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Abstract: 1In this study, a headspace—gas chromatography—mass spectrometry (HS-GC/MS)

method was established for the determination of five alkenes (1-hexene, 4-methyl—1-pentene,

I-octene, 1-decene and 1-dodecene) in dry food simulants using TENAX as the simulant.
TENAX, recommended as a dry food simulant by EU Regulation (EU) No. 10/2011, is a solid
powder with strong adsorptivity and differs significantly from liquid food simulants in physicochemical
properties, making existing detection methods unsuitable for direct application. To address this,

the proposed method utilizes headspace sampling, where the food simulant is directly sealed and
heated after migration testing, and the headspace gas is injected for GC-MS analysis without the
need for organic solvent extraction, thus simplifying sample preparation and reducing interference.
Method validation results showed good performance: linear ranges of 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 and limits of quantification (LOQ) of 0. 025~0. 030 mg/kg; spiked recover-
ies of 89. 7%~108%; and relative standard deviations (RSD) of 1.6%~5.6% (n=6), indicating
satisfactory accuracy and precision. The method was applied to ten actual food contact material sam-

ples, with detected migration levels of olefin compounds ranging from 0. 018 to 0. 037 mg/kg, sug-
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gesting a certain risk of olefin migration from plastic food contact materials. The method is character-
ized by high sensitivity, good recovery and excellent accuracy, and its LOD and LOQ are well com-
patible with relevant product standards, making it suitable for routine testing and safety assessment
of alkene migration in dry food simulants.

Key words: dry food simulants; food contact materials; alkenes; migration; headspace gas chro-

matography—mass spectrometry
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1.1 #R5HF

PR 550 4-HE-1-00 (4l 8. 4%, LgZeit/Nw]), 1-afs (4i)F99. 6%, gt
ow)); 1= (AEE99. 4%, B Drvw]), 1-284% (4AifE96. 9%, Lifgiilan]), 1-+ 0 (4
99. 8%, LifgZeiAw]); WEE (faikal, BEMEAR]D) . SRR (TENAX, Lg% aAa]),

Feoh: 3L 103KEPRFEGL, FEF 590 1# ~ 104, Hop 14 ~ 3 I RIBUR)ZAR, 44 ~ T#4 PE IR
a5, S#~10# W PEE GHE, PR ARSI ARkt
1.2 EE5E&

SABEAIE BTG (7890A-5975CHY, SEE[ZHEEAT]), Tizs Ay (1 mLE B0, EHE
LR AT), XW-80A BURIEIR A ¢ ( LIEERIRFALE) )5 XSR 08 RKF (G LR -4 R
o),

DB-624 B & 4154 (60 mx0. 25 mmx1.4 um), HP-Plot B4 {434 (30 mx0. 25 mmx1. 4
pm), HP-INNOWAX B A iE4E (60 mx0. 25 mmx0. 25 wm), HP-5MS BAIE @ i%F: (30 mx0. 25
mmX0. 25 pm) .

1.3 Ak

1.3.1 #RAERRALEH

L3, 11 FRtd &Sl FREL25 mg & HARMIbRIES:, H B EEMEHH 2 25 mLBOEA 2
W, HHEEE RIES), ECH BT B 1000 me/L FRIERE 351

1.3.1.2 BAREP R MERBE4A-F -1 -2 5 1 - MR A 1 ml, BT
10 LA, HEREHREEZE, BARERER 100 mg/L IR GIMERIRA, ERBR 1-C5H
B 1-FHhnEE &S 1 mL, BT 10 mLASHY, HWEHEREEZE, HI43 589 E M 100 mg/LHY
IR APRUEA W B, RJSH0.02, 0.06 mL, 0.3mL, 0.6mL. 0.9 mL. 1.2 mLIEA&FRER AT 10 mL
R, ALEIMAN0.016. 0.05mL. 0.3mL. 0.6mL, 0.9 mL. 1.2 mLIE&FRUEZ B TH— 10 mL
HNEMPREERIFES], BB RIbRE R R (o 4-H B -1- i 5 1-2800 . 1T 2 R 50kR
HEHERE 0.2, 0.6, 3. 6. 9, 12mg/lL, 1-CM5 1-E&NRFbRE R RIRE 0. 16, 0.5, 3,
6.9, 12mg/L),

1.3.1.3 AR T ey sl WEFIFRIL (0.2+0.002) g TENAX, 43AIAIN 10 wl Z 50 bR b ia) A
Bl TAERh 2R, Horp4-WE-1- R 5 1-2%48 . -+ M EME40.01, 0.03, 0.15, 0.3, 0.45,
0.6 mg/kg, 1-C5 11— EE 40,008, 0.025, 0.15, 0.3, 0.45, 0.6 mg/kg) .

