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Abstract

Microplastics (MPs) are emerging pollutants in environmental media that scholars worldwide 
have been widely concerned about. MPs in terrestrial ecosystems are transported through runoff to 
other freshwater systems and oceans and are widely distributed in water bodies and sediments. Owing 
to limitations in detection technology, complexities in sampling, and high research costs, research 
on MPs in sediments is relatively scarce, with existing research mainly focusing on the occurrence 
characteristics of MPs in water bodies. There is a need to assess the contamination levels of MPs in 
sediments and their potential impacts on benthic organisms and ecosystems by studying microplastics 
in sediments, investigating the mechanisms of migration and transformation of microplastics in 
sediments, and supporting the development of effective strategies for pollution prevention and control. 
On this basis, the present article deeply reviews the research progress on the sources, occurrence 
characteristics, and ecological effects of MPs in sediments, analyzes the impacts of MPs in different 
sedimentary environments, summarizes issues that need to be addressed, and looks forward to 
future research directions, to provide a theoretical reference for subsequent pollution control and risk 
assessment of MPs in sediments.
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Introduction

As society rapidly develops, plastic products have 
become important components of our lives. According 
to incomplete statistics, approximately 4 trillion plastic 
bags are consumed globally each year, and approximately 
1 million disposable plastic cups are consumed per 
minute. Plastic food packaging or containers, such as 

bottles, lids, bags, foils, trays, sealing films, cups, etc., 
are designed to store various types of food, beverages, 
and mineral water. According to the annual production 
of plastic food containers (including plastic cups, plastic 
bags, bottles, etc.), this type of plastic can release 
approximately 188 tons of microplastics for human 
consumption or cause environmental problems. The 
range of microplastic particles ingested by humans 
through air and regular food is 203 to 332 per person per 
day [1-3]. Plastic products have not only brought plenty 
of conveniences to our lives but also posed a serious 
threat to our environment and ecological security. *e-mail: zhangzm@gzu.edu.cn 
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Nevertheless, the subsequent rapid development of 
society is expected to lead to a continuous increase in the 
frequency of plastic product consumption in production 
and daily life. Thus, the threat to the environment 
caused by massive quantities of plastic waste entering 
sediments will continue to be intensified. 

In 2004, Thompson et al. first defined “microplastics” 
(MPs) as a general term used to describe thin films, 
particles, or plastic fibers < 5 mm in diameter formed 
by the accumulation of MP fragments found in marine 
sediments and waters [4]. In subsequent research, many 
scholars have defined the five main characteristics 
included in the definition of MPs as 1) synthetic 
materials with high polymer content, 2) solid particles, 
3) less than 5 mm, 4) insoluble in water, and 5) non-
degradable. The main sources of MPs include primary 
MPs, such as artificial fibers, and secondary MPs 
generated by crushing plastic wastes [5]. Due to its long 
half-life of hundreds of years, stable chemical properties, 
and resistance to biodegradation, photodegradation, 
or thermal degradation, MP pollution has become 
one of the important environmental problems, and the 
treatment of MP pollution is urgent.

A considerable number of studies have shown that 
MPs can harm organisms to varying degrees after 
entering the environment. MPs not only indirectly affect 
gene expression in plants that may cause abnormal 
nutrient synthesis, thereby influencing their normal 
growth, but also affect the material cycle, biodiversity, 
and functional diversity of sediments by altering their 
physicochemical properties and microbial biomass [6]. 
In addition, MPs can also enter the human body through 
the intake of drinking water in aquatic environments 
and through skin contact. Microplastics frequently 
occur in both freshwater and drinking water, with 
concentrations spanning ten orders of magnitude across 
various water types and samples. Studies indicate that 
plastic bottle packaging can release microplastics, and 
the extent of exposure is directly linked to factors such 
as direct contact between drinking water and air, as well 
as the degree of bottle shaking before consumption. 
Additionally, repeatedly opening and closing bottle caps 
can significantly elevate the microplastic content within 
bottled water. Nanoplastics are believed to be prevalent 
in drinking water, possessing heightened toxicity and 
enhanced absorption capacity, and can even traverse 
cell membranes, inflicting irreversible harm to the 
human body [7, 8]. It has been demonstrated that toxic 
substances that mothers come into contact with during 
pregnancy or have accumulated in their bodies a few 
years ago can be transmitted to their offspring during 
pregnancy and lactation [9]. Transplacental exposure to 
MPs may have adverse effects on the fetus, potentially 
leading to issues such as intrauterine growth retardation, 
as well as increased risk of maternal gestational 
hypertension and adverse pregnancy outcomes [10]. 
Consequently, conducting in-depth research on the 
sources, occurrence characteristics, and migration 
pathways of MPs in water bodies and sediments is 

significant for controlling MP accumulation and release 
in sediments.

At that time, MPs were first detected in oceans 
and marine organisms, so there was a long period 
during which MP research only focused on the marine 
environment [11]. The increasing severity of plastic 
waste pollution results in MP pollution that is detectable 
in various natural systems under the effects of fluvial, 
groundwater, glacial, atmospheric, lacustrine, swamp, 
and marine deposits. The research on MP pollution in 
China started relatively late compared with foreign 
research. Nowadays, the research on MP abundance 
in marine water bodies is relatively comprehensive, 
covering almost all marine regions around the world, 
and there are also many studies on MPs in marine 
sediments [12]. Sediments can serve as a reservoir and 
main destination for water pollutants, with a dual effect 
of source and sink [13]. 

In this review, we discuss recent research findings 
on microplastics’ occurrence, accumulation, and 
ecological toxicity in aquatic ecosystems. We begin by 
providing estimates of the abundance of microplastics. 
Conducting in-depth research on MPs in sedimentary 
environments can help ensure healthy economic and 
ecological development, reduce the impacts of MPs 
on the environment and ecosystems, and formulate 
relevant policies to protect public health. We begin by 
providing estimates of the abundance of microplastics 
in China’s aquatic environments. We then review 
existing studies on the accumulation of microplastics in 
aquatic organisms and the potential ecological risks of 
microplastics in aquatic ecosystems, including combined 
effects with chemical pollutants. This article provides an 
in-depth summary of the pollution characteristics and 
ecological effects of MPs in sediments. It explores their 
future research directions to provide a reference for the 
ecological risk assessment and management of MPs in 
sediments.

