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Plastic is commonly used in food, medicine and other products.t
Light, heat, oxygen and other factors might cause the plastic in
these products to undergo photodegradation and heat oxidation
reactions, resulting in the material aging and decomposing. A
strategy to reduce this breakdown and increase the lifespan of
plastics is to add plasticizers, antioxidants, light stabilizers or
other additives.'? These additives have the potential to migrate
or dissolve. If the additives are improperly selected or added in
excess, foods or medicines might be contaminated by aged
packaging and could therefore expose consumers to these
additive compounds. In recent years, the problem of additives in
packaging materials has attracted increased attention,
highlighting the importance of methods that can detect common
additive compounds in plastics for routine quality monitoring of
plastic packaging materials.

This technical note describes the use of triple quadrupole mass
spectrometry on the QTRAP 4500 system for the detection and
measurement of 10 common plastic additives. The additives
measured included oleic acid amide, didecyl phthalate, UV 351,
antioxidant 1010, antioxidant 1076, 2-MBT, UV 9, antioxidant
DLTP, UV 234 and antioxidant 1024.
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Figure 1. An example chromatogram for the ten plastic additive
compounds. Good separation was achieved using reverse phase
separation on a C18 column.

Key features for plasticizer analysis on the
QTRAP 4500 system

o Lower limit of quantification was between 0.01 and 0.1 ng/mL
for all 10 of the plastic additives

o Addition of a delay column before the mixer reduces the
background interference caused by oleic acid amide and
didecyl phthalate

Methods

Sample preparation: Ten mL of methanol was added per 1 g of
sample. The sample was ultrasonicated for 1 h, then allowed to
extract for 24 h. The sample supernatant was then sampled for
LC-MS/MS analysis.

Chromatography: The LC system used was an ExionLC AD
system with a Kinetex C18 delay column (3 x 2.1 mm, 5 pm
particle size). The analytical column was a Kinetex C18 (5 x 3.0
mm, 2.6 um particle size) column. Mobile phase A was water
with 0.1% formic acid and mobile phase B was acetonitrile. A
flow rate of 0.4 mL/min was used and the column temperature
was set to 40°C. The gradient runtime was 10 minutes, with
starting conditions of 10% B for 0.5 minutes, followed by a ramp
to 40% B over 0.5 minutes and then to 98% B over the next 2.5
minutes. The gradient was held at 98% B for 3.5 minutes, then
reduced to 10% B over 0.1 minutes and held at 10% B for the
remainder of the runtime.
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Mass spectrometry: A QTRAP 4500 system was used in Table 1. Lower limit of quantification, linear range and
multiple reaction monitoring (MRM) scan mode and operated in reproducibility for 10 plasticizer compounds.
electrospray (ESI) positive ion mode. lon source parameters LLOQ Linear range  %RSD at
. o Compound name
were an ion spray voltage of 5500 V, temperature of 550°C, (ng/mL) (ng/mL) LLOQ
curtain gas at 35 psi, collision gas at 8 psi, GS1 at 55 psi and 2-MBT 01 0.1-10 3.35
GS2 at 55 psi.
uv-9 0.02 0.02-10 4.92
1024 0.01 0.01-10 4.90
Oleamide 0.1 0.1-10 1.02
Results
UVv-351 0.05 0.05-10 3.80
An example chromatogram is shown in Figure 1. The calibration
curves for the 10 analytes had correlation coefficients (R?) Uv-234 0.01 0.01-10 4.92
greater than 0.997 and accuracy between 95% and 110.3% for Didecyl phthalate 0.01 0.01-10 3.60
each data point (Figure 2) 1010 0.05 0.05—-10 4.97
The lower limit of quantification (LLOQ) of the 10 additives DLTP 0.01 0.01-10 1.03
ranged between 0.01 and 0.1 ng/mL. A sample was spiked with 1076 0.01 0.01-10 4.41

the 10 plastic additives at their respective LLOQs and then
injected 6 times. The RSD from this experiment showed that all
analytes were within 5.0% of the expected value (Table 1). The
signal observed at the LLOQ for each analyte is shown in Figure
3.

To assess recovery, a treated sample solution was spiked with
standard working solutions of 10 additives. The spiked samples
were prepared at concentrations of 0.5 ng/mL and 5.0 ng/mL
(Figure 4). The recovery results are shown in Table 2. The
recoveries of 2 samples with different concentrations of the 10
additives ranged between 86.2 and 97.5% and 88.2 and 108.6%,
thereby meeting the method requirements.

— @ Calibration for UV-9_1: y=2.03076e5 x + 1414 20793 r = 0.39858) (weighting: 1/x 2)
@ Calibration for 1024_1: y = 1.38920e5 x + 91.19348 (r = 0.99332) (weighting: 1/x"2)
@ Calibration for YS¥A_1: y = 7.35806e4 x + 736585243 (r =0.99818) (weighting: 1/x"2)
@ Calibration for UV-234: y = 3.61268e5 x + 380.30555 (r = 0.99957) (weighting: 1/x"2)
@ Calibration for UV-351_1: y = 9.89351e4 x + 3602 60387 (r = 0.99762) (weighting: 1/x"2)
O Calibration for LBEJSYGZ_1:y = 43942185 x + -1145.73782 (r = 0.99846) (weighting: 1/%"2)
@ Calibration for 1010_2: y = 8216.59938 x + 100.31197 (r = 0.99769) (weighting: 1/%"2)
@ Calibration for 1076_1: y = 1.49955e5 x + 956.83554 (r = 0.99869) (weighting: 1/x"2)
@ Calibration for 2-MBT: y = 8021.75571 x + -205.47022 (r = 0.99823) (weighting: 1/x"2)
@ Calibration for DLTP_1; y = 2.17264e5 x + 172687383 (r = 0.99823) (wesghting: 1/x"2)
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Figure 2. Standard calibration curves for 10 plasticizer analytes. Calibration curves were generated for each analyte across the
concentration range of 0.01 to 10 ng/mL. Good linearity with r > 0.9970 was achieved and good accuracy, between 95% and 110.3%, was
observed for each data point on the calibration curves.
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0.1ppb - 2-MBT (Standard) 168.0/ 135.0 - 20210.
Area: 6.418€2, Height: 2.425¢2, RT: 2.26 min

