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BEFORE WE BEGIN
• SAFETY PRECAUTIONS

– PLEASE FOLLOW EXIT SIGNS IN CASE OF EMERGENCY 
– AUTOMATED EXTERNAL DEFIBRILLATOR (AED) LOCATED OUTSIDE 

• PLEASE SILENCE CELL PHONES OR SMART PHONES

• A QUESTION AND ANSWER SESSION WILL FOLLOW 
PRESENTATION

• PLEASE FILL OUT THE EVALUATION FORM 

• SEMINAR SLIDES WILL BE POSTED ON THE MWRD WEBSITE      
(www. MWRD.org:   Home Page   ⇒ Reports  ⇒ M&R Data and 
Reports ⇒ M&R Seminar Series  ⇒ 2018 Seminar Series)

• VIDEO STREAM OF THE PRESENTATION WILL BE AVAILABLE ON 
MWRD WEBSITE  (www.MWRD.org:  Home Page  ⇒ MWRDGC 
RSS Feeds)
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Plastic litter in freshwaters: 
Abundance, movement, and biological interactions
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The normative power of the actual

Photo: Sylvia Lee



River trash



The Atlantic. May 15, 2017



The Anthropocene Era – Human imprint on geologic record

Steffen et al. 2015



What are the sources, abundance, fate, and 
biological interactions of litter in freshwaters?

1. State of ‘garbage’ science

2. Microplastic and wastewater 
effluent in rivers 

3. Microplastic in L. Michigan 
tributaries: water and fish

4. ‘Macro’ litter in Chicago area 
rivers

5. Applications, solutions
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Geyer et al. 2017

Plastic production rates are accelerating



Geyer et al. 2017

Plastic waste generation is accelerating



(30%) (55%)

(8%)(6%)

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

Geyer et al. 2017



LITTERBASE: http://litterbase.awi.de/litter

Plastic litter accumulation is 
global, pervasive, increasing, and permanent

http://litterbase.awi.de/litter
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Microplastic particles (< 5 mm)

Microplastic from open ocean 
(5 Gyres Institute)

Microplastic from N. Shore 
Channel, Chicago 

(Hoellein, McCormick)



Microplastic Sources

archipelago.gr

www.frbiz.com

Fragmentation Production pellets

Synthetic fibers Personal care products

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

www.alibaba.com

http://archipelago.gr/en/microplastics-overview/
http://www.frbiz.com/
http://www.alibaba.com/


Biological effects of microplastic

• Ingestion 

• Transfer: prey ->predator 

• Toxic
– Chemicals stick to it, and 

leech from it

• Selects for distinct 
microbial communities

Zettler et al. 2013, abstract image

Cole et al. 2013, abstract image

www.ecology.com

Image by J. Schluep

http://www.ecology.com/2012/04/04/seas-garbage/


Is wastewater effluent a source of 
microplastic to rivers?

www.sustainable-chicago.compuff.lbl.gov

http://www.sustainable-chicago.com/2012/09/17/sewerthermal-activity/
http://puff.lbl.gov/transportation/transportation/energy-aware/energyaware-w-3-1.html


Plant Water Body, City

2013 Mean 
Effluent 
(MGD)

Contrib. of 
effluent to 

downstream flow 
(%)

Tertiary 
sand bed 

(Y/N)

Kirie WRP Higgen's Cr, Des Plaines 38.72 110.82 N

Wheaton WWTP Springbrook Cr, Wheaton 7.39 86.18 Y

Bloomington SE Little Kickapoo Cr, Bloom. 4.24 78.93 Y

O'Brien WRP N Shore Channel, Chicago 225.00 70.00* N
Bloomington W 
Oakton Goose Cr, Bloomington 15.93 46.51 Y

Springbrook WRP DuPage Ri, Naperville 19.68 20.82 Y

Bartlett WWTP W Br DuPage Ri, Bartlett 2.16 15.99 N

Elmhurst WRP Salt Cr, Elmhurst 7.03 13.17 N
Woodridge Greene 
Valley E Br DuPage Ri, Woodridge 10.00 13.24 Y



Plant Receiving Water Body

2013 Mean 
Effluent 
(MGD)

Contrib. of 
effluent to 

downstream 
flow (%)

Tertiary 
sand bed 

(Y/N)
James C. Kirie
WRP Higgen's Cr, Des Plaines 38.72 110.82 N

Wheaton WWTP Springbrook Cr, Wheaton 7.39 86.18 Y

Bloomington SE Little Kickapoo Cr, Bloomington 4.24 78.93 Y

Schererville WWTP Schererville Ditch, Schererville 4.32 70.22 N
Terrence J. O'Brien 
WRP N Shore Channel, Chicago 225.00 70.00* N
Bloomington W 
Oakton Goose Cr, Bloomington 15.93 46.51 Y

Springbrook WRP DuPage Ri, Naperville 19.68 20.82 Y

Bartlett WWTP W Br DuPage Ri, Bartlett 2.16 15.99 N

Elmhurst WRP Salt Cr, Elmhurst 7.03 13.17 N
Woodridge Greene 
Valley E Br DuPage Ri, Woodridge 10.00 13.24 Y



Max London

Josh Hittie





fragments
Pellets



Wastewater can be one source of microplastic to streams.
Not in all cases.  Variation among streams high.

