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#f 5% #l F§ QuEChERS (quick, easy, cheap, effective, rugged and safe) Fll %t )8 18 % 4 4% (gel permeation
chromatography, GPC)2 F i Ab B E R XFHE S HE TA R, FHRA 16 F 23055 1 8RR B N ARE 2 .
f# ] QUEChERS 1l GPC 2 R AN [RI BT Ab 37 Bk W AL BOR TN i S8R 16 F 23512 7E 10~200 ng/mL
JEEINZME SR A, HOCRFEIRT 0.995, &M 0.3~0.8 pg/kgo f# ] QUEChERS HijAb B J5 i1 - 44 1]
Wi SR HIAR X AR HEAR 22 (relative standard deviation, RSD)43-51l 7 88.9%~112.3%7F1 3.6%~12.9%, {#i ] GPC J54:1Y
SF-H4 [ 5 T RSD 43414 86.2%~107.7%F11 3.0%~7.3% . X S5256 % P& FIAE iR Sh b4 TI0 A2, 2 Rl A8
SERIAR 3, BRI 2 FIETAL IRy vk AR O B RRS T MR XA LY, ST T A R 16 Fh 2 IR 05 KR sk
A .
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ABSTRACT: Objective To compare the determination of 16 kinds of polycyclic aromatic hydrocarbons (PAHs) in
edible vegetable oil by 2 kinds of pretreatment methods/gas chromatography-mass spectrometry (GC-MS). Methods
The samples were pretreated by 2 kinds of methods including QUEChERS (quick, easy, cheap, effective, rugged and
safe) and gel permeation chromatography (GPC) methods. The 16 PAHs were quantified by isotopic internal standard
method. The purification effect and methodological parameters of 2 different pretreatment methods of QUEChERS
and GPC were compared. Results Sixteen PAHs had good linear relationships in the range of 10-200 ng/mL with

the correlation coefficients were greater than 0.995. The limits of quantitation (LOQs) were in the range of 0.3-0.8
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ng/kg. The average recoveries were 88.9%-112.3% with the relative standard deviations (RSDs) of 3.6%-12.9% when
QuEChERS was used as pretreatment method. The average recoveries were 86.2%-107.7% with the RSDs of

3.0%-7.3% by using GPC. The determination results of edible vegetable oil samples using 2 different pretreatments in

the laboratory were basically the same. Conclusion The 2 kinds of different pretreatment methods are accurate and

stable, which can be used for the determination of 16 kinds of PAHs residues in edible vegetable oil.

KEY WORDS: gas chromatography-mass spectrometry; polycyclic aromatic hydrocarbons; edible vegetable oil;

QuEChERS; gel permeation chromatography
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Z I F5 )% (polycyclic aromatic hydrocarbons, PAHs) &
TAHBRMETR WAL EYTERIRAE T AR, T AR
R ARSI . Klmek . A is A KR kA
AUE AR b . BRINT., SEEARTRTIZ M5
TEZS S, RIEFOKET . sl A i PREE 52 B e, fif
5 PAHs 5| AZIE 5ok, H PAHSs AT LARE £ )5 A B 4
TEAEPIRA . (Rl E I A ke . BB RIS AT PAHS f
AR R, Y PRI RN EERIEN, 23R
PR MR, (A E 25 %52 5 PAHs Mi54s, ©F
FRM, AP Y, #AELE PAHSs, 1 H.
iR =R R RN ) 1S R TN i bz ) |

KI5 R Y] PAHs HA BUR M | Bro s v B,
Rl PAHs 5 31 by 43¢ A 14 HLT5 YL ) (persistent organic
pollutants, POPs)* il JL+4E3k, B N5 E AN 2355
Kok B i A A 3 2P 12 2010 48 8 A, K
BRI A A AR AR A EE A, LA R T
MRS I = B DURR ) PAHs T, 51k T E NAME
WA A AT T SR

H il [5G 7700 5 ol b 22 3005 R ik B = 08 A I s o
#i GB/T 24893-2010 ( shitiimil ZH5kemmse ) ©,
GB/T 23213-2008 {Hi#ith b 23072 ME AR (L1%-
JRiE ) U SNIT 1877.3-2007 {4yt vh Z2 3835 2 iy i 5
Jrik) B SNIT 4943-2017 (£ i i (B h 2 3895
M E SR S-S ) P14

