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Determination of migration of 1,3-dioxane and 1,3,5-trioxane in food contact
materials by gas chromatography-mass spectrometry
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ABSTRACT: Objective To establish a method for determination of 1,3-dioxane and 1,3,5-trioxane migration in
different food simulants (water-based, acidity, alcohols, oils, etc.) in food-contact polyoxymethylene by headspace
sampling-gas chromatography-mass spectrometry. Methods 1,3-dioxane and 1,3,5-trioxane in simulated liquid
separation were separated by the column of styrene divinylbenzene polymer through headspace injection (the
headspace injection condition was 85 °C equilibrium for 30 min), and detected and analyzed by the mass
spectrometry. Results After optimizing headspace equilibration time, equilibrium temperature, column, gas
chromatography and mass spectrometry conditions, the precisions of this method were 1.1%—7.3%, the lower limit of
detection was 0.02 mg/kg, and the recoveries were 87.0%—-104.3%. Conclusion The method is accurate, efficient
and simple, and can be used to detect the migration of 1,3-dioxane and 1,3,5-trioxane in different simulants.

KEY WORDS: food contact material; gas chromatography-mass spectrometry; migration; 1,3-dioxane; 1,3,5-trioxane

FBIUH T R RS B WHOR T R I H (201928 14)
Fund: Technology Development Project of Ningbo Zhongsheng Product Testing Co., Ltd. (2019ZS14)
“EWES: Mairr, WL, TRUE, FEGFFE DT AR A E YRI5 85T . E-mail: tyrles@yeah.net

*Corresponding author: TONG Jia-Qi, Ph.D, Engineer, Ningbo Customs Technology Center, Ningbo 315000, China. E-mail: tyrles@yeah.net



1096 1% A T R A

81

1 51 8§

I HE (polyformaldehyde, POM)E{FR fy 5 K LA 8K}
Z—, HARS WY IENIMERE, & —FhgE Gttt R
PR e . B R R R 2 Re, ERZ
LA BB AT AN T | H A AR A S, TR L Bk
M S SRR B SR AR S AT AR R,
DAL A A 5 YRS ) P 400t i ok )92, A0 Tk AL
WLORAE . HRRL. @b, R, FeddaRS TR
SRR ATURE A 1,3- AR TR = R P A O R P
il B A el IR BRI 73 B ik B A A B £ S B A )
I J5 P REAE B AT R B S b . 1,3- R L ER R —
FHEAA—ER, KEFEA 13- E RS
W, SISk Wt B WERES X A B B e i G

BB BT [ 1 20 4 R bR | R DA S A e
it A R A R A A M S R o R R I oA W A
FREEZR . FRER N Z2E R GB 4806.6-2016 i
A R bR Nl R M R ) A GB
4806.10-2016 (£ 4 4 E R bRE B b B2 fik VR ) B v
JZ VIR RG4S = R RS AS R R R S me/ke, 1,3- R
HHTB RN 5 mgkg, KM AT =R T
R PRI N 5 mg/kgl.
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211 A B

Markelov HS9000 55 HEFF 25 (3¢ [ EST 23 H]); 7890A
ML 3 -5975C 5 % B AL (36 1 Agilent 2 ) );
CP-PoraBOND Q il (G K M- LM AR AY),
25 mx0.25 mm, 3 pm, 3E[E Agilent 23 7)),
2.1.2 XA 5 AT

LR TR BT MG pral, E254EH); Mini-Q 8

Ak (SE5E A il); N,N-—F 32BN, N-dimethylacetamide,
DMAC, a4l 35 TEDIA 2AH]); =5 HIRE IR 5 (4h
JE =99.0%) . 1,3- % H BRI (4l = 98.0%) (15 [H
CNW A H])o

B Ah AR TR POM M4 R A4 322 A A e (£
FER ML R & S i il B 28 AR5
22 ZEWHE
22.1 AR IEEE

(VbR A R B

A3 FIVERR R 1,3- S8 FL IR X IR LA K = 38 FR T o e
i S0 mg(RHIE 0.1 mg) T34 25 mL DMAC iy
100 mL &, F DMAC €& £ 100 mL, f53IfrHESE
£ VST (500 mg/L).

(2 M V5 T T )

T 20 mL THESHLHE A SmL 7K . 4%B51R . 50% 2 %
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IR PR AR A A VS VR s B AR ME R TR, S BV 5 2
BL il B — RN E A 1,3- R/ TR =5 AR
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(1) ERLK

TR E R 200 GB 31604.1-2015 &b &4
FbrUE SR R R S A s ) ) " GB
5009.156-2016 { B dhd 2 EEARUHE B S flbh B R 5
TR ARG Ak By ) S e, BB SR 70 °CTF
B 2 h, SRS MERIREEMRAET 4 °CokFE . BUK
4% PR (V:V) . 50% £ E(V: V) FIREAE 31 43 3 1 A A 1 Rk
S A 2S£ SR

