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Reflection….

1. What is the most common 
thing in your trash at home?

2. Do you separate your 
recyclables?

3. How much trash (in pounds) 
do you think you generate 
every day? 
• A gallon of milk = 8.6 lbs



We generated 4.9 lbs
of municipal solid 
waste (MSW) per 
person per day in 
2018, for a total of 
292.4 million tons! 

U.S. EPA’s Advancing Sustainable Materials Management: Facts and Figures 2018



12.2% of this 
was plastic. That 
equates to 35.7 
million tons.

U.S. EPA’s Advancing Sustainable Materials Management: 2018 Fact Sheet 



This plastic may be 
landfilled, recycled, 
or used in “waste-
to-energy”. 

U.S. EPA’s Advancing Sustainable Materials Management: Facts and Figures 2018



Geyer et al. 2017; Vannela 2012

~92% of the plastic that was ever produced still exists 
somewhere, in some form

20 million tons of the plastic produced each year enters 
aquatic habitats



Ecowatch.com

Ingestion

Breakdown & Decomposition

5 Gyres Institute

Afitplanet.com

Accumulation

T. Hoellein

Litter in aquatic environments has several fates



1° - Microbeads 2° - Synthetic fibers

http://workjournal.archipelago.gr/tag/microplastics/

www.frbiz.com

1° - Production pellets

www.alibaba.com

archipelago.gr

2° - Fragments, foam, film

kasitindustry.com

Types of Microplastics



foam

fibers

fragments

Pellets

Credit: University of Florida, Institute of Food and Agricultural Sciences; Tim Hoellein, Loyola University



Microplastic Sources

• Domestic wastewater

• Fibers from clothing

• Incomplete treatment removal

• 75-99% removed

• Personal care products

• Terrestrial runoff and river 
movement to downstream 
ecosystems

• Breakdown from larger litter
Conley et al. 2019



1973: Marine pollution found to cause “considerable harm”

Microplastic is pervasive and persistent in 
marine ecosystems

https://clearbluesea.org/ocean-studies/



1982: Research first 
demonstrates detrimental 

effects of plastic to marine birds

1987: Major inputs to ocean 
debris found to be land-based

1999: Research finds that plastic 
outweighs plankton 6 to 1.



2010: Fish found to be eating 
plastic in N. Pacific Gyre

2016: U.N. estimates there 
to be 5.25 trillion pieces of 

oceanic macro and 
microplastics



Isobe et al. 2021

Microplastic is pervasive and persistent in 
ecosystems worldwide



Eriksen et al. 2013

Microplastic is present in Great Lakes 
waters

Hoffman and Hittinger 2017



Mason et al. 2016, Journal of Great Lakes Research

2013 Lake Michigan Survey



Microplastics are 
also in Great Lakes 
sediment.

Belontz et al. 2022 Marine Pollution Bulletin



And tributaries

Baldwin et al. 2016 Environmental Science & Technology



May 2021, Nature Magazine



McNeish et al. 2018 Scientific Reports

Lake Michigan Fishes



McNeish et al. 2018 Scientific Reports

Lake Michigan Fishes



Munno et al. 2022 Conservation Biology

Lakes Superior and Ontario Fishes

All fish sampled were 
contaminated with 
anthropogenic particles 

Range: 2 – 915 
particles/fish



Hoang and Mitten 2022

Great Lakes Migratory Birds



Ingestion is 
happening, but 
what is the risk 
to an organism’s 
health?

Yellow perch (Photo courtesy Christian Perry)



Ecological Impacts

• Ingestion 
• Filter feeders, zooplankton, fish

•Prey transfers to predator 
•Decreased reproductive success, survival
• Selects for distinct microbial communities 

Zettler et al. 2013

Cole et al. 2013

J. Schluep, Loyola Univ.

M. Eriksen, 5 Gyres

Sussarellu et al. 2016, Wright et al. 2013, Rist et al. 2016, Farrell and Nelson 2013, Zettler et al. 2013, McCormick et al. 2014



Toxicological Impacts

• Leach chemicals 
• BPA: endocrine disruptor

• Adsorb chemicals
• Hydrophobic surfaces easily adsorb persistent organic pollutants (POPs)
• Research on marine plastic has demonstrated that the risk to marine animals 

differs by plastic type

Rochman et al. 2013



Microplastic Arrays in Muskegon

Image credit: Tony Packer



Scott et al. 2021

Microplastic Arrays in Muskegon: PFAS

The adsorption of PFAS was 
much greater in the field-
incubated plastic than what was 
observed in the laboratory with 
plastic and water alone.



