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Plastics — Production and disposal

Million tons
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Illustrated by GRID-Arendal

UNEP {2021). From Pollution to Solution: A global assessment of marine litter and plastic pollution. Nairobi.

Without interventions the production
of plastics will be doubled in 2050

Approximately 10% of plastics is
recycled

The majority of the plastics produced is
still in use or discarded (disposed in
landfills or released in the
environment)
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Plastics — Widespread uses
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Chemicals in plastics — a technical report (UN)
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Micro and nanoplastics - sizes
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reference ap Classification of plastic particles by their size and size references,
DNA Virus Human Hair Golf Ball definition of nanoplastic by Hartmann et al. [3] © Andreas
Mattern/ UFZ: Nanoplastic in the environment — Wissensplattform
nanopartikel.info
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https://nanopartikel.info/en/basics/cross-cutting/nanoplastic-in-the-environment/
https://nanopartikel.info/en/basics/cross-cutting/nanoplastic-in-the-environment/

Sources of microplastics

* Breakdown of plastics in the
environment
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Main sources of
unintentional microplastics release
to the EU environment

@ Lower and higher estimates * Microplastics are intentionally added to

(2019 - tonnes/year)

%

.Y

products like cosmetics, detergents,
paints, fertilisers, plant protection
products +++

Paints Tyres Pellets Textiles Geotextiles Detergent

capsules * REACH restriction in place in Europe on
52140 6600 microplastics in products

EU action against microplastics. Report 2023.
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Routes of exposure to MNPs

* Ingestion
* Inhalation

 (Dermal)
Evidence that small MNPs can translocate to the blood A
After uptake in the body: g - - Z%

- Excretion via bile/faeces or urine
- Accumulation in the body
Organs: spleen, liver
Immune cells
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Skin contact of plastic particles
« From p aining water CSPECA,
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Possible health effects of MNPs-
Influenced by many variables

Surface chemistry

e Charge e Fragments
e Functional groups e Fibers

¢ Protein corona e Various

¢ Endotoxins

Additives

e Plasticizers

e Flame retardants

e Pigments

¢ Non-intentionally added
addivitives

o+ttt
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MNPs in human tissues
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Research Brief

Microplastic presence in dog and human testis and its
potential association with sperm count and weights of
testis and epididymis
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Matthew] Campen ? Xiaozhong Yu (D
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How are MNPs measured

MP Visualization Fourier-Transform Infrared
Microscopy (FTIR) Analysis

Tissue
Digestion Ultracentrifugation  Isolated
(10%KOH) (MP Isolation) MP
o Pellet
—> —>
\\ /
. / v ~Tmg Sample Py-GC/MS Metabolite
———’ . .
placed in Eco-Cup Analysis

SF for pyrolysis
- J
L — —
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Pyrolysis GC-MS is mosten often used
Gives information on the mass of
polymers not on size of the particles

POLYRISK have also employed
Scanning Electron Microscopy
together with RAMAN spectroscopy

Contamination is a big problem
Lot of lab disposables are made
from plastics
Use blanks

https://doi.org/10.1093/toxsci/kfae021
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https://doi.org/10.1093/toxsci/kfae021

Pyrolysis GCMS

MS-pyrogram (as TIC)

Auto-sampler - -

Pyrolyser

Carrier gas —» ———

Pyrolysis | [ ]

split flow +— ==]
Mass spectro meter

Pyrolysis
mass spectrum

/ Gas chromatograph

/

Detection | [j{——x
Separation

Picture from Lorenzo Scibetta VU Amsterdam
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Cytokine release in human in-vitro models

Tissue Cells Cytokines

AX

Gastrointestinal Caco-2 + HT-29
tract + THP-1

@\/ IL-1B IL-2

L

P
__do.. ol IL-4 IL-6
B IL-8 VEGF
TNF-a
Immune cells Monocytes,
Dendritic cells,
Macrophages
Sources:
e Brown DM et al. Toxicol Appl Pharmacol. 2001;175(3):191-199. doi:10.1006/taap.2001.9240
.f EOLVRlSK 25.06.2024 Busch M et al. Chemosphere. 2021;284:131345. doi:10.1016/j.chemosphere.2021.131345
(]

