TG ENVIRONMENTAL
RESEARCH

Microplastic Particle Effects and Risks

The way forward

Todd Gouin

comeiot12-14 JUNE 2023

Chemical Associations

2023 ICCA MARII WORKSHOP

Alexis Royal Sonesta Hotel
Seattle, USA

-\ #microplastics




Characterizing associated hazards
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Nano- and microplastic particles: Is there an intrinsic hazard?

Intrinsic Extrinsic
» System INDEPENDENT » System DEPENDENT
» Physical state, melting point, » Particle concentration

density, molecular weight
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Exponential growth in the scientific literature
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Before 2004:

» Studies reporting plastic in the environment

» Studies using nano- and microplastic particles as particle controls
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Literature review

PubMed, Google Scholar Keyword search (01 June 2023)

Keyword search of full
text documents

Microplastic >>>
9661 papers

Generation >>>
1712 papers

Grind >>> 156
papers

Milling >>> 68
papers

Cryogenic >>> 40
papers

Microtome >>>
26 papers

Cryotome >>> 3
papers

Combined with previous
literature searches >>>
11,320 papers

2516 papers reviewed (to date)

1094 relevant

Keyword search
of titles

Polystyrene >>>
531 papers

Growth >>> 108
papers

Extraction >>>
92 papers

Metabolism >>>
57 papers

Synthesis >>> 33
papers

Polypropylene
>>>436 papers

Oxidative >>> 94
papers

Production >>>
60 papers

Reproductive
>>> 47 papers

Inflammation
>>> 20 papers

(i.e. studies that have either generated their own particles or have purchased from a
supplier for purposes of studying:

» Ecotoxicological effects

* Toxicological effects (mammalian in vivo or in vitro)

* Environmental fate

* Chemical sorption/leaching




Generated particles (285 studies)

N

Polymers with origin dominated
from various consumer products:
« PS
 PE
- PP
 PET
 PVC




Purchased particles (single polymer; 785 studies)

Approx. 75% of all studies sourced PS from
Chinese-based companies

With approximately 25% coming from
BaseLine ChromTech
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Concentration (mg/L)

Polymer type
PS

PLA

PP

PET

PA

PE

NY

PVC

PMMA
Exposure time (days)
15

30

45

60

|75

Urgency

Chlorella, Scenedesmus,
Chlamydomonas

—

Cyanobacteria |— l-—
Escherichia, Vibrio, Pseudomonas,
Bacillus

Concentration )— 0.004-50,000 mg/L (mode: 50 mg/L) J—

Microcystis

0.3-80 days

{mode 3 days)
Polymer type '— PS> PE > PVC )—
_— Symmetric spheres J—

MNPs size )_ 0.02-5000 pum (mode 0.1 um) J_

Metals, nanoparticles, other (EPS,
Adsorbents I drugs, pharmaceuticals) l

Micromonas, Tetraselmis,
Chaetoceros, Skeletonema, Karenia,
Pyrocystis

Trichodesmium, freshwater N-fixing
and coccal representatives

Susceptibility of key genera to oxidative
stress, ecological impact in pelagic ocean

Pelagibacter, (Pseudo)Alteromonas,
Shewanella, Roseobacter, freshwater
Limnohabitans and Polynucleobacter

Prochlorococcus, Synechococcus, J

producers — (Pseudo)Alteromonas,

Symbiotic interactions with primary
Roseobacter, ocean carbon cycles

0.01-100 mg/L
Year 2050 simulation: 200 mg/L J

3-4 days for acute toxicity
30-40 chronic toxicity

floor as well in freswater lentic bodies are

Organisms in aceanic gyres and on oceanic
exposed to MNPs practically continously

PP&A > PET > PVC, PUR, bioplastics J

Assymetric (fibres, chips, pellets) J

Unknown effect in the comparison of
symmetric and assymetric MNPs on biota J

(from 300-700 nm) 1-5000 pum J

UIMA, SIMA J

POPs, PCBs, HHCs, PAHs, antibiotics,
(cyano)bacterial phages

MNPs may serve as the carries of these
substances, which may have severe effects
on primary producers and bacteria

J

Journal of Hazardous Materials 454 (2023) 131476
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Microplastics and nanoplastics toxicity assays: A revision towards to
environmental-relevance in water environment
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Size, shape and density - is this sufficient?

