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Plastic pollution is a global environmental crisis that threatens marine

ecosystems and human health. This study provides a comprehensive analysis

of the current state of plastic pollution in oceans worldwide. We examined data

on global plastic production, annual estimates of plastic emissions to oceans

from different countries, surface plastic mass by ocean basin, the share of global

plastic waste emitted to the ocean, the share of ocean plastics that come from

the largest emitting rivers, microplastics in the surface ocean, and plastic mass

and particles across the world surface ocean. Our analysis revealed alarming

trends, such as the significant increase in plastic production since the 1950s and

the projected estimate of up to 12,000 million metric tons of plastic waste in the

natural environment by 2050. Additionally, we found that more than 1000 rivers

account for 80% of global annual emissions, with Asia contributing the highest

estimate of plastic emissions, followed by Africa, South America, North America,

Europe, and Oceania. Furthermore, our findings showed that the largest

contributors to ocean plastic waste are macroplastics, mesoplastics, and

microplastics, with small microplastics dominating the percentage of surface

ocean plastic by particle count. The recycling and reuse of waste plastics

implement the concept of sustainable development of recycling and offsets

the carbon emissions in the environment, potentially obtaining more carbon

credits. Our findings highlight the urgent need for coordinated global efforts to

reduce plastic waste and prevent further harm to our oceans, incorporating

recycling and reuse strategies as key components of comprehensive

control measures.
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1 Introduction

Plastic pollution has become a significant environmental and

health challenge worldwide. The production and consumption of

plastic have increased significantly over the past few decades, with

global plastic production reaching 368 million metric tons in 2019

(Europe, 2020). While plastic has many benefits in various sectors,

including food packaging, medical supplies, and construction, its

indiscriminate disposal and lack of proper waste management have

resulted in a pervasive environmental problem.

The impacts of plastic pollution on marine ecosystems and

human well-being are severe and far-reaching. Plastic waste in the

ocean harms marine species and their habitats, disrupts ecosystem

functioning, and causes economic losses to fisheries and tourism

(Beaumont et al., 2019). Plastic pollution also poses a threat to

human health through the consumption of contaminated seafood

and water, as well as through microplastic inhalation and ingestion

(Smith et al., 2018). In addition, plastic pollution exacerbates

climate change by contributing to greenhouse gas emissions from

plastic production and disposal (Ford et al., 2022).

Given the magnitude and complexity of the plastic pollution

problem, there is an urgent need for concerted efforts to reduce plastic

production, consumption, and waste. Various measures have been

proposed and implemented globally, including plastic bag bans,

extended producer responsibility schemes, and the development of

biodegradable and compostable plastics (Mallick et al., 2021).

However, more comprehensive and collaborative solutions are

necessary to tackle the plastic pollution problem effectively and

sustainably. Control measure strategies, such as improving waste

management, promoting sustainable consumption and production,

increasing public awareness, and incentivizing industries to develop

eco-friendly products, could play a critical role in mitigating plastic

pollution (Abubakar et al., 2022). In order to awaken human

attention to the marine environment, the United Nations

designated June 8th as World Oceans Day starting in 2009, hoping

that the world will use this to examine global issues such as marine

pollution and excessive resource consumption. Given the far-

reaching and devastating consequences of plastic pollution, it is

essential to take swift and decisive action to address this crisis and

safeguard our oceans’ health and wellbeing.

Therefore, the objectives of this study are fourfold: (i) to analyze

the current and future trends in global plastic production and its

potential impact on the environment, particularly in the oceans, and

identify measures to reduce plastic waste, (ii) to investigate the major

contributors to plastic waste in the oceans, such as rivers, countries,

and continents, and identify strategies to mitigate plastic emissions

from these sources, (iii) to assess the magnitude and distribution of

microplastics in the world’s surface oceans, including their size and

composition, and (iv) to propose methods and strategies to monitor

and control proliferation of ocean plastics.
2 Materials and methods

To estimate the annual emissions of plastics to oceans, we

adopted the platform of “Our World in Data” for data analysis.
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“Our World in Data” is a prominent online publication and data