Results and Discussion

Sources and Occurrence Characteristics 
of MPs in Sediments

When microorganisms accumulate at the water 
system boundary, they proliferate, differentiate, secrete 
polysaccharide matrices, and encapsulate the bacterial 
communities into biofilms. Biofilms primarily adhere 
to other particles via physicochemical mechanisms, 
including electrostatic and hydrophobic interactions. 
As adhesion progresses, the mass of the resulting 
complexes gradually increases. Once the mass reaches 
a critical threshold, gravitational forces surpass the 
fluid’s buoyancy and drag. Subsequently, the complex 
starts to settle at a discernible speed. During the settling 
phase, fluid drag influences the speed; however, due 
to its substantial mass, the complex overcomes the 
drag, continues to descend, and ultimately settles to 
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the bottom, completing the settling process. Rivers, 
oceans, and lakes all accumulate sediments, and the 
sedimentation rate depends on their size, volume, 
density, and shape. Sediments are an important 
destination for MPs in the environment.

Pollution Characteristics of MPs in Marine Sediments

A report by the United Nations Environment 
Program (UNEP) points out that plastic particles have 
been detected in submarine sediments at a depth of 
5,000 m. Although plastic has only been widely used for 
a few decades, it has been distributed in deep oceanic 
regions with almost no human interference [14]. During 
the transfer from seawater to sediments, MPs are more 
concentrated in regions with weaker hydrodynamic 
effects, such as ports and lakes. MPs in sediments are 
resuspended under the action of bottom currents, and 
their resuspension and migration are particularly active 
during typhoon seasons and internal waves in bottom 
currents. As time goes by, MPs in sediments present a 
net input, and their content is in line with the increasing 
trend of global plastic production. The degree of 
pollution in marine sediments also increases with global 
plastic production [15].

Various pollutants carried by MPs can also migrate 
to submarine sediments, such as additives, persistent 
organic pollutants, and other environmental pollutants 
that cause endocrine disorders, thereby affecting the 
growth of marine benthos and threatening the security of 
marine ecosystems. A close relationship exists between 
seawater and surface sediments, in which MPs may 
undergo resuspension after being disturbed by seawater 
and then re-enter deep water bodies for migration and 
transformation. MPs experience complex migration and 
differentiation from surface water bodies to submarine 
sediments [16]. MP enrichment in submarine sediments 
can also reduce the thermal diffusion performance 
of sediments, affecting the spawning trend of some 

organisms and posing a threat to coral ecosystems. In 
addition, MPs are a breeding ground for microbial 
survival and reproduction that accumulates chemical 
toxins and migrates in oceans carrying microbes and 
pathogens, thus affecting the global distribution of 
pollution and posing a huge threat to marine ecosystems. 
Moreover, marine organisms may experience a pseudo-
sensation of satiety after MP intake, which changes 
their food preferences and then leads to slowed or even 
arrested growth. They accumulate layer by layer in the 
marine food chain and eventually accumulate in the 
human body through marine aquatic products. MPs 
negatively impact spawning, spermatic motility, larvae, 
and larval numbers of marine organisms, inhibiting 
their reproduction [17].

In recent years, scholars have studied the abundance, 
particle size, and types of MPs in sediments from 
China’s nearshore and some estuaries, and the results 
are shown in Table 1. The average abundance of MPs in 
sediments from the Bohai Sea, Yellow Sea, and South 
China Sea regions reached 103-163/kg, 72-124/kg, and 
241-453/m2, respectively [18]. As important estuaries, 
the Yangtze River and Pearl River have rapid economic 
development along the coasts and high population 
density, showing higher levels of MP pollution. 
Additionally, the Yangtze River and Pearl River regions 
have a long history of fishery, and the abrasion and 
weathering of fishery products such as fishing lines and 
nets are considered the main sources of fibrous MPs in 
water bodies [19]. MPs with higher density than water 
in nearshore waters, such as polyvinyl chloride and 
polyamide (PA), continuously accumulate in substrate 
sludge, increasing MP abundance in sediments. In other 
words, microplastics in aquatic environments originate 
from a wider range of sources than microplastics in 
agricultural soil. Microplastics in aquatic environments 
migrate extensively over long distances with water 
flow and are greatly affected by hydrodynamic factors. 
Meanwhile, they are more easily ingested by aquatic 

Study area
Abundance of 

microplastics in 
sediment

Particle size/mm Main types Source

the Bohai Sea 102.9~163.3 items/kg / PEVA, PE [20]

the Huanghai Sea 72~123.6 items/kg 0.78~0.92 R, PE [21]

the Nanhai Sea 241~453 items/m2 1~5 PP, PE [22]

The estuary of the 
Yangtze River 20~340 items/kg 0.05~4.97 R, PET [23]

The Pearl River estuary 80~9597 items/kg 0.02~1 PE, PP [24]

Guangdong Coastal 
Area 6838 items/m2 <10 mm PS [25]

The estuary of the Three 
Gorges Reservoir Area 25~300 items/kg <1 mm PE, PP [26]

Jiulong River estuary 181 items/kg / PE, RA [27]

Table 1. Abundance, particle size, and types of microplastics in the nearshore environment of China and sediments from some estuaries.
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organisms, accumulating and transmitting in the food 
chain.

Pollution Characteristics of MPs in 
Sediments of Inland Rivers and Lakes

Inland lakes, as relatively enclosed natural water 
pools, can store rainfall, surface runoff, and groundwater. 
Plastic waste generated in the lake catchment area 
can be transported to the lakes and accumulated, and 
MP concentrations in their sediments are between 10-
1,600/kg. The investigation has revealed that MPs in 
lacustrine sediments correlate with fishing activities, 
clothes washing on the shore by nearby residents, and 
atmospheric fiber deposition [28].

