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Abstract: A method for the determination of 16 polycyclic aromatic hydrocarbons in vegetable oil by gel

permeation chromatography purification coupled with GC-MS/MS was developed. The results were shown
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below: (1) During GPC purification of soybean oil sample added with 16 PAHs, the distillates of 0~19
minutes were oil impurities. The distillates of 19~28 minutes and 28~36 minutes were collected in sections
and then measured by GC-MS/MS. The results showed that the distillates from 19 to 28 minutes were PAHs
of the first ten low molecular weight and the distillates from 28 to 36 minutes were PAHs of the last six high
molecular weight. So, GPC was not strictly in the order of high molecular weight first peak and low
molecular weight second peak. Therefore, in order to ensure the accuracy of the results, the method of
segmenting collection and segmenting determination should be adopted when separating various compounds
by GPC. (2) Compared with pretreatment method in GB/T 23213—2008, this method reduced the amount of
vegetable oil sample weighed from 4.0 g to 1.0 g. The target analytes in samples were purified using GPC to
eliminate most of the coextracts. The extraction process was simplified so that the possible content loss in the
extraction process was avoided. The experiment time was shortened and the extraction reagent was saved.
(3) The calibration curves of the 16 PAHs showed good linearity in the range of 10~200 ng/mL with the
correlation coefficients(R?) greater than 0.99. The LOD ranged from 0.02 to 0.50 w g/kg and LOQ ranged
from 0.08 to 1.67 wg/kg for 16 PAHs. (4)At the spiked level of 20 pL, 40 pL and 80 pL the average
recoveries were 85.30%~103.86%, 91.08%~106.71% and 88.01%~105.87% respectively, and relative
standard deviations(RSDs) were 0.69%~2.93%, 0.64%~2.74% and 0.75%~2.81% respectively. The method

met the requirements of 16 PAHs analysis.

Key words: GPC; GC-MS/MS; vegetable oil; polycyclic aromatic hydrocarbons
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IEATINRE - 0 RO DT SO R
I R 10T A i - o BB R T4
Ballesteros 2! STt it B it FooAS Bt vl 2
i - 1E e TR A T AR, DA G R e Sl T s A
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16 # PAHs IRARIECHI k. T rz—K
SEHERFRBGE W 16 Fh 2 30855 bR 5T 43 31
BT 100 mL A8, REMAMEREL R 11
MR TR C PR G, A T2
2, TE T-20 CrkFhfEfr, BBk
2 iR,

3 PAHs AR R 5 2. 1T 432 — R
HERR PR ICGE & 3 A 2 305 B AR B 43 il & T
100 mL A&, RIEMAERBLLE R 11 12
MR OFRA TR AW, HHERZZIEL, K
B T-20 CUKFEPEAr, BRI R 1 i,

P TAR W IR WA 43 5B U [ A A1
(1) 16 Fh Z A 35 1R IR A AR ER AN A 40 uL b5
W, SRIEF TR CTRIFC BE (1+1) IR A
115 B REHIAS 200 pL RGN AARE TAER, W
BEWRS), Rl
1.3.2 HEEETAL B 5k

FREUEPHAE i 1.00 g, B HECE T 10 mL
L, IMAZRIFIRNARME G 80 uL,
RIGIMAETL R 1:1 ML CEER LIRS

s
BEATIRTE S i, P IR TIETR 51 5 MR S TR B VA TR
it 0.45 pm A HUAHIERLSE A GPC A T iF LAL
Heib

BE B BEHURRERE LR LA C L
(1+1) VRV MAE RIS AH , P 30 AH 1 I
WS E N 4.0 mL/min, B LAMEM MK 251
WE N 254 nm, HFEEEE NS mL, 7EGfLid
PR 19~36 min JiE R, HEUACER 9 RO
BT 40 CKIBAMMN PR ELET, REH
0.2mL AR 11 LR OFRACLEIR A
WIRTER AR, JFF R E A 200 uL ARG
MR, EHLIE
1.3.3 @it

