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The 'new' projects

To develop a toolbox of coherent, complementary, 
analytical instrumental methods and workflows to 
consistently and reliably detect, identify, quantify 
(mass/number) and characterize sMP and NP in 

environmental samples.

WP3

Develop a toolbox of complementary analytical 
methods to reliably detect, identify, and quantify 

sMP and NP in aquatic environmental samples 
and to understand their behaviour in different 

aquatic matrices.

WP1
ANDROMEDA/REVEAL
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Microplastic ≠ Nanoparticles

A 200 µm particle is 10,000x larger than a 20 nm particle

MicroplasticGold nanoparticles Blue whaleSand

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj4v7mCjPDhAhXCxaYKHU1JBoAQjRx6BAgBEAU&url=https%3A%2F%2Fwww.nationalgeographic.com.au%2Fscience%2Funderstanding-the-blue-whale.aspx&psig=AOvVaw2qs6ItUwEwGB5UhezuLehG&ust=1556448296027966


Current status

Schwaferts, C.; Niessner, R.; Elsner, M.; Ivleva, N. P., Methods for the analysis of submicrometer- and nanoplastic 
particles in the environment. TrAC Trends in Analytical Chemistry 2019, 112, 52-65.

Sampling, extraction
and analysis

approaches for 
microplastic (>10 µm) 

are not suitable for 
particles <10 µm



Additive contentChallenge #1

How do we go 
from this?

To this?

Nguyen et al., Accounts of Chemical Research 2019 52 (4), 858-866

Start with simple 
matrices first!!!



Nguyen et al., Accounts of Chemical Research 2019 52 (4), 858-866

CLEAN-UP & SEPARATION



Additive contentWhere to start?

To develop and optimise the sample preparation, extraction and concentration steps, 
we first need to establish need robust analysis methods

…..we need suitable reference materials to develop the analysis methods.

BUT…….



Additive contentChallenge #2
How do we produce a mixture of irregular shaped plastic particles with a size 
distribution covering 1 nm to 1 µm?

Cryomilling

• Final product can be dry sieved to produce 
<100 µm fraction

• Needs further fractionation using 
alternative methods 



Additive contentReference material goal

<100 µm 
mixture

<1 µm mixture
(NP)

1-10 µm mixture
(sMP)

10-100 µm 
mixture



Additive contentSample preparation – Filtration

Stirred Cell

'Standard' filtration approaches do not work for sub-micron particles

Cross flow ultrafiltration

Challenges

• Filters/membranes that 
can withstand high 
pressures.

• Recovery of NMP from 
filter media.

• Custom-made system?



Additive contentChallenge #3

Which analysis method (s) to use?

Nguyen et al., Accounts of Chemical Research 2019 52 (4), 858-866



Quantification – Microplastic (>10 µm)

FPA-µFTIR

µRaman

Measurements

Polymer identification (individual particles)

Particle counting

Particle size

Quantification

Total number of particles

Particles of particular polymer type

Particles of particular size (range)



Robust techniques for sMP 1-10 µm
• Implementation of automated particle finder in 

the Raman workflow

• Define instrumental LoDs (size) for μFTIR and 
μRaman as 'start point' for other techniques:
• Laser confocal Raman - apply autofocus procedures, optimize 

the laser power and automate workflow. 

• Time-of-Flight secondary ion mass spectrometry (TOF-SIMS) -
ion imaging of particles 10-1 μm.

• Investigate combining light or hyperspectral 
microscopy with Raman spectroscopy and 
nano-TOF-SIMS.



Additive contentQuantification – Nanoplastic (<1 µm)
Measurements

Polymer identification (individual particles)

Particle counting

Particle size

Quantification

Total number of plastic particles

Total mass of particular polymer type 
(defined size range)

No single instrument 
currently capable of 
achieving this for MP    

<1 µm and nanoplastic

Possible to achieve



Techniques for particles <1 µm

Direct Approach

• Optimize cascade filtration down to 
0.45 μm/0.2 μm for metal-coated 
polycarbonate membranes.

• HR SEM as particle finding step.

• Correlative SEM-Raman and SEM-
TOF/SIMS to identify polymer particles. 

High-Res SEM



Indirect Approach

Isolate particle fractions 
<0.45 μm using cross 

flow ultrafiltration 

Establish py-GC-MS for plastic 
quantification in each fraction 

Techniques for particles <1 µm

Py-GC-MS

Field flow fractionation 
techniques (Centrifugal 
or Flow) will be studied 



Additive contentComplex samples – Challenge #4

If the filtration and analysis of sMP and NP is 
successful for simple matrices, digestion 
methods for MP can be assessed for sMP and NP.



Additive contentApproach we're aiming for



Nanoplastic in Microred

HDPE pipe

2. Aqueous 
leaching

4. Target analysis 
of non-leachable 

chemicals

5. Nanoplastic 
quantification

1. Solvent 
extraction

GC-MS LC-MS

Eroded sample, 
clean up (T2.1)

List of non-leachable 
target analytes

1 µm 10 µm

3. SEM Imaging



Thanks for your attention!
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