Rivers are an important pathway for transporting 
MPs from lands to oceans. A relevant study has shown 
that 1.15-2.41 million tons of MPs are transported into 
oceans through rivers each year [14]. MPs in rivers 
come from human fishing activities, industrial pollutant 
emissions, and plastic waste dumping from cities along 
the reaches. Research has found that MP pollution is 
often more serious in densely populated areas, which 
strongly indicates that human activities are the main 
source of marine MPs. In river systems, MP transport 
depends on water flow, and rivers with higher flow 
rates can transport large amounts of particles. MPs are 
more likely to settle and be buried together with sinking 
sediment particles in the middle and lower reaches of 
rivers with slow flow. In recent years, scholars have 
conducted surveys on the abundance and characteristics 
of MPs in the sediments of inland lakes in China, and 
the results are listed in Table 2. The existence of MPs 
has also been identified in sediments of lakes on the 
remote Tibet Plateau and Qinghai Lake, China, and 

the massive accumulation and degradation of MPs 
in enclosed environments will lead to a continuous 
increase in their concentration [29]. The average MP 
abundance in sediments in Qinghai Lake, Poyang 
Lake, and Dongting Lake in China reaches 67-1,292/
m2, 54-506/kg, and 200-1,566/kg, respectively [30]. 
Overall, microplastic pollution in inland river and lake 
sediments is mainly caused by human activities. And its 
concentration is higher in densely populated areas and 
enclosed environments, including Qinghai Lake, Poyang 
Lake, etc.

Occurrence Characteristics of MPs in Sediments

In sediments, fibrous MPs account for a high 
proportion, and smaller MPs are more likely to deposit 
on the seabed than with plastic fragments. Similar to 
MPs in water bodies, it is estimated that there are 93,000 
to 236,000 tons of MP particles suspended in seawater 
worldwide, accounting for only 1.2-3.0% of the plastic 
waste that enters oceans from land within a year [31]. 
Therefore, most MPs may have sunk into submarine 
sediments. There are also pores and cracks on the 
surface of MP fragments and fibers in sediments, with 
particles present and unevenly distributed. MPs with the 
highest density in sediments have been found to contain 
polyvinyl chloride. In sediments and water bodies at 
different depths, the maximum density of fragmented 
MPs increases as the depth deepens, indicating that the 
density of MPs also affects their settlement [41]. Plastic 
polymers with a density higher than seawater (density: 
1.02 g/cm3) will sink automatically, such as PA (density: 
1.13 g/cm3), whereas low-density MPs will eventually 
sink due to biofilm formation, such as polyethylene (PE, 
density: 0.91 g/cm3). Once entering the seabed, MPs 

Study area Abundance of 
microplastics Shape Size Chemical 

composition Source

Qinghai Lake 67~1292 items/m2 Fragments and 
fibers>85% 100–500 μm>50% >50% PE [31]

Poyang Lake 54~506 items/kg 44% fiber 57.1% < 0.5 μm 37% PP+ 30% PE [32]

Tai Lake 11~235 items/kg 48-84% fiber >65% 100–1000 μm Glass paper 
dominates [33]

Dongting Lake 200~1566 items/kg 12-77.4% fiber <0.5 μm 50% PET [34]

Xizang Plateau Lakes 4~1219 items/m2 >80% fragments 1000~5000 μm PP+PE>90% [35]

Lakes in the Inner 
Mongolian Plateau 25~400 items/kg 67.73% fiber 1000~5000 μm PP dominates [36]

Yushan Lake 110~130 items/kg 52.9% fiber  250~500 μm PS, PP, ect [37]

Jinshan lake 1112~1386 items/kg 57.3%~70.5% fiber <1mm dominates PE and PET 
dominate the market [38]

aha lake 648 items/kg Mainly fibers and 
fragments

78.45%
<1000 μm

Staining agents 
dominate [39]

Kekexilitrash Lake 5.74~208.42 items/
m2 79.49% fiber <1mm dominates 51.28, PET [40]

Table 2. Abundance and characteristics of microplastics in sediments of inland lakes in China.
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will be buried in deeper sediments due to the biological 
disturbance from marine benthos.

In terms of the spatial distribution of MPs of 
different shapes in lacustrine sediments, thin film-
shaped and fibrous MPs are distributed widely, while 
fragmented and blocky MPs have lower abundance and 
show a decreasing trend in sediments. Thin film-shaped 
MPs are generally characterized by lightweight, thin 
thickness, and large surface area, and they are more 
prone to drifting with water flow in lakes. After a long 
period of physical friction and degradation, MP surfaces 
gradually become rough and adsorb more high-density 
impurities in water bodies, increasing the overall density 
and mass of the polymers. As a result, settlement is 
more likely to occur during migration. In addition, the 
frequent use of fibrous plastics in the fishery industry 
and their own shapes that are prone to migration may 
be important reasons for the widespread distribution of 
fibrous MPs in lakes. We think that the microplastics 
in sediments are mainly fibrous. In addition, their 
distribution and deposition depth are affected by many 
factors, such as plastic density, bioturbation, and 
physical abrasion.

Migration and Interaction of MPs in Sediments

Migration of MPs in Sediments

It has been shown that MPs can freely shuttle and 
migrate across various media. Their main migration 
processes in the ecological environment are as follows: 
primary MPs first enter water bodies and eventually 

deposit in sediments, whereas secondary MPs first 
reach the atmosphere, then deposit in soil (Fig. 1), 
and then eventually settle in sediments as water flows 
and migrates. Although MP’s sources and migration 
processes in sediments are complex and elusive, their 
fate has been clearly pointed out [42]. The majority 
of MPs in inland rivers and lake sediments mainly 
come from the transfer and aging of plastics in waters 
of terrestrial ecosystems, as well as their deposition 
in the atmosphere. Although land is the most direct 
and extensive area for human activities, sediments of 
terrestrial rivers and lakes often sink MPs in terrestrial 
ecosystems.

