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I. Introduction

Global plastics production

Distribution of global plastics production Plastics demand distribution by type
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Plastic Europe, 2021

M Plastics annual production increases rapidly, and China has the highest production
B The biggest plastics demand type is polyethylene (PE) in Europe
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Presentation Notes
Update：the data and images for distribution of global plastics production and plastics demand distribution by type
NAFTA: North American Free Trade Agreement，which was enacted in 1994 and created a free trade zone for Mexico, Canada, and the United States
CIS: Commonwealth of Independent States，which was a regional intergovernmental organization of nine members （Russian Federation，Belarus，Moldova，Armenia，Azerbaijan，Tajikistan，Kyrgyzstan，Kazakhstan，Uzbekistan）
update
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Plastics pollution: one of the world’s greatest environmental problems

Total plastics waste |:> Release into ocean :> Pose threat to marine animals
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Editors, Nat. Commun., 2018; Wang et al., Sci. Adv., 2018 Silva et al., Chem. Eng. J., 2021, Cressey, Nature, 2016
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8.37 billion tons of accumulated 4-12 million tons/year in ocean Killing 100,000/year marine
plastic waste in the world (1950-2019) mammals and turtles

B Huge amounts of plastics waste enter oceans and pose serious threats to marine ecosystems
B On March 2, 2022, a resolution was endorsed at the UN Environment Assembly (UNEA-5) to
end plastic pollution and forge an international legally binding agreement by 2024
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Cressey, D. (2016). The Plastic Ocean. Scientists know that there is a colossal amount of plastics in the oceans. But they don’t know where it all is, what it looks like or what damage it does. Nature, 536, 263-265. 
Cornwall, W. (2021). The plastic eaters.


The impact of COVID-19 on marine plastics pollution

Masks on the beach Masks could be released into oceans Pose risk to marine animals

1.56 billion 1in 2020

OceansAsia, 2020 OceansAsia, 2020 Fadare et al., Sci. Total Environ., 2020

B As a result of the COVID-19 pandemic, the number of masks (1.56 billion in 2020) entering the
ocean 1s staggering; about 400-500 years are needed to degrade these masks in the environment
B Disposable masks pose serious threat to marine organisms
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Newly added: pose risk to marine animals (the third picture)


Plastics pollution is a global issue

Plastic waste mnputs from land into the ocean Contribution of plastic waste by U.S.

.

O U.S. plastic waste inputs to the coastal environment
E were among the highest in the world:
o~ 0.51-1.45 million metric tons (Mt)

2%

0.14-0.41 Mt
Illegally dumped

U.S. ranked #1 in plastic

aste generation
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In 2010, global plastic waste in
the ocean: 4.8-12.7 MT

Total mismanaged U.S. plastic waste: 1.13-2.24 Mt
Mismanaged wasis = Littered + lllegally dumped + Exparted waste mismanaged in imperting country

Jambeck et al., Science, 2015 Law et al., Sci. Adv., 2020

B Plastics waste input to the ocean, and China contributed the largest in the world in 2010 (one year)
B The United States’ contribution was the highest in the world after accounting for illegally dumped and
exported waste in 2016 (one year)
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Data in the right picture were U.S. plastic waste in 2016 (one year)
Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A., ... & Law, K. L. (2015). Plastic waste inputs from land into the ocean. Science, 347(6223), 768-771.
Law, K. L., Starr, N., Siegler, T. R., Jambeck, J. R., Mallos, N. J., & Leonard, G. H. (2020). The United States’ contribution of plastic waste to land and ocean. Science advances, 6(44), eabd0288.


Small plastics should be better understood

Effect of particle size on the biological interactions and
transport of plastic wastes
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Interactions of plastics with organisms
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Koelmans et al., Nat. Rev. Mater., 2021 Mitrano et al., Nat. Nanotechnol., 2021

B Small plastics are more bioavailable and may trigger interactions with a variety of species, leading

to more ecological risk
B Small plastics are highly polydisperse in physical properties and heterogeneous in composition,

leading to longer transport distance in the environment
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Koelmans, A. A., Redondo-Hasselerharm, P. E., Nor, N. H. M., de Ruijter, V. N., Mintenig, S. M., & Kooi, M. (2022). Risk assessment of microplastic particles. Nature Reviews Materials, 1-15.
Mitrano, D. M., Wick, P., & Nowack, B. (2021). Placing nanoplastics in the context of global plastic pollution. Nature nanotechnology, 16(5), 491-500.


