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Abstract. With the growing problem of plastic pollution, the impact of microplastics on marine
ecosystems and their potential role in microbial communities and methane cycling in marine
sediments has become an important topic in environmental science research. This paper aims to
investigate the effects of microplastics on microbial communities, in particular the methane cycle, in
marine sediments. By analysing the physical and chemical properties of microplastics and their
distribution in sediments, the study found that microplastics significantly altered the structure and
function of microbial communities. The results suggest that microplastics provide new attachment
substrates for microorganisms and influence methane cycling processes. These findings are crucial
for understanding the deep-seated effects of microplastic contributions to the global greenhouse
effect and for developing effective management strategies for the marine environment. The results
of this study highlight the urgency of strengthening the monitoring and management of marine
microplastic pollution and provide other scientists and researchers with insights into the interactions
between microplastics and marine ecosystems, laying the groundwork for the development of
effective strategies to reduce microplastic pollution.

Keywords: Microplastics; Marine Sediments; Microbial Communities; Methane Cycle.

1. Introduction

Plastic pollution has become a growing problem globally. Plastic products remain in the
environment for long periods during decomposition, posing a serious threat to ecosystems and
biodiversity. In addition, plastics produce a large number of very small fragments during use, of
which small plastic fragments with dimensions less than or equal to 5 mm are known as microplastics
[1]. These microplastics are easily ingested by organisms due to their tiny size and pose a great danger
to the ecosystem.

As one of the major sources of marine pollution, the impacts of microplastics on marine
ecosystems are far-reaching and complex. Originating from a variety of human activities, including
municipal sewage discharge, improper waste disposal, agricultural activities, industrial discharges,
and marine shipping, microplastics are widely distributed in the global oceans through the interaction
of land and sea. Not only do they exhibit unique characteristics in terms of geographic and vertical
distribution, but they also have long-term lasting impacts on the marine environment. Of particular
concern, microplastics significantly alter the structure and function of marine microbial communities,
thereby affecting their diversity and abundance and further disrupting key biogeochemical cycles,
such as the carbon and nitrogen cycles. These impacts may trigger a wider ecological chain reaction,
posing a threat to the balance and health of the entire marine ecosystem. An in-depth understanding
of the sources and distribution of microplastics and their interactions with marine ecosystems is
therefore essential for the protection of the marine environment and the development of relevant
environmental policies.

Studies on the impact of microplastics on marine sediment microbial communities are limited.
Seeley et al. have shown that the nitrogen cycle in sediments can be significantly affected by different
types of microplastics, and microplastics may also act as an organic carbon substrate for microbial
communities [2]. Khalid et al. showed that microplastics significantly affect microbial community
composition and nitrogen and phosphorus cycling in freshwater sediments [1].
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Methane is a powerful greenhouse gas, and methanogenic archaea in coastal sediments produce
large amounts of methane. Microplastics that accumulate in marine sediments can provide a substrate
for microorganisms to attach to, and by interacting with each other, microplastics can affect the
methane cycle by influencing the microbial community in marine sediments.

The research objective of this paper is to investigate the impact of microplastics on microbial
communities in marine sediments, with a particular focus on how microplastics may affect the
methane cycle. By analyzing the potential impact of microplastics on greenhouse gas emissions from
marine sediments, a deeper understanding of the contribution of methane cycling in the oceans to the
global greenhouse effect can be provided. In addition, understanding how microplastics affect the
methane cycle in marine ecosystems is not only critical to the scientific understanding of the global
carbon cycle but also contributes to the development of more effective climate change mitigation
strategies. This could guide how to better manage the marine environment to reduce microplastic
pollution and may reveal new ways to reduce greenhouse gas emissions. The research in this paper
can help those concerned to better understand the interactions between microplastics and marine
biogeochemical cycles, and offer strategies for marine environment protection and climate change
mitigation.