There are two main pathways for the migration and 
fate of MPs in marine sediments: (1) MPs with a density 
higher than seawater continuously sink under gravity 
and eventually deposit in marine sediments; (2) MPs 
with a density lower than seawater float on the water 
surface and eventually migrate to the coastline under 
the action of waves, or eventually sink to the seabed due 
to an increase in density to higher than seawater density 
caused by biological pollution. Therefore, marine 
sediments are highly likely to accumulate MPs. The MP 
concentration in some sediments has been discovered to 
be very high, even reaching 3.3% of the sediment mass. 
As a result, deep oceanic regions, straits, and shallow 
coastal regions have become gathering places for MPs 
(Fig. 2). In general, we agree with the theory that the 
distribution and migration of microplastics in sediments 
are mainly carried out through the media, such as 
water, soil, and atmosphere. Finally, microplastics are 

Fig. 1. Migration of microplastics in terrestrial sediments.



Shichun Wang, Zhenming Zhang6

deposited in inland and marine sediments, reaching 
significant concentrations in some areas.

Interactions between MPs and other 
Pollutants in Sediments

Nowadays, MPs exist in the environment in the form 
of polymers. During migration, MPs will bind to various 
pollutants to form composite pollutants with more stable 
properties and stronger toxicity, ultimately migrating to 
the ecosystem. MPs mainly migrate towards sediments 
in vertical (erosion, animal transport, etc.) and lateral 
(runoff) directions. MP migration in sediments promotes 
the migration of heavy metals, organic pollutants, and 
other substances. Subsequently, pollutants attached to 
MPs will also undergo new migration with changes in 
sediments. In addition, the size and density of MPs are 
similar to plankton, so they are likely to be captured 
by marine organisms. Therefore, MPs can enter 
high-trophic-level organisms from low-trophic-level 
organisms along the food chain, where toxic substances 
may be accumulated or enriched [43]. Due to their high 
surface area, toxic heavy metals often accumulate on 
fine-grained particles (such as microplastic particles). 
Microplastics are easily enriched in wastewater 
treatment plants, and biofilms are formed under the 
induction of their particles. As biofilms accumulate on 
the surface of plastics, microbial communities change, 
and harmful bacteria multiply in large numbers. 
The adsorption capacity of MPs for heavy metals is 
significantly improved after wastewater treatment. As a 
sink for microplastic pollution in wastewater treatment 
facilities, sewage sludge comprises a viscous matrix 
of organic materials, microorganisms, and inorganic 
particles bound together by biopolymers, which have a 
high affinity for most polymer surfaces. The presence 
of microplastics reduces the efficiency of wastewater 
sludge treatment, increases sludge volume, and becomes 
evidence of enhanced adsorption capacity, further 
increasing the combined toxicity [44, 45].

High hydrophobicity and large specific surface 
area of MPs enable multiple heavy metals and organic 
matter to adsorb on MP surfaces and transport and 
migrate in the aquatic environment. The adsorption 
process is mainly affected by physicochemical factors 
in the environment, such as total organic carbon 
(TOC), pH value, electrical conductivity (EC), particle 
size of sediment, etc. The material of MPs, chemical 
properties of pollutants, etc., also affect the adsorption 
process. The distribution of heavy metals and organic 
matter in sediments is closely related to geographical 
location, seasonal changes, human activities, biological 
disturbance, and the aquatic environment, as well as 
being influenced by sediment type, which may lead to 
significant spatial differences in heavy metal contents 
[46]. The bioavailability of heavy metals and organic 
pollutants in aquatic environments can also be altered 
by MPs, thereby affecting physiological processes and 
changes, such as protein synthesis, energy storage, and 
biotransformation. Therefore, in recent years, the co-
pollution of MPs and heavy metals and its biological 
effects have received widespread attention [47]. 
Previous studies have demonstrated that the ecological 
behaviors and ecotoxicological effects of heavy metals 
in sediments depend not only on their concentrations but 
also on their chemical forms. The migration capability, 
bioavailability, and potential ecological risks of heavy 
metals in sediments largely depend on their modes of 
occurrence. In addition to heavy metals, MPs can also 
adsorb polychlorinated biphenyls, polycyclic aromatic 
hydrocarbons, and some existing pharmaceutical 
preparations in the environment [48].

Influencing Factors for Migration of MPs in Sediments

MPs’ migration into sediments is influenced not only 
by particle motion in the sediments but also by plant 
roots and animal activity growth. The lateral migration 
of MPs is influenced by wind force, which can lead to 
their diffusion in sediments. Precipitation can affect 

Fig. 2. The main migration destinations of microplastics in marine environments.
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the vertical migration of MPs, helping them invade 
groundwater and migrate to the ocean. The growth 
of plant roots and animal activities simultaneously 
determine MPs’ lateral and vertical migration. While 
different types of organisms have varying effects on the 
migration capability of MPs, there are also significant 
differences in the migration capability of MPs of 
different types and particle sizes. The distribution 
results of MPs in the marine environment obtained 
through quantitative and modeling methods indicate 
that large-scale forces such as wind-driven surface flow 
and geostrophic circulation drive the diffusion of MPs 
in oceanic regions. It has been found that ecosystems 
such as oceans, lakes, and rivers are places where MPs 
are widely present, and multiple factors influence their 
migration in sediments. In addition, the ecological 
risk of MPs is mainly manifested as changing the 
physicochemical properties of sediments, thus causing a 
series of problems.

Moreover, experiments and field investigations 
have shown that wind driving can affect the spatial 
distribution of MPs at small spatial scales. The spatial 
distribution of MPs in aquatic environments results 
from the interactions between external forces driving 
large-scale forces and the characteristics of MPs (such 
as density, shape, and size) and their environments. 
Density is a key factor determining the transport of 
MPs. The density of commonly consumed plastic 
products is usually between 0.8-1.0 g/cm3, while the 
density of polymers such as polyvinyl chloride (PVC) 
and polyethylene terephthalate (PET) is higher than 
that of water. Therefore, the density of MP particles can 
roughly determine their stored space, distant oceans, 
or benthos. Low-density MP particles often occupy the 
surface of aquatic environments, while high-density 
MPs are more likely to appear in deep oceans and 
benthos. Furthermore, the adsorption of biofouling and 

other pollutants can affect the size and density of MPs, 
thereby affecting their distribution and diffusion (Fig. 3).

