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(Micro)Plastic Pollution Is A Global Problem



Plastic Emissions From Rivers To Ocean

1.15 - 2.41 million tonnes of plastic waste currently enters the ocean every year from global rivers, 

with over 74% of emissions occurring between May and October (Lebreton et al., 2017)

... about 17 000 (6 750 – 33 600) 
tonnes annually (Mai et al., 
2020)



Rivers Are Highway for Microplastics into Oceans ?

1.15 and 2.41 million tonnes of plastic waste 
currently enters the ocean every year from global 
rivers, with over 74% of emissions occurring 
between May and October (Lebreton et al., 2017)

the sedimentation behind dams is one 
sink for microplastics in river systems 

...  current estimates of riverine plastic 
f l u x  t o  t h e  o c e a n  m a y  h a v e  b e e n 
overestimated (Newbould, 2021)



 



1. Implementation of National Actions



Measures 
for 
sources 
of 
pollution

Targets 
for 2025

l Significantly reduce single-use plastic usage in key businesses, including retailing, e-commerce, 
food delivery, home delivery and hotels

l Ban secondary packaging for e-commerce home delivery in principle
l Increase the use of recyclable home delivery packaging to 10 million packages

Details of 
measures

l Promote eco-design of plastic products — develop necessary standards for single-use and other 
plastics, optimize their designs and improve their recyclability

l Continue to take measures to reduce single-use plastic usage
l Promote substitutes for plastic products — consider the environmental impact of materials such 

as bamboo, wood, paper and biodegradable plastic, as well as develop necessary standards for 
products

Measures 
for 
collectio
n, 
disposal 
and 
recycling

Targets 
for 2025

l Establish a system for the collection, transportation and disposal of household waste in cities at 
the prefectural level2 or above to significantly improve the efficiency of plastic waste collection 
and transportation

l Increase the national capacity for urban household waste disposal to about 800,000 tons per day 
to significantly reduce plastic waste dumped in landfills

l Increase the collection rate of agricultural films to 85% to prevent an increase of agricultural 
films that are not collected and left on farmland

Details of 
measures

l Increase the recycling rate of plastic waste as the separate collection of waste is adopted more 
widely across China

l Develop plastic waste collection and disposal systems in rural areas
l Promote plastic waste recycling
l Promote construction of waste incineration plants across the country to enhance the capacity to 

render plastic waste harmless





20 000 tonnes/year



2. Implementation of the Regional Actions



Cleaning floating waste in Yangtze River



3. Establishing the National Joint Research Center of  

Yangtze River Eco-Environment Protection and Restoration

l 269 research institutions , 

universities, colleges, ...

l More than 5000 scientists

l 58 cities along Yangtze river



4. Joint Actions for Controlling Plastic Pollution in 

Yangtze River

Enterprise

Governments Citizens
NGOs









Material flow analysis for quantification of the 
plastics pollution challenge

1

 Ecology and Environment, Zhengzhou University

 Yellow River Institute for Ecological Protection & Regional Coordinated Development, Zhengzhou

University http://www7.zzu.edu.cn/yellowriver/

 Henan International Joint Laboratory of Water Cycle Simulation and Environmental Protection

http://www7.zzu.edu.cn/wrwer/

Reporter: Dr. Wei Zhang

Date：2023/9/12



(1) Hotspot：Microplastics in the environment

Enter body

Environ. Sci. Technol. Lett. 2017, 47258-267

Continued migration and interface interaction

Driving influence other biological processes

Environ. Sci. Technol 2020, 54, 3740−3751 
Marine Pollution Bulletin 2019, 142: 1-14

Cited from:  Science 2014, 345(6193): 144-145

Widely observed in rivers worldwide



(2) Analysis ：Material Flow Analysis(MFA) -macro perspective
Around 28 peer review studies have been published around this topic in total: MFA

PPE through the supply chain during COVID-19 is relatively smaller
compared to the total national plastic

Cited from: Science of The Total Environment 2021, 790: 148190
Science of The Total Environment 2023, 875: 162644
SSRN 4263852    Resources, Conservation and Recycling 2019, 150: 1044336

South Africa

Law of conservation of mass

48% of the landfilled plastic comes from plastic packaging for imported products

Trinidad and Tobago

 Divert plastic waste (including packaging plastic) for useNorway

 ~50% of plastic waste is incinerated, ~15% exported, and ~10% landfilled
 increase by 65%, 140%, and 90%, respectively by 2050

 2017, 9.5 megatonnes
At least 2.15 and at most 5.3 gigatonnes of environmental plastics in 2050