platform known for its credible and comprehensive approach to

presenting global trends. By sourcing data from reputable

international organizations, governments, and research

institutions, it ensures the accuracy and reliability of its

information. Through visually engaging charts, graphs, and

interactive tools, the platform transforms complex data into easily

understandable visualizations, aiding users in quickly grasping key

insights. Its global perspective enables users to compare countries

and regions across a wide range of topics, while its historical context

feature allows for a deeper understanding of long-term trends. As

an educational resource, “Our World in Data” is utilized by

students, researchers, educators, and policymakers alike, offering

open access to valuable knowledge. With its interdisciplinary

insights, regular updates, and commitment to transparent

information sharing, the platform stands as an invaluable tool for

comprehending the complex dynamics that shape our world.

(Ritchie and Roser, 2018).

The Our World in Data collected data on global plastic

production from various sources, including industry reports and

academic studies. Firstly, to analyze the current and future trends in

global plastic production, the surface plastic mass by ocean basin

shown on the Our World in Data platform were analyzed by using

data from previous studies (Eriksen et al., 2014; Meijer et al., 2021).

Secondly, to investigate the major contributors to plastic waste in

the oceans, the share of global plastic waste emitted to ocean and the

share of ocean plastics that come from the largest emitting rivers

were evaluated by adopting data from Meijer et al. (2021). Thirdly,

to assess the magnitude and distribution of microplastics in the

world’s surface oceans, microplastics in the surface ocean and

plastic mass and particles across the world surface ocean were

also investigated and visualized through Our World in Data

(Eriksen et al., 2014; Lebreton et al., 2019). Finally, to propose

methods and strategies to monitor and control proliferation of

ocean plastics, global distribution of microplastics in the surface

ocean in 2019 was estimated. We also used the NOAA, National

Centers for Environmental Information (NCEI) and Microplastics

Database (2022) for data analysis and visualization.
3 Results

3.1 Global plastic production

If assuming consistent use patterns with current global waste

management trends to 2050, it was estimated that 9000 million

metric tons of plastic waste will have been recycled, 12,000 million

metric tons incinerated, and 12,000 million metric tons discarded in

landfills or the natural environment (Geyer et al., 2017).

Based on the estimations, Figure 1 further projected the global

plastic production from 1950 to 2019. The graph illustrates a

significant increase in plastic production from 2 million metric

tons in 1950 to 459.75 million metric tons in 2019 with 8300 million

metric tons as of virgin plastics. Based on the estimation by Geyer

et al. (Geyer et al., 2017), if current plastic production trends

continue, approximately as much as 12,000 million metric tons of
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plastic waste will be in the natural environment by 2050 (Geyer

et al., 2017).
3.2 Emitted plastics to oceans from
different countries

It was estimated that more than 1000 rivers account for 80% of

global annual emissions, ranging between 0.8 million to 2.7 million
Frontiers in Marine Science 03
metric tons per year, with small urban rivers among the most polluting

(Meijer et al., 2021). Based on the analyses of the previous study,

Figure 2 visualizes the annual estimates of plastics with volume

differences emitted to the oceans from various countries in 2019.

Table 1 lists percentages of share of global plastic waste emitted to

oceans from the first twenty countries and regions contribute most to

plastic emissions (Meijer et al., 2021). The largest contributing country

estimated was the Philippines with 4820 rivers emitting 356,371million

metric tons year−1, followed by India with 126,513 million metric tons
FIGURE 2

2019 Estimates of ocean-bound plastic. The figure indicates annual projections of plastic discharge into marine environments. Data for each country
do not account for waste exported abroad, which may pose an elevated risk for ocean pollution. Analytics provided by Our World in Data (Ritchie
and Roser, 2018), based on research by (Meijer et al., 2021). Notably, over 1000 rivers contribute to 80% of the global plastic inflow into oceans.
FIGURE 1

