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HIGHLIGHTS GRAPHICAL ABSTRACT

e Constructed a framework for large-scale
regional river microplastic analysis.

e Integrated microplastic data from 76
rivers mainly in Asia, Europe, North
America.

e Detected regional variation in micro-
plastics in bulk water and volume
methods.

e Contrasted microplastic pattern in water
and sediment: Asia vs. Euro-America.
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ARTICLE INFO ABSTRACT
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Research on riverine microplastics has gradually increased, highlighting an area for further exploration: the lack
of extensive, large-scale regional variations analysis due to methodological and spatiotemporal limitations.
Herein, we constructed and applied a comprehensive framework for synthesizing and analyzing literature data

on riverine microplastics to enable comparative research on the regional variations on a large scale. Research
results showed that in 76 rivers primarily located in Asia, Europe, and North America, the microplastic abun-
dance of surface water in Asian rivers was three times higher than that in Euro-America rivers, while sediment in
Euro-American rivers was five times more microplastics than Asia rivers, indicating significant regional varia-
tions (p < 0.001). Additionally, based on the income levels of countries, rivers in lower-middle and upper-middle
income countries had significantly (p < 0.001) higher abundance of microplastics in surface water compared to
high-income countries, while the opposite was true for sediment. This phenomenon was preliminarily attributed
to varying levels of urbanization across countries. Our proposed framework for synthesizing and analyzing
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microplastic literature data provides a holistic understanding of microplastic disparities in the environment, and
can facilitate broader discussions on management and mitigation strategies.

1. Introduction

Microplastics (MPs), defined as plastic particulates with diameters
less than 5 millimeters, are increasingly recognized as a critical envi-
ronmental challenge. These small plastic particles, originating from
diverse sources including cosmetic products, textile fibers, and frag-
mented plastic debris, infiltrate riverine ecosystems primarily through
the discharge of both treated and untreated urban, industrial, and
agricultural wastewater, as well as via urban stormwater runoff and
drainage systems [1,2]. Rivers are regarded as dominant pathways and
reservoirs for transmission of MPs from freshwater to marine ecosystems
[3-6]. The spatiotemporal variations of MPs in rivers is predominantly
driven by a combination of anthropogenic activities, precipitation and
runoff patterns, fluvial hydrodynamic conditions, biological in-
teractions, seasonal fluctuations, geographical positioning, and the di-
versity in sources and types of MPs [7-10]. However, the spatial
variations of MPs in rivers across different regions are primarily influ-
enced by anthropogenic activities, which are closely linked to local
economic development and urbanization levels.

Comparative studies on the large-scale spatial variations of MPs in
rivers across different regions are still relatively scarce. Current large-
scale riverine MP research primarily used models to estimate the
amount of plastic reaching the river mouth (upstream of the estuary) [3,
11-14]. However, these modeling studies have overlooked the spatial
distribution differences in riverine MP flux. Although high-resolution
studies within river basins can spatially visualize the issue of MP vari-
ability in rivers, yet high-resolution spatial research on MPs at larger
regional scales, such as continental dimensions, remains relatively
limited [15]. With the substantial increase in field observation data on
riverine MPs, integrating these data from existing literature could pro-
vide a novel perspective for comparing spatial variations across different
regions.

