Comprehensive Analysis of Microplastics and Their Adsorbed Environmental Matrix Constituents
Using a Combination of Thermal Desorption and Pyrolysis with GCxGC-HRTOFMS

Introduction

e Plastic product ion began inthe early 20t cent ury
o Plastic waste isexpect ed to grow to a total of 26 billion tons by 2050
 Plastic mat erials are very useful materials, but there are major issues

f  Breakdow n product s(e.g., microplast ics) can be det riment al to life

f  Addit ional harmf ul substances in the environmen t are often
adsorbed by microplast ics, creat ing a difficult mat rixto analy ze

Study Objective

To cha racterize air filter samples for microplastics and associated chemic als
using thermal desorption and pyrolysis with multi-dimensional gas
chroma tography -high resolution time- of -flight mass  spect rometry
(TD/Py-GCxGC-H RTOFMS)

Analytical Platform

Mass Accuracy: 1 PPM

Acquisition Speed: 200 sps

Enhanced Chromatographic Resolution: GCxGC
Resolution: Up to 50,000

Multi-Mode Source™ (MMS™): El, PCI & ECNI

Figure 1. Pegasus ®HRT* 4D and Multi-Mode Source (MMS)

Instrument Parameters

Sample Infroduction A

TD, Split 10:1 (3 min) — Splitless, 50 °C to 300 °C at 10 °C/s

Sample Infroduction B

Pyr, 10:1 — Splitless (3 min), 50 °C to 600 °C at 60 °C/s

Carrier Gas

He @ 1.4 mL/min, Corrected Constant Flow

Primary Column

Rxi-5ms, 30 m x 0.25 mm i.d. x 0.25 um

Secondary Column

Rxi-17Sil MS, 1.3 m x0.10 mm x 0.10 um

Temperature Program

50 °C (2 min) ramp 10 °C/min to 205 °C, then ramp to 300 °C at 20 °C/min to 300 °C (hold 15 min).
Secondary oven maintained +5 °C relative to primary oven

Modulation Period

3.0 seconds; modulator maintained +15 °C relative to secondary oven

Transfer Line

300 °C

Source Temperature

El, 250 °C; PCI, ECNI, 165 °C

Acquisition Mode

High Resolution, R = 25,000 for m/z 219, Mass Accuracy < 1 ppm

lonization

El, PCI/ECNI (Reagent Gas = CH,)

Mass Range (m/z)

El 50-1000; PCI 60-1000; ECNI 30-1000

Acquisition Rate

200 spectra/s

Air Sample Collection Locations
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Figure 2. High volume samplers with PM10 Quartz filters (Right) were used
to collec t sampl es for 24 hour periods. Samples were collec ted by Imperial
College researchers at Detling (Rural) and Marylebone (Urban) sites in the UK (Left).
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Sample Preparation and Introduction

GL Sciences
Optic 4 Inlet

Figure 3. Two 4 mm or one 8 mm diameter sample(s) were transferre d to quartz tube s (Left).
Tube was placed in a GL Sciences Optic-4 Inlet (Right) for ther mal desorption and pyrolysis.

Sample 1, Thermal Desorption (TD): Methods and Results

Figure 4. TD-EI contour plot displaying the location of different classes of compounds.

Table 2. TD-EI Sample 1, non-targeted processing results — representati ve compou nds.
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Figure 5. TD-EI Sample 1 pollutants: PAHs and heter o-PAHS.
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Sample 1 (TD-El): Methods and Results, Continued

Table 3. TD-EI Sample 1, Polyaromati ¢ Hydr ocarbons
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Figure 6. Peak True and libr ary EI mass s pectr a for phenant hrene (Left)
& pyrene (Right).

Table 4. TD-EI Sample 1, Hetero-Polyaromati ¢ Hydr ocarbons
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Figure 7. Peak True and libr ary EI mass spectr a for cyclopenta (def)phenanthrenone
(Left) and benzo[f] isoquinoline (Right).

Sample 2, Pyrolysis (Pyr, El). Targeting Pyrolytic Markers

Figure 8. Contour plot displaying pyrolytic markers in Sample 2 after pyrolysis-GCxGC-EI-TOFMS.

B) HRAM lons

—>

C) TAF Results

Name RT.(s) Area,UrbanA  Area, Urban B
A) Target Markers Syrene 336,2.560 12089563 12375853
r-Methylstyrene 426,2.432 2233858 985856
1,10-Undecadene 522,2.032 132298 294815
1-Undecene 528,1.992 713542 955078
Undecare 537,1.944 412998 335032
Vinyl benzoate 573,2.816 455352 536147
Caprolactam 681,3.784 1365928 157899
Diphenyl 783,3.104 1067612 1766206
o-Toluene isocyanate 927,4.136 7767 10047
Syrene Dimer 1101,2.440 34938 64236
1,2-Bhanediol, dibenzoate 1284,3.552 266467 291186
Syrene Trimer 1413,2.600 58137 1518523

Figure 9. Targeting Pyrolytic Markers: TAF method) using 15t and 2"d dimension time windows (A)
with HRAM ions (B). Markers in Sample 2 (C).

Summary
« HRTand MMS technology are powe rful tool sfor the anal ysis of
complex samples.
 The highly ordere d, compre hensive contour plots can be used to
scree n for pollutants In air samples.
 Retrospe ctive analysisusing TAFfacili tate s quick | de ntificatli on of
marke rsin the compre hensive data.