According to the characteristics of suspended 
sediments, the driving factors affecting the migration 
and diffusion of MPs from freshwater sediments are not 
only related to the characteristics of MPs themselves 
but also controlled by environmental factors such as 
water depth, flow velocity, and substrate type, as well as 
seasonal changes in bottom topography and water flow. 
In the Weihe River, the highest MP abundance was found 
in large-scale wetland parks with low flow velocity. The 
decrease in river flow velocity leads to easier deposition 
of MPs, which is the main reason for the high MP 
abundance in this region [49]. Storm and flood events 
also seem related to the abundance and distribution 
of MPs in sediments [50]. In the Attiya River, the 
abundance of MPs in sediments exhibits a significant 
seasonality, with the highest abundance at the end of the 
rainy season and the lowest abundance at the end of the 
dry season. Other physical factors may also impact time, 
such as tidal cycles at estuaries and dam flood discharge 
[51]. Generally, the overall deposition, retention, and 
transport of MPs are determined by various factors, 
including plant root growth, human behaviors (such as 
littering or recycling), particle characteristics (such as 
density, shape, and size), weather (such as wind, rainfall, 
and flooding), as well as environmental topography and 
hydrology, which increase the difficulty in predicting 
migration behavior [52].

Ecological Risks and Effects of MPs in Sediments

The plasticizers and other additives contained in 
MPs can be released into sediments and adsorb heavy 
metals and organic pollutants, resulting in more harmful 
combined pollution. At the same time, it changes the 
physicochemical properties and structures of sediments, 

Fig. 3. Factors influencing the migration of microplastics in sediments.
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which may affect their permeability and water 
permeability, reduce their organic matter content, and 
influence the growth, development, and reproduction of 
benthic organisms, as well as the community structure 
of microbes, thereby posing great risks and challenges to 
ecosystems such as oceans and lakes. Research has shown 
that the impact of MPs on sediments varies depending 
on their type, concentration, and environmental 
conditions. MPs can absorb harmful substances in 
sediments, altering the structure of sediment aggregates 
or directly changing the structure and physicochemical 
properties of sediments as a component of aggregates, 
which indirectly affects various sediment functions in 
other ways. In addition, microbes can quickly reside 
on MP surfaces and reproduce in large quantities to 
form biofilms, which can alter the physicochemical 
properties of MPs, thereby changing their migration and 
deposition in aquatic environments [53]. MPs, in turn, 
selectively adsorb microbes from other environmental 
media to form microbial communities and enter 
sediments, thereby enriching microbes to participate in 
the elemental cycling of sedimentary materials, which 
directly alters the biomass, community diversity, and 
ecological functions of benthic microbes. Moreover, it 
will also indirectly affect benthic microbes by altering 
the physicochemical properties of sediments, the gut 
microbiota of benthos, and the rhizosphere microbiota 
of plants. Meanwhile, microbes can also degrade MPs 
and determine their fate in sediments. Microplastics 
can enter groundwater systems through atmospheric 
deposition, agricultural activities, landfills, septic tanks, 
flow pathways, karst aquifers, and leachate from car 
tire particles. Over 1.5 billion people worldwide rely on 
groundwater for the drinking water supply. Drinking 
water can affect the digestive, endocrine, and immune 
systems and pose great harm to the human body [54].

After entering aquatic ecosystems, MPs are widely 
distributed in freshwater, seawater, and sediments due 
to their polymer configuration, particle size, and density 
differences, affecting organisms with different habitats 
or trophic levels. MP’s particle shape and color are 
similar to aquatic organisms’ food, so they may eaten 
by mistake. Once MPs enter aquatic organisms, their 
feeding, growth, and development will be affected by MP 
accumulation in the digestive system. Ingested MPs can 
accumulate in the digestive tracts of aquatic organisms 
and even obstruct their digestive tracts, leading to 
false satiety and reduced eating speed. In addition, 
MPs may disturb biological reproduction, resulting in 
a decline in the quantity or quality of generative cells. 
For marine organisms undergoing in vitro fertilization, 
the quality of their gametes may be directly affected 
by MPs in waters [55]. Moreover, MPs can also cause 
a series of stress responses in marine organisms and 
disrupt their immune defense system by affecting 
the expression of relevant genes, thus disturbing the 
internal environmental stability of organisms. With the 
increasingly prominent environmental problems caused 
by MPs, our research on MPs should be more in-depth.

In the past decade, many field studies have confirmed 
the widespread presence of MPs in sedimentary 
environments. However, the current research on MP 
pollution in sedimentary environments faces many 
challenges, including inconsistency in MP sampling, 
separation, and identification methods, and a lack of 
reliable qualitative and quantitative indicators to study 
MPs in sedimentary environments. In addition, due 
to the limitations of MP identification technology, 
the data currently acquired only represent a portion 
of MPs in sedimentary environments. Finally, the 
morphology and composition of plastic fragments may 
change in sedimentary environments due to external 
forces and biological influences, leading to difficulty 
in simulating their ecological behaviors and estimating 
their actual abundance. Overall, because of the lack 
of data on small-sized MPs and nanoplastics (NPs) in 
environments, as well as indoor toxicology experiments 
based on “non-environmentally characteristic MPs”, 
it is difficult to accurately assess the potential risks of 
MPs in sediments. To achieve accurate qualitative and 
quantitative detection of MPs in environments, it is 
urgent to break through the bottleneck of traditional 
detection methods. Breaking through the monitoring 
of small-sized MPs and even NPs in sedimentary 
environments based on establishing reliable standard 
monitoring methods, unifying quantification units of 
concentration, and achieving preliminary estimation 
of MP/NP stocks in sedimentary environments all 
require further in-depth research by scholars [56-58]. 
In a word, microplastics cause significant ecological 
risks when ingested in aquatic ecosystems, affecting 
organisms’ digestive systems, reproductive capacity, 
and immune defenses. The ecological risk has not been 
fully estimated due to challenges such as inconsistent 
microplastic sampling methods and identification 
technology limitations.

