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The Plastic Age
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Production of Plastics

Million tons
Global plastic production and accumulation s
.... and future trends
Incinerated
1000 million tons

The rapid rise of plastics

A world without plastics seems unimaginable today, yet their
large-scale production and use only dates back to around 1950.

Accumulation
1950-2017

9200 million tons

Global plastic production estimates
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Yearly production
Resin and fibres

UC SANTA BARBARA inpartnership with the UNIVERSITY OF GEORGIA

https://www.news.ucsb.edu/2017/018137/plastic-planet
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Year llustrated by GRID-Arendal
UNEP (2021). From Pollution to Solution: A global assessment of marine litter and plastic pollution. Nairobi.




Plastic Waste

Prediction of plastic waste

Calculating plastic waste

Piastic waste can be recycled, incinerated or discarded where it
accumulates in landfills.
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UC SANTA BARBARA inpartnership with the UNIVERSITY OF GEORGIA

https://www.news.ucsb.edu/2017/018137/plastic-planet



Plastics waste and COVID-19

2020 2021 2022

Global COVID-19 Trend

Plastic Personal protective equipment (PPE) debris related to COVID-19

— N
=/ 1)
L / /
<
‘/ Disinfectant wipes
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Plastics waste and COVID-19

Plastic waste release caused by COVID-19 and
its fate in the global ocean

Yiming Peng, Peipei Wu, Amina T. Schartup, and Yanxu Zhang B Authors Info & Affiliations

Environmental Advances
Volume 5, October 2021, 100119
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Plastic pollution during COVID-19: Plastic waste
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Global generation of mismanaged plastics from different sources fhospital medical waste, test kits, PPE,

and online packaging) attributable to the COVID-19 pandemic. High- and low-yield scenarios are

considered for each source (Methods).
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Microplastics and COVID-19

Microplastics waste management
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Microplastics
Nanoplastics
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What is Nano/Microplastics (NMPs)

Plastics fragments of any type of plastic less than 5 mm in length, according to the US National

Definition Oceanic and Atmospheric administration (NOAA) and the European Chemical Agency.
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What is Nano/Microplastics (NMPs)

Definition Plastics fragments of any type of plastic less than 5 mm in length, according to the US National
Oceanic and Atmospheric administration (NOAA) and the European Chemical Agency.
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Occurrence of Nano/Microplastics

Handling during manufacturing

. Domestic washing
or maintenance

and indoor
particulate emission

Medical applications

Urban and transport
infrastructure

Personal care
product

Fragmenting by physical
and chemical weathering

Erosion and abrasion of

synthetic rubber tires Biological fragmentation

of plastic debris at sea

Shipping and recreational
activities

Transportation &

Landfill
Environmental Science and Pollution Research 25, 36046 (2018)



Transport of Microplastics
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@ Atmospheric Dispersion
e Atmospheric Deposition
e Ingestion

o Discharge/Discard

e Runoff/Erosion

° Bioleaching

o Aggregation/Biofouling
@ Resuspension

e Settling
@ Floating

O Trophic Transfer
@ Biomagnification
@ Bioaccumulation
@ Excretion/Egestion

Sci. Total Environ. 758, 143936 (2021)



Microplastics as carriers
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Microplastics

e
Phenanthrene < < o

J. Hazard. Mater. 385, 121586 (2020)

Polystyrene nanoplastics
and microplastics can act as Trojan
horse carriers of benzo(a)pyrene
to mussel hemocytes in vitro
Sci. Rep 11, 22396 (2021)




Human exposure of Microplastics
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Bioplastics . Trophic Level Transfer
¢ and plastics

J Food Sci. Tech. 57, 1601, (2020) Life 11, 1349 (2021)



Airborne microplastics in human

Airborne microplastics in human lung tissue
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Nano/Microplastic in pregnancy

Fournier et al. Particle and Fibre Toxicology (2020) 17:55

https://doi.org/10.1186/512989-020-00385-9 Particle and Fibre Toxicology
RESEARCH Open Access
Nanopolystyrene translocation and fetal ®

deposition after acute lung exposure
during late-stage pregnancy
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NanoPS (21nm) founded in Fetal tissues