PERE TR BE N 300 °C; (@it DB-5
MS B4 (30 mx0.25 mm, 0.25 pm); FHE
FEFP AR TR -

80°C (2min) 2™, 180°C (1 min) ™",
10 °C/min

280 °C (6 min ) 290 °C (5 min)

1.3.4 iR
A SO B 1 R,

x1 RIENSHERE

Table 1 The parameter settings of mass spectrometer

N B (AU | o A (AR
A % 99999%) | PHET g9 09904 )

B TR EI IR FH R LN W ( MRM )
BIREE 300 °C HTHEE 70 eV

DR 280 °C W AEIR 4 min
1.4 BIESH

R WPS office ( 11.1.010463 ) R f4:%} 5256
HEE T A A TR R 2
2 ERESW
2.1 FRigEEEMRL

J i S BORBUE & T, X 16 F 2305 )&
HERIH 3 B NARIAE m/z 50~500 AYTE %
Scan ( &) L, 53] TIC K, A
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R4 Library Search Spectrum A XH{L&4) Ko 16 M2 380598 fe 3 R R 28 N BRI RRE 251
TR R, SRS S YRR, R SR EENE 2 Fras, 16 F HERYF1 3 FpyfR
JFHBERE B T Wil ( select ion monitor, SIM ) & =i Yt SIM 35 aniEl 1 s

x2 16WERFRE 3MHEMLENRNFLEIEFSRENE
Table 2 Retention times, target ions and CAS for 16 kinds of PAHs and 3 Kkinds of isotopic internal standard

! p 3 NS . . =) 5,
R LRI ATR ffi/fg CASE  [EMF/Mmn  HTX  ATR EEET(w)
1 = 627 91-20-3 4.598 CioHs 128 128,129,127,102
2 T 228 208-96-8 6.044 Ci,Hs 152 152,153,151,150
3 JiA 551 83-32-9 6.227 Ci.H,o 154 153,152,151,150
4 Vil 380 86-73-7 6.825 CisHpo 166 166,165,167,139
NFF 1 D10-3E 113 1517-22-2 7.971 CiDo 188 188,184,189,160
5 3E 250 85-01-8 8.001 CisHo 178 178,179,176,152
AT 2 D10-% 176 1719-06-8 8.041 CiDio 188 188,184,189,160
6 J 628 120-12-7 8.066 CiHo 178 178,176,179,152
7 D35 332 206-44-0 9.507 CisHio 202 202,203,200,101
8 B 263 129-00-0 9.793 CisHio 202 202,203,200,101
9 w9t (a) B 212 56-55-3 11.603 CisHps 228 228,226,229,227
10 Ji 247 218-01-9 11.675 CisHy, 228 228,226,229,227
11 I (b) W 380 205-99-2 14.295 CyoH 12 252 253,252,250,126
12 HKIF (k) 2K 247 207-08-9 14.379 CaoHz 252 253,252,250,126
HHs 3 D12-7%3f (a) 90 63466-71-7 15.318 Ca0D12 264 264,260,132,265
14 #If (a) ¥ 380 50-32-8 15.405 CaoH1z 252 252,253,250,126
15 Bidf (1,2,3-cd) B 222 193-43-1 19.844 CpHy, 276 276,277,138,274
16 Z2If (ah) & 253 53-70-3 20.027 CyHyy 278 278,276,139,279
17 I (gh,i) 36 272 191-24-2 21.056 CyH), 276 276,277,274,138
6 000 000 -
6
5000000 ,
3
4000 000
i
12 3 000 000 |
E IS2 8
Il
2000 000 | 5
4 5 7 10
| IS1 9 i
1000 000 - ! l \ ( h2
13
| i | ‘ | \‘ .
O " ! L1830 s 16
0 1 Tl | N L AN ) S ) L NS \
4 6 8 10 12 14 16 18 20
fist [B]/min