1.3.2 EHXW

BRI ZER S I EN13130-1 7 MORLE , ARIEFE Sl 00 T 3 H i, e #5521l 60°C
10 do FZHREN 14338 ™ (MLE, &F4 ¢ TENAXHZfik 1 dm?f) & SAZ AP EL, (8 H S e n) 7 Ui 7
R, HIAER RIS & S
1.3.3 BIREFESNGEEY
1.3.3.1 #&AE WEFHRE (0.2+0.002) ¢RG4SR TENAX FINZSHEH, BB 10
pLHEE, S7RVE %
1.3.3.2 L8B4 H Dzt FEIREE. 150°C, “FHHE . 15 min, ERFRE. 1557C, Lk
L. 160°C,

B85 DB-624 BANE IR (60 mx0. 25 mmx1. 4 um); WA NEAS, WHE 1 mL/min; 200
oA 10: 1, FEFELIEE: 260°C; faik-FipfdZ iR : 260°C; FEE: #IGHRE 40°C. {#FF2 min, LI
5°C/min AT E 60°C, FLL20°C/min FFE 260°C, {554 min,

Fi st mFSEHE IR (ED, &R 230°C, Mg, 150°C, HapRgEnrt. i
BRI (SIM), RS EEE T WAL 2,

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
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Table 2 Quantitative and qualitative ions of the five alkenes

Lk ﬁ(fﬂﬂﬂ %fﬁ %Ef)%
- 7.9 84 43, 69
4-F 1100 8.6 69 43, 84
1—F 12.3 112 55, 83
1-Z8 45 14.7 83 140, 111
-+ =% 16.5 83 97, 168

1.3.3.3 F#EiHHE RS TENAX 1 HbR¥ 00 B 5, HR 3 AE Sl 10 T390 6 175 O 2 B RR B EN
131301 """ AT AR HFME RN ERE R, AT
(C-c¢C,)xV,

Y, = S
1

2
V,
EveE
Y FoRFE i &, mg/ke;
C o bRt TAEHh 2RI FE S0 B PRI EE , me/L 8 mg/kg;
C, F7~ I PRiE AR SR 77528 B BRI EE , me/L B me/kg;
V, RRIERIRE A TENAX BT& ,  Likg;
V, FR U SEPR A s ARV TR Like;
S, RIS TENAX B3R AL, dm’;
S, FR AL B ST, dm’,
1.4 HiELE
A A S TN E WK, B IR MR . 0 dE {3 H Agilent MassHunter Quantitative Analysis
B. 09. 00 BT VE ST . 2B Origin 9. 1514+

2 GRS

2.1 &Rk
2.1.1 SiEEREE  AUh IR R B AR R A, R84 ~ 168 ZH), AHE
FHEE T SLE A A H B 59 AR M HP-5 MS A A Rl s AR M HP-INNOW AX K, LA K i 70 5% 58
FHH DB-624 4% . FINRA%E & ML e e 005 4354 HP-PLOT AL, MEAT TR H bR 23 B EERTEE . ANIE]
O REE EAARIA S TR E WE 1 BT 1= s AR RS, AE HP-PLOT #E LI PR EEH50% , FEilk
LEAOTE A IR 260°CTF PR 5 18 min J5 A g, ATl (b ; e HAh =Fh a4,
1=+ AR B 260°C 5 2 20 B N BIAT g, 0 T 1- Ml 4-H - 1- 3005, EfNFEHP-5MS (d
&) FIHP-INNOWAX (cl&) #E LA S BRI, RECBIFLLHE,; mAEDB-624 (a&) H: L
B 5 B R AU . LR 25 e ELFRIIIR 0 25 BE RN A0 AT I ) S5 R 26, 1645 DB-624 A4 Ry 40 B A