Published studies on riverine MPs have posed challenges for large-
scale data synthesis due to inconsistent sampling methods and spatio-
temporal heterogeneity. Inconsistent sampling methods constitute the
primary impediment to comparisons of MPs in surface water [16], as
different sampling methods and selected mesh sizes can lead to abun-
dance errors [17-19]. There are two common methods for collecting
MPs from surface water: bulk sampling using containers or pumps [20]
and trawling sampling (i.e., volume-reduced) using manta trawl and
neuston net, typically with a mesh size of 333 pm [16,21]. Spatial dis-
tribution of MPs in different river reaches shows obvious heterogeneity
due to the transport characteristics of MPs [15,22,23]. Research indi-
cated that spatial differences caused reported MP pollution levels within
a river to vary by two orders of magnitude, while temporal variations
reached up to an order of magnitude [23]. Furthermore, the highest
riverine MP pollution may not observe at the estuary but rather near
densely populated areas [17,24-26]. Although many studies have
focused on entire or partial MP pollution in individual or several rivers
[27-31], and have compared their findings with those of previous
studies. However, these comparisons have mostly made in the form of
tabulated results, without a comprehensive analysis [5,20,32]. In sum-
mary, although the systematic comparison of riverine MPs is challenging
due to variances in sampling methodologies and temporal differences,
the substantial volume of data on riverine MPs can enable a compre-
hensive data integration from existing publications, offering fresh in-
sights into the characteristics and spatial variations of MPs in river
systems.

Thus, we proposed a comprehensive framework for literature mining
and data analysis of published articles on MP-contaminated river. Based
on this framework, we try to synthesize the following aspects: (i)

literature data mining on MP abundance, shapes, colors, polymers, and
particle sizes; (ii) regional comparison of riverine MP abundance, dif-
ferences in shapes, colors, polymers, and particle sizes; and (iii) differ-
ences in relation to economic development level. By utilizing an
integrated framework of literature mining and data analysis, this study
not only extensively uncovers the spatial distribution and characteristics
of riverine MPs on a broader scale but also delves into the distribution
variations in different geographical regions and across varying economic
development levels. This comprehensive framework offers a unique
perspective in understanding the spatial heterogeneity of riverine MPs,
thereby laying a solid scientific foundation for devising more effective
and targeted strategies for the prevention and control of MP pollution in
rivers. Moreover, this approach is crucial for predicting future MP
pollution trends, informing environmental policy-making, and raising
public awareness about the MP issue.

2. Methods
2.1. Literature mining

Literature mining is a specialized data mining method that is used to
extract information (facts or data) from text and can generate new hy-
potheses by systematically scrutinizing huge numbers of abstracts or full
text versions, of scientific publications [33]. It is common to use sta-
tistical concepts and methods to collect, collate and analyze empirical
meta-analysis from previous publications on a specific topic [16,34,35].
In our study, we focused on riverine MPs and established a literature
data mining process. We conducted a Boolean search of published arti-
cles in the Web of Science (WoS) using the keywords (“river”) AND
(“microplastic*”) for the period 1992 to January, 2022 yielded 808 ar-
ticles (Fig. 1a). Subsequent manual screening was conducted to exclude
irrelevant articles (587) and articles without accessible MP data (63),
resulting in 168 articles (Fig. 1a). Research on riverine MP pollution is
usually conducted from the perspective of surface water and sediment
[26,30,36], as such, we further excluded articles that focused on biota
(59 articles).

Diversity characterizes research on MPs in rivers, with studies
focusing on various aspects. Some emphasize a comprehensive exami-
nation of entire river systems [27,36,37] or specific river sections [38,
39], while others concentrate on investigating MPs in multiple rivers
within a watershed [24], encompassing those flowing into lakes or seas
[21]. Additionally, certain studies prioritize exploring temporal varia-
tions in MP abundance at a limited number of sampling points [17,40].
Of course, there are also investigations that specifically target MPs
within urban river systems [31,41]. Due to pronounced spatial varia-
tions in the distribution of MPs in rivers, an insufficient number of
sampling sites or overly concentrated distributions may compromise the
comprehensive representation of MPs occurrences in entire rivers or
specific river segments [17,40]. This is attributed to the susceptibility of
abundance characteristics to the influence of surrounding environ-
mental factors [38]. To enhance the credibility of abundance and other
characteristic comparisons between rivers, we applied specific criteria
during literature selection, requiring a minimum of 5 sampling points
and a straight-line distance of 20 km or more between the first and last
sampling points. The final database included 48 articles on MPs in sur-
face water and 29 articles on MPs in sediment (Fig. 1a).

