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Abstract The presence of microplastics in marine environment is increasingly

reported and has been recognized as an issue of emerging concern that might

adversely affect wildlife and cause potential risk to the health of marine ecosys-

tems. In addition, preliminary works demonstrated that microplastics are ubiqui-

tously present in many inland waters with concentrations comparable or higher

than those observed in marine environments. Asia is the most populous continent

in the world, and most Asian countries are under rapid development while facing

serious environmental problems. In this chapter, we review the available literature

reporting on the occurrence of microplastics in inland waters in Asia. Limited

works have provided basic information on the occurrence, distribution, and prop-

erties of microplastics in lakes, reservoirs, and estuaries in Asia. Comparison with

data from other regions worldwide suggests that microplastic pollution in inland

waters in Asia can be more serious. These preliminary results call for more

research efforts to better characterize the sources, fate, effects, and risks of

microplastics in inland waters. Extensive and in-depth studies are urgently needed

to bridge the knowledge gaps to enable a more comprehensive risk assessment of

microplastics in inland waters and to support the development of policy addressing

this issue.
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1 Introduction

Plastics are the most versatile materials invented by man. The use of plastic

materials has brought great convenience to our daily lives but not without down-

sides [1]. Inappropriate disposal of wasted plastics has caused serious environmen-

tal problems. The presence of plastic debris in the environment not only affects

the aesthetical and recreational values of ecosystems but may also present a

persistent pollution problem that will continue to accumulate into future genera-

tions [2–4]. Once entering the environment, plastics are subject to physical, chem-

ical, and biological weathering processes, which act to slowly break large pieces of

plastic into smaller fragments. Plastics less than 5 mm are considered as

“microplastics” [5]. However, no universally accepted definition in terms of the

size range for microplastics is currently available [6]. Microplastics can be ingested

by aquatic organisms, which might cause potential adverse effects and arouse food

safety concerns [7–10]. As a result, microplastic pollution has become an issue of

emerging concern and is drawing increasing attention from both the public and

scientific community.

Microplastic pollution in the marine environment has received widespread

attention. Microplastics are found ubiquitously in benthic and pelagic environments

in the oceans [11, 12]. In oceans, the high abundance of microplastics observed in

the large-scale subtropical convergence zones is attributed to the circulation of

ocean currents [13–15]. Accumulation of microplastics in shoreline sediments has

also been observed worldwide [16–19]. The majority of plastic debris in oceans

originates from land, although discharges from ocean vessels, military operations,

and general shipping activities cannot be discounted [20]. It was estimated that

275 million metric tons of plastic wastes were generated in 192 coastal countries in

2010, and about 4.8–12.7 million metric tons are estimated to end up in the ocean

[20]. Based on this estimation, over 95% of the plastic wastes will remain on

continents to be either recycled, disposed of in landfills, go for incineration (with

or without energy recovery), or otherwise be discarded and stay on continents [21].

Only a few studies have addressed the issue of microplastic pollution in terres-

trial environments and inland waters in contrast to the vast amount of research in

marine environments. These studies suggest inland waters are facing similar

microplastic accumulation problems as found in the oceans [22, 23]. Many inland

waters are habitats for aquatic species that have important ecological and economic

value and provide services for recreation, aquatic products, and water resources.

Therefore, it is important to understand the occurrence, fate, and effects of

microplastics in inland waters [24–26].

Asia is the largest and the most populous continent in the world. Asia covers

about 30% of Earth’s total land area and supports about 60% of the world’s
population. There are about a 1,000 ethnic groups with diverse languages and

cultures. Nearly all countries in Asia are developing countries, which are under

rapid development while facing growing environmental problems at the same time.

In this chapter, we reviewed the available literature on microplastic pollution in

inland waters with a specific focus on Asia. A considerable lack of data for inland
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waters was found. Extensive and in-depth studies are urgently needed to bridge the

knowledge gaps to enable a more comprehensive risk assessment of microplastics

in inland waters and to support the development of policy addressing this issue.