DB-624 14T TR R o3 B R it , BRI T A SR PR e A (6% BUP LR -94% —H
S AR 5 HAR P RIS, AHAS FIRAIRER, MR C=C XU 7 1 H g9t AR e,
15 SEAR VLI 2 A REAE 5 2 7 A 1 ) AR - 5 AR A LR o TE R IS A e, AHEE T
FE SRR 5 25 4 B I B9 AR HP-5MS K, DB-624 HEPT SE L 3R 1L T 4 AM B E ] 11, REARL
X320 TAHVT bR 2E SN SRR (0 1-CF 5 4- W16 ), TRAN 1 B aliih 252 i)
AR AT AR HP-INNOWAX £, Hop SEARPERESR (it T /2 08 10 43 B 0K BN T, Sl dp 1 0 55 4%
PR E) T SR A S EIETERTE . [, DB-624 1 % SIS R YEA YL BT (G AE , 7E7r 8k $%
PE5 43 B Ta) Z [ B 7 R . Rk, DB-624 LR G kRe st
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Fig. 1 The selected ion chromatograms of alkenes (10 pg) (a: DB-624; b: HP-Plot; c: HP-Innowax; d: HP-5MS)
2.1.2 MEEHMHRME XTI R0, EEEETSIREMBEEANNE, ETFUs i
e 1) B 5 T Tk B G R 150°C, RIS 5T 43 0 5 4% 1 A ImD iR BE T B b i AR S 43 N AE 70°C
90°C., 110°C. 130°C. 150°C'F LA myne B qE , 25 RN 2a B o Tofde Jas i e 7 34) i, B - i i
. AP E TR BUE, R 1ISO°CYE PR . R b, BUETRE R 150°C, 43 )% 5% P-4l
BFEIA 15, 30, 45, 60 min i FLRMERAIN AR . 0l 2b Bz, DU Fh-P- g i i) T J it e i A1
B 225, R 15 min ARSI CIREPEE . A, B 02 B4 15 min,

—m— 4P R
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Fig. 2 Peak areas of five alkenes at different temperatures and equilibrium times (a: temperatures; b: equilibrium times)

2.2 FHIiRIIE

2.2.1 ZMEE. RHER. EEMR L2 TENAX HEEFE H R bRl TAEE®, 7£0.025 (&5
0.030) ~0.60 mg/kg /T[N, % HInPIEHRAR SRR E R RIFEERR, HRRER>0.995 (Frift
Hi 255 (IR R Y T %% AR R ) o LUBMELL (SIN) 5 F 38110 40 A A PR 5 =R
& HFRYAE LOD FLOQ MIFR/KF T 1 SN JE I 53] 4 3. 9~6. 8 FH 10. 8~18. 95 1-CLHiFl 1-F 45 LOD
¥37450. 008 mg/kg. LOQ )4 0. 025 mgrkg, 4-HIF-1-)%HM5 . 1-Z8K A 1-+ A0 LOD #44 0. 01 mg/
kg, LOQ#J40. 030 mg/kg.

3 AR, LM A R

Table 3 Regression equations, linear ranges and correlation coefficients

H i R *ﬁﬂé?\ﬁ (e en| A 4 B JE [
(R?) (mg/kg) (mg/kg) (mg/kg)
4-F -1 y =9314. 495919 * x — 43. 370903 0.9989 0. 030~0. 60 0.01 0.030
1-C y =10619. 889806 * x + 679. 529347 0. 9995 0. 025~0. 60 0. 008 0.025
1—=F y =25491. 635114 * x - 90. 680814 0. 9989 0. 025~0. 60 0. 008 0. 025
12845 y = 5262. 648522 * x — 27. 695342 0.9995 0. 030~0. 60 0.01 0.030

