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Abstract

A headspace gas chromatography-mass spectrometry (HS-GC-MS) method was developed for the
determination of 1,3,5-trioxane and 1,3-dioxolane residues in plastic products. The sample was
dissolved in N, N-Dimethylacetamide, and then determined by GC-MS after static headspace at 90°C
for 30 min. There was a good linear relationship between1,3,5-trioxane and 1,3-dioxolane in the
range of 1.0~20 pg, the correlation coefficient (rz) was greater than 0.999, and the limit of quanti-
tation was 1.0 mg/kg. The recoveries were 91.8%~102% with RSD of 2.8%~9.2% (n = 6) at the
level of 1.0 pg, 2.0 ug and 5.0 pug. The method is simple, accurate and reliable. It can meet the re-
quirements of qualitative and quantitative detection of the residues of 1,3,5-trioxane and
1,3-dioxolane in plastic products. It can be used to screen the specific migration of 1,3,5-trioxane
and 1,3-dioxolane in plastic products, saving cost and improving detection efficiency.
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IR IR Z NG, ARG, AR IR A I — S 2 i A s ). Kb =
RS RO = R Ak, AR =8k, EMbRIEY, ENEZEANL TR, iz
PRI 5 R 2R, BN XUy AL TR . TR IR FH RS54 RO JIE R B 44 J5URE . o AR B AL 5
13- ZRURE AR 1,3- e, R It R A &, R ERAE A B i e AR o AR A ) o = 2R
1,3- 5Nk 2 56 ) B R Al R R i, ORI SRR 13- ARG E ER N AR
RS, AN SRR S Ao KA1 Y, 62 5 & MR AT R dE N 5, AR A A fi e =
AR fETE . SRRSO BT R BRI, KPR A S 2 R, T gl R S g | A 5
J 48« Bt A R R AT R o 1,3- 4R GE PT IN o B NRH R IR, 6 PRI R JER AR IR i A 5 i ) ol
Wbk, AT ™ R 5

FLIE 2011 ST, BRER R A )6 B F SRR B} A iR RL(EU) NO 10/2011 [1], sBI#RUE T
SRR, 13- RVHE ARG ARG BhRIAE € Al SRR R R A, O
FE T =R, 1,3- 8RB T B (SML)ANMS T 5 me/Kg, (BB B A4 5 i br
. 2016 4 10 H, ERTPANTRIEFTLZASKAM T GB 4806 HRAIE M2 E 5 hriE, Hi GB
4806.6-2016 [2] [3]6 i % 4 [E SbR 1 £ d B2 A FH SRR i 00 s v B S rp B 4 = SR FR R D 1,3- 50t
(5 AP BN SOV I ORI IS 5, AR T = SRR 1,3- 450N oe 1 e i B8 =LY A1
it 5 mg/Kg M 2K, (HA AR BESRBUAH B AT I 7 VAR e . B3 2019 48, 1L ZR4 7 dh i AR SR A 7T
Bt IR 25 MR S (4] 1 R TS - SAREEEIE &5 POM L i b =R R EE e it &, H
SIS BRI RBR M, R 5E R T 2K 50% B o = 5% FR IS B8 1 10 5 T vt 9 . 2020
S, TR SCEAR A O IR S (SR FH T AS - A £ B R VA I S B S A AT R 13- SR AR =
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RWREITE, @7 7K, BRYE. BEde. MRS B 1,3- TR PR =R P R R IR
BN ET %, ZOFRBIEVESE, BRI, WERRA A, 58 4l 2 R EVE UM E SOPRHE 2K, A
T ZERIVE I T o AERXS T BT e g TE RS S AOAS I 3 A A 1 ) AR 1 S S AR
f R R PR 2 R, AR R Sl B T AR R L DL AR T 3K, I AE &3 AR BE AN 18] T #4748k
B6] [7]e SRJEXEAS S0 5 BRI REAT 70 M. TR RS AN 7R N FE R R AR, i ELREI FERE,
Rl xR L T BAE 40°C 2R AF T, R 10 R &, PR ARSI o DRI AR AT 6 B
— AN R BRI 5 VAR D T T