2 Production and Use of Plastics in Asia

According to the data from Plastics Europe [27], world production of plastics

reached 311 million metric tons in 2014, an increase of 38% from 2004. China

and Japan are the two leading countries with the highest plastic production in Asia

accounting for 26% and 4% of the world’s total production in 2014, respectively.

Plastic production in the rest of Asia accounted for 16% of the world production.

All together Asia produced nearly a half of the world’s plastic materials in 2014.

These plastic materials are used in a wide variety of markets, including packaging,

building and construction, automotive, electrical and electronic, agriculture, con-

sumer and household appliance, etc. Polypropylene (PP), polyethylene (PE), and

polyvinyl chloride (PVC) are the most-used polymer types and account for 19.2%,

29.3%, and 10.3% of the plastics demand in Europe, respectively [27]. Although the

production of plastics is the highest in Asia, the per capita consumption is low

compared to developed regions. For example, the per capita plastic consumption is

9.7 and 45 kg per person in India and China, comparing to 65 and 109 kg per person

in Europe and the USA [28].

Plastic wastes are recycled at a much lower ratio in developing countries than in

developed countries. In China, less than 10% of the plastic wastes are recycled,

while about 30% of the plastic wastes are recycled in Europe [27, 29]. What’s more,

developing countries usually have a high percentage of mismanaged plastic waste.

Among the top 20 countries ranked by the mass of mismanaged plastic waste, all of

them are developing countries except the USA which has the highest waste

generation rate but the lowest percentage of mismanaged plastic waste [20]. Twelve

Asian countries were on the list with China, Indonesia, and the Philippines ranked

top three. The percentage of mismanaged plastic waste among these Asian coun-

tries varied from 1.0 to 27.7%. As a result the environmental release of

plastic wastes is more likely in these Asian countries.

3 Microplastics in Inland Waters in Asia

3.1 Occurrence of Microplastics

Although inland waters in Asia have a high potential to be polluted by micro-

plastics, relevant studies are scarce among the literature. Only seven studies were

found from the databases accessible to us and are summarized in Table 1. Among

these studies, one was carried out in Mongolia, while all others were performed in
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China. Lake Hovsgol, a remote mountain lake in Mongolia, was surveyed for

pelagic microplastics [30]. Results showed that microplastic abundance ranged

from 997 to 44,435 items/km2. Microplastic abundance decreased with distance

from the southwestern shore which had the highest human impact and was distri-

buted by the prevailing winds. Zhang et al. [22] investigated microplastic occur-

rence in the surface waters of the Three Gorges Reservoir in China and found

microplastic abundance up to 136,175� 106 items/km2, which is the highest micro-

plastic abundance ever reported in the literature. The authors suggested that the

high accumulation of microplastics is related to the damming, and reservoirs can act

as potential hot spots for microplastics. In another study by Zhang et al. [23],

microplastics were sampled from the shorelines of four lakes within the Siling Co

basin in northern Tibet. Microplastics were detected in six out of seven sampling

sites, and the site with the highest microplastic abundance was related to the

riverine input. Su et al. [31] reported microplastic pollution in Taihu Lake, which

is the third largest freshwater lake in China located in a well-developed area under

extensive human influence. Microplastics were detected in plankton net, surface

water, sediment, and Asian clams samples. More recently, microplastic pollution

was studied in inland freshwaters in Wuhan, the largest city in Central China

[32]. Microplastics were detected with concentrations ranged from 1,660 � 639.1

to 8,925 � 1,591 items/m3 in surface water, and microplastic abundance was

negatively correlated with the distance from the city center. Another two studies

have also investigated the occurrence of microplastics in surface water from the

estuaries of Yangtze, Jiaojiang, Oujiang, and Minjiang in China [33, 34]. Results

demonstrated that microplastics were present in high abundance in these transi-

tional zones between rivers and the sea and suggested that rivers are important

sources of microplastics to marine environment.