1 16 MEHEFRE I MEMENFHABFR
Fig.1 Total ion current chromatogram of 16 kinds of PAHs and 3 kinds of isotopic internal standard

e 1%, 20 EM, 3008, 40 %5, 50 FE, 60 B, 7.0 W, 8. ik, 9. FIF (a) B, 100 JE, 110 FIF (b) B, 12. I
(k) 280, 13. F3F (a) ¥, 14 BiJF (1,2,3-cd) &, 15. —HIF (a, h) &, 16. FIf (ghi) 4&; WhE 1. DI0-3E, Wks 2:
DI10-E, W#r3: DI2-2EJF (a) i,

Note: 1. Naphthalene, 2. Acenaphthylene, 3. Acenaphthene, 4. Fluorene, 5. Phenanthrene, 6. Anthracene, 7. Fluoranthene, 8. Pyrene,
9. Benzo(a)anthracene, 10. Chrysene, 11. Benzo(b)flouranthene, 12. Benzo(k)flouranthene, 13. Benzo(a)pyrene, 14. Indeno(1,2,3-cd)pyrene,
15. Dibenz(a, h)anthracene, 16. Benzo(g, h, i)perylene. Internal standard 1. D10-phenanthrene, Internal standard 2. D10-anthracene, Internal
standard 3. D12-benzo(a)pyrene.
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R, SEYYI e e . SR R UM R
AL EY SIM BECHEATINAE , Al DA A i b 22 26
TR E 2R
22 HEREEBEZHFNMRL

BEWB 3 @i%E (GPC) XM ASHERE (32,
AT RLIAR 25 BRA DI NG 5 0 728 5, Mo
B AR S . oo s U SR T
ZMoa TR FEACIERER, Ko TR~ TA

2400
1900 |-

1400 |-

i N {E/mV

900 -

400 |

| xnFam

S A 22 FLBE R URE I P93, AN 3 R [ Bt
H LS Fe N EEE R PR T2
OB YR, DR SRR U A . ARBIESY
HOGEERE 3 ik ik A, B R E g
A R BARE S 528 oy B, OO e

P S AT BRAT Y ISR, Fe 28 B0 L 43 BT 1 22
Ko ARSI LUK G A BN 2 55 IR BB
WA AT AL, A PRI AR N2 S5 R H
PRI K M GPC Hfbitkpeth & anidl 2 s 3
B o

—100 5

Fisf [ /min

2 ZFAKXEM GPC &Lk
Fig.2 GPC chromatograms of soybean oil
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3 AmMEHERBRYEKRER GPC %L ik i £
Fig.3 GPC chromatograms of vegetable oil with PAHs compounds

A1 2 FEL 3 HLH AT AT 0~19 min [ 37 HE VA
IS8, YL BE 19~36 min RO HIRHEAT AR
Wi 5 EALIGE , 45 53R I (R Bt H g R oy
16 FhZ A58 HARYI A 3 RN bR, it n] L
TR 289 5 S AR TN BN 4 PAHs REAS AR I b o) B9

HU4E 19~36 min W3 HE AT LLRIEZ 3805 1 fig
% 35 B BT 1 TSR

MELK 3 1 19~36 min GPC HHk itk vk £ mT
M, 2T B ARG S R R R W B,
e nl S B o Bl . i WedE 19~28 min B
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WA 28~36 min MU H IR AT R IR 4G I L HL
ME, Z5HFEH 19~28 min A9 B T+ £
W, 28~36 min MU HH W R G 7S Bl 2 3 0%
iR 207 TR EE 128~228, 5
N2 I 5 B Ay LR 252~276, X U B
T B KW G 75 i 2 2005 18 H 0 B (8] B 43 1
RN TR Z IR R, X AT RESE TR S A
2 0 05 J 1 S [A] 4 A /N T T A 22 30 05 B i 2%
W, FULE S Z 5 R o %451 R
BE B 375 €01 I A 2 ™ 4 IR 53 o R Hh 0
gy Fa/NE HERIT , 165 5 2R A& Yt
2R A BOBCEE 43 B S 1 J7 I A B PR UE 45
FRHEB 1
23 ZIRFRIREHEFE

