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ABSTRACT: The work aims to study the migration of 26 chemical elements in PET films printed with four different inks
under acidic conditions. Inductively coupled plasma-optical emission spectrometry (ICP-OES) was used to determine the
initial content of 26 chemical elements in food plastic packages, including lead, cadmium, chromium, and so on. Induc-
tively coupled plasma-mass spectrometry (ICP-MS) was used to determine the migration of these elements to food simu-
lant (3% acetic acid). The amount of migration of 26 elements such as lead, cadmium and chromium increased with the
increase of temperature and time, and reached the respective migration equilibrium. The spike recovery of ICP-OES me-
thod was 80.2%~109.7% and the RSD was 0.3%~12.9%. The spike recovery of ICP-MS method was 83.1%~118.6%, and
the RSD was 0.7%~14.8%. The maximum migration to 3% acetic acid of 26 chemical elements are all below the standard

limit values.
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1 ICP-OES 2 ICP-MS
Tab.1 |CP-OES operating conditions Tab.2 |CP-M S operating conditions
TAESH WEH TAESHL WE(H
AR 0.70 L/min B (Ar) ikt 13.881 L/min
FBEFHRAME 12.0 L/min HBIR (Ar) Hife 0.7977 L/min
B R A 1.00 L/min FWS (Ar) FHife 1.1422 L/min
FAbERE 36.59 C FAERE 36.59 C
RFIJ% 1.20 kW FH B Bk g
WEE 2 G| AL 2
R i ) 15s S 1548.6 W
T2 B[R] 5s A KED
G -R/ €4 2 77 5K FahkH
ik 12 r/min R 40.0 r/min
PRI 25s {55 B A 02s
WS 8 mm HE R 2
2h 100 mL 60 mL 3%
ICP-OES 26 2h
3 ICP-MS
1.3 3
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24 Al As B Ba Be Bi Cd ICP-OES
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Tab.3 Linear parameters, LODs and LOQs of 26 chemical elementsin ICP-OES
/nm /(ug-mL™") /(ug-mL™")
Pb 220.353 y=2243.19x+11.45 0.9992 0.0071 0.0237
Cd 226.502 y=35805.60x+78.27 0.9999 0.0064 0.0214
Cr 267.716 y=17773.98x+63.57 0.9999 0.0042 0.0139
Hg 253.652 y=1627.38x+37.53 0.9998 0.0026 0.0087
Al 167.019 y=3225.83x+12.63 0.9996 0.0124 0.0413
As 188.980 y=1069.18x-22.02 0.9991 0.0030 0.0100
B 249.678 y=13311.92x+353.03 0.9999 0.0033 0.0110
Ba 233.527 y=45013.80x+113.94 0.9997 0.0027 0.0030
Be 313.042 y=1015750.13x+1687.07 0.9999 0.0020 0.0067
Bi 222.821 y=775.08x—44.46 0.9992 0.0061 0.0203
Co 228.615 y=12401.10x+64.72 0.9999 0.0021 0.0070
Cu 213.598 y=7376.83x+38.22 0.9986 0.0027 0.0900
Fe 234.350 y=6604.32x+157.84 0.9998 0.0096 0.0320
Ga 287.423 y=1779.86x-15.77 0.9998 0.0030 0.0100
