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Plastic debris and microplastics




Global plastic production

>330 Mt
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Global plastic production

O Increased exponentially since the 1950s, and reached about 400
million tons in 2020.

1 0O More than 50% of global plastic production in Asia. Plastic Europe, 2020



Plastic in Marine environment
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O As of 2015, 6300 Mt of plastic waste had been generated, around 9% of which had been recycled, 12%
was incinerated, and 79% was accumulated in the natural environment.

O Roughly 12,000 Mt of plastic waste will be in landfills or in the natural environment by 2050.



Sources of Plastic in Marine environment

A) 80% of plastic entering the oceans comes from
land-based sources

How Are Plastics Entering the Ocean? B
B) 75% of plastics from land-based sources comes
from uncollected waste or litter, entering the oceans

On average,
plastics take
10 to 1,000 years

1o break downinta via rivers, sewage outlets, and storm drains

smaller pieces

C) Rivers deposit 2.75 Million metric tonnes of
plastic into the seas every year

D) 20% of ocean plastics come from marine-
based sources including oil rigs, fishing vessels,
and boats transporting either goods or passengers

It is estimated that 150 MMT of
plastic were circulating in the

marine environment as of 2016
Geyer et al., Sci. Adv. 2021, (World Economic Forum, 2016).
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Abundances of Plastic fragments floating in the Pacific: status and
prediction

Isobe et al., Nat. Commun.



Micro plastics (ffiZE#})
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O Large plastic debris degrades into smaller fragments via physical, biological, or chemical
weathering processes, and thus becomes microplastics ( MPs, < 5mm) .

O Primary MPs, industrial and domestic cleaning products generate most of the primary
MPs;

O Second MPs, fragmented from large plastics into small size of debris.

Pereao et al., ESPR, 2020



Biological and Ecological safety
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Adverse impacts of marine litter is documented on>1400 species.
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The primary impacts include ingestion and entanglement.

Smaller plastic fragments can give rise to toxic effects, oxidative
stress, downregulated gene expression, and behavioral disorders.

Bluefin tuna

(Thynnus thynnus)
21.18% (18/85)

A

Swordfish
(Xiphias gladius)
10.71% (9/84)

Blue shark
(Prionace glauca)
25.26% (24/95)

Loggerhead sea turtle
(Caretta caretta)
68.82% (53/77)

g

Sperm whale
(Physeter microcephalus)
76.92% (10/13)

Claro et al.

There is increasing concern about chemical contamination via ingestion.
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Fishes

Birds
Invertebrates
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® Marine ingestion by animals

O Ingested by a diverse group of species at the

bases of trophic webs, such as invertebrates,
fish and birds, and fish, which suggests that
trophic transfer could result in further plastic
distribution across food webs.

It is anticipated that the frequency of
occurrence of physical effects on individual
environmental receptors will continue to
increase if current trends continue without

mltlgatlon measures Santos et al., Science, 2021



02 PEEFEHSFIRIA

Marine plastic pollution in China




Marine litter in China
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Distribution of marine liter abundance in 2020
(Ministry of Ecology and Environment of the People’s

Republic of China, MEE)

Litters in marine environment, 2020
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Main types of marine litter in 2020

Q Floating: 5363 items/km? , 9.6 kg/km?);
O Beach garbage: 21 6689 items/km? , 1244 kg /km?;

O Seabed litter: 7348 items/km2, 12.6 kg/km?;



Temporal variations of marine litter abundance and relative proportion of

plastic waste during 2007 to 2019, China
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v During 2007 to 2019,
the average abundances
of floating, sea beach
and seabed litters
showed no significantly
temporal variation, but
the relative proportion
of plastic waste showed
an increasing trend.