Environment International
Volume 146, January 2021, 106274

Plasticenta: First evidence of microplastics in
human placenta

Plastic Fragments Detected in Human Placenta

Microplastic particles revealed in the
placentas of unborn babies

The microplastic fragments lead to
adverse pregnancy outcomes including
preeclampsia and fetal growth restriction <7
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Human exposure to microplastic and nanoplastic particles

Inhalation peryear *

| ~121 000 particles\

Large particles that are
not caughtinthenose .« * «
may be deposited and "
later eliminated by
coughing, blowing the
nose, or sneezing

Ingestion per year
~52 000 particles

Microplasticsin
an adult per year

~163 000 particles

skin /N y
Nanoparticles g

may penetrate o
the skin

Individual inhalation has been estimated to
be 26-130 airborne microplastics per day s
L

People who breathe more through their mouth '
are likely to have more particles reach the lungs

Inhaled particles may activate
T-cells, be phagocytized by macrophages,
and be transported to the lymph nodes

Large particles may be deposities
in the tracheobronchial region
and, if soluble, enter the body

Some coarse particles may
reach the alveolar region

Microplastics may accumulate
in the liver and kidney

Microplastics have been found
in human stools, suggesting particles
may be widespread in the human

food chain

Ultra fine particles (UFPs), e.g.in
air pollution hot spots due to
road vehicles, may penetrate

biological membranes and
transfer to systemic circulation

Microplastics found in
the human placenta

= lllustrated by GRID-Arendal/Studio Atlantis

United Nations Environment Programme (2021). From Pollution to Solution: A global assessment of marine litter and plastic pollution. Nairobi.

https://www.grida.no/resources/15024



Biological effects of NMPs
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J. Hazard. Mater. 405, 123913 (2021)




Nano/Microplastics study in zebrafish

Zebrafish as an animal model

« Transparent

« Fast growth

* High fecundity

« Tissue similarity (brain, liver, intestine)
« Genetic similarity (~ 70%)

Nano/Microplastics studies using Zebrafish
 Developmental toxicity
 Reproductive toxicity

MPs NPs
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* Neurotoxicity toxicity Toxicity

Reproductive

* Immunotoxicity A Toxicity

« Genotoxicity
* Intestinal Damage
« Oxidative stress
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@ Oxidative Stress @

Sci. Total Environm. 2020: 138707
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Accumulation of Nanoplastics

Nanoscale (2019)11, 3173



ROS and Mitochondrial damage

FL intensity

control PS+Au1

Nanoscale (2019)11, 3173



PP microplastics

Plastic waste composition
PP production and use

Food packaging

@ @ Plastic cups i) PP (40%)
O Mask @

Thermal Sci. Eng. Prog. 2017

Polypropylene Clothes

PP waste &
Micro/Nanoplastics
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PP nanoplastics

\
)

hittp7/pubs.acs.org/journal/acsodf

Ho®s6

Fluorescent Polypropylene Nanoplastics for Studying Uptake,
Biodistribution, and Excretion in Zebrafish Embryos

Wang Sik Lee, Hyunjung Kim, Yugyeong Sim, Taejoon Kang, and Jinyoung Jeong™

Cite This: https://doi.org/10.1021/acsomega.1¢06779 I: I Read Online

PP nanoplastics (PPNP) Red fluorescent PPNP (R-PPNP)
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ACS Omega 2022, 7, 2467



PP nanoplastics in Zebrafish

Uptake R-PPNP

DAPI + Red

Biodistribution

Fluorescent live imaging
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ACS Omega 2022, 7, 2467



Nanoplastics and pregnancy/birth

Journal of Hazardous Materials 426 (2022) 127815

Contents lists available at ScienceDirect
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Nanoplastics and pregnancy/birth
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Nanoplastics and neurotoxicity
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Perspectives of Health impact of NMPs

v Toxic effect of various size, shape and composition of
NMPs

v NMPs uptake, accumulation, translocation, and excretion
In diverse tissues and organisms

v Monitoring and quantitative analysis of NMPs in animals
and human samples

v Combinative effects of plastic additives or environmental
pollutants such as plastic additives, PAHs and heavy
metals
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