A FER AT SRR T3, N7 7 SRl op = SR AN 1,3- UG B R IR U5, W
A RO LI BRA T PR AR, A Ak B BT AR A S 1T GG M A SR A A

2. SCIGERSY
2.1. (XB5IRFH
7890A/5975C S AR - FLEC (A CTC =& — HEh#kRERE) (Agilent A F]); 20 mL THAS R

(Agilent A 7)) =58 FEEFRIE S (AEE KT 99.0%), 1,3- —EURKEFRHE M (S KT 98.0%) T i 22 ikl
A RAT; FE(EBIELD, CNW AF]):; NN-THE OB fZ(tiga, CNW A ).

2.2. ¥REBBRROECH

AERRARE = S FREAN 1,3- R hr e % 0.1 g(REMAZ 0.1 mg)E T 10 mL A&, A FEE
fRIEESS, BCHIAK 1.0 mg/mL HVRFIRIE S, BT 4 CUOKREARAT o A5 20 i B a5 0 i 4 V) P I s
IFEZ, BUK 10 mg/L. 20 mg/L. 50 mg/L. 100 mg/L. 200 mg/L KR A bR TAE & 4.

2.3. FRAEHIZR AR

1E 6 NI 5 mL N, N-ZH5E AR, FE AN 100 pL B GFRiE TR R
G, BT RIS, AT ) = R R 1,3- 5 &= 2008 1.0 pg. 2.0 pg. 5.0
pg 10.0 pug. 20.0 pgo FEVE TS FIERE FRE 4T, % EMERERIRIE, LAk iRk
PAsbR, TREPRHE TAES BB AR, ZehilbrdE TAEMZE.

2.4. BEmETLESE

BIERFE S BT 0.5 mm x 0.5 mm 3 LA RERLR, TR A IS EMENFRIAE o BURFIIFES: 0.5 g~1.0 g
CFERAZ 0.1 mg) T 20 mL TSI, #ERIIIN 5 mL ilhall NN-—HF 5 A/, i B, 7F
V8 A TI S FH T TR 2 fF R EAT I8, BEANREIIRE Sl 2 ASPAT .

2.5, (UBTIERH

2.5.1. SHEEEEG

@R TG-624 BANEHE, 30 m (1K) x 0.32 mm (FEAA2) x 1.8 pm (/5. FEifi: 40°C {74F 8 min;
30°C/min F+ 4 220°C, fR%F 5 mino BEFE I : 230°C s il — a4z LR FE: 280°C s A : 1.5 mL/min;
st 10:1, A SARA.
2.5.2. Rtk

HLEYR: EI; FEAERE: 70 eV B TIRIRE: 250°C; VUBATIEIE: 150°C; %485 i (SIM);
WAIZEIR: 3.5 mins ERSF: 12 min f5RMARE. (REAM, St &S IE 1.
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Table 1. Main parameters of the mass spectrometry of 1,3-Dioxolane and 1,3,5-Trioxane

F LI -ZEKEM=BRBRIESH

Compounds Retention time/min Quantitative ion Qualitative ions
1,3-Dioxolane 5.209 73 73, 44,29
1,3,5-Trioxane 9.302 89 89,61, 44

3. ER51T1i8
3.0, (SRR EAAIEHE

3.1.1. BiESEHRERE

SCHR S TR T CP-PoraBOND Q #F, 7B RAF, (HARSLES = WA B &%t s:, B tbi T
TG-624. DB-5MS il DB-35MS #:[1)4r B 3R, 1,3- 5K bE/E DB-5MS il DB-35MS {fuili A4 [ #4R HE £
B, REAETAIZE 2~3 min 28], SN2 B R AN E B . Bk T IR M REAR N U ) TG-624 4
TEAE o 2N ERE UL « F2P FHE S AR SE S HIA, 1,3- e = R R e 1A B R 26 0 25 .
BRI A A B L 1.
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Figure 1. Chromatograms of 1,3-Dioxolane and 1,3,5-Trioxane

