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ABSTRACT: Objective To conduct non-targeted screening and risk assessment of non-volatile migrants from food

contact paper-based composite materials. Methods Liquid chromatography coupled with quadrupole time-of-flight
mass spectrometry was adopted to comprehensively screen the migration behaviors of non-volatile substances from 2
typical food contact paper-based composites (paper/aluminum/plastic and paper/plastic) under different migration
conditions. Risk assessment was performed to assess the safety risks of the detected migrants. Principal component
analysis (PCA) was further applied to compare the differences in migration substances between the 2 types of materials.
Results A total of 38 kinds of non-volatile migrants, including sizing agents, antioxidants and lubricants, were
identified from the 2 types of materials in acidic food simulants and high alcohol-containing food simulants. Risk
assessment results indicated that 5 kinds of alkyl ketene dimer (AKD) sizing agents migrating from paper/plastic
composite films in 95% ethanol posed potential health risks, suggesting that further refined risk evaluation was
required. PCA revealed distinguishable differences in the composition of migrants between the 2 kinds of paper-based
composites under 95% ethanol migration conditions. The number and migration levels of migrants released from
paper/plastic composite films were overall higher than those from paper/aluminum/plastic composites. Conclusion
The comprehensive migration data demonstrated that the barrier performance of paper/plastic composites against
hazardous substances in paper substrates is inferior to that of paper/aluminum/plastic composites. Special attention
should be paid to the migration risk of AKD sizing agents when packaging high-fat or alcoholic foodstuffs. It is
proposed that relevant risks can be reduced by optimizing the sizing process, strengthening the quality screening of

raw paper materials, adjusting or increasing the thickness of the barrier layer and defining the application scope.

KEY WORDS: food contact materials; paper-based composites; non-targeted screening; risk assessment; sizing agent
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FOBFH M BT RAIE 22 5%, $a s AR S5 A4 553 B XU 22 18]
PINTE DGR, S dh il ACEE S G MR e 2T S i3
TR B (3t E B B2 A Hh

1 MR5ERZE

1.1 MR5RF

MR AR 8 St & S Bl I AC/A0 S At/ 88 52 A T
FESh, T A R A AR/ AR SR (S k), 4R/3BH R (3 L),
S5A7T ZOnA BR =M B BRI, #E. RO
4. WO NN E G IR, FE RS R T
50 dm? B3R, JEEEZ) 0.5 mm, FEHTA4V. RH5R
(NI OE

AB2E Z H R IE —SFlE-D,(T R 10000 mg/L). 16
HE TR -Diso(ZHJE = 98%) . 4-FH IR 93 PU T Bk (B FE = 98%)
4-F2 I RIEEIE(LIFE =98%) . 0.22 um RIUR I A HLIE
JIEE (L W 2 3 SO R B A R A wDD; B S iR -D, (5
HYRE 10000 mg/L, 3z BTk RHE R A RA ), 4R
(fEpkal, FIgZEEBHE R A IRATRD); JoKCEE. iRk
(et . FH R (R R e A 1))

1.2 UE5E%

SHIMADZU LC-40 SCIX X500R LC-QTOF 1% (3 [
Sciex /3 #); Waters XSelect HSS T3 ffi#£(2.1 mmx100 mm,
A2.5 pm, bR R R A B Rl); PURELAB
Option-Q7/15 4l /K 2lifk 7 Gt (F[E R /R A% A F]); XS205
DU 3432 —43 81 K Gii AR 8- 468 22w ); FD-260
G XIEFR TR (PR E =18 A ).

1.3 WRIEHE
1.3.1 &R A h &

AWFRMKYE GB 31604.1—2023 { & h5h %4 B ZbnifE
1 il A B ) AT A% 556 W) YT GB 5009.156—2016
CEMZEEZERE a2 bRk K 51T 5% 256 B kb
BTN ) AER, B 2 bR & R Al SE R
. ATRESEMMAY & M SR R INR, BIATRIRE
B RMNE 1 Fin. AR RIRE 3 NPT, iR
B AR LRI T R ET AR TR
W2 0.22 pm A HLUEME LIRS AR RS HL 1 mL 2R/,
JIIA 50 uL B BE Hy 0.2 mg/L IR & AR IR R TR
SIEANARBTEI N 0.01 pg), 7 LC-QTOF P,

