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# E: BN 2SS ERAE T 16 FF 2 I5 B (polycyclic aromatic hydrocarbons, PAHs) & &
Wk, F5%E PG IEC Lt EL, FRIBORZE 3% BUAESE - [BAHAE UM BRI PAHs %2 FH [ AH 25 UV
#efk, Waters PAH C s FEBEAT 61553 85, SRS R0RAH AN &, SMrika i, SR  JEMTE 5~200 ng/mL
JEE BRI R R, MHIERE(H)HR 0.9996, HoAl 15 FhZ AT 14 1~200 ng/mL Y[l N 2B R 4794k
PTERR, HIRRE()HN 0.9985~0.9998. J5 ik HIKE R 0.4~2.5 pg/kg. 1E 5. 10, 25 ug/kg 3 MUK f9-F
BINLERR 63%~95%, AHXFREMZE/NT 10%. 58  Zr g bscm iy, BB enf i . RS FG
W, TR 275 R IIE .
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Simultaneous determination of 16 kinds of polycyclic aromatic hydrocarbons
in fried dough twists by high performance liquid chromatography

WU Rong, XIONG You-Ming, JIANG Deng-Jun, YAN Rui, WANG Zong-Ping,
CHEN Shuang, CHENG Yan'

(Wanzhou Institute for Food and Drug Control, Chongqing 404000, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 16 kinds of polycyclic
aromatic hydrocarbons (PAHs) in fried dough twists by high performance liquid chromatography. Methods The
samples were extracted by n-hexane, and purified by Florian diatomite solid phase extraction column and
PAHs-specific solid phase extraction column in series. The chromatographic separation was performed on Waters
PAH C,g chromatographic column, determined by high performance liquid chromatography, and quantified by
external standard method. Results Acenaphthylene showed good linear relationship in the range of 5-200 ng/mL,
and the correlation coefficient () was 0.9996, other 15 kinds of polycyclic aromatic hydrocarbons showed good
linear relationship in the range of 1-200 ng/mL, and the correlation coefficients () were 0.9985-0.9998. The limits of
detection were 0.4-2.5 ng/kg. The average recoveries at 3 concentration levels of 5, 10, 25 pg/kg were in the range of
63%-95%, and the relative standard deviations were no more than 10%. Conclusion The method has good

purification effect, good accuracy, sensitivity and precision, and can be used for the determination of polycyclic
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aromatic hydrocarbons in fried dough twists.

KEY WORDS: high performance liquid chromatography; polycyclic aromatic hydrocarbons; fried dough twists
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Z W5 fZ(polycyclic aromatic hydrocarbons, PAHs)/&
TA 2 AEE 2 AL EIRSR S5, T2 AR TR
B mah Ak, BARREERS . AR 5
SRR PAHs 288 HH IR R EEME D 8Os E" Y, Bomk
R IR B DS NG K, R b &2 i — AT AE XU -
KERET 1979 FR L MULEERIR PAHs (bSWA
16 Fh(ZE. JEM . JE . AIFKPEE . FE. B I [a] Bl
RIF[bIRE . . AIf[alth . . ZARIF[ah)E. 25, %
B OEIF[1,2,3-c,diE . AIF[ghiltt). PAHs fERE G
A FEYR, O EShESEMXS, BHiXT PAHs
TYAE BB S E B R e A, KRS,

JRRAG 2R B — R (ol I R/ z, FEMETT A, 482
ZRNEZ, OO E G T @7 .
PAHs M5 iR 2 — 2N T, WaEmmnks . k. B
il 4 o DR RRAE 9 TR T 25 G PR R P BT o, W] R JRRAE
FEAE PAHs {555, 1 H ET A AR G SR i E R AL
PAHs RN AT Yo A oL, [5HAT b B ST A 305 1 7 v
FERRAEH Y PAHs, X RRIEH 2 30855 12 75 LK1 e T
EHFS

e OB S RN E B A Th 2 RS RS B
FARG T 0 R A B 5 R R R A i i, BT
ANEETERE | RRIEE 2, DU ST RRIE S 16 Fh 23805
KRR J7 i, S RAE b 22 IR O5 KR 5 G ) 2 AR 4

