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•Distribution and fates of plastics in the ocean

•Plastics in marine biota and food webs

• Impacts of plastics in the ocean

•Knowledge gaps and Recommendations



Plastics contaminate the marine environment globally

Rick Loomis/L.A. Times
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Plastics contaminate the marine environment globally

Rick Loomis/L.A. Times



Rochman et al (2019) Environmental Toxicology & Chemistry

Plastics in the ocean are incredibly diverse and complex



Plastics become even more complex in the marine environment

De Vos et al. 2022

Plastics are transformed by chemical, 
physical, and biological processes in the 

marine environment.

Zettler et al. 2013Collin Ward (WHOI)

These transformations do not lead to complete removal of 
plastics from the marine environment.



Marine organisms interact with plastics in several ways

Plastic ingestion has been documented in over 
1200 marine species, from a variety of taxa

Santos et al (2021)

Colonization

NOAA Marine Debris

Amaral-Zettler et al 2020

Entanglement

Ingestion



Pitt, Aluru, Hahn (2023)

Behavior of microplastics in marine food webs

Bioaccumulation

Trophic transfer

Biomagnification

CC BY 2.0

Covernton et al  (2022)

Nanoplastics??



Microplastics in seafood vs. other sources

Cox et al. 
2019

Domenech & 
Marcos 2021 

Zhang et al. 
2020

Shellfish 0 – 13,000
Total seafood 17,448 22,000

Fruits & 
vegetables

19 x 109

Bottled water 15,156 2,610 – 3.96 x 1010

Tap water 3,358 0 – 4,700
Total water 0 – 2.8 x 1010

Salt 86 261 0 – 73,000 
Alcohol 294 26
Honey 73
Sugar 8,319

Indoor air 46,501 2,160 1,900 –
100,000

Microplastics consumption (annual particle intake per capita)

Landrigan et al. 2023
Ann Global Health



Impacts of Plastics in the Ocean
Levels of Biological Organization

Molecules

Cells

Organs

Individuals

Populations

Communities

Ecosystems

Data reviewed in Bucci et al 2020; Landrigan et al 2023

ROS generation, oxidative stress, lipid peroxidation, reduced enzyme activity

Lysosomal damage, altered gene expression

Fatty vacuolization, inflammation, fibrosis, altered microbiome

Mortality; intestinal obstruction; coral bleaching; 
reduced: feeding behavior, growth, photosynthesis

Reduced fecundity, hatching success, larval 
settlement

Reduced species diversity

Reduced primary productivity, altered 
carbon export, deoxygenation



Plastics may impact ocean ecosystems and climate-related 
processes involving the transfer of carbon and energy.

Stubbins et al. 2021



Impacts of plastics in the ocean are projected to increase

1970 2010

2050 2100

Everaert et al (2020)



What we know
• Plastics are complex, persistent contaminants of the ocean. 

• There is widespread exposure of marine organisms to plastics 
and plastic-associated chemicals. 

• Adverse effects have been documented in lab and field. 

• Continued inputs of plastics to the ocean are predicted to lead 
to increased concentrations and impacts.

https://go.whoi.edu/minderoo-monaco



What we need to know better (examples)

• The global distribution and mass balance of plastics in the ocean, 
including transport pathways, sinks, and degradation rates. 

• The health impacts of diverse plastic particles at 
environmentally realistic concentrations.

• The role of plastics as vectors for chemicals and pathogens.

• Effects of plastics on global carbon cycles.

• The amounts, fate, and impacts of the smallest microplastics 
and nanoplastics (<10 µm). 

https://go.whoi.edu/minderoo-monaco



?

We know very little about the levels, fate, and impacts 
of the smallest microplastics and nanoplastics

Natalie Renier, WHOI



Recommendations (MMC)
• The development of remote and in situ plastic sensing 

capabilities for global monitoring of plastics in the ocean.
• Investment in methods to detect the smallest particles in the 

environment and in tissues of organisms, including humans.
• Robust experiments to elucidate effects of diverse microplastics 

and nanoplastics at environmentally relevant doses.
• Despite incomplete understanding, action is needed to prevent 

further input of plastics to the marine environment.
• A strong and comprehensive Global Plastics Treaty and a 

Science Advisory Body to guide its implementation.

https://go.whoi.edu/minderoo-monaco
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