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Abstract: To rapidly detect 16 polycyclic aromatic hydrocarbons ( PAHs) in edible vegetable oil, the
aminated multi — walled carbon nanotubes ( NH, — MWCNTs) were used as adsorbents for sample
pretreatment, and the dispersion solid phase extraction (d — SPE) with GC — MS method was developed
for the simultaneous determination of 16 PAHs in edible vegetable oil samples. The sample pretreatment

conditions (the adsorbent dosage, adsorption time, the type and amount of eluent, elution time) were

optimized by single factor experiments, and the
Wis B EA 2023 - 12 - 25 ;& B H #7:2024 - 05 - 16

. o . e methodology of the established detection method
EFE R : £ IIR(1999) , L, WL BF5E A=, BIESE 5 18]

B SIS T K ( E-mail) wsyyy0101@ 163, com, was investigated and compared with existing
BEMEE K O, BF5 5 (E-mail) zhangpingyys@ 163. com; methods.  Meanwhile, actual samples were

FEE 5 2% TFLT (E-mail ) wijyezi@ 163. com., detected using the established method. The
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results showed that the optimal conditions for sample pretreatment were as follows; adsorbent dosage 15

mg (for 1.0 g edible vegetable oil sample) , adsorption time 1 min, toluene as the eluent, eluent dosage

500 pL, elution time 5 min. The 16 PAHs showed good linear relationship in the range of 1 — 200

pne/kg, and the detection limits of the method ranged from 0. 05 pg/kg to 0.43 wg/kg, with quantitative

limits between 0. 17 pg/kg and 1. 42 pg/kg. The spiked recovery rate and relative standard deviation

were 70. 67% - 101. 83% and 1. 34% - 9. 32% , respectively. Compared to existing pretreament

methods, d — SPE is efficient, simple and minimizes the consumption of organic solvents. The content of

benzo [ a] pyrene in 6 commercial edible vegetable oils was less than 2 pg/kg. In summary, the

established method is suitable for the determination of 16 PAHs in edible vegetable oil.
Key words:PAHs; edible vegetable oil; multi — walled carbon nanotubes (MWCNTs) ; GC — MS
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Table 2 Linear equations, R*, limit of detection, limit of quantification and ME values of 16 PAHs

PAHs L R LOD/ ( pe/kg) LOQ/ ( pe/kg) ME {8/ %
28 y =274 367x - 353 0.999 4 0.10 0.30 69.3
JE y =201 850x —413 0.999 1 0.09 0.31 57.8
i y =166 702x — 257 0.999 0 0.05 0.17 66.9
il y =177 700x - 350 0.999 2 0.07 0.23 65.5
E[5 y =209 629x — 580 0.998 6 0.09 0.30 50.5
Ji y=331071x -1 750 0.997 9 0.09 0.30 65.8
e y =324 798x - 275 0.999 2 0.22 0.73 60.6
4 y =331 162x - 859 0.999 6 0.18 0.59 60.5
HFf[a] y =271 237x - 764 0.999 2 0.29 0.96 62.9
p=i y =187 922x - 192 0.999 4 0.19 0.63 34.1
IR kP y =201 257x 55 0.998 5 0.26 0.86 53.9
HIF[ b P y =201 035x - 14 0.998 2 0.25 0.82 33.1
I altE y =238 T14x —451 0.999 1 0.36 1.19 62.7
Bidf[1,2,3 —cd]iE y =269 426x — 12 834 0.998 3 0.39 1.29 79.7
I [a,h] & y =248 525x -1 010 0.997 7 0.42 1.39 74.2
#3t[g,h,i]3E y =187 225x + 16 0.999 3 0.43 1.42 47.6
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H1#2 ATLLF H,16 Fft PAHs 78 1 ~200 pg/kg
TR R R RAF, P RA(RY) B KT 0.997,
K BRTE 0.05 ~0.43 pg/kg Z 0], & HFRTE0.17 ~
1.42 pg/kg Z ], ME {57E 33.1% ~79.7% 2 ji] , H
Hf 13 PAHs s EE s o
2.3.2  FES AR [ENSCR KRR X BRI 2

S35l S EERRFFIAE S A IR (1. 0 we/kg) |
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Table 3 Spiked recoveries and RSD of 16 PAHs at

HgR3 %
PAHS (LS 1k 7 G S o 11 77 N R =Y | v

ElfgZ RSD [ RSD  [EYig# RSD
HI[all  83.73 7.32 84.97 5.35 92.20 8.70
i 84.13 5.58 84.50 5.33 92.70 5.88
(K] 7 81.93 5.57 82.88 4.65 86.72 4.25
HIH[b] P 78.87 6.26 81.77 4.07 87.07 5.47
HHflaltE 75.90 7.98 80.95 1.91 86.75 6.60
E‘ﬁ_af;g]lgé 75.00 3.95 75.27 4.67 81.02 5.65
—HJf[a,h ] 73.93 4.20 75.90 3.50 80.08 9.32
HIE[g,h,ilde 72.43 1.87 77.74 2.50 78.02 5.87

