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Selection of microplastics reference materials

▪ Describe Molecular and Particle 
Descriptors for Microplastic 
Particles

▪ Polymer Backbone, Additives, 
Size Distribution, Degree of 
Crystallinity, etc. 

▪ Final Descriptors will be chosen 
based on relevance for modeling 
approach and regulations

▪ Testing must be available for all test 
materials to demonstrate micronised 
test materials are representative of 
reference materials

Figure courtesy of Andrea Valsesia, JRC-Ispra (SETAC panel with WW and Meredith Seeley, NIST)



Selection and physico-chemical characterisation

▪ Describe Molecular and Particle 
Descriptors for Microplastic 
Particles

▪ Polymer Backbone, Additives, 
Size Distribution, Degree of 
Crystallinity, etc. 

▪ Final Descriptors will be chosen 
based on relevance for modeling 
approach and regulations

▪ Testing must be available for all test 
materials to demonstrate micronised 
test materials are representative of 
reference materials

Material Property Analytical Method Regulatory Criteria

Chemical 

Composition

Raman and FTIR OECD_PLC, ECHA_restriction, 

polymer-REACH

Molecular Weight GPC OECD_PLC, 

Molecular Mobility TD-NMR ECHA_restriction of „solids“

Crystallinity DSC Polymer-REACH

Particle Size 

Distribution

Mastersizer (micro) 

& AUC (nano)

Polymer-REACH, (ECHA_restriction)

Shape 

(morphology)

SEM Polymer-REACH

Density He-Pycnometry -

Surface (re) activity EPR OECD_PLC, polymer-REACH

Surface Charge Gel Electrophoresis OECD_PLC, polymer-REACH

Impurities HS-GC -

Endotoxin LAL Assay -



Reference material progress at SETAC-EU (Dublin May 2023)

• Valsesia & team, JRC Ispra, IT (UV aging at NIST Gaithersburg)

• Sequential stresses → nanoplastics

• Altmann & team, BAM Berlin, DE

• Sequential & repeated stresses → respirable particles

• Solvent precipitation → respirable particles / nanoplastics

• Wright & team, Imperial College London, UK

• Solvent precipitation → respirable particles / nanoplastics

• Electrospray + microtome → fibers

• Booth & team, SINTEF, Trondheim, NO

• Sequential stresses → nanoplastics

• ECO59 & C10, BASF, Ludwigshafen, DE
• ISO-aging + sampling → dissolved, nano- & micro fractions

• Solvent precipitation → respirable particles / nanoplastics
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Reference material progress at SETAC-EU (Dublin May 2023)

• Valsesia & team, JRC Ispra, IT (UV aging at NIST Gaithersburg)

• Sequential stresses → nanoplastics

• Altmann & Thünemann & teams, BAM Berlin, DE

• Sequential & repeated stresses → respirable particles

• Solvent precipitation → respirable particles / nanoplastics

• Wright & team, Imperial College London, UK

• Solvent precipitation → respirable particles / nanoplastics

• Electrospray + microtome → fibers

• Booth & team, SINTEF, Trondheim, NO

• Sequential stresses → nanoplastics

• ECO59 & C10, BASF, Ludwigshafen, DE

• ISO-aging + sampling → dissolved, nano- & micro fractions

• Solvent precipitation → respirable particles / nanoplastics

DOI: 10.1002/marc.202200874



Reference material progress at SETAC-EU (Dublin May 2023)

• Valsesia & team, JRC Ispra, IT (UV aging at NIST Gaithersburg)

• Sequential stresses → nanoplastics

• Altmann & Thünemann & teams, BAM Berlin, DE

• Sequential & repeated stresses → respirable particles

• Solvent precipitation → respirable particles / nanoplastics

doi: 10.1002/appl.202200124. 
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Polyamide in 
different sizes

Sample Name

(size in mass metrics)

Crystallizat

ion Peak 

(°C)

Melting 

Pt. (°C)

Density 

(g/cc)

Surface 

Area (m2/g)

No.  Ave. 

