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Contaminants of Emerging Concern (CECs)

• U.S. EPA Definition: 
• Detected at low levels in surface water

• Concern about impacts on aquatic life

• No regulatory standards

• Recently ‘discovered’ due to improvements in analysis or 
detection



Contaminants of Emerging Concern (CECs)

• Includes several classes of substances
• Persistent organic pollutants (POPs)

• Emerging: Flame retardants (PBDEs), nonstick and stain repellent 
chemicals (PFASs)

• Resistant to environmental degradation

• Bioaccumulate through the food web

• Demonstrated negative impacts on human and environmental health

• Pharmaceuticals and personal care products (PPCPs)

• Endocrine-disruptors (BPA)

• Nanomaterials (Carbon nanotubes, TiO2)

• Microplastics and anthropogenic debris?



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

T. Hoellein



Ecological effects of microplastic

• Ingestion 
• Filter feeders, zooplankton, fish

(Sussarellu et al. 2016, Wright et al. 2013, Rist et al. 2016)

• Prey transfers to predator 
(Farrell and Nelson 2013)

• Decreased reproductive 
success, survival
(Sussarellu et al. 2016, Rist et al. 2016)

• Selects for distinct microbial 
communities 
(Zettler et al. 2013; McCormick et al. 2014)

Zettler et al. 2013

Cole et al. 2013

J. Schluep, Loyola Univ.

M. Eriksen, 5 Gyres



1. Leach chemicals 
• BPA: endocrine 

disruptor

2. Adsorb chemicals
• Hydrophobic surfaces easily 

adsorb POPs

• Research on marine plastic 
has demonstrated that the 
risk to marine animals 
differs by plastic type

Rochman et al. 2013

Toxicological effects of microplastic



Fate of plastic: 
Use, discard, incinerate, recycle

Geyer et al. 2017



(30%)

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

Geyer et al. 2017; Vannela 2012

Million Metric Tons

(7%)

(8%)

(55%)

10% 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.



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



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



Eriksen et al. 2013

Microplastic is pervasive and persistent in 
ecosystems worldwide



2013 Lake Michigan Survey
Mason et al. 2016, Journal of Great Lakes Research



In search of microbeads…



2013 Lake Michigan Survey

Ericksen et al. 2013 This study

Fragment Pellet Film Foam

Eriksen et al. 2013 81% 17% 2% 42% 48% 0% 1% 8%

This Study 59% 32% 9% 79% 4% 14% 2% 1%

0.355― 

0.999mm

1.000― 

4.749mm > 4.75mm

Size Classification

Fiber/

Line

Particle Type

Mason et al. 2016



Sources and Sinks
Annual Microplastic 

Budget
Aquatic BiotaLandscape Features

Microplastic Inputs to the Great Lakes
IISG-funded research funded at Loyola University Chicago



Q: Are microplastic abundances higher in certain 
seasons?

Microplastic concentration was approximately 3x greater in summer 
compared to other seasons

Microplastic exported to Lake Michigan was the greatest during 
summer 

Meyer et al. 2018



Q: Does land use affect seasonal microplastic 
abundances?

Meyer et al. 2018, McNeish et al. 2018
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Q: Does increased land development contribute to 
more microplastic abundance in tributaries and 

headwater streams? 

Increased land development was linked with an increase in 
microplastic concentration in both tributaries and headwater streams.

Agriculture is the most important land-use for major rivers and urban 
land-use the most important for headwater streams.

Sharma et al. 2018



Q: Does microplastic concentration predict what’s in 
the fish?

Fish gut microplastic concentration did not reflect concentration 
patterns in water.

Microplastic concentration did increase with body length and was 
positively correlated with trophic faction.

McNeish et al. 2018



• Method standardization

• What are the effects of microplastics?
• Long-term?

• On ecosystem and organism health?

Research Gaps: What don’t we know?



Research Gaps: Effect Data

Foley et al. 2018



IISG Meta-Analysis

• Question: 

What is the impact of exposure to microplastics on 1) 
consumption and feeding, 2) growth, 3) reproduction, 
and/or 4) survival rates in aquatic organisms?

• Examined 43 published studies
• In order to be included, study must have:

• Measured at least one effect of direct exposure to an organism

• Been an experiment

• Included a ‘no microplastics’ control

• Reported mean, sample size, and variance measures

• Also looked at publication bias

Foley et al. 2018



IISG Meta-Analysis

• Question: 
What is the impact of exposure to microplastics on 1) 
consumption and feeding, 2) growth, 3) 
reproduction, and/or 4) survival rates in aquatic 
organisms?

Foley et al. 2018

Significant 
Negative effect?

Evidence of 
publication bias?

Consumption YES YES

Growth YES YES

Reproduction YES* YES

Survival YES YES



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



Foley et al. 2018

• What do these results mean?

• Many aquatic biota may be affected, but no real trends

• Zooplankton most susceptible to microplastics exposure



Legislative Solutions: 
Microbead-Free Waters Act

• Rinse-off Cosmetics
• 12/31/17: Stop manufacturing
• 12/31/18: Stop introduction & 

delivery into marketplace

• OTC Drug Rinse-off Cosmetics 
• 12/31/18: Stop manufacturing
• 12/31/19: Stop introduction & 

delivery into marketplace

How do we solve a problem like microplastics?



How do we solve a problem like microplastics?

Photos: University of California, Santa Barbara; Environmental Enhancements, Inc.

Engineering Solutions:
Consumer-Driven



Upcoming Conference:
Emerging Contaminants in the Environment

May 21-22, 2019

More information at: 
https://www.istc.illinois.edu/events/conferences/ECEC19



Acknowledgments

Tributary Inputs Data (Loyola University)
• Principal Investigators: Drs. John Kelly and Tim Hoellein
• Post Doc: Dr. Rachel McNeish
• Undergraduate Students: Homira Wardak, Deeb Omari, Hamza Asim, Rachel Meyer, Stuti

Desai, Naiha Sharma, Rick Tijerina

Microplastics Meta-Analysis Data (IISG)
• Principal Investigator: Carolyn Foley 



Thank you! Questions?

Sarah Zack 
Pollution Prevention Extension Specialist
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@GreatLakesP2  @ILINSeaGrant

www.iiseagrant.org  www.unwantedmeds.org

Illinois Lakes Management Association Conference March 14, 2019