..0.02ppb - UV-9_1 (Standard) 229.0/ 151.1- Pro_...
lArea: 4.791e3, Height: 1.138e3, RT: 3.17 min

0.01ppb - 1024_1 (Standard) 553.3/441.3 - Pro_...
Area: 1.446e3, Height: 5.157¢2, RT: 3.95 min

JArea: 8.512¢3, Height: 2.441e3, RT: 4.32 min

10.05ppb - UV-351_1 (Standard) 327.2/215.0 - Pr...

0.01ppb - UV-234 (Standard) 448.2/ 370.2 - Pro_...
Area: 3.946e3, Height: 1.355e3, RT: 4.64 min

0.1ppb - YSXA_1 (Standard) 282.2/ 247.2 - Pro_...
Area: 1.471e4, Height: 5.179¢3, RT: 4.17 min
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Area: 3.230e3. Height: 1.131e3, RT: 4.84 min

0.01ppb - LBEJSYGZ_1 (Standard) 447.4/289.2-...

0.05ppb - 1010_2 (Standard) 1194.8/563.1 - Pro_...
lArea: 5.321€2, Height: 1.536e2, RT: 5.10 min
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0.01ppb - DLTP_1 (Standard) 532.5/515.4 - Pro...
Area: 3.922e3, Height: 1.160e3, RT: 5.23 min

0.01ppb - 1076_1 (Standard) 548.5/475.6 - Pro_2...
Area: 2.441e3, Height: 5.491e2, RT: 5.45 min
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sample - 2-MBT (Unknown) 168.0/135.0...
Area: 6.273€3, Height: 1.948¢3, RT:2.25 ...

bample - UV-S_1 (Unknown) 229.0/ 151....
Prea: N/A, Height: N/A, RT: N/A min

sample - 1024_2 (Unknown) 553.3/ 385....
Area: N/A, Height: N/A, RT: N/A min
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Figure 3. Chromatograms of 10 additives at the LLOQ determined from the calibration curve. Additives shown from left to right include 2-MBT,
UV 9, antioxidant 1024, oleic acid amide, UV 351, UV 234, didecyl phthalate, antioxidant 1010, Antioxidant DLTP and Antioxidant 1076.

Figure 4. A treated sample solution spiked with standard working solutions. Samples shown from left to right include 2-MBT, UV 9, antioxidant
1024, oleic acid amide, UV 351, UV 234, didecyl phthalate, antioxidant Antioxidant 1010, Antioxidant DLTP and Antioxidant 1076.
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Table 2. Test results of spike recovery rate. Conclusions

Spike recovery (%) Here, an LC-MS/MS method for the determination of 10 common

additives in plastic packaging was developed using the QTRAP

4500 system. The results demonstrate that the developed

2-MBT 1.023 91.1 105.2 method is highly sensitivity and has good reproducibility. The use
of a delay column upstream of the analytical chromatographic

Detected in

sample (ng/mL) 0.5 ng/mL 5ng/mL

Compound name

uv-9 ND 93.9 95.6 . .
column was shown to effectively remove the influence of
1024 ND 97.5 96.3 substances in the background.
Oleamide 19.5 91.7 87.7
UV-351 ND 90.2 93.2
UV-234 ND 86.2 88.2 References
Didecyl phthalate 0.016 91.9 99.2 1. Ncube, LK., Ude, A.U., Ogunmuyiwa, E.N., Zulkifli, R. and
1010 17.6 92.2 108.5 Beas,.I.N., 2029. Environmental impact of food packaging
materials: A review of contemporary development from
DLTP 0.188 92.0 108.6

conventional plastics to polylactic acid based
1076 0.192 92,5 104.9 materials. Materials, 13(21), p.4994.
https://doi.org/10.3390/mal13214994

*ND: not detected
2. Alhanish, A. and Abu Ghalia, M., 2021. Developments of
biobased plasticizers for compostable polymers in the green
packaging applications: A review. Biotechnology
Progress, 37(6), p.e3210. https://doi.org/10.1002/btpr.3210

The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only. Product(s) not available in all countries. For information on availability, please contact your local sales
representative or refer to https://sciex.com/diagnostics. All other products are For Research Use Only. Not for use in Diagnostic Procedures.

Trademarks and/or registered trademarks mentioned herein, including associated logos, are the property of AB Sciex Pte. Ltd. or their respective owners in the United States and/or certain
other countries (see www.sciex.com/trademarks).

© 2022 DH Tech. Dev. Pte. Ltd. RUO-MKT-02-14282-A.

Headquarters International Sales
500 Old Connecticut Path | Framingham, MA 01701 USA For our office locations please call the division

Sc I Ex Phone 508-383-7700 headquarters or refer to our website at
sciex.com sciex.com/offices


https://doi.org/10.3390/ma13214994
https://doi.org/10.1002/btpr.3210
https://sciex.com/diagnostics
http://www.sciex.com/trademarks