(Mn, g/mol)

Wt. Ave. 

(Mw, g/mol)

Mw/Mn t50

(sec)

PA bulk (mm) 162.2 218.5 1.14 - 19600 61900 3.2 0.0110

PA cryomilled (47 µm) 186.4 219.9 1.15 0.36 16400 57900 3.5 0.0115

PA Inhalable (7 µm) 176.0 217.2 1.90

PA_precip_100nm 175.0 215.4 1.23 81.8 13100 68000 5.2 0.0130

Molar MassThermal Analysis

PA_precip (100nm mass)PA_inhalable (7µm mass)



Representativeness – on the example of polyamide materials

Sample Name Crystallizat

ion Peak 

(°C)

Melting 

Pt. (°C)

Density 

(g/cc)

Surface 

Area (m2/g)

No.  Ave. 

(Mn, g/mol)

Wt. Ave. 

(Mw, g/mol)

Mw/Mn t50

(sec)

PA bulk (mm) 162.2 218.5 1.14 - 19600 61900 3.2 0.0110

PA cryomilled (47 µm) 186.4 219.9 1.15 0.36 16400 57900 3.5 0.0115

PA Inhalable (7 µm) 176.0 217.2 1.90

PA_precip_100nm 175.0 215.4 1.23 81.8 13100 68000 5.2 0.0130

GPC: Molar MassDSC: Thermal Analysis

TD-NMR: 

Solid? 

Mobile?



Toxicity Relevant Characterization

Radical Generation: EPR_CPH Charge: pH titration (in 1mmol KCl)

Cationic acrylic-styrenic

PA_precip,    TPU_precip

Typical „PS bead“

Carbomer control



Milling and Fractionation

• Two size-reduction steps, grinding and ball milling

• Two fractionation steps, sedimentation and sieving

• Three plastics, three size classes

Parker et al. Microplastics and Nanoplastics (2023) 3:10 https://doi.org/10.1186/s43591-023-00058-2

https://doi.org/10.1186/s43591-023-00058-2


Milling and Fractionation

• Narrow size distributions, >50% particles in desired size range

Parker et al. Microplastics and Nanoplastics (2023) 3:10 https://doi.org/10.1186/s43591-023-00058-2

<1 µm 1-5 µm 5-10 µm

https://doi.org/10.1186/s43591-023-00058-2


• 8 different polymers: HDPE, LDPE, PP, PA, PC, PVC, PS and… PET

• Final batches still being prepared

• Optimising process with regards to:

• Contamination

200 µm200 µm

Milling and Fractionation



• 8 different polymers: HDPE, LDPE, PP, PA, PC, PVC, PS and… PET

• Final batches still being prepared

• Optimising process with regards to:

• Morphology

200 µm
200 µm 50 µm

Milling and Fractionation



• How can we best store and 

suspend reference 

materials?

• Hanson solubility 

parameters to predict 

solubility/swelling

• Glycerol promising option

200 µm

Suspending

Type Solvent HDPE LDPE PP PC PS PVC PA PMMA 
Aqueous Water 21,8 13,2 7,4 6,8 7,8 7,8 6,3 4,0 