Steinman et al. 2020

Microplastics Arrays in Muskegon Others

Polyaromatic hydrocarbons (PAHs), polychlorinated biphenyls 
(PCBs), organochlorine pesticides (OCs), select metals, microbes

Overall, our results indicate that persistent organic pollutants are 
capable of accumulating on MPs but the concentrations generally 
were low; feeding trials are needed to determine if these 
environmentally realistic concentrations of pollutants attached to 
microplastics result in impacts to aquatic biota.



Environmentally Relevant Concentrations

• Many lab studies use 
concentrations that are far 
higher than what is present 
in the environment

• Push for environmentally 
relevant concentrations*



Microplastics Summary

• Present in Great Lakes waters, 
sediments, and organisms

• Fibers and fragments abundant

• Some other contaminants can 
adsorb onto them

• Are they a problem?

Cormorant image credit Sam Corden
Lake trout image credit Mike Parna



2018 Meta-analysis



IISG 
Meta-Analysis

• 43 published studies

• Question?? For aquatic organisms, 
what is the impact of exposure to 
microplastics on:

• Consumption (feeding)

• Growth

• Reproduction

• Survival

Foley et al. 2018



IISG Meta-Analysis
Determined that effect varied with taxonomic group

Foley et al. 2018

Consumption Growth Reproduction Survival

Zooplankton * * *

Echinodermata +

Molluscs + +

Macroinvertebrates +

Larval & Juvenile Fish * +

Adult Fish

* = significant negative effects
+ = possible negative effects



Putting Results Together

• Lower food web most affected

• Overall, greatest negative effects were related to feeding

Foley et al. 2018



What Are Some Other Stressors Acting 
on Great Lakes Organisms?

• Aquatic invasions

• Habitat loss

• Changing climate

• Other pollutants

• Now add in little plastic particles 
filling your guts



Ecological Effects of Microplastics: 
Impacts to humans?

• Microplastics have been found in:
• Sea, lake, rock, and well salt; chicken gizzards; honey; beer; 

tea bags; drinking water (bottled and tap); seafood & 
shellfish

• Humans consume up to 52,000 microplastic particles/year

• Inhalation adds 69,000 particles/year

• Consuming only bottled water adds an additional 90,000 
particles/year (only 4,000 for tap)

• Polypropylene bottles release up to 16,200,000/liter

Kim et al. 2018, Danopolous et al. 2020, Lwanga et al. 2017, Liebezeit and Liebezeit 2013, WHO 2014, Kosuth et al. 2018, Van Cauwenberghe and Janssen 2014, Cox et al. 2019, Li et al. 2020



Ecological Effects of Microplastics: 
Impacts to humans?

• No published study has yet directly examined the effects of 
micro- and nanoplastic on people.

• Microplastics have been found in:
• All regions of human lungs

• Polypropylene and polyethylene fibers were most abundant
• Inhalation is an important route of exposure

• Human bloodstream
• Only 22 people 
• Demonstrated that plastic nanoparticles are “bioavailable for uptake into 

the human bloodstream”

• Larger microplastics likely to have effects due to chemical toxicity 
– addition of hazardous chemicals like plasticizers, pigments, and 
stabilizers.

Jenner et al. 2022, Leslie et al. 2022, Lim 2021



What Can We Do?

• Reduce – reliance on plastic, amount of plastic entering environment

• Reuse – when possible limit single-use plastics, change behaviors

• Recycle – third for a reason

Won’t be easy



Plastic Solutions: 
Consumer-driven or 
corporate responsibility?

• Big emphasis on ‘personal responsibility’

• Many argue that corporations bear the 
lion’s share of the blame for the plastic 
problem.

