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Nanoplastics analysis - Platform integration based on nanoscience methods

Field flow 
fractionation

spICPMS (Nu Attom)µRaman

Py
Pyrolysis-gas chromatography-mass 

spectrometry (Py-GC-MS) 



Detailed characterization of plastic debris: 
A case study of the Sea Scheldt estuary
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The Sea Scheldt estuary: plastic debris monitoring in 2018 (spring, summer and autumn)

anchor netting
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The Sea Scheldt estuary: plastic debris monitoring in 2018 (spring, summer and autumn)

Distributions of the number of items and weight in grams of  items collected per million 
m3 of water, by size, at the four locations



From Macro to 
Mesoplastics characterization
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Remedies: Sampling campaign in Albania March 17th 2024 - methodology

Source: Marine Strategy Framework Directive - MSFD TG ML. Guidance on the Monitoring of 
Marine Litter in European Seas. 2023

 Mesoplastics sampling unit

Hamallaj Beach, Albania
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Remedies: Beach mesoplastics separation and characterization

ATR-FTIRSaturna 
imagining 

system 

© MSFD TG ML. 2023

Manual sorting after drying for 
24 hours at 40°C Flotation & stirring

µXRF
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Remedies: Mesoplastics – morphology and color

Percentage of different colors of mesoplastics present in different plastics 
morphologies – foam, fragment and filament (n=73)
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Remedies: Mesoplastics – size and polymer composition

Polymer composition (%) of 
mesoplastics (n=73)Maximum diameter (mm) of mesoplastics (n=73)
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Remedies: Mesoplastics – elemental fingerprint

Detected elements in mesoplastics (n=73)



spICP-MS for Microplastics 
Characterization
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Microplastics and spICP-MS: a perfect match? 

spICP-MS for low µm range MPs (1-10 µm) size determination

Particle size distribution obtained for 2.5 µm and 5 µm polystyrene (PS) microspheres 
measured using ICP-MS operated in single-event mode via the monitoring of 13C+. 
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Metal fingerprinting as an approach to detect nanoplastics (<1 µm) 

47Ti+
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Velimirovic et al., 2022 - SETAC Europe 32nd Annual Meeting



From Micro to 
Nanoplastics characterization

Simulated UV weathering of disposable 
plastic face masks
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Cost action PRIORITY: Simulated UV weathering of disposable plastic face masks

DPFMs
• Disposable surgical mask, Type II

• 3 layered

• Confirmed filtration BFE≥98% 
according to EN14683 Standard

01

Completion of 
weathering

After the completion of the required 
weathering period, the masks were 
carefully removed from the aqueous 
media and left in clean filter paper to 
dry in RT (fume hood).

04

a
b

Analysis

UV chamber
• Jars were inserted into simulating 

chambers for certain time intervals.

• Every 4h of aging, the media was 
stirred gently with a glass rod.

• Twice a day, UP H
2
O was added to 

keep the volume of 300mL stable 
(evaporation).

03

UV 

Simulation of 5, 10, 20, 30, 50 and 365 
days of sunlight exposure in 

Thessaloniki.

DPFM + H
2
O

One mask was inserted into a glass jar, 
filled with 300 mL of ultrapure H

2
O.

02

*System and procedural blanks were obtained to control any contamination*

Funded by 
the European Union 
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Cost action PRIORITY: Simulated UV weathering of disposable plastic face masks

a

b

Weathered 
masks

DPFMs’ 
leachates

ATR-FTIR
Attenuated Total Reflectance Fourier 

transform infrared spetrocsopy
Nicolet™ iS™ 10 

Py-GC/MS
EGA/PY-3030D, Frontier lab; 

GC 7890B and 5977 MSD, 
Agilent  

DLS Microscopy

Atomic force 
microscopy - Bruker 

AFM

Asymmetric filed flow 
fractionation – Wyatt 

AF4

Particle size 
characterization

Capture 
formed 
fibers & 
particles

Monitor 
oxidation 
processes

Identify 
newly-for

med 
products

Topography 
during aging

Particle size 
distribution of NPs 

Low concentration of the samples

Funded by 
the European Union 
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Cost action PRIORITY: Simulated UV weathering of disposable plastic face masks

Nanoplastics release from face masks under simulated UV weathering
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Cost action PRIORITY: Accelerated UV weathering of disposable plastic face masks

Funded by 
the European Union 

Simple and straightforward separation of the nanoplastics after 
accelerated UV degradation of surgical face masks. 



From Micro to 
Nanoplastics characterization

Washing water of PET and recycled PET textile
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Cost action PRIORITY: Accelerated UV weathering of disposable plastic face masks

AFM:

SEM:

Py-GC/MS:



From Micro to 
Nanoplastics characterization

92 nm polystyrene spiked fish samples



vito.be

MS4Plastics: Multi detector field flow fractionation for nanoplastics characterization 

GA: 101023205

Wyatt FFF system

Sample 
preparation

Field flow 
fractionation Online detectors Offline analysis

e.g., MALS, DLS, 
TOC/OCD, (sp)ICP-MS, 

Raman microscopy

e.g., pyrGC-MS, 
NALDI-TOF-MS, Raman 
microsopy, SEM, AFM

Detection, characterization, identification and 
quantification of nanoplastics

Degradation of the 
matrix without 

altering the 
nanoplastics

Separation of 
nanoplastics from 
ions, smaller and 

larger nanoparticles/ 
colloids/molecules Evtl. washing / 

concentration step

Fractions

fraction 
collector

(MD)-FFF 
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MS4Plastics: Multi detector field flow fractionation for nanoplastics characterization 

GA: 101023205

Wyatt FFF system

92 nm PS spiked fish 
sample

Solvent extraction
Integrated approach

Polystyrene size 
determination

Polystyrene 
identification and 

quantification



From Micro to 
Nanoplastics characterization

Sewage sludge
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Pyr-GC-MS method as a powerful tool for nanoplastics detection
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Pyr-GC-MS method as a powerful tool for MNPs detection: sewage sludge

PMMASBRABS

PSPPPE
0.97 µg/mL 0.09 µg/mL 0.1 µg/mL

0.06 µg/mL 1.96 µg/mL 0.01 µg/mL

Extensive 

sample 

preparation 

is required



From Nanoplastics and Beyond
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Upstream: DART-MS for additives/leachable compounds detection

Standards

a Fast Screening using Ambient Pressure Ionization

DART ion source



vito.be

Take home message

• From macro to nanoplastics, size dictates complexity: As plastics degrade, their 
physical and chemical behaviors shift—altering how they interact with organisms and 
ecosystems. This makes size-resolved analysis not just valuable, but essential.

• It all starts with the sample: Robust and standardized sample preparation needed.

• Analytical tools are evolving: Cutting-edge techniques like µRaman spectroscopy, 
pyrolysis-GC-MS, and atomic force microscopy (AFM) are expanding our ability to 
detect, characterize, and quantify plastics.

• A glimpse of the future: Emerging methods are now turning toward the detection of 
chemical additives and degradation products in environemnt that may pose hidden 
risks.
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