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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 & Gracdan, 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 (Setdld 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“fic es - Munno et al., in review 3850 particles - Maes et al., 2020



What are the effects of
microplastics in
ambient environments?



Fate of microplastics
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Provencher, Ammendolia, Rochman & Mallory 2018, Environmental Reviews



Modes of Impact:
Physical

Polyethylene
p<0.005

30+ 0.005

5 um MPs
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10+

20 um MPs

o L]

Control Hi'gh Low Hi'gh Low
Physical Chemical

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

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
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Toxic effects
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Kim et al., 2020 ES&T



Modes of Impact: Chemical (ambient)

Number of deformities
(n=5, 20 fish per replicate tank)

PE Scoliosis Edema Hatch Tail Other Total
Control 0 0 0 0 0 0
Chem-Low 0 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 R 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

nGH
TOXICOLOGICAL
RELEVANCE

LONG-TERM
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SHORE-TERM
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!

Adams et al. 1989



Multiple Scales




Contents lists available at ScienceDirect

Environmental Pollution

ELSEVIER journal homepage: www.elsevier.com/locate/envpol

Impact of polyethylene microbeads on the floating freshwater plant @Cmmm
duckweed Lemna minor*

Gabriela Kalcikovd ***, Andreja Zgajnar Gotvajn *, Ales Kladnik ”, Anita Jemec "

Contents lists available at ScienceDirect

Marine Pollution Bulletin

ELSEVIER journal homepage: www.elsevier.com/locate/marpolbul

Effects of microplastics on sessile invertebrates in the eastern coast of @Cm,\m
Thailand: An approach to coastal zone conservation

a,b

Gajahin Gamage Nadeeka Thushari™’, Jayan Duminda Mahesh Senevirathna®,
‘s b R

Amararaine Yakup ag Nnana navanici

Contents lists available at ScienceDirect

Fish & Shellfish Immunology

journal homepage: www.elsevier.com/locate/fsi

Full length article

Effects of dietary polyvinylchloride microparticles on general health, @ —
immune status and expression of several genes related to stress in
gilthead seabream (Sparus aurata L.)

Cristobal Espinosa, Alberto Cuesta, Maria Angeles Esteban’

Contents lists available at ScienceDirect

Marine Pollution Bulletin

=

Fatal ingestion of floating net debris by two sperm whales (Physeter macrocephalus)

ELSEVIER journal homepage: www.elsevier.com/locate/marpolbul

Note

Jeff K. Jacobsen **, Liam Massey ", Frances Gulland ¢
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Ecological Applications, 0(0), 2020, 02044
© 2019 by the Ecological Society of America

What is known and unknown about the effects of plastic pollution:

A meta—analysis and systematic review

K. Buccl, M. TuLio, AND C. M. RocHMAN!

Department of Ecology and Evolutionary Biology, University of Toronto-St. George Campus, Toronto, Ontario M5S 3 B2 Canada

Citation: Bucci, K., M. Tulio, C. M. Rochman. 2019. What is known and unknown about the effects of
plastic pollution: A meta-analysis and systematic review. Ecological Applications 00(00):¢02044. 10.1002/
eap.2044




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



Update with the literature through November 26, 2017

Kennedy Bucci

Matthew Tulio



Literature search
completed for papers
where the title
appeared to be related
to impacts of plastic
debris published
through November
26, 2017 using
keywords: “marine
debris”, “plastic
debris and
“microplastic™

N=186 papers

Is the
publication
relevant to
impacts
and/or is it
an example
of primary
literature?

NO
—>

Not included in
systematic review

Data extracted and included:

Systematic review; N=139 papers
/ > 1.

2.
3.

>

Effect tested and its level
of biological organization
Species

Characteristics of debris
(size, type and shape)
Experimental design
Statistical analysis

Meta-analysis; N=13 papers

Papers that satisfied the

following criteria were

included:

1. Tested effects on
crustaceans

2. Measured effects on
mortality and/or
reproductive output

3. Contained the following
information: mean of
treatment, mean of
control, sample size,
SE/SD/CI

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




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

TS Number of
Assemblage * 0 ﬁ:;‘aﬁ:"ated Ecosystem
Population ‘ * . * * [:l 0 Assemblage # of Null Effects
Organism Jin A [ | e RS Population - T
Organ system v‘ 610 Organiam - 21-30
Organ ¥ g\%gm’e S  Organ System - 11-20
Tissue ‘ g Organ 6-10
&
Cell E Tissue \:’ 1-5
Organelle § Cell |_| o
Molecular assemblies g Organelle I:'
Macromolecules o i * ‘g Molecular Assemblies !
Small molecules g E Macromolecules
Atoms Small molecules .
Subatomic particles Atoms
nm um : mm cm m km Subatomic Particles

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
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The known and about the effects of

plastic pollution on wildlife



@ Concentration reported in nature = Dose used in lab experiments
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@ Mesh size used for sampling mParticle size used in lab experiments
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Level of biological organization

Level of biological organization

Level of biological organization

MARINE
Effect was Tested And Demonstrated

MARINE
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Study Organism Effect Plastic Size Length of Shape LCS0
Type Exposure Concentration
Qgonowski Daphnia Death Unknown 4 um 14d Sphere IM
etal, 2016 Magna (from particles/mL
Cospheric)
Au Hyalellg azteca Death PP 20- 10d Fiber 46,400
et al.,, 2015 74um particles/mL
Hyvalella azteca  Death PE 10- 10d Fragment 71.43
27um particle/mL
Frvdkejar  Daphnia Immobilization PE 10- 48 h Fragment 65 mg/L
etal., 2017 magna 75um
Ziajahromi  Ceriodaphnia Death PE 1-4um 48 h Sphere 2.2 mg/L
etal., 2017 dubia
Ceriodaphnia Death PE I-4pym 48 h Fiber 1.5 mg/L
dubia
Rehse Daphnia Immobilization PE Ium 96 h Sphere 57.42 mg/L
etal., 2016 magna
Kim Daphnia Immobilization PS 200nm 48 h Sphere 0.04 mg/L
etal., 2017 magna




In Summary:

- There are a lot more studies testing hypotheses about the
effects of plastics on organisms.

- This includes studies testing effects at higher levels of
organization.

- 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 microplastics:

- That recognize their complexity

- In freshwater and terrestrial environments

- That help us understand the environmentally relevant
effects: more field studies, using relevant concentrations and
sizes (includes better measurement in nature)
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