Weber A et al. Environ Int. 2022;163:107173. doi:10.1016/j.envint.2022.107173
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Assessing And Characterizing Of MNP Effects On Specific Immune Cells

IL-8
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Decline In Cell ' ! " Immune Modulation by Monocytes

o . Various concentrations of PE and PP upregulated the expression of costimulatory
Viability After + I8, TNF"‘L IL-6, IL-1B and many other cytokines were molecules such as CD80 and CD86. The decreasing expression levels of CD11b with
48 Hrs zroduced in response to PE and PP exposure after 48hrs varying concentrations of PE and PP suggest an escalating inflammatory response.
y Monocytes
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POLYRISK:
* EU-project (2021 — 2025) Objectives
* Coordinated by Dr Raymond Pieters, Study human
(external and
University of Utrecht, the Netherlands internal) exposure to
) ) ; c MNPs

* Five human studies to study “real-life

exposure of MNPs
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Five «real-life» studies &EOLYRISK

1. Traffic study
uu

Determine MNPs in outdoor
air samples and in blood
samples in volunteers that
were for 4 hours along

- a busy road
- anurban parc

- a crossroad

Compare exposure to effects
on immunecell profiling with
spectra flow

2. Textile factory study
INCDP

Determine MNPs in indoor
air samples and in blood
samples from workers in a
textile factory in Romania

Compare exposure to effects
on immunecell profiling with
spectra flow

3. Tyre refurburshment
factory study

uu

Determine MNPs in indoor air
samples and in blood
samples from workers in a
tyre refurbishment factory

Compare exposure to effects
on immunecell profiling with
spectral flow

4. Football study
NIPH

Determine MNPs in indoor
air samples and in blood
samples from volunteers
playing a soccer match on

artificial turf with and
without rubbergranulates

Compare exposure to effects
on immune cell profiling with
CyTOF and with cytokine
measurement (OLINK)

5. Bottled drinking water
study

NIPH

Determine MNPs in 8
different brands of bottled
drinking water that are for

sale in Norway.

Measure MNPs in blood from
volunteers that drink the
water with low and high

levels of MNPs, respectively
and compare with
immunecell profiling.

JFHI
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Football study S POLYRISK

36 healthy volunteers (17-19 years) that played two football matches on ¢
artificial turf in indoor halls
Kamp 1: Kamp 2:
Artificial turf without Artificial turf with
rubber granulates (Olive stones) rubber granulates

- -
e — e —
s v e s —
- -

Biological samples: blood, urine and saliva
Air samples during the match: MNP in air samples, Volatile Organic
Compounds




Preliminary results of the
studies in Norway

Low levels of MNP in
bottled drinking
water for sale in

Norway

Human study
terminated

Low levels of rubber
in air samples
collected in the
football halls

Cell profiling with
CyTOF and cytokine
analysis with OLINK

Ongoing

Determination of
MNPs in airsamples

Ongoing

N
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Determination of
rubber and plastic
levels in blood
samples

Ongoing

JFHI



Conclusions football study

* Low levels of rubber detected in air samples in both halls
e MNP measurements in air samples and in blood samples are ongoing

* The levels of hydroxyphenanthrenes (metabolites of phenanthrene) in urine
was higher after the match on rubber granulate infill compared to olive
sand infill

* Minor changes in the immunological profiles of blood cells (CyTOF) detected
* Some significant changes in plasma cytokines detected in the rubber
granulate hall
— Possible confounders, need for additional analysis
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Immunological effects — Cytokines in plasma

Total number of significant cytokines between 2 sampling points.

