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ABSTRACT Objective: An efficient analytical method for the quantitative determination of migration levels of 12 plasticizers and
antioxidants in food contact materials by high performance liquid chromatography (HPLC) / triple quadrupole mass spectrometry
(QqQ-MS) was developed. Methods: The migration level of 12 compounds in food contact materials was analyzed by HPLC-QqQ-MS,
and the 12 substances were confirmed by QqQ-MS. Results: The analytical method showed good linearity with 1> 0. 9990 for all the 12
compounds. The LOD were in the range of 0.01 to 0.04 mg/L and the LOQ were between 0.02 mg/L and 0.08 mg/L. According to the
GB/T 23296.1-2009, 4 food simulants were investigated: ultrapure water, 3 % (v/v) acetic acid, 10 % (v/v) ethanol, 95 % (v/v) ethanol.
The recoveries were in the range of 83.1 %-118.4 %, with the RSD of 0.21 %-8.43 %. Conclusions: The method has been applied to de-
termine the migration levels of plasticizers and antioxidants in different simulants from the migration tests of 13 batches of food contact
material samples. The results showed that the method is accurate and stable, with high sensitivity.
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Table 1 Sources and information of 12 plasticizers and antioxidants

No. Compound CAS No. M.W. Source Purity
1 BPA 80-05-7 228.29 ALDRICH 99.0 %
2 Bisphenol M 13595-25-0 346.47 TCI 98.0 %
3 2,4-Di-tert-butylphenol 96-76-4 206.32 ALDRICH 99.0 %
4 Irganox 245 36443-68-2 586.80 Chembest 98.0 %
5 BHT 128-37-0 220.35 SIGMA-ALDRICH 99.0 %
6 DEHP 117-81-7 390.56 ALDRICH 99.5%
7 Irganox 3114 27676-62-6 784.08 [ Vg Ees 95.0%
8 Didecyl Phthalate 84-77-5 446.66 Damas-beta 98.0 %
9 Irganox 330 1709-70-2 775.22 TCI 95.0 %
10 TOTM 3319-31-1 546.78 ALDRICH 99.0 %
11 Irganox 1076 2082-79-3 530.86 Aladdin 98.0 %
12 Phosphite 168 31570-04-4 646.92 ALDRICH 98.0 %
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R 100 L,
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Table 2 Segment Time, Polarity, Collision Energies, Parent ions of 12 compounds

No. Compound Segment Time (min) Polarity Collision Energy (V) Parent Ion
1 BPA 16.0 Negative 28 227.15
2 Bisphenol M 24 Negative 40 345.24
3 2,4-Di-tert-butylphenol 0.7 Negative 32 205.21
4 Irganox 245 0.7 Negative 28 585.44
5 BHT 2.0 Negative 40 219.40
6 DEHP 1.9 Positive 12 391.11
7 Irganox 3114 1.1 Positive 42 806.26
8 Didecyl Phthalate 1.2 Positive 12 447.13
9 Irganox 330 0.7 Negative 60 773.51
10 TOTM 1.3 Positive 13 547.23
11 Irganox 1076 2.7 Negative 38 529.45
12 Phosphite 168 10.3 Positive 42 647.20
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Fig.1 HPLC chromatogram (A) and total ion chromatogram (B) of the 12 plasticizers and antioxidants
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EWE T E R, A E W EA B RAERRHXR  mgL 2., PEAIRILMTTE AR E(r) RS . LOD F1
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Table 3 Linear equations, correlation coefficients (1°), linear ranges, limits of detection (LODs, S/N=3) and limits of quantification (LOQs, S/N=10)