The literature reporting the occurrence of microplastics in inland waters from

other geographical regions is also summarized in Table 1. A comparison of data

from different regions can be challenging due to the difference in sampling methods

used, size ranges investigated, and the reporting units that are employed. Therefore,

it is urgently needed to adopt universal criteria for sampling and reporting

microplastics occurrence data to facilitate a comparison [49]. Additionally, the

abundance of microplastics from different regions differs by several orders of

magnitude. Even within the same region, the abundance of microplastics varies

considerably. This uneven distribution pattern can be related to their relatively low

density, which means that they can be transported easily with the current and

accumulation in areas with weaker hydrodynamic conditions. In addition, the

loading rate of plastic waste can differ significantly in different regions. Previously,

Yonkos et al. [45] demonstrated that the abundance of microplastics was positively

correlated with population density and proportion of urban/suburban development

within the watersheds. However, researches also demonstrated that microplastics

were also found at relatively high concentrations in inland waters from remote areas

with limited human activities [23, 30]. This is likely due to a lack of proper waste

management measures in those areas. In many Asian countries, high population

density and unsound waste management systems lead to a high risk of inland water

90 C. Wu et al.



pollution by microplastics as well as many other pollutants. This might explain the

very high abundance of microplastics observed in Taihu Lake and Three Gorges

Reservoirs in China. Therefore, inland waters in Asia deserve more attention in the

future.

3.2 Characteristics of the Microplastics

3.2.1 Particle Shape

After sample collection, potential microplastics are usually examined using stereo

microscopes. According to their shapes, microplastics are typically categorized as

follows: sheet, film, line/fiber, fragment, pellet/granule, and foam (Fig. 1). How-

ever, there is no set protocol, and different classifications might be used by different

researchers. This morphological information from the microplastic samples can be

used to indicate their potential origins. For example, line/fiber usually originates

from fishing lines, clothing, or other textiles, while film mainly originates from bags

or wrapping materials. In Lake Hovsgol, fragments and films were found to be the

most abundant, together accounting for 78% of the total microplastics [31]. In the

Three Gorges Reservoir, sheet particles and miscellaneous fragments were domi-

nant in most sites [22], whereas fibers and fragments were predominant in samples

from Taihu Lake [31]. In inland freshwaters of Wuhan, fiber, granule, film, and

pellet were commonly detected, and fibers were most frequently detected account-

ing for 52.9–95.6% of the total plastics [32]. For microplastic samples from the four

estuaries in China, fibers and granules were the more abundant [33, 34]. Different

patterns observed in these study areas suggest that the sources of the microplastics

Fig. 1 Shapes of typical microplastics collected from inland waters (Qinghai Lake and Three

Gorges Reservoir) in China (a, sheet; b, film; c, line/fiber; d, fragment; e, pellet/granule; f, foam)
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might differ considerably in different regions. Fibers appeared to be more abundant

in more populated areas.

3.2.2 Particle Size

Size is another parameter usually measured for microplastics, but no unified criteria

are currently available. Different size classes were reported by different authors,

which make it difficult to compare the data from different works [50]. Due to the

restriction of the sampling methods used, usually only microplastics >0.333 mm

(mesh size of the manta trawl net) are assessed in neustonic samples collected by

trawling. Smaller microplastics can be examined for sediment and biota samples as

density separation combined with filtration is used. Whereas the examination of

microplastics <0.05 mm will get increasingly difficult, advanced instruments such

as Raman microscopy, micro-Fourier transform infrared spectroscopy (μ-FTIR), or
scanning electron microscope (SEM) with energy dispersive spectroscopy (EDS)