16 F Z R HA O MR OBE (1+1)
RIS 10~200 ng/mL FORS EEARIE - HLEFT

IX
L,

=3

M7 o W 25 R FH I BR ik R4 7 5 S4B, Herh
25 ek e . 27, JELL D10-FE R AR EAT AR,
B . RO (a) B JELL DI0-EUhIN
FRiEATIFR, IF (b) 288 BRI (k) ZEH.
HIF (a) £, Bif (1,2,3-cd) €. ZHIF (ah)
BLOHIE (gh,i) JELL DI2-E3 (a) B M ARE
T, D25 RACEY S NisY) vk
o (X)) i Aebr, (bE W5 NP (Y)
YA, BRI bR e £, 1R 314
LI AT RE . S MR AL Ty ik
B 16 PP 3155%% 80 uL AR AKF-AokE ik 4 143
B, MEEMEEL, R F 230548 3 4%, 10
FEAEME L (S/N) TS BR AN e B, 2558 W3
3o MR 3 AL, 16 FhZ2 B0 R i [l 05 Hh 27 )
R RFIIKTF 0.990, KiHBRTE 0.02~ 0.50 pg/kg
LI, ERBRAE 0.08~1.67 ng/kg YL M.

o

16 MEARFTRMABMEHEE. HXRY. WHR., EER. DRERREXNIRERE

Table 3 Calibration curve, R?, limits of detection, limits of quantitation, recoveries and
relative standard deviations of 16 kinds of PAHs

Jindz 20 pL JindR 40 pL Jntr 80 pL

ermiens wwmm MK TR glE R (70 Sk o)
FER?) (SIN) /(ug/kg) H(uglkg) 4y S T
s o0 e, RSP gy, RSP

% y=0.796 5x+0.0479 0.9994 3441 0.04  0.15 98.49+2.13 2.16 103.3320.66 0.64 102.41+2.03 1.98
JE I y=1.400 6x+0.0520 0.9998 1118 0.05 0.16 9527+0.66 0.69 94.67+2.35 2.48 98.58+1.99 2.02
& y=1.209 8x+0.082 6 0.9999 2840 0.05  0.16 103.86+2.74 2.64 96.28+1.04 1.08 104.55+2.94 2381
Vil y=1.349 7x+0.048 0 0.9998 910 0.10  0.33 85.3+1.88 220 91.08+0.98 1.08 88.01x1.56 1.77
E[2 y=1.2258x+0.0102 0.9999 975 0.06 021 93.99+2.63 2.80 97.66+1.40 1.43  93.4+0.70 0.75
H y=1.098 8x-0.077 0 0.9956 2114 0.07 024 95.63+1.33 1.39 102.85+2.34 228 102.59+2.00 1.95
P y=1.118 9x-0.0274 0.9955 859 0.09 031 96.56+1.69 1.75 101.77+2.00 1.97 102.88+2.67 2.60
T y=1.188 4x—0.0120 09939 1792 0.04  0.12 97.26+2.52 2.59 106.71£1.27 1.19 105.43+1.32 1.25
#H (a) B »=0.8989x-0.0150 0.9931 701  0.07 024 9431+1.05 1.11  95.38+2.02 2.12 98.01£2.41 2.46
J& y=1.3054x-0.026 1 0.9920 1027 0.06 0.19 92.57£1.44 1.56 97.71%0.73 0.75 102.94+2.47 2.40
I (b) WH y=1.5421x-0.1366 0.9933 378 024  0.80 97.29+1.20 1.23 104.53x1.51 1.44 104.11£1.34 1.29
FH (k) % y=2.1676x-0.1505 0.9934 227 026 087 103.72+2.85 2.75 105.41+2.44 231 105.77£2.20 2.08
I (a) . y=13241x-0.0796 0.9935 182 050  1.67 103.32+1.57 1.52 103.37+2.24 2.17 105.87+1.52 1.44
Bi (1,2,3-cd) i y=0.779 6x+0.0389 0.9918 169 032  1.05 94.07£1.94 2.06 96.18+2.64 2.74 103.76+1.59 1.53
ZHIf (ah) B y=0.716 7x+0.0058 0.9948 174 035  1.16 86.83x1.36 1.57 92.37+129 140 97.81+2.28 233
#If (ghi) 38 y=1.239 1x+0.0575 0.9948 153 043 142  93.16+2.73 2.93  99.56+2.59 2.60 103.91£2.39 2.30