(2) Analysis ：Material flow analysis -macro perspective

Cited from: Journal of Cleaner Production 2021,327: 129492  Environmental Pollution 2022, 315: 120334  Resources, Conservation and Recycling 2022, 179: 106085

• In-use stock of plastics reached 926.5 Mt in 2020
•24.7% of waste plastics were recycled from 1950 to 2020
•Secondary plastics could supply 49.1% of plastic demand by 2050



(3) Analysis ：Material flow analysis -micro perspective

Environmental Research 2021, 197:111057
Environmental Pollution 2020, 257:113440
Toxics. 2021, 9, 139. Editor's Choice Article
Toxics. 2022, 10(2): 70 Hot Article
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(4) Microplastics in Yellow River ：micro perspective

Unpublished Job

MP 泥沙 石英砂

1 μmMP+ Raw sediment

particle diffusion

quartz sand

sieved sediment

raw sediment

quartz sand

sieved sediment

raw sediment

Intermolecular forces at interfaces and electrostatic interactions

quartz sand

Yellow River 
sediment

Yellow River sediment quartz sand

1 μmMP+ Sieved sediment 1 μmMP+ quartz sand



(5) Conclusions 

 From the MFA routes, the emissions of plastic have been consistently increasing. 

 Through calculation and estimation, at most 5.3 gigatonnes of environmental 

plastics in 2050.

 To incorporate plastic into the circular economy process and achieve its recycling.

 Plastics could interact with various pollutants at interfaces, thereby increasing 

their toxicity.

 The plastics would also collide and aggregate at the sediment interface, thereby 

increasing the transportation of  plastics.
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1  Research Background and Significance

1.1  Overview of microplastics (MPs)

◆Definition：plastic particles less than 5 mm in diameter（Thompson et al., Science, 2004）

◆graphically referred to as PM 2.5 in water：United Nations Environment

Programme identified MPs as a significant emerging pollutant

until

2023

Studies have confirmed the presence of microplastics in human lungs, liver, spleen, 

kidney tissue and even placenta

Primary

artificial 

fiber

industrial 

materials
abrasive

Bags, 

agricultural 

film

container

Primary MPs

small-particle plastics specially produced for various applications

Secondary MPs

large quantities of plastic waste formed by physical, chemical, and 

biological processes

Secondary



Oxidative stress, 

Exercise capacity

Mechanical injury, 

Inflammatory 

response
Growth, 

Development,

Metabolism

DNA                     Cell Organism

1.2  Hazards of microplastics

◆ The source and distribution of MPs are incredibly diverse：In 2015,

Jambeck estimated that between 4.8 and 12.7 million tonnes of plastic

waste enter the ocean annually, with most entering via freshwater rivers.

➢ MPs’ direct toxicity

Digestive System, Reproductive System,

Photosynthetic System

➢ Indirect release of toxic substances

enter the food chain and accumulate in living

organisms

➢ Adsorbed toxic substances

transport chemical pollutants, such as heavy

metals and POPs

1  Research Background and Significance



1.3  MPs pollution in basin water environment 

◼ Studying MPs in freshwater is a hot environmental science

topic

➢ MPs in rivers, lakes and reservoirs have been the subject of

extensive investigation.

➢ Transport of MPs in rivers, lakes, and reservoirs is closely related

to their hydrological characteristics.

➢ MPs may also inhibit the growth of aquatic plants, inhibit the

activity of microorganisms, and influence aquatic ecosystems'

material and energy cycles. Indeed, the relevant processes and

mechanisms remain obscure.

( Zhang et al., 2020, STOTEN 135979 )

1  Research Background and Significance



1.4  Our proposed research works 

Due to the need for plastic pollution control in the water environment of the

Yangtze River Economic Belt and the development orientation of our research

institute, we will focus on the following areas of research：

➢ Occurrence and Transport Characteristics of MPs in Lake or Reservoir

➢ Effects of MPs Pollution on Water Ecology and Environment

➢ Ecological Risk Assessment and Control Countermeasures of MPs

Pollution in Basin Water Environment

Research Team

1  Research Background and Significance
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Survey sampling points

老灌河

D1

D2

D3
D4

D5 D6

D7
D8
D9

D10

D11
D12
D13
D14
D15
D16
D17

➢ Survey Object: A typical channel reservoir

➢ Sampling: 9 sampling sections at the reservoir’s entrance, middle and

front (D1~D9), collected surface sediment samples

➢ Survey Content: The occurrence characteristics of MPs, the microbial

community structure and functional characteristics, the physical and

chemical properties of sediments

➢ Time：August 2021

➢ MPs analytical method: Dual density separation method

➢ Microbiological analytical method: High-throughput sequencing of the

16SrDNA gene, Functional gene chips

3  Effects on Microbial Community and Function

3.1  Field Investigation



Typical microplastics in reservoir sediments

The main colors of microplastics are red, yellow, white, green,

blue, purple, pink, grey, black, transparent and others.