» Create an environmentally relevant mixture in test systems:
» Size
» Shape

» Density (polymer composition)

But

» Exposure in the environment is not necessarily consistent:
» Heterogeneous mixture of particles various in space and time.

» Not possible to test all possible combinations of environmentally
relevant mixtures of particles

» Multifaceted problem - does it matter?

his is an open access articl d under a Creative Commons Non-Commercial No
Derivative Works i
h

n a le published undel
rivative Works (CC-BY-NC-ND) Attribution License, which permits A,UFyxng and
redistribution of the article, and creation of adaptations, all for non-commercial purposes,
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Simplifying Microplastic via Continuous Probability Distributions for
Size, Shape, and Density
Merel Kooi* and Albert A. Koelmans®™

Aquatic Ecology and Water Quality M. t Group, Wageni
The Netherlands

University & Research, P.O. Box 47, 6700 AA Wageningen,
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© Supporting Information

microplastics are often perceived as complex. Many studies struggle with this

ABSTRACT: Because of their diverse sizes, shapes, and densities, environmental
complexity and either address only a part of this diversity or present data using e S W h
discrete classifications for sizes, shapes, and densities. We argue that such |._I_._._ - ) \: B
Density Density
e

classifications will never be fully satisfactory, as any definition using classes does e A
not capture the essentially continuous nature of environmental microplastic. |I.I.I.l — Pengis —ond®
Therefore, we propose to simplify microplastics by fully defining them through a 3

three-dimensional (3D) probability distribution, with size, shape, and density as

dimensions. In addition to introducing the concept, we parametrize these probability distributions, using empirical data. This

ity
Shape )




Problem formulation

Is there an intrinsic hazard?

Bucci and Rochman
Microplastics and Nanoplastics (2022) 2:7
https://doi.org/10.1186/543591-022-00028-0

Microplastics and
Nanoplastics

PERSPECTIVE Open Access
. . . 1 . ®
Microplastics: a multidimensional
contaminant requires a multidimensional
framework for assessing risk Sive Each pai has same
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Standardized Testing - Challenges and Limitations

Environmental compartment (fresh and marine water, fresh and marine sediment, terrestrial
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Plastic and plastic associated chemicals

for a toxics-free future
Search text
Coe T rioxcrs |
IPEN’s Toxic Plastics Campaign
ey g of o i o et e s hamkl, o vk i sk, B IPEN is calling for an international
blodiversity, and the climate.
IENs kst st the b st o sk the kot i exch s of st plastics treaty that:
to:
«  Curb the production of toxic oil, natural gas, and petrochemicals. . ;
« Eliminate and substitute the most toxic chemicals used in the production of plastic. - PrOtECtS h ed |th da nd the ENVIro nment
« Strengthen global policies related to plastic waste controls and incineration. ) . . ) .
+ Promote environmental justce. = Ends the production and use of toxic chemicals in plastics

= Removes toxic impacts at all stages of the lifecycle of plastics

= Bans recycling of plastics containing hazardous chemicals

View Media on Toxic Plastics

= Protects the public’s right to know about chemicals in plastics
and information on plastic production and waste exports

o Charges plastic producers to finance the treaty

= Promotes safer sustainable materials for a toxics-free circular
economy

= Curbs toxic and cimate pollutants
In the meantime, greater transparency on toxic chemical
additives used in plastics is needed, along with data on the

quantities of plastics made, traded, and disposed of. For
more information see our Plastics Treaty page.

