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Determination of Migration of Alkenes in Dry Food Simulants
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Abstract: In this study, a headspace gas chromatography - mass spectrometry (HS-GC-MS)
method was established for the determination of five alkene compounds (1-hexene, 4-methyl-1-
pentene, l—octene, l-decene, and 1-dodecene) in dry food using Tenax TA as a simulant.
The proposed method utilizes headspace sampling, in which the food simulant is directly sealed and
heated after migration testing, and the headspace gas is injected for GC—MS analysis without requir-
ing organic solvent extraction, thus simplifying sample preparation and minimizing matrix interfer-
ence. Method validation demonstrated satisfactory analytical performance: linearity across 0. 025
(0.030) - 0.60 mg/kg, with correlation coefficients (r*) between 0. 9989 and 0.9999; limits
of detection (LOD) of 0.008 — 0. 01 mg/kg; limits of quantification (LOQ) of 0.025 - 0. 030
mg/kg; spike recoveries of 89. 7% - 108%; and relative standard deviations (RSDs) of 1. 6% -
5.6% (n=6), confirming high accuracy and precision. The method was applied to ten commercial
food contact material samples, in which the detected migration levels of the target alkenes ranged
from 0. 018 to 0. 037 mg/kg, indicating a potential risk of olefin migration from plastic food contact
materials. Overall, this method features high sensitivity, favorable recovery, and excellent accu-
racy, with LOD and LOQ values that comply with relevant product standards, making it suitable for
routine testing and safety assessment of alkene migration in dry food simulants.
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matography—mass spectrometry
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Table 1  Limits and regulations of alkenes

Foreign Domestic regula-

Substance Migration limit/ (mg-kg™") i . Test methods
regulations tions
GB 4806. 7-
2023 M AR A4 RN

(EU) No. 10/2011 FFAEIEZR 'S £ i

4—Methyl—1—pe?tine (4-H 3 0.05 BEEL A A0 biE M (5 GB 4806.]2110— SR (E%@ﬁ&é?}.?%%%$>
—1-%4) b 25 ) (2024) |9 2025 (2024) 1vV.2.2-33 "% CEN/
HhET GB 4806. 11— TS 13130-25: 2005 -'*
2023 B!
GB 4806. 7-
2023 [11]
(EU) No. 10/2011 BEAEIERE ") il GB4806. 10— Ui FHSSEL . A% A bs
I-Hexene (1-CL4) 30 AHEL A ZEninESHNE (HES 2025 12 5RGE Gl E i 2 5 e )
WP A EE) (2024) O GB 4806. 15—  (2024) 1V.2.2-20 !¢
2024 4
GB 9685-2016 "'
GB 4806. 7-
2023 " AR . 9. bR
(EU) No.10/2011 SIAETEZ S' frf ] GB4806. 10-  SHI3 (H [ £ 25 2 4230
1-Octene (1-45) 15 fRE . A AEMARES RN (R EE 2025 12 (2024) 1vV.2.2-20 " CEN/
WP AT (2024) ) GB 4806. 15— TS 13130-26: 2005, |
2024 4 GB 31604. 14-2016 1"
GB 9685-2016 "'
GB 4806. 7-
(EU) No. 10/2011 e HABIEZ U5 £t i 2023 '
1-Decene (2%4%) 0.05 #H . A, WENRESHN (siEE GB4806.11-  /
SN AR (2024) U 2023 1

GB 9685-2016 "'

1-Dodecene (1--F 4 :
odecene (1-F ) 0.05 (EU) No. 10/2011 } HAgE 2 1) GB 9685-2016 % /