1 MR5ERE

1.1 MR5RF

2. RIFKIPEE . JER . 8. F . FRIRanE . JE.
B, ORH FI[ghiltE . ZFRIF[a,h]BE . . FEIF[a]E.
BiIF[1,2,3-c,dJeE . . FEIF[b]PETEIL 16 Ff' PAHs R4
HESL(AERE 100%, Jbat @i A MR A BRAFD); 206 .
IEC ke, ZAH B, TiE A ), PAHs & H
FAEBONE . 30 3% BLRE A+ BAHAEBUIME(L g, 10 mL,
CNW AH]),

JRRAERE S DS T 3 M 6 b 2
HLAMEL .
1.2 UFE5E%

LC-20AT B = S50 AH €0 1545 (e B 2 e I 245 A 45 ok
Kl g, HA K HA F]); IKA MS3 BB HER & #$ (i IKA
/A )); Biotage Turbo VAP LV & Mk A% (Fi J Biotage /A 7)),

K B #6111 45 1 kil

1.3 XWHE
1.3.1 Asara

FEARTTARIER 10 FREGE A0 T 50 mL 2048, InA
10 mL 1IECGEdRE 2 IR, A IFPIREZEUR, ARE 3~5 mL,
W AR AT 5 ATAEH 5 mL 1E O beis AL I i 91 3%
i FEAHZEBUME, 8 mL M- 1IECLe(1:1, V¥
B, RV, EMEIRT, BRET, | mL CRER,
WHERA), 1L, 8.

FEARTTAL IR 2: FRBGE S5 F 50 mL 25048, A
10 mL ZJEHIC 2 Wk, B9 2 4RI, AREIET, 3 mL
ECOHERE, BEBERETHEATEH 5 mL ECkiGt
T Al % B R+ AR ZEBUME, 8 mL & be-1E 2 bt
(11, V:/yBEME, AR BERE, AR 2R T, BE2T, 1 mL
CHEEVE, WIERS), B, fE.

F AL EE 30 FRBGE AL T 50 mL B0, A
10 mL IECVBERRI 2 3k, & 3F 2 IR, &K% 3~5 mL,
BRI AR BT/ 3 5 mL & HF & 5 mL IEC
LeiG AL PAHs & FH: B, MEFTINA 6 mL IE S ke,
FEFFH, WA 10 mL 4 BErem, WEEDIE, &
WEL T, HEET, | mL LIERWE, 8, WitiRs, i
JEE, A

FEARTTAL IR 4: FRBGE S FE 5T 50 mL #5048, A
10 mL IECGed@E 2 ), &I 2 EEEUR, AMRE 3~5 mL,
Fregefl. K TOEA S mL IE COBErS b 09 35 7% HLRE 4 [ AR AR
HUINE B BE AR TSE 3 50 5 mL S8 Be 5 mL 1F C
WAL PAHs & M L, BRRq bl s 5 B I,
HEFAINIA 6 mL IECLekBEepBCH:, FERm M, A
5 mL —@WB-ECKE(1:, VPR, WEVEIR, FE
3% BLRE - BIARAEBUME, A 6 mL S e b, WesE
PRI, A OF 2 e, AMELRT, BEET, ImL 2
GV, BB, IABERAT, L, RR .

1.3.2 AFpERE &

HER I —E 5 Bk 16 PR APRUEE TR, FoHlEm
W 5. 10, 20, 50, 100, 200 ng/mL [AfRHER S
WM, Fofth 15 Fp PAHs R 1.5, 10, 20, 50, 100,
200 ng/mL IR HEFRINEW -

133 &4t

Waters PAH C g #1:(250 mmx4.6 mm, 5 um); R shHN:
A(ZNE), BORRZEK); B EERBRRT A 0.0~2.0 min, 35% A;
2.0~28.0 min, 35%~100% A; 28.0~40.0 min, 100% A;
40.0~42.0 min, 100%~35% A; 42.0~48.0 min, 35% A; ik
91 1.2 mL/min; FEIR R 25 °C; HERAEFR: 30 pL, 484b
R 5 R 2 A I B I A P LR 1
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#F 1 PAHs £IMEMAE ARG NIER
Table 1 Ultraviolet detector and fluorescent detector detection procedure of PAHs
B} ] /min MK mm Hif [11] /min DA L WK mm FEEKI & 5K /mm
0.0 220 0.0 270 324
16.0 228 20.2 248 375
19.0 261 23.2 280 462
20.1 251 24.2 270 385
22.9 236 30.5 256 446
26.0 287 322 292 410
28.4 267 37.9 274 507
30.5 255 40.0 270 324
322 236 / / /
335 297 / / /
37.9 249 / / /
40.0 220 / / /