132 MBELEH

BRE S AEFE S Waters XSelect HSS T3 (2.1 mm
x100 mm, 2.5 pm), Ji3IAH AN 5 mmol/L R4k, 4B
R, WECH 0.3 mL/min, HHEZY 40 °C, #ERER 2.0 pL,
FRBAEE VR P40 R 3% 2 fis .

ikt BB FHEASHC BFEAN | ke

55 psi, ARSI N 30 psi, MEESESIN 7 psi; BT
AL EE S 550 °C; WEMEH K2 5500 V, —2 5 %2
RN 60 V, —Z A i FERE R 438 10 VAT 35V,
THRSAATAERE 1SV, B R AR O F B AR R
B — M G R 4 100~1500 Da i
30~1000 Da, 8 R SRR DIH 7, W0 T
JHRE R -4500 V, HARSH G IES PR fs—2

*1 IBAEER

Table 1 Migration test information

FEm - Eh OB IR
Hom B4 L S
]
/ L
gm0 A%, , 60 °C,
g CTEURERIE o e TR T g
R 1 2T

I A BC BB

®2 HERBREF

Table 2 Gradient elution program

i} 8] /min HishiE A/% HBIAR B/%
0.00 90 10
8.00 0 100
17.00 0 100
17.10 90 10
20.00 90 10

133 &, ¥EZFH &k

f#iFH SCIEX OS 3.0 ZCH% A i 1A T A 488 1) i 25 500
KA SWEME TAE, 558 (RS R T FX R bR
W, SR VBSOS DG TC RN LA T S8 LA N 1) 1 o 5l
FEVERCEEAR T 90%HF, A4 AT RE A4 2 43202
G, BRI BAETES A=Y B RS 2R 5 AT v RE Y
&Y, FR LA AR S B ARY) — R
T P DECRE, DERCEE R T4 T 90% K Al #fi ik H bR 4 2%
F o B R 1R,

LR IUAT SCHR P AR IS RIS H 0 g 020, S
Ve S M BB RIS L AR AR (R AR B R b e e
ANH A BN AT A IR, 43 5 R S8R R I R iR
-Dy. AEAFR-Dyo. WEEMNERR-D, . 4-AHHER M PY T B
4-FE R4 PRI . AT TR o P A L O B ]
PR P FE AL B % R AR 1) P BR AEA T2 i AT . AT A
T AR R B RHEHL(EU) No 10/2011 € 56 F 1 5 & dh
F2 ful i BEORLAERL R S Y rbrd B <BRAR DA E Py ke TR
PRAR R, 75 A H RA 0.01 mg/kg B ESR, ¥ A7
746 R (limit of detection, LOD)N 5 pg/kg, 5wk
10 pug/Lo [, B35 5 FrNARAE 2 RSB H s
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WHEACE A 10 pg/L SR HR 6 ROPAT IS . it
ISR BoR, XA ZE (relative standard deviation, RSD)
BUNTEET 10%, RWA B8 REFEEPEGE 3).
134 EBFHH5 %

AR 4 07 25 ) o A IR VT P ol R, 2GR
TR RUATR EE AN SEBR 5 & SR il AR TR LT 52 L B
H, BT A=)t E.

x:CSX(Al_AO;XVXf 1)

o x A Y R S, mg/kg; C i NARIR
0.01 mg/kg; A; AFENIRILR A H AR 5 XF R A bR i L
Fb; Ao has FIRE DRI B AR 56 B AR AR L v
SRR, Ly S IR, dm?; fONRERL S Y IbrE
) TET R AARRL B, DR AR BB AR R HRCR T 6 dm™/1 L
R R b 5 B S B o ) TR BUARRRL L
1.3.5 KK AE 7 &

K A S AR B BRA T ] PN A 2 Al e R A i i
TR R MEA TS I VA . A SR fi R ARG HL A4
e B RESEn, K GB 9685—2016 (& fh 44
FARME B Sh bR S S RS I B AR ) A3 A%
. (EU) No 10/2011 3358 19 AR5 1 T R PEAY . H:
ARtz WA P s BRAE 2R, WK R AS B 0PAl . BTl
XU A TF T XU DA TAER

& T PPAN: e AR R AR B R A L Kk 22 11 B FA b
5% H A AT PE A 4 5 ) {8 B 35 5 (B (health-based  guidance
values, HBGV), M#/DHSCHERIE, SERONERE 2R
HEFF A0 FE HL 24 G 1 B {E (threshold of toxicological concern,
TTC), WIEYIRLER 2, T TTC BEP.

