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ABSTRACT: Objective To establish a method for the simultaneously determination of the content of phthalate ester
plasticizers and synthetic phenolic antioxidants in polypropylene (PP) lunch boxes by gas chromatography-mass
spectrometry (GC-MS) method, and study their migration to acidic food simulants (4% acetic acid), non acidic food
simulants (10% ethanol, water), and lipid food simulants (isooctane, olive oil) during reuse. Methods The sample of
PP lunch boxes ultrasonically extracted by n-hexane, different food simulants according to their different properties

choose extraction liquid, liquid-liquid extraction with ultrasonic extraction, compounds separated by SH-Rxi-5SMS
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(30 mx0.25 mm, 0.25 um) quartz capillary column, was scanned using single ion monitoring (SIM) mode and

quantified through an external standard technique. Results

The linear relationships of 20 kinds of compounds were

good in the range of 0.01-1.00 mg/L, and the correlation coefficients were all greater than 0.99. The limits of detection

and limits of quantitative of the method were 0.01-0.02 mg/L and 0.03—0.06 mg/L, the recoveries of 5 kinds of food

simulants, at 0.05, 0.10 and 0.50 mg/L, were spiked, ranging from 80.4% to 108.4%, with a relative standard deviation

of 1.3% to 10.6% (n=6). Conclusion This method has the advantages of simple experimental process, high sensitivity,

precision and recovery, is apt for ascertaining the determination and migration amount of phthalate ester plasticizers and

synthetic phenolic antioxidants in PP lunch box. The experimental results show that, PP lunch boxes have a certain

degree of migration during the reuse process of thermal contact and microwave heating, which requires attention.

KEY WORDS: polypropylene lunch boxes; phthalate ester plasticzers; synthetic phenolic antioxidants; migration

rule of reuse process; gas chromatography-mass spectrometry
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butyl phthalate, BBP) , 47 — H iz —J#& N EK(diallyl phthalate,
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—JX g (diamyl phthalate, DPP), 487K —HIfR —(2-T &I Z
fi [di(butoxyethyl) phthalate, DBEP] . %P7 — H g — 7Kg
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i S B R B35 i (electron impact, EI); #
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A3 R 86.5%, T 1E O e i A-F-34 [T i %y
94.6%, T HABEEBUAR, B ILABT S8 1E O BEE Rk
RS AE U, 4 FhACHOA R BEBCR R IR 1.
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T ORIRI ST A XK SRR [BDSCR B 52 (n=3)
Fig.1 Effects of different extraction solvents on the recovery of 5
kinds of compounds in water (n=3)
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Fig.2 Effects of different extraction solvents on the recovery of 5
kinds of compounds in olive oil (N=3)
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Fig.4 Effects of different heating time of microwave oven on
migration in olive oil (nN=3)

FEl5 20 LA B iR (0.5 mg/L)
Fig.5 Total ion chromatography of 20 kinds of compounds (0.5 mg/L)
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Table 1 Acquisition parameters of 20 kinds of compounds

51 il I Ty preg=p—
KB famak ‘%jjnﬁii” E(%jjf‘ Eﬂf

1 DMP 7.61 163,77,194,133 163
2 BHA 7.82 165,137,180 165
3 BHT 7.98 205,145,220 205
4 TBHQ 8.26 123,151,166 123
5 DEP 8.48 149,177,105,222 149
6 DAP 9.40 41,132,149,189 41

7 DIBP 10.20 149,223,104,167 149
8 DBP 10.93 149,223,205,104 149
9 DMEP 11.27 59,149,104,176 59

10 BMPP 11.99 149,167,85,251 149
11 DEEP 12.32 72,149,104,193 72
12 DPP 12.68 149,237,219,104 149
13 DHXP 14.80 149,251,104,233 149
14 BBP 14.98 149,91,206,104 149
15 DBEP 16.41 149,101,85,193 149
16 DCHP 17.06 149,167,249,104 149
17 DEHP 17.28 149,167,279,113 149
18 DPhP 17.47 225,77,104,153 225
19 DNOP 19.69 149,279,104,261 149
20 DNP 22.22 149,293,167,275 149
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24 tofEfhZk. RERFAEZMR