T /AR T

2 HERE5HH

2.1 BIEREREE

ARWFFTEFE Waters Xbrige Cig#. CNW PAH C g #E .
Waters PAH Cig#: 3 FIR[RE IS AT T ELBCIF ST . 5288
% BAAE Waters Xbrige Cig b, ZiHIJE . FEIF[a] BOHIE A RE
T B, ZOEHARES 16 FIZHARNNE,
CNW PAH C,q fEUET |45 Waters PAH C s #1225, b A6
F1EFE Waters PAH C g #EIFI TG L5000 . A e fE 5% 554
T AR R AR L 1.
2.2 HIMFRAIERE

16 Fft PAHs ™, JEMA RSO0, HERR, HA %
SN o ATIFSE3E 2 8 A K 45 (diode array detector,
DAD), #3116 fil' PAHs HYF RS AMRICH , Har 15 5h
o0 £ P R S R, AR 1. HoAth 15 Fh PAHs 7E9¢5%
g T, ma RS, REVETEL, SEEER m R
FESME T I 16 Fi' PAHs, ZRWFFER S0 AN 25 Al 2¢
RTINS DA, A KA R 1. AR Ak
BRER S I 25 HR BT GRS 25 1464 TR .
23 BUFRBMRMK

ZHHRFAEWHEETK, B THEIEN, 5
H3CHR YA GB 5009.265—2021 £ 5 2 A E FEbRE £
P2 RRAIE ) SR B, ARWFITR A IE OBV E S IR
B, BRI e . TR, $RBORFT U L,
H 52 SCHRU 2O LR B, ASHIFSY H A T 90 i LR - A
ZEEUIME . PAHs & FBEAHZEEUIMT | 551K BURE T [BAHZEHL
/NFEHRIERE PAHS % FH [ AH ZE 0 MV AR AR

s v BURE A [AH AR UM A SRR RE S A TR,
S — AR P VR LR I BRI LA B A AR R R
FRFAR PR Ak DT S A P 4 o ) T B BB 26 o A 20

A ATAREE 1 AbHRE, AR BEREE . IR Bk,
AMFORE R BOE R NG, SRR AT HE 2 AbFH S,
B8R it g R i, F AR UL 2.0 S R W
1% BLRE i A WA AL IRUINVRE RE A S R PRl M K 2 o, fof
SRR T B BT AR, AR D, (FJR BRI AR
B, MR/ N BV Z 2 TR

PAHs % FH B M ZE B/ LI T EE R & 8
(molecular imprinted polymer, MIP) A3 KL, RE5H I AY%E
G R MIP HAT Fe S Bk i s e, Bintbad s
XSS A sl J B E R . B PR e RIS X
TSR W SR 7 AR ZE BN L, TR R R 45 &
YERAC S M BRZS A 1A BRR G Y, INImT ik 2Bk 2
FZLTAVER . SEIRE5IREW] PAHs L FHREREA 8 LBk
g, fE—ERE FRE LR HAR b GBI i 2 0T, FF
RTPRG, (LR TCIE PR BRI, bR LA 3,

Zi b, R BIAR S SOR, K B 2 FiE AR
ANFEEAT ERIRAE A, ¥ fb g R DL 4. AR R I L
Joi, BAHIRRN, FEEFE R R TE N Hi
AT 2 15 30 1 HURE - AR AL BUIME BRI PAHs & ]
[ A AL BN R Ak
24 FEFER
241 LM E A B IR

Bl B M g 5. 10, 20, 50, 100, 200 ng/mL fY
TEMARUEIR TR, FREWIE M 1.5.10,20,50, 100,200 ng/mL
(At 15 Rl PAHS TR S AR, DL EHARE G P00 o i vk B
(X, ng/mL)JAALKR, WETRIAR(Y) AL bR ST 2 P Rl 5 7,
PSR T FEILEE 2, 16 Bl PAHs HYAHC R B KT
0.9985, JE M 1E 5~200 ng/mL JEFE(FHE R EH 0.9996), FAth
157 PAHs £ 1~200 ng/mL 2 [l (3¢ R ECN 0.9985~0.9998),
RV R R, DL 3 50 FL(S/N)H K R, 16 F PAHS
IR PR M 0.4~2.5 pg/kg, BERSHE LA AYZESK
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VEDL 2820 M3 4. 4555, JEi6. BT SEHG 8. B 9. AIF[all 10. ;11 AIR[BITERG 12, HIRKITERG 13, HIF[ali; 14.
TORF[ah B 15, ZEH[gh,ilEE; 16. BiFF[1,2,3-c, d]EE; A. EAMEMZEAY GIERE; B. 2B MERIY @i%E, FHE.
B 1 16 Fh PAHs HYFRIHER @5 5