TR VEAR T W R 1 £ 42 A e R S VT A
Ak, BE—1 60 kg RE M AR RIEA 1 kg &K YR
F AR/ BR BB Bl AR SRR BT i 22 fl £, D0 R X
FZ W 5 1 B H R £ 55 7% it (estimated daily intake, EDI),
TR WA(Q2).

EDI=Mx1 kg/d/(60 kgsBW) )

Xf: MO EE MU H O (E ), mg/ke.

JRUBS A B [ Brad A T80k, Rk I8 1 48 /40 /48
s 40/ A A R AR A 2 5 R TR N 20% % 8% EDI
5 HBGV = TTC B{EAHLL, 2 /N T 20%HF, WI7EH
CUEGSER S0 RPN OR8N PN N i3 B L 54
FTREPERCAR, Lz, MZH 5 AT g2 Xk A MR Bl — e 110 fgkt
SR AU
1.4 HIEAIE

AT FE BRI IE T 3 YOS ke IR,
SCIEX OS 3.0 X A=RAE 515, SR WPS Office Excel 2025
HEATBEH 434, Origin 2024 JF /& PCA.

VCFLBE =90% VCHEEE<90%
i) 7] 2 Y
o ﬁi e AT
LB
i St aed ]
oo | 4

A LA

I TEEEIL A
FE=90% -

11 IDA A1 B K 4 (information dependent acquisition),
Bl et

Fig.l Qualitative analysis workflow

=3 5 MAFRMAREUEE RSDs (n=6)
Table 3 RSDs for the recoveries of the 5 kinds of internal
standards (n=6)

R
AR BRI e pE RSDs/%
/(pg/L)
A — W iR 4% TR 6.97 8.40
1E Z2F[g-Dy 95%Z. T 10.12 2.00
) i 4% 21 11.76 1.52
A-f AR DU T —
95% .15 10.87 1.66
A ED A% LR 9.71 9.30
1t K-Ds3g
95% . T 11.75 1.92
AR D 4% 8.99 7.75
ERA
’ 95%Z. /i 8.71 201
4% TR 10.80 5.58
4-FR I 4 - JRIOR
95% . T 10.47 6.19

2 HREHR

2.1 HKAB/BEEBRPIEELMTIBYIRIELEETT
ES5XKEITENER
211 HAB/BILSBEFPEELMIBYRENRERF R
i

% 4 TR EMELE R BORTE 4% BR(V: VBRI P 00
YRR, 95% L BE(V: VBRI P 11 FhiER Y,
A RE R 5 A 40 14 it Jie 550 A R b B SRR



138 B 5 A BRI 2 4l

FH1TE

Jit 52 790 e 20K RS IR, e SR P A T R A
THIGEKB K . B, GEEMPEEVERE . ASBFFE R 5 HEAt//
WEGHEAE 95S% LBV VB IR 8 it ¥l
Yol MRAEARUAT 200 2 RIS, B AR WA U5 A AL 7 it J 51
A5 B AKD i 71 o A HH 23 B vy B4 D A A R (e
A 100%), HOAE I F 2RIy, RAGKIER =368
ZRREEH, AR TR B K PERER 2 BRAA A R LASD,
Ko H A FEARTIE R 24 O AKD 2 4l 2 7R, AKD
il 2 ) 5 A L 7 A VA 9 I B e S FLHAT i ROBLTR PR -
BRI A, FERIAL 1L 7 P 5 B- IR PR S AREF 4E R B2
R A TRAL S SIS, P e I i B RS A £ 4R K T
T R E (4 /K B B 20271 G e AR IR O 1 K i
R U TR Ay S Ak S, 5 s i 0 R 1 T S A A S 75 e A,
AKD TE4 Uit 7 v a8 K 5 S K i BB, K3 F
PSR TR p-NBRIR I B L, (AR 3R COR
HE)-O(Wr ) SENL Se W LB MU ST IR T 38, JERL f-Hi R v 1)
Ko T - ATLE, HIE 10T CO,, MK
J IR, 320" W) T K - K IS A, TR TG I B E T
YERM . T AKD 95 BRI A2 Y OB A
bk, A U RS AL S W E AR vk R BT LB
e, TEAR/AR/IB G S AR R . RERIR . — e
FRAE N ERY 6 FlIR IR AN 1 RIS R (3% 4 Hh 1~7 S 4,
A REAR IR AKD Jifi i)