-1 & y =7188. 597075 * x + 27. 170585 0. 9999 0. 030~0. 60 0.01 0. 030
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2.2.2 EWERSFEE LIZHTENAX KRR, 4ral#E170.025 (5(0.030). 0.307F10. 60 mg/kg =
AR IFRECRE:, AR PATIE 6 4K, IR AR AR W22 W 4, AR ER, R A
89. 7%~108%, RSDA2.4%~5. 6%, FWHiZ%JI7ikHA R IR %

Fed4 AEIDIBRAT: b 220 0 Dl S B X b M 2

Table 4 Recoveries and relative standard deviations of alkenes at different spiked levels

ik BT (mg/ke) Ti"’ 'El'ff HIXHERAER 2 RSD (%)
0.03 98.0 4.2
4-H I 11l M 0.30 92.7 2.5
0. 60 94.8 4.9
0. 025 99.3 4.4
- 0.30 92.3 2.4
0. 60 91.0 4.6
0. 025 102.7 2.9
1= 0.30 90. 7 4.8
0. 60 89.7 3.4
0.03 103.7 2.5
12407 0.30 91.3 3.5
0. 60 90.3 1.6
0.03 102.0 5.6
1+ 0.30 108.0 4.4
0. 60 99.0 4.1

2.3 SEERFEmE
1. 3.2 5 1.3, 3. 1 B TIER S HIEM LA R B, R 1. 3. 3. 2 @ 7 IR 1030E
aFE AR P ) TR AL ST RS R AT A5 RIS PR
5 RSN R
Table 5  test results of samples

It (mglkg)

5%

4= 1 - Y 1O 1= =580 -
1# ND ND ND ND ND
24 ND ND ND ND ND
3# ND ND ND ND ND
44 ND ND ND ND 0.018
S# ND ND ND ND ND
6# ND ND ND ND ND
# ND ND ND ND ND
8 ND ND ND ND ND
9# ND ND ND ND ND
10# ND ND ND ND 0.037

* CND” Rk (KR : 0.01 mgke)

LRI SR I ZE SRR E , A 72 SR I 45 SR 945 B A bR BRI XS KPR . M
KR TR Rk 20%, KB A 1-+ 0, K HEL S04 0. 018 mg/kg F10. 037 mg/kg, HoHp
10#RE SRS IR IR 2, TRE—E XS, EAERNE, 1-OF . 4-HE-1-06 . 1%
A-ZEAEAR LI PR, T HIER TR 51T & (60°C, 10d) A%, MET 1-T 24,
X AT L . SR AR, FE TR T R S O BE RE AR AL, AE AR T iR
IEL SRR T REE S35 L R SRR LS & Ay, W SSUHIER BT iR . s, F
WEEde s, TERMCRIE TR -+ 0 ©, SRz vl /e -5 F AR SR o H sl A Fe i B v i 22
MIGYA R BBHE AR XS B ¥, FERANTFRIIE 0T, B0 AT & A R . (H
RERNAR, AP 1T 20 445 108 B AR M (PE) SUE PEEE AR, iR
1-T IR IIERE T RE S PE A SRl I AAAE —E R HK . 1-T R 1E R QIR S TSR sl i T/ 5151
N, HAEE PEJZAEH 0 58 B XA 50 i o SR, HH TP AR IR o HAth 6 25 PE AP AR S (n S#.,
6, THIMKIEAY) FERKIZMIT, BT REWZE T RZRE PR EM SR FE g, R
ERTHAR (n=10), MWIEEBEIA B SR Z B E A, (B R FE S A BEEDTT 4



55 XX A TS R G- O AN E Tk (At b 5 i 2k St i & 7

Ja 4k
71 5

= =

3

Bl
ik
—

JRUSS A ) B SR GRS % . AR KRR, 45 & L2828, PRI Bk
Wl IT RS B AHSRE

1.3:

1.2 1-Dodecene

1.1

09:

0.8

0.7

0.6

0.5

0.4

0.3

0.1:

- 6.5 7 75 8 8.5 9 9.5 10 10.5 1" 1.5 12 125 13 135 14 14.5 15 15.5 16 16.5 17 175 18 18.5 19 19.5

Counts vs. Acquisition Time (min)
K3 SRR (104) Ei%E
Fig. 3 TIC chromatogram of typical sample (10#)
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