FEMATT DT, HOATE NSNS A IR b (WA D), (HIXEETTEARE OGS I 1- 2k
4-HIRE-1-J8 5 1201 3R H bR, REE 1-2800R0 1=+ 05 H BB I7 IR PR ESS DU A S £
B T, DT S U BRI T i . AR H R AR, FOK L T . KRELL WIESE T
PEE A W BARTRIE GB 31604. 1-2023 HHORMLE L1 TH) TR B ARy, (IR B4 £ Stk )
BIEHERL (EU)  No. 1072011 H A 8 SO VE SR EE TENAX AR THE RSy 0t T TR s
Y TENAX 5 4% L2 . A FNRECRE . MR SRS & R B e i LA E R % 2R, SiT
g AL SIS & i B W AN = S BUA I R L B G ] 2 BRI, R
FENLE TR S R R ST BRI 71k, 7 iR N REE S E N AMNE R A R &
ORI TR oMl R ——1-CM . 4-WEE- 100 . 151 1280 S -+ R R € ~ C,
By ITES Y8

BOPESORRE (TENAX) JE—FhE @R AR, AP EA RIFBORIHERE, 7EH BaTb
R A HE RIS BOREE S E P BRGHEATIE = ET MR G R B8 L 1,
AT R TS SR BEA TR A AL B, w20 D A LA AR E N S8 RS0 H bR o B i ke T4t
WAL REE, FFRACFES AT TR . DA TENAX PRy, diar 7 HP 1-O . 4-H2-1-
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1.1 #R5HF

Frfe st 5300 . 4- B -1- 00 (4B)E98.4%) . 1-Cfs (4EFE99.6%) , 1-Z8M (4l 96.9%) |
1-T 20 (A 99.8%) BT Lilgeik/nwl; 1-EM (AiEE99. 4%, f8E DrAF]); WEE (A,
FRBHEAT]) . PERIERE (TENAX, EiF2eitAs]).

e L 103CEBRAE S, $2)F 598 1# ~ 104, H 14 ~ 38 I HIBNRIZAC, 4% ~ T#h PE MR
4%, S#~10#APEE GFIE, P ARSI A Al it
1.2 EHIEE

AT (7890A-5975C Y, LR A R]), Tizs HEh#ikedy (B 1 mLE R, EHE
LA, XW-80A Biiei Aas ( LIBEFPFRZFAGRST ) s XSRTRY (i LR —FERI G
NP

DB-624 BN A% FE (60 mx0. 25 mmx1. 4 wm) . HP-Plot BN 3% FE (30 mx0. 25 mmx1. 4
pum) . HP-INNOWAX B4 A% (60 mx0. 25 mmx0. 25 pum) . HP-5MS BANE 1% FE (30 mx0. 25
mmx0. 25 wm) T3 E R L A
1.3 tREB KRS
1.3.1 FRAEMERE  FREL2S mg & HARWbRifE s, W RS ARG 4532 2 25 mL BB BIRN .
FEE RIS, Rl iR B A 1000 mg/L BIARHERE 75 -
1.3.2 BREWRERER WIRBIRA-FIE-1-506 . 1-200 % -+ ZRbREE S 1 mL, BT 10
mLA R, W RERRRZIEE, RIS RIREE A 100 mg/L TR SFRERE A ERBR1-CR5 1-
FERAMEE S | mL, 5T 10 LS, MW REREERZIEE, B TTEER B 100 mg/L R G
PRI B, ARIGHEL0.02, 0.06, 0.3, 0.6, 0.9, 1.2 mLIBAPREAETA T 10 mLZS R, 4ka
AN0.016, 0.05, 0.3, 0.6, 0.9, 1.2 mLIBAHREER B T H— 10 mLERIEH, HHEEERIFRS],
Bt i) 2R A bR )i (e 4- W3- 1R 5 1-2%00 . 1-+ Wi R A bRif b )i B2k 0.2, 0.6,
3.6, 9, 12mg/L, 1-C5 1200 RZAbrEREIKRE 40. 16, 0.5, 3. 6, 9, 12mg/L),
1.3.3 #RAETEMR  METMFREC (0.2£0.002) g TENAX, ZFHI0IAN 10 wL R A0bRiE S AR, BH T
e 2k, Hopa-HE- -l 5 1-280 . 1-F /& &E50.01, 0.03, 0.15, 0.3, 0.45, 0.6 my/
kg, 1-Cf5 1-EMHEE40.008, 0.025, 0.15, 0.3, 0.45, 0.6 mgkg.
1.4 FTHXW