• Research has found that only 20 firms 
produce over half of the world’s plastic 
waste, led by Exxon-Mobil

• Based on global beach cleanup data, 
Coca-Cola is the #1 Global Top Polluter

https://www.theguardian.com/environment/2021/may/18/twenty-firms-produce-55-of-worlds-plastic-waste-report-reveals
https://www.breakfreefromplastic.org



Plastic Solutions: 
Challenges

• Equity

• Accessibility

• Benefits of plastic use (food, clean water)

• Pressing issues e.g., COVID 

• Recent research found PPE to be a new 
emerging source of plastic pollution in the 
Great Lakes region

• Disposable gloves > face masks > wipes

• Highest densities in grocery store 
parking lots

Michigan Sea Grant, NOAA Sea Grant https://seagrant.noaa.gov/News/Article/ArtMID/1660/ArticleID/637
Ammendolia et al. 2021, Gorrasi et al. 2021, Patrício Silva et al. 2021, Sea Grant Law Center 2020

https://seagrant.noaa.gov/News/Article/ArtMID/1660/ArticleID/637


Engineering Solutions At 
Home

•Fiber-catching products for laundry 
prevents release into wastewater (no 
endorsements!)
• Guppyfriend

• Cora Ball

• Lint LUV-R

• McIlwraith et al. 2019 found Lint 
LUV-R (87%) and Cora Ball (26%) to 
significantly reduce microfibers in 
washing machine effluent



Engineering Solutions in the 
Field

•Robots, vessels
• FRED Robot (San Diego)

• Mr. Trash Wheel (Baltimore)

• Seabin

• LittaTrap

• PixieDrone

• BeBot

• Gutter Bin

https://www.greatlakesplasticcleanup.org/cleanup-technology



• Straw Bans
• MN

• Plastic Bag Bans
• Chicago bag tax (2017), Evanston ban (2015)

• IN, MI, MN, WI have a ban on bans

• Single-use plastic bans
• NY (Styrofoam; statewide)

• MN, PA (Styrofoam, straws, single use, etc.; 
local)

Sea Grant Law Center, 2018 & 2020

Legislative Solutions

Equity, Accessibility



Other Ideas?

Please share in the chat



Microbead-Free Waters Act 
of 2015

• Prohibits the manufacturing, 
packaging, and distribution of 
rinse-off cosmetics containing 
plastic microbeads

• Many manufacturers were voluntarily pulling 
microbeads from their products



Microbead-Free Waters Act 
of 2015

• Prohibits the manufacturing, 
packaging, and distribution of 
rinse-off cosmetics containing 
plastic microbeads

• Many manufacturers were voluntarily pulling 
microbeads from their products



Plastics as Energy

• Strong chemical bonds, strong energy 
potential 

• Gleick and Cooley 2009 study on bottled 
water

• Energy required to manufacture bottles as 
much or more than energy required for 
transportation

https://www.energy.gov/eere/bioenergy/articles/department-energy-announces-134-million-investment-combat-plastic-waste-and



Plastics as Energy

• Strong chemical bonds, strong energy 
potential 

• Gleick and Cooley 2009 study on bottled 
water

• Energy required to manufacture bottles as 
much or more than energy required for 
transportation

www.clearbluesea.org/ocean-studies



The energy value of 
landfilled plastic waste 
in 2019 was enough to 
supply 5% of power 
for transportation 
sector, 5.5% for 
industrial. 

Milbrandt et al. 2022





Key Links

• https://www.greatlakesplasticcleanup.org/cleanup-technology

• https://greatlakes.org/2022/06/5-ways-plastic-pollution-is-different-in-the-
great-lakes/

• https://marinedebris.noaa.gov/great-lakes

• https://www.michiganseagrant.org/topics/coastal-hazards-and-
safety/marine-debris-and-plastic-pollution/

• https://iiseagrant.org/education/ pollution-prevention-explorer/

https://www.greatlakesplasticcleanup.org/cleanup-technology
https://greatlakes.org/2022/06/5-ways-plastic-pollution-is-different-in-the-great-lakes/
https://marinedebris.noaa.gov/great-lakes
https://www.michiganseagrant.org/topics/coastal-hazards-and-safety/marine-debris-and-plastic-pollution/
https://iiseagrant.org/education/pollution-prevention-explorer/


Thank you! 

Carolyn Foley, Illinois-Indiana Sea Grant 
cfoley@purdue.edu

Sarah Zack, Illinois-Indiana Sea Grant 
szack@Illinois.edu @GreatLakesP2

Jill Bartolotta, Ohio Sea Grant   
bartolotta.2@osu.edu

Brandon Schroeder, Michigan Sea Grant 
schroe45@msu.edu