What are microplastics?

Nanoplastics 1 um Microplastics 5 mm Macroplastics
(NPs) (MPs)

- Wagner et al., Nat. Nanotechnol., 2019
and nanoplastics Thompson et al., Science, 2004

B [n 2004, the term “microplastics™ was first used
B [n 2008, microplastics were defined as particles less than 5 mm in size
B Definition of nanoplastics is still under debate: 1-1000 nm vs. 1-100 nm



How are microplastics generated?

Qligomers

Weathering (by enzymes, wave action, UV light)

breakdown

MacLeod et al., Science, 2021

Soluble or volatile chemicals

Primary microplastics

B Facial-cleansers and cosmetics
B Vectors for drugs
B Virgin plastics production pellets

DeFrancesco et al., Nat. Biotechnol., 2020

Secondary microplastics

B Physical (e.g., wind, wave)
B Chemical (e.g., UV)
B Biological (e.g., microorganisms)
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DeFrancesco, L. (2020). Closing the recycling circle. Nature biotechnology, 38(6), 665-668.
MacLeod, M., Arp, H. P. H., Tekman, M. B., & Jahnke, A. (2021). The global threat from plastic pollution. Science, 373(6550), 61-65.


Surgical masks: a new source of microplastics

Fate and behaviors of discarded surgical masks in the environment

Solar
radiation

o
Fragmented, broken Great challengeto S y N
and decomposition - the local Lcology
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New source of microplastics Biological exposure, food safety
and human health

Wipes and masks
in the ocean

1.56 billion m 2020 137 trillion 1 2020

Hu et al., Environ. Sci. Pollut. Res., 2022; Sun et al., Environ. Sci. Technol. Lett., 2021

B Disposable surgical masks lead to the increase of microplastics (137 trillion in 2020) in the marine
environment through degradation and fragmentation
B Disposable surgical masks are becoming a new source of microplastics in the marine environment
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Xu, E. G., & Ren, Z. J. (2021). Preventing masks from becoming the next plastic problem. Frontiers of environmental science & engineering, 15(6).


Concerns are raised about the microplastics in the environment

The following issues are addressed in this presentation:

» What are the distribution and environmental behavior of
microplastics in the environment?

» What are the toxicological mechanisms of microplastics, and
the role of eco-corona/biofilm?

» How do microplastics pose risk to human health?



“IL. Distribution of microplastics

Microplastics contaminate the most remote regions
Microplastics in Antarctic Pole

Coastal fellfield at King George Island

Bergami et al., Biol. Lett., 2020

B Microplastics were detected in the Antarctic terrestrial environment and Antarctic collembolans, and the
detected type was polystyrene (PS) foam
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In the right figure, the insect is Antarctic collembolans (Cryptopygus antarcticus).
Bergami, E., Rota, E., Caruso, T., Birarda, G., Vaccari, L., & Corsi, I. (2020). Plastics everywhere: first evidence of polystyrene fragments inside the common Antarctic collembolan Cryptopygus antarcticus. Biology letters, 16(6), 20200093.


Microplastics in the Arctic Pole

Map of sampling locations for snow Relative composition of microplastics
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B The size of microplastics detected in Arctic ranged 11-475 um, and the highest concentration in snow was
14.4 x 103 particles/L

B PS, polyvinyl chloride (PVC), polycarbonate (PC), polylactic acid (PLA), and polyimide (PI) occurred
exclusively in Arctic snow
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Bergmann, M., Mützel, S., Primpke, S., Tekman, M. B., Trachsel, J., & Gerdts, G. (2019). White and wonderful? Microplastics prevail in snow from the Alps to the Arctic. Science Advances, 5(8), eaax1157.
(80% of  microplastics ≤ 25 μm; 98% < 100 μm)