Wit GC-MS MRS IEAT 48T, ISR R
B BE (X, mg/LWENBEARFR, DARFIAL &9 5 1%
EFRRIE P AR, LAk drfEfhgk. FIF 3 f50015
Mg LR 10 fERYIEME H it T4 H BR(limits of detection, LODs)
55 f#fR(limits of quantification, LOQs), L3 2. Z5R R,
20 FhiFIAA LODs S 0.01~0.02 mg/L, LOQs Jy 0.03~
0.06 mg/L, HTE 0.01~1.00 mg/L [X[a] FZHH R AFRIL e
F(r*>0.99), FWZ )7k RUERT, R L LR Bk,

2.5 [ERRSKEZE

YRS REMPING S FhE By, K. 10%4
B, 4% FR . SR e A, 43 #E4T 0.05. 0.10 F1
0.50 mg/L 3 /& BE IR [ S 0 o 4 Wk B B 1 T
6 K, TIPS %, FERLE 3. 4RER
FRil e 5 Pl St B b 35 BT 0 bR [0 i % A
RSDs, RN H 80.4%~108.4%, RSDs K 1.3%~10.6%,
FZ TR B B AT S AT M, AR AR 2 S

AR .

%2 #tnfEfZ. LODs #1 LOQs
Table 2 Calibration curve, LODs, and LOQs

0D Ry ok 7l Logy
1 DMP Y=112005.902678X+585.280238 0.9973 0.01 0.03
2 BHA Y=84551.4888694X-1111.794927 0.9974 0.02 0.06
3 BHT Y=179612.7648054X-1694.695815 0.9959 0.02 0.06
4 TBHQ Y=32499.2555874X-814.102582 0.9919 0.02 0.06
5 DEP Y=130636.7108304X-2070.213759 0.9958 0.01 0.03
6 DAP Y=149759.512029X-2843.282140 0.9954 0.01 0.03
7 DIBP Y=208262.558680X-1552.059966 0.9943 0.01 0.03
8 DBP Y=239518.596744X-2042.265116 0.9935 0.01 0.03
9 DMEP Y=121186.366198X-1394.606918 0.9938 0.01 0.03
10 BMPP Y=57916.749406X-231.359013 0.9957 0.01 0.03
11 DEEP Y=66924.193574X-1147.000043 0.9943 0.01 0.03
12 DPP Y=238100.455023X-1758.307848 0.9953 0.01 0.03
13 DHXP Y=245450.317175X-2050.931786 0.9943 0.01 0.03
14 BBP Y=104615.315732X-237.914598 0.9972 0.01 0.03
15 DBEP Y=38018.224445X-588.649598 0.9937 0.01 0.03
16 DCHP Y=179494.458318X-161.282172 0.9952 0.01 0.03
17 DEHP Y=145389.771235X+508.504175 0.9949 0.01 0.03
18 DPhP Y=195323.642213X-3004.495855 0.9933 0.01 0.03
19 DNOP Y=270956.162232X-3656.743767 0.9928 0.01 0.03
20 DNP Y=253792.307799X-2828.948884 0.9948 0.01 0.03

=3 20 ML A HIEYRIN R ER TN 2 B (n=6)
Table 3 Recoveries and precisions of 20 kinds of compounds (n=6)
ot RN i e i/ SE-H [ 15 % (RSDs)/ %

(mg/L) N 10% 2 BE 7 4% LR S b B

0.05 107.7(9.1) 104.8(9.4) 105.2(4.9) 85.1(4.5) 84.3(9.4)

DMP 0.10 108.4(4.8) 103.5(3.4) 102.6(3.1) 85.8(3.9) 85.5(5.6)
0.50 102.5(4.4) 101.2(2.3) 97.5(3.3) 88.9(4.0) 85.4(6.9)