T3 A0 SCHER bt B e BRI v 22 205 R I AL By
PRI F TR A AR A URBR AR AR | ek i 7R
Bk . FEAHZEERE: (solid-phase extraction, SPE), A #
B (solid-phase microextraction, SPME), e/ I5 5 {4, 1k
(gel permeation chromatography, GPC)%%, H#EEWSIATE] Fik
KREZH S RERE AR AEZR . 4R, FIH
QuEChERS $& 41k 1) 7 ik PR HCARATE ) B By £ i o
PAHs AT B3R TRTARFE 75 12:03 1) Lucas 25U TR ] Agilent
Bond Elut QuEChERS Enhanced Matrix Removal-Lipid
(EMR-lipid) % g [ & e 5 s 9 = SCERE B AT RTAR 3L, 15
il Z 3R 3542 14 [ R AE 84%~115%, RSD (relative standard

deviation)7£ 0.5%~4.4%22 [8]

FI A0 ARG I vk 30 e RO (st
S EGE- R BTREL . YOS . AR A
#57 QuEChERS 1 GPC WRiAFEF A, KA 16 FhlFIfL
KWk e, SAHEE-FEke, Fx 2 Fajaba
TR R BIBCR RS 38 B R AT X EUBF 9 . A
HE— 4 e B AR PE, 3R S I = I B R A i
IR 2%

2 HR5T®

21 4EE. AFI SR
211 B B

Agilent 7890B GC-5977AMS(3 [ % HEM A wl); 12
Prepline ¥k R S5 (3: H J2 Scientific /A 7]); RE601A-O
T 78 R AL (H ARER #23 wl); WH-3 3 Tiedi i a (i)
PO MR ); Heraeus Mutifuge XIR £ 253 & O HL(EE
ThermoFisher 2 7]); Xcelvap Z Mk 4513 (. < H Horizon
7y dl); PL2002 ML F RV (EEMREEA A, B
(100~1000 pL ., 20~200 pL., 5~50 uL, 7% [E BRAND A#)),
2.1.2 KA BAF A o0

S K54 GB/T 6682-2008 H—Z K B3k, 2.0 .
WO ke, ZIRZHE . S5t IEC ke . NS4 HLIRFT (R
il e A R EA A

16 FhZ IR IRbRAESS S 16 Fh ZFRI5 RN R NErbR
HESH(CAS B3R 1), A A EE o02si 23 .
213 # #

S BRI AL 2R . ORI . R RE
iR E R BT, SRS

QuEChERS (3} Agilent Bond Elut QuEChERS
Enhanced Matrix Removal-Lipid (EMR-Lipid), 3 ‘%5
N l); HP-5 MS Ul A3 4:(30 mx0.25 mm, 0.25 pm, 3
LEEE N F]); GPC #E AL (Bio-Beads S-X3 IH KL, 400
mmx25 mm, 0.25 pm, 32 [E J2 Scientific A F]).

22 FRERIREVECH

P R A TRBC . MERIRE 2 mL (1) 1000 pg/mL 1) 16
Fh PAHs BIREFRMER T 10 mL AR, HIECKHE
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25, MWW 200 pg/mL T oKAH N V8 TR AR AF o
A3 FREL 16 Fhih B NARAREDI T, FIE C e 2, Wl
By | mg/mL, P47 AR HL 16 Fiud & NAR R &R, Bic
il 5% 50 pwg/mL AITRA PIATRE A5 TR T UKFE P98 J8GRE (R AE

FruE b A AT O 16 Fh PAHS TR-SFRERS A5 W T IE
CEBHFRBER 10 pg/mL M 1 pg/mL AFRER R, T
PKAE P8 HCRE G R AE NG 16 BT PR FR At &R IE O BEs A
B 10 pg/mL, 1 pg/mL (¥ AR R T UK P98 EE G
1R7 -