Microplastics in the deepest part of the world’s ocean

Microplastics in Mariana Trench

3.2+0.6 0.28+0.18 4.14+2.46
. Strait ot L':if:_'rr;_gi.i

200-700
® Mediterranean
ﬂ 02-0.38 120-80

0
dk
Arctic “NE Atlantic 20-80
E@Eﬂ}ﬂﬁﬂm T a4.24647 5 ' |

4200-2200

Mariana Trench

® Seawater anit:

A Sediment pieces /L

Depth: 6,000-11,000 m

bottom seawaters (2.06-13.51 particles/L)

N Pacific Ocean Yangtze estuary

Raman spectra analysis

Polyamide A
Rayon

Ac1y10nlt111e butadlene styrene

-
—
o
=
L3
-
—

L e I g
i T SR st

_ Aromatlc polyannde

Polyeste1

W | - N ST PE Y PR U FY LT

Polyurethane

At et e e gl g gl B m O

-u--"—-.-“'"—.-"'u ol
1 500 HidH] 5040
Raman !:éh ift{cm "]

Peng et al., Geochem. Persp. Let., 2018

B Microplastics abundances in hadal sediments (200-2,200 particles/L) were higher than those in hadal

B Eleven different microplastic types were identified from the Mariana, and the length of microplastics in
seawater (1-3 mm) was longer than those in sediment (0.1-0.5 mm)
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Peng, X., Chen, M., Chen, S., Dasgupta, S., Xu, H., Ta, K., ... & Bai, S. (2018). Microplastics contaminate the deepest part of the world’s ocean. Geochemical Perspectives Letters, 9(1), 1-5.


Microplastics on Mount Everest

First Microplastics Found at 8,440 m Elevation
on Mt. Everest Balcony

Mt. Everest microplastics fibers

» microplastic fibers were found al the Balcony
- 1 clear acrylic fliber
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Napper et al., One Earth, 2020

B Five microplastics fibers were found at the Balcony (8,440 m), including 1 clear acrylic fiber, 1 red
polyester fiber and 3 blue polyester fibers, probably released from climber’s clothing and climbing gear
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Napper, I. E., Davies, B. F., Clifford, H., Elvin, S., Koldewey, H. J., Mayewski, P. A., ... & Thompson, R. C. (2020). Reaching new heights in plastic pollution—preliminary findings of microplastics on Mount Everest. One Earth, 3(5), 621-630.


Microplastics deposition in remote U.S. conservation areas

Microplastics deposition in 11 National parks and wilderness areas in U.S.

Average Wet + Dry Plastic Depaosition in 2018
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Brahney et al., Science, 2020

Microplastics were distributed in U.S.
protected areas (98% of atmospheric
samples)

Microfibers (20 um-3 mm) made up
most of the synthetic material

Urban centers and resuspension from
soils or water are principal sources for
wet-deposited microplastics
Long-range or global transport leads to
the smaller size of microplastics under
dry conditions
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Protected areas base map is from the United States Geological Survey (USGS) Protected Areas Database (PAD)
Biodiversity orders: dark green > light green > brown.

Brahney, J., Hallerud, M., Heim, E., Hahnenberger, M., & Sukumaran, S. (2020). Plastic rain in protected areas of the United States. Science, 368(6496), 1257-1260.
Microfibers made up most of the synthetic material found in both wet (66%) and dry (70%) deposition, and fiber sizes were about 20 um-3 mm, with average widths and depths of 18 and 6 mm, respectively
https://www.usgs.gov/core-science-systems/science-analytics-and-synthesis/gap/science/introduction-pad-us-viewer?qt-science_center_objects=0#qt-science_center_objects


Distribution of microplastics in the environment

Microplastics in the surface water and sediments of the world
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The first global microplastics map

The highest concentration (~517,000
particles/m?) was in the sediments of River
Tame, UK

The top 9 ranked hotspots were located
within the world’s most populous urban
environments, such as Seoul, Hong Kong,
and Guangdong

Hurley et al., Nat. Geosci., 2019
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Hurley, R., Woodward, J., & Rothwell, J. J. (2018). Microplastic contamination of river beds significantly reduced by catchment-wide flooding. Nature Geoscience, 11(4), 251-257.


