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Rochman, 2018 Science



Microplastics

Primary vs. Secondary (broken down bits of larger plastic products)

Categories (shape) – fragments, fibers, foam, sphere, pellet, film

Polymer Type – PP, PE, PVC, PET, PS, acrylic, styrene butadiene, PC, nylon…

Chemical Additives – UV Stabilizers, Flame Retardants, Plasticizers, etc…

Size – nm to µm to mm





Geyer et al., 2017 Science Advances
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Jambeck et al., 2015 Science





>800 species 

>220 species 

Secretariat of the 
Convention on Biological 
Diversity, 2016

FAO Report 2017



49 species commercial fish

Many species of shellfish

Other commercial products

Rochman et al., 2015; van Cauwenberghe and 
Janssen, 2014; Li et al., 2015; Yang et al., 
2015; Davidson and Dudas, 2016





Impacts can be physical or chemical

Rochman 2015 Chapter in Marine Anthropogenic Litter



Law, Ann. Rev. Mar. Sci. 2017, 
adapted from Rochman et al. Ecology 2015



FAO (Food and Agricultural Organization)



Mussels: Browne et al., 2008 ES&T

Fish: Collard et al., 2017 Environ Pollut

Fate of microplastic and nanoplastics in the body

Mice: Deng et al., 2017 Scientific Reports



Image by Rolf Halden, 
Professor at Arizona 
State University

Chemical Impact



Rochman et al., 2014 Science of the Total Environment

Jang et al., 2016 ES&T

Tanaka et al., 2015 ES&T; 
Tanaka et al., 2013 Mar Pollut Bull

Chemicals from microplastics can transfer to wildlife. 



• Identify local entry points for microplastics into the environment

• Identify largest reservoirs for “missing” plastic debris 

• Understand the fate of microplastics and associated chemicals in 
the environment

• Determine ecologically relevant impacts of microplastics:
• Environmentally relevant laboratory studies, laboratory 

ecosystem study (mesocosm), field studies, multi-stressor

• Identify impacts to human health and food security 

• Improve methods for quantifying and characterizing 
microplastics in complex matrices. 

Next Big Questions and Research 
Needs for Microplastics:



Method Development to better quantify 
and characterize microplastics



Widespread Contamination in habitats and animals – including seafood.

Evidence of effects to wildlife – particularly macroplastics – including to populations 
and communities.

Evidence of effects of microplastics in lab animals, populations and communities.

Continue to aim toward a better understanding of sources, fate and impacts to 
humans and wildlife populations.

Science

Solutions
In the meantime, we have enough science to begin to mitigate 

now and prevent future sources of plastic pollution. 





How do we reach reduction targets?

Improved waste 
management 
infrastructure

Circular Economy

Incentivize 
return of fishing 

gear

Reduce single-
use plastics

Capture 
microfibers in 

the wash

Incentivize 
recycling

Clean-up

Mitigation Strategies

Steph Borrelle





Hayley 
McIlwraith 

Jack Lin

Testing microfiber mitigation
2 strategies: both reduce microfibers in washing 
machine effluent

↓ 26% 

↓ 87%

Photos: coraball.com / www.environmentalenhancements.com

Cora ball Lint LUV-R

McIlwraith, et al. in review



1,179,057 households 

(Statistics Canada, 2017)

29

219 wash loads 
per household per 

year 

(NRC, 2011) 

City of Toronto example

90,700 to 138,000  
microfibers per wash load 

(our study) 

23 to 36 trillion microfibers 
emitted per year

x x =



1,179,057 households 

(Statistics Canada, 2017)

30

219 wash loads 
per household per 

year 

(NRC, 2011) 

City of Toronto example

90,700 to 138,000  
microfibers per wash load 

(our study) 

23 to 36 trillion microfibers 
emitted per year

x x =
Cora ball

Lint LUV-R

↓ 6 to 9 trillion microfibers

↓ 20 to 31 trillion microfibers



Bioretention Rain Garden



Treatment Efficiency
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Single-use Bans:





Thank you! chelsea.rochman@utoronto.ca
www.rochmanlab.com
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