PRGNS I2 T SRS 8 701 b R b 2 G R

ARSI . AR/AR I A EAE 95% L (V- VRS,
TG P ARI R TR HU AR 1076, HAG H 5 100%.
Hoax 2 BRI T35 B AR 1076 B4, 4352
BRI T JE77 8, —E KR 40%, P4
1076 ZRIR_ [ ¥R FEABOT AL T 36 4, AT FEA 2 [l pH
SEF I R SR F A m T, RBS S A LR
AR, MR SRR, & BT A A Y, i 7 B
1SR AL Rl 2 B B & A AR, DRl 46050 1076
JBR S RN AR T 567 036 5 T RS AR 2k A 2 31
Tk At A B0
212 HR/B/REASBEFIEELMIBHFHERZTER
T R AN

YR/ER IS A IERE S TE 95% LT (V- VB vh AR 45 %
Y R A K EEAE 0.011~0.130 mg/kg [X[F] (5% 4),
Hh P4 1076 TS EAS KB . AFtRiR . TR |
T TkEER AR ROV 1076 Al AR LS LM,
HAT R A A0 N BR AR A . Ay 6 Rk H 42 T 24 TG PR o
bR R B Ai i) HBGV Al i), SRA TTC B{E LA,
Ca6~Cao JEWF IR FNPTAEF 1076 WAL T =¥ )& F Cramer
125, 16-=+—Hid FiHr 437 1076 Ji & 7=Y))8 T Cramer 1125,
LR PR S, EDL Y5 TTC BE HLE/N T 20%., KL,
AR/ /Y8 A I T ) T L T i P 2% 1T 6 A MR AR
et 53 XU 1) 7T RE M4 AIR

R4 RKABEESIRE 2 MIENY IR I B RGEMREITAER
Table 4 Screening and risk assessment results of non-volatile migration substances in paper/aluminum/plastic composite films in 2 kinds
of simulated objects

TTC [SfE

- ¥ P SR I TG Kottt EDV Cramer EDVTTC
pm L cas® ot TR AR ARRRIER e e TR mgte g
K (mg/ke) % bwed)] bwed)]]
4% R ~
il
iy ER oA}
1 57-10-3 i R Cy6H3,0, AKD jifi J5 751 0.020~0.079 60 /@
2 57-11-4 i i R Cy5H360, AKD jifi J5 751 0.011~0.022 40 /@
3 557-59-5 i P C4H50, AKD jifi J5 551 0.028 20 /@
4 506-46-7 . VAV S CyHs,0, AKD jifi J5 551 0.022 20 0.00037 1 0.030 1.23
5 506-48-9 ity AN CasHs60, AKD Jii 551 0.026 20 0.00043 I 0.030 1.43
95%2, % 6 506-50-3 =iz C;30Hgo0 AKD jifi J5 551 0.026~0.031 60 0.00047 1 0.030 1.57
((a2]
7 502-73-8 16-—=+—i C31Hg,0 AKD Jiti 58 71) 0.012 20 0.00020 1 0.009 222
8 514-10-3 ATFRR Ca0H300, FAT T 3 0.015~0.085 100 /@
9 2082-79-3 B4R 1076 C35Hg 03 Eizwnl 0.110~0.130 100 /®
19277- U 1076 A NP
10 657 ey C35Hg0O03 P4 0.014~0.016 40 0.00025 1l 0.009 2.78
LA 1076 AL
11 ! '2067_259' T C3Hs405 Ei=wil 0.021~0.022 40 0.00037 I 0.030 1.23
)

T MFR YT AR AN | B PEE AR DGERIIE N, JERE T RURITAG . e 2RI — S iR (alkyl ketene dimer, AKD). Rl



SEFTH, S BRI ARIE R A OB AR A R W K AR 15 7 75 KU DA

139

015
o 0
Retoonsocy, RyY BN [ RC | [2+2] R0
—= " C co| — 5
R,~coon R ¢ ;
3 R, R,
il [ S AKD
HO—3
O Rpo— wHO—
R, —  FRfbLI
0 0
R, A R;(\LOH# R Ao H,0
(0] —CO2 (0] Z~OH 7k%ﬁm
R2
e TR %ﬁ%ﬁﬁ

K2 AKD &, BRALKOK AR AL
Fig.2 Mechanism of AKD synthesis, esterification and hydrolysis
reaction

