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Abstract: Additives containing metal ions can be added to food contact plastic as stabilizer, catalyzer,
colorant, etc. Food safety standards also request specific migration limits (SMLs) for metal elements.
The most common methods for determination of multiple metal elements in solutions are inductively
coupled plasma-optical emission spectrometry (ICP-OES) and inductively coupled plasma-mass
spectrometry (ICP-MS). Metal ions in solution can cluster or coordinate with organic compounds to
form new stable complicated ions, which can be detected by electrospray ionization-mass

spectrometry (ESI-MS). To apply this nature for determination of metal ions by liquid
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chromatography-quadrupole time-of-flight mass spectrometry (LC-QTOF MS), further parameter
optimization is needed. In this study, five kinds of aqueous mobile phases, including 0.02% (W/W)
glycollic acid, 0.02% (V/V) formic acid, 0.10% (V/V) formic acid, 5 mmol/L ammonium formate, and
5 mmol/L ammonium formate-0.02% (¥/V) formic acid, were compared for better performance of MS
analysis coupled to Ultimate Hilic amide column. Different acids can give rise to form different
cluster ions. Higher concentration of formic acid in aqueous mobile phase can produce better peak
shape but doesn’t enhance signal to noise ratio apparently. Addition of ammonium ions can weak the
signal of cluster ions. With 0.02% formic acid as the mobile phase, Cd*", Co>", Mn*", Ni*", Zn®" form
[M(HCOO)+CH,CNT" Cu™" [M+2CH,CN]" parent The
parent ions of Cd*", Co*", Mn®" and Zn*" are collided to form [M]", [M(H)]", [M(H)+CH;CNJ’,
[M(HCOO)]", while the parent ion of Ni*" to form [Ni]", [Ni(H)]", [Ni+CH,CN]", [Ni(H)+CH,CNT",
[Ni+CH;CN+N,]", [NiO+CH;CN]’, [Ni(OH)+CH,CNT’, to form [Cu]’,
[Cu+CH,CN]', [Ni+CH,CN+N,]". Finally, the optimized LC-QTOF MS method was applied to
determine the migration of Cd**, Co®", Cu®", Mn*", Ni*", Zn*" in food contact plastic. ESI-QTOF MS

parent ion, while forms ion.

the parent ion of Cu’*

analysis was performed under positive ion mode (ESI") and multiple reaction monitor high resolution
(MRM HR) mode. The limits of detection (LODs) of 6 metal ions range from 0.02 to 0.08 mg/kg,
recoveries are 88.6%-115%, and the relative standard deviations are between 0.3% and 6.1%.
Migration solutions from 24 batches of food contact plastic were tested, while 4 of them contain
detectable Cu*’, Mn’" and Zn®". The proposed method is easily appliable to determine metal ions in
high proportion ethanol aqueous solution without needing to remove the ethanol. It is suitable for
compliance screening of cobalt, copper, manganese, zinc in migration solution from food contact
plastic, and provides a valuable reference for the analysis of unknown hazardous substances from
food contact plastic.

Key words: liquid chromatography-quadrupole time-of-flight mass spectrometry (LC-QTOF MS);
metal ion; food contact plastic; migration
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Table 1 Ion pairs and possible corresponding chemical formulas
T BB XS S F- Possible corresponding ion
P T BTA — oo o _
No. Ion Lon pair (m/z) BT EHET T HA 7 BT
Parent ion Quantitative ion  Qualitative ion Other ion

1 Cd* 199.93>158.901%, 155.938 [Cd(HCOO)+CH,CN]"

2 Co* 144.96>100.968*, 59.941 [Co(HCOO)+CH,CN]' [Co(H)+CH,CN]"

3 Cu* 144.98>103.956%, 62.930  [Cu+2CH,CN]"

4 Mn® 140.96>96.972*, 99.936 [Mn(HCOO)+CH;CN]' [Mn(H)+CH,CN]' [Mn(HCOO)]"

5 Ni?* 143.96>98.962*,99.970 [Ni(HCOO)+CH,CN]"

6 Zn® 149.95>105.964*, 64.937 [Zn(HCOO)Y+CH,CN]" [Zn(H)+CH,CN]’

[CA(HCOO)]" [Cd(H)+CH,CNT"

[Cu+CH,CN]* [Cu]*

[Ni+CH,CN]*

[CdT", [Cd(H)]
[Co(H)]”  [Co(HCOO)]', [Co]’, [Co+CH,CN]®
[Cu+CH,CN+N,]*

[Mn]", [Mn(H)]"

[Ni(H)+CH,CN]™ [Ni]", [Ni(H)]", [Ni+CH,CN+N,]",
[NiO+CH,CN]', [Ni(OH)+CH,CN]*

[Zn(H)]" [Zn]", [Zn(HCOO)]"

EORERE T

B AR S T, LA Bk S [ #2587 7 I i
R R, S5 R, B Cu™ B T4b, HoAth 4
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Fig.1 MS (a) and MS/MS (b) spectra of Zn**
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Fig.2 Extraction chromatograms of the standard solution
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AR RBGA) B E T 0.995, LA HBR (SIN=3)
FE 20~80 pg/L Z [0 o ¥4 & & FR (SIN=10) K
A H 0 o AT VR 3 A, o 7 ) i s PR Sk
P S0 ) R AR B, 25 3R 91 T3 3.

