on recoveries of PAHs
(n=3)

HE 2 AP FESREBUSAAE S b 205 R A6 G e,
PR T 6} 6 ) B TR S s o T A B AR E O bR I
2. ZEWRME S P R 80%, T 5 AP R U
FIA RN AR 65%, TNEIRHRIGCR T R, H2 N5
XAt 13 Fh Z 3007 A A W3 HoA B s AR US4 |
B, AW ERE QG IR BGATN], I HF2Z )5 i 40
AL
222 RIEFAEHLE

AR, AR N BRI 5 A1 W AR 7
B R AR, AR SR BIBCRATI KRR, B s 7
M, DI mar i BucR . X —HHE R, K
WFFCKVA RN ) 10 mL, 4250 ISR ERHL . 5 mL 7
WA FEEE R M 7 X T Hh A, S5 3RaE 3 s

w10 mLEEH—IK

100.00 - I I 5 mLARBUH IR

80.001% ]

60.00 | I

[B1% /%

40.00

20.00

0
#: v & R % 2, >
@ﬁw@§*@%?éé§@$¥$§g%ﬁﬁ
X @@ﬁ%@@
SRR
B2

P13 JRIUA I L 23035 K2 R A9 52 I (n=3)
Fig.3 Effects of solvent volumes on recoveries of PAHs (n=3)
B & 3 AT, 5 mL S PRI 2% 2 3005 B2 &)
WHAEAARIBCECR, BRI 5 ¥ BU7E A ] 43 FiC 28 A

FHRF . TERCERIURAE T, BRZESN, HMZ o5k ame
PR T 77.02%~96.21%W [ 3, 2542 g/ A HListH)
B S AR E A TR L 46 J ToUAh BT [ () S PR =R, il
VAT M — A5 B R BRG] FH R s SR Ok B RS
T AE, ¥ S mL ZJEREH R A5 AT .
223 KRB GH R
TSP, SETAON E X B LA YE S A
5 Bl S AR R O BRARE AL I B, A ERAIR
T M AR EZ R T NS R RGBS ANES, AF5TiE
Was LR S, B S bRaE i 58 AR R 7 XA T A 3,
IRBCEE IR B, A HECH] 250 ng/mL ARiERE SRR,
Ve BCAS L SRR VA T 5 NS TEC T P SR A o T TR A T LR,
W W A ELE N2 3 TR o

F 3 ERWAX ZIFENE NS (=3)
Table 3 Effects of matrix effects on responses of PAHs (n=3)

et iﬁif ﬁg?f /%
A 90.4 74.7 121.0

il 177.5 138.3 128.3

% 90.0 82.0 109.8

JE M 344.4 332.6 103.5

8 244.1 200.9 121.5

J<3 487.6 483.2 100.9
YT 92.4 91.4 101.1
(3 420.6 387.6 108.5

I [a] B 313.5 307.5 102.0
JH 327.0 328.5 99.5
FI[bIIE 195.1 199.3 97.9
I [a]d 484.8 477.6 101.5
TR [a] B 168.3 167.3 100.6
It 334.8 326.7 102.5
ESIRINE 71.1 70.4 101.0
BfiH[1,2,3,-cd]EE 36.1 36.2 99.8

T DUAEL/ o=k U HE U TR AEL/8 70 B HE D TRT B X100

M3 3 A, B, 2o RS, HHh o7tk ey
P18 5 b R VA AR5 T 7R TR RO A [ e JEE T Wi L2 56 2 A
o EHEE . 25, FEHRYINE, LIS 52 B
e T, JCRUE . 2R Wi AR B S G
g i, EREEVERE, 2T B Y BT
A7 I TN AN, (Eh B2 SR i ME R P, 7
SRR A IR, AR BIF 5 1 K i DG RC A A 9 ) £ A
T 2 A i E
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2.3 FUHEHMK

FEFAE AR, AHIESE BEBUR R A 7 QuChERS
F5 R AR IF 8 SPE /M AT EE, QuChERS 5 A9 i
ARHC b B [ AR A€ B NRE A BB WA 5 38 43, R IO
2 3 FOREE LA RHE B, [RICRINE 4 BiR.

= 12-QuChERSIRF

100 'ill I : 2"5-QuChERSIa
b ilas = [EAHAC UMV
80 | l FFi
1 iII =
i T,
. 1 =1 ET
< 60
=
= 40 {
20 |

0
L Ay %g{““%%

& 6 S S S
FHEFEES

P 5 ;

W
ZIHITIE

Bl 4 KRG T 0 2 3005 48 BISCR [ 52 1 (n=3)

Fig.4 Effects of different clean up method on recoveries (n=3)

HiE 4 AT, A 2 %5 QuChERS XN, 4 HAn4)m

Wt R K. 254 PR QuChERS I FURHAC HLiA 143 BT,

R BRICE R BN 2 . A 22 IR0 SR AT 2 I A
FHEA Gy Ui, BP0V s it 25 i (RS0 B B AR, AL
SR 1 SRR A B BOR T BUS A [ENSCR SRS T SPE /M
SEPRRYZE R, (B2 E5] QuChERS 7445 AE 1) 80 BRIt
/L kS 15 QuChERS RFIWE A bR, (HASMRA
(R, JCTe SR R Rtk 238 TC ik T B 4 11 L R e
DAD #I &8 b, {7 EAfE] 8.8 min AbH)—T-Holk, HOEHYE
i, SR RSN S =G A
24 ZMEXFAKG LR