0.05 105.5(5.3) 94.3(9.1) 88.4(6.2) 80.5(9.7) 81.1(10.4)

BHA 0.10 102.0(3.2) 95.2(4.6) 90.8(2.5) 83.4(6.8) 81.8(8.4)
0.50 100.3(4.7) 95.6(2.4) 94.7(2.1) 85.7(5.2) 86.0(6.7)

0.05 102.0(2.2) 94.6(8.9) 106.4(3.9) 88.6(4.9) 80.9(10.6)

BHT 0.10 106.3(2.2) 95.4(3.5) 92.7(4.8) 85.1(5.9) 85.6(4.3)
0.50 98.9(1.6) 97.2(2.1) 94.8(2.6) 86.2(4.1) 88.2(3.6)




188 B i & A R 2 615 %
=348
- T e e/ SE- 14 [8] i 2R (RSDs)/%
(mg/L) K 10% 2 B TR 4% L BRI S M i

0.05 106.5(2.0) 90.2(10.4) 86.1(6.4) 80.4(10.4) 83.9(9.7)

TBHQ 0.10 87.3(7.5) 94.1(3.5) 88.5(5.0) 83.1(6.1) 88.6(4.1)
0.50 91.5(8.8) 93.4(2.5) 92.9(2.9) 83.9(4.8) 85.2(2.9)

0.05 103.6(5.1) 89.4(3.9) 88.5(4.7) 90.4(6.8) 89.2(6.6)

DEP 0.10 99.2(6.8) 92.5(6.7) 91.8(3.3) 92.7(4.1) 92.3(5.0)
0.50 100.9(2.6) 94.1(1.5) 95.2(2.1) 95.6(4.8) 90.6(3.9)

0.05 105.7(3.6) 104.6(9.4) 86.7(6.7) 82.4(7.3) 106.7(8.2)

DAP 0.10 100.1(8.3) 103.5(3.3) 90.8(3.9) 82.8(4.2) 108.3(4.9)
0.50 81.2(4.5) 98.4(3.6) 91.2(2.9) 86.3(2.9) 105.2(4.1)

0.05 92.3(6.2) 92.3(6.1) 90.5(3.6) 93.1(5.1) 85.3(7.7)

DIBP 0.10 92.6(1.7) 92.4(3.0) 92.2(2.9) 92.4(3.3) 86.2(7.6)
0.50 104.1(5.4) 96.4(3.1) 96.8(1.7) 93.7(3.6) 90.6(4.2)

0.05 100.2(4.5) 106.3(8.2) 104.9(6.0) 90.7(3.8) 90.4(3.7)

DBP 0.10 103.1(4.9) 97.2(8.0) 97.2(2.5) 92.4(4.7) 105.8(3.9)
0.50 102.1(5.3) 101.2(3.7) 97.9(1.6) 100.7(3.4) 94.1(4.6)

0.05 90.0(3.4) 85.2(6.7) 83.6(5.4) 88.2(4.1) 80.3(4.9)

DMEP 0.10 87.1(5.6) 88.4(6.4) 86.1(3.8) 87.9(4.5) 81.6(6.6)
0.50 97.9(6.7) 93.1(2.6) 90.5(2.8) 93.1(2.0) 88.7(2.3)

0.05 93.5(7.5) 84.1(9.1) 85.6(3.6) 89.4(4.1) 85.5(7.1)

BMPP 0.10 96.9(4.4) 85.7(7.6) 87.5(2.9) 92.7(3.9) 83.6(4.2)
0.50 100.7(2.8) 90.7(2.0) 92.3(5.7) 93.1(1.8) 90.4(2.3)

0.05 94.4(5.3) 90.1(5.4) 85.3(4.9) 84.5(6.8) 106.7(7.1)

