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• Microplastics <5 mm
• Secondary microplastics (degraded macroplastics)

• Primary microplastics (manufactured microbeads <1 mm)

• Microfiber plastics

Types of microplastic pollution



Thompson, R.C. et al.(2004). Science, 304(5672), 838-838.

Origin of the “microplastic” term in 2004

Thompson, R.C. et al.(2024). Science, 386(6720), eadl2746.



Hartmann, N.B. et al. (2019). Environmental Science and Technology, 53(3), 1039-1047.



Microplastic pollution is not just a marine problem

Allen et al. (2022). Journal of Hazardous Materials Advances, 6, 100057. https://www.sciencedirect.com/science/article/pii/S2772416622000146



Microplastic pollution is not just a marine problem

Allen et al. (2022). Journal of Hazardous Materials Advances, 6, 100057. https://www.sciencedirect.com/science/article/pii/S2772416622000146





History of marine microplastic pollution

Heyerdahl, T. (1971). Atlantic Ocean pollution and biota observed by the ‘Ra’expeditions. Biological Conservation, 3(3), 164-168.

On two voyages across the Atlantic 

Ocean in papyrus raft-ships in 1969 

and 1970, surface (plastic) pollution 

was observed by Heyerdahl (1971)



History of marine microplastic pollution

Carpenter, E.J., & Smith Jr, K.L. (1972). Plastics on the Sargasso Sea surface. Science, 175(4027), 1240-1241.

Carpenter and Smith 

(1972) reported of 

weathered tiny 

plastic particles (2.5 

to 5 mm) in the 

Sargasso Sea 



History of marine microplastic pollution

Wong, C.S., Green, D.R., & Cretney, W.J. (1974). Quantitative tar and plastic waste distributions in the Pacific Ocean. Nature, 247(5435), 30-32.

Wong et al. (1974) reported 

widespread tiny plastic 

particles (1 to 5 mm) in 21 

of 36 tows along 35° N in 

the Pacific Ocean as small 

round, colourless pellets 

weighing 20 to 50 mg each 



History of marine microplastic pollution

Moore, C.J. et al. (2001). A comparison of plastic and plankton in the North Pacific central gyre. Marine Pollution Bulletin, 42(12), 1297-1300.

Charles Moore et al. (2001) reported >300,000 

plastic particles/km2 (<5 mm) in trawls in the 

North Pacific Ocean 



Location of the five major (micro)plastic gyres

Andrade, H. et al. (2021). Oceanic long-range transport of organic additives present in plastic products: an overview. Environmental Sciences Europe, 33, 1-14.

Once in the 

marine 

environment does 

all the plastic 

and microplastic 

pollution float on 

the sea surface? 



Marine microplastics fate

Koelmans, A.A. et al. (2017). All is not lost: deriving a top-down mass budget of plastic at sea. Environmental Research Letters, 12(11), 114028.

Surface waters account for only 

∼1% of the global marine 

(micro)plastic budget, implying 

that most (micro)plastic 

pollution entering the ocean 

accumulates at the seafloor 

(Koelmans et al. 2017)

But the sea surface and marine 

sediments are not permanent 

sinks for marine microplastics 



Allen, D. et al. (2022). Nature Reviews Earth & Environment, 3, 393–405, https://doi.org/10.1038/s43017-022-00292-x

Marine-atmosphere microplastics



Transport and 
deposition of 
ocean-sourced 
microplastic 
particles by a 
North Atlantic 
hurricane

Marine-atmosphere microplastics

Ryan, A.C. et al. (2023). Communications Earth & Environment, 4, 442. https://doi.org/10.1038/s43247-023-01115-7



Ryan, A.C. et al. (2023). Communications Earth & Environment, 4, 442. https://doi.org/10.1038/s43247-023-01115-7

Marine-atmosphere microplastics

During the storm 
peak, 113,000 
MPs/m2/day were 
deposited

Most (65%) MPs 
were 2–10 µm 

Most MPs were 
fragments



Source: Maphoto/Riccardo Pravettoni (https://www.grida.no/resources/6904)

How marine microplastics enter the food web



Bergmann, M. et al. (2023). Environmental Science & Technology, 57(17), 6799-6807.

