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Abstract

This study systematically investigated microplastics (MPs) in Pingshan River, Shenzhen—a
representative urban river with short channel length, rapid flow, and limited environ-
mental capacity. Surface water and sediment samples from seven sites were analyzed
for MP abundance, size, morphology, color, and polymer composition. Results revealed
significant MP pollution: surface water abundance ranged from 132 to 423 items/L (mean
311.42 £ 90.78 items/L), while sediment abundance ranged from 334 to 756 items/kg
(mean 508.85 & 151.79 items/kg). Spatial heterogeneity was pronounced, with the high-
est abundance at a construction-influenced site (Site 6) and the lowest at a less-impacted
site (Site 2). MPs were predominantly 300-1000 um in size. Fibers dominated surface
water, while fragments prevailed in sediment. Transparent particles constituted >77% of all
MPs. Polymer composition was dominated by polypropylene (PP) and polyethylene (PE).
Key factors controlling spatial distribution included proximity to construction/industrial
activities, aquatic vegetation cover, and hydrological conditions during the dry season.
Polymer hazard risk index (H) classified all sites as Category II (10 < H < 100), indicating
low ecological risk despite high abundances. This research provides a scientific foundation
for targeted pollution control in urban river systems, emphasizing the need to consider
both abundance and polymer-specific toxicity in risk assessment.

Keywords: urban river; microplastics; environment

1. Introduction

Plastics offer diverse applications but pose significant environmental challenges. As
the world’s largest producer and consumer of plastics, China accounts for approximately
one-third of global plastic flows [1]. Despite China’s implementation of comprehensive
governance and regulatory measures targeting plastics, their extensive use continues to
drive substantial plastic pollution [2]. It is estimated that around 90% of discarded plastics
remain unrecovered [3]. Plastic pollution has become a major global environmental concern
alongside climate change [4].

Once plastic waste enters the environment, particles smaller than 5 mm (MPs) pose
threats to aquatic organisms and human health through the food chain [5,6]. Research
on MPs remains a major focus, investigating their distribution across rivers, oceans, and
soils, as well as their interactions with organic pollutants [7-10]. Acting as vectors, MPs
are ingested by diverse organisms, facilitating bioaccumulation [11]. Human exposure to
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MPs is associated with various health risks [12]. Inland rivers are critical pathways for the
long-distance transport of MPs from terrestrial to marine ecosystems. During transport,
sediment deposition can induce secondary pollution, adversely affecting riparian zones
and aquaculture systems [13,14].

China’s abundant water resources have drawn significant attention to MP pollution
in its aquatic ecosystems [15,16]. Urban rivers, serving as critical interfaces between hu-
man societies and aquatic environments, experience complex interactions between natural
processes and anthropogenic pressures. Accelerated urbanization, industrial development,
and human interventions have substantially degraded urban riverine ecosystems [17,18].
Beyond transport via hydrological currents, MPs accumulate extensively in benthic sed-
iment [19,20]. Sediment matrices function as primary sinks for concentrated pollutants
through depositional processes. Consequently, sediment analysis provides optimal charac-
terization of historical MP contamination in aquatic systems [21]. Integrated monitoring
and assessment of MPs in both water and sediment allows for a thorough understanding
of their spatial distribution patterns [22,23].

The Pingshan River, a principal tributary in Shenzhen’s freshwater network (Guang-
dong Province, China), originates at Meisha Peak (Sanzhoutian) and traverses Pingshan
District [24]. As a typical urban river, it exhibits a short channel length, rapid flow velocity,
and limited environmental carrying capacity. Moreover, accelerated regional socioeconomic
development has imposed excessive pollution loads on such waterways, causing significant
degradation of water quality and ecological integrity [25,26]. Consequently, MP assessment
in the Pingshan River provides critical insights into contamination patterns of urban river
systems. Notably, unlike most previous studies that sampled during wet seasons or without
considering hydrological context, this study focuses on dry-weather baseflow conditions—
a scenario where dilution is minimal and local pollution signals are maximized, providing
a conservative estimate of anthropogenic MP inputs under low-flow regimes.

This study systematically analyzed the distribution of MPs in both the water column
and sediment of the Pingshan River, focusing on their abundance, morphology, size, color,
and composition. The results of this research will supplement current understanding of MP
pollution in rivers. They will provide valuable insights into the distribution mechanisms of
MPs and inform the development of evidence-based strategies for pollution prevention
and control.

2. Materials and Methods
2.1. Research Area and Sample Collection

The Pingshan River, located in Shenzhen’s Pingshan District, represents a typical
urban river system. Its coordinates span 22°39'-22°47' N and 114°17'-114°26' E. The
drainage area covers 133 km? (total basin: 181 km?), with a 25 km main channel [27]. The
synergistic superposition and combined action of intense rainfall and surface runoff will
lead to a rapid increase in the runoff volume of the river. The river basin encompasses a
mix of land use types—from urban developments and rural farmlands to natural wetlands
and wastewater treatment facilities.

