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The microplastic problem
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Source: www.guardian.co.uk



Analysis of microplastics: challenges

Sample collection and preparation

• Critical to understand distribution, composition, size  

• Automation where feasible to reduce costs and accelerate sample throughput

• Include sub 1µm size (nanoplastic)

Detection complimentary techniques:
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Technique Attribute

FTIR • Widely used particle number concentration

• Polymer identification (> 10 µm)

• Spectra match to library

Raman micro-spectroscopy • Size and shape to 1 µm

Py-GC-MS • Provides molecular level information to determine 

chemical composition/structure regardless of size

• Polymer determination

• Contaminants on MP surface

• Quantitative and unknowns
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Non-

targeted 

analysis

Target 

analysis

Analysis 

Goal

• Detection of target polymers

• Quantitation

• Detection of non-target 

polymers

• Identification of unknowns



Accelerated solvent extraction (ASE) Pyr-GC-MS

6 chris.shevlin@thermofisher.com NEMC Aug2023

Sample prep is extremely important! 

ASE-
Pyrolysis 
GC-MS

Gives mass-
based  

concentrations 
of polymers

Quantitation is 
not limited by 

size

Methods can 
report total 

plastic content 
of a sample, 

both MPs and 
NPs

Method is 
particle size 
independent

Can be used 
with low or 
high lipid 

content (3%)

Reduces 
processing 
and labor 

time required 
to pre-treat 
and isolate 

MP/NP



Accelerated Solvent Extraction

• Automates sample preparation for solid and 

semisolid samples using solvents at elevated 

temperatures and pressure.

• Operates above the boiling point of extraction 

solvents by using pressurized sealed 

extraction cells.

• Ensures complete dissolution of all polymer 

materials

Thermo ScientificTM DionexTM ASETM 350 

Accelerated Solvent Extractor system

Thermo Scientific™ EXTREVA™ ASE™

Accelerated Solvent Extractor



Extraction and analysis of rice samples
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Sample Preparation Procedure

Matrix spiked store-bought rice

• Polyethylene (PE)

• Polystyrene (PS)

• Polypropylene (PP)

• Polyethylene Terephthalate (PET)

• Polycarbonate (PC)

• Polyvinyl Chloride (PVC)

Samples freeze dried 

then milled to fine 

powder for 30 min.

1.0 g 

Homogenized 

sample + 40 µg 

deuterated PS 

(d5 – PS)

Inert 

diatomaceous 

earth pre-

cleaned with 

DCM in void  

Glass fiber filter

Glass fiber filter

10mL ASE Cell



ASE extraction conditions
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• 80 µL extract transferred into a pyrolysis cup

• Evaporated for 30 min in fume hood

• Loaded onto autosampler for Pyr-GC-MS

After Extraction

The six polymers investigated remained sufficiently dissolved 

for over 2.5 hours post extraction



Pyrolysis GC-MS parameters
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Polymer targets and recoveries
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Real world rice samples
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Find out more:
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• www.thermofisher.com/microplastics

http://www.thermofisher.com/microplastics
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Non-target 
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Goal

• Detection of target polymers

• Quantitation

• Detection of non-target 

polymers

• Identification of unknowns



Polymer standards & samples
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Supplied by NILU & University of Queensland

• Polymer standards supplied by NILU

• Enables pyrolysis products to be determined

• HRAM spectrum obtained and added to library

• Two types of samples:

• Stormwater samples (Filtration)

• Milk & meat samples (ASE)



Preparation of milk and meat samples
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Freeze dried and 
milled for 30 min.

Homogenize on 
overhead shaker 
at 140 rpm for 2 

hours

1g sample spiked 
with d5-PS

Accelerated 
Solvent 

Extraction with 
ASE 350

Extraction parameter Setting

Cell type 5 mL Stainless Steel

Extraction solvent Dichloromethane (DCM)

Extraction temperature 180 °C

Static time 5 min.

Extraction cycles 3

Pressure 1,500 psi

• 80 µL extract transferred into a 

pyrolysis cup

• Evaporated in fume hood

• Loaded onto autosampler for Pyr-GC-

HRAM



Method parameters
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Method parameters
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Orbitrap Exploris GC 240 with Frontier multi shot pyrolizer installed on GC

Thermo Scientific™ Orbitrap Exploris™ GC 240



Interferences

Single quadrupole vs Orbitrap
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Single quad selectivity Orbitrap GC selectivity



Chromatography and recovery 

PMMA

Styrene

~26 scans / peak

(peak width 3.5 s)

~20 scans / peak

(peak width 3.5 s)

Spiked fishmeal 

Calculated amount 

= 2.2 mg PMMA 

(spiked at 2.5 mg)
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Pyrolysis products
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Slide by courtesy of Frontier Laboratories

X: Additives 

Y: Polymer 

Z: Inorganic 

Pyrolysis (Single-Shot)

Mixed Information of polymer and volatiles

X

Y

Z

Pattern diagram of

typical polymeric material

Sometimes difficult to interpret results !!

: Additives

: Polymer

: Inorganics

X1

X2

Y(a)

Y(b)

Y(c)

Y(d)

4 8 12 min0



Total ion chromatogram vs blank after TD
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Total ion current chromatogram (m/z 40–600) obtained for a milk sample (black chromatogram) compared with 

a solvent standard of a mix of polymers (red chromatogram) after the thermal desorption (TD) step.



Polymers found in real samples
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High resolution spectra
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Matching pyrolysis products with NIST 2020 & HRAM contaminants library

α methylstyrene naphthalene

• NIST nominal mass library • Internal Library



Milk samples
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Standard

Milk sample



Environmental samples
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Standard

Storm water sample



Conclusions 
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Targeted Analysis:

• Accelerated solvent extraction can extract a variety MPs/NPs including PS, PP, PE, PP, PC, and PVC from rice 

samples.

• Reduces processing and labor time needed to prepare MP/NP particles from samples

• Effective extraction of MPs/NPs from a wide range of environmental samples

• Rice samples that were found to contain between 17 and 317 μg/g dw of MPs/NPs and this approach has been 

applied elsewhere

Untargeted Analysis:

• Positive confirmation of the presence and identity of microplastics in different sample types.

• High selectivity and sensitivity were achieved by using the unique characteristics of the Orbitrap mass 

spectrometer, in combination with a targeted screening

• Combination of automated sample prep and automated analysis using the pyrolizer and targeted data 

processing enables an automated analysis of environmental samples.
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Find out more:
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• www.thermofisher.com/microplastics

• www.thermofisher.com/OrbitrapExplorisGC240

http://www.thermofisher.com/microplastics
http://www.thermofisher.com/OrbitrapExplorisGC240
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