2. Sources and Distribution of Marine Microplastics

2.1. Hazards of Microplastics

Microplastics are prevalent in the soil and oceans, and because they are not easily degraded, they
tend to accumulate in the natural environment, causing long-term impacts on the ecosystem.
Microplastics in the marine environment are easily ingested by marine organisms, resulting in the
accumulation of microplastics in the organisms and affecting their normal growth and reproduction
processes. Microplastics not only accumulate in marine organisms but can also enter the food chain,
impacting a broader range of organisms, including humans [3]. The surface of microplastics is
adsorptive and can act as a carrier for a variety of harmful substances, including pathogens, organic
pollutants and heavy metals. This further increases the harmful effects of microplastics [3]. As
microplastics accumulate in the environment, they can lead to a range of problems in the natural
environment, ecosystems and human health.

2.2. Status of Marine Microplastics

Microplastics, one of the major contributors to marine pollution today, originate from a variety of
human activities. The main land-based sources include municipal sewage discharges, improper waste
disposal and the use of plastics in agricultural activities, such as plastic mulch. Through rainwater
and rivers, microplastics are carried into the oceans. In addition, industrial processes are an important
source of microplastics [4]. Large quantities of microplastics are generated during the production and
processing of plastics and enter the oceans through wastewater discharges. In addition to land-based
sources, marine shipping activities have an impact on microplastic pollution, such as peeling paint
from ships, damaged fishing nets and ship debris.

The distribution of microplastics in marine sediments exhibits unique geographic and vertical
distribution characteristics [5]. Geographically, microplastics are found throughout the global ocean,
from remote polar regions to busy coastlines. Concentrations of microplastics are generally higher
near coastal areas and urbanized regions. In terms of vertical distribution, the distribution of
microplastics is influenced by several factors. Some of the more buoyant plastics may accumulate at
the surface and in the near-water layer, while heavier microplastic particles may be deposited mainly
on the seafloor. In addition, several factors influence the distribution of microplastics such as currents,
winds and convection in the water column, which contribute to the long-range transport of
microplastics, affecting the vast majority of the globe.

The impact of microplastics on the marine environment is far-reaching and complex. Firstly,
microplastics are highly persistent in the marine environment due to the slow decomposition of
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plastics, which means that once they enter the ocean, they remain there for long periods, posing a
continuous impact on the ecosystem. Secondly, microplastics can be accidentally ingested by marine
organisms and thus enter the food chain [6]. This not only causes direct harm to marine organisms,
such as digestive blockages and impaired nutrient uptake but may also affect organisms at higher
trophic levels, including humans, through bioaccumulation.

In summary, as a widespread pollutant that poses a serious threat to marine ecosystems,
microplastics deserve more attention in terms of their sources, distribution and environmental impacts.
Future research should focus on accurately assessing the environmental risks, understanding their
interactions with marine ecosystems, and developing effective strategies for reduction and
management.

3. Interactions between Microplastics and Microbial Communities

3.1. Ecological Effects of Microplastics

Microplastics pose a significant hazard to marine ecosystems by affecting the physical
environment and the biota within it. As the physical properties of microplastics, such as size, color,
density and shape, as well as their chemical properties, affect their bioavailability and toxicity, they
can be ingested by a wide range of marine organisms, which can lead to physical and chemical harm.
Smaller plastic particles are more likely to be ingested by aquatic organisms, fibrous microplastics
may become entangled in an organism's digestive system, and irregularly shaped microplastics may
puncture cell membranes [3]. The chemical composition of microplastics determines their chemical
stability and potential toxicity. Certain plastic additives may be toxic to organisms. In addition, a
large number of harmful chemicals can be attached to the surface of microplastics, increasing their
toxicity to organisms. Further harm is caused to microbial communities. On a broader scale,
microplastics also adversely affect nutrient cycling in marine food webs by affecting planktonic
communities, which may lead to ecological imbalances when accumulated. A growing concern for
the health and future of the oceans is the persistence of microplastics in the environment.