Microplastics in marine environments (seawater and sediment)
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B Microplastics are found in oceans all over the world, and the concentrations in seawater and sediments

B Microplastics pollution in seawater or sediment is very severe in some areas (e.g., China, Canada,

Korea)
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Wang, C., Zhao, J., & Xing, B. (2020). Environmental Source, Fate, and Toxicity of Microplastics. Journal of Hazardous Materials, 124357.
对于沉积物中塑料的最高浓度,由于单位不统一，其中一个是2000-8000 particles/kg in Canada，the other was 689-3308 particles/m2


Microplastics in inland water, sediments, and beaches

Highest concertation
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Wang et al., Environ. Sci. Technol., 2021

B The highest microplastics concentration in lake sediments and inland waters located in Tunisia and
Yangtze River, respectively

B Microplastics concentration in inland water, sediments and beaches could vary by 4, 4, 5 orders of
magnitude, respectively
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111. Environmental behavior of microplastics
Environmental processes in aquatic environment
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Olubukola et al., Environ. Sci. Technol., 2018

Adsorption/desorption, aggregation/dispersion and transformation (degradation/aging) are the
most important environmental processes of microplastics

B Aggregation behavior would greatly change the transport of microplastics

B Degradation affects aggregation and adsorption ability of microplastics
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Alimi, O. S., Farner Budarz, J., Hernandez, L. M., & Tufenkji, N. (2018). Microplastics and nanoplastics in aquatic environments: aggregation, deposition, and enhanced contaminant transport. Environmental science & technology, 52(4), 1704-1724.


Adsorption behavior of microplastic in the environment

Current research on adsorption of pollutants by microplastics
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Guo and Wang,
Mar. Pollut. Bull., 2019

The most frequently-studied microplastics are PE, PS, PVC, and PP

B At room temperature, PE being vert rubbery showed higher adsorption capacities for organic pollutants
than PS and PVC (glassy state), due to the contribution of partitioning

B Microplastics properties (e.g., molecular structure, specific surface areas, crystallinity, and polarity)

could influence the adsorption
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Polymers whose Tg is below ambient temperature are called rubbery polymers (e.g., PE), while those with Tg above ambient temperature are called glassy polymers (e.g.,poly(vinylchloride) (PVC) and polystyrene (PS)).Tg for PE, PS and PVC are (-120, 100, 81 0C). Polymer molecules in a rubbery state are capable of segmental chain movements, whereas those in a glassy state are restricted to vibrational and short-range rotational motions

Guo, X., & Wang, J. (2019). The chemical behaviors of microplastics in marine environment: A review. Marine pollution bulletin, 142, 1-14.
PE exhibited the highest affinity for pyrene, followed by PS and PVC. 


Adsorption mechanisms

Adsorption mechanisms of antibiotics on microplastics
Adsorption mechanisms
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B Hydrophobic interactions, hydrogen-bonding interactions and electrostatic interaction were confirmed as
the important forces during microplastics adsorption antibiotics
B Future studies can focus on the relative contributions of individual mechanisms during adsorption


Presenter Notes
Presentation Notes
Wang, Y., Yang, Y., Liu, X., Zhao, J., Liu, R., & Xing, B. (2021). Interaction of Microplastics with Antibiotics in Aquatic Environment: Distribution, Adsorption, and Toxicity. Environmental Science & Technology, 55(23), 15579-15595.


Aggregation of microplastic in the environment
Microplastics-mineral heteroaggregation

Interactions of PS nanoplastics with different kinds of minerals
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Positive charge (+): Goethite, magnetite, Al,O5; Negative charge (-): Kaolinite, montmorillonite, Si0,, MnO,

B Heteroaggregates could form between microplastics and positively charged minerals due to electrostatic
interaction

B Goethite showed higher heteroaggregation with PS than magnetite, due to the formation of hydrogen bonding
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Zhang, Y., Luo, Y., Guo, X., Xia, T., Wang, T., Jia, H., & Zhu, L. (2020). Charge mediated interaction of polystyrene nanoplastic (PSNP) with minerals in aqueous phase. Water research, 178, 115861.


