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ABSTRACT: The work aims to comprehensively study the migration risk of the multi-layer composite packaging for
food contact with food contact paper/aluminum/plastic composite packaging as the research object in combination
with the non-targeted high-throughput screening technology and the safety risk assessment method. With headspace

gas chromatography tandem mass spectrometry, gas quadrupole time-of-flight mass spectrometry and liquid
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quadrupole time-of-flight mass spectrometry, the volatile, semi-volatile and non-volatile migration substances of
paper/aluminum/plastic composite packaging for food contact were comprehensively screened under different migration
conditions. Then, based on commercial databases, laboratory self-built databases and industry information, the chemical
structure and possible sources of substances were analyzed. According to the semi-quantitative results of internal
standards, the compliance evaluation and risk characterization of the migratory substances were carried out with domestic
and foreign regulations on food contact materials and safety risk assessment methods. The results showed that in
20 batches of paper/aluminum/plastic composite packaging for food contact, no migration risk was detected in the 4%
acetic acid simulants. A total of 35 substances were detected in the 95% ethanol simulants, which may come from
solvents, antioxidants, smoothing agents, oligomers and antioxidant oxidation/degradation products. Among them, 33
substances showed low risks, but the other two monomer oligomers were recommended to continue to pay attention to the
progress of toxicological research and the dynamic change of domestic and foreign laws due to their unknown structures
and incomplete toxicological research. Therefore, with the combination of non-targeted high-throughput screening
technology and safety risk assessment methods, there is no safety risk found in using paper/aluminum/plastic multi-layer
composite packaging for containing water-based foods such as fruit juice under normal usage conditions. However, it is
still necessary to pay attention to the migration safety of polyolefin oligomers when the packaging was exposed to the
foods with high ethanol or fat content.

KEY WORDS: food contact materials; paper/aluminum/plastic; multilayer composite packaging; migration; non-targeted

screening; safety risk assessment
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17 0 100 0.3
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T REAHTE Y 30~1 000w, EFEHEE ()
60V, RffEREE (2 ) 35V, FETER (=
) N 15 Vo TERE TR, BRbEess ok i,
T L oM —4 500 V, HAR SR 0F 5 18 B P A TR .
1.2.3 T, $EEFZ*

EFXEATRE RIS, HLm TR S FRR S S
FEMRRNE | T BRI L AR N8, A NIST i 1
FISEES 2 A d X H bR 7 1% R 2R o Y ik A T i
JE=70%H 50 T8 T . 5T 55 1 W50k iff ot it Z00HH



122 % TR

2024 4 4 A

KR ZE/NTF 53107 B, 45 A FE R S R A 7=
FE B SHIE, MUK, S5
VERCRE < 70%0F, T —20 s 5 S R R &
A REm P IR E, 455475 BFE chemspider
LA fn BN R R oA T BERI 25X, IF R FH 2%
FUEEK 2509 05 e 7 S AT R R A, T
15 ks W HER 254 .

HRYEAS 0 W B e A1 L P B B[R] RN P B e S5 i) A
RUE 22 456 SR A A ) LB SR A 72 B 438 o 2T DA™ 1)
S, Rt AR AS TR 4 e 2 R i Ay =K Y A
e, DLAEBEBEHE Hit,
1.2.4 ZEREITFNFE

A 10 TR R R A B it 2 Al b R R O TR
A2 5 I B2 ALfE S PR AR 2 i RS BR &, I il btk
TR A PEPEOY o XS 78 38 ]/ 2 3 R4 4 18 161 P4 1)
KWy, SRR BE ( Threshold of Tox-
icological Concern, TTC ) J7 X} H k17 & F EAL ),
WKHE Cramer PR X P B AE BRI T /025, OFR
PE o E YA A X N R H % R iR R, S5 R
JiE AR R AT P B — MR 60 kg
MA—FHHEHEA 1 kg &F BB FHE N
AR R P B, B AL SR S o R Y 4
fl T AR 6 dm?®, %W I B A H R 2 8% 5 (EDI)
Mep=Mx1kg/(A-d)+60 kg/ \x1 000, 347 K pg/(kg-d) ,
Hrp M oy B e @ BB &, me/kg, 18X H A
HZ 22 WE S5 H SRR, FIWE 652t
T A AR T .

2 HREHW
21 ERMETHYEAERRETGEE S XK
VIEES

TER 0 T A5 R TV N 1 TR/ T ) K SR
W, SR HS-GC-MS i 5 i Ay ik b oA 7 590 1) T8
FOALER W30 07 5 B B LR . SR, #5 & M i
WA, o R ) A b HOSERT, B BRI AER

2R ER O LAY R R T b, AR T
FEERRE S B JEUU R T 5% B 2 0 £ 14 05 30 A 2
R TP IEREY T, DL S AR T A A 5T
R e B2 G o Eoh, W AR ER o BRI E, RE R
T Ak PR 3 £ R (AR AR I o At ) I S AR Al
GB 31604.1—2023 1 6.2 Z53HLE , i@ 2 # Rk
WRRARRKIEE, KT 22,

