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- Where do they come from?

- Where do they go to?

- Issues, trends, and proposals



Size?



Plastic particles according to their size:

Nanoplastics (<0.1 µm)

Microplastics (0.1 µm ‐ 5 mm)

Mesoplastics (5‐25 mm)

Macroplastics (>25 mm)







a) how and to what extent the polymer-based materials 

contribute to concern

b)  how these should be appropriately identified

(the ‘ microplastic’ definition)
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UK:  about 86 tons of 

exfoliating microspheres 

are discharged annually in 

the marine environment.

US is responsible for the 

discharge of 263 tons per 

year of polyethylene 

microplastics.



There is a concern 

this can be harmful 

to marine life

Kara L. Law & Richard C. Thompson, Microplastics in the Seas, Science, 345,144-145 (2014) DOI: 10.1126/science.1254065



Impacts are particularly 

relevant in the marine 

environment:

i) fragmentation and photochemical degradation induce its

introduction into the food chain by ingestion by marine organisms

ii) low density and high fluctuation capacity => 

emerging at locations far from its source

iii) high adsorption capacity of persistent organic pollutants

iv) high dispersion capacity => substrate and vector of invasive species
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Issues, trends, and proposals

Fragmentation of macroplastics and wasted nurdles

have been producing

microplastics (0.1 µm ‐ 5 mm)

and

nanoplastics (<0.1 µm)

at an accelerated pace,

and

they are becoming an  ever-increasing problem











This first studies looked into a microscopic and said “This is plastic”

There are no standardized methods yet

Much of the published data is dubious if not useless

Many say “we can measure it” 
– but few feel the need to prove that they measure it correctly

Microplastic analysis has become the “Wild West” of Analytical Chemistry





A holographic camera measured the size of particles and a  RAMAN spectrometer identified which 

particles were plastic. The process, although still quite time-consuming (6 hours per filter), is 

considerably more efficient and less subjective than manual analyses using a microscope. 

Volvo Ocean Race
2017-2018



Microplastics have become an established issue in 

marine ecosystem health

and

It has been subject to scientific and regulatory interest

By comparison,

monitoring efforts on microplastics in freshwater 

environments were given less attention

WHY?



BIOADHESION: DANGEROUS LIASIONS

Biofilm formation on the surface of UV photo-oxidised polyethylene under scanning electron microscopy. 

Initiation of biodegradation was detected after  3 days. UV irradiated but not inoculated served as control.    

(DOI:10.1016/j.copbio.2011.01.013)

https://doi.org/10.1016/j.copbio.2011.01.013






REACHING OUT FOR NANOPLASTICS

In what concerns nanoplastics the situation is rather 

more complex. 

There is an increasing awareness of our limited 

understanding of nanoplastics pollution and its potential 

effects on human health.

In fact the impacts in human health are unknown.



REACHING OUT FOR NANOPLASTICS

Studies using nanosized chemical polymers have little 

significance since they do not into account the surface 

‘bio-transformation’ of nanomaterials.

On one hand, studies on of effects of pristine surfaces 

will not likely describe what happens in nature, and on 

the other hand the characterization of a corona on aged 

plastics is not a straightforward task.

Very challenging and most welcome for research sake.



REACHING OUT FOR NANOPLASTICS

Nanoplastics are poorly defined:

size x shape x chemical nature

isolation

characterisation

Definition of nanoplastics

What size range

What are the size limits for analysis? 800nm? 80nm?

Nanoplastics difficult to isolate
Isolation techniques?

How can they be isolated from environment



REACHING OUT FOR NANOPLASTICS

Hypothesis relating to human health

- particles < 40nm ➔ too small to accumulate, they will be 

excreted quickly

- particles 50-200nm ➔ where the bigger threat resides due 

to bioaccumulation in secondary organs after crossing 

into the bloodstream (likely to cause endocrine and 

immune response)  

Sources and routes of nanoplastics need to be identified

rendering from microplastics / cosmetics / clothing? 

rate of transfer into body is unknown



HOW DO WE GO FROM HERE? A ROADMAP FOR 

COLLABORATIVE RESEARCH FROM MACRO TO NANO

For microplastics, besides the migration of inventories into 

monitoring programs, there is a need for inception of risk analysis 

methodologies incorporating the concept of aged (environmental) 

plastic materials, and analytical chemistry concepts fit for 

purpose.

For nanoplastics, there is a need for fundamental research as it 

happens in the field of nanomaterials. Environmental nanoplastics 

most likely will experience surface ‘bio-transformation’ and will 

develop a biomolecular corona with changes in functionality in a 

rather unpredictable manner.