Annual global polymer and fiber creation. The data in this figure show the yearly accumulation of polymer resin and fibers. Analyzed by Our World in
Data (Ritchie and Roser, 2018), the content relies on foundational work by (Geyer et al., 2017).
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year−1, Malaysia with 73,098 million metric tons year−1 through 1070

rivers, and China with 70,707 million metric tons year−1 through 1309

rivers (Meijer et al., 2021).We also included information of percentages

of share of global plastic waste from100 countries orderly contributing

to plastic emissions to oceans (Supplementary Table S1).
3.3 Emitted plastics to oceans from
six continents

Figure 3 shows the share of global plastic waste emitted to the

ocean. The data indicate that an estimated 8 million metric tons of

plastic waste were emitted to oceans, with the majority coming from

Asia. It was found that more than 1000 rivers account for 80% of

global annual emissions, ranging from 0.8 million to 2.7 million
Frontiers in Marine Science 04
metric tons per year. Among six continents, Asia accounts for the

highest estimate of plastic emissions (80.99%), followed by Africa

(7.99%), South America (5.51%), North America (4.5%), Europe

(0.6%), and Oceania (0.37%) (Figure 3).

Figure 4 displays the surface plastic mass by ocean basin. The

global ocean (total) surface plastic mass was 268,950 tonnes. The

North Pacific had the highest surface plastic mass at 96,400 tonnes,

followed by the Indian Ocean (59,130 and the North Atlantic. Based

on the oceanographic model offloating debris dispersal, a minimum

of 5.25 tri l l ion particles weighing 268,940 tons were

estimated (Figure 4).
3.4 Emitted plastics to oceans from
different rivers

Figure 5 illustrates the share of ocean plastics that come from

the largest emitting rivers. In accordance with the results in

Figures 2, 3, The Pasig (Philippines) is the largest contributor,

accounting for 6.43% of all plastic wastes, followed by the Klang

(Malaysia) for 1.33% and the Ulhas (India) for 1.33%.
3.5 Prediction of microplastic in
surface oceans

Figure 6 presents global accumulations of microplastics in the

surface ocean under three plastic emissions scenarios. The mass of

buoyant macroplastics on the global ocean surface and coastlines

continue to increase with a relatively slower rate due to degradation

of older objects into smaller particles if emissions of plastics into the

oceans are kept constant from the year of 2020. If sources of

buoyant macroplastics are stopped from the year of 2020, floating

and stranded mass of macroplastics could decrease by 2050 to

respectively 59% and 57% of their 2020 levels (Lebreton et al., 2019).

We further explored the distributions of microplastics with

visualization in a global level (Figure 7). Consistent with Figures 2,

3, and 5, Philippines, India, and Malaysia have either very high (10

pieces/m3 or greater) or high (1-10 pieces/m3) concentrations of

marine microplastics. Higher proportions of distributions of

microplastics with ‘very high’ or ‘high’ concentrations were also

observed in regions of Asia and Africa. There were also higher

distributions of microplastics in high concentrations around Russia

and the North Pacific Ocean (Figure 7).
3.6 Microplastics across world’s
surface oceans

Figure 8 displays the surface plastic by mass (tonnes) or by

particle count across the world surface oceans. If counted by mass,

macroplastics (>200 mm) dominate the per-centage of surface

ocean plastic, followed by mesoplastics (4.76 mm-200 mm), large

microplastics (1.01 mm-4.75mm), and small microplastics (0.33-1

mm) (Figure 8). If counted by particle count, small microplastics

(0.33-1 mm) dominate the percentage of surface ocean plastic,
TABLE 1 Plastic waste emitted to the ocean tonnes per year, 2019 (top
20 countries and 5 regions) (Ritchie and Roser, 2018; Meijer et al., 2021).