TR Z M EN13130-1: 2004 ™ WURLE , MRYEFE S0 TR0 FH 450k, i 1R 54 60°C,
10 d, ¥%ZHEEN 14338: 2004 ™ [(HI5E , 4 4 ¢ TENAX 32Ml 1 dm?f9 & SR, i H S TR 1 7
AT, RIS S5 i B A
1.5 FmikiE

EFAFRE (0.20.002) g LT LI G350 TENAX T2, PRl 10 pL B EE, SrRIE
R
1.6 U/&KH

Tz 50k PHFREE . 150°C, “PArmfa): 15 min, EEIFRE: 155°C, EHZIEE: 160°C,

a3 54 . DB-624 BN (@384 (60 mx0. 25 mmx1.4 pm) ; WA, W 1 mL/min; 20
A 100 1, SEFELREE: 260°C; @iE- TG RE: 260°C; Hild: #ISAHE40°C, fAFF2 min, L
5°C/minF+ZE 60°C, FFLL20°C/min F+ZE 260°C, {7454 min.

Bt str: MrEGE TR (ED, B FHEEE. 230°C, MR, 150°C, BihRsgE . ik
PEETIEW (SIM), EES5EkEEFIE2,

TR0 5 s v ot ) A2 438 B T AEAH R B (R B IS TR Ak (0. 5%) HRBL, I HLXH S I i i s - 0 S i




4 il ‘Lﬁ%ﬂi(htlp://www.fxcsxb.com) XX
WS bRiEa—2, nEPERIE B AR08 . K R IUbRHE TAER /3 AE N A IS B, e ik
R 8 B UGS, LUbRHE TARWR AR EE R Aabs, LIS 2R e 2 1 m AU IR,
oxhibniEdl 2, SR E R

2 SRR E RS T HEME T

Table 2 Quantitative and qualitative ions of five alkenes

L . Quantitation ion Qualifier ions
Analyte Retention time/min
(m/z) (m/z)
4-Methyl-1-pentene 7.9 69 43, 84
1-Hexene 8.6 84 43, 69
1-Octene 12.3 112 55, 83
1-Decene 14.7 83 140, 111
1-Dodecene 16.5 83 97, 168

1.7 IBEHE
Vefs TENAX R H PRGBS, MR i B FUUI I DU ARRR L EN 13130-1: 2004 ™ 34T
SRR SRR IER R, AT
C-Cy)xV, 8§,
Y, = (51) X 72
K YRR HPRYIER R, me/kg; CFRIRMPRIE TR AR ARESIE T H bR BTk
S, mg/LBimg/kg; C, &R HPRIE AR 2R #3076 28 R WP B AR 00 ik sl i/
mg/L 8 mg/kg; V, RRIEH LI TENAX BTl , Likg; V,3&m PO SEbrim & i a e, L/
kgs S, FRIFES TENAX HHEMRE AR, dm®; S, FRIAESEPREM & mr IR, dm’,
1.8 HiEAbE
Fr A A AT E 2 K, B2 RIS X 4E . L4 {8 H Agilent MassHunter Quantitative Analysis
B. 09. 00 FRAFHEATRENE S B oA . 22 P Origin 9. 1514