Conclusions 

Sediments are the destination of MPs in aquatic 
environments. The migration behavior of MPs in 
sediments is closely related to their own properties, 
pollutant types, and the properties of sediments and 
aquatic environments, especially the ionic strength and 
pH of water bodies. In recent years, many scholars have 
conducted in-depth research on this topic. This article 
systematically elaborates on the sources, pollution 
characteristics, and ecological benefits of MPs in 
sediments. This study found that the main sources of 
MPs in sediments include terrestrial inputs, marine 
decomposition, fluvial transport, etc. They exist in 
various ecosystems, such as oceans, lakes, and rivers, 
with extensive sources and uneven distribution. Both 
natural and physical factors influence their depositional 
state in sediments: the larger the particle size and density, 
the more rapidly microplastics settle; microplastics 
with rough or charged surfaces tend to adsorb other 
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substances, which alters their settling behavior, and 
such physical factors influence the movement and 
deposition of microplastics. Natural factors like water 
flow, wind, and precipitation influence the migration 
pathways and rates of microplastics, which, together 
with physical factors, shape the distribution and 
accumulation of microplastics in sediments. Given 
that current research primarily targets microplastics in 
aquatic environments and that there isn’t yet a thorough 
exploration of microplastics in sediment, this paper 
meticulously examines and synthesizes the origins, 
prevalence, movement, and interactions of microplastics 
within sediment layers, along with their ecological 
risks and benefits. This article summarizes the early 
research results in this field, laying the foundation for 
further research on microplastics in sediments. As 
plastic production and global usage continue to rise, 
microplastics in sediment are expected to increase, 
exacerbating pollution and posing greater ecological 
risks. At present, there has been progress in the detection 
technology for microplastics in sediments; researchers 
have utilized more advanced techniques to quantify 
microplastics and assess their degradation status, but 
the research on MPs in sediments is still facing issues 
such as the inconsistency in sample collection and 
analysis methods, and the need for further in-depth 
exploration of pollution characteristics, migration 
patterns, and ecological risks. It is recommended 
to strengthen the monitoring and assessment of MP 
pollution in sediments and conduct in-depth research 
on the pollution characteristics, migration patterns, 
and ecological risks of MPs in sediments in the future 
to provide data and theoretical guidance for subsequent 
investigations and control of MP pollution in sediments. 
However, the current theoretical knowledge is not 
sufficient, and relevant research is still in the exploratory 
stage. In the future, further in-depth research is needed 
on the following aspects.
1.	 The research on MPs in sediments still faces 

challenges, such as the unification of sample 
collection and analysis methods. To better assess 
and solve problems, it is necessary to unify 
detection methods, conduct more in-depth research, 
and establish a reliable monitoring system.

2.	 The ecological risks of MPs are mainly manifested 
as changing the physicochemical properties and 
structure of sediments, affecting the growth and 
reproduction of benthic organisms and microbes, 
and adsorbing various heavy metals and organic 
pollutants, thus causing combined pollution. The 
combined effect of MPs and pollutants requires 
more exploration and research to understand the 
toxic mechanism of combined pollution.

3.	 Further development is needed for numerical 
simulation models of MPs to optimize the 
prediction and assessment of their migration and 
transformation processes in environments, help 
overcome temporal and spatial barriers, accelerate 
research progress, and supplement key details.

Acknowledgments

This work was financially supported by the Guizhou 
Provincial 100 High-Level Innovating Project (GCC 
[2023] 062), the Guizhou Provincial Key Technology 
R&D Program (QKHZC [2023]-138), and the Planning 
Project of Guiyang City [No. Zhukehe [2023] 13-13].

Conflict of Interest

The authors declare no conflict of interest.

References

1.	 JADHAV E.B., SANKHLA M.S., BHAT R.A., BHAGAT 
D.S. Microplastics from food packaging: An overview 
of human consumption, health threats, and alternative 
solutions. Environmental Nanotechnology, Monitoring & 
Management. 16, 100608, 2021.

2.	 GEUEKE B., GROH K., MUNCKE J. Food packaging 
in the circular economy: Overview of chemical safety 
aspects for commonly used materials. Journal of Cleaner 
Production. 193, 491, 2018.

3.	 COX K.D., COVERNTON G.A., DAVIES H.L., DOWER 
J.F., JUANES F., DUDAS S.E. Human Consumption of 
Microplastics. Environmental Science & Technology. 53 
(12), 7068, 2019. 

4.	 THOMPSON C.R., OLSEN Y., MITCHELL P.R., DAVIS 
A., ROWLAND J.S., JOHN W.G.A., MCGONIGLE 
D., RUSSELL E.A. Lost at sea: where is all the plastic. 
Science. 304 (5672), 838, 2004.

5.	 LIU S.S., FU J.P., GUO C.L., DANG Z. Research progress 
on environmental behavior and ecological toxicity of 
microplastics. Journal of Agro-Environment Science. 38 
(5), 957, 2019.

6.	 LI S., DENG Y., LI Y.F., MENG D.D., ZHANG C.L. 
Research progress on the impact of microplastics in soil 
on plants. Journal of Henan Agricultural University. 57 
(6), 924, 2023.

7.	 YANG L., KANG S.C., LUO X., WANG Z.Q. 
Microplastics in drinking water: A review on methods, 
occurrence, sources, and potential risks assessment. 
Environmental Pollution (Barking, Essex: 1987). 348, 
123857, 2024.

8.	 KOELMANS A.A., NOR M.H.N., HERMSEN E., KOOI 
M., MINTENIG M.S., FRANCE D.J. Microplastics in 
freshwaters and drinking water: Critical review and 
assessment of data quality. Water Research. 155, 410, 
2019.