Comparison of marine litter contamination between China and other countries or areas
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Microplastics in offshore waters, China

T‘ WS '6"'%kn;m;m/ ‘

“lins # ‘ - ' o qum mﬁl
\_\-. i ?tm-%xﬂﬁh . n i g b efo - 3
r'j(j i wwm..ﬂ“nl jt%f/:vﬂr Wl T E M/
:-’—. ! ; mm / i ﬂt'g@ €

B mn ™ L
L e |ah "
| m‘. £ s = Lo S MI:m Microplastic density]
- mwar;' o & - . L *® Sl ; B ipartisles oy
: \,uﬂwe oy ) : wEas
o e axnfl ® P TR i
i i I ! 25 .
i w LSS e Al 12 2280 TR
I V" Yellow sea: 0.44 (0.09 ~ 1.41) item/m?3
£ R
b il . F @ . .
N S il % v" Bohai Sea: 0.33 (0.08 ~ 1.34) item/m3
o T e .
Cumia U i v' East Sea: 0.32 (0.12 ~ 0.72) item/m3
5 B ‘s’
. . / v" South Sea: 0.15 (0.04 ~0.38) item/m3
B = - .
mr::a-"P / .
s Types: fibers, fragments, granules, and line.
v" Polymer: PP, PET, PE.

Abundances of floating microplastic in the
offshore waters in 2020



Comparison of microplastics in offshore waters between China and

other countries or areas
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MPs pollution in representative estuaries of China

Average q
. . abundance b2t .
Location Tools Size (mm) Main shape References
. composition

screw pump FTIR 0.06- 5 157.2+75.8 PE. PP fiber ZhZ%j";a"'
VELT NS 12 v DC Teflon Visual . Zhao et
Estuary oump e 0.032-5  4137.3+2461.5 / fiber e
air lift pump FTIR 20 pm-5 mm 900 PES fiber Luo et al.,, 2019
PeaD’LI':;"e’ Manta net FTIR 333 ym-5 mm 0.127 PE. PP fragment  Mai et al, 2019

micro-Raman PA. cellophane,

Water sampler 50 yum-5 mm 8902 Granule, film  Yan et al., 2019

Pearl River spectroscopy PP, PE
Estuary fragment, film,
Manta net FTIR 333 pm-5 mm 2.4+0.7 PE. PP, PS polystyrene  Lam et al., 2020
foam
Estuar T
Oujiang micro-Raman 680.0+28 . Zhao et al
- .0+284.6 g
Teflon pump Spectroscopy 333 ym-5mm PP. PE fiber, granule 2015

Minjiang 1245.8+531.5-
Estuary 1170.8+953.1
Mingjiang . ) . Huang et al.,
metal pail FTIR 333 pm-5 mm 1112 +913 PET fiber 2020

Jiulong River [V FTIR 033 mm-5mm  4388+190.7 PE. PP granule, foam 12ndetal,
Estua 2018



Spatial distribution of microplastic concentrations in Minjiang
River Watershed
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v' Minjiang River estuary, mean microplastic concentration near urbanized area was higher
than those found in sites closed to sea water or less affected by human activities

v Generally, higher level of urbanization would lead to higher level of plastic pollution.
Huang et al., MPB, 2020
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hina’s Policies and Actions Against Plastic Pollution




Regulations and Rules

The National Development and Reform
Commissions (NDRC)

2018, Revise a 2008 order, which banned the production
and sale of plastic bags less than 0.025 millimetres thick.

The order also made it compulsory for retailers to charge
customers for plastic bags.

General Office of the State Council

On January 1, 2018, a ban on the importation of 24 kinds
of solid materials — including low-grade polyethylene
terephthalate used in plastic bottles — was introduced.




China's Plastic Ban: China limits use of
non-degradable bags

China has implemented a new policy to curb the use
of non-degradable plastic shopping bags starting
2021. Supermarkets and delivery companies are now
replacing their traditional bags with degradable ones.
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Garbage sorting leads to healthy life, green
development

Garbage sorting has become a hot topic in China. The Chinese leadership underlined efforts to
cultivate the habit of garbage classification to improve the living environment and contribute to
green and sustainable development.

