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Quantification of polyethylene in biodegradable plastics
Part 3 Calibration curves obtained by DS Py-GC/MS

PYA1-189E

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

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

General polymer analysis

[Background] In the previous note (PYA1-188E), measurement procedures were described for the quantification of
polyethylene (PE) in biodegradable plastics (BPs) by double-shot (DS) Py-GC/MS. In this note, PE quantification in BPs by
DS Py-GC/MS is validated using BP samples.

[Experimental] Model BP samples were made by blending the components shown in Table 1 using an extruder. DS Py-
GC/MS measurements were done using a GC/MS system equipped with a pyrolyzer (EGA/PY-3030D) directly interfaced to
the GC injector. The measurement conditions were the same as described in the previous note (PYA1-188E). PE in BPs was
quantified by pyrograms measured in a selected ion monitoring mode, detecting the sum of ions at m/z 57, 69, 83, and 97.
Calibration curve for PE was made using five BP samples (P8, p), P11, P13, and P14) in triplicate. In each measurement, 1
mg of CaCO3 was added, since the addition of CaCO3 was found to enhance the signal intensity.

Fig. 1. Calibration curves for PE in BPs and quantified 
values for (A) P3 and P5 samples, and (B) P10 
and P12 samples (n=3). 

Table 1 Compositions of BP samples in weight percent.

Sample PLA + PBAT CaCO3 Starch Additives PE

P1 76.8 23.2 - - 0.0
P2 76.4 23.1 - - 0.5
P3 76.0 23.0 - - 1.0
P4 75.7 22.9 - - 1.5
P5 75.3 22.7 - - 2.0
P6 74.6 22.5 - - 2.9
P7 73.1 22.1 - - 4.8
P8 71.7 - 21.7 6.5 0.0
P9 71.4 - 21.6 6.5 0.5
P10 71.0 - 21.5 6.5 1.0
P11 70.6 - 21.4 6.4 1.6
P12 70.3 - 21.3 6.4 2.1
P13 69.5 - 21.1 6.3 3.1
P14 68.1 - 20.6 6.2 5.0

While the DS Py-GC/MS method shows high sensitivity and accuracy, it

requires two separate chromatographic runs per sample, with a total

measurement time of ca. 60 min. This is a rather long time, especially for

the application of this methods to routine analysis. EGA-MS was therefore

explored as an alternative method to quantify PE in BPs, as described in

the next note (PYA1-190E).
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[Results] A linear calibration curve was obtained for PE, and the DS Py-GC/MS method was verified by measuring the BP
samples with different compositions from the BP samples used for making the calibration curve. The quantified values for
P10 and P12 samples containing starch, and P3 and P5 samples containing CaCO3, were plotted on the calibration curve,
and the results are shown in Figs. 1(A) and 1 (B), respectively. The plots fit well onto the calibration curve except for P5 that
shows slight underestimation. However, all deviations were statistically negligible at the 95 % confidence level, regardless of
whether the matrix was CaCO3 or starch. Errors shown on the calibration curve can be attributed to inhomogeneous PE
distribution in the blended BP samples. The relative standard deviation of the PE signal varied across samples, ranging from
2.7 % (P12) to 21.4 % (P13). Limit of detection (LOD) and limit of quantification (LOQ) were evaluated for PE in BPs using
DS Py-GC/MS by calculating the concentrations at which the signal-to-noise rations were 3 and 10, respectively. LOD and
LOQ for PE were 0.16 µg and 0.34 µg as an absolute mass, respectively, and were 0.11 wt% and 0.23 wt% as in weight
percent, respectively, using the average sample amount. Overall, the validation results indicate that DS Py-GC/MS provides
reliable quantification of PE and can be applied to BP samples with unknown formulations.
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