22 K/BESEFIEZELMTIBYRIELETFE
S5REITENER
PRI AEEL L ES Y RS G S
e 5 s, 34t/ A B A & Y T TE 4% 2
FR(V:- B AT 2 PR R, T RESR IR IS A Ay
MEREH, o BRI ST BRI FER, KRN 66.7%H
33.3%; £ 9S%LEE(V: R At 34 Rk,
AT REAC I = SR A HR Bt ) R SR o B R R R v R
95%Z (V- VBRI R AL R B 5 I T St e 7 4
JET A 22 Flr AKD S RIP) 0 o WAAFBRZE # v i R S
XU A . RS N, A BB AR .
FRRTEG . WA EREERS Y, KA AKD 2
it RN P 5 SE B 14 FhATRE R AKD JFURHA K SER A T
R AL FIBE VR (35 5 9~22 S IR), 4 Rk A4 g i
AR BT (3R 5 v 1~4 W) 50), 2 FIERER (3R 5t 5~6 54 J5),
2 PG IR (R 7~8 SWIR). Hodr, 16-= . 16-
Sl 2\ TS A TR R AR R G R Y A
100.0%. AH M T4%/58/8 5 5 T, 4%/30 52 G T b i 4800 1Y
KRZT 1 Pz BB e —PiEGR 1010, Kbk
33.3%. ULAL, /IR A 3 FE DT BREE Y BRI 1
T i BR TG 2 5, 1% R 9090 5k R 1 SR 1 rp s 1198

221

RIS | FRARBEIR R Horh, WifRR: 2 BaJR AT v BE
S B FREARRRLE 95% L BRI vh 5 B R A BR AL B 1)
e 7P
222 HW/BELMEFPEELBRIBYRNFEZELERE
R AR

YR/ I A AL SR TE 4% 2RV ViR P AR KT
Yy BUT B R AG YEAE 0.031~0.041 mg/kg, 1E 95%Z B
(V- V)2 MR P BT = AE 0.010~0.870 mg/kg( 5). 1E
A% ZER(V:VBII R B 2 RIS, 22 AR
JRBE PFEA 7 TOUf8 FH 2% 10T Xof A fedt B i A XIS 19 7T
BAR. 78 95%LBE(V:- MBI hAs g 20 Ry, &4
BRI A AT REOR, HA 14 sl = w042
BT HBGV $lE, £ Cramer 7025158, 4 4 Fh ki
J&F Cramer 12§, 7 #J& F Cramer 1125, 2 Fl/& T Cramer III
¥, GG, 3 R Ew(e-— T —m. 16-—1
AT 18- = FL ) AN 2 Bl R (TSR A
i —2Yy . /IR T 24 EDI 5 TTC
LY R T 20%, FRBIA]TREXT MR 7R — & RO il
Ao MRHEEA 16-—=+—MiA 18-=+ A E AT 5h J12%
W3EHE, WY BT aEAE S & AR B Al T
SRR R, A/ A A A e SR 4
R B B S A A A i 0 XU 7 P RBP4 AIG, F e fh s
QST R B AR 28 £ B N T A G E AKD it AR 254 I
HIEB L2
23 2HMEREEEMREIBYIRES S

2 FZ 2B EWIEMRE 4% LRV VBRI A6 H
YIEAR D, INIEAHFSE 5L 95%Z BE(V: R T
AR RS ER, K 2 B A [FREREE Sk 0
Joz KX R AE RS A AR AR E S A Origin 2024 # {4 IF
J& PCA, ALK A AA H A S 5 2L 0 mg/kg Rt
YTFRARRAR, PCA 55 MR RIS % .

PCA 1550 R ( 3), 2 FibA 5 B AR S Bl — R 4 Bt
B BLAC/IRRE S AE RS ) rh o HORE B R R, AR/ /98
FESRNAE T PCL fa X5, RARTEANTRYIEES

®5 USSR 2 MR PIHEL T B RIFERME TR
Table S Screening and risk assessment results of non-volatile migration substances in paper/plastic composite films in 2 kinds of
simulated objects

TTC (i

B s cas® ot ATt g TEIREE S BE miny  Caner s e
e
Yz 1 1231-75-0 B AT R CaoH50, A M) 0.031~0.036 66.7 0.00057 I 0.030 1.90
n 2 514-10-3 AR CaoHso0s AT i 1 ) 0.041 333 /@
1 o 14- U CaoHssO AKD Ji el 0.016 333 0.00027 I 0.009 3.00
VE“IS(G/VO?O 2 502-73-8 16-=+—F Cy1HeO AKD Ji el 0.021~0.600 100.0 0.00617 i 0.009 68.56
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15 463-40-1 R R Cy5H300;, AKD Jifi fie 5] 0.013~0.019 66.7 /®
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