DEEP 0.10 90.0(7.8) 92.6(3.5) 86.2(4.3) 85.6(6.4) 91.6(2.5)
0.50 95.1(6.4) 91.9(4.1) 93.6(3.0) 89.7(5.2) 92.3(3.8)

0.05 85.9(6.7) 92.5(8.8) 90.3(5.7) 90.4(4.1) 84.6(8.1)

DPP 0.10 85.3(2.9) 91.4(6.2) 94.2(6.9) 91.5(3.6) 85.3(4.9)
0.50 100.0(5.7) 95.7(2.4) 92.8(1.9) 93.2(1.8) 90.4(3.6)

0.05 92.1(5.5) 90.6(5.3) 93.1(8.4) 84.6(8.4) 85.3(7.6)

DHXP 0.10 90.3(2.4) 90.4(5.2) 88.3(3.4) 84.3(6.2) 84.2(6.7)
0.50 98.8(5.4) 92.1(3.6) 92.6(2.4) 90.1(4.9) 88.5(3.5)

0.05 85.3(7.5) 85.7(4.7) 82.8(3.6) 83.8(4.4) 80.4(5.6)

BBP 0.10 91.4(10.4) 88.4(5.1) 84.5(3.1) 85.9(4.9) 88.3(2.7)
0.50 102.2(5.4) 90.3(2.1) 88.7(2.3) 88.3(2.7) 86.9(3.0)

0.05 95.5(6.2) 85.3(4.7) 106.8(6.4) 82.7(3.1) 83.1(5.8)

DBEP 0.10 97.6(7.3) 90.5(4.0) 103.8(6.9) 86.4(3.3) 83.7(5.4)
0.50 103.5(7.4) 90.2(3.4) 103.4(2.3) 86.9(3.4) 85.4(2.8)

0.05 86.0(3.9) 88.1(6.8) 83.6(5.7) 81.1(6.8) 81.2(6.8)

DCHP 0.10 87.7(4.5) 85.6(5.3) 82.1(4.0) 83.0(2.7) 81.6(4.2)
0.50 100.6(5.6) 91.3(2.1) 88.5(2.8) 89.3(3.6) 85.6(4.1)

0.05 85.6(5.6) 92.6(5.7) 83.5(7.2) 85.9(3.0) 82.7(4.9)

DEHP 0.10 89.1(3.5) 91.6(2.5) 88.6(1.5) 88.7(2.5) 85.3(4.6)
0.50 102.0(6.3) 93.4(2.6) 92.4(2.4) 94.6(2.9) 85.3(3.2)

0.05 99.0(4.8) 90.2(6.8) 92.3(6.7) 105.4(3.8) 90.2(5.1)

DPhP 0.10 100.3(5.6) 95.8(5.4) 90.8(4.4) 94.5(3.1) 92.3(4.9)
0.50 98.9(4.5) 96.4(3.5) 95.2(2.6) 95.6(2.9) 93.5(2.8)

0.05 96.7(4.1) 89.9(6.4) 90.4(6.6) 90.4(5.9) 91.4(8.6)

DNOP 0.10 93.3(4.7) 90.4(5.1) 92.3(3.4) 91.1(2.8) 88.4(6.0)
0.50 90.8(8.9) 92.5(1.3) 91.8(2.0) 93.9(2.4) 93.9(3.4)

0.05 101.7(9.6) 88.3(6.4) 90.6(6.4) 92.5(8.7) 88.8(5.3)

DNP 0.10 94.9(3.7) 105.4(3.4) 92.7(2.8) 90.4(2.8) 91.4(3.3)
0.50 97.0(5.5) 102.4(3.5) 96.4(4.5) 94.6(3.7) 92.5(3.6)

s MG BRIE N 2 (relative standard deviations, RSDs).
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Fig.6 Migration of polypropylene lunch boxes to different food simulants during reuse under thermal contact (n=3)
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Fig.7 Migration of polypropylene lunch boxes to different food simulants during reuse under microwave heating (n=3)
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