Country
or region

Code Share of global plastic waste
emitted to the ocean (%)

Philippines PHL 36.38

India IND 12.92

Malaysia MYS 7.46

China CHN 7.22

Indonesia IDN 5.75

Brazil BRA 3.86

Vietnam VNM 2.88

Bangladesh BGD 2.52

Thailand THA 2.33

Nigeria NGA 1.90

Turkey TUR 1.46

Cameroon CMR 1.09

Sri Lanka LKA 0.99

Guatemala GTM 0.73

Haiti HTI 0.71

Dominican
Republic

DOM 0.64

Venezuela VEN 0.61

Tanzania TZA 0.59

Algeria DZA 0.59

Panama PAN 0.53

Asia 80.99

Africa 7.99

South America 5.51

North America 4.50

Europe 0.60
Texts in bold are region. Texts not in bold are countries.
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followed by large microplastics (1.01 mm-4.75mm), and

mesoplastics (4.76 mm-200 mm) (Figure 8).
4 Discussion

4.1 Plastic production and ocean pollution

Plastic production has reached an all-time high, with over 360

million tons of plastic produced globally in 2018. We also found
Frontiers in Marine Science 05
that global plastic production was 459.75 million metric tons in

2019 (Geyer et al., 2017). This high production rate has led to an

increase in plastic pollution, with millions of tons of plastic waste

being dumped into the oceans each year. According to Jambeck

et al. (2015), up to 13 million tons of plastic waste enters the oceans

each year, threatening marine ecosystems and human health.

Plastic pollution in the oceans is a global issue, with plastic

waste found in all ocean basins. A study estimated that Asia is the

largest contributor to plastic pollution in the oceans, accounting for

81% of the total mass of plastic waste in the oceans (Schmidt et al.,
FIGURE 3

2019 Global oceanic plastic emission share. The figure presents yearly statistics of plastic waste entering marine ecosystems. The total for each
country excludes waste for export, increasing the likelihood of oceanic contamination. Data were interpreted by Our World in Data (Ritchie and
Roser, 2018), founded on the study by (Meijer et al., 2021). Notably, over 1000 rivers contribute to 80% of annual global plastic ocean entry.
FIGURE 4

2013 Ocean basin surface plastic weights. The figure details the mass of floating plastic waste across global ocean basins, categorized from
microplastics to larger particles. The focus is exclusively on surface-level plastics, disregarding those at greater depths or the ocean floor. Data were
interpreted by Our World in Data (Ritchie and Roser, 2018), and are grounded in the study by (Eriksen et al., 2014). It’s worth noting that over 1000
rivers are responsible for 80% of plastic entering global oceans.
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2017). It was also found that the top 20 countries responsible for

plastic waste in the oceans were located in Asia and Africa, with

China being the largest contributor, followed by Indonesia and

the Philippines.

The effects of plastic pollution on marine ecosystems are

numerous and severe. Plastic waste in the oceans can harm

marine organisms through ingestion, entanglement, and physical
Frontiers in Marine Science 06
damage. A study found that over 800 species are affected by plastic

debris, including sea turtles, whales, and seabirds (Gall and

Thompson, 2015). Furthermore, plastic pollution can also have

economic and social impacts, affecting industries such as fisheries

and tourism.

Another issue that has been raising much concerns is the

macroplastics, if counted by mass, macroplastics (>200 mm)
FIGURE 5

Major river contributors to ocean plastic. The figure delineates the percentage of oceanic plastic waste originating from the world’s most significant
river sources. Over 1000 rivers contribute to a substantial 80% of the plastic entering oceans globally. Data interpretation was conducted by Our
World in Data (Ritchie and Roser, 2018), based on (Meijer et al., 2021).
FIGURE 6

Oceanic macroplastic projections, 1950-2050. Macroplastics, defined as buoyant plastics larger than 0.5 cm in diameter, are the focus of this figure.
It illustrates three future scenarios for macroplastic accumulation on ocean surfaces: (1) cessation of emissions after 2020; (2) maintenance of 2020
emission levels; and (3) continued growth aligned with past production rates until 2050. Data interpretation was done by Our World in Data (Ritchie
and Roser, 2018), based on research by (Lebreton et al., 2019). It offers a global budget outlook for positively buoyant macroplastic waste in
marine environments.
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dominate the percentage of surface ocean plastic, followed by

mesoplastics (4.76 mm-200 mm), large microplastics (1.01 mm-

4.75mm), and small microplastics (0.33-1 mm) (Figure 7). If

counted by particle count, small microplastics (0.33-1 mm)

dominate the percentage of surface ocean plastic, followed by

large microplastics (1.01 mm-4.75mm), and mesoplastics (4.76

mm-200 mm).

