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Microplastics	in	the	Aquatic	Environment:	
History,	Fate	and	Effects
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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





>220	species	
FAO	Report	2017



- In	100%	of	fish	sampled
- 96.9%	of	are	fibers
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Microplastics	in	Great	Lakes	cormorants
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Microplastics	in	Arctic	zooplankton



What	are	the	effects?
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Rochman	2015	Chapter	in	Marine	Anthropogenic	Litter



Fate of microplastic and nanoplastics in the body 

FAO	Report	2017



Rochman	et	al.,	2014	Science	of	the	Total	Environment

Jang	et	al.,	2016	ES&T

Chemicals	from	microplastics	can	transfer	to	wildlife	
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Law,	Ann.	Rev.	Mar.	Sci.	2017, 
adapted from Rochman et al. Ecology 2015
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What	makes	an	effect	detected	vs	not	detected?
- type	of	microplastic
- size	of	microplastic
- shape	of	microplastic
- taxa
- dose	of	microplastic
- length	of	exposure
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1.	Dose

2.	Exposure	scenario

E.g.,	Relevant	duration,	
mechanism

3.	Life	stage

Larvae,	juvenile		or	
reproductive	stage

Environmentally	relevant	
concentration

4.	Questions

E.g.,	Reproductive	output,	
predator-prey	interactions

Contaminated	Site	

Reference	Site	

&	

Laboratory	Experiments Field	Experiments



• Identify	local	entry	points	for	microplastics	into	the	
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• Understand	the	fate	of	microplastics	and	associated	chemicals	in	
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• 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:



Data Reporting
Calibration standards & 

recovery reporting
LOD/LOQ reporting 
(when applicable) Blank subtraction

Sample Analysis

Chemical Identification of Material

Sample Preparation

Clean laboratory practices Laboratory blanks Reduction of plastic 
supplies, clothing, etc. used

Sample Collection

Clean surfaces & containers Field blanks Keep samples covered to 
mitigate contamination



How	can	we	measure	risk	if	we	cannot	
measure	contamination?



Science

Solutions

In	the	meantime,	we	have	enough	science	to	begin	to	mitigate	
now	and	prevent	future	sources	of	plastic	pollution.	





Hayley	
McIlwraith	

Jack	Lin

Testing	microfiber	mitigation
2	strategies:	both	reduce	microfibers	in	washing	
machine	effluent
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McIlwraith, et al. in review
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City	of	Toronto	example
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↓	6	to	9	trillion	microfibers

↓ 20	to	31	trillion	microfibers



Bioretention Rain	Garden



Treatment	Efficiency

249

41

316

25 7 17
0

50

100

150

200

250

300

350

Jan.	3 Feb.	9 Mar.	24

#	
pa
rt
ic
le
s/
10

0	
L

INLET

• Mean 92% reduction (n=3)

OUTLET



Thank	you!
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www.rochmanlab.com
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