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Determination of benzene residual in edible vegetable oils by headspace gas
chromatography-mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of benzene residual in edible vegetable oil by
headspace gas chromatography-mass spectrometry (HS GC-MS). Methods After headspace treatment, the samples
were injected into gas chromatography-mass spectrometer for detection. Standard series were prepared using sample
blank matrix. The qualitative and quantitative accuracy were improved by using internal standards. The parameters of
headspace processing and chromatogram and mass spectrometry were optimized. Results Different headspace
equilibrium temperature and time were investigated, and 80 °C and 30 min were used as the optimized headspace
parameters. The accuracy and precision of the methods for different vegetable oil substrates and different addition
levels were verified. The linear relationship was good in the range of 4-200 pg/kg. The limits of quantitative were
0.42-1.98 png/kg, and limits of detection were 0.13—0.60 pg/kg. Conclusion This method is fast, simple,
quantitative and accurate, and can meet the detection needs of benzene residue in edible vegetable oil.
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75 (benzene, 73 T3\ CeHe), 75 A HALA YAy
RIRER, FEAb THlxs b R Bl iz N, IR IR, £
VRGBT T AR 28R, BORGFA) . vk SR 5 . A SR
FKH, KEPEFEYR, MARBENEEER, EA
PR BT AR I AT 12~15 AEL 7 5 T3 A 2 20 [ o
SERFRALE T 2017 FEAT0 HBURDIE SR, Ky F—23%
FOE Y NP,

TEE AL, S5 & 0 25 b W B IR St T — I
EH S AR E TR NEITRI, X 70 B LA ST TR
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SRR IR A RS Hpd A R K L W B AR
flbA ek 5, B AT DR BB Bl A 7 ROk S B 2R T e 10100
2000 4, R E M —HEHE CURT R AR bR 2R B A
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Gy AR E Z2 R R EE A 77 O ARG . G . R AT
SRR RS REAGHREEENR. ARIA
RV PR S T E R L i R RIS W VR R e
FHA R BT e st 200 Ay 5 SR I 2B 7 1 A
BTG, KL 6 SiEmmt a5 AZENOT,
EAE T | ke | B SEA DI e IR A sl 5% B8
Al BE S EUT IS R B A

o %o o R HL A A 1 A LI SRS e A, H AT E
AR EEEPERL T RO, 20 ST
25 WREIAR | [EAH/ AR AR B AE TR A TR A b, fif
A G G/ TS . SO R/ 5 ITTE S
HEAT AR BT 200 ] PR SR o T ARG I X S 2 R s
A RS L AR TSR BT B Oy A AT ik g
AR N FR Y, 278 1R 7508 5 A AU (i - I 1 vk
e b TP AR RN ARSI, i G I Y
AT SRR R, DLk S 3 S0 B R R R R
jrrE B33 E i P G A PR A R BR A, A A
PR AR R T 0.01 mg/LP7,

ZRASYHT, A ARAH AL B R A A
sh RN R EEIL S, PR AR . ZEECk
Zy 0 AN B B — PR T R S T s B AR
AEXTHAR . BRVERT BRI UL, HAE T B h A 5 51 A%
L HTAE AR T, WA R ) TR AL FE
J5 s T R I AR AT b & KA B T AR R T 2R (flame
ionization detector, FID) ., Hi FJfi 3K Al #% (electron capture
detector, ECD)S5A 2% HA H ok i R R . BEREME BT
THERE . T NI ZECS U Py 3 A v 5% 5 AT ALY R Y

T2 - SOM 33 I E T ¥ 1 i 2 0 Ay T B B AL
Ph AR A2 25 o 0 245 T2 U002 - [ R A U %,
AL A 3/ (SO £ A R R is e, 3RAR
TIPSR

AHFFEREST. 1B I P R B A A S TS - SO 3/
BEAGIN I i, A 1 TH0S A SRR SR G B 26 A 24K
2o ST AR B3R A ) 3 ot 26 TR0 iy Ak BHLASCSR 14 52 )
PRAERE PRI E 5 A ER P, B 5870 B BRIE IR JE A
FARAEAT A, DU 20 PR o i 2 o 42 At B 4 T Y
PR ¥

2 MH5REE
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F S NON-Z R 2 e (635 400, 7 [ Merker 23 A]);
FRUEPIIIT: ZR(100 ng/pl HEERSIE, 72E Dr. Ehrenstorfer
GmbH A7), ALK (Benzene-D6, 4 99.5%, ff[E Dr.
Ehrenstorfer GmbH A ),

22 UES5EE

7697A BUTHZS B ZhHEAE g (LA 48 % 5 35 Al
PR BRI 20 mL BEIE T2 HH) . 7890-5977B A (213%-
JBE A (E Y AT ARG £5 ) (3 [E] Agilent 23 7).

