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Abstract: Measurement of additive residues in food contact materials is important for safety

monitoring at the initial stage. Most of the current studies focus on the determination of the
migration amounts of chemical hazards from food contact materials into food simulants. Studies
on chemical hazard residues in food contact materials are limited to monomers, oligomers,
heavy metals, phthalic acid esters, and biphenols, which are known environmental pollutants.
Only a few studies have investigated analysis methods for additive residues in food contact
materials. In this study, the main factors ( monitoring wavelength, chromatographic column,
mobile phase, extraction solvent, etc.) that affect the accuracy and sensitivity of eight com-
pounds, including three antioxidants, three light stabilizers, and two plasticizers, were investi-
gated during sample preparation and instrument analysis. A method based on ultrahigh-
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performance liquid chromatography (UPLC) was developed for the simultaneous determination
of these eight additives in polyethylene ( PE). The PE food contact material sample was ground
to homogenize the particle sizes under freeze-grinding. After comparing the extraction efficien-
cies of methylbenzene, chloroform, acetone, and acetonitrile, 2. 0 g of the sample was extrac-
ted with methylbenzene at 80 C and 10. 34-11. 72 MPa (1 500-1 700 psi) by accelerated solvent
extraction (ASE) for 10 min once. The exaction solvent ( 10 mL) was transferred and concen-
trated to near dryness under a gentle stream of nitrogen gas and then re-dissolved in 10 mL of
the initial mobile phase (70% (v/v) methanol in water). Finally, the eight compounds were
analyzed by UPLC. After optimization of the analytical column and mobile phases, the eight
analytes were separated on an ACQUITY UPLC BEH C, chromatographic column (100 mmx2. 1
mm, 1.7 pm) by gradient elution using water and acetonitrile as the mobile phases. The col-
umn oven temperature, flow rate of the mobile phase, and injection volume were 30 C, 0.3
mL/min, and 5 pL, respectively. The analytes were detected by a diode assay detector ( DAD)
in the scanning range of 210 nm to 400 nm. The monitoring wavelength was set at 230 nm, 250
nm, 280 nm, and 330 nm. External standard calibration curves were used for quantification.
Under the optimized conditions, the calibration curves for the eight compounds showed good
linearity in the range of 0.2 pg/mL to 10 pg/mL, and the correlation coefficients were >0. 999.
The recoveries in spiked blank polyethylene samples at the level of 0. 05% were in the range of
83. 8% to 103. 4%, with relative standard deviations ( RSDs) ranging from 0. 14% to 7. 86%. To
validate the method, PE reference materials containing these eight compounds were manufac-
tured at the content level of 0. 2% to 0. 9%. The recoveries using the prepared reference materi-
als ranged from 63. 5% to 118. 5%, and the RSDs were in the range of 4. 61% to 15. 6%. The lim-
its of detection (LODs, S/N=3) of all the eight compounds were 0. 005% and the limits of
quantification (LOQs, S/N=10) were 0.02%, in compliance with the current legislation. To
assess the feasibility and potential of the proposed approach for routine analyses of these eight
compounds, the developed method was applied to the analysis of these compounds in ten PE
food packages and PE gloves. In six samples, tris(2,4-di-tert-butylphenyl ) phosphite (Irganox
168) was detected at a level of 0. 02%-0. 07% , which was lower than the maximum level of this
compound in PE food contact material products regulated in GB 9685-2016 at 0. 2%. The method
is compliant with the current legislation, and it can be used for the monitoring and supervision
of these eight additives in PE food contact materials.

Key words: ultrahigh-performance liquid chromatography ( UPLC) ; polyethylene ( PE) ; addi-
tive; food contact material
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7 168, tris ( 2, 4-di-tert-butylphenyl ) phosphite,
Irganox 168) . 28 7% — W iz — 5% T fig ( diisobutyl
phthalate, DIBP) , 4 4 — H [i2 X% & ( diphenyl
phthalate, DPP) , 4 J& ] =98% , f# ] Ehrenstorfer
ONT) 5 2-( 20 -5 YRR R ) R TR = (2-( 2-
hydroxy-5-methylphenyl ) benzotriazole, UV-71) .,
T ABERE-3,5- %0 (1, 1- W 3k 238 ) -4- 5 SR N TR
fig ( $i & 7 1076, 3,5-bis ( 1,1-dimethylethyl )-
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Irganox 1076) , 4[iEF =97% , I & K TRC /A ) ;2-%%
Jt-4- FAE 28 316 B ( 2-hydroxy-4-methoxybenzo-
phenone, UV-9) 4l =99% , b 5t S & AE Rl 4%
HIRAT 4,4 -BRACB(5-F JE-2-80U T KB ) (41
A ) 300, 4, 4'-thiobis ( 6-tert-butyl-m-cresol ) ,
Irganox 300) , 4l J¥ = 87% 2-F2 Fh-4-1F = A FL I
KR ( 2-hydroxy-4-n-octyloxybenzophenone, UV-
531) ,4li% =99%, %[ Chemservice /A 7], H 7K
R N P (3% 40, 2% [ Fisher 24 /) , /K H
Milli-Q #B2liK .
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1700 psi) ; 201 DGR WS IO FDFE R 2
200 mL, & 10 min FFICEMNT H . BB 10 mL,
AW, HRE-FEL(L:1, v/v) B4 % 10 mL,
B 100 pL, FHREE-K (7:3, v/V) EAZE 1 mL, 1F
AL,

1.4 UPLC %%

{63 #: : ACQUITY UPLC BEH C, (100 mm x
2.1mm, 1.7 pm) ; #&:30 C; st A. 286G, i
A Bk BEEEPERR . ULER 1; 33 0. 3 mL/min; i
FEiE .5 wL; PDA &l K . 210~400 nm,
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*1 BEIBRIBHE
Table 1 Gradient elution for HPLC separation

No. Time/min o(A)/% o(B)/%
1 0.00 70.0 30.0
2 4.00 70.0 30.0
3 5.00 80.0 20.0
4 6.00 80.0 20.0
5 7.00 100.0 0.0
6 14.00 100.0 0.0
7 15.00 70.0 30.0
8 19.00 70.0 30.0
A: ACN; B: H,0.