Conclusively, plastic pollution in the oceans is a complex and

urgent issue that requires global cooperation and action. It is

essential to reduce plastic production, improve waste

management, and promote sustainable alternatives to prevent

further damage to marine ecosystems and human health. With
Frontiers in Marine Science 07
the development of new technologies and increased awareness and

education, there is hope for a cleaner and healthier future for

our oceans.
4.2 Geographical distribution of
plastic waste

Plastic waste is a global environmental challenge, with

significant consequences for marine ecosystems and human

health. The distribution of plastic waste in marine environments

is influenced by a range of factors, including ocean currents, coastal
FIGURE 7

2019 Microplastic concentrations across global oceans. The figure utilizes varied shapes and hues to depict differing levels of surface ocean
microplastic concentrations: red diamonds for very high levels (10 pieces/m³ or more), orange squares for high levels (1-10 pieces/m³), yellow circles
for medium levels (0.005-1 pieces/m³), green triangles for low levels (0.0005-0.005 pieces/m³), and purple upside-down triangles for very low levels
(0.0005 pieces/m³ or less). Data were sourced from the NOAA/NCEI Microplastics Database (NOAA 2022).
FIGURE 8

Plastic particles in the world’s surface ocean. Estimates of global plastic across the world’s surface ocean waters. This is differentiated by ocean
basin, with breakdown by ocean particle size. Figures are presented by mass (left) and total particle count (right). Plastic mass in surface ocean
waters are dominated by large plastics (macroplastics), but by particle count are dominated by microplastics. (Results were analyzed by Our World in
Data (Ritchie and Roser, 2018), based on the original study of (Eriksen et al., 2014). Plastic Pollution in the World’s Oceans: More than 5 Trillion
Plastic Pieces Weighing over 250,000 Tons Afloat at sea.).
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populations, and waste management systems. We have found that

the majority of plastic waste was coming from Asia, followed by

Africa, South America, North America, Europe, and Oceania

(Meijer et al., 2021). In addition, research has shown that plastic

waste is distributed across all ocean basins, with varying

concentrations depending on the location. Consistent with our

results, Eriksen et al. (Eriksen et al., 2014) found that the North

Pacific Ocean has the highest concentration of plastic waste, with an

estimated 1.8 trillion plastic pieces weighing over 80,000 metric tons

(Eriksen et al., 2014). The study also found that other ocean basins,

such as the South Pacific and Indian Ocean, also have high

concentrations of plastic waste. The Mediterranean Sea has the

highest density of plastic waste in the world, with an estimated 1.25

million plastic particles per square kilometer (Suaria et al., 2016).

The Bay of Bengal, the South China Sea, and the Gulf of Mexico

have also been identified as regions with high densities of plastic

waste (Cózar et al., 2014; Jambeck et al., 2015; Schmidt et al., 2017).

In the perspective of plastics emitted from rivers around the

world, we also found that Pasig (Philippines) is the largest

contributor, followed by the Klang (Malaysia) and the Ulhas

(India). In addition, the concentration of microplastics in the

Arctic Ocean has increased over the past decade due to the

transport of plastic waste from other regions (Bergmann et al.,

2022). The study also found that microplastics have the potential to

accumulate in the Arctic marine food chain, posing a threat to

wildlife and human health. Another study found that plastic

pollution is impacting the Galapagos Islands, a UNESCO World

Heritage site, with plastic debris found in the stomachs of various

marine species (Jones et al., 2021). The study suggests that plastic

waste is being transported from other regions and accumulating in

the waters around the Galapagos Islands, highlighting the need for

international cooperation to address this global issue.
4.3 Plastic threat to marine ecosystems

Plastic pollution is a major threat to marine ecosystems, and it is

essential that we take action to address this issue. The impacts of

plastic waste on marine life are well documented, with

entanglement and ingestion being the most common causes of

harm (Rochman et al., 2013; Gall and Thompson, 2015; Wilcox

et al., 2015). Plastic waste can also leach harmful chemicals into

marine environments, affecting the health of marine organisms and

potentially entering the food chain (Teuten et al., 2009; Andrady,

2011; Geyer et al., 2017). The accumulation of plastic waste in the

ocean is a global issue that requires urgent attention, and there is a

need for more research into the distribution and impacts of plastic

waste in marine environments.

