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Ocean plastics in the 1980s
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of the 

“garbage patch” 
from space

 

 Photo taken August 5, 2021

Images courtesy of M. McArthur and NASA 





Microplastics

How big is the problem?



Plankton net data: Numerical models:

How much plastic is floating in the ocean?

93,000 – 236,000 metric tons

Van Sebille, E., C. Wilcox, L. Lebreton, N. Maximenko, B.D. Hardesty, J.A. van Franeker, M. Eriksen, D. Siegel, F. Galgani, K.L. Law, 2015. A global 
inventory of small floating plastic debris. Environ. Res. Lett. 10, 124006.



Estimating one source: 
Plastic waste entering the ocean from land

8 million metric tons in 2010

Dan Janisse/Windsor Star
Jambeck, J.R., R. Geyer, C. Wilcox, T.R. Siegler, M. Perryman, A. Andrady, R. Narayan, K.L. Law, 2015. Plastic waste inputs from land into the ocean. Science 347, 768-771.



How much plastic waste enters the environment?

57 million metric tons per year

Dan Janisse/Windsor Star



How much plastic exists on the planet?
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  Plastics Production 

  Plastic Waste Generation Ø 8.3 B metric tons produced

Ø 70% have become waste

Ø 90% are still in existence
7.5 BILLION metric tons

Geyer, R., J.R. Jambeck, K.L. Law, 2017. Production, use, and fate of all plastics ever made. Sci. Adv. 3, e1700782. 
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The “Plastics Problem” in 2024
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Microplastics: abundant & widespread 

Nicholas Mallos/Ocean Conservancy

Giora Proskurowski/SEA

Arctic 
sea ice

Deep-sea sediments

Van Cauwenberghe et al., 2013 Obbard et al., 2014

Water column

Beaches



What are the impacts of microplastics?

Desforges et al., 2015

Goldstein & Goodwin, 2013

David M. Lawrence/SEAPlastic ingestion reported for > 1,200 marine species 
Santos et al. Science 2021



Nanoplastics: the next frontier 
In: Marine Anthropogenic Litter 2015

Environ. Sci: Nano 2016

ES&T 2017

        ES&T 2021

Sci. Adv. 2024

Nat. Nanotechnol. 2019



Photochemical  degradation and NP formation
Life history: past and future?

PPPE

Anthony Andrady



Photochemical degradation and NP formation

Collaboration with Tony Andrady

Hypothesis:
Surface fragmentation

Lower NP counts in seawater 
exposures compared to air

Andrady 2017

Experimental design:
• < 1 mm thick films: PE, PP, PS, PLA, ECO
• In quartz vials in air or synthetic seawater
• Four Q-lab UV 340 fluorescent lamps
• Up to 1800 hours exposure on light/dark 

cycle
• Sonication after exposure: 15 min
• Nanoparticle Tracking Analysis (NTA):           

< 2,000 nm
• 11 replicates/sample (#/unit area)



Photochemical degradation and NP formation
Polypropylene (PP)

• Little NP generation up to 1600 hours exposure
• Higher NPs per sq. cm in air than in seawater at 1800 hrs
• Average particle size: 120-140 nm

Collaboration with Tony Andrady



Photochemical degradation and NP formation

Polyethylene (LDPE)

• Much lower NP generation than PP at all exposure times
• Average particle size: 114-150 nm

Collaboration with Tony Andrady



Ward et al. 2019

Photochemical dissolution

Dissolved Organic Carbon (DOC)

Romera-Castillo et al. 2018
Ward et al. 2019
Zhu et al. 2020



Driving questions in nanoplastics research
1. How are nanoplastics formed?

- understanding chemical degradation & 
  fragmentation processes
- dependence upon environmental conditions



Driving questions in nanoplastics research
2. How does particle size evolve?

- Are fragmentation processes progressive & monotonic?
  Macro-       Meso-       Micro-       Nano-     
- Photodissolution: rate and products

Ward et al. 2019



Driving questions in nanoplastics research

1. How are nanoplastics formed?

2. How does particle size evolve?

3. What is the time scale of mineralization?



Weathering and “Age”
Laboratory        Environmental

Mitimiti coast in Northland (NZ), Moerewa Point in the foreground (Credit: Raewyn Peart)

THE QUEST: A metric to quantify environmental age, lifetime



1. How are nanoplastics formed?

2. How does particle size evolve?

3. What is the time scale of mineralization?

4. What are the risks of NPs to organisms and to 
human health?

Driving questions in nanoplastics research

Nor et al. 2021



??
Contamination        Impact?

“Blonde Bomber”
The Marine Mammal Center, Sausalito, CA



The “Plastics Problem”



e) When is a plastic particle no longer a particle?

Driving questions in nanoplastics research
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