Dataset contained information on the basic river information (such
as river name, latitude, longitude, country, income group, sampling
method and mesh size), MP abundance, shapes, colors, particle sizes,
polymers and source reference in surface water and sediment (see details
in supporting materials). Riverine MP dataset was obtained from readily
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available data tables in the articles or in their supporting documents, or
extracted from the articles’ figures using GetData Graph Digitizer soft-
ware (http://www.getdata-graph-digitizer.com/). The geolocations of
the sampling sites (latitude and longitude) were either provided in the
article or obtained via geolocation extraction with Google Earth using
area maps. The MP abundance in surface water were usually reported in
units of “items/m>” or “items/L”. The data was initially reported in
“jtems/L” unit and was eventually converted to “items/m>’ based on the
density of water. Furthermore, MP abundance of sediment was reported
in unit of “items/kg”, and all wet weight abundance was converted to
dry weight abundance. Three articles did not conform to reporting MP
abundance in these units (for surface water or sediment) and were
excluded in the subsequent data analysis. Additionally, data on MP
shapes, colors, polymers and particle sizes were standardized to express
them as percentages.

2.2. Data analysis

The final MP dataset was classified and analyzed to gain a broad
understanding of the current status and spatial variations of MPs in
rivers (Fig. 1b). The analysis of riverine MPs focused on the abundance
and characteristics of shapes, colors, polymers and particle sizes. The
spatial distribution of sampling sites obtained through literature mining
was executed in ArcGIS 10.5 software, primarily divided into surface
water and sediment categories. Scatter box plots were used to demon-
strate median abundance values, while pie charts depicted the pro-
portions of shapes, colors, and polymers. Violin plots illustrated particle
size distribution and peak trends, and these visualizations were imple-
mented in Origin 2021. To minimize potential issues arising from
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inconsistent riverine MP sampling methods hindering comparisons,
different sampling methods were classified into two groups for statistical
description, namely, bulk water sampling and volume-reduced sam-
pling, to avoid errors caused by pore size differences. Meanwhile, we
used the Mann-Whitney U test, also known as the Wilcoxon rank-sum
test, which is a non-parametric statistical test method used to compare
whether there is a significant difference in the central tendency between
two independent samples in the SPSS 26 software [42]. In our discus-
sion, we employed random sampling to observe the pattern of change in
the median values of data with increasing sample sizes [43]. By pro-
gressively increasing the sample size, we monitored the variations in the
median values, with a specific focus on the rate of change in the
first-order difference of the medians. This approach was aimed at
identifying the interval where the rate of change in the median values
was minimal as the sample size increased, thereby pinpointing the range
where the median values tended to stabilize. The methodology for
sampling and calculating the first-order difference in change rates was
implemented in Python.

In the analysis of surface water MPs, 64.5% of the sampling points
were located in Asia, trailed by North America (20.1%) and Europe
(14.1%). In the sediment MP dataset, Asia accounted for 53.1% of the
locations, while Europe and North America were represented by 20.4%
and 15.5%, respectively. This distribution underscores the primary focus
of riverine MP research within these three regions: Asia, Europe, and
North America. To facilitate comparative analysis of riverine MPs across
regions, data from Europe and North America, sharing economic
development parallels, were merged into a single category termed
“Euro-America”. This combined data was then contrasted with the
predominantly Asian dataset, which represented over half of the
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Fig. 1. Schematic diagrams of the literature mining and the spatial variations analysis workflow. (a) Represents the process of literature search, screening, and data
integration for riverine MPs; [number] indicates the number of articles; x denotes non-compliance with the criteria for riverine MP data mining. (b) Represents the
main aspects of spatial disparity analysis for riverine MPs identified through literature data mining, including spatial distribution, characteristic integration,
comparison across different regions, and comparison among varying economic levels. Euro-America: European and North American countries; high income (HI),

upper-middle income (UMI), lower-middle income (LMI).
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sampling sites. Scatter box plots and chord diagrams were utilized to
illustrate and compare the regional variations in riverine MP charac-
teristics, with these analyses conducted using Origin 2021. The Jaccard
similarity coefficient [44] was used to compare the similarity in shapes,
colors, and polymers of riverine MPs between Asian and Euro-America
countries, with calculations based on Eq. (1).