UN®

environment
programme

Voluntary initiatives lack
scale to drive system change

ngly complex landscape of
initiatives driving change at
company rather than industry scale

PLASTIC POLLUTION
g REQUIRED
Foundational reporting J

capabilities are lacking

Only 40% of countries publicly
rt waste data; no agreed
definitions or standard terminology

Source: Jambeck el al., 2015; UNEP, 2018; World Bank, 2018; Duke, 2020; The Ocean Conservancy, 2020; BCG analysis

Who we are v Where we work v What we do v

Home / About UN Environment Programme

Intergovernmental negotiating
committee (INC) on.plastic

pollution

9! | iating Ci (INC) to develop an international legally binding Intergovernmental Negotiating
on plastic pollution, including in the marine Committee - Second session

"y
Publications & Data € 3

Regulations are misaligned vs
value chain & problem drivers
Two-thirds of countries with plastic

legislation only regulate plastic bags
— only 5% of ocean pollution

Targeted interventions
needed to accelerate change
Key leakage geographies need

support accelerating improvement
in core waste mgmt. capabilities




Plastic and plastic associated chemicals:
Exposure pathways

CHEMICALS
IN PLASTICS

A TECHNICAL
REPORT

PRODUCTION
vinyl chloride cancers (e.g.testicular, lung, breast, bladder)
) styrene non-Hedgkin's lymphoma
bisphenals sexual dysfunction
ﬁ bicaccumulation ecotoxicity
' e contamination
MCCPs HBCDD
pces ‘) sceps R
USE ] endocrine u !
disruption hthalates
£ pritha phthalates
asthma
© o
DecaBDE %
PFOA

Bisphenols A, S, F

semen quality

A bisphenols

PFASS
NIAS

R

END-OF-LIFE

cancer

VOCs &
PBDES

~-» tire-wear particles
| +
6PPD-guinone
(transformation product
of tire additive 6PPD)
PBDEs
«»>

G 6 contamination from recycling
PBDEs
SCCPs

< .
¥ @ S0l o
| metals open burning, dumping, landfilling
* < %% I PCDD/Fs
<

developmental

e
[ ] o>
‘ . R A
bioaccumulation hazardous
persistence child labour

toxicity PBDEs

f
S
fi,
. additi\hfes §;}

and NIAS Microplastics
9 T HBCDD
Y]
’,

long-range transport
plastic debris

flame retardants

UV stabilizers

P, nonyiphenol
o

bicaccumulation

biomagnification




Way forward

» Optimistic perspective:
» Mechanistic understanding can greatly strengthen understanding of true ‘hazard’.

» Supports robust science-based decision making

» Prioritization of risk mitigation initiatives

» Pessimistic perspective

» Limited number of groups (scientific and regulatory) critically evaluating the literature:
» Resource limitations

» Increasing number of studies reporting adverse effects
» System artifacts versus true ‘hazard’ poorly addressed
» Lack of standard methods
» Lack of particle characterization
>

Heavy reliance on polystyrene as model microplastic particle
» Growing arguments that critical assessments are representative of a Conflict of Interest

» How to address communication moving forward to ensure robust science is used to support decision making







Literature review - Plastic and AOPs

Level of

Organization Molecular E Cellular E Organ/Tisue E Individual/Population
N N .
' ' '
' ' '
' ' '
' ' '
' " i
; ; ; Based on results reported
: " ' largely for polystyrene spheres
' ' '
' ' ' - relevance towards
E “ envirenmental exposre?
: " "
' ' '
: ' "
AOP Diagram |
'
'

Ding R, Ma Y, Li T, Sun M, Sun Z, Duan J. The detrimental effects of micro-and nano-plastics on digestive system:
An overview of oxidative stress-related adverse outcome pathway. Sci Total Environ. 2023;878:163144




ROS leads to Reproductive effects (?)

A
Molecular pathways and
transcriptional factors
(i.e. MAPK)

4

Antioxidants
(i.e. NAC)

~— Inflammation

L Apoptosis

4 Fertility

4 Fecundity

4 Offspring

{4 Lifespan
4 Population growth
T Reproduction time

1 Histological alterations

T Hormonal unbalance

Created with BioRender com

Ferrante MC, Monnolo A, Del Piano F, Mattace Raso G, Meli R. The Pressing Issue of
Micro- and Nanoplastic Contamination: Profiling the Reproductive Alterations
Mediated by Oxidative Stress. Antioxidants (Basel). 2022;11(2).

Based on results reported
largely for polystyrene spheres
- relevance towards
environmental exposure?
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