The impacts of plastic waste on marine ecosystems are wide-

ranging and significant. Plastic waste can entangle and kill marine

organisms, and it can be ingested by marine animals, leading to

internal injuries and death (Rochman et al., 2013; Gall and

Thompson, 2015; Wilcox et al., 2015). Plastic waste can also leach

harmful chemicals into marine environments, affecting the health of

marine organisms and potentially entering the food chain (Teuten

et al., 2009; Andrady, 2011; Geyer et al., 2017). Also, Plastic
Frontiers in Marine Science 08
pollution can alter marine habitats, with impacts on ecosystem

functioning. A study published in the journal Nature found that

plastic pollution can increase the risk of disease transmission in

coral reefs (Lamb et al., 2017). The study also found that plastic

pollution can alter the microbial community in marine

environments, with potential implications for nutrient cycling and

carbon storage. The impacts of plastic waste on human health are

less well understood, but there is evidence to suggest that

microplastics, which are small plastic particles, can accumulate in

seafood and other food sources, potentially posing a risk to human

health (Rochman et al., 2013; Van Cauwenberghe and Janssen,

2014; Galloway et al., 2017).

Plastic pollution can have indirect effects on marine ecosystems,

such as altering the physical properties of marine environments. It

was found that plastic pollution can reduce the oxygen concentration

in marine environments, leading to hypoxia and potentially harmful

algal blooms (Breitburg et al., 2018). The study also revealed that

plastic pollution can increase the acidity of marine environments,

with potential impacts on marine organisms.

Efforts to address the issue of plastic waste in the ocean are

ongoing, and there are many potential solutions that could help to

reduce the amount of plastic that enters marine ecosystems. One

approach is to improve waste management systems, particularly in

countries where waste is often dumped or burned rather than being

properly disposed of (Jambeck et al., 2015). This could involve

investing in infrastructure to collect and recycle plastic waste, as

well as educating the public about the importance of responsible

waste disposal. Another approach is to develop sustainable

alternatives to plastic, such as biodegradable materials or reusable

containers (Yuan et al., 2021). This would require significant

investment in research and development, as well as support from

governments and industry.

There is also a need for greater public awareness and

engagement on the issue of plastic pollution in marine

ecosystems. This could involve campaigns to reduce the use of

single-use plastics, as well as educational programs in schools and

universities. It is important to engage people from all walks of life,

from consumers to businesses, in order to create a widespread

culture of responsible plastic use (Skoric et al., 2022). Ultimately,

the key to addressing the plastic threat to marine ecosystems is a

multifaceted approach that involves cooperation between

governments, industry, and individuals.
4.4 Control measure strategies to mitigate
marine plastics

This study highlights the alarming levels of plastic production,

emissions, and microplastic pollution in the world’s oceans. Control

measures must be taken to mitigate the adverse impacts of plastic

waste on the marine ecosystem. It is clear that reducing plastic

production and managing plastic waste must be a priority. Efforts to

reduce plastic use and increase recycling, reuse, and proper disposal

should be implemented. It is also necessary to address the issue of

plastic waste management in developing countries, particularly in

Asia and Africa, which account for the largest share of plastic waste
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emissions to the ocean. Solutions such as improving waste

col lect ion systems, implementing extended producer

responsibility programs, and promoting public awareness and

education about the impacts of plastic waste can be helpful.

To reduce the emissions of plastics from rivers to oceans, river

clean-up campaigns and the installation of river-based waste

collection systems can be effective measures. For instance,

innovative and low-cost technologies such as floating booms and

nets, and hydrodynamic separators can be deployed to capture

plastic waste from rivers before they reach the ocean. Another

effective measures is the reduction of plastic waste at its source,

through the development of sustainable alternatives to plastic and

the implementation of waste management systems (Figure 9). For

example, the introduction of plastic bag bans has been found to be

effective in reducing plastic waste in the ocean (CalRecycle, 2013),

and the use of compostable bioplastics has been suggested as a

potential alternative to conventional plastic (Moshood et al., 2022).