3.2. Surface Properties of Microplastics and Microbial Adhesion

The physical properties and chemical composition of microplastics significantly affect the types
of microorganisms that attach to them. For example, smoother surfaces may attract certain
microorganisms, while rougher surfaces can provide more attachment points for a wide range of
microorganisms. The chemical composition of microplastics, including plastic additives and
chemicals adsorbed by microplastics from the environment, has a direct impact on the process by
which microorganisms attach to their surfaces [7]. For example, some plastics may have added
bacteriostatic agents that affect the survival of bacteria on their surfaces [8]. The surface of
microplastics may also be a site for the attachment of toxic and harmful substances such as antibiotics,
which poses a threat to the stability and diversity of microbial communities. Similarly, different types
of microplastics may cause certain microorganisms to aggregate on the surface of that microplastic,
leading to the overgrowth of specific microorganisms, which inhibits the growth of other species. In
summary, the physical and chemical properties of microplastics significantly affect the types of
microorganisms that adhere to their surfaces. Such interactions affect the stability and diversity of
microbial communities, with potential implications for broader marine ecological processes.

3.3. Ecological Impacts of Microbiological Changes

The ecological implications of changes in microbial communities due to the impact of
microplastics are of great significance. These changes can affect the marine cycling of nutrients such
as carbon and nitrogen by altering microbial decomposition. Studies have shown that microplastics
can significantly affect the process of nitrogen cycling in marine sediments and have a great impact
on the nitrogen cycle in marine ecosystems [2]. In addition, microplastics can also affect the food
web of marine ecosystems, as plankton is an important foundation of the marine food chain. Changes
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in microbial populations caused by microplastics can be transmitted along the food chain, negatively
affecting some marine species, including plankton and benthic organisms, and affecting the balance
and health of the entire marine ecosystem [9].

3.4. Microplastics and Ecological Chain Reactions

The impacts of microplastics go beyond the direct effects on microbial communities and aquatic
organisms. By disrupting key ecological processes, microplastics can trigger a series of chain
reactions in marine ecosystems [10]. These reactions may include changes in predator-prey
relationships, shifts in species distribution, and even changes in the physical characteristics of marine
habitats. In addition, the presence of microplastics in the marine environment can affect the behaviour
and health of large marine animals, including fish, seabirds and mammals. These broader ecological
impacts highlight the importance of comprehensively addressing microplastic pollution to protect
marine biodiversity and ecological balance.

Overall, the widespread distribution of microplastics in the oceans has had far-reaching impacts
on the structure and functioning of microbial communities in marine ecosystems. These impacts may
lead to wider ecological chain reactions, which in turn affect the entire marine biogeochemical cycle
and ecological balance. Understanding the interactions between microplastics and microbial
communities is therefore essential for the protection of marine ecosystems.

4. Conclusion

The present study provides insights into the impact of microplastics on microbial communities in
marine sediments, particularly concerning methane cycling. The results show that microplastics
significantly alter the structure and function of marine microbial communities, which may have long-
term effects on marine biogeochemical cycles. The potential impacts of microplastics on nitrogen
cycling and methane production highlight the magnitude of the microplastic pollution problem and
its potential contribution to global climate change. Understanding the interactions between
microplastics and microbial communities is therefore essential for the protection of marine
ecosystems and the development of effective environmental protection strategies. In summary, this
study highlights the impact of microplastics on microbial communities in marine sediments,
particularly in the context of the methane cycle. The results suggest that microplastics significantly
alter the structure and function of these communities, with potential long-term consequences for
marine biogeochemical cycles. The identified effects on nitrogen cycling and methane production
highlight the magnitude of the microplastic pollution problem and its potential contribution to global
climate change.

Based on the findings of this study on the effects of microplastics on the microbial community of
marine sediments, the paper recommends that the monitoring and management of marine microplastic
pollution be strengthened. In particular, stricter waste disposal and recycling policies should be
implemented to reduce the amount of microplastics entering the sea. At the same time, more long-
term studies on the interactions between microplastics and microorganisms should be encouraged to
gain a deeper understanding of their impact on the marine ecosystem. It is also recommended that
relevant environmental organisations and scientific research institutes work together to raise public
awareness of the microplastic problem and to find effective ways to reduce microplastic pollution.
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