B 1 13- Z8xRM=RBRRNeiLs=sE

3.1.2. MEEHRHL

MRAE 1,3- UG = SR B, RS & SCHR 4 FISCHR 5 IR FE s R, e m e TS P
MR 90°C , WA AT AL R FE 4 POM Ri IR A 350 i » e P8 102 P #5 sf 18) 4351 4 10 min 20 min.,
25 min. 30 min. 35 min A1 40 min, HCEGAS 1,3- RGN =R HEE G IR N . KB 1,3-
1E POM FifH A dar = 50 FR B2 A 0eg T AR DU ot o5 P A7 B ) PR3 i 48K, 30 miin 5 B A #5815
%, VEWIE 2. CRGHERIME, BT A P4 Ry 30 min.
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Figure 2. Optimization of Headspace Balance Time

B 2. Tz FEatEiiie

3.2. ZifEER

1% 1.3 IR hilbrvE TAE 2R, 45 RVENZ 2, 75 1.0~20 pg ZEVEJE RN, 1,3- S =R H K
ZEIEAC R AR T 0,999, 475K HIEE (POM) MR WO A, 12T BRI INBR IR B £ 05 /MBI L SN
=10 NiEEER, #iE 1,3- " F e =R H R e =R/ TET 1.0 mg/kg.

Table 2. Linear ranges, correlation coefficients, regression equations, limits of 1,3-Dioxolane and 1,3,5-Trioxane

# 2. 13-ZREEM=BREBNLMER. XA, SMHFEMGHIR

wem LR (ug) FAR R SHTE & B R (mg/kg)
1,3-Dioxolane 1.0~20 0.9994 Y =41162x +622.3 1.0
1,3,5-Trioxane 1.0~20 0.9996 Y =1970.8x — 168.8 1.0

3.3. BB EE

23 503% FH = RO [R5 1 58 R I SRR 2547 1.0 pgs 2.0 pg, 5.0 pg =K TS FAT B AR B RTRS
B, ARVEN 3. SRR, 13- RGN =R P FEIRCRTE 91.8%~102%2 18], AHXTFR
1w 22 (RSD)TE 2.8%~9.2% 2 [8], [BISCRFRE % E R AF, WEettesrikER.

Table 3. Recoveries and precisions of 1,3-Dioxolane and 1,3,5-Trioxane in POM materials (n = 6)

2R3 13-ZEREMZBABAE=ZMTE S POM S REWEFIEZE (M = 6)

e ——— POM-1(%) POM-2(%) POM-3(%)

R 2ICL e RSD RS olEillie: RSD SEE IR RSD

1.0 91.8 8.8 92.5 9.0 93.1 9.2

1,3-Dioxolane 2.0 95.6 4.3 95.2 5.1 96.9 6.7
5.0 102 2.8 100 3.5 96.2 47

1.0 94.7 9.2 926 8.6 97.5 9.0

1,3,5-Trioxane 2.0 98.2 46 98.4 3.8 96.0 5.7
5.0 99.3 4.5 95.3 6.5 98.6 6.2

3.4. SCPREESRAIAIE

FERETIIESE T 8 AN [FIRA o (A SR 2T (R REATIE 739309 POM M5 3 4, PP 5 2
A MS B 2 4>, ABS #4511 A>. e 34 POM M5 sl 2 sl /b #0CH R = SR PR B &, 1,3- UK
BEASAAL H, HAdRA TP KRG o UEBIAE POM A 5t 14 it 2 Y 1) 60 SR 0 XU 0 A Y = B PP
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LA, XANSCHER 5 HRE A A IS R AR — 2, SCER 5 il T 5 5k POM M SIRE L, Horh A 1 R IFI
Rl SRR i BT 50% L BRI T = JEHTIEIE o 8 AR AN [ A4 JoR R AGL I 485 SR v L% 4.