2.3 EEHE
2.3.1  AREIER AL

B A% B — 2 2 1Y 25 o 0 B 0 R AR 2R AR T )
4358 P NN - 5 2 Tt e AR B UK 5 10 mg/L B AR
HERS TR INARIA T
232 MBLEH

SAROTE S 3 (E54E He)l mL/min; L CRE
200 °C, Zri e 10:1; HP-5MS 40 % (3% 41 (30 mx
0.25 mm, 0.25 um); A1 40 °C{#4% 5 min, 10 °C/min F+ &
200 °C; f&#fiZk 230 °C,

i BT IR(ET 95)230 °C, PUMAT 150 °C;
=0 PR T (SCAN+TSIM), H#i7E
(M/2): 50~500, #(m/2): 50, 51, 52, 78, AR (M/z): 52,
54, 56, 84,
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Fig.1 Responses of target compound at different heating
temperatures(n=3)
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Fig.2 Responses of target compound at different heating time(n=3)



%16 1) FoOF, A WU OSBRI E B A TR B 5691
JERER . FIBBURFEREA SR | TS PR  B AR PERE b 3% 2.3.3 A1 2.3.5 J5 1 i BUIR  25 FURE il LR 5

i VI Re B AT BE- S S0 DU 2 43 76 19 R P-4 1 R AR AE 25 5
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322 ¥HdRfEER

S S BOHRGM . 2RI . BRI . KT 4 AR
PERES, 2 2.3.5 ik hlRIR BEK N 4 ng/kg MU NINFREE i,
8 FAAE AR B9 T5 28 A7 S50 (3. D RIS AR 8 33% - T 1 541 (2.3.2)
BEATI 2 o ARl FH s 0y 0 o i) o (RS 28 B 2k P 34 My
T 7 2K B (limit of detection, LOD) M <& & F (limit of
quantitation, LOQ), T£ULFE 1. ik H BRANE 12 PR BE 0
JE SR IN  BE
323 AMEAR

S PG BOBRGM . 2RI . BRI . KT 4 AR
PERES, $5 2.3.5 JEHIN PR G BN 4 ng/kg Z 200 pg/kg
(bR R 50, (0 A A 18 10T 25 SF- A 2 1 (2. 1) RS €3 -
FUIE S 823 2) T, LLIR 5 TR IR N AR 1 1 T AR

ZH RPN A AR S B A ) R R R A A Ak A 22 A v
MLk, EHTFEMRAMERE PR 2, 450K, N
PARMEIZE P ¥ KT 0.99, LRk R RAF, REASIHE L AG I
324 EREAETEM

Ay HIGEBCERAGH . 2Rk, B4R, K 4 R R
PERE R, #e 2.3.5 il Bk KR 4. 50, 100 pg/kg 1Y
JOFRFES,, BT 6 ASFAT, R A TR Zs -
SARG.)MSA S-S5 3. 23 T E, THERES
F BN K AH X hR U fff 22 (relative  standard deviation, RSD),
TEILZR 2, G5 3R W, 78 3 DUREZKE AR SN IR mIBeRE
4 88.8% ~ 106.1%, FHXIFREIRZE R 5.7% ~ 18.4%, 1EHfEE
KEL R, RERSHE AN E BT,

#z1 TEERMELRESER
Table 1 LODs & LOQs of different matrices

B A - B A RMS SN LOD FEig{ii/(pg/kg) LOQ Mt {A/(ng/ke)
B 1206 634.7 21.0 0.60 1.90
Z IR 464 55.7 20.2 0.59 1.98
AEE 609 18.5 95.5 0.13 0.42
K 654 68.7 33.8 0.36 1.18

P83 LOD: YN=3; LOQ: IN=10

®2 TRIEFIRERTIFNETEEMEN

Table 2 Measurement range and linearity of different matrices

395 v el B Sy i r?
B Y=54.181X%+789.48 0.9986
R Y =44.033X+621.47 0.9974

. 4~200 pg/kg
A Y =28.427X+853.58 0.9984
KE Y =23.822X+459.59 0.9942

*#3 [EREMEESMIEIEHTEN=6)

Table 3 Mean recoveries and precisions of different matrices

(n=6)
SR WOKE RISERIE EeR RSD/%
H(nglkg) (ng/kg) 1%

4 3.6 89.6 13.3

BRALIH 50 47.8 95.7 7.1
100 94.9 94.9 6.8

4 42 106.1 9.8

Z Rk 50 46.8 93.7 5.7
100 101.5 101.5 7.4

4 3.8 95.2 17.6

AEE 50 455 91.0 8.3
100 94.0 94.0 9.3

4 3.8 94.9 18.4

Kz 50 49.6 99.2 10.1
100 88.8 88.8 8.0

3.3  EFREEmIEM

FiE AT 15(2.3 3. )% AT S M S A R B AR B4 223G
H 20 AN FEYIAE TR, R 1 SRR
48 ug/kg, 1 HLHFZ PRI &K 25 pgkeg, 1 HETHFIH
25 pg/kg, 2 HER T HI 57K 58 pg/kg. 96 pg/kg, i
ik 20%.

4 &

A FE ST T 6 I R AR AR B 0 S T s S M i/
PRSI i, 38 2k 2 A [R) S-S TR, AR
80 °C. 30 min AR AT 2 ATALFE B4, 8l AR AR
SN bR AT i E P E R 8 T LR R [RTRE )
KR T B RE, 75 4 ~ 200 pg /kg JU RN RLIF, J5
PR HHBR 0.13 ~0.60 pg/kg, MARIEIER 88.8% ~ 106.1%,
RSD 4 5.7% ~ 18.4%. A ks Bl 4, NAHT H#
FESR RIS T RAFRCR, 1T k£ R 1 o o 4 ol 2
RN TR % N A

SE Mk
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