(2) IR AL B

B S mL R0 A5 21 A /K 56 & ST OK M L BR T
FEZ)EY 5 g PEE MBI T 20 mL WS &E, AL
AT o
223 AMEE-REEN

(1) Toizs &A%

16 85 CCP-HIRLE T -4 25 min, B 1 mL S MAKE S
(S

(2) k&M

CP-PoraBOND Q Ai#41:(0.25 mm=25 m, 3 pm); FHEFE
JF: 60 °CLFF 1 min, J5LA 20 °C/min % 240 °C{44F 5 min; #F
FEORE: 200 °C; 2 He S, Yk 1 mL/min, 43 EE 10: 1,

(3) Fuik skt

HLSRET: 70 eV, BFURIEE: 230 °C; PUBATIREE:
150 °C; #EMIREE: 280 °C; @Mtk e, 1
5 FEl(MV2)20~100, 2 12 43 B 2R A 45 25 74 (selected
ion monitoring, SIM# 2, ,
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3.1 BiEHENEE

K PR TR 3 A i A A HP-INNOWAX(0.25 mm
x30 m, 0.25 mm), 5 H: HP-5(0.25 mmx*30 m, 0.25 mm)
UREEROIE-ZOmER A @By B4 8
CP-PoraBOND Q(0.25 mmx25 m, 3 um), L& 1,3-24
FIN . SRR ORI 4y B ROR . AR R,
HP-5 @ikt 1,3- 5 IR = 58 B S 10 20 B b SR A 22,
HP-INNOWAX (a1 AT 52 91 = SR W 5 T A 33
B, HREXTF 13- A A, R A LR SE T4 5
R4 2% . CP-PoraBOND Q i H:xT T 2 Ff HFrfL &9
Oy BRI A E, IR CP-PoraBOND Q oAtk
TR —595,

PRAEVBOREE 10 mg/kg(Bidiih), 76 SIM £
L3-TA R R =R AR WE 1, 13- A0
B AR BE B B) 4 7.35 min, =R H A (7 B B[R] 8.45 min.
ZMFRER, PEE 73, 44, 45(DEN 1,3- A HIENE:
BT LY, 73(mVE e = T s (R L 73:44:45
=100:41:20), £%F =P EENZEI 61, 89, 45(MV)IE R E
PEES AT H, 61(mV2) 1 Sy e B B A L (F L
61:89:45 = 100:95:1).,
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S8 38 K2 R R MR E R A S i SRR K 0 b 1 i
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13- LI =R AR N (18] 2) S2RRWT 1,3- 50
T PR = 5 PR 0 e T AR - A L A T
e 25 PR R o 2 5 B SR Y A ) e R M £ A
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i o, e e g 7 (I TG B S AR Ak, 2 R E R R 4 R ICH AR Ak
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AT
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) — R GWBRHE AR, 76 R B SR 550 N R 743
Bro DARUE TARV R M AR AR bR, DL 13-4 HE
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Fig.1 Chromatogram of 1,3-dioxolane and 1,3,5-trioxane in SIM
mode(solvent delay was 6.0 min)
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Fig.2 Peak area of 1,3-dioxolane(A-1) and 1,3,5-trioxane(A-2) at different equilibrium temperatures(n=3)
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Fig.3 Peak area of 1,3-dioxolane(B-1) and 1,3,5-trioxane(B-2) after different equilibrium times(n=3)
Fz1 FREHHF 1L3-ZEETM=ZREBEMNEMETER. &MHE. HXREMEER
Table 1 Linear ranges, linear equations, correlation coefficients and limits of detection in different simulants
et Bey St (mg/ke) LI UESS 4 o B (me/kg)
iRl 0.1~10 Y=3827X+252.3 0.99826 0.05
o 50%. JiE 1~20 Y=572X+139.4 0.99892 0.5
=R
H,0 0.5~10 Y=2580X-7.6 0.99932 0.1
4%k R 0.1~10 Y=2393X +11.4 0.99987 0.05
iRl 0.05~10 Y=17590X +1684 0.99775 0.02
50%. JiE 0.1~10 Y=6609X +107.5 0.99992 0.05
13- T
H,0 0.1~10 Y=18710X +1269 0.99916 0.05
4%k R 0.05~10 Y=17920X -557 0.99977 0.02
*=2 ARZBEENYS 1L3-ZHETEWERE iR ERE
Table 2 Recoveries and relative standard deviations of 1,3-dioxolane in different simulants
M 5E —
gy A WEHme/ke) T ElcE X
/(mg/kg) | 2 3 4 5 6 /(mg/kg) /% W22 /%
0.5 0.4585 0.4480 0.4645 0.4431 0.4413 0.4501 0.4509 90.2 2.0
LV GRT 1 0.9026 0.8897 0.8991 0.8648 0.8775 0.8746 0.8847 88.5 1.7
5 4.5734 4.7542 4.7056 4.8759 4.5154 4.7500 4.6958 93.9 2.8
0.1 0.0922 0.0853 0.0866 0.0904 0.0842 0.0997 0.0897 89.7 6.4
50%Z. it 1 1.0584 0.9868 1.0449 0.9733 1.0357 0.9643 1.0106 101.1 4.0
5 5.0841 5.1831 5.2373 5.1513 5.1985 5.0402 5.1491 103.0 1.4
0.5 0.4444 0.4524 0.4195 0.4527 0.4189 0.4214 0.4349 87.0 3.8
7K 1 0.9665 0.8805 0.9642 0.9466 0.9331 0.9979 0.9481 94.8 4.2
5 4.9037 5.2291 4.9158 4.9028 5.2743 4.9396 5.0276 100.6 3.5
0.5 0.5348 0.5119 0.5081 0.4899 0.5069 0.5263 0.5130 102.6 3.1
4% TR 1 0.9538 1.0102 0.9444 0.9253 1.0119 0.9401 0.9643 96.4 3.9
5 4.9247 4.8736 4.8455 5.1198 4.8066 5.0361 4.9344 98.7 2.4
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34 (IR KIEEE LW