To address the problem of plastic waste in marine environments, a

range of solutions are needed, including improved waste management

systems, the development of sustainable alternatives to plastic, and

greater public awareness and engagement. There is also a need formore

research into the distribution and impacts of plastic waste in marine

environments, as well as the development of innovative technologies

and approaches to mitigate the problem. The United Nations has

identified the reduction of marine litter, including plastic waste, as a key

target in the Sustainable Development Goals (SDGs) (United Nations
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General Assembly, 2015), highlighting the urgent need for global action

to address this pressing environmental challenge.

In addition, a study found that reducing plastic waste by 50% in

the ten rivers that contribute the most plastic waste to the ocean

could reduce global plastic pollution by 45% (Schmidt et al., 2017).

The study highlights the importance of addressing the sources of

plastic waste on land in order to reduce the amount of plastic that

enters the ocean. Other efforts include the implementation of

regulations and policies to reduce plastic waste, such as plastic

bag bans and extended producer responsibility. A study conducted

by CalRecycle, the agency responsible for enforcing waste

management laws in California, found that in the six months

following the implementation of a plastic bag ban, in 86 percent

of transactions, customers brought their own bags and didn’t

purchase a paper or reusable bag. As a result, there was an 85

percent reduction in the number of plastic bags and a 61 percent

reduction in the number of paper bags provided to customers

(CalRecycle, 2013). However, the effectiveness of these measures

may vary depending on the context and implementation.

Research and innovation are being carried out to develop new

technologies that can help reduce plastic waste and clean up the

oceans. For example, the Ocean Cleanup, a nonprofit organization,

has developed a system to collect plastic waste from the oceans using

a floating barrier and conveyor belt (https://theoceancleanup.com/;

Eriksen et al., 2014). Another innovative solution is biodegradable

plastic, which can break down naturally in the environment, reducing
FIGURE 9

Ocean plastic pollution control strategies. The diagram outlines multi-tiered approaches ranging from prevention and consumption to recycling
treatment and restoration. Strategies include but are not limited to utilizing alternatives to plastic, enhancing consumer awareness, improving
recycling facilities, and executing ocean cleanups.
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the amount of plastic waste that ends up in the oceans (Shen et al.,

2020). In addition to technological innovations, education and

awareness campaigns are essential in reducing plastic waste and

preventing pollution. One study found that increasing environmental

awareness and education can reduce the amount of plastic waste

generated by individuals (Liu et al., 2023). Governments and

organizations can also implement policies and regulations to reduce

plastic production and promote sustainable alternatives, such as

banning single-use plastics or implementing extended producer

responsibility programs (Knoblauch and Mederake, 2021).

Innovative technologies are being proposed as a means to tackle

the issue of plastic waste in the ocean. These include the use of

artificial intelligence (AI) for monitoring and robotic technologies

for waste removal (Figure 10). We proposed several mitigation

measures with application of the AI tool, which includes (i) plastic

sorting and recycling, (ii) plastic detection, (iii) supply chain

optimization, (iv) predictive models, (v) bioplastics R&D, and (vi)

public education and engagement. It is worthwhile to invest the AI

tool to improve the efficiency of plastic sorting and recycling.

An example of such innovative strategy includes deploying

unmanned surface vehicles fitted with cameras and sensors, designed

to detect and extract plastic waste from marine environments (Yuan

et al., 2023). Other technologies, such as booms and barriers, can also

be used to capture plastic waste in rivers and other waterways before it

enters the ocean (Schmidt et al., 2017).

Community engagement and awareness-raising campaigns are

also important strategies for mitigating marine plastics. The

involvement of local communities in beach clean-ups and

recycling programs can help reduce the amount of plastic waste

that enters the ocean (Callos, 2019). Educational programs and

campaigns can also help raise awareness about the impact of marine

plastics on the environment and encourage individuals to reduce
Frontiers in Marine Science 10
their plastic consumption and properly dispose of plastic waste (Liu

et al., 2023).