Urea 15,6 9,7 5,3 4,4 5,3 5,3 4,2 2,5 

Acetic Acid 7,8 4,1 2,7 1,8 2,6 1,4 3,8 1,2 

Alcohols Ethanol 10,0 5,8 3,5 2,5 3,4 3,4 1,7 1,6 

1-Butanol 7,7 4,3 2,7 1,8 2,6 2,6 3,3 1,3 

2-Butanol 7,2 4,0 2,6 1,6 2,4 2,4 3,6 1,2 

Iso-Butanol 8,1 4,4 2,8 2,0 2,8 2,8 3,3 1,4 

1-Propanol 8,7 4,9 3,0 2,1 2,9 2,9 2,6 1,4 

2-Propanol 8,1 4,6 2,9 1,9 2,8 2,8 3,0 1,4 

Polyols Glycerol 14,9 9,0 5,1 4,2 5,2 5,2 2,0 2,6 

 Ethylene Glycol 13,2 7,9 4,6 3,6 4,6 4,6 0,9 2,2 

 Propylene Glycol 8,3 4,8 2,9 1,7 2,6 2,6 3,0 1,1 

 Diethylene Glycol 11,2 6,6 3,9 2,8 3,7 3,7 1,2 1,7 

 Dipropylene Glycol 9,6 5,6 3,3 2,2 3,1 3,1 2,1 1,4 

 Triethylene Glycol 10,6 6,1 3,7 2,6 3,5 3,5 1,9 1,5 

Alkanes Cyclohexane 1,5 1,0 0,4 1,7 1,2 1,2 8,8 1,3 

 Hexane 3,3 1,1 1,0 2,0 1,7 1,7 8,8 1,4 

Fatty Acids Oleic Acid 3,0 1,1 1,1 0,9 1,0 1,0 6,7 0,9 

 



Materials generated in BRIGID, C10, ECO59, NIST, BAM
sizes given as median mass D50,M and median number D50,N

26.06.2023 24

Size PET PA LDPE TPU PVC PP PS

D50,M ≤ 1 µm C10 (precip)

D50,M = 0.1 µm

= MOMENTUM

C10 (precip) 

to be char. 

C10 (precip)

D50,M = 1.0 µm 

C10

D50,N = 0.08 µm

D50,M = 0.09 µm

D50,M = 1-10 µm C10 (precip)

D50,N = 0.11 µm

D50,M = 1.4 µm

Brigid: n/a

C10 (cryo)

D50,M = 6.7 µm

(=InnoMat.Life)

Momentum

D50,N = 1.8, 2.3 µm

D50,M = 5.3, 3.1 µm

D50,N = 1.0 µm

D50,M = 7.4 µm

Brigid: n/a

NIST (cryo)

D50,M = 4.6 

µm 

Brigid: n/a

Momentum

D50,N = 0.2 µm

D50,M = 5.7 µm

D50,N = 1.8 µm

D50,M = 6.3 µm

Brigid: n/a

Momentum

D50,N = 0.6 µm

D50,M = 5.8 µm

D50,N = 5.0 µm

D50,M = 6.4 µm

Brigid: n/a

C10

D50,N = 2.0 µm

Brigid: n/a

D50,M > 10 µm ECO59 (cryo)

D50,M = 41 µm

Brigid: n/a

ECO59 (cryo)

D50,M = 42 µm

(=InnoMat.Life)

Brigid: n/a

BAM (cryo)

D50,M = 61 µm

Brigid: n/a

ECO59 (cryo)

D50,M = 236 µm

(=InnoMat.Life)

Brigid: n/a

Momentum

D50,N =  4.9 µm

D50,M = 10.6 µm

Momentum

D50,N = 12.9 µm

D50,M = 24.2 µm

Brigid: n/a

BAM (cryo)

D50,M = 206 µm 

Brigid: n/a



Reference Materials – an interim summary

• PROs on alternatives: 
• Cryo/ball milling: scalable production
• UV run-off: most realistic (?): aged

nanoplastics
• Precipitation: nano in mass metrics, 

realistic charge (vanishing), realistic
shape (non-spherical)

• Emulsion polymerisation („beads“): 
ease of use, tagging options (dye, 
metal)

25

• CONs of alternatives:

• Cryo/ball milling: inorg. contamination? 

Radicals? Size? 

• UV run-off: mg/m² quantity, demanding

extraction

• Precipitation: organic contamination? 

• Emulsion polymerisation („beads“): lack of 

representativeness, misleading properties

(incl. ease of use), often surfactant content.

• Representativeness issues: 

• Define scenario to be represented: pristine, aged, contaminated, recycled, …

• Measure & control phys-chem properties for representativeness:
• Chemical Composition, Molecular Weight, Molecular mobility / solidity, Crystallinity, Particle Size Distribution, Shape (morphology), 

Density, Surface (re) activity, Surface Charge, Impurities, Endotoxin
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