24 ESHEMAEMRE
BRI S AR R MR & 1.00 g, 16 Fi 236
JF BRI AR P43 31124 20 uL. 40 uL 1 80 pL

TOIARSZE:, SEATHERE 6 WK, R 6 RFATEK
P %t S 24 [m] i A RSD AT, AN 2 FoR,
TEBRMAKSE ] 20 uL B, 16 FhZ 3525 s
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()57 25 TS R AE 85.30%~103.86%3 I, RSD
9 0.69%~2.93%; WHN/KF-K 40 uL B, 16 %
05 & 1 5 T AR 09 F 2 il R AE 91.08%~
106.71%JE I N, RSD A 0.64%~2.74%; UK
SF-2h 80 uL B, 16 FhZ 35 5 B as (744 [nl
WK AE 88.01%~105.87% L P, RSD K4 0.75%~
2.81% FH I AT LA 52 56 J7 2 190 o A 1 A A P e
0 /L S 16 Rl Z 305 2 1 20 rii i 20K

2.5 SEREmOHR

A3 5K I E BR 7 GB/T 23213—2008 FiiA
S T N WA SE AR R LR AR AR . R
WL SRR TS, DEZS RN 4 PR,

HE 4 PE5 AT, X RN [ A E D ik
T 1Y) 16 T 2 3855 ke 25 A A B30, Rl AR 51
15 i THRBGER, T REBGLH, Fit
PNy R Ay T 7S 88

F4 RERFEMRFTENGSEESR, KEBEFFHP 16 HSRFRSEXLL

Table 4 Comparison of 16 PAHs in peanut oil, soybean oil and rapeseed oil measured

by national standard method and this method ng/kg
e a—— _ pNIGA _ SRl _ B

bR 7 ik ATy bR 7 ik ATy [l bR 7 ik ATy
1 78 0.692 0.705 0.127 0.132 0.180 0.173
2 JE I 0.570 0.561 0.692 0.686 0.444 0.439
3 & 0.604 0.613 2.150 2.140 0.304 0.296
4 Vil 0.317 0.325 0.614 0.602 0.355 0.368
5 3k 0.811 0.798 1.402 1.344 1.633 1.643
6 A 4.286 4307 0.570 0.562 5.569 5.559
7 P 2.350 2.341 0.414 0.408 3.083 3.075
8 4 4.428 4.443 6.955 6.937 2.047 2.059
9 HIF (a) B 2.155 2.169 4.586 4.575 4.006 3.992
10 Ji 1.412 1.334 0.745 0.737 2311 2.295
11 I (b) K 1.225 1.212 0.733 0.723 2.125 2.103
12 I (k) KE 1.284 1.277 1.305 1.290 1.700 1.714
13 HIt (a) T 1.900 1.868 0.856 0.852 3.425 3.445
14 Bidf (1,2,3-cd) & 2.605 2.562 4.833 4.817 2.199 2211
15 I (ah) B 2.084 2.078 8.777 8.752 5.638 5.648
16 #If (gh,i) JE 8.622 8.595 1.082 1.074 4.178 4.189

3 B 2008 HRETALI AR LY, AS D7 VR R R SRR AR

ARSI HENT T GPC 45 A M (i TS 6 A ik
E SRR A b 16 Bl Z 3R 05 B 1 ik o B b LA
Vi 4.0 mL/min PR ZERAC eI A R(1+1)
YER RS . GPC #Efrdrfk, 4 Bl -
GC-MS/MS 2 J& & IR +Fh/ Ny 5 2305 1
Feg, JEARFRASTREA TG B, A5
4 B Sk PE PSR AT T 2R GPC H I
FEARW) G o A5 R WIBEIGS 3 B T AN ™ A%
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