In summary, there are a variety of control measure strategies

available to mitigate marine plastics, including reducing plastic

waste at its source, developing sustainable alternatives to plastic,

using innovative technologies to remove plastic waste from the

ocean, and engaging communities through education and

awareness-raising campaigns. However, a multi-faceted approach

is needed to effectively address this global problem, and continued

research and development in this area is necessary.
4.5 Urgent action for reducing plastic

Urgent action is needed to reduce plastic waste and prevent

further damage to marine ecosystems and human health. The issue

of plastic pollution has gained global attention in recent years,

leading to increased awareness and efforts to address the problem.

Reducing plastic waste requires a combination of strategies,

including reducing plastic production, improving waste

management systems, and promoting the use of sustainable

alternatives to plastic (Geyer et al., 2017).

Governments and industry play a crucial role in reducing plastic

waste. Many countries have implemented policies to ban or reduce

the use of single-use plastics, such as plastic bags and straws. For

example, in 2019, the European Union implemented a ban on

single-use plastics, including straws, cutlery, and cotton buds

(Commission, E, 2019). Similarly, many companies have made

commitments to reduce their plastic waste, such as using more

recycled materials and designing products for reusability.

Individuals can also make a difference in reducing plastic waste.

Simple actions, such as using a reusable water bottle, bringing a
FIGURE 10

Potential applications of artificial intelligence (AI) for plastic waste mitigation. The diagram covers key areas such as plastic sorting and recycling,
plastic detection, supply chain optimization, predictive modeling, bioplastics research & development, and public education & engagement. It
showcases how AI and related technologies can enhance efficiency, track waste, and promote sustainable alternatives.
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reusable bag to the grocery store, and avoiding single-use plastics,

can have a significant impact on reducing plastic waste. Education

and awareness campaigns can also help to encourage individuals to

adopt more sustainable practices.

Bans on single-use plastics have been implemented in many

countries and cities worldwide, and they have shown to be effective

in reducing plastic waste. A study conducted in San Francisco found

that the ban on plastic bags reduced the usage of plastic bags by 72%

(Hoornweg et al., 2013). Product redesign is another strategy that

can reduce plastic waste. For example, Coca-Cola has introduced a

plant-based bottle made from sugarcane that can reduce the

company’s reliance on fossil fuel-based plastics (Coca-Cola,

2019). Recycling programs are also effective in reducing plastic

waste. In Australia, the National Recycling Scheme has led to the

collection and recycling of 2.7 million tonnes of plastic waste

(National Plastics Plan, 2021).

In addition to these strategies, public awareness and education

are crucial to reduce plastic pollution. Technological advancements

in plastic recycling and biodegradable plastics can also help reduce

plastic pollution. For instance, researchers have developed a

biodegradable plastic made from cellulose and chitin that can be

used in food packaging (Yu et al., 2020). These strategies and

technologies have the potential to significantly reduce plastic waste

and mitigate the negative impacts of plastic pollution on the

environment and human health.

In conclusion, urgent action is needed to reduce plastic waste

and prevent further damage to marine ecosystems and human

health. This requires a global effort, with governments, industry,

and individuals all playing a role in reducing plastic waste and

promoting sustainable alternatives.
5 Conclusions

Our results highlight the urgent need for global action to reduce

plastic waste and prevent further harm to our oceans. The high

levels of plastic production and emissions, particularly from Asia,

emphasize the importance of international cooperation to address

this issue. Efforts to reduce plastic waste should focus on improving

waste management and recycling systems, as well as encouraging

the development of alternative materials to replace single-use

plastics. The role of rivers as major contributors to plastic

pollution underscores the need for riverine plastic management

initiatives. Finally, the presence of microplastics in the surface ocean

and plastic particles across the world surface ocean highlights the

need for further research to understand the long-term impacts of

plastic pollution on marine ecosystems and human health. We also

provided several potential applications of A.I. technology in

effective mitigation of plastic pollution in a global level.
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