2 ZRE5iE

2.1 WAEKEBBE
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F1270 nom A0 2 ANHEHR RO 52 Fh RS T AL 7]
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K SAR R IEATRAL, PR R R YRR 5E 20
2 8 P HAR . {2 8 Fh ARl A FEAR I BE A 3¢
SER IR A, T FY 2 P R U0t B M S i, A R O AR D
B L IEAS I 0 i FH £ - 7K B A8kt S ax b
MG AT B B, X6 s 9 P TS il i 79 2 5K

. ——————
4 6 8 10
t/ min

250 -
<
1 @3
200 4 8 % o
2 ] & §) §
g 150 p = R 3 o
3 1 5_ a g S
g 15 & >
s ] = = c
2 w00] [B P g
2 1 2 2
< ] -
50 IL }\
2

B 1 C; @it (100 mmx2.1 mm, 1.7 pm) HE
8 Fh EH iR B ik E
Fig. 1 Chromatogram of the eight analytes separated
with Cg column (100 mmx2.1 mm, 1.7 pm)
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Fig. 2 Extraction efficiencies of different solvents
a. chloroform; b. acetone-chloroform (1:1, v/v); c. aceto-
nitrile-dichloromethane (1:1, v/v); d. methylbenzene-dichlo-
romethane (1:1, v/v); e. methylbenzene.
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Table 2 Linear equations, linear ranges, correlation

coefficients ( R? ), limits of detection

( LODs ), and limits of quantification

(LOQs) of the eight compounds

Compound Linear equation R? LOD/% LOQ/%

Uv-9 y=1.76x10°2-1.60x10° 0.9995  0.005 0.02
UV-71 y=1.22x10°2-1.28x10> 0.9992  0.005 0.02
DIBP y=2.17x10°x-7.88x10*> 0.9994  0.005 0.02
Irganox 300 y=2.93x10°x-2.43x10° 0.9995  0.005 0.02
DPP y=2.08x10°2-1.33%x10% 0.9995  0.005 0.02
UV-531 y=1.01x10°x-8.50x10%> 0.9991  0.005 0.02

Irganox 1076 y=7.99x10*x-1.36x10° 0.9982  0.005 0.02
Irganox 168 y=1.04x10°2-1.54x10° 0.9993  0.005  0.02

y: peak area; x: mass concentration, mg/L. Linear range:
0.2-10 mg/L.

2.6 FiEHIERG
75 H PE B IN& 124 0. 05% B9 H A, i#F

A7 s IS | 8 FhZH 43 IR [T 3R 7E 83. 8% ~
103. 4% 2 ] ,RSD 7£ 0. 14% ~7. 86% 2 [a] ( W5 3)
(] ) 8 B 28 A o, 25 € 5 ek %) [l WSO SR FIORG 25 J5E
BUR S Wil s R, R e TR R 10 25 B 2R
SRS 8 RIS IR A TR A 5 I RER XL
BT HALTE R IR (190 °C ) 45 mliR 248 R 7 ok
( F L5 200 r/min, $F HHLEL 3 400 r/min) |,
S AR R OOk, ZE R L 4, 8 Fh
Hbr¥ 8924 [0 Y 3R AE63. 5% ~ 118. 5% 22 [d] , RSD

*3 RZHZAERMREEN 0.05%E 8 FL S
Bl ZFn RSD(n=6)
Table 3 Recoveries and RSDs of the eight compounds
spiked at 0. 05% in blank PE samples (n=6)

Compound Spiked content/% Average recovery/% RSD/%

UVv-9 0.05 94.8 2.09
UV-71 0.05 86.9 3.42
DIBP 0.05 103.1 0.14
Irganox 300 0.05 103.4 2.74
DPP 0.05 97.2 7.86
UV-531 0.05 107.7 0.39
Irganox 1076 0.05 105.9 4.94
Irganox 168 0.05 83.8 10.8

* 4 BZHEREHERD S MUEYWE 3 NMIRKETH
%50 RSD(n=6)
Table 4 Recoveries and RSDs of the eight compounds
at three spiked contents in PE quality con-
trol samples (n=6)

Compound Spiked content/% Average recovery/% RSD/%

UVv-9 0.05 88.4 8.42
0.2 99.8 4.61
0.5 92.7 5.02
UV-71 0.1 82.1 13.8
0.5 94.7 13.4
0.9 90.1 12.9
DIBP 0.02 74.5 9.13
0.03 110.3 7.08
0.05 95.4 4.96
Irganox 300 0.03 82.3 10.6
0.05 83.8 9.76
0.09 87.6 6.65
DPP 0.02 82.5 14.3
0.03 104.7 10.8
0.05 94.4 4.68
UV-531 0.1 89.5 9.65
0.5 102.1 4.92
0.9 118.5 4.87
Irganox 1076 0.1 80.7 10.2
0.5 89.3 8.96
0.9 98.3 7.88
Irganox 168 0.05 63.5 15.6
0.2 64.4 10.9
0.5 75.6 12.4
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