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In 2015, the world decided 8MT of plastic
emissions into the ocean was not okay.
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Jambeck et al., 2015 Science
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Polymer

PP
LDPE
HDPE
PVC
PU
PET
PS
ABS
PMMA
POM
PBT
PC
PA
SAN
PEEK
PSU
PU

Additives
Plasticizers
Colorants

Reinforcements

Fillers
Flame retardants
Stabilizers

Microplastics

Product types
Primary
Pre-production pellets
Personal care products
Industrial abrasives...
Secondary
Agricultural materials
Beverage bottles
Carry bags
Construction materials
Containers
Clothing
Cutlery
Electronics
Food packaging
Film
Furniture
Insulation
Mattresses
Medical
Pillows
Pipes
Textiles
Toys
Tires

Size

<5mm

Nano

Morphology
Fiber
Fiber bundle
Fragment
Sphere
Pellet
Film
Foam

Colour
Red
Orange Eco-toxins
PAHs
Tan PCBs
Brown S DDT
Off white Heavy metals
White PBDEs
Grey
Blue
Green




Microplastics everywhere

High amounts of microplastics have been found not just in the sea and on beaches, but also in rivers and soils
around the world, demonstrating how pervasive this modern pollution is. Sources include leakage from landfills,
plasticulture, littering, and sewage sludge. Data from (1).

Amount reaching Mismanaged plastic waste, P & m

the ocean leaked into the environment
48to127 319

million metric million metric tons
tons per year

Microplastic

Microplastic pollution is pervasive

Emerging research pinpoints atmospheric deposition as a mode of microplastic transfer to the western
United States. Mapping microplastic pools (water, land, organisms) and fluxes (arrows) will guide delineation
of the global microplastic cycle.
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Rochman, 2018; Rochman and Hoellein, 2020 Science




Contamination is widespread

Courtene-Jones et al., 2017 Environ Pollut

Peeken et al., 2018 Nature Communications




Contamination is widespread

=~

Seabirds Marine mammals
(Derraik, 2002, (Derraik, 2002, Eriksson & Burton, 2003)

Hammer et al., 2012)

Turtles Sharks & Rays

(Hammer et al., 2012, (Hammer et al., 2012)
Lazar & Gracan, 2011)

@Estuarine fish

(Possatto et al., 2002)

Amphipods

(Chua et al., 2004,

Ugolini, 2013) P .
8 Piscivorous fish

(Jantz et al,, 2013) 0 @
Zooplankton ﬂ Marine larvae
Crustaceans (Setidld et al,, 2014, (Kaposi et al., 2014)

(Farrell & Nelson, 2013, Cole et al,, 2015)
Murray & Cowie, 2011)

Planktivorous fish
(Boerger et al., 2010)

Mussels

(Farrell & Nelson, 2013, Microplankton

Browne et al., 2008) (Setili et al., 2014)

0 Corals

(Hall et al., 2015)

Bryozoans
(Ward & Shumway 2004)

Lugworms
(Thompson et al., 2004)

Isopods
(Hamer et al., 2004)

Tosetto et al., 2017



Contamination is widespread

915 parl‘t"icles - Munno et al., in review 3850 particles - Maes et al., 2020



e) lhaemocyte

polystyrene microsphere

Browne et al., 2008



A .
Averages range from ~0 — 600
particles per L

Averages range
from ~100 — 6500
particles per L
: 3
\aF

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




What are the effects of
microplastics?



Modes of Impact:
Physical

Polyethylene
p<0.005

30+ 0.005

5 um MPs
% Mortality

—
o
L

20 um MPs

]

Liver Kidney
Mice: Deng et al., 2017 Scientific Reports

Control  High  Low  High  Low
Physical Chemical

Treatment

Fish: Bucci et al., in review ES&T



Modes of Impact:
Chemical (plastic-specific)

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

Kolomijeca et al., 2020 ES&T

Microplastic Extractable  Addinive cxtraciod
additive microplastic

Toxic effects
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a key explanatory variable
Caenorhabditis elegans Number of offspring of microplastic toxicity

Kim et al.,

2020 ES&T



Modes of Impact: Chemical (ambient)

(n=5, 20 fish per replicate tank)

Number of deformities

PE Scoliosis Edema Hatch Tail Other Total
Control 0 0 0 0 0 0
Chem-Low 0 0 0 0
Chem-High 0 1 0 0 0 1
Phys-Low 0 0 0 0 0 0
Phys-High 0 3 0 0 0 3
PP

Control 0 2 0 0 0 2
Chem-Low 0 0 0 0 0 0
Chem-High 0 1 0 0 0 1
Phys-Low 1 1 1 0 0 3
Phys-High 0 0 0 0 0 0

LO

Control 0 1 0 0 0 1
Chem-Low 1 - 1 1 0 7
Chem-High 0 5 0 0 1 6
Phys-Low 1 2 1 2 0 6
Phys-High 1 11 2 1 0 15

Bucci et al., in review: ES&T

Rochman et al., 2013, Scientific Reports



Specific, sensitive, and reproducible
Yet ditficult to relate to ecological change

mnGH
TOXICOLOGICAL
RELEVANCE

LONG-TERM
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SHORE-TERM
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!

Adams et al. 1989



Levels of biological organization

Assemblage
Species
Population
Organism

Organ System
Organ

Tissue

Cell

Organelle
Molecular Assemblies
Macromolecules
Small Molecules
Atoms

Subatomic Particles

14

13

12

11

10

Impacts described were
grouped by size of debris and
level of biological organization.

nm (m mm cm m km



The Evidence Demonstrating Impacts to aquatic biota is Growing

Level of biological organization

Effect was Tested And Demonstrated

Ecosystem

Assemblage
Population

Organism

Organ System

Organ

Tissue

Organelle

Molecular Assemblies

Macromolecules

Small molecules

Atoms

Subatomic Particles

nm

um mm c¢m

Size of debris

km

# of Null Effects

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



Level of biological organization

Through 2013 Through 2017

Effect was Tested And Demonstrated

Number of
Assemblage * * ?ni;‘az?ss"ated Ecoystem
Population * * * [:l 0 Assemblage # of Null Effects
Organism s Population - >3
Organ system Il 610 Organism - 21-30
Organ ¢ g&gg:—?(ﬁeve S Organ System - 11-20
Tissue g Organ 6-10
Cell g’ Tissue \:’ 1-5
Organelle § Cell |_| o
Molecular assemblies g Organelle I:'
Macromolecules 'S ‘g Molecular Assemblies !
Small molecules E Macromolecules
Atoms Small molecules ,
Subatomic particles #éomes
Subatomic Particles

nm um mm c<m m km
nm um mm cm m km

Size of plastic debris Size of debris



Level of biological organization

Effect Detected vs Not Detected

Effect was Tested And Demonstrated Effect was Tested And Not Demonstrated
Ecosystem # of Null Effects
Assemblage . 30
Population
. 21-30
Organism
Organ System - 11-20

Organ .
W e
Tissue

= [ 15

Organelle
0
Molecular Assemblies i
Small molecules
Atoms
Subatomic Particles
nm um mm cm m km nm pm mm cm m km
Size of debris Size of debris

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



detected?
dose
shape of microplastic

type of microplastic

taxa
size of microplastic




Cumulative Frequency (%)
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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.
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