PRUE T ARV B BOGE B 0 b o v )9 8, A
100 pL FTEriREEN 1 pg/mL (9 16 FpaArs a1, 4351
E CL e B il BT e TR B ) 2R R v T ARV
2.3 FEmMmETAE
2.3.1 QuEChERS #4322 #H K

HERFRIBURE i 5.00 gCREH5%) 0.01 g)F 50 mL BEFE
DA, A 100 pL FTEWEE R 1 pg/mL /9 16 FEA M
FRIEW, #E 5 min, A 10 mL ZJE, #HEJRY 2 min.
LA 5000 r/min A543 B0 5 min, B EIER(CIEE). %%
B 1 g BRI i 22 Bk 1§r 1k 57 (enhanced matrix removal,
EMR)ECRHY BT, A 2 mL K, WiEdRS:, Fifidk
B FWERE B EESR EMR BWEOE TR, HEERERY
1 min, LA 5000 r/min AY3EEELC 3 min, B VSR THA
2 g FifE ol 1:4 (1) NaCl:MgSO, RIS B0, TR TENR
W, B, REERARELT, HECRERE 1 mL,
TLHE, R
232 BIRHE €Sk

HERFRIBORE f 5.00 gCREH1%) 0.01 ¢)F 50 mL BEFEE
LA, A 100 pL JTEWEN 1 pg/mL 19 16 FNR S
FREEW, #E 5 min, A ZNE: HNE(60:40, V:V)10 mL,
WAHENRY 10 min, 5000 r/min 5.0 3 min, ¥ FIHREEE
ETo MARCHE: ZBROBR(L:L, VV)IREES E 10 mL,
AR E OGS, BRI E AR S5
T DO kE: ZBRZEEQ:1, VWIENTEIAE, HWiEN
4.5 mL/min, #EFEEA S mL, WA 14~23 min {85, MG
MK Hy 254 nm, FREAE 1. RJ5% 40.5 mL BUHER
MR EIGORS, ARG EIET, HECk

SERE 1 mL, iR, frl.
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Fig.1 GPC chromatograms of vegetable oil with PAHs compounds
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B4 A%k R HP-5 MS UI(30 mx0.25 mm,
0.25 um); FFETHRELE N 80 °CHILAIRE#EF 2 min; L
20 °C/min F+Z 180 °C, f#%f 5 min; LA 40 °C/min F+ &
250 °C; P 30 °C/min FF & 262 °C, {4+ 1 min; LA
30 °C/min F+ % 277 °C, ££4F 1 min; A 6 °C/min F+ % 290 °C,
¥ 4 min; LA 40 °C/min F+ % 320 °C, ¥ 1.4 min; JEEE
HREE 4 280 °C; Wiy 1 mL/min; 2 HERAS,; ¥
FERFR 1 Lo S8R MAR T 2305 1 & AR R, SRk
HORANFRAERE, AT DAL EAE b B PR b 1 A €8 3 AT I k45
&, M —E R R T = R .

Fib & E: SR 255 F i (electron impact, EI), #
FALHE 70 eV; B FIRIREE R 250 °C; fEHIZE IR A 280 °C;
K FHE 3 B F el (select ion monitor, SIMMER, . 16 R T57
Y& K 16 BRI R IR IEFAE B F SRR A A 1.

AR R NFRIEINE PAHs BSCHRE E 5 Fhak 5
FhLLR RO R RS, D E R A 5 T v i [l 3%
PIRRPEIRIZT, T LARE S MRk B o R Y E 16 Fh
ZATFIEN I SR, YR AR 4 F i/ Nk SR
B0 SBT3 R a5 R R I IR R B 1, N RB B IRIIE
ERIREIRE . ASBFSE R 16 R PAHSs X B[R 2 P4
AT RERTHT, REMEI —ADFR e FE R M R AT Sk

F1 16 MBIEFRK 16 HELEARRIFIES F 5 RERE
Table 1 Retention times, target ions and CAS for 16 kinds of PAHs and 16 kinds of isotopic internal standard