Spherical, thin films, fragments and fibers are the main shapes.
Microplastics testing equipment

Microscopic Raman Spectrometer

3  Effects on Microbial Community and Function

3.1  Field Investigation

The investigation and testing workflow of MPs 

Sample Extract
Microscopic 

observation

Quantify

Identification by 

Raman spectrometer

Qualitative

Integrated 

analysis



3  Effects on Microbial Community and Function

➢ 53 phyla of bacterial communities were found, with Proteobacteria, Bacteroidetes, Verrucomicrobacteria and

Nitrobacteria being the dominant phyla.

➢ More microbial species in reservoirs, especially in areas with slower water flow, and the fewest near dams.

➢ Microbial diversity and abundance were greater in regions where microplastics were abundant. Environmental

factors, such as the content of TN and TP, sediment particle size, and microplastic abundance, may account for

61.8% of the variance of the microbial community.

Microbial alpha diversity index statisticsRedundancy analysis

Venn diagram of common or 

endemic species

3.2  Microbial Community



3  Effects on Microbial Community and Function

➢ In regions with fast water flow, N and P cycling functional genes were abundant and active, whereas C and S

cycling functional genes were scarce and inactive

➢ Functional genes C, N, P, and S expression activities in coarse sediment particles were low.

➢ In regions with a high abundance of microplastics in the reservoir, the functional activity of the C and N cycles

was low, while the functional activity of the S cycle was strong.

Abundance comparison of functional genes of C, N, P and S
Correlation analysis of functional gene 

abundance and environmental factors

3.3  Microbial Function
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4  Effects on Aquatic Plant Growth

4.1 Transport and accumulation of sMPs 

V.denseserrulata+Sediments+sMPs (PS)

➢ Experimental Methods: Microcosms

➢ Tracer and quantification: europium-labeled PS

➢ Treatments: ck, 1000 nm PS, 100 nm PS

➢ Concentration: 0.1 g/kg, 1 g/kg

➢ Observing targets:

1）Sediment: oxidation-reduction potential (ORP), pH

2）Water: DO, conductivity, pH, ORP

3）Chlorophyll fluorescence characteristics: Fv/Fm, Y(II), qn,

qp, qL, ETR

4）Photosynthetic pigment content: chlorophyll a, b, c

5）Biomass: plant length, fresh weight, tillering



4  Effects on Aquatic Plant Growth

V.denseserrulata

100 nm PS

root 

100 nm PS

leaf 

1000 nm PS

root 

⚫ Root is the main organ where sMPs accumulated the most

⚫ 7 to 12 percent of the sMPs consumed by V.denseserrulata

⚫ Root of V. denseserrulata contained a small number of 100-nm plastic 

particles but none of 1000-nm plastic particles

removal rate

BCF
transfer 

coefficien

t

4.1 Transport and accumulation of sMPs 



4  Effects on Aquatic Plant Growth

4.2 Effects of sMPs on sediment properties and plant growth

➢ sMPs (PS) significantly reduced the ORP and increased the pH of sediments. 100-nm particles had a more significant

effect on plant growth than 1000-nm particles.

➢ A dose-response experiment (0-1000 μg/g) showed that the growth of V.denseserrulata in wet sediment was not

affected until the dose reached 1000 μg/g (i.e.,0.1% w/w).

➢ The observed effect dosage of 0.1%w/w sMPs significantly suppressed plant height and biomass by 19.2-22.3% and

10.8-15.8%, respectively.
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4  Conclusion and Future Work

5.1 结论

◆ The dam operation increased the microbial diversity of surface sediments. Furthermore,

the carbon, nitrogen, phosphorus, and sulphur cycle activity of the microbial flora in the

reservoir sediment coarsening and microplastic accumulation areas was relatively low.

◆ Bitter grass could inhale nanoscale PS plastic, which would be more concentrated in the

root. It significantly inhibited the height and biomass of bitter grass, decreased sediment

ORP values, and increased sediment pH.

4.1 Conclusion



4  Conclusion and Future Work

◆ It is intended to conduct further study on the occurrence characteristics of

microplastics from different sources in the basin and analyze the microplastic sources

in the lake and reservoir. .

