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Nanomaterials make
significant inroads into

~ the market
2000 — Nanomaterials in
consumer products

Nanotechnology growth is 22% each year
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Aim: identification of
Nanosafety in Europe 2015-2025-

ecotoxicological mechanisms Towards Safe and Sustainable
| chnology

Nanomqterials and Nanote
Innovations

» What is the added risk of size (and
shape) on uptake an toxicity?

° Accountln g for fa te xlgl have Opntnguwtfd to tmodocumnnfgf;;eth’stgjisrtyg
phabetical in the Annex_

Current risk assessment inadequate for
nanoparticles

e Nanotechnology growth is 22% each year
e Policy: safe by design

NanoSafety .. ®
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Nanoparticles behave different from molecules
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Nanoparticles behave different from molecules

Phagocytic pathways

‘@Modiﬂed mannose,
IgG, con'rlmnt.

."\-
~ ©
£ ﬁ
LV

l—>1 pmy]
Phagocytosis

Pinocytotic pathways Direct penetration
Agglomerates Functionalized NPs Nonfunctionalized NPs
3 3-' My, .‘ Q ; CPPs
: oS ' -4 ¢ CooH *
. Y > x> small
Ligand-modified NPs  Viral NPs e OH ® e
-+
2 Sy Vv
8 SV <man
- = x ’1 Irﬂ:;:
-g_.g- Non-specific N :3. I dendrimer
SS endocytosis ++
= £
LB
= .0
vs
*E

Membrane bilayer
4-10 nm

c'.\
o’

voeae -

je<>1pm o) [ ~\120’nm - je~60 nm ) k_-’O nm_'*

Macro- Clathrin-mediated Caveoclin-mediated Clathrin/caveolin-
pinocytosis endocytosis endocytosis independent endocytosis

Zhu et al. (2013)



Dose-response

Hua, Vijver, .....Peijnenburg 2014
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Distribution 1n zebrafish larvae

. =516 sec

Van Pomeren, Vijver et al 2017 Van Pomeren, Vijver et al 2018




Distribution and immuno-responses

Gall Pancreas Liver
bladder
Spheres . high high most
Rods ‘ high most high
Urchins ' high most negligible
Bipyramids , negligible  most high
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Cortisol levels in zebrafish larvae
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Brun, ...Vijver.. et al 2019 Nature Communications Biology 2:382
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Glucose levels 1n zebrafish larvae

Glucocorticoid receptor  With Glucocorticoid receptor antagonist

Wild type zflarvae mutant have low glucose  mifepristone embryos
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DanioVision Swimming distance tracking
analyzed by EthoVision XT
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Dark-light challenge test
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Brun, ...Vijver.. et al 2019 Nature Communications Biology 2:382
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Adverse outcome pathway
Subsequent key events

Accumulation Signal Z GlCo- 4
In pancreas EIEEN " to brain oo ' neogenesis

Brun, ...Vijver.. et al 2019 Nature Communications Biology 2:382
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nvironment Internationa
Volume 173, March 2023, 107865
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Full length article

Nanoplastics causes extensive congenital
malformations during embryonic development
by passively targeting neural crest cells

Meiru Wang ? b Martin Riicklin # ®, Robert E. Poelmann 2 €, Carmen L. de Mooij 2,

Marjolein Fokkema 9, Gerda E.M. Lamers 2, Meriin A.G. de Bakker 2, Ernest Chin 3, Lilla |. Bakos 2,
Federica Marone ®, Bert J. Wisse f, Marco C. de Ruiter |, Shixiong Cheng 2, Luthfi Nurhidayat ? &,
Martina G. Vijver ", Michael K. Richardson * 2

* Binding of nanoplastics to neural crest cells.

* Disrupt the migration and survival of an embryonic population
of stem cells.

* Malformations in the chick embryo/ defects in heart, great
vessels, eye development

Discover the world at Leiden University

location of neural crest

ep
)
- - —
& +
& b
Y o
(30 '
L 3
\iz._ A
¢ A
wia®
differential adhesion of PS-NPs
to delaminating neural crest cells
“.
% Nem
-.“‘! X
LA ,'.',“
e oL
> 3N
ho Ao
L5 By
. s
PR s
&

nanoplastic particle (not to scale)

neural crest cell

‘ damaged/dead neural crest cell
Q damaged/dead neural tube cell
ectoderm
emt region of epithelial mesenchymal transformation
ep epidermal ectoderm
mig migratory neural crest cells
nt neural tube

f,‘.:. nt o

.
¥ e
<

mig



EFFECTS on a communities

Natural colonization



— Treatment application: June (n=7)

Fig. 3: Aerial picture of Living Lab test setup (photo by Sam Boerlijst, Leiden University, 2020)
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* Reported primary particle size of 15-24nm 17



— Data collection: Taxonomic & Feeding guilds

Macroinvertebrates
Timepoints: May (baseline), July & September

Zooplankton
Timepoints: Week 0 (baseline), Week 1 & Week 4

Count data »| Identify feeding guilds!? » Biomass per individual'? || Biomass per feeding guild
* Predators - Gatherer/collectors
* Parasites  + Deposit feeders massy = 0.11 x length;, "7’
* Grazers * Filter feeders
» Shredders = Others
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nTiO,

Zooplankton (all filterfeeders)
Top 10 taxa contributing to observed Bray-Curtis dissimilarity

Control vs. nTiO,
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https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/838/part/P4

Macroinvertebrate-dominated pioneer ecosystem

Predators Grazers/Gatherers/Collectors/Shredders Filter feeders
\ J/ £ .

- & ~,f

| - - N

P TTTTTTTTTTTTTomoommmmmoooooosssooooooooooees Predators

R Grazers/Gatherers/Collectors/Shredders Filter feeders

: A ceozzzEE AN

. | Macrophytes Periphyton Fungi Microbial decomposers Phytoplankton
: v--..____‘ v.._~~ v\\ \\ /l’ —",—v

i ‘__-—h::::}a‘\‘x_’:_""-’

----------------------------------------------- M Decomposable organic matter

20



Pronounced changes in zooplankton community composition after application of an environmentally
realistic concentration of nTiO,
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