(S EAN CAS 5 £ B8 B 8] /min EEET (m/fz) EMEF (m/z)
%(NAP) 91-20-3 5.484 128 61,102
Z£-d8(NAP-d8) 1146-65-2 5.705 136 108,129
JE I (ANY) 208-96-8 7.673 152 63,76
Ji5 175 -d8(ANY-d8) 93951-97-4 7.987 160 158.161
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et/ A CAS 5 L B3 1 [E] /min EREF (M/2) EWEF (/)
JE(ANA) 83-32-9 7.907 153 154,76
J&-d10(ANA-d10) 15067-26-2 8.238 164 160,161
%5 (FLU) 86-73-7 8.949 153 165,82
%5-d10(FLU-d10) 81103-79-9 9.339 176 165,166
4k (PHE) 85-01-8 11.980 178 89,152
4E-d10(PHE-d10) 1517-22-2 12.628 188 189,94
H(ANT) 120-12-7 12.164 178 89,152
#-d10(ANT-d10) 1719-06-8 12.757 188 189,160
PEB(FLT) 206-44-0 14.402 202 101,200
¢ ¥ -d10(FLT-d10) 93951-69-0 14.783 212 202,200
EE(PYR) 129-00-0 14.714 202 101,200
EE-d10(PYR-d10) 1718-52-1 15.118 212 202,200
#KIF () B (BaA) 56-55-3 16.591 228 114,226
ZKIF(a) B -d12(BaA-d12) 1718-53-2 17.045 240 236,241
Jifi(CHR) 218-01-9 16.662 228 114,226
Jifi-d12(CHR-d12) 1719-03-5 17.110 240 236,238
Z 3 (b)9% . (BbF) 205-99-2 18.693 252 126,250
#:3F (b)#e 1 -d12(BbF-d12) 93951-98-5 19.346 264 265,253
#:3F (k)¢ ¥ (BKF) 207-08-9 18.740 252 126,250
H I (k)9 -d12(BKF-d12) 93952-01-3 19.402 264 265,253
9t (a)tk (BaP) 50-32-8 19.379 252 126,250
# I (a)iE-d12(BaP-d12) 63466-71-7 20.144 264 265,253
BiFf(1,2,3,-c,d)EEIPY) 193-43-1 22.562 276 138,277
BliF(1,2,3,-¢,d)eE-d12(IPY-d12) 203578-33-0 23.626 288 281,276
3 (a,h)# (DBA) 53-70-3 22.672 278 138,276
T2 (a,h)E-d14(DBA-d12) 13250-98-1 23.678 292 293,291
#3F(g,h,i)TE(BPE) 191-24-2 23.316 276 138,277
9 (g,h,i)FE-d12(BPE-d12) 93951-66-7 24.181 288 281,276

FEe =8

3 HER5HH

3.1 (USEEHSMRK

X AR 53 B AL G I R TR TR
FRIE 16 Fl PAHs B X N [F] 437 28 AR BENS ik Bl e KA LW
IyES, PEACEE IO 2.4, ARYE 2 ARG o B R 434
(SCAN)J&, #45E 16 Ff PAHs K oI [F)37 AR R4 B8 1t J]
FRFAE (e 1), B HRAENE X B i R4
LAY v B A Rl A T Ak, A3 3k SIM

3.2 AL
3.2.1 QuEChERS

% ] QUEChERS ) EMR-Lipid £k}, HAE Ry —Fhfa
B (G <R U R LU RO IR B Cs KL E
BBk, HAET EMR-Lipid #08£ H TS5BS 5K
FE A AL . A ST T T XA A T B AR A T A
EMR-Lipid $FUBHAT 3 28 1 i AR & o 25 B RS 2 BR 264
B, AR = 4L &9, NaCl:MgSO,(1:4)T LL 2R AN
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IAHIK o

MERHER AT S g B, WG, SEIE T SRA KR
I, R ROR R, IR B R AR ARG I 23 s £
TERE Ay, AR, RS b A9 E S
Hi. FEENRbROR | ROV ALIR g S &R, e
WEFRFERA 5 g.
322 BIRBEEEE

