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Plastic is commonly used in food, medicine and other products.1 

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.1,2 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.1 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.  

 

Key features for plasticizer analysis on the 
QTRAP 4500 system 

• Lower limit of quantification was between 0.01 and 0.1 ng/mL 

for all 10 of the plastic additives 

• 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 µm 

particle size). The analytical column was a Kinetex C18 (5 x 3.0 

mm, 2.6 µm 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.  

 

 

 

Figure 1. An example chromatogram for the ten plastic additive 
compounds. Good separation was achieved using reverse phase 
separation on a C18 column. 
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Mass spectrometry: A QTRAP 4500 system was used in 

multiple reaction monitoring (MRM) scan mode and operated in 

electrospray (ESI) positive ion mode. Ion source parameters 

were an ion spray voltage of 5500 V, temperature of 550°C, 

curtain gas at 35 psi, collision gas at 8 psi, GS1 at 55 psi and 

GS2 at 55 psi. 

 

Results 

An example chromatogram is shown in Figure 1. The calibration 

curves for the 10 analytes had correlation coefficients (R2) 

greater than 0.997 and accuracy between 95% and 110.3% for 

each data point (Figure 2).  

The lower limit of quantification (LLOQ) of the 10 additives 

ranged between 0.01 and 0.1 ng/mL. A sample was spiked with 

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. 

 

 

 

  

Table 1.  Lower limit of quantification, linear range and 
reproducibility for 10 plasticizer compounds. 

Compound name 
LLOQ 

(ng/mL) 
Linear range 

(ng/mL) 
%RSD at 

LLOQ 

2-MBT 0.1 0.1–10 3.35 

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 

UV-351 0.05 0.05–10 3.80 

UV-234 0.01 0.01–10 4.92 

Didecyl phthalate 0.01 0.01–10 3.60 

1010 0.05 0.05–10 4.97 

DLTP 0.01 0.01–10 1.03 

11076 0.01 0.01–10 4.41 

   

 

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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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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Conclusions 

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 

method is highly sensitivity and has good reproducibility. The use 

of a delay column upstream of the analytical chromatographic 

column was shown to effectively remove the influence of 

substances in the background.  
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Table 2. Test results of spike recovery rate.  

  Spike recovery (%) 

Compound name 
Detected in 

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

2-MBT 1.023 91.1 105.2 

UV-9 ND 93.9 95.6 

1024 ND 97.5 96.3 

Oleamide 19.5 91.7 87.7 

UV-351 ND 90.2 93.2 

UV-234 ND 86.2 88.2 

Didecyl phthalate 0.016 91.9 99.2 

1010 17.6 92.2 108.5 

DLTP 0.188 92.0 108.6 

11076 0.192 92.5 104.9 

*ND: not detected 
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