◆ to conduct a study on the influence of hydrological changes on MPs' transport

behaviour under river damming conditions

◆ to identify the water ecological and environmental effects of microplastic pollution;

and propose countermeasures and measures for controlling such pollution in lakes and

reservoirs

4.2 Future Work



This ends the presentation
Thank you

姓 名：潘雄 博士

工 作 单 位：长江科学院流域水环境研究所

联 系 方 式：18162734797



Land-based plastic waste 
pollution and the pilot-city 
practice of No-Plastic-in-Nature 
in the Yangtze River Basin
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⚫ Background

⚫ Land-based plastic waste pollution

⚫ Practice of No-Plastic-in-Nature

Content



Background

• Plastic pollution resulted in irreversible impacts on marine and terrestrial ecosystems

• The very first step is understand land-based plastic waste emission and pollution (UNEP, 2021)

• Yangtse River was considered as one of the largest plastic-waste generator into ocean?

Urban sources

Rural sources

Plastic waste 
generation 
from land

Plastic leakage 
to rivers & 

lakes

Plastic 
emissions to 

ocean

Rain, runoff, wind…

River and 
coastal clean…

Datasets and systematic methodologies were insufficient 
for understanding the river-basin scale plastic pollution



Estimate land-based plastic waste pollution

Research Objectives

• Establish a Land-based plastic 

waste flow model, and a 

database covering the whole 

life-cycle of plastic waste 

management system

• Find the key sectors and the 

hotspots of land-based plastic 

waste management system

Urban and rural consumption

Durable goods Disposable plastics

Plastic stock Plastic-waste emission

Recycled
Collected 
as MSW

Leak to 
nature

Leak to 
river and lake

Data quality is low



Estimate land-based plastic waste pollution

Estimate the disposable plastics in provincial-level

（Zhang et al., 2023, Resource, Conservation & Recycling）

• Per capita plastic waste generation rate: 8.5 ~ 18.6 kg/cap.yr

• Significantly higher generation intensities in cities compared to rural areas



Estimate land-based plastic waste pollution

Estimate the plastic-waste disposed in controlled MSW treatment facilities 

（Ma et al., 2023, Environmental Science & Technology）

• 135 city-level waste composition data → BPNN modeling → city-level disposed plastics

Consumption

Waste

Gas coverage

Per cap GDP

Regions

Urban pop.

Year

Plastics

Food waste

Paper waste

Stone & ash

……

Plastics

City-level



Estimate land-based plastic waste pollution

Upscaling the plastic pollution data in Yangtse Rive basin area 

• From 2006-2017, the nature-leakage of plastic waste decreased by 79% (77 kt in 2017)

• Hotspot: 1) rural areas in middle stream (~49%); 2) agriculture film,  food package, …

2006 2011
a b

2017
c

2006 2011
a b

2017
c2006 2017



Practice of No-Plastic-in-Nature Pilot-City 

2020: WWF selected Yangzhou as the No-Plastic-in-Nature Pilot-City  

No-plastic in Nature Pilot Area in 
Yangtse River Reserve of Yangzhou City 

(WWF-UN Habitat)

• Set the boundary and the monitoring indicators of the pilot area

criterion Indicators Units

Waste 

reduction

1 Per capita plastic package use kg/cap.yr

2 Decrease of disposable plastic use %

3 Non-degradable plastic bag use kg/cap.yr

Recycling

4 Recycling rate of plastic waste %

5 Recycling rate of plastic mulching t/yr

6 Recycling rate of express plastic waste t/yr

Reducing 

nature 

leakage

7 Plastic waste controlled treatment rate %

8 Plastic waste in river bank kg/ha

Culture
9 Public participation in NP program Pop.

10 Environmental education events times



Practice of No-Plastic-in-Nature Pilot-City 

• Material flow analysis of plastic 
waste in Yangzhou City

• Recycling rate: 42.7%

• Uncontrolled treatment rate: 2%

Practices for No-Plastic-in-Nature Pilot-City in Yangzhou

60m/4.5cm



Practice of No-Plastic-in-Nature Pilot-City 

• Established 87 recycling station for agriculture plastic mulching film (RR-90.5%)

• Set 1457 recycling node in Supply & Marketing Cooperative networks

• Recycling 2000 tons of fishing nets and gear (forbid fishing policy of Yangtse River)

• Upgrading the source-separation system (60 recycling center, 4 centralized facilities）

Monitoring macro- and 
micro plastics in river

20%

Practices for No-Plastic-in-Nature Pilot-City in Yangzhou



Thanks for your attention!  cbzhou@rcees.ac.cn
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