This study established seven representative sampling points along the river with
intervals of about 4 km (Figure 1), ensuring spatial uniformity. Sampling was conducted in
May 2023 during dry weather conditions, with no rainfall in the preceding 72 h. At each site,
triplicate surface water and sediment samples were collected to ensure representativeness.
Sampling locations were selected at the mid-section of the river channel to avoid the
interference of lateral flow velocity gradients on sample quality [28]. For water samples,
1 L of subsurface water (approximately 20-30 cm below the water surface) was collected in
stainless steel buckets for each replicate. The volume of 1 L was chosen as a compromise
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between representativeness and practical filtration capacity. In the studied streams, high
suspended solid loads limited the filterable volume, and a larger volume would have caused
frequent filter clogging. Similar volumes (0.5-2 L) are commonly used in microplastic
surveys of turbid surface water [29]. For sediment samples, approximately 1 kg of surface
sediment (0-5 cm depth) was collected using a stainless steel grab sampler (Peterson type)
for each replicate. All seven sampling sites were accessed from bridges over the Pingshan
River. Before sampling, all equipment underwent rigorous cleaning with ultrapure water to
remove potential contaminants. Surface water was gathered in stainless steel buckets, and
surface sediment from the riverbed were collected via stainless steel sediment samplers.
Samples were preserved in stainless steel containers for laboratory analysis.

Water treatment ~

plant q p
Construction
site ﬂ b

Wetland ~ University

Figure 1. Study area map of the Pingshan River watershed, showing the sampling locations of surface
water and sediment.

2.2. Extraction of MPs

For water samples, the entire sample collected from each site was used for MP extrac-
tion. Water samples were vacuum-filtered through 3 pum stainless filters. Retained solids
were rinsed with deionized water into beakers. Organic matter digestion employed 30%
H,0; at 65 °C (100 rpm, 24 h). Saturated NaCl solution (density ~ 1.2 g/ cm?) was added,
followed by 10 min stirring and 24 h sedimentation. Density-enhanced separation isolated
MPs, with supernatant vacuum-filtered through 3 pm metal filters. Filters underwent triple
rinsing with deionized water to eliminate residual NaCl. Filters were transferred to sterile
Petri dishes, dried at 50 °C for 24 h, and prepared for optical microscopy.

For sediment samples, after homogenization, the dried sediment was subsampled
for MP extraction. Sediment was dried in stainless steel containers (60 °C, 48 h). A
subsample of approximately 50 g (dry weight) was then mixed with saturated CaCl,
solution (density ~ 1.4 g/ cm®) and mechanically stirred (stainless steel device, 20 min).
After 24 h sedimentation, supernatant was transferred to a conical flask. This extraction
was repeated thrice with CaCl, solution. The combined supernatant underwent vacuum
filtration. Retained material was washed thrice with deionized water, transferred to a
beaker, and digested in 30% H,O, (65 °C, 100 rpm, 24 h). Subsequent steps followed
identical steps to the river MPs, concluding with filter placement in a Petri dish.

The density separation procedures described above were adapted from established
protocols [21]. However, the use of saturated NaCl solution (density ~ 1.2 g/ cm3) for
water samples presents a notable limitation: polymer particles with densities greater than
1.2 g/cm®—such as polyethylene terephthalate (PET, ~1.38 g/cm3), polyvinyl chloride
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(PVC, ~1.40 g/cm?), and particularly tire wear particles (TWP, typically 1.2-1.3 g/cm? or
higher, depending on embedded materials)—may not float efficiently and could be lost
during the separation step. Although a higher-density CaCl, solution (1.4 g/cm3) was
employed for sediment samples, the water samples were processed exclusively with NaCl
solution, potentially leading to an underestimation of high-density microplastics, including
TWP, in the aqueous phase. Consequently, the reported results likely reflect a conservative
estimate of total microplastic abundance, with a systematic bias toward lower recovery of
denser particles. The use of different density solutions was based on the distinct matrices:
NaCl (1.2 g/cm3) is adequate for floating low-density polymers in water samples, while
CaCl, (1.4 g/cm?) provides a higher density to recover a wider range of polymers from the
heavier sediment matrix.

To facilitate the interpretation of spatial distribution patterns of MPs across the seven
sampling sites, qualitative site-specific environmental and sediment characteristics are
summarized in Table 1. These characteristics were recorded during field observation in May
2023 under dry-weather conditions (no rainfall in the preceding 72 h) and supplemented
by catchment land-use analysis. As shown in Table 1, the seven sites span a gradient of
anthropogenic pressure: from the upstream residential area (Site 1) and parkland with
managed vegetation (Site 2), through industrial (Site 3) and high-density residential (Site 5)
zones, to a constructed wetland park (Site 4), an active construction zone (Site 6), and
a downstream mixed-area Site (Site 7). Riparian vegetation cover ranged from dense
emergent macrophytes at Site 4 to sparse or absent vegetation at Sites 3 and 6. Water flow
conditions varied from sluggish and vegetated (Site 4) to rapid and turbulent (Site 3) or
disturbed and turbid (Site 6). After standardized drying, all sediment samples exhibited a
visually uniform “dried soil” appearance, with no extreme textural differences among sites;
however, field-observed surface sediment characteristics (e.g., color, approximate grain
texture, presence of debris) are noted in Table 1. It should be noted that the data in Table 1
are primarily qualitative and observation-based, as quantitative sediment properties (e.g.,
grain size distribution, organic matter content) and detailed hydrological parameters (e.g.,
flow velocity, turbidity) were not measured during the original sampling campaign.