2 H#R5itE

2.1 &Rk
2.1.1 BIEHMEE AU SRR BB E LAY, T ETE84 ~ 168 ZH], JEHL
SEI A R B 554 PE HP-5 MS (30 mX0. 25 mmX0. 25 wm) {4 FEFR M HP-INNOWAX #: (60
mX0. 25 mmX0. 25 Mm) , DRI FFR 8 o F B DB-624 % (60 mX0. 25 mmX1. 4 pwm) DL R I3 S 1 e
Y IR Pl B A HP-PLOTAE (30 mx0. 25 mmx1. 4 wm), Xt T 4 @ittt 5 Fp B b o028, i
B 1al by, BT 1 e A, 7E HP-PLOT AT A AR S %, AT e 0 A ot v Ao P T
260°C PR 18 min J5 7 g, AritElEs K (BI1A) s mife Hoft 3 Rh i, 11—+ U fEiEss)
260°CJ5 2 min PRI BT g, 1- 06 4-H B8 —1- )8 76 HP-5 MS (& 1B) 1 HP-INNOWAX (& 1C)
FE B BRI, REBIIELR Y5 MAEDB-624 (E1D) #E EAY /B Bl ZEa%0E
H bR ) o3 B BER G AT I ) S R 3, 1B 45 DB-624 A4 Ry 43 B4

DB-624 F14F 5 s e i 3 B ROR e, BB T H A SR e AH (6% FUPN /285 -94% — H
FEREEENE) 5 BT R AFPCEL . AHES TGRS, IR C=C XUEIR T T g9t M RIE, i
15 SEAR VLI E A REAE 55 2 7 A 1 B ) AR - 5 S AR A AR o MRS T E BRI L 22 R0
9% PE HP-5MSHE, DB-624 A1) HP AL AL BTt oMtk E R 1, REARLIX 340 F2AHT . Whal
2SN SRR (T 1 - O 55 4 - 1= 00 ), 5RRD T S alifg f B AR 5 TR T oAl P
HP-INNOWAX A, HH SR PERESR L 7 08005 B5aK3h 11, G 7R g9tk ek i)l s O 58 = 850
WETEIRTE . [T, DB-624 HEAE AL AR AN BT IRl AE, 765 BBk 5 40 B 1) [a) B S
TR, Hit, DB-624 ¥ A TERERAR .
2.1.2 MEHEGEMMHRL TS KANTA, BEZESEEMB R FE, TSk
o 1) o e P AT B B R 150°C, BRI M2y 0| 25 5% 1 R ) BE TR AR i AR W4y HIHE 70, 90, 110,
130, 150°C M RAfE, 250N 2A P 5 Fivdda it i 5 34 Rl iR B iy i 38 . A3 i ik R,
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PEFE 150 CYE R R . FEdbFEmt b, [EERE A 150°C, /il 28 Fiiitm) A 15, 30, 45, 60 min
B SRS R B . NI 2B Bz, 4 Rh-Pfgi 1a) T S AR il m AU 25 5, 0 15 min BRHEE S,
CIkFF7, P, 65 Dias FiiE) 4 15 min.
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(B)
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Fig. 1 Selected ion chromatograms of alkenes (10 wg)
A: HP-Plot; B: HP-5MS; C: HP-Innowax ; D: DB-624
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Fig. 2 Peak areas of five alkenes at different temperatures (A) and equilibrium time (B)

2.2 FHIRWIE

2.2.1 ZMEE. RHERESES TR L2 TENAX AL B R PbRiE TAEE W, 7£0.025 (5
0.030) ~0.60 mg/kgEIHEN, & BRYPERRSREREZERIFEERR, HARE () =0.995,
PIEMEEL (S/IN) S5 F 3F10 05 FEA R (LOD) HE= TR (LOQ), 1-Cil 1-2EMH) LoD #
$70. 008 mg/kg, LOQ X H0.025 me/kg, 4-HFE-1-M . 1-Z86H 1-+ A LOD ¥4 0. 01 mg/kg,
LOQJ°40. 030 mg/kgo

F3 STMEIRRYITE AR . TSR MR RS KRR E R TR

Table 3 Regression equations, linear ranges, correlation coefficients, LODs, and LOQs of five alkenes

Compound Regression equation r Linear range/ (mg-kg™") LOD/_I( . LoQ -
kg™) / (mg-kg™)
4-Methyl-1-pentene y=9314. 495919-43. 370903 0. 9989 0. 030~0. 60 0.01 0. 030
1-Hexene y=10619. 889806x+ 679. 529347 0. 9995 0. 025~0. 60 0. 008 0. 025
1-Octene y=25491. 635114x-90. 680814 0. 9989 0. 025~0. 60 0. 008 0. 025
1-Decene y=5262. 648522x-27. 695342 0. 9995 0. 030~0. 60 0.01 0. 030