GPC & HF o gAY b B bs Ak &4 g & K5y
TFHT, AR B S Gk A, B g
RN RO BS540 5, HOERES S
R AT AL A SR, R ORI L AT R Bk, AT
BB, 2% GPC kil 2k, 2R 8 i fEm
WCEI ], & 1 GPC itk 2k & BH, PAHSs Hi I
[E]7E 14~21 min, JHAGZEZLRTE 5~10 min, X4 14~25 min
B, ARIE PAHS 1] LA S A7 [l i %

3.3 EIALIBEEXTEE

QuEChERS Y5 GPC Fik¥aeik 8tk ny H i,
{8 GPC Jrikh4 A shid by, Roethielr. fEEeyEf
S FEJE I, QUEChERS Jrik H AR RML ., HistH 5
B,
34 FAEFSHIIE
341 ARfBMEREEEIR

FHIE CL e Be b e TAEH, 78 10~200 ng/mL ¥
BN, 16 Ff PAHs ¥R BT RIFMIZ MG 2).
342 MEEAEKE

TR (42 BRI AR i Ao I i S 56, 128 5. 10,
20 pg/kg 3 MEIIAKCE, BRI 6 A FATHE . 4351
114 ] QUEChERS (EMR-Lipid)Fl GPC #4T R Ak 35 f4 [1]
oK SEEECR K RSD, 45 R IR % 3.

®2 16 MBFFRENTFEREER

Table 2 Linear equations, linear ranges, precisions and limits of quantitation of 16 kinds of PAHs

Y544 FR EYEpiy 2P Fl/(ng/mL) HEFREL R LOQ/(ug/kg)
Z5(NAP) Y=1.183X-0.004 10~200 0.9996 0.3
TEHE(ANY) Y=1.414X-0.064 10~200 0.9980 0.3
JE(ANA) Y=0.764X+0.023 10~200 0.9959 0.3
Z5(FLU) Y=0.846X-0.007 10~200 0.9986 0.5
3E(PHE) Y=1.414X+0.006 10~200 0.9998 0.5
T (ANT) Y=1.040X+0.010 10~200 0.9996 0.6
¢ B (FLT) Y=8.952X-0.220 10~200 0.9976 0.6
EE(PYR) Y=1.906X-0.064 10~200 0.9998 0.6
I (a) B (BaA) Y=1.423X-0.060 10~200 0.9991 0.7
Ji#i(CHR) Y=1.813X+0.158 10~200 0.9994 0.7
ZRIT(b)7e 1 (BF) Y=1.369X-0.045 10~200 0.9999 0.7
K F (k) 9¢ . (BKF) Y=1.442X+0.161 10~200 0.9989 0.8
It (a)th (BaP) Y=1.301X+0.012 10~200 0.9999 0.7
BiFE(1,2,3,-¢,d)EIPY) Y=1.365%X+0.062 10~200 0.9996 0.8
3 (a,h)E (DBA) Y=1.273X-0.061 10~200 0.9987 0.8
I (g,h,i)E(BPE) Y=6.078X-0.376 10~200 0.9978 0.8

Fz3 3NARMAKET 16 MBIFFFIE MBI ER R E BT R R ZE (n=6)
Table 3 Average recoveries and RSDs of 16 kinds of PAHs at 3 spike levels (n=6)

S TR % AHXS bR (R 22 RSD/%*
LY/Ip iy 5 ng/kg 10 pg/kg 20 pg/kg 5 ng/kg 10 ug/kg 20 ug/kg
EMR  GPC  EMR GPC EMR GPC EMR GPC EMR GPC EMR  GPC
ZE(NAP) 96.1 99.7 96.0 89.6 106.1 99.8 10.2 6.5 10.9 6.8 10.2 3.9
JEME(ANY) 100.4 99.9 88.9 103.3 100.4 101.4 5.0 7.1 5.8 6.8 5.0 5.1
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HR3
-1 [ /% AHXS bRl 25 RSD/%*
LY/l iy 5 ng/kg 10 pg/kg 20 pg/kg 5 ng/kg 10 pg/kg 20 pg/kg
EMR GPC EMR GPC EMR GPC EMR GPC EMR GPC EMR GPC