for the 12 compounds

No. Compound Linear equation r’ Linear Range (mg/L) LOQ (mg/L) LOD (mg/L)
1 BPA y=170023.98 x - 59631.65 0.9993 0.10-48.93 0.08 0.03
2 Bisphenol M y =399984.41 x - 12256.62 0.9999 0.10-47.92 0.02 0.01
3 2,4-Di-tert-butylphenol  y=198665.64 x - 62537.85 0.9996 0.10-48.55 0.04 0.02
4 Irganox245 y=166625.07 x - 49747.76 0.9995 0.10-47.73 0.04 0.02
5 BHT y=191331.28 x - 36014.66 0.9999 0.10-51.32 0.04 0.01
6 DEHP y =139521.57 x - 49947.48 0.9993 0.10-51.36 0.04 0.02
7 Irganox 3114 y=189103.81 x - 23121.42 0.9999 0.10-48.47 0.03 0.01
8 Didecyl Phthalate y=116845.12 x - 45992.27 0.9995 0.10-49.98 0.08 0.04
9 Irganox 330 y=458971.16 x - 97172.47 0.9998 0.10-47.88 0.02 0.01
10 TOTM y=202687.90 x - 60251.66 0.9995 0.10-48.40 0.04 0.02
11 Irganox 1076 y=289495.24 x - 37410.64 0.9990 0.10-50.35 0.08 0.03
12 Phosphite 168 y =253453.39 x - 96941.95 0.9992 0.10-47.78 0.08 0.03
22 BMERSEEE SEYGER LR 40 R 4 T UL, 12 TR [T SCRAE 83.1 %

TEICAPE R S BRI i ARSI ZR A4 B 4 RO 28 118.4 % Z[] s AIXSARE R 25 7E 0.21 % 8.43 Z[H], BEWIA L
[ R B EEAT 3 /KRR B 58S (n=6),3 UFAT  [RIHINE 12 Bl B AR & )R A B A Il R MG 2

F4 12 ML ANERE RSB R R SRR

Table 4 Recoveries and precisions of the 12 compounds in different food simulants

Spiked H,0 3% Acetic Acid 10% Ethanol 95% Ethanol
No. Compound

mg/L Recovery % RSD %  Recovery% RSD%  Recovery% RSD % Recovery% RSD %

1 BPA 1.96 113.8 3.24 102.8 0.82 100.6 1.56 103.6 1.27

4.89 99.8 2.44 93.6 224 104.1 4.62 91.9 4.43

9.79 106.2 102 101.4 1.97 110.6 1.69 96.2 3.66

2 Bisphenol M 1.92 110.5 1.14 94.5 5.10 100.9 4.74 109.5 5.04

4.79 106.9 1.58 114.4 2.96 109.4 7.12 112.3 6.24

9.58 114.8 2.92 118.4 4.30 109.3 1.67 112.6 3.06

2,4-Di-tert-but

yiphenol 1.94 115.8 1.71 104.6 5.84 106.1 0.28 113.5 0.82

4.85 1123 0.89 110.1 0.23 110.1 5.34 108.8 3.54

9.71 112.2 1.59 115.5 2.85 116.3 491 108.1 2.90

4 Irganox245 1.91 1133 1.38 99.4 6.62 92.1 2.44 108.4 0.79

4.77 105.1 2.19 99.8 1.84 98.5 441 103.8 2.60

9.55 105.2 4.12 104.7 2.04 99.3 3.77 105.2 3.40

5 BHT 2.05 115.8 3.49 98.1 6.35 103.5 0.32 115.7 1.18

5.13 112.7 0.96 113.0 0.21 110.5 5.44 116.9 3.88

10.26 110.7 4.40 1153 1.74 105.9 6.37 115.6 2.87
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100.2 7.26 91.7 3.83 117.2 1.77
106.8 2.70 100.6 3.72 108.2 2.05
107.4 1.46 106.4 3.39 113.0 3.82
85.9 6.95 83.8 1.38 853 1.20
94.7 1.16 99.5 5.18 97.1 3.10
101.4 2.43 108.3 4.65 95.1 332
95.0 8.43 90.9 3.61 110.7 237
91.1 5.96 90.1 4.34 99.4 2.26
97.8 0.28 96.3 3.71 98.3 5.66
88.7 4.61 89.3 3.92 109.0 4.75
97.5 2.70 92.8 6.74 107.1 6.14
100.6 4.17 101.3 6.60 106.3 3.07
90.6 6.19 83.1 1.73 105.9 0.47
932 1.03 84.9 4.50 102.1 3.35
98.3 2.45 93.0 4.21 101.1 2.98
96.8 5.71 86.6 5.71 108.0 2.89
92.5 4.32 87.5 2.88 96.6 442
95.7 1.55 93.2 4.15 102.6 1.81
85.8 5.47 96.9 0.85 105.5 1.47
94.1 0.26 98.0 5.48 99.8 3.99
101.0 3.06 108.3 5.34 98.6 2.70
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Fig. 5 Full scan/product mode spectra of irganox 330 and TOTM
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