Table 4. Contents of 1,3-Dioxolane and 1,3,5-Trioxane in 8 plastic samples (mg/kg)
4. \MEERERP 1 3-TRXEM=RAE S E(mg/ke)

&% T POM-1 POM-2 POM-3 PP-1 PP-2 MS-1 MS-2 ABS
1,3-Dioxolane KA H EN ok A H A FAH FArH KA H KA
1,3,5-Trioxane 6.5 28 1.2 Ak AT H A H A RAGTH

35. BFEIBRENHR

[l br GB 4806.6 F1KKAR(EU) NO 10/2011 28045 - 1,3- 5 e be Al = 28 FE I # RA Re e iE S = SR,
HE AR IR E R ER, A7 & 28 H (a2 IS 5k B kiR e 1T . BUNR EIT#
SIS AR T BT R e EEAR IR AR S A R AR A [F BRI T7 1, 27 A R B il i AR A A AR L,
I

DL ARSI A : ARIE GB/T 5009.156-2016 £ A4 R} K il it 3 A% 106 7 A 28 5 v 38 ) )
E, HFERIERE <0.5mm B, HHEREER R TEA, BUATIAA 6 dm®, EEEEL 0.5 mm, A 1
L B AT R RS . B, RS AT N 6 dm? x 0.5 mm =30 cm®, & SR B35 24108 0.8~1.7
g/em’, A POM MR IIHE R 1.42 glem’s JFERZ L 0.8 g/em’ I, FESIIB RN 24 g, Hi6H 1,3-
ARG R TR AR B 2 <208 mg/kg I, $ZBR B E 100%i R B B R, B 1,3- 4
JRIEE =T ST B <208 mg/kg x 24 ¢/l L <5 mg/kg. 4R 1.7 g/em® 1, BESIIRE N 51 g,
I 13- ER B SRR E < 98 mg/kg I, R E 100%ER B & AR, B
W3- AR = R BT S B < 98 mg/kg x 51 g/1 L< 5 mg/kg. it POM il i &N 42.6 g,
L 1,3- EURBEE = R AR B R < 117 mg/kg B, $25R BB 100%iE8 24 WA, By
W3- AR = R RS B < 117 mg/kg x 42.6 g/1 L < 5 mg/kg.

A b A A5 FH 5 B e ) 25 SR SR TR R e I R e A A BB AR, AR SERRR I AR, R AR S Y
W), AR AR PTE m(g), RSk B B 45 R C(mg/kg)Te LA & m(g)FREL 1000 FER LA
ERRI B AR VL), BIRTAHMERE 100% R 8O MR e T B il 45 R . DU FL a0 kI &
EIE L R R SRE, AN TS 1.0 mg/kg HO5% Y & PR 8 4 0] DA e 45 e ST A Al 1)
e K . AR T 2T {8 F Bk B R A AR AT RS R o 28 U A TE L 5, oA A FHIE N (7 o
fin) s IR AN 4S5 IR Jy nT T A S
Table 5. Example of screening specific migration by residue test results (full immersion)
= 5. IRBERNERFRBEIBERG(EZEAN)

FERLJEE (mm) ST (dm?) FERR B em®) BEF 3 (gem®) BERF i (g) BEUMIIARIL) 5% M B (mg/ke) H55EiTH B (mg/ke)

<30 ~0.8 <24 1 <208 <5

<0.5, HR0.5
<30 =1.7 <51 1 <98 <5
<60 ~0.8 <48 1 <104 <5

>05, <2, 2

<60 ~1.7 <102 1 <49 <5
<3 <90 ~0.8 <72 1 <69 <5

>2, B3
<3 <90 ~1.7 <153 1 <33 <5
<8 <280 ~0.8 <224 1 <22 <5

>2, B 10
<2.8 <280 ~1.7 <476 1 <10.5 <5
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ARSI TR R 1,3- SR SN = 3R R R B R A T OSBS54, 2 iR A A
HERARE e, AT TR b R R i 1,3- AR I AN = I R e SE AR AR U A AL, A Rt T4
JRAS, SRR o

SE K
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