(€8]

Jaccard(A,B) = 'A QB'

AUB

A represents Asia, and B represents Euro-America. The Jaccard
similarity coefficient measures how similar two sets are. A coefficient
near 1 suggests high similarity, while a coefficient close to 0 indicates
significant dissimilarity. Generally, Jaccard > 0.7 suggests high simi-
larity, indicating a substantial overlap. 0.5 < Jaccard < 0.7 implies
moderate similarity, Jaccard < 0.5 indicates low similarity.

Pollution rivers vary for different economic development levels of
the watershed and MP abundance is closely related to the level of ur-
banization [45,46]. Hence, this study also compared the economic
development level where the river was located with the corresponding
MP abundance, and further summarized this into two development
categories: urbanized and urbanizing. The countries’ economic devel-
opment levels were based on the World Bank’s World Development
Indicators [47], which classify countries’ economies as high income
(HI), upper-middle income (UMI), lower-middle income (LMI), and low
income (LI). In this study, no river data were available for LI countries.
Finally, we define rivers in HI countries as “Urbanized” rivers and rivers
in UMI and LMI countries as “Urbanizing” rivers. Additionally, our
analysis employed the Kruskal-Wallis H test, a non-parametric statistical
test utilized for comparing three or more independent groups [48].
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3. Results
3.1. Distribution and characteristics of MPs in rivers

In surface water, MP median abundance was 2030 items/m® with
bulk water sampling, and the range from the 25th percentile to the 75th
percentile (interquartile range, IQR) was 658-6250 items/m> (Fig. 2b).
MP median abundance was 1.6 items/m® with volume-reduced sam-
pling, and IQR was 0.5-8.3 items/m® (Fig. 2b). The shapes were mainly
fiber (52.7%), fragment (25.90%), film (9.30%), and pellet (6.30%)
(Fig. 2c). The colors were mainly transparent, accounting for 25.20%,
followed by white, blue, and black, accounting for 21.20%, 17.30%,
13.60%, respectively. Transparent, white, and blue-colored MPs
comprised more than half (63.70%) of the dataset (Fig. 2d). The most
common polymers were polypropylene (PP) and polyethylene (PE),
accounting for 31.6% and 30.7%, respectively, followed by polystyrene
(PS), accounting for 13.5%. The remaining polymers with higher pro-
portion were polyethylene terephthalate (PET), rayon, polycarbonate
(PC) accounting for 4.8%, 4.6% and 3.4%, respectively (Fig. 2e). The
particle size of 0-0.5 mm accounted for 55.4%, 0.5-5 mm accounted for
44.6% and 0-1 mm accounted for 72.5%, 1-5 mm accounted for 27.5%
(Fig. 2f).

In sediment, MP median abundance was 274 items/kg, and the IQR
was 77-1407 items/kg (Fig. 2b). The shapes were mainly fiber, ac-
counting for 44.5%, followed by fragment, film, and pellet, accounting
for 34.4%, 9.1%, 5.2%, respectively (Fig. 2c). The colors were mainly
transparent, accounting for 29.0%, followed by white, blue, and black,
accounting for 22.2%, 16.1%, 12.5%, respectively. As with the surface
water, transparent, white and blue-colored MPs also comprised more
than half of the dataset (Fig. 2d). The most common polymers was PE,
accounting for 37.1%, followed by PP and PS, accounting for 19.1% and
15.6%, respectively. The remaining polymers with higher proportion
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Fig. 2. Integrated literature data on riverine MPs: Spatial distribution of sampling sites (a) and characteristics including MP abundance (b), shapes (c), colors (d),
polymers (e) and particle sizes (f) in surface water (in c-e, the inner circle represents surface water) and sediment (in c-e, the outer circle represents to sediment).
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were polyvinylchloride (PVC), PET, polyamide (PA) accounting for
4.8%, 4.3% and 3.8%, respectively (Fig. 2e). The particle size of
0-0.5 mm accounted for 53.7%, 0.5-5 mm accounted for 46.3% and
0-1 mm accounted for 72.9%, 1-5 mm accounted for 27.1% (Fig. 2f).