should be used [36]. Generally, microplastic abundance increases with decreasing

size [51–53]. In lake Hovsgol, 0.355–0.999, 1.00–4.749, and>4.75 mm size classes

accounted for 41, 40, and 19% of the total plastics, respectively [30]. In the

freshwaters of Wuhan, 0.05–0.5, 0.5–1, and 1–2 mm size classes together

accounted for over 80% of the total microplastics, and 0.05–0.5 mm microplastics

were the most abundant in most of the studied waters [32]. In Yangtze Estuary,

0.5–1, 1–2.5, 2.5–5, and>5 mm size classes made up 67, 28.4, 4.4, and 0.2% of the

total plastics, respectively [33]. In the estuary of Minjiang, Oujiang, and Jiaojiang,

the smallest size class (0.5–1.0 mm) was also found the most abundant followed by

the 1.0–2.0 mm size class, and these two size classes together accounted for over

70% of the total plastics [34]. However, among the four size classes (0.112–0.3,

0.3–0.5, 0.5–1.6, 1.6–5 mm), 0.5–1.6 mm microplastics were the most abundant

from the majority of site in the Three Gorges Reservoir, which made up 30–57% of

the total microplastics [22]. While for microplastic samples from the lakeshore

sediment of the Siling Co basin, different size distribution patterns were observed

from different sampling sites [23]. The patterns of microplastic size distribution can

be related to the sources of microplastics and might also reflect the degree of

weathering. A higher degree of weathering might result in a higher abundance of

smaller particles. Biofouling and hydrodynamic conditions were also believed to

affect the size distribution of microplastics [54–56].

3.2.3 Color

In some studies, colors of the microplastics were described. Microplastics can

inherit their colors from their parent plastic products, but their colors can change

due to weathering. Previous research infers that predators may preferably ingest

microplastics with colors resembling their prey [57–59]. Therefore, color informa-

tion of microplastics may be used to indicate their potential to be ingested by
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aquatic animals. In Taihu Lake, recovered microplastics were found in a variety of

colors including transparent, black, white, red, yellow, green, and blue [31]. In

addition, blue was the most dominant color in plankton net and surface water

samples, while white microplastics were the most abundant in sediments [31]. In

the freshwaters of Wuhan, microplastics were found to be transparent or in blue,

purple, red, or other colors, and colored microplastics, accounting for 50.4–86.9%

of the total microplastics, were more abundant than transparent ones [32]. From the

estuaries of Jiaojiang, Oujiang, and Minjiang, microplastics were divided into

transparent, white, black, and colored groups, and colored microplastics were

identified as the most dominant [34]. It may be interesting to investigate further

how color affects the environmental fate and ecological effects of microplastics. As

an example, colorants can often influence the final thermal and UV stability of a

plastic material [60, 61].

3.2.4 Surface Texture

Once entering the environment, plastics are subject to weathering processes, and

these processes will influence the surface of the microplastics (Fig. 2). Featured

surface textures on microplastics can be used to indicate the processes of mechan-

ical and oxidative weathering [62, 63]. Surface textures are usually examined using

SEM. Features such as grooves, fractures, and mechanical pits are believed to result

from mechanical weathering, while flakes, granules, and solution pits are consid-

ered as oxidative weathering features [43]. The surface oxidation of plastics can be

confirmed using FTIR as indicated by the appearance of peaks for carbonyl groups

[31, 43]. Zhang et al. [23] examined the surface textures of microplastics from the

lakeshore sediments of the Siling Co basin, and mechanical weathering features

were more often observed, which were attributed to the windy weather condition in

the study area. This result agrees with the overall trend of microplastics recovered

from the Great Lakes, but differs from those recovered from beach sands in Hawaii

[43, 63]. Hawaii has a warmer and more humid climate than northern Tibet and the

Great Lakes region and might therefore favor the oxidative weathering of the

plastics.

