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Motivation
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Source: Fraunhofer UMSICHT; m.malinika – stock.adobe.com; pixabay



Consequences
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Regulation on Plastic products

Regulation for Producers

Regulation as a precautionary principle 
for maintaining health

2018



Solution
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Reliable and Accurate 
Measurements

What is the true exposure in:

➢ Air

➢ Water

➢ Soil

➢ Biota

➢ Human body ?



Challenges
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User needs
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Journal of Hazardous Materials 497 (2025) 139595, https://doi.org/10.1016/j.jhazmat.2025.139595 



Intended use
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➢ Standardized reference materials for instrument calibration

➢ Standardized reference materials for instrument development

➢ Standardized reference materials for sample preparation 

Which instruments?

• µ-IR, µ-Raman = quantification of particle number

• TED-GC/MS and Py-GC/MS = quantification of particle mass



What are mandatory and desired properties?
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Mandatory attributes

Morphology must reflect MPs in the environment (i.e., irregular and polydisperse) 

Must contain 50% of particles in the specified size class based on laser diffraction

Must not contain exogenous dispersing agents in the product and <1% residual 

contaminants, such as metals from the milling procedure

Each unit from a single batch must conform to homogeneity and stability criteria set by ISO 

Guides 31 and 35

Desired attributes

Pristine test materials should have a surface chemistry that reflects the pristine polymer

Aged test materials should have a surface chemistry that reflects environmentally relevant MPs

Should maintain PSD stability over at least one year shelf life and in-use life span

Should have an acceptable product yield per batch and manufacturing time
Journal of Hazardous Materials 497 (2025) 139595, https://doi.org/10.1016/j.jhazmat.2025.139595 



How are they made?
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Cryomilling
Fragments with irregular shape

Non-aged material slightly rounder and more compact 

Size selection via sieving
Yield: g - mg
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Solid phase dilution and tabletting
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Why tablets? 

➢ Easy, uniform handling
➢ quantitative transport and 

    storage

➢ very low mass 
➢ particle number 

    (> 10 particles) 



How are the tablets used?

10.02.2017 Thema der Präsentation 14



Particle mass of PET in tablet
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Particle numbers of PET in tablet
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Reliable and Accurate Measurements 

10.02.2017 Thema der Präsentation 17

Regulation

Analysis

Standards

Reference 
material

Harmonisation

• How robust and reliable are the methods?

• How accurate are the particle numbers and masses determined?

• How reproducible are the results?

• Do colleagues measure the same? How comparable are our results?



Interlaboratory comparisons
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2019

2020

2021
-2023

2023
-2024

„Plastics in the environment“, national

JRC/BAM

Quasimene/NORMAN

https://doi.org/10.1016/j.scitotenv.2021.145071

VAMAS TWA45 – microplastics (PlasticsFatE/PlasticTrace)

https://doi.org/10.1021/acs.analchem.4c05403

2025 VAMAS TWA45 – nanoplastics (PlasticTrace) in progress
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Study design
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Mass
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Probe: PET
Merkmal: Mass fraction
Statistische Methode: ISO 5725-2
Anzahl Labore in Berechnung: 24

Sollwert: 1,000 µg/mg (Referenzwert)
Rel. Soll-Stdabw.: 55,23% (empirischer Wert)
Rel. Wiederhol-Stdabw. (Vr): 42,26%
Toleranzbereich: -0,105 - 2,105 µg/mg (|Z-Score| <= 2,00)

Py-GC/MS
TED-GC/MS
Toleranzgrenze PET
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Probe: PE
Merkmal: Mass fraction
Statistische Methode: ISO 5725-2
Anzahl Labore in Berechnung: 25

Sollwert: 1,000 µg/mg (Referenzwert)
Rel. Soll-Stdabw.: 98,07% (empirischer Wert)
Rel. Wiederhol-Stdabw. (Vr): 82,15%
Toleranzbereich: -0,961 - 2,961 µg/mg (|Z-Score| <= 2,00)

Py-GC/MS
TED-GC/MS
Toleranzgrenze PE

Normalized Reference 
value

Tolerance limit

Confidence region
Theoretically (gravimetric) → 2.22 µg/mg

Theoretically (gravimetric) → 1.06 µg/mg

Average mass 

TED-GC/MS = 1.13 ± 0.33 µg/mg

Py-GC/MS = 1.11 ± 0.64 µg/mg

Average mass 

TED-GC/MS = 1.69 ± 0.67 µg/mg

Py-GC/MS = 1.67 ± 0.80 µg/mg

Higher variation for aged 

PE film for some labs, but 
in general lab-to-lab 

variation is similar for PE 

and PET



Total particle numbers
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Probe: Polyethylene
Merkmal: Gesamtzahl
Statistische Methode: ISO 5725-2
Anzahl Labore in Berechnung: 40

Sollwert: 1,00 Particle Nr. (Referenzwert)
Rel. Soll-Stdabw.: 130,08% (empirischer Wert)
Rel. Wiederhol-Stdabw. (Vr): 66,22%
Toleranzbereich: -1,60 - 3,60 Particle Nr. (|Z-Score| <= 2,00)

FTIR
LDIR
Raman
Toleranzgrenze
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Probe: Polyethylene terephtalate
Merkmal: Gesamtzahl
Statistische Methode: ISO 5725-2
Anzahl Labore in Berechnung: 40

Sollwert: 1,00 Particle Nr. (Referenzwert)
Rel. Soll-Stdabw.: 65,37% (empirischer Wert)
Rel. Wiederhol-Stdabw. (Vr): 27,35%
Toleranzbereich: -0,31 - 2,31 Particle Nr. (|Z-Score| <= 2,00)

FTIR
LDIR
Raman
Toleranzgrenze

PE

PET

Reference value µ-Raman 1295 ±152

Reference value µ-FTIR 550 ±79

Average number (µ-Raman) =1024+/-497

Average number (µ-FTIR) = 408+/-345

Average number (LDIR) = 767+/-393

Reference value µ-Raman 1557 ±632

Reference value µ-FTIR 336 ± 94

Average number (µ-Raman) =1750+/-1944

Average number (µ-FTIR) = 416+/-372

Average number (LDIR) = 526+/-364

Much more scattering in 

particle number than in mass

Higher particle number for µ-

Raman than for µ-FTIR



Lessons learnt
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Summary and Outlook
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➢ Reliable and accurate 

    measurements

➢ We will have answers for 

    the regulators in the future.



www.bam.de

Thank you for your attention.

Contact:

Dr. Korinna Altmann

Scientist

Phone: +49 30 8104-4305

Email: korinna.altmann@bam.de
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