3.2. Comparative analysis of riverine MPs across different regions

Differences in surface water and sediment MP abundance were found
between Asian and Euro-America regions. For bulk sampling in surface
water, the median abundance of MPs in Asia was 2823 items/m3, with
an IQR of 1022-7903 items/m®. In Euro-America, the median abun-
dance of MPs was 900 items/m? and the IQR was 135-2100 items/m?>.
The median MP abundance in Asia was 3.1 times higher than in Euro-
America (Fig. 3a). For volume-reduced sampling in surface water, the
median abundance of MPs in Asia was 3.7 items/m°® and IQR was
0.7-27.7 items/m°. In Euro-America, the median abundance of MPs was
2.1 items/m> and the IQR was 0.3-5.4 items/m>. The median in Asia
was 1.8 times higher than in Euro-America (Fig. 3a). The median
abundance of MPs for sediment in Asia was 186 items/kg and the IQR
was 55-602 items/kg. In Euro-America, the median was 795 items/kg
and the IQR was 137-2513 items/m°. In contrast to the trend for surface
water, the median for river sediment in Euro-America was 4.3 times
higher than in Asia (Fig. 3d).

Riverine MPs from Asia and Euro-America showed moderate simi-
larity in shapes and polymers in surface water. In Asia, the MP shapes in
surface water were mainly fiber and fragment, accounting for 53.5% and
24.4% of samples, respectively. Other shapes accounting for a relatively
large proportion were film (10.2%) and pellet (6.5%). In Euro-America,
fiber (44.2%) and fragment (38.7%) were also the predominant shapes,
accounting for more than 80% of the total, while pellet (6.4%) and line
(5.2%) were the other predominant shapes. The Jaccard similarity co-
efficient between Asia and the Euro-America was 0.64, indicating a
moderate similarity (Fig. 3b). In Asia, PP (31.6%) and PE (30.4%) were
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the most common polymers. Others common polymerss were PS
(15.0%) and PET (6.5%). In Euro-America, PE (47.5%) and PP (45.0%)
were also the most common polymers and accounted for more than 90%
of the total. The Jaccard was 0.53, also indicating a moderate similarity
(Fig. 3c). In the dataset compiled for this study, there were no available
data on the colors of MPs in Euro-America, therefore, this section only
describes the MP colors in Asia, which were mainly transparent, white,
blue and red, accounting for 24.4%, 20.5%, 16.8% and 9.1% respec-
tively. Additionally, all the data obtained through text mining regarding
the proportion of particle sizes were exclusively from Asia.