h P BEAZ T R B E, SREUAS (3 BT I
WAL 20, 50, 125, 250, 500 ng/mL K- MIFRHERIR,
HFRPIArE r IR 4, Z563% 4 LaidRbrEih & R
BOHEAT A1, A5 16 F PAHs 7E 20~500 ng/mL 3 [E P,
r’>0.99, £ethoC R KA, R, A58 AL B bR (i & v
WEHAT T BOPRR AR, W 0 i 5 SR 3 LA, DA e
FE(S/NY A 3 Al 10 4353138 7 46 H BR (limits of detection,
LODs)flJ5 % it FR (limits of quantitation, LOQs), H:4%
[FIRES) T35 4. GB 2762—2017 { b e FEFE bR £ 5
HIG YRR ) BILAE, FRIF[a]ih 76 A R B i 22 5 PR i
N 5.0~10.0 pg/kg, AJrkAEIF[alEER LR 0.24 pg/ke,
AL LA R A BT Bk, HALZ 5 R 5 GB 2762—2017
RAERE, HSHFEIF[altE, R I EZHT R
1600 R RE RERS T 2 T 2R

*4 16 HEZTFTRENEEFE, KHRFEZR
Table 4 Linear equations, LODs and LOQs of 16 kinds of PAHs

— 8 LODs LOQs
R Lt R oy (ug/‘ﬁg)

& Y=0.2712X+9.6299 4.00 15.00

%5 Y=0.5595X 4.00 15.00

% Y =0.2396X+2.2968 0.80 3.00

JE M Y =1.1035X+11.324 0.40 1.50

E[3 Y=0.6731X+20.204 0.40 1.50

B Y=1.4118X+8.8183 0.20 0.75

PR Y=0.3013X+1.8532 0.80 3.00

B Y=1.279X+11.146 0.16 0.60

I [al Y=0.9507X+4.7614 0.40 1.50

il Y=0.9828X+3.0544 0.40 1.50

HIE[b]PE B Y=0.6181X-0.2541 0.80 3.00

HIf[a]tE Y=1.3984X+6.2597 0.24 0.90

TR [a] B Y=0.4952X+0.2747 0.80 3.00

HIIE Y=0.9868X+1.0508 0.40 1.50

HRIE[K]FE Y=0.205X-0.0281 0.08 0.30

BiFF[1,2,3,-cd]tE Y=0.1094X-0.4589 0.80 3.00

2.5 MN#RSER S SRR Ml

207 T INBR S 56 B SEPRRE SRl . 7E 3 Fh TR
SRR 16 Fh ZIR 05 RRIARAG o e — 2B A
Wk, ARWFFELL 20, 40 Fl 200 pg/kg 3 A [EEIAKERHRE A
TIVBRAGIN Ay FE A 2% B R P TR, RREHRE SR AR 6
By, 3 FOARTFIARAKFET, 16 FhZHI5 k) iR ¥4 F
72.03%~111.18% A9 75 HEl, A X 45 1 1l 2= (relative standard
deviations, RSDs)¥JAb T 0.73%~4.48% 3G, 1E 3 5, E
PSR, 38 TS S5 AR T

3 &

ARG R ZIEHHL . QUEChERS ¥k . 5 S0RM (4
T - AR MRG0 SR AR 0 vk, BRI,
AL T —BATZ AN Z IO R ik, R T B
i 255 R B AW RIS . 7 ik R T
Wl . W, AT T 16 2R I5Rn s
Fra&l . [5) GB 5009.265—2021 J5 BaAH kb, A 7wk Bk K
VBRI AR, ZIRA S E L IE R, 4 H bR
Y REEIRA BT R Bk, BESIA DAD NS5, 2575k
AT 16 IR, [RIE, AL PRI Rt 5 A £
fi, B—FhE T HE 16 M2 I I5 R4k & Y i Hes i
Mo (HR, B S — W1 2 5855 RIR S,
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S PITAT F 9) E TC T s R 2 I 25 Ao 4 ] B - o
PRUETE | %) S5 A RS 1 F bR v A Y, R (k)24

.
R

B EEAEA BRI A H AR 4R b 2 1 52 P

Bt T A SR R & & ir, i 16 2307

ALYy HbR, M H AR i LR A AN TR,k
KA [ TR A A TRV TR, T 3 AR A 20 22 3 05 I
eE P AR E 2R FL, Sk H0Rs SO B T30 H AR

i

N RE T

=5 INAREE G EEFIE E E (n=6)
Table 5 Recoveries and RSDs of the spiked samples (n=6)

i 20 pg/kg 40 pg/kg 200 pg/kg
S TR % RSDs/% SEH /% RSDs/% S IR % RSDs/%
)i 106.50 2.42 97.48 4.48 80.12 3.95
%) 111.18 4.01 91.38 3.31 80.93 0.82
% 75.25 3.77 73.03 4.42 72.03 435
JEM 100.70 2.46 88.96 3.23 99.33 1.88
E[5 97.65 1.82 102.02 2.01 98.12 227
B 105.99 3.00 94.15 1.64 96.85 1.78
D) 103.46 1.43 99.54 1.36 97.21 1.37
B 102.52 1.24 89.96 0.88 92.09 2.36
I [a] 108.80 0.73 94.54 3.79 93.11 1.41
i 106.86 0.92 93.65 3.35 92.89 1.18
RIF[bIIE 105.76 1.98 89.48 3.71 88.33 1.42
I [a]t 101.58 1.25 80.74 0.88 83.69 1.05
TR I [a] B 103.14 2.23 82.23 1.17 84.50 1.14
HIFIE 90.60 2.55 74.81 0.78 73.09 1.45
HIF k)7 105.64 1.05 87.34 0.76 88.33 1.36
BiIF[1,2,3,-cd]iE 96.97 1.98 76.88 1.51 75.97 1.42
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