9.	 FOURNIER A.B., D’ERRICO J.N., ADLER D.S., 
KOLLONTZI S., GOEDKEN M.J., FABRIS L., 
YURKOW E.J., STAPLETON P.A. Nanopolystyrene 
translocation and fetal deposition after acute lung 
exposure during late-stage pregnancy. Particle and Fibre 
Toxicology. 17 (1), 55, 2020.

10.	 XU A.Q., ZHAI L.L. Research progress on the current 
status of microplastic placenta exposure and its impact on 
fetuses. Chinese Journal of Child Health. 31 (11), 1235, 
2023. 

11.	 HE D.F., LUO Y.M. Microplastics in Terrestrial 
Environments. The Handbook of Environmental 
Chemistry. Cham: Springer International Publishing. 95, 



Shichun Wang, Zhenming Zhang10

2020.
12.	LIU Z.Q. Distribution and risk assessment of microplastics 

in the water environment of typical inland lakes on the 
Qinghai Tibet Plateau. Xi’an University of Technology. 
2022.

13.	 YE L. The pollution characteristics of microplastics 
in sediments, their carrying effects on heavy metals, 
and their effects on the physiology and biochemistry of 
Microcystis aeruginosa. Sichuan Agricultural University. 
2023.

14.	 LEBRETON L.C.M., VAN DER ZWET J., DAMSTEEG 
J.W., SLAT B.J., ANDRADY A., REISSER J. River plastic 
emissions to the world’s oceans. Nature Communications. 
8 (1), 1, 2017. 

15.	 LONG Z.X., YU X.G., JIN X.L., REN J.Y. Research 
progress and issues on marine microplastic pollution. 
Journal of Applied Oceanography. 36 (4), 586, 2017. 

16.	 DAI Z.F. Research on the distribution of micro plastics in 
the Bohai Sea and its influencing factors. University of the 
Chinese Academy of Sciences (Yantai Institute of Coastal 
Zone, Chinese Academy of Sciences). 2018. 

17.	 ZHANG L. The impact of microplastics on the marine 
environment. Chemical Engineering and Equipment. 3, 
272, 2022. 

18.	 ZHANG C.X., SUN J.C., LIN C.G. Research progress on 
the adsorption behavior and composite toxicity of heavy 
metals by marine microplastics. Marine Science. 46 (8), 
155, 2022.

19.	 PENG Z.Q., LI J.L., QIU L.T., SHU R.J., YU T.T. 
Research progress on microplastic pollution status and 
surface microbial community characteristics in the three 
major water system environments in China. Journal of 
Microbiology. 63 (6), 2261, 2023.

20.	YU X.B., PENG J.P., WANG J.D., WANG K, BAO 
S.W. Occurrence of microplastics in the beach sand of 
the Chinese inner sea: the Bohai Sea. Environmental 
Pollution. 214 (7), 722, 2016. 

21.	 RAN W. Research on the status of microplastics pollution 
in sediments and Oysters in the Bohai Sea and the Yellow 
Sea. University of the Chinese Academy of Sciences 
(Yantai Institute of Coastal Zone, Chinese Academy of 
Sciences). 2018. 

22.	ZHAO S.Y., ZHU L.X., LI D.J. Characterization of small 
plastic debris on tourism beaches around the South China 
Sea. Regional Studies in Marine Science. 1, 55, 2015.

23.	PENG G.Y., ZHU B.S., YANG D.Q., SU L., SHI H.H. 
Microplastics in sediments of the Changjiang Estuary, 
China. Environmental Pollution. 225 (6), 283, 2017.

24.	LIN L., ZUO L., PENG J., CAI L., FOK L., YAN Y., LI 
H., XU X. Occurrence and distribution of microplastics 
in an urban river: a case study in the Pearl River along 
Guangzhou City, China. Science of the Total Environment. 
644, 375, 2018.

25.	FOK L., CHEUNG P.K., TANG G., LI C.W. Size 
distribution of stranded small plastic debris on the coast of 
Guangdong, South China. Environmental Pollution. 220, 
407, 2017.

26.	DI M., WANG J. Microplastics in surface waters and 
sediments of the Three Gorges Reservoir, China. Science 
of The Total Environment. 616, 1620, 2018.

27.	 TANG G., LIU M., ZHOU Q., HE H., CHEN K., 
ZHANG H., HU J., HUANG Q., LUO Y., KE H., 
CHEN B., XU X., CAI M. Microplastics and polycyclic 
aromatic hydrocarbons (PAHs) in Xiamen coastal areas: 
Implications for anthropogenic impacts. Science of the 
Total Environment. 634, 811, 2018.

28.	WANG X., NIU S.P., SONG X.L., RAO Z., ZHAN N. 
Characteristics of microplastic pollution in urban lake 
sediments. Environmental Science. 41 (7), 3240, 2020.

29.	 GAO F. Research on the occurrence characteristics of 
microplastics in rivers and sewage plants in inland cities. 
Shaanxi: Xi’an University of Technology. 2020. 

30.	HAO R.N. The spatial distribution and migration 
settlement law of microplastics in Wuliangsuhai. Inner 
Mongolia Agricultural University. 2022. 

31.	 XIONG X., ZHANG K., CHEN X., SHI H., LUO Z., 
WU C. Sources and distribution of microplastics in 
China’s largest inland lake-Qinghai Lake. Environmental 
Pollution. 235, 899, 2018.

32.	YUAN W., LIU X., WANG W., DI M., WANG J. 
Microplastic abundance, distribution and composition in 
water, sediments, and wild fish from Poyang Lake, China. 
Ecotoxicology and Environmental Safety. 170, 180, 2019.

33.	 SU L., XUE Y., LI L., YANG D., KOLANDHASAMY 
P., LI D., SHI H. Microplastics in Taihu Lake, China. 
Environmental Pollution. 216, 711, 2016.

34.	JIANG C., YIN L., WEN X., DU C., WU L., LONG Y., 
LIU Y., MA Y., YIN Q., ZHOU Z., PAN H. Microplastics 
in sediment and surface water of west Dongting lake and 
south Dongting lake: Abundance, source and composition. 
International Journal of Environmental Research and 
Public Health. 15, 1, 2018.

