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Nanomaterials make 
significant inroads into 
the market
2000 – Nanomaterials in 
consumer products

Nanotechnology growth is 22% each year



Aim: identification of 
ecotoxicological mechanisms

 What is the added risk of (and 
shape) on an ?

 Accounting for 

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

Current risk assessment inadequate for 
nanoparticles



Nanoparticles behave different from molecules

Clear, 
transparent, 
homogenous

Cloudy, 
heterogeneous

Molecule in size > 10,000 
Angstroms

None Particle settle 
out

 Increased surface / volume ratio
 Increased reactivity
 New shapes of material
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Zhu et al. (2013)

Nanoparticles behave different from molecules



Dose-response



Distribution in zebrafish larvae

50 mm

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



Distribution and immuno-responses

high high most

high most high

high most negligible

negligible most high





Cortisol levels in zebrafish larvae

Brun, …Vijver.. et al 2019 Nature Communications Biology 2:382

Glucocorticoid 
receptor mutant
with high cortisol 
baseline

Wild type zflarvae Wild type zflarvae
with glucose

Wild type zflarvae



Glucose levels in zebrafish larvae

Brun, …Vijver.. et al 2019 Nature Communications Biology 2:382

Glucocorticoid receptor 
mutant have low glucose

With Glucocorticoid receptor antagonist 
mifepristone embryos

Wild type zflarvae



DanioVision Swimming distance tracking 
analyzed by EthoVision XT



Dark-light challenge test

Brun, …Vijver.. et al 2019 Nature Communications Biology 2:382



Adverse outcome pathway
Subsequent key events

Brun, …Vijver.. et al 2019 Nature Communications Biology 2:382



• 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
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Natural colonization

EFFECTS on a communities
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Control nTiO2 Carbendazim nTiO2 & carbendazim

0.15µg L-1 20µg L-1 20µg L-1 & 0.14µg L-1 0.15µg L-1 a.i.

Fig. 3: Aerial picture of Living Lab test setup (photo by Sam Boerlijst, Leiden University, 2020)

TiO2-coated carbendazim

Treatment application: June (n=7)

• JRC NM105

• ~85% anatase : 15% rutile crystalline forms

• Reported primary particle size of 15-24nm
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Identify feeding guilds1,2 Biomass per individual1,2Count data Biomass per feeding guild

• Predators 

• Parasites

• Grazers

• Shredders

• Gatherer/collectors

• Deposit feeders

• Filter feeders

• Others
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Macroinvertebrates
Timepoints: May (baseline), July & September

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

Data collection: Taxonomic & Feeding guilds

𝑚𝑎𝑠𝑠𝑘 = 0.11 × 𝑙𝑒𝑛𝑔𝑡ℎ𝑘
1.79



nTiO2

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

Control vs. nTiO2

-84%

+66%

Predominantly large, 

herbivorous cladocerans
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Nederstigt et al Science of The Total 
Environment 838:4, 2022, 156554

https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/838/part/P4
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Macroinvertebrate-dominated pioneer ecosystem 

Grazers/Gatherers/Collectors/ShreddersPredators Filter feeders
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Grazers/Gatherers/Collectors/ShreddersPredators Filter feeders

Pronounced changes in zooplankton community composition after application of an environmentally 

realistic concentration of nTiO2 

Can lead to indirect effects
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