3.3 Polymer Types Found

A variety of polymers were used in the production of plastics. Properties and

performances of the plastic materials are largely determined by the polymer

types they are made of. Thus, polymer types can have a great impact on the

longevity and buoyancy of microplastics, thus affecting their fate in the environ-

ment. Polymer types are typically identified using FTIR and Raman spectrometry,

and less often pyrolysis-gas chromatography/mass spectrometry (Pyr-GC/MS) is

used [64, 65]. Detailed reviews of the typically used techniques for the
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identification of microplastics were published recently [66–68]. An overview of

the advantages and limitations of these techniques is summarized in Table 2.

In the Three Gorges Reservoir, only PE, PP, and PS were identified from the

recovered microplastics, which may be related to their lower density. The weak

hydraulic conditions of the Three Gorges Reservoir will generally favor the sedi-

mentation of microplastics originating from denser polymer types [22]. In lakeshore

sediments from Siling Co basin, PE and PP were predominant, while PVC, PET,

and PS were only identified from one sampling site [23]. Whereas cellophane

(CP) which is a transparent material made of regenerated cellulose was found to

Fig. 2 Surface texture of typical microplastics collected from inland waters (Siling Co Basin) in

China (a, grooves; b, fractures; c, mechanical pits; d, flakes; e, granular; f, solution pits)
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be the most abundant in Taihu Lake likely due to a low biodegradability of the

material [31]. In the freshwaters of Wuhan, PET, PP, PE, PA, and PS were

identified, and PET and PP were more abundant [32]. From the estuaries of

Jiaojiang, Oujiang, and Minjiang, selected microplastics were found mostly PP

and PE [33], which agrees with the result from the Three Gorges Reservoir.

Frequent detection of PP and PE was also reported in many other works [36, 45,

69, 70]. This can be related to their low density, meaning these polymer types are

buoyant and readily transported with water. In addition, a larger global demand for

PE and PP makes them more prevalent in the environment.

4 Conclusions

Inland waters are facing similar issues as marine environments with regard to

microplastics. Analysis suggests that inland waters in many Asian countries have

a high risk to be polluted by microplastics. However, only limited works have been

performed in investigating microplastic occurrence in inland waters in Asia cur-

rently. Available researches have demonstrated the presence of microplastics in

lakes, reservoirs, and river estuaries. The abundances of microplastics in the Three

Gorges Reservoir and Taihu Lake in China are among the highest reported data in

inland waters worldwide. Relatively high abundance of microplastic was also

Table 2 Advantages and limitations of commonly used techniques for the identification of

microplastics from environmental samples

Technique Size Advantages Limitations

ATR-FTIR >1 mm Easy simple preparation; low cost Unable to identify small sam-

ples; unsuitable for convex par-

ticles or severely aged or

contaminated samples

μ-FTIR >10 μm Suitable for small samples Sample preparation is complex;

unable to analyze polyamides;

high cost

FPA-based

μ-FTIR
>20 μm Suitable for small samples; no

need for visual sorting

Time consuming; high cost

Raman

spectroscopy

>1 μm Suitable for very small samples;

lower water interference

Sensitive to fluorescence inter-

ference; laser-induced degrada-

tion; high cost

CARSc >1 μm Applicable to living organisms;

minimal or no sample prepara-

tion; strong signal; less

interference

Very high cost

Pyr-GC/MS >0.1 mg Organic plastic additive can be

analyzed

Destructive; time consuming

ATR attenuated total reflectance, FPA focal plane array, CARS coherent anti-Stokes Raman

scattering
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observed in lakes from remote areas in Mongolia and in central Tibet. Waste

management systems need to be improved in these developing Asian countries to

mitigate the microplastic pollution problems. Along with abundance, features of

microplastic samples such as shapes, sizes, colors, surface textures, and polymer

types were measured in these studies, which can be used to interpret the origins and

experiences of the microplastics. These preliminary results call for further research

efforts to better understand the sources and fate of microplastics in inland waters.

The biological and ecological risk of microplastic exposure should be assessed

especially at environmentally relevant circumstances. Sampling, pretreatment, and

reporting of microplastics should be standardized for the future monitoring

programs.
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