Microplastics in Arctic Sea Ice Algae



https://ocean.si.edu/ocean-life/seabirds/laysan-albatrosses-plastic-problem

Microplastic ingestion by commercial fish

Mean MP size 
was 2.6 mm 

https://ocean.si.edu/ocean-life/seabirds/laysan-albatrosses-plastic-problem


Microplastic internalization by lobster

By Hartmut Inerle - created by Hartmut Inerle, CC BY-SA 3.0, 

https://commons.wikimedia.org/w/index.php?curid=352728

LeBlanc, A. et al. (unpublished). 

MP (<10 µm) concentration, size, 

and composition measured in 

Homarus americanus (American 

lobster) muscle tissue from 4 

commercial lobster fishing sites in 

Nova Scotia, Canada



Mean MP concentration 

per lobster 

All lobsters contained 

MPs

Significantly higher 

concentrations in the 

SW region

LeBlanc, A. et al. (unpublished). 

Microplastic internalization by lobster



Relative size distribution per sample site 

Microplastic internalization by lobster

LeBlanc, A. et al. (unpublished). 

Size distribution across samples 

(n = 482)

Mean MP diameter was 

2.2-3 µm, indicating 

translocation 



Source: Maphoto/Riccardo Pravettoni (https://www.grida.no/resources/6915)

Microplastics in bivalves



Saunders, D. et al. (unpublished). 

Microplastics in mussels and oysters

MP concentration, 

size, and composition 

measured in Blue 

mussels and Eastern 

oysters in Nova 

Scotia, Canada



Mean percentage of MPs (±SD) across size 

categories in Blue mussels (blue bars) and 

Eastern oysters (yellow bars) from Nova Scotia

Saunders, D. et al. (unpublished). 

Microplastics in mussels and oysters

Microplastic concentration in mussels (blue) 

and oysters (yellow) from Nova Scotia. 

Different letters indicate statistically significant 

differences between sites (p<0.05) 



Merrill, G.B. et al. (2023). Microplastics in marine mammal blubber, melon, & other tissues: Evidence of translocation. Environmental Pollution, 335, 122252.

Microplastics in marine mammal blubber

Internalized microplastics 

translocate to marine mammal 

organs, notably blubber

Samples containing microplastics 

spanned over two decades

68% of samples contained at least 

one microplastic particle

Most common polymer and shape 

observed were polyethylene and 

fibers, respectively



But what effective 
solutions can help 
reduce marine 
microplastic pollution?



Global plastics treaty?

Negotiations since 2022 have mostly 

focused on reducing plastic pollution

Solutions to specifically address 

microplastic pollution at the 

international level is the elephant in the 

room

UNEP (2023); UNEP (2025).



A global plastics treaty must cap production

Bergmann, M. et al. (2022). A global plastic treaty must cap production. Science, 376(6592), 469-470.



• Policies, legislation and regulations
• UNEA5.2 Global Plastic Treaty - legally binding 

international agreement (Walker, 2022)

• Basel Convention Plastic Waste Amendments

• Extended Producer Responsibility (EPR)

• EU Plastics Strategy – packaging recyclable by 2030

• G7 Canada adopting zero plastic waste by reducing 
& recycling single-use plastics (Walker & Xanthos, 2018)

• Market-based instruments
• Plastic bag levies, bottle deposits

Walker, T.R. (2022). Calling for a decision to launch negotiations on a new global agreement on plastic pollution at UNEA5.2. Marine Pollution Bulletin, 176, 113447.

Walker, T.R. & Xanthos, D. (2018). A call for Canada to move toward zero plastic waste by reducing and recycling single-use plastics. Resources, Conservation & Recycling 133, 99-100

Strategies to reduce (micro)plastic pollution



Regulating microplastics and microbeads

Walker, T. R., & Fequet, L. (2023). Current trends of unsustainable plastic production and micro (nano) plastic pollution. TrAC Trends in Analytical Chemistry, 160, 116984.
Xanthos, D. & Walker, T.R. (2017). Marine Pollution Bulletin, 118(1-2), 17-26. https://doi.org/10.1016/j.marpolbul.2017.02.048 

https://doi.org/10.1016/j.marpolbul.2017.02.048
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