IR | 4%Z8 | 50% 2 5 A ik 56 BR B 1l Al
T 13- R AL R = B BRI W (I3 A b
K, HAKRSIT 3R 2 538 3 ) KR MER A it il s
FIVRIEE, #4208 GB 31604.1 & GB 5009.156 HIHLE BEf7iE
ik, BERLAIZIER . LS mL, 5 g BT 20 mL
Wz, e MRS T 4T 0T, B IKF
FATIE 6 WIFT BT . THERWRE . F9(E . =ik
R BARN BRI 22 03 2 Fk 3, 45 BRI ik
B BT 4 I 2E(87.0%~104.3% ) FIAE 25 B (1.1%~7.3%)
3.5 SCRREEMAET

18 2.2.3 (5 B3 5 3 POM M 5 O RE i A7 T RS 3k
By, W RE B P 13- A R IR R S R T A
g R — FORE S PR = R GRS Tl R A
1.56 mg/kg, 50%ZFEH TR E N 0.41 mg/ke), A HEsH
BIRKG I 1,3- A 13

7 J X ARG, H = 23R H R A R0 A s IS o o
FRUBEH 5 mg/kg, WE FFiH5 EICR, 4551 WoRHE i L
K 50% BRI BN A3 510 110.4%F1 99.4% HH UL
AL, ST 8 5 00 5 SEBRA b = R A R
HERR I o, IR SR DL B DR L3 4,

4 % B

AR SCHENT T THAS HERE SR - TR I 1 vk L
ERMEMA R 13- E AR =R BRI R, @l
152 (14 77 SRR SRR R Y 1,3- R IR B = R
BEAFERER T, AR E)E, B ST
ibTe AKEE. BRYE. BRZE . JWPEEMERIY T 13-
BRI = 5 A A s BR Be AR AT 430 35 1 0.05 mg/kg
0.02 mg/kg, [MICETE 87.0%~104.3%, FXFriE2E/N T
7.3% ASWFSEE Y 7 B TR, 35T H R AR,
I HE R T E B L R bR 1,3- A LT RS R
= BT A FRAE (5 mg/kg) W6 7 ik () Bk 181

*3 AE=Z=AENY T = RAEE LR AN RERE

Table 3 Recoveries and relative standard deviations of 1,3,5-trioxane in different simulants

gy M 7 {H/(mg/kg) o e MR
/(mg/kg) 1 2 3 4 5 6 /(mg/kg) 1% W 21%
0.5 0.5327 0.5340 0.4992 0.4917 0.5364 0.5361 0.5217 104.3 3.9
e 1 1.0156 1.0312 0.9573 1.0391 0.9845 0.9892 1.0028 100.3 3.1
5 5.0463 52115 4.7461 4.7903 5.0291 5.0497 4.9788 99.6 3.5
1 1.0424 1.0516 1.0013 1.0381 1.0394 0.8994 1.0120 101.2 5.7
50% 1 5 5.4700 5.2393 5.1781 5.2585 5.0453 5.0086 5.2000 104.0 32
10 10.0913 10.0109 10.1227 10.4006 10.5090 10.4478 10.2637 102.6 2.1
0.5 0.5228 0.5088 0.4398 0.5375 0.4693 0.4949 0.4955 99.1 7.3
7K 1 1.0589 0.9860 0.9996 0.9620 1.0426 1.0003 1.0082 100.8 3.6
5 49124 5.1527 4.9996 5.2252 4.7856 5.1143 5.0316 100.6 33
0.5 0.5088 0.5201 0.4825 0.5243 0.4959 0.5197 0.5086 101.7 3.2
4% IR 1 1.0091 0.9681 1.0567 0.9685 1.0868 1.0070 1.0160 101.6 4.7
5 4.9676 5.0800 4.9902 5.0533 4.9396 4.9530 4.9973 99.9 1.1
R4 NIRRT ZRABHEW R RAXN R ERE
Table 4 Recoveries and relative standard deviations of 1,3,5-trioxane in spiked samples
gy T WEE/ mg/ke) RIUCFE MRS o
/(mg/kg) 1 2 3 4 5 6 /(mg/kg) /(mg/kg) 1%
L GRT 0.5 0.9409 0.9756 0.9527 0.9382 0.9538 1.0064 0.4095 0.9613 110.4
50% 2.1 0.5 2.0574 2.0072 2.1016 2.0361 2.0103 2.1274 1.5598 2.0567 99.4
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