Li 610.365 y=84904.29x—909.96 0.9990 0.0015 0.0050
Mg 285.213 y=16057.67x+57.57 0.9997 0.0174 0.0580
Mn 259.372 y=13648.19x+51.69 0.9998 0.0029 0.0097
Ni 216.555 y=5238.78x+41.76 0.9999 0.0117 0.0390
Sb 206.834 y=1570.38x+14.58 0.9995 0.0012 0.0040
Se 196.026 y=1208.17x-35.68 0.9998 0.0033 0.0110
Sn 283.998 y=1208.34x+12.94 0.9999 0.0006 0.0030
Sr 216.596 y=8455.67x+35.33 0.9997 0.0013 0.0043
Ti 334.941 y=92450.03x+111.45 0.9998 0.0136 0.0453
Tl 190.794 y=1611.60x+12.88 0.9997 0.0016 0.0053
A% 292.401 y=17193.20x—-0.04 0.9992 0.0045 0.0150
Zn 206.200 y=2730.18x+41.75 0.9993 0.0320 0.1070
X pg/mL y
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Tab.4 Initial content of 26 chemical elementsin four PET films by |CP-OES (n=3)
F1 F2 F3 F4
R
&it/(mg'kg”') RSD/%  &iE/(mgkg') RSD/%  &iE/(mgkg') RSD/% &it/(mg-kg™')  RSD/%
Pb 16.24 2.4 28.04 4.7 32.61 11.4 16.41 4.5
Cd 26.01 6.5 26.97 1.6 34.73 6.1 31.01 3.5
Cr 3.64 10.1 9.96 5.0 17.69 0.6 10.75 1.6
Hg 6.92 3.1 9.47 4.6 25.00 2.4 15.86 0.3
Al 458.34 2.3 445.04 6.9 361.54 4.2 307.13 1.9
As 24.93 0.6 16.99 5.1 — — 15.96 2.8
B 4.95 1.4 7.50 10.5 8.94 7.4 7.48 8.1
Ba 218.33 1.7 109.60 5.3 5.29 3.6 11.05 5.8
Be — — — — — — — —
Bi 44.87 9.5 34.98 8.9 42.02 4.7 49.88 11.9
Co — — — — — — — —
Cu 103.09 5.6 47.85 4.3 94.59 1.9 45.38 4.2
Fe 154.54 8.7 134.93 9.1 69.20 5.9 119.70 10.6
Ga 12.46 0.9 5.00 5.4 6.43 0.4 4.99 7.5
Li — — 5.95 4.6 5.74 33 — —
Mg 460.47 11.5 470.36 0.7 393.43 5.7 480.90 34
Mn 26.12 0.4 21.24 2.8 16.07 4.9 20.95 12.4
Ni 25.13 6.8 24.79 5.7 26.37 3.2 — —
Sb — — 34.98 1.0 4.94 0.5 9.98 0.8
Se 19.59 5.2 18.64 3.5 24.86 6.1 22.54 2.6
Sn 6.68 12.4 3.70 0.7 5.73 4.2 4.09 5.7
Sr 14.96 2.5 10.01 4.9 6.99 2.7 11.47 5.9
Ti 49.10 11.8 34.82 6.7 46.02 2.9 29.23 4.3
Tl — — — — — — — —
Vv J— N S S J— N I N
Zn 120.37 0.4 158.36 2.4 217.21 6.5 135.02 4.0
2.3.2 PET 26 70 C Pb Cd Cr Ni
[28, 32—33]
13.3 PET 1—2 F1 F2 F4
26 F3 Pb Cd Cr Ni 40 70 C
40 70°C
4 F3 4
Pb Cr Cd Ni
ng/L Fick
1—2 4 F3
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5 ICP-MS 26
Tab.5 Linear parameters, LODs and L OQs of 26 chemical elementsby ICP-MS

TR Jo A 2Rty LB Bzt B/ (ug L) SE PR /(ug L)
Pb 208 y=9763.3x-11459.4 0.9999 0.023 0.077
cd 111 y=2567.3%-6078.1 0.9998 0.015 0.050
Cr 52 y=10686.2x+35837.0 0.9996 0.072 0.240
Hg 202 y=1189.7x-3239.8 0.9999 0.030 0.100
Al 27 y=18097.6x+360818.7 0.9998 0.007 0.023
As 75 y=1046.6x+11796.3 0.9996 0.003 0.010