i 3 AT, 16 F PAHs F -1 b e £

different spiked amounts(rn =6) % L

KT kT T 70.67% ~101.83% zz[a] ,RSD f£ 1.34% ~9.32% ,

I kP WK F BRI F N .
PAHs A% RSD JiE RSD  EME RSD KWz kid T MYt 16 # PAHs 1)
% 70.67 4.61 75.17 4.90 80.07 1.76 iRl
W 72.80 3.51 74.53 1.34 75.40 5.31 2.4 KA T ik 8 B A
e 73.03 2.93 74.57 2.49 76.23 4.04 AN N . .
i 79.53 4.79 80.10 3.12 81.42 5.41 KT P ST R A SO AT IR R A T
Ik 89.00 8.07 91.10 2.45 101.83 4.44 ETERAT R i 4 4 E SR TR 5 1k BRI o
pias 94.20 2.25 93.93 2.72 97.90 4.43 O s g . "
B 86.13 6.86 94.17 6.66 98.60 5.48 %ﬁﬁﬁﬁw‘bﬁﬁ{f’ﬁﬁ‘iﬁ*ijH”ﬁﬁﬁ%&mﬂﬂ‘
i 85.40 7.05 93.77 7.18 99.95 5.16 AL G AT T, 25 R sk 4 s,

x4 JLHEBAETRERS AL
Table 4 Comparison of several commonly used pretreatment methods

ST AY ACE M REIE A/ /min - HHUERIHE/mL KB/ (pg/kg) E B YN
SIS K SPE > 40 >50 0.7 GB 5009. 265—2021
FE Y GPC >115 59. 4 1.0 GB/T 23213—2008
B A SPE >40 >25 0.15~0.65 [23]
MIFC R QuEChERS >30 7 0.2~3.5 [15]
B HEY 0 d - SPE <10 <7 0.05 ~0.43 AW R

3¢ 4 W%, 54£5: 09 GPC H1 SPE Fij4bHi 7 12
FILE , ASBFFE 8257 19 d — SPE Fij b ¥ 7 3 658 524k
S IR R B D T A IR I FE (/N T 7
mL) , A S0 AR 0y (8 PG | = SR IR
R, % 5 3 A NH, - MWCNTs B/t T QuEChERS
w57 ( C g PSA) |, QUEChERS 1 fff 751 3=
B FFBETT P i 44 5T, i NH, — MWCNTS B[t H AR
SN TR INARE S SE I rp & 2R S S R AL B
iF,NH, - MWCNTs {2 —Ff g B g k4 kL, HA
R 28 SRR ) EL R T AR, 5 R R 22 B AR AE R B

(1 — FHEAE R, O & ORI 05 B R &)
FUAT BRI R B RE 772 o PRIt , NH, — MWCNTs 3%
B HIAE d - SPE (IR B3] AT S 9 7 A AL
WF AR T AL PR R] , o8 BEFEARA th B, [R) A —
e o R SR R L e VO R N R B S e
IEE 38
2.5 SRERAEESR GG B A

SR AT FE B 75 125000 78 IAAS 3t R PR T A 5
TTWASK Y 6 FfvEr AL AE i 1) PAHS , R
A BTN E 3 U AR IR S R .

x5 IHRERPERFTREASEKRN
Table 5 Detection of PAHs in actual samples

R | TR 2 SRR 1 TN 2 LRGN | LAERE M 2
PAHSs St/ S/ St/ S/ St/ St/

RSD/% RSD/ % RSD/ % RSD/% RSD/% RSD/%

(ng/ke) C (pe/kg) C (pe/kg)  (pg/kg) " (pgke) " (pg/kg) ’
z= ND ND ND ND ND ND
iR ND ND ND ND ND ND
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AEIRRFFI 1 TEIRRATH 2 SEAEHTIN 1 SEAERTI 2 AW 2| LA 2

PAHs S fE/ SEE/ S fE/ A/ S e/ S E/

(uke) % kg B (i) B (i) B (k) T (i)
& 0.41  4.88 ND ND ND ND ND
il ND ND ND ND ND ND
B8 ND ND ND 0.93  6.06 ND ND
ps ND ND ND ND ND ND
B ND ND ND ND ND ND
4 ND ND ND ND 0.81 3.12 ND
I a] 2.31  5.80 ND ND ND ND 0.74 1.35
b= ND 1.24  9.15 ND 1.06  7.35 ND ND
[ k] T ND 2.32 6.36 ND ND 1.76  0.87 ND
[ b B ND ND 2,42 1.72 ND ND 3.28  2.03
HFf[altE ND ND ND ND ND 0.75 2.67
Bigf[1,2,3-cd]iE ND ND 2,37 2.32 214 1.9 ND ND
It a,h] B ND ND ND ND ND ND
%3t e, h,il3E ND ND ND ND ND ND

T :ND Sl s 25 /T R
Note: ND indicates that the result is less than quantitative limit
HI & 5 mIAL, FrAsil il 6 R AP, 255
La] BERY SR E9/NT 2 pg/ke, AT 30 DGR T A
HIf[a ]l EEMBREEOK
3 & it
ARSI R ] NH, — MWCNTSs A 2 W% ff 551, 2 57
T d -SPE/GC - MS #&:i& Y+ 16 F PAHs
W75 TEPLAL ST, 16 Tl PAHSs pRifi i 2k 2k v
KA R, Hombr i A 1E 70. 67% ~ 101. 83% 2
[a],RSD 2}y 1.34% ~9.32% , J7 i W6 H FR7E 0. 05 ~
0.43 pg/kg Z 0], Em R 0.17 ~1.42 ng/'kg Z
], SAEGERTALBEIT VR AR L, 205 AU &
R SRTE T L me KRR B b s /b 1 A LI 0 A T
BRI RS OO, L5 ERTA, AR OF S LAY
D7 VR RE A W DR RS N0 R il R R e B
PAHs A%
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