& (ANA) 101.1 90.8 94.5 102.7 101.1 101.2 10.6 6.7 10.6 6.7 10.6 6.0
%5(FLU) 101.3 102.4 93.6 102.9 101.3 100.6 10 6.3 6.1 6.8 10.0 5.1
3E(PHE) 109.7 97.6 102.1 101.7 109.7 106.9 5.3 3.8 7.4 4.6 5.3 5.2
TE(ANT) 99.2 93.4 108.5 86.2 99.2 106 10.0 4.7 6.8 3.6 10.0 6.1
P (FLT) 107.8 104.1 923 102.7 107.8 100.3 4.6 3.9 6.2 6.3 4.6 3.7
EE(PYR) 104.3 102.8 112.3 96.7 104.3 86.6 5.8 7.3 6.5 7.1 5.8 43
AT @) 104.6 88.1 96.9 91.8 104.6 103.2 9.8 6.3 12.3 6.5 9.8 7.0
(BaA)

Jifi(CHR) 89.0 107.7 90.3 94.6 89.0 99.7 6.0 6.6 8.3 7.1 6.0 6.2
S (bY2E

EQES 107.4 102.4 111.0 106.8 107.4 87.6 6.8 6.3 4.0 4.9 6.8 5.2
(BbF)

S (RY3E

HIR (kR 90.3 89.3 101.5 86.6 90.3 105 12.9 73 6.0 4.6 12.9 43
(BKF)

N,

IRt 92.0 92.5 99.5 92.5 92.0 106 4.2 3.7 3.9 3.2 4.2 4.6
(BaP)
it

(1,23,-c,d)iE 934 104.0 103.0 101.7 93.4 96.7 3.6 32 3.8 3.1 3.6 3.1
(IPY)

23 (ah

e (1) 103.2 90.4 106 90.7 103.2 95.0 7.9 5.5 5.1 4.7 7.9 7.1
T (DBA)

#I (g hi)ie 97.8 98.6 103.4 103.9 97.8 97.7 8.9 4.7 10.9 3.0 8.9 5.2
(BPE)

T IR = Oz DU 5 () — BRI (B~ 2 < 100% .
M3 3 BREN, 4 3 DMIAREBOKET, 8 "

4 4 1

QuEChERS (EMR-Lipid) % 4k B , SF ¥y [nl 4 & h
88.9%~112.3%, RSD 4 3.6%~12.9%. i Ffl GPC ki,
IR Hy 86.2%~107.7%, RSD 4 3.0%~7.3%. 168 2 il
SRR AL B 32500 22 45 R (O MERR B AR AT S8 1, R 2 D
RRGEM .t 2 ok kB, 1] EMR FI GPC i+t
SRR ZEA R, RETTRERMEHAT 16 FilEA RN
FR, BERSORIUERISCR A HERGYE . (BT GPC #{kAT RSD
iF EMR, FTEEEHT GPC 4 AL, B
QuEChERS (EMR-Lipid)F-ahifk, Fa etk E i,
3.5 EFRHEERNE

AHIFFE AT 250 2 AE DI AE AL G RO . R . 4E
HETHRISEAT I A R A 2 A O AR TR AL S, I A5 AR
TNEBAAE YR A A BT A, S5 R ICE B AT
R

BT 8 QUEChERS F1 GPC 2 FliAS [a] Al Aij 4k
PR, RA 16 FhAF8ARIR 2 N ARTE & &, A
GG TR BT AT 0T o S5 SR R 2 Ry k24 AT LA
JEE AN 16 Fh 2G5 IR RN EER . SR A
L Z I FRTEE B, PRIE T 05 45 SR e vk, X o F i
BN AR 2 IR, FCRG R TR .
QuEChERS Jy L TE#AEMRI 2 B b A R IE#, Wk
e UEAT AT BREE A, FLSR) (o g /b | A B (7]
T THFAMA TR A . A GPC HE LR B, —
J5 T AT DA 5 iR B, 5 — O T RE A A K A
Bl 1, TR GPC % QuEChERS [ shfb 2 ¥ i,
Hebr 7 A REAEATRENE . LI = v MR A & AL PR
15 190 16 FH 3 B (A AT AL 3 9
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