Table 1. Site-specific environmental and sediment characteristics of the seven sampling sites along
the Pingshan River (based on field observations during dry-weather sampling in May 2023 and
catchment land-use analysis).

Dominant Riparian Water Flow Condition Sediment Appearance (After Key Anthropogenic Pressure

Site Land Use Type Vegetation (Visual Observation) Drying at 60 °C, 48 h) Indicators
1 Residential /Upstream Sparse grass Moderate, constrained Brownish, fine-grained, Nearby residential drainage
channel homogeneous outlets

. Dense shrubs & grass Slow, with artificial Dark brown, slightly Low direct input, maintained

2 Park/Recreation . L o
(managed) maintenance organic-rich riparian zone
3 Industrial Minimal (concrete banks) Rapid, turbulent Grayish, mixed with fine sand Nearby mdgittrlleatlsstormwater
4 Wetland park Emerger(‘ﬁ;ﬁgophytes Sluggish, vegetated Dark, organic-rich Treated effluent inlet
5 High-density residential Moderate (ornamental Moderate Brown, fine-grained Numerous resml'entlal
plants) stormwater pipes
6 Construction zone Sparse/absent Disturbed, turbid Light b.rOWI.\’ 'coarse-g'ramed, Natural erosion rills, bare soil
with visible debris

7 Downstream mixed Moderate (scrub) Rapid, wide channel Mixed, fine-coarse Cumulative from upstream

To minimize contamination, all glass and stainless steel containers were rinsed three
times with deionized water before use. Plastic instruments were avoided. Operators wore
100% cotton garments during sampling and extraction. Field blanks (n = 3, ultrapure water
exposed at sampling sites), laboratory blanks (1 = 3), and process blanks (n = 3) were
processed alongside environmental samples. No MPs were detected in any blanks. The
limit of quantification (LOQ) was set at 10 items/L for water samples and 50 items/kg for
sediment samples, based on the minimum number of particles (n = 10) reliably counted
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given the filtration volume and microscopic magnification. All reported abundances
exceeded these LOQ values.

2.3. Observation and Identification of MPs

All 21 water samples and 21 sediment samples collected were subjected to the entire
extraction, observation, and identification process described below. MPs on filters were
analyzed using a polarizing light microscope (Murzider, Dongguan, China) and computer-
linked camera for preliminary quantification and characterization. River surface water and
sediment MPs were detected via micro-Fourier Transform Interferometer (u-FTIR, Thermo
Scientific, Waltham, MA, USA). Given the difficulty in identifying sub-10 um particles via
optical microscopy and p-FTIR, only MPs > 10 pm were subjected to quantification, with
their key attributes systematically recorded. For p-FTIR analysis, a systematic subsampling
approach was adopted: on each filter, 40 points were randomly selected, and at each point,
a 200 um x 200 um area was analyzed for polymer identification. Polymer types were
determined by matching infrared spectra against the OpenSpecy reference library, with a
Pearson correlation coefficient >0.80 as the acceptance threshold.

2.4. Statistical Analysis

To identify the key factors influencing the spatial distribution of MPs and to ex-
plore potential source apportionment, principal component analysis (PCA) was applied
to the datasets for both water and sediment. The PCA integrated variables including MP
abundance, morphological proportions, color proportions, and dominant polymer type
proportions. Data were standardized prior to analysis. PCA was performed using SPSS. A
p-value of <0.05 was considered statistically significant for any other tests performed.

PCA was applied to identify factors influencing MP spatial distribution and to ex-
plore potential source apportionment. Variables included MP abundance, morphological
proportions, color proportions, and dominant polymer type proportions. Data were stan-
dardized prior to analysis. PCA was performed using SPSS (version 26.0). A p-value
< 0.05 was considered statistically significant. Given that polymer types (e.g., PP, PE,
PET) and morphologies (e.g., fibers, fragments) can originate from multiple anthropogenic
activities, PCA results are interpreted as plausible spatial associations to guide future
targeted investigations.

3. Results
3.1. Abundance of MPs in Surface Water and Sediment

MPs were found in both surface water and sediment of the Pingshan River, with
spatial distribution patterns illustrated in Figure 2. The abundance of MPs in surface
water ranged from 132 to 423 items/L (mean: 311.42 £ 90.78 items/L), while sediment
levels varied from 334 to 756 items/kg (mean: 508.85 + 151.79 items/kg), exhibiting
noticeable spatial variation across sampling sites, with approximately 3.4-fold and 3.3-
fold differences between the highest and lowest concentrations in water and sediment,
respectively. The error bars in Figure 2 represent standard deviations from triplicate
samples. The relatively high standard deviations at Site 6 indicate greater spatial het-
erogeneity, likely due to localized pollution sources such as construction activities and
untreated domestic discharges. In contrast, Site 2 showed the lowest MP abundance
and smaller variability, possibly reflecting better riverbank vegetation