Riverine MPs from Asia and Euro-America also showed moderate
similarity in shapes, colors and polymers in sediment. The shapes of MPs
in Asian riverine sediment were also mainly fiber and fragment (41.2%
and 36.8%, respectively), cumulatively accounting for nearly 80% of
total, while film and sheet only accounted for 12.1% and 4.3%,
respectively. In Euro-America, fiber and fragment were also the main
shapes of sediment MPs, accounting for more than 80% (51.9% and
30.4%, respectively), while pellet (11.9%) and line (3.7%) accounted for
the other shapes. The Jaccard was 0.64, also indicating a moderate
similarity (Fig. 3e). The colors of MPs in Asian river sediment were also
transparent, white, blue and black, accounting for 33.1%, 21.8%, 14.8%
and 11.3%, respectively. The colors of MPs in Euro-America river sedi-
ment were mainly white, blue, black, and transparent, accounting for
24.3%, 22.2%, 18.8% and 9.6%, respectively. There were slight differ-
ences in the proportion of colors between the two regions, mainly in the
proportion of transparent MPs. The Jaccard was 0.54, still indicating a
moderate similarity (Fig. 3f). PE accounted for 36.6% of the MPs in
Asian river sediment, while PP and PS accounted for 19.1% and 15.7%
respectively. Among the polymer of MPs in river sediment in Euro-
America, PE accounted for the highest proportion, 41.4%. Other poly-
mers with relatively high proportion were PP and PS, accounting for
18.9% and 14.4%, respectively. The Jaccard was 0.71, indicating a high
similarity (Fig. 3g).
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Fig. 3. Characteristics of regional riverine MPs in surface water and sediment. (a) MP abundance in surface water via bulk water sampling and volume-reduced
sampling; (b-c) MP shapes and polymers in surface water; (d) MP abundance in sediment; e-g: shapes, colors and polymers, respectively in sediment; Euro-
America: European and North American countries; PP: Polypropylene; PE: Polyethylene; PS: Polystyrene; Jaccard: Jaccard similarity coefficient. ~in-

dicates p < 0.001.
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3.3. Difference under different economic development levels

Significant variations in riverine MP abundance were identified
among countries with varying economic development levels (Fig. 4a). In
the bulk sampling method of river surface water, significant differences
(p < 0.001) were observed in MP abundance between high income (HI),
upper-middle income (UMI), and lower-middle income (LMI). The UMI
displayed a higher median abundance at 3330 items/m? . The HI had a
median abundance of 992 items/m? , while the LMI recorded the lowest
median abundance at 373 items/m>®. When river surface water was
collected via volume-reduced sampling method, there were significant
differences (p < 0.01) in MP abundance between UMI and HI, with UMI
showing a median abundance of 2.68 items/m? , in contrast to HI with
1.2 items/m> . On average, MP abundance in UMI was 2-3 times that
observed in HI. In sediment analysis, significant differences (p < 0.01)
emerged in MP abundance, with HI presenting the highest median
abundance at 934 items/kg. The LMI showed a median abundance of
200 items/kg, while UMI had a slightly lower median abundance at 166
items/kg. Ultimately, the median abundance in HI was approximately
fivefold that of both LMI and UMI.

The association between the degree of MP pollution in surface water
and sediment and the level of urbanization was inversely related
(Fig. 4b). The results showed that the median abundance of riverine MPs
undergoing urbanization in LMI and UMI countries was 2834 items/
m> when sampled using the bulk sampling method, and 2.78 items/
m® with the volume-induced method. In contrast, the median MP
abundance in rivers within highly urbanized HI countries was 992

a Surface water (Bulk)

Surface water (Volume)
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items/m? with bulk sampling, and 1.2 items/m? with volume-induced
sampling. The abundance of MPs in the rivers of urbanizing countries
was approximately 2 to 3 times higher than that in highly urbanized
rivers. However, the abundance of MPs in sediment from highly ur-
banized rivers was five times higher than that in rivers from urbanizing
countries. This indicated that river surface water, as a direct recipient of
MPs, recorded the pollution status in countries experiencing urbaniza-
tion, while sediment archived the historical use and pollution levels.

4. Discussion
4.1. Analysis of sample size in riverine MP dataset

The two main factors affecting the comparative assessments among
riverine MPs are the differences in environmental sampling methodol-
ogies, which can present challenges in compiling data across studies,
and the fact that MP abundance is affected by river characteristics and
consequently result in significant spatial and temporal differences in
data [16,35,49]. Due to the two inherent characteristics of MPs in rivers
at present, the integration of their data has become exceedingly chal-
lenging. Despite our attempts to categorize the sampling methods for
river surface water into two classes [16,50] to mitigate method-induced
variations, it remains difficult to circumvent differences arising from
both temporal and spatial dimensions. Nevertheless, despite these
spatiotemporal variations, a sufficiently large dataset can still effectively
reflect changes in MP abundance, facilitating a comprehensive under-
standing [35,51-53]. Therefore, careful consideration must be given to
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the adequacy of the dataset to ensure that riverine MPs comprehensively
mirror the current situation [43].