B 11 y=4378.1x+204272.6 0.9999 0.061 0. 203
Ba 137 y=3787.6x+19993.6 0.9997 0.002 0.067
Be 8 y=5562.9x+4558.4 0.9991 0.007 0.023
Bi 209 y=26536.6x-207074.1 0.9998 0.039 0.130
Co 59 y=11058.2x+3923.0 0.9993 0.026 0.087
Cu 63 y=5648.3x+36002.8 0.9999 0.050 0.167
Fe 56 y=509.8x+96923.8 0.9992 0.092 0.307
Ga 71 y=8088.5x—1815.8 0.9993 0.014 0.047
Li 7 y=2573.9%+685952.0 0.9994 0.034 0.113
Mg 24 y=4378.1x+204272.6 0.9999 0.146 0.487
Mn 55 y=2237.1x+1482333.1 0.9997 0.019 0.063
Ni 60 y=2305.9x+2088.0 0.9998 0.004 0.013
Sb 121 y=4883.6x—14246.5 0.9992 0.025 0.083
Se 77 y=169.8x+373.3 0.9996 0.006 0.020
Sn 118 y=5976.8x-36024.0 0.9993 0.153 0.510
Sr 88 y=25073.4x+43051.1 0.9999 0.001 0.003
Ti 48 y=5741.9x+1484.5 0.9998 0.005 0.017
Tl 205 y=20453.1x+7838.7 0.9991 0.010 0.033
\Y% 51 y=6699.4x+17804.0 0.9995 0.103 0.343
Zn 66 y=214406.6x+9077.8 0.9998 1.528 5.093
X pg/ll y
F2
F3 1b 2b F4
4 Ni 4 Ni
F4 Ni
F3 4 3 Ni
3 F3 Pb Cd F3>F1>F2
Cr Ni 4 Ni
4 Fl 70 C 4
Fl PET 70 C
40 C

F2 4 PET
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Fig.1 Curve of time-migration of Pb, Cd, Cr and Ni in four PET films to 3% acetic acid at 40 C
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Ni
PET
ICP-MS 4 Pb Cd Cr Ni
1—2 22
6 6 4 1 2 6
0.5%~17.8% 1—2
4 PET 26
[28,32—33]
4 6 ICP-OES PET
v 4
ICP-MS 3%
F2 F3 PET
F2 F3 \Y%
ICP-OES
6 ICP-MS 4 PET 22 3% n=3
Tab.6 Maximum migration of 22 chemical elementsin four PET filmsto 3% acetic acid by ICP-M S (n=3)
. F1 F2 F3 F4
= TR /(ug L") RSD/% TIHBE/(ugl™) RSD/% FHE/A(ugL") RSD/% FHE/(ugL™") RSD/%
Al 825.42 6.3 644.39 5.6 406.24 3.9 386.37 0.9
As 40.42 8.9 30.41 0.4 — — 29.86 33
B 9.64 9.1 16.99 6.3 25.16 43 14.80 6.7
Ba 200.94 6.3 95.89 17.8 21.63 3.7 68.14 12.4
Be — — — — — — —
Bi 55.39 14.3 52.81 4.1 55.12 4.1 62.19 5.3
Co — — — — — — —
Cu 152.79 13.1 67.04 8.3 137.03 15.9 59.11 6.9
Fe 260.36 4.5 227.01 5.1 75.24 2.9 200.08 12.7
Ga 28.17 1.9 14.37 15.4 16.52 3.5 13.86 2.0
Li — — 17.63 0.5 15.08 9.1 — —
Mg 516.54 4.7 548.69 3.7 463.02 0.6 586.48 2.5
Mn 60.23 15.0 50.51 8.2 32.40 17.4 49.16 9.7
Hg 13.25 6.1 18.30 1.4 50.36 11.5 26.81 14.8
Sb — — 49.54 6.7 13.84 2.8 34.21 0.9
Se 19.40 0.7 15.69 7.5 25.44 13.5 21.88 6.2
Sn 9.49 2.1 6.71 1.6 8.59 0.5 8.03 3.2
Sr 29.16 0.4 27.63 13.5 — — 28.38 7.2
Ti 61.52 11.8 334.82 6.7 346.02 2.9 309.23 4.3
Tl — — — — — — —
A% — — 2.96 4.9 11.53 1.1 — —
Zn 138.10 4.6 160.26 5.3 341.63 9.0 148.37 5.9
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