Aging/degradation of microplastics in the environment
Degradation processes and pathways of microplastics

Degradation processes General processes involved in the degradation of microplastics
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B UV degradation 1s the most important process for microplastics

polymer transformation
() SINTEF B Hydrolysable polymers (e.g., polyethylene terephthalate, PET)
PO Norwegian Environment Agency, 201 . are more susceptible to biodegradation due to the presence of

extracellular hydrolases in the organisms
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Barboza, L. G. A., Cózar, A., Gimenez, B. C., Barros, T. L., Kershaw, P. J., & Guilhermino, L. (2019). Macroplastics pollution in the marine environment. In World seas: An environmental evaluation (pp. 305-328). Academic Press.
Zhang, K., Hamidian, A. H., Tubić, A., Zhang, Y., Fang, J. K., Wu, C., & Lam, P. K. (2021). Understanding plastic degradation and microplastic formation in the environment: A review. Environmental Pollution, 116554.



UV-induced microplastics degradation

PS microplastics under UV irradiation in air, pure water and seawater

1 month 3 months

Change on physicochemical properties of typical
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Mao et al., J. Hazar. Mater., 2020

B Microplastics degradation in air was much stronger than waters due to the higher utilization rate of UV light
B The aging degree in seawater is higher than that pure water, but the specific mechanism was not investigated
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Mao, R., Lang, M., Yu, X., Wu, R., Yang, X., & Guo, X. (2020). Aging mechanism of microplastics with UV irradiation and its effects on the adsorption of heavy metals. Journal of hazardous materials, 393, 122515.
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Weathered microplastics induce silver nanoparticle formation from Ag™

Huang et al., Environ. Sci. Technol. Lett. 2022

B Carbonyl groups including aldehydes on weathered PS act as a key determinant for Ag(I) reduction
B This study points out a previously unrecognized pathway of natural Ag(0) nanoparticles formation
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A% Toxicity of microplastics

Uptake and toxicity of microplastics in organisms
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B Microplastics could be taken up by terrestrial, freshwater and marine organisms, and exhibited toxicity
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Uptake of microplastics in the terrestrial plants

PS nanoplastics accumulated in Arabidopsis thaliana
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Sun et al., Nat. Nanotechnol., 2020
Both positively and negatively charged nanoplastics can accumulate in Arabidopsis thaliana

PS-COOH could be transported to the apoplast and xylem via the apoplastic pathway
B PS-NH, mainly accumulated on the root epidermis and root hairs, due to the aggregation induced by the
medium and root exudates
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Sun, X. D., Yuan, X. Z., Jia, Y., Feng, L. J., Zhu, F. P., Dong, S. S., ... & Xing, B. (2020). Differentially charged nanoplastics demonstrate distinct accumulation in Arabidopsis thaliana. Nature nanotechnology, 15(9), 755-760.


= Uptake of microplastics in the terrestrial plants

Uptake of microplastics by crop plants
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SEM images of PS localization in the root, stem and leaf of a wheat plant

Lactuca sativ

Li et al., Nat. Sustain., 2020
SEM images of PS localization in the root and leaf of a lettuce plant

B PS microplastics were observed in the roots, shoots and leaves of wheat and lettuce
B PS microplastics passed through the intercellular space via the apoplastic transport system
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Uptake of microplastics in the freshwater organisms

Transgenerational effects of PS nanoplastics on D. magna
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Xu et al., Environ. Sci. Technol., 2020

B PS nanoplastics were distributed in the intestine and brood chamber, and transferred from parent to
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Toxicity of microplastics to the terrestrial organisms

Toxicity of PS nanoplastics to Arabidopsis thaliana
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B Toxicity of PS-NH, was stronger than PS-SO;H, because PS-NH, induced stronger reactive oxygen

species accumulation
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Toxicity of microplastics to the terrestrial organisms

Toxicity of PS microplastics to earthworm
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Jiang et al., Environ. Pollut., 2020

B PS microplastics could accumulate in the earthworm intestines
B Oxidative stress and DNA damage were induced after PS microplastics exposure
B PS (1300 nm) showed stronger toxicity to earthworms than PS (100 nm) , but the mechanism was

unknown
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Toxicity of microplastics to marine organisms

Toxicity of microplastics to Grouper (Epinephelus moara)
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B Microplastics induced growth inhibition and hepatic/pathological damage of grouper
B The enhanced lipid deposition was one of the reasons for the aggravated hepatic lesion upon PD-PS exposure
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Effect of eco-corona on PS nanoplastics toxicity towards marine microalgae
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B Eco-corona formed on PS lessened the toxicity of PS nanoplastics towards algae by preventing direct contact
between PS and algae
B Negatively charged PS lessened the toxicity more obviously, due to the higher binding affinity for EPS
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V. Potential risk of microplastics to human health
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Major pathways of human exposure to microplastics
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B Microplastics can enter the human body through ingestion and inhalation easily in daily life
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Release of micro(nano)plastics from plastic infant feeding bottles

Plastic feeding
bottles

1
E Li et al., Nature Food, 2020
: Su et al., Nat. Nanotechnol., 2022

B Can micro(nano)plastics be released from plastic infant feeding bottles?
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Micro(nano)plastics release from silicone-rubber baby teats
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Su et al., Nat. Nanotechnol., 2022

Teat and micro(nano)plastic sample preparation
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Micro(nano)plastics release from silicone-rubber baby teats

New silicone-rubber teats ———=  In-use teats - Global discarded teats
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Su et al., Nat. Nanotechnol., 2022

Flake- or oil-film-shaped micro(nano)plastics
(0.6-332 um) were generated by the steam-
induced degradation of baby teats

By the age of one year, a baby could ingest
>().66 million elastomer-derived microplastics
Global microplastics emission from teats
sterilization may be as high as 5.2X10"
particles/year

The health and environmental risks of the

particles are yet unknown
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Microplastics and inflammatory bowel disease

Microplastics in human stools
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Yan et al., Environ. Sci. Technol. 2022

B [n both healthy and inflammatory bowel disease (IBD) human stools, most microplastics were < 300 um
with the shape of sheets and fibers

B There was a correlation between fecal microplastics and inflammatory bowel disease status
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Microplastics detected in nasal mucus after wearing a mask

Microplastics in human nasal mucus Number of microplastics detected in nasal mucus

MPs detected in
Nasal cavity

Ma et al., Environ. Pollut.,2021

B Fiber-like and spherical microplastics in the masks could be inhaled by human when
wearing a mask, while the exact size and quantity are unknown

B A higher breathing frequency resulted in a larger number of microplastics detected in
the nasal mucus
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Microplastics reduce lipid digestion
Effect of microplastics on lipid digestion
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Tan et al., Environ. Sci. Technol., 2020

B PS, PE, and PET had the strongest inhibition, much higher than PVC and poly(lactic-co-glycolic acid)
(PLGA)
B Lipid digestion was highly PS concentration-dependent, while size-independent
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Concluding remarks:

» Microplastics are widely distributed in seawater, soils, sediments and freshwater, even
reach the most remote regions. Atmospheric transport i1s an important pathway for
microplastics transport to remote regions.

» Adsorption, aggregation and degradation are the most important environmental processes
of microplastics; degradation could regulate adsorption and aggregation behavior.

» Microplastics can be ingested by terrestrial, marine and freshwater organisms, and could
become toxic by inducing oxidative stress and DNA damage; microplastics additives also
increase toxicity while eco-corona/biofilm could mitigate their toxicity.

» Microplastics can enter the human body through ingestion and inhalation, possibly
leading to health risks (e.g., inflammation, reduced digestion health & nutrient
assimilation).



Knowledge gaps needs to be addressed in the future

[0 Nanoplastics should be further studied (e.g., collection, detection, environmental
concentration, distribution and fate) in addition to microplastics.

[0 In-situ detection and characterization of microplastics in the environment and
organisms need to be developed.

[0 The standard approaches on microplastics research (e.g., detection,
characterization, toxicity) should be established for comparisons.

[0 The role of eco-corona/biofilm should be better understood, including formation
mechanism, and its effect on the behavior, toxicity, internalization of
microplastics

[0 “Trojan horse” effect need to be considered on the toxicity of microplastics and
co-existing contaminants to organisms and humans.

0 Transport of microplastics through important tissue barriers, including skin,
intestine epithelium, placenta, and blood-to-brain barriers should be better
examined and understood.
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