Olive before vs after Rubber before vs after Olive after vs 24h Rubber after vs 24h Olive before vs 24h Rubber before vs 24h

There's a significant correlation between multiple plasma cytokines and

exposure to synthetic rubber granulate infill
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MNP: Challenges and knowledge gaps

Analytical chemical characterisation: risk of contamination

mm We lack exposure data to perform a risk assessment

mmm Ve lack sensitive analytical methods for nanoplastics

s | hroughput of analytical methods is quite low

= The particles that are studied in vitro are often less relevant for human hazard assessment

m  Effects of chronic exposure are unknown

Wright, S., Cassee, F.R., Erdely, A. et al. Micro- and nanoplastics concepts for particle Jun-Li Xu, Xiaohui Lin, Jing Jing Wang, Aoife A. Gowen (2022). A review of potential human health °®
and fibre toxicologists. Part Fibre Toxicol 21, 18 (2024). impacts of micro- and nanoplastics exposure, Science of The Total Environment, Volume 851, Part A F H I
https://doi.org/10.1186/512989-024-00581-x 1. https://doi.org/10.1016/j.scitotenv.2022.158111



https://doi.org/10.1186/s12989-024-00581-x
https://doi.org/10.1016/j.scitotenv.2022.158111

An opportunity: Partnership for the Assessment
of Risks from Chemicals (PARC)

* Opportunity to perform an OECD guideline long term study in rats to study
chronic effects of micro and nanoplastics
* But finding a representative, well-characterised testitem (nanoplastics) is a

huge challenge.

Preferably 100 nm in diameter, sufficient amounts, no endotoxins

L4 LJ L d L] i
D \ !Z?.’J; nnnnnn P
l l l Assessment
. o o - amm - an o ¥ am Risks
l From
. icals

* Suggestions are wellcome



m PlastChem

Stat.e of the
Science

on Plastic

Chemicals

Identifying and addressing chemicals
and polymers of concern

www.plastchem-project.org

Funded by the Norwegian Research Council project “State-of-the-art review on
hazardous substances in plastics” (PlastChem, project number 341954)

16 000 chemicals identified in plastics

6% are regulated internationally

4200 chemicals are PBT

(persistent, bioaccumation, toxic)
No hazard data for 10 000 chemicals

Mixture effects

The 15 priority groups of concern

»

»

»

»

»

»

»

»

Aromatic amines
Aralkyl aldehydes
Alkylphenols

Salicylate esters
Aromatic ethers
Bisphenols
Phthalates
Benzothiazoles

Organometallics
Parabens

Azodyes
Aceto/benzophenones
Chlorinated paraffins

Per- and polyfluoroalkyl substances

(PFAS)

JFHI



Health effects of micro- and nanoplastics

| Y
( www.cusp-research.eu
I C U S P https://doi.org/1o.sgilf/f:§;3§1eggcs:§;
The European research cluster to understand

Policy brief 2

MICRO- AND NANOPLASTICS

AND PUBLIC HEALTH:
A REASONABLE CONCERN

NMPs meet the persistent and bioaccumulative criteria in the PBT
NMPs are mobile in the environment
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Consortium Partners

15 partners in 7 countries

Utrecht University

Utrecht University (UU)

Netherlands

VRIJE
== UNIVERSITEIT
K AMSTERDAM

Vrije Universiteit
Amsterdam (VUA)

lfg ﬂms;grdom_umc

Amsterdam UMC -
Location VUmc

=i BFR

Risiken erkennen — Gesundheit sehiitzen

German Federal
Institute for Risk

< BAM

Bundesanstalt fur
Materialforschung und

Netherlands Netherlands Assessment (BfR) -prifung (BAM)
Germany Germany
23ua:  JNIPH NEdte ENED
Bundesanstalt fur Arbeitsschutz : ) : Hakan Nasonal Agoncy fo Now Tochnologies,
und Arbeitsmedizin MNorwegian Institute of Public Health Erwry s Sussinate Econari Develoamant
Federal Institute for Norwegian Institute of University Medical The Research Italian National Agency

Occupational Safety
and Health (BAUA)

Germany

Public Health (NIPH)

Norway

Centre Utrecht (UMCU)
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Institute for Textile and
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for New Technologies,
Energy and Sustainable
Economic Development
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Polyrisk is part of the European Cluster on
Health Impacts of Micro- and NanoPlastic, CUSP.
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L This project has received funding from the European Union’s Horizon 2020
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