Fig.1 Chromatograms of standard solutions of 16 kinds of PAHs
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Fig.2 Chromatograms of sample solutions purified by Florian diatomite solid phase extraction column sample solution

242 WREFRIEEE

TEC AR S B ah RS n 5. 10, 25 pg/kg #Y 3
IR A bR TR, SEA TR IS 5, ANk B K
3 AT, BRI 20 16 3 DARIBIIKE T, 16 i
PAHs HJFE3 A Z S 63%~95%, HH N5 (i 2 (relative
standard deviations, RSDs)H A KT 10%, 8%k EA
R0 P T 8 FORG 5
2.5 EFRHERINE

SR FHAS B 5% 38 57 0 7 16 0 40 HERRAE R AT =l 22

BT A BE AL X F K PAHs, M R VEHE A 18.2~
220.5 pg/kg. K PAHs DL 2~4 3Ry 32, HOk R
16 flt PAHs ¥R S LAY 90%, 25, %5, JE. 2. .
JE L JE M R RRAE T R SR LAy, R R 70%, Hoh
ZRM St bR, Ik 825 pg/kg, BEMERKM 5~6 IR
Fra AR R AR . kRl I, RRIE TP /£ 7E PAHS
BRI, PAHs AL 2. 3. 4 XA E, HES[E
FHICHE T B .
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PR B 5 [B] /min

K3 PAHs & il AR AL IRUIMEE S A IR R i 2 0 (0 1 )

Fig.3 Chromatograms of sample solutions purified by PAHs-specific solid phase extraction column

A

W] 07 558

{383 i [ /min
s | P = o
% — <t © ™ ] o = NQ :
B A n N
.g  E— I I IA W‘U 1 - 1 1
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7 B2 s} 8] /min

B4 3 BLAESE 1 AR ZE TR/ IV HR 06 PAHs % FFETRH 2K TRU/INEE e Ch (0 5 5 VA R e 5 1)

Fig.4 Chromatograms of sample solutions purified by Florian diatomite solid phase extraction column and PAHs-specific solid phase

extraction column in series

F2 16 ¥ PAHs k1t 5718 . FHEIEMBRIRERE (n=3) F28)
T tanderd deviations of 16 binds of PATEe (1) 5t sy TIRICE RSDS

S S P Yy 'fl o R/SOPS i Y=220980.X+216040 84~91 43

r SA1845r 127553 63/5075 3.; Kt [a]E Y=267735X+326341 89~94 32

s = Y=300093X+280508 80~83 2.8

e 17A37.71647442.488 66~70 47 HIF[blI Y=137610X+119085 77~90 6.4

& Y=122072X+135212 70-75 49 HIF k)P Y=675112X+608016 89~92 5.1
¥=360661x+283810 73~78 5.9 K [altE ¥=630975X+586800 88~94 47

I Y=125717X+127543 77~81 6.1 TIEF[ah]B Y=205483X+189903 85~91 3.9

H Y=272517X+303291 82~86 4.8 FI[ehiliE  Y=173235X+143810 85~88 42

Y=63819.8X+57109.7 89~95 2.1 BiFF[1,2,3-c, ]t ¥=23756.4X+10887.2 79~85 5.5
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% PAHs & FREAHAERUIMESHLIS, R S RORA g
E, Wil R RS, dsr T RIEHIE
FRIEFR 16 Fi PAHS W2 T AT 75 o 120 6 HoA B ke
FRAR B, AT RRAE 16 Ff PAHs S piilE, W3E%
B SrimE s R L, ORI A —E NS E N
B 40 HUMAERE R 2 25 I, BRAE - 7A7E PAHSs T55%
BINESL, PAHS e AR, AHERR IV AL A A%
IAETE R I, 2k %t PAHS RS SETFIFSTE
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