35.	 ZHANG K., SU J., XIONG X. Microplastic pollution of 
lakeshore sediments from remote lakes in Tibet plateau. 
China. Environmental Pollution. 219 (1), 450, 2016.

36.	WU H.N. Study on the occurrence characteristics of 
microplastics in water and sediment of lakes on the Inner 
Mongolian Plateau. Inner Mongolia University. 2022. 

37.	 WANG X., NIU S.P., SONG X.L., RAO Z., ZHAN N. 
Characteristics of microplastic pollution in urban lake 
sediments. Environmental Science. 41 (7), 3240, 2020. 

38.	WANG C.Y., LIU X., MA Q.Q., XING Y.S., YUAN L.B., 
ZHOU X.H. Morphology and distribution characteristics 
of microplastics in sediment of Jinshan Lake. 
Environmental Chemistry. 42 (10), 3247, 2023.

39.	 JING T.T. Distribution patterns of microplastics in 
lakes affected by different human activities. Guizhou 
University. 2022. 

40.	SUN X.C., HOU S.G., HUANG R.H., ZHANG W.B., ZOU 
X.Q., LIU K. Characteristics, sources, and ecological risks 
of microplastic pollution in Lake Kekexilitrash. Journal of 
Environmental Science. 43 (2), 231, 2023. 

41.	 DAI Z.F. Research on the distribution of micro plastics in 
the Bohai Sea and its influencing factors. University of the 
Chinese Academy of Sciences (Yantai Institute of Coastal 
Zone, Chinese Academy of Sciences). 2018. 

42.	HUANG S.P., TAN C.Y., TU C., CAO X.Y., YANG J., 
XING Q.W., MA J., ZHANG P.Y. Research progress on 
the combined pollution mechanism of soil microplastics 
and heavy metals and their plant physiological effects. 
Journal of Natural Sciences of Hunan Normal University. 
2023. 

43.	 DAI C.M., LI S, DUAN Y.P., LIU S.G., TU Y.R. Research 
progress on the impact of microplastics on the migration, 
transformation, and bioavailability of organic pollutants in 
water. Material Guide. 34 (21), 21033, 2020.

44.	HOSSEIN A.H., JAFARI E.O., FARZANEH F., WU C.X., 
ZHANG Y., YANG M. A review on the characteristics of 
microplastics in wastewater treatment plants: A source for 
toxic chemicals. Journal of Cleaner Production. 295, 2021.

45.	 ZHANG Z., CHEN Y. Effects of microplastics on 
wastewater and sewage sludge treatment and their 



Research Progress on Sources and Ecological Effects... 11

removal: A review. Chemical Engineering Journal. 382, 
122955, 2020.

46.	HOU Q.H., CAO Q., CHEN Q.X., XIONG M.Q., 
ZHANG J.B. Comparative analysis of heavy metals in 
sediment from Chinese bays. Marine Development and 
Management. 40 (3), 83, 2023.

47.	 LI W.H., JIAN M.F., LIU S.L., JIANG Y.M., DENG 
Y.B., ZHU L. The occurrence relationship between 
microplastics and heavy metal pollutants in sediments 
from the mouth of Poyang Lake to the Yangtze River 
section. Environmental Science. 41 (1), 242, 2020. 

48.	GAO Y.Y., WEN Z.L., KONG L.L., WANG Z.L. 
Microplastic pollution in marine environment: sources, 
distribution, and risks. Environmental Pollution and 
Prevention. 45 (6), 875, 2023. 

49.	 DING L., MAO F.R., GUO X., YANG X., ZHANG Q., 
YANG C. Microplastics in surface waters and sediments 
of the Wei River, in the northwest of China. Science of the 
Total Environment. 667, 427, 2019.

50.	RODRIGUES M., ABRANTES N., GONCALVES F., 
NOGUEIRA H., MARQUES J., GONCALVES A. Spatial 
and temporal distribution of microplastics in water and 
sediments of a freshwater system (Antuã River, Portugal). 
Science of the Total Environment. 633, 1549, 2018.

51.	 LING Y., ZHANG Y.L., KANG S.C., WANG Z.Q., WU 
C.X. Microplastics in freshwater sediment: A review on 
methods, occurrence, and sources. The Science of the 
Total Environment. 754, 141948, 2020.

52.	WANG T., HU X.G., ZHOU Q.X. Research progress on 

the migration distribution, biological effects, and analysis 
methods of microplastics in the environment. Science 
Bulletin. 63 (4), 385, 2018.

53.	 ZHAO G.Q., LI X.C., YI W., CHEN Y.Y., ZHAO L., 
JIANG Y. Research status, hotspots, and trends of 
microplastics in freshwater based on bibliometrics. 
Journal of Environmental Science. 43 (12), 137, 2023.

54.	UMEH R.O., OPHORI U.D., IBO M.E., EKE I.C., OYEN 
P.T. Groundwater systems under siege: The silent invasion 
of microplastics and cock-tails worldwide. Environmental 
Pollution (Barking, Essex: 1987). 356, 124305, 2024.

55.	 CHEN M.L., GAO F., WANG X.Y., WEI Y.F., XU Q., LIU 
C.S. Distribution, ecological effects, and carrier role of 
microplastics in the ocean. Ocean Science. 45 (12), 125, 
2021. 

56.	SUN C.J., DING J.F., GAO F.L., LI J.X. Challenges and 
Prospects of Marine Microplastics Research. Progress in 
Marine Science. 40 (4), 717, 2022.

57.	 ZHANG Z.M., WU X.L., ZHANG J.C, HUANGX.F. 
Distribution and migration characteristics of microplastics 
in farmland soils, surface water and sediments in Caohai 
Lake, southwestern plateau of China. Journal of Cleaner 
Production. 366, 132912, 2022.

58.	ZHANG Z.M., WU X.L., LIU H.J., HUANG X.F., CHEN 
Q.A., GUO X.T., ZHANG J.C. Systematic review of 
microplastics in the environment: Sampling, separation, 
characterization and coexistence mechanisms with 
pollutants. Science of the Total Environment. 859, 160151, 
2023.