2.2.2  (fERREERURE B RS IBCED A fil BEORHRE
I3 E K L 4% TR . 10%Z BE . 20%Z, BE

50% . 95% B BLAL ) AT I S L 0,
WERS VR PO AR L & 3 AR KRR H bR
Y, ¥ 142 AR R E, BAKTFER 61K,
T B30 ] W53 FAH X B 1 4 22 (RSD), 45 251 F
30 AT, Jr iR Ry 88.6%~ 115%, RSD
9 0.3%~6.1%.
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Table 2 Working curves and instrument detection limits of the ions
\ et . KRE i
% AT [RAAR AL T i T it
L . Linear range/ . Correlation coefficient LOD/
No. Ton Retention time/min Working curve 5
(pg/L) () (pg/L)
1 cd* 3.8 50~800 y=46.42x+86.21 0.9996 20
50~800 1=42.93x-30.43 0.9975 20
2 Co™* 3.7 50~800 y=137.3x+1518 0.9992 20
50~800 J=130.4x+1449 0.9995 20
3 Cu** 3.8 100~1600 1=959.7x-5164 0.9997 40
2001600 3=1782x-2.039x10° 0.9984 80
4 Mn** 3.8 200~1600 y=123.5x+2135 0.9992 80
200~-1600 1=120.0x+191.6 0.9959 80
5 NiZ* 3.7 200~1600 y=26.70x+3722 0.9969 80
2001600 1=27.82x+1.077%10° 0.9995 80
6 Zn** 3.8 100~1600 y=118.3x+5222 0.9985 40
100~1600 1=106.5x+4223 0.9996 40
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Table 3 Recoveries and relative standard deviations in different food simulants
o b S JJD@%%H&(%Recoveryj% (*ﬁxﬂaﬂﬁ;ﬁiﬁﬂsm%l _
No. Spledlewclimab) LDk L GACN, GEon  apemOn | swdEon  ssmon
1 0.05 0.02 96.8(5.3) 98.6(4.2) 101.0(1.9)  96.2(3.9) 99.3(2.1) 99.8(3.8)
0.40 101.0(2.6)  95.8(2.1) 100.9(2.4)  100.8(2.9) 102.0(2.2)  99.9(2.7)
0.80 97.8(1.6) 93.0(2.6) 97.4(1.9) 100.8(1.5)  102.0(3.6)  103.0(2.6)
2 0.05 0.02 108.0(4.4)  97.7(2.5) 106.0(2.0)  97.8(3.4) 98.3(2.2) 91.8(1.5)
0.40 99.6(1.7) 88.6(1.2) 98.4(1.6) 102.0(1.8)  102.0(2.7)  99.7(1.8)
0.80 98.1(0.9) 93.2(0.4) 98.6(1.3) 103.0(1.1)  103.0(1.1)  106.0(0.6)
37 0.10 0.04/0.08” 97.4(2.9) 102.0(4.2)  99.4(1.8) 97.0(2.9) 90.4(3.4) 98.3(2.1)
0.80 95.6(3.8) 99.5(3.7) 98.2(4.0) 101.0(2.1)  96.4(5.3) 100.9(3.9)
1.60 101.0(2.4)  93.9(3.8) 93.3(1.8) 94.8(6.0) 98.5(6.1) 97.3(2.3)
4 0.20 0.08 101.0(3.5)  106.0(1.0)  98.5(2.4) 97.7(1.9) 98.2(2.2) 100.3(2.7)
0.80 105.0(1.7)  107.0(1.3)  105.0(1.5)  99.9(1.4)  102.0(1.8)  96.0(1.9)
1.60 99.0(1.1) 104.0(1.0)  98.7(1.2) 102.0(1.4)  104.0(1.9)  100.1(1.7)
5 0.20 0.08 98.2(2.9) 88.8(5.4) 97.9(3.6) 99.8(1.6) 99.8(1.4) 97.5(3.2)
0.80 104.0(1.5)  104.0(1.7) 104.0(2.2) 103.0(2.0) 102.0(4.7)  92.0(3.0)
1.60 94.1(2.3) 99.5(1.8) 98.9(2.1) 101.0(3.6)  105.0(6.1)  103.0(1.5)
6 0.10 0.04 102.0(1.5)  115.0(3.8)  99.7(4.3) 112.0(3.3) 114(3.6) 99.1(4.8)
0.80 97.9(0.9) 96.2(2.6) 99.1(1.5) 102.0(4.5)  103.0(0.9)  99.5(2.8)
1.60 99.5(0.3) 91.8(0.8) 99.3(1.3) 100.9(1.0)  101.0(0.8)  99.0(0.9)
T DB S B % DL ke/LiE, S IR AR ¥R BE D U5 ¥ € Bk BR 5 2)0K | 4% L R L 10% 4 B 20% B | 50% B FA) 0 A v 52

0.10, 0.80. 1.60 mg/kg, 95%Z, 5 1 FIAR #¢ & 24 0.20, 0.80. 1.60 mg/kg; 3)7K | 4% % . 10%Z, B

0.04 mg/kg, 95%Z B J5 K H B 40,08 mg/kg
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