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Quantification of polyethylene in biodegradable plastics 
Part 4 Quantification of PE in BPs by EGA-MS

PYA1-190E

Multi-Shot Pyrolyzer (EGA/PY-3030D), UADTM-2.5N, High-purity calcium carbonate (PY1-494) 

Biodegradable plastics, Polylactic acid, PLA, PBAT, Startch, Polyethylene, EGA-MS, Double-shot Py-GC/MS

General polymer analysis

[Background] As described in the previous note (PYA1-187E), polyethylene (PE) has the higher thermal stability compared to
other components in biodegradable plastics (BPs). Based on this finding, quantification of PE was done by evolve gas
analysis (EGA)-MS, where the split ratio was switched to low during measurements for the detection of small amount of PE in
BP samples.

[Results] In EGA curves of P8 to P14 samples at m/z 71, a clear increase in the intensity of the PE-related peak is observed
above 430 ºC, as shown in Fig. 1. Calibration curve was made using the PE peak area of 10 BP samples, normalized by the
IS peak area, excluding the P2, P5, P9, and P12 samples used for validation. Whether the matrix was CaCO3 or starch, a
fairly good linear calibration curve was obtained. The plots of the samples used for validation fit well onto the regression
curve, as shown in Figs. 1 (A) and 2 (B). The relative standard deviation of the PE signal varied across samples, ranging
from 1.2% (P6) to 13.2% (P14). Limit of detection (LOD) and limit of quantification (LOQ) were evaluated for PE in BPs using
EGA-MS by calculating the concentrations at which the signal-to-noise ratios were 3 and 10, respectively. LOD and LOQ for
PE were 0.19 µg and 0.46 µg as an absolute mass, respectively, and were 0.38 wt% and 0.92 wt% as in weight percent,
respectively. While LOQ for PE by EGA-MS (0.46 µg, 0.92 wt%) is slightly inferior to that obtained by DS Py-GC/MS (ca. 60
min).

Fig. 1. EGA curves of P8 to P14 samples at m/z 71.

[Experimental] Details of BP samples, P1 to P14 used in this note, are given elsewhere (PYA1-189E). To a 50 µg BP sample,
1 µg deuterated polystyrene and 1 mg of CaCO3 were added as an internal standard (IS) and to enhance the sensitivity,
respectively. All measurements were done using a GC/MS system equipped with a pyrolyzer (EGA/PY-3030D) directly
interfaced to the GC injector. The measurement conditions used were the same as described in the previous note (PYA1-
187E) except the split ratio and the temperature ramping rate which was set to 20 ºC/min. Split ratio was set to 150:1 till the
furnace temperature reached 430 ºC to suppress signals from starch, PLA, and PBAT. Above 430 ºC, the split ratio was
switched to 15:1, using the GC gas saver function, to increase the transfer of PE pyrolyzates to the mass detector. The upper
temperature limit was set to 500 ºC, to reduce contributions from aromatic compounds.
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Fig. 2. Calibration curves for PE in BPs and 
quantified values for (A) P2 and P5 
samples, and (B) P10 and P12 
samples in powder (n=3).Ref.: M. Matonai, et al., J. Anal. App. Pyrolysis, 191 (2025) 107172

Ref.: M. Matonai, et al., J. Anal. App. Pyrolysis, 191 (2025) 107172
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Furnace temperature: 250 – (20 ºC/min) – 430 ºC (1min hold) – (20 ºC/min) – 500 ºC, GC oven 
temperature: 300 ºC, Split ratio: 250 – 430 ºC, 150:1 and 430 – 500 ºC, 15:1, MS TIC mode: 
m/z 50 – 500, EGA tube: UADTM-2.5N deactivated steel capillary tube (3 m x 0.15 mm), 
Sample amount: 50 µg, 1 mg CaCO3, 1 μg deuterated polystyrene.

In conclusion, the EAG-MS is well suited for routine quality control and
conformity assessments, whereas DS Py-GC/MS is suitable when higher
sensitivity is required, especially for samples containing less than 1 % PE.

https://www.frontier-lab.com/
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-189E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-189E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-189E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-189E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-189E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://doi.org/10.1016/j.jaap.2025.107172
https://www.frontier-lab.com/assets/file/technical-note/PYA1-187E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-188E.pdf
https://www.frontier-lab.com/assets/file/technical-note/PYA1-189E.pdf

	スライド 1