The sample size for riverine MPs were limited, yet the abundance
values consistently exhibited variation within a stable range. Through
an analysis of the variance in MP abundance in both surface water and
sediment as the sample size increases, specific results are detailed in
supplementary Fig. S2. The surface water with bulk water sampling
method displayed the smallest data variation, with a median abundance
of 1929.11 items/m® and a rate of change within + 20%. Subsequently,
the median MP abundance in the sediment was 300 items/kg, with a
constant range within + 50%; the surface water using the volume-
reduced sampling method exhibited the greatest rate of change, with
an interval of & 100%, and a median abundance value of 2.16 items/
m®. Typically, if the change in the first-order difference fluctuates
within a small range (for example, a rate of change within + 5% or
lower), it may indicate that the data are tending towards stability.
Consequently, it is evident that the dataset involved in this study have
not reached stability. To obtain a constant value, a larger sample size is
required, especially for the dataset of surface water with volume-reduce
sampling method, which has the largest range of rate of change. How-
ever, it was feasible to approximate the general range of abundance
values, thereby providing valuable reference insights for interpreting
the MP abundance in rivers. We argue that the reported median abun-
dance values in this study could be used as an environmental reference
or baseline for measuring riverine MP contamination level.

4.2. Spatial variation analysis of riverine MPs

The riverine MPs in the regions with different development stages
showed heterogeneity. At present, research on riverine MPs was mainly
concentrated in three regions: Asia, Europe and North America. A sub-
stantial body of data has demonstrated that the abundance of MPs in
surface water in Asia, especially in Chinese rivers, exceeded that of Euro-
America countries by several orders of magnitude, at times [3,11,12].
However, the abundance of MPs in sediment was higher in
Euro-America than Asia. We assumed and summarized that, the varia-
tions in MP levels in river surface water and sediment between Asia and
Euro-America, as well as between nations in different stages of urbani-
zation, revealed a counterintuitive association between the degree of MP
pollution and the level of urbanization. The distinct temporal
misalignment in the stages of MP usage and management during various
phases of urbanization was evident. The primary reasons for these var-
iations may be attributed to the rapid industrialization and urbanization
experienced by Asian and urbanizing nations, leading to extensive
plastic utilization and production [45,54]. Simultaneously, these re-
gions or nations may have grappled with inadequate waste management
practices, including a lack of effective waste disposal and recycling
systems, resulting in the substantial influx of plastic waste into rivers
[54,55]. In contrast, regions such as Euro-America, or fully urbanized
nations, exhibited relatively well-established infrastructure and envi-
ronmental management policies, contributing to lower MP abundance in
water [56]. Having undergone prolonged urbanization phases, rivers in
these regions have become significant plastic reservoirs, with MP tran-
sitioning and accumulating in the sediment under various conditions,
consequently leading to a higher abundance of MPs in these sedimentary
environments [4].

