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What are nanoplastics? Where do they come from?

Macroplastics (size>5 mm)

Organism level effects
e.g. Impaired feeding, 
motility and breathing;

Nanoplastics (size< 100 nm)

Cellular and Molecular 
level effects
e.g. oxidative stress, 
inflammation;

Bioconcentration, 
bioaccumulation, 
biomagnification?

Microplastics (5 mm>size>100 nm)

Organism and 
tissue level effects
e.g. bruising, 
damage to epithelia;

Fragmentation 
and degradation

UV light



How much nanoplastic exists in the ocean?

We don’t know!

And in seafood?
We don’t know!

What’s the impact over wildlife and humans?

We don’t know!

What is Science doing about it?
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Exposure routes

Oral

Dermal

Source: Yee et al., 2021, Nanomaterials, DOI: 10.3390/nano11020496.

Respiratory

Source: Facciolà et al., 2021, IJERPH, DOI: 10.3390/ijerph18062997



What are the implications of the nanoscale size? 

The relative surface area is larger increasing the number of 
potential interaction sites 

Source: Kihara et al et al., 2021, Adv. Coll. Inter. Science, DOI: 
10.1016/j.cis.2020.102337

The nanoscale size allows penetration of 
tissues and cells

Much higher bioavailability than 
microplastics



What are the major problems of nanoplastics? 

1) Direct effects caused by the plastic nanoparticle

2) Leaching of plastic additives

3) Adsorption and release of other xenobiotics



1) Direct effects

• Interaction with cell surface receptors

Nanoplastic Cell surface 
receptor

Activation of a signalling cascade 
leading to downstream events 

(e.g. inflammation)

Receptor activation (or inhibition)

Still lacking evidence…



• Internalization

Source: Yee et al., 2021, Nanomaterials, DOI: 10.3390/nano11020496. Source: Ding et al., 2021, Env. Poll., DOI: 10.1016/j.envpol.2021.116974.
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1) Direct effects

• Effects over cellular metabolism 

Source: Ding et al., 2021, Env. Poll., DOI: 10.1016/j.envpol.2021.116974.

Cell Death

ER Stress

Source: Chiu et al., 2015, Nanoscale, DOI: 
10.1039/c4nr05509h.

Reactive Oxygen Species

Source: Chiu et al., 2015, Nanoscale, DOI: 
10.1039/c4nr05509h.

Changes in gene expression

Source: Forte et al., 2016, Toxicol. In Vitro , DOI: 10.1016/j.tiv.2015.11.006.

Source: Shi et al., 2021, Ecotox. Env. 
Saf., DOI: 

10.1016/j.ecoenv.2021.112041.



1) Direct effects

• Systemic distribution

Source: Ding et al., 2021, Env. Poll., DOI: 10.1016/j.envpol.2021.116974.

Source: Kashiwada, 2006, Env. Health Perspect., DOI: 10.1289/ehp.9209



2) Leaching of additives

Plastic particles are more than the plastic polymer. 

- What implications does this have for toxicity associated to nanoplastic exposure?

- How is leaching of these substances affected by digestive juices as the nanoplastic particle passes trough the gut?

Important questions:

Source: Nordic Council of Ministers, 2017. Hazardous substances in plastics – ways to increase recycling.



3) Adsorption and Release of Pollutants

Nanoplastics have comparatively stronger sorption of organic and 
metallic pollutants  than microplastics

The toxicological profile of both nanoplastics and pollutants may be affected Trojan Horse Effect

- Metals (e.g. Pb, Hg);

- Polycyclic Aromatic Hydrocarbons

- Pesticides;

- Endocrine Disruptors;

- Pharmacologically active compounds;
Source: Wang et al, 2020, Molecules, DOI: 10.3390/molecules25081827



Interaction with the microbiome

Source: Zhu et al., 2018, Env. Poll, DOI: 10.1016/j.envpol.2018.04.017

Source: Gu et al., 2020, J. Haz. Mat, DOI: 10.1016/j.jhazmat.2020.122773

Control 10 items/L 106 items/L



Additional Research Challenges

Plastic polymers are diverse (e.g., PS; PE, PC, PVC; PP), varying densities, etc…

Nanoplastic particles interact with many molecules in the environment

Environmental relevance of toxicity studies

Source: Nordic Council of Ministers, 2017. Hazardous substances in plastics – ways to increase recycling



Thank you!
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