211 BRI HURAE LSRR RIES T

20 HtEEAL P ILTT ARG 6 R R IEYI BT, EEY
BE2E . BESEMMIEIL Y. HART AL R LR 2.

A0/ER/IB I A AR A 2 | B A U R
HFAE R A LI R, [N 7 3k 28 B . B2 7 5
B WRAT S IR T thl 2l R A LA T
Pk, Kl R E Y BNER . 28 IET R, IEIR
e ] BRI T 52 0 2 BV R ik i v A 9 7R 5 B
B B TRV A R P R P A R P TE R L IEC
MR Al RERIRA 2 Bl , — o ] REIR T 2R 24 28 e 2 771
A e R e R 8 T A i SIS R R R A AR, S —
T BER T 1 0 76 o IR AT AL T A3 2
212 HERUTIBURHMFEEERERKEITN

ST BB BTE, PrAREM T 6 MR LY T
M i it B BT 0.3 mg/kg, A E AN S
fb AR S ] fh BRI, R ISR . LB, IET
A TE EEAE GB 9685—2016 R3] 2 i) 21 AH 1 PR,
HEEREB B AR 2R ik H 0 2 ot
E SR IE O H AT ] P SRR R T R 2 AR A A
o MR AL, X 2 KW A RER Y R
(Cramer 1), XJNV %4555 W60 30 pg/(kg-d). Hfx
KTt i85 1) EDI [EIL T4 2 58 A, 16
o E— 20 TR o W 5T R BLUA S AL A o
A R M A B AT R IR SR A, B R
A Al et P A SRR G S R R A o R A R
Jo 23 52 IR AT AT AR, 1T L G T R I ) S S
Yy 0 ST AR . RERE . AHAE ISR, Rk, &
XT3 KR Bk Y 5 5 A R il R i — 20 ORI
BB ST, DA G s e A2 1 B XU

®2 ERMIBYRELLFESERMKEITNER

Tab.2 Results of non-targeted screening and risk assessment for volatile migratory substances

¥ . CAS  Kith#/% FTREAIR %ﬁg%j@tﬂ,l SML{%/ TTC 532 Meol/ ﬂéﬁﬁlﬁ@/
2R KGR/ (mgkg!) (mgkg™) [(ng-(kg'd) 1 [(ng(kgd) ']

1 NEd  67-64-1 35.0 5% B 0.038~0.11 60 (CN) I 1.83 30

2 L 64-17-5 25.0 peasnilLs A 0.047~0.11 60 (CN) I 1.83 30

3 IETE 71-36-3 30.0 WHIFRE  0.032~0.051 60 (CN) I 0.85 30

4 IFJREE 71-41-0 5.0 peasnilLs A 0.047 60 (CN) I 0.78 30

5 IEREE 110-62-3 5.0 Jlink gl 0.12 — I 2.00 30

6 IECE 66-25-1 30.0 Jlink gl 0.032~0.25 — I 4.17 30
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Fig.1 Chromatogram of screened semi volatile substances in 95% ethanol simulants and
MS/MS spectra of detected saturated and unsaturated hydrocarbon compounds
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Tab.3 Results of non-targeted screening and risk assessment for semi-volatile migratory substances
in 95% ethanol simulants

CIN:ES S FER SML {§/ TTC Men/ e BT R/
F5 R4 PR CAS SR, . _ - , EDI _ g L
5 BREH Butti=E% WA TG/ (mgkeg ) (mgkg ') 2 [(ngkgd) '] [(ng(kg-d) ']
K )| ZY | VAN X P2 P4
| SRARES 100.0 %WL{E‘E 0.026~0.57 — — 9.50 —
Lyl Y
KA HAZ /x‘ KA
p ATRMRER s0.0 AR 01005 — = 47 —
EX /syl et
3 REMERH R 1235-74-1  25.0 L ALF] 0.010~0.018 — il 0.30 9
4 SN 13601-88-2 5.0 AL 0.015 — Il 0.25 9
5 PARE 6704-50-3 5.0 A AL 0.014 — I 0.23 1.5
6  BLEF 168 31570-04-4 5.0 eI =01 0.059 60 (CN) 1 0.98 1.5
ZA-TRT .
7 95906-11-9  10.0 B 168 0.025~0.056 — i 0.93 1.5
I B R TE 8
2,4- TR THIAEE  96-76-4 5.0 PrEH 168 0.017 — I 0.28 30
9 FEHEER 2R 628-97-7 20.0 FEIE 0.010~0.016 — I 0.27 30
10 HE)EER L BE 111-61-5 10.0 FEE 0.012~0.038 — I 0.63 30
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Tab.4 Results of non-targeted screening and risk assessment for non-volatile migratory substances
in 95% ethanol simulants

ARERIE TR SML fHi/ TTC Mipy/ T BT A
F5 WIRARK CAS Kt &/% " ! H \ el P8
LR 1 5/% SFE W (mgkg!) (mgkg!) % [(ngtkgd) '] [(pg(kgd) ]
1 FEHER 57-10-3 95.0 7 0.042~0.74 60(EU) I 12.33 30
2 MR 57-11-4 95.0 EL il 0.13~0.93 60(CN) I 15.50 30
3 et 506-30-9 5.0 7 0.023 60(EU) I 0.38 30
4 AR 629-54-9 15.0 FWH 0.013~0.020 — 11 0.33 1.5
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