McCormick et al. 2016 Ecosphere

Other research: High retention of microplastic in WWTP
Role of finishing treatment (e.g., sand filtration).

Other sources (combined sewers, street runoff, atmospheric 
deposition, fragmentation)



Higher relative abundance of pellets downstream

McCormick et al. 2016 Ecosphere

Suggests role for prevention can impact pollution
changes in consumer supplies, disposal

Microbeads in soaps, toothpastes
Capture fibers in washing machine 
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Rachel McNeish Anna Vincent     Paul Risteca
Brenainn Turner        Lisa Kim

Loren HouRandy Cybulski

Melissa
Achettu



Land Use Type
Open Water    
Developed Low
Developed High
Forest
Agriculture                 
Wetland

Surface Water

Sediment

Fish Macroinvertebrates

Microbes

Photo: google.images
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Photo: google.images



Microplastic Abundance in L. Michigan’s Rivers

Polyethylene (PE) – packaging material – bottles, shopping bags, toys
Polyacrylonitrile – textiles, filtration membranes, fish rods, badminton rackets
Polyacetal – eyeglass frames, fasteners, knife handles, automotive industry, and electronics
Polyvinyl Acetate – emulsifier for porous materials; cloth, wood glue, primer for drywall
Polyethylene Terephthalate (PETE) – textiles; also called polyester





 161 fish spanning 18 taxa across tributaries (so far)
 ~ 93% fish contained microplastic in the digestive tracts

Micropterus sp. Dorosoma cepedianum Fundulus diaphanus Neogobius melanostomus Notropis sp.



Microplastic is in almost all fish – highest in predators

~21

~3~5

~32

~52

predator
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Link to video clip



Chicago, IL 
1. Harms Woods
2. LaBaugh Woods
3. Bunker Hill
4. Twenty-Sixth Street 

Woods
5. Busse Forest Main 

Dam
6. Sleepy Hollow Park



Baltimore, MD
1. Villa Nova Park
2. Winans Meadow
3. Gwynn Oak Park
4. Gwynn Oak Park 

(Powder Mill 
Branch Tributary)

5. Carroll Park



Before Collection After Collection

Lisa Kim
Anna Vincent
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Much more litter in debris dams.
Mostly plastic
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Overhanging structures trap litter.

Pliability and lightweight plastic -> 
higher retention in debris dams. 

Moves and ‘sticks’ during floods.  



Lisa Kim

Plastic and leaf litter breakdown – biofilm and invertebrate communities
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1. Microbeads



2. Plastic shopping bags



Tony Overhiser
Anna Vincent
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3. Cigarettes



4. Washing machine water



5. Plastic straws



6. Institutional policies
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7. Community Engagement 



Anna Vincent

Micah Zaker

8. Education 



9. Infrastructure

WBEZ

Thank you MWRD,
regional citizens, 

governments



Many sources, many solutions

We all contribute to pollution. 
All are welcome and valued in 
contributing to solutions

Education, engagement, and 
change is possible with 
optimism and inclusivity
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Thank you
Senn High School:
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Cities , Parks

CAREER 


	Slide Number 1
	BEFORE WE BEGIN
	TIMOTHY J. HOELLEIN, Ph.D.
	Plastic litter in freshwaters: �Abundance, movement, and biological interactions
	Slide Number 5
	Slide Number 6
	The normative power of the actual
	Slide Number 8
	Slide Number 9
	Slide Number 10
	What are the sources, abundance, fate, and biological interactions of litter in freshwaters?
	What are the sources, abundance, fate, and biological interactions of litter in freshwaters?
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	What are the sources, abundance, fate, and biological interactions of litter in freshwaters?
	Microplastic particles (< 5 mm)
	Microplastic Sources
	Biological effects of microplastic
	Is wastewater effluent a source of microplastic to rivers?
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Wastewater can be one source of microplastic to streams.�Not in all cases.  Variation among streams high.
	Higher relative abundance of pellets downstream
	What are the sources, abundance, fate, and biological interactions of litter in freshwaters?
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	What are the sources, abundance, fate, and biological interactions of litter in freshwaters?
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Chicago, IL 
	Baltimore, MD
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	What are the sources, abundance, fate, and biological interactions of litter in freshwaters?
	1. Microbeads
	2. Plastic shopping bags
	3. Cigarettes
	4. Washing machine water
	5. Plastic straws
	6. Institutional policies
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	What are the sources, abundance, fate, and biological interactions of litter in freshwaters?
	Slide Number 62
	Thank you

