
The growing emissions of microplastics 
and their impacts 

Chelsea M. Rochman
Assistant Professor, University of Toronto



Jambeck et al., 2015 Science

In 2015, the world decided 8MT of plastic 
emissions into the ocean was not okay.



19 – 23 
Mt of 

plastic 
emissions 

per year 
in 2016

Borrelle et al., 2020 Science



Business 
As Usual: 

36 – 90 
Mt per 
year by 

2030

Borrelle et al., 2020 Science
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Microplastics



Rochman, 2018; Rochman and Hoellein, 2020 Science



Courtene-Jones et al., 2017 Environ Pollut

Peeken et al., 2018 Nature Communications

Contamination is widespread



Contamination is widespread

Tosetto et al., 2017



915 particles - Munno et al., in review 3850 particles - Maes et al., 2020

Contamination is widespread



Browne et al., 2008



Ossman et al., 2018 Water Research; 
Schymanski et al., 2018 Water Research; 
Mason et al., 2018 Frontiers in Chemistry

Averages range 
from ~100 – 6500 

particles per L

Averages range from ~0 – 600 
particles per L

Kosuth et al., 2018 PLOS One; 
Pivokonsky et al., et al., 2018 
STOTEN



What are the effects of 
microplastics?



Modes of Impact:
Physical

Mice: Deng et al., 2017 Scientific Reports
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Modes of Impact:
Chemical (plastic-specific)

Figure 6. Fathead minnows exposed to the leachates from the CO2 experiments at 600 ppm a) 
control; b) Tire 1 ; c) Tire 2. The black bar represents 1 mm.

a b c

Kolomijeca et al., 2020 ES&T

Kim et al., 2020 ES&T



Modes of Impact: Chemical (ambient) 

Rochman et al., 2013, Scientific Reports

Bucci et al., in review: ES&T



Adams et al. 1989

Yet difficult to relate to ecological change

Directly indicative of ecosystem health
Yet difficult to determine, less specific AND manifest 
when environmental damages have already occurred

Determine health and fitness of individuals
Allow extrapolation to population/community effects

Specific, sensitive, and reproducible
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Impacts described were 
grouped by size of debris and 

level of biological organization.



The Evidence Demonstrating Impacts to aquatic biota is Growing

Bucci, Tulio & Rochman, et al. 2020 Ecological Applications



Through 2013 Through 2017



Effect Detected vs Not Detected

Bucci, Tulio & Rochman, et al. 2020 Ecological Applications



What makes an effect detected vs not 
detected?
- dose
- shape of microplastic
- type of microplastic 
- taxa
- size of microplastic
- experimental design



1970 2010

2050 2100

Koelmans et al., 2020 Evereart et al., 2020



In Summary:
- For large plastic debris, there is no doubt that plastic harms 

wildlife. 
- For microplastics, there is evidence that it can cause harm, but 

when and how is complicated and further work is needed to 
understand this. 

- We need more studies testing hypotheses about microplastic 
that recognize their complexity

- There is evidence that microplastics are already leading to 
measurable risk in freshwater and marine ecosystems. 

- Thus, at the same time as we work to reduce microplastic 
emissions, we must also reduce microplastic emissions. 



Thank you!   


