From Macro- to Nanoplastics and Beyond:

Advances in Analytical Techniques

Milica Velimirovi¢ Fanfani

f vito



We are VITO - An independent research institute focused on
accelerating the transition to a sustainable world

In 2023
1296 61 268M€ 25 277 11/3
employees nationalities revenues patents/year publications 11 sites on

3 continents

Vs VIto vito.be



ANALYTICAL
LABORATORY



TEAM GOAL

POST-DOC 1




Nanoplastics analysis - Platform integration based on nanoscience methods
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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)
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The Sea Scheldt estuary: plastic debris monitoring in 2018 (spring, summer and autumn)
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From Macro to
Mesoplastics characterization
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Mesoplastics sampling unit

Remedies: Sampling campaign in Albania March 17th 2024 - methodology
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Remedies: Beach mesoplastics separation and characterization

Manual sorting after drying for Separating Flotation & stirring
24 hours at 40°C mesop|astics
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Remedies: Mesoplastics — morphology and color
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Remedies: Mesoplastics — size and polymer composition

30
o
a 4
8 20
o ;
£t |
= 38 | /
£ 10 52
= ‘:'

5 - .‘:.‘.x‘.» .v

. ] 1

(6, 11] (11, 16] (16, 22] (22,27 (27, 32]
Kiaiimum:diameter {mmi sPP ®PS ®PE ~HDPE =Other = Unidentified

. . ] Polymer composition (%) of
Maximum diameter (mm) of mesoplastics (n=73) mesoplastics (n=73)

e

REMEDIES



Remedies: Mesoplastics — elemental fingerprint

mesoplastics number
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splCP-MS for Microplastics
Characterization
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Microplastics and spICP-MS: a perfect match?
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splICP-MS for low ym range MPs (1-10 pm) size determination
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Metal fingerprinting as an approach to detect nanoplastics (<1 pym)
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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 Il
3 layered

Confirmed filtration BFE298%
according to EN14683 Standard

*System and procedural blanks were obtained to control any contamination*
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Simulation of 5, 10, 20, 30, 50 and 365
_\6'_ days of sunlight exposure in
Thessaloniki.

II\

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,O was added to

keep the volume of 300mL stable
(evaporation).

DPFM +H_O

One mask was inserted into a glass jar,
filled with 300 mL of ultrapure H,0.

Analysis

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

DPFMs’
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Cost action PRIORITY: Accelerated UV weathering of disposable plastic face masks

Results Fitting
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Simple and straightforward separation of the nanoplastics after

accelerated UV degradation of surgical face masks.
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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
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From Micro to
Nanoplastics characterization

92 nm polystyrene spiked fish samples
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MS4Plastics: Multi detector field flow fractionation for nanoplastics characterization
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Detection, characterization, identification and
quantification of nanoplastics

Separation of
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larger nanoparticles/
colloids/molecules

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

Sample
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Field flow
fractionation
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Analytical and Bioanalytical Chemistry
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Finding the tiny plastic needle in the haystack: how field flow

fractionation can help to analyze nanoplastics in food

Katrin Loeschner' © - Janja Vidmar*( - Nanna B. Hartmann*( - André Marcel Bienfait*( - Milica Velimirovic**

Aecalved: 7 July 2022 / Aevised: 31 August 2022/ Accepted: 3 September 2022
© Springer-Verlag GmbH Germany, part of Springer Nature 2022
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92 nm PS spiked fish
sample
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Proteinase K digestion
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From Micro to
Nanoplastics characterization
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Pyr-GC-MS method as a powerful tool for nanoplastics detection

Human blood

Drinking water

Seafood

Tire wear particles

Sewage sludge

>4~ vito g HESE



Pyr-GC-MS method as a powerful tool for MNPs detection: sewage sludge
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From Nanoplastics and Beyond
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Upstream: DART-MS for additives/leachable compounds detection

a Fast Screening using Ambient Pressure lonization

dimethylterephthslate_Siebe_231025#373-407 RT: 3.59-3.91 A\ 35 NL- 650E8
T:FTMS +p NSI Full ms[50.0000-750.0000]
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Ambient ionization-high resolution mass spectrometer
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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.

|t all starts with the sample: Robust and standardized sample preparation needed.

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

e 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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Artem Glukharev

Géraldine Dumont

About COST Action 20101 - PRIORITY

PRIORITY stands for ‘Plastics monitoRIng detectiOn RemedlaTion
recoverY’.

PRIORITY is a science and technology research network focused on
developing, implementing, and consolidating strategies to tackle the
global challenges of micro- and nanoplastics in the environment.

For more information: www.ca-priority.eu
Instagram: ca.priority o .

Twitter: CA_PRIORITY pRI @ RI I v
LinkedIn: ca-priority \
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