From a river dynamics perspective, the differential distribution of
MPs in urbanized and urbanizing regions can be significantly influenced
by the hydraulic characteristics and geomorphological changes within
river systems due to urbanization. In urbanizing areas, where infra-
structure development is nascent, rivers often undergo extensive mod-
ifications such as channel straightening and hardening to accommodate
increased runoff and mitigate flood risks [57]. These alterations gener-
ally accelerate water flow, which reduces the residence time of water
and suspended particles, including MPs, thus diminishing their oppor-
tunity to settle in the sediment [58]. As urbanization progresses, the
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establishment of more sophisticated stormwater management systems
and the implementation of erosion control measures tend to stabilize the
riverbeds [59]. In highly urbanized areas, engineered structures like
weirs and dams are introduced, which alter flow regimes significantly
[58]. These structures can create areas of reduced flow velocity down-
stream, which are conducive to the deposition of suspended particles
[59]. Slow-moving waters facilitate the settling of heavier MPs into the
sediment, leading to a higher MP abundance in the sediment of fully
urbanized regions compared to those in flux [22]. Thus, understanding
the interplay between urban landscape changes and river hydrody-
namics is essential for predicting and managing MP pollution in urban
waterways. This insight is crucial for developing strategies that mitigate
the environmental impact of urban runoff laden with MPs.

4.3. Outlook

The study of MPs in large-scale river systems is a multidisciplinary
endeavor, integrating environmental science, geography, chemistry,
and data science. In this study, we primarily used dataset from Asia and
Euro-America, and we must acknowledge that this approach has
neglected low-income countries, thereby limiting the global represen-
tativeness of our research [60]. Future efforts should broaden data
sources, particularly with increased focus on low-income areas, to pro-
mote a fairer understanding and response to global MP pollution. In-
ternational collaboration is vital for methodological standardization and
data sharing, given the global nature of MP pollution [9]. It hinges on
establishing standardized methodologies for the systematic collection
and analysis of MP samples across diverse riverine environments [9,
61-63]. Transnational research necessitates refined sampling tech-
niques and advanced MP extraction and identification methods [64].
High spatial resolution is crucial, requiring extensive geographic sam-
pling to accurately represent the spatial distribution patterns of MPs
[15]. Factors such as the physical, chemical, and biological character-
istics of rivers, and the impact of nearby human activities, are integral to
understanding MP distribution [65,66]. Data analysis employing sta-
tistical methods and Geographic Information Systems (GIS) is essential,
alongside developing predictive models for future MP pollution trends
[15,67]. The waste processing and recycling policies of different coun-
tries, especially regarding plastic waste, are crucial for reducing MP
inputs into rivers [54,55]. Studies should evaluate the effectiveness of
these policies and explore their correlations with MP pollution. This
research aims not just to deepen scientific understanding of MP distri-
bution but also to inform policy-making and riverine environmental
management, ultimately mitigating the impact of MP pollution. Through
interdisciplinary efforts, this research addresses a crucial environmental
challenge, protecting water resources and ecosystems from MP
contamination.

5. Conclusions

Through literature data mining, we integrated the characteristics of
1432 MP sampling sites from 76 rivers, encompassing abundance,
shapes, colors, polymers, and particle sizes. We found that these riverine
MP research were predominantly located in Asia (64.5%), Europe
(20.1%), and North America (14.1%), and a significant variation
(p < 0.001) between the abundance of MPs obtained through bulk water
and volume-reducing sampling methods in surface water. A comparison
across different regions revealed a mismatch between Asian and Euro-
America, with MP abundance in Asian rivers being 2-3 times higher
than those in the Euro-America, whereas Euro-America abundance was
found to be 5 times those in Asia. In addition to differences in abun-
dance, other characteristics of riverine MPs also exhibited regional
variations, showing moderately similar features. Higher abundance in
water samples were observed in urbanizing countries, while higher
abundance in sediment were noted in urbanized countries. This spatial
disparity in riverine MPs warrants an interpretation from varying
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economic development perspectives, prompting us to reconsider the
focus of riverine MP management measures at different stages of eco-
nomic development.

Environmental implication

Through literature synthesis, we gathered data on microplastics from
76 rivers, mainly distributed in Asia and the Euro-American regions. Our
extensive regional analysis showed notable variations in the presence of
microplastics within surface water and sediment across these regions,
underlining crucial aspects of managing riverine microplastic pollution.
It suggests that developed countries need to concentrate on sediment-
based microplastics, whereas developing countries should give prece-
dence to microplastics found in water samples.
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