1-Dodecene y=7188. 597075x+27. 170585 0. 9999 0. 030~0. 60 0.01 0. 030
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2.2.2 EWERSHEZE LIASATENAXCHHER, 20i#4170.025 (30.030). 0.30., 0.60 mg/kg 34
AP IR B SE5, AR PATINE 6 UK, ISR AR A bRt 22 W 4, 255K, SPMAEkR2E
Pl IS 89. 7%~108%, RSD Ay 2. 4%~5. 6%, FEWIZ 5 VA H A R IF 00 k0 EEFIRE %5

F4  AREMBRAKT T RIS AR R ZE (n=6)

Table 4 Recoveries and relative standard deviations of alkenes at different spiked levels (n=6)

Average recovery

Compound Added/ (mg-kg™) % RSD/%
4-Methyl-1-pentene 0.03, 0.30, 0.60 98.0, 92.7, 94.8 4.2, 2.5, 4.9
1-Hexene 0.025, 0.30, 0.60 99.3, 92.391.0 4.4, 2.44.6
1-Octene 0.025, 0.30, 0.60 103, 90.7, 89.7 2.9, 4.8, 3.4
1-Decene 0.03, 0.30, 0.60 104, 91.3, 90.3 2.5, 3.5, 1.6
1-Dodecene 0.03, 0.30, 0.60 102, 108, 99.0 5.6, 4.4, 4.1

2.3 KPR R

M “1.47 5 “1.57 7 ERER S5iER KRR, R “1.67 J5ikAt 10 2K & S it
B G 5 M IR 2 S E R 2. Bra# S 108 HAEH 1-+ 2 (S22 5105 0. 018 mg/kg 5
0.037 mg/kg) Fb, HAMAERIIARAEH 5 PR

MNSEFRAE R IN S5 SRR, DT A = S R I 25 SR 3 7 B A O hRIEZE R, Bk XU KA . M
SR IR R A 20%, K I 1-+ 0, KRS 314 0. 018 mg/kg F10. 037 mgrkg, HoHp
10#PE SR R BR A — 2, FAE—E XS, (EAHERNAE, [-Of . 4-HE-1-R6 . 154
-2 R, o R T RE 5iER 54F (60°C, 10d) AR, M T 1-+ 28, X4Mpaie
PFERVER SR . o FREAL, 7E T AR WL 5 0% 58 B8 JTAE 455, e BT ) S i Ag i FE v
NI REHE Sk sk SR A AT, W SEHER BT R HR . tesh, BciEn,
FERDCR IR TR Y 1 B, SRR I% N T B S ER AR DR 6 s A FE il R B 2 S Y
Ko FBBUHRAD IR XES B, FFRNTFRIIE ST, W= MFs A & SRR . [ABERED
R, ARMOPRE -+ 4e 5 108kEs (K3) M MR K (PE) B0S PEZE &40FH, 25
1=+ R HIEA T RE S PEM B A — @ R 1- T R VA IR SR L3R ik sl T 515
N, HAEE PEJZAPEN PR G B XA A B o AR, B TSI HoAth 6 3 & PE M RO AL S (T 5#
6. THIKIEAY) FERKZYT, HEBEWZETETE | RIZ2EE ISR FEgm, R
ERFHAR (n=10), MIEFEEIIA TG HRZ BT E R, (UK AR S TR ] ok
JE SRS I SO RIS . KR KA R, 45 LS, Ptk ik
R B e R M AH G

x104

1.4+
1.3
2 1-Dodecene
1.1

o
0.9
0.8
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0.6

0.5
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04

65 7 75 & 85 & 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 195
Counts vs. Acquisition Time (min)

B3 i Bdpedn (104) B@EigE
Fig. 3 TIC chromatogram of typical sample (10#)
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