By 2020, A total of 237 Chinese cities have started to

practice garbage sorting.
Of 46 large cities, 30 have issued regulations on the
classification of household garbage.




Raising the urban waste handling capacity

NDRC has issued the “14th Five-Year
Plan’’ on waste classification,

China aims to re-use 60% of its trash
by 2025

By 2025, China expects to effectively
control plastic pollution, substantially
reduce the amount of plastic waste in
landfills of key cities, establish a
complete plastics management system
and make progress in the development
of alternative products.
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Fujian Province Actions Against marine litter pollution
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~_ction 2: Strengthen Se_~->._~"sed source govern_—nce,
upgr—>ding f_~cilities for m_~rine au_—culture
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Action 3: Develop automatic garbage collection technology to reduce
ocean plastic pollution

Self-driving interception and collection system for floating litter was tested to aid Fuzhou,
help to collect hotspots of marine plastic pollution
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Impeller structure

Dayu Island, Fuzhou, China

Pictures provided by Prof. Bijin Liu
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Pictures provided by Prof. Bijin Liu



More Beautiful Bay

After

Pictures provided by Prof. Bijin Liu
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Challenges and Perspectives




1. Limitation for plastics and microplastics quantification
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The lack of cohesive and standardized approaches

hampers spatial and temporal comparisons of MP
16 . °

levels between and across these marine reservoirs



Integrated, global monitoring system for plastic pollution is needed to provide
comprehensive, harmonized data for environmental, societal, and economic

assessments
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Bank et al., EST, 2021




2. How harmful are microplastics ? Do plastics affect human health?

nature

Explore content ¥ Journal information v  Publish with us v Subscribe

nature * news feature * article

NEWS FEATURE | 04 May 2021

Microplastics are everywhere — but
are they harmful?

Scientists are rushing to study the tiny plastic specks that are in marine animals —and in us.

How does microplastics affect our health?
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[d Researchers don’t yet know is whether
this is dangerous. Everyone eats and
inhales sand and dust, and it’s not
clear if an extra diet of plastic specks
will harm us.

0 Most of what you ingest is going to
pass straight through your gut and out
the other end.

O | think it is fair to say the potential

risk might be high.
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5 3. Nanoplastics -- an underestimated problem?

) Check for updates |
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Nanoplastics are neither microplastics nor :
engineered nanoparticles

Julien Gigault ©'&, Hind El Hadri?, Brian Nguyen (3, Bruno Grass|®2, Laura Rowenczyk (73, 1012 4
Nathalie Tufenkji @35, Siyuan Feng® and Mark Wiesner*
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Increasing concern and research on the subject of plastic pollution has d the ity of scientists working on the
environmental health and safety of nanomaterials. While many of the methods developed in nano environment, health and
safety work have general applicability to the study of particulate plastics, the nanomelrlc size range has important conse-
quences for both the analytical challenges of sludy[ng le plastics and the envir tal implicati of these inci-
dental nanamaterials. Related ta their size. are disti icshed fram mi lastics with resnect tn their transnart

10°
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Huge gaps in knowledge
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We don't even know how much W
nanoplastics there is in the different 10°
ecosystems o
10

Radius (pm)

and great need for research
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Tackling marine plastic poIIutlo;

and protecting our oceans
UN& pg

- .—
environment 1972-2022
programme

O In 2020, the world’s attention turned to the COVID-19 pandemic. But even as we
poured all of energy and resources into tackling it, many pointed to wider issues as
contributing factors. Nature and biodiversity loss. Climate change. Pollution and
waste. The three planetary crises. All of which are destroying the natural world and

threatening our future
O Throughout all of this upheaval and debate, we must not forget the vast blue

world of the ocean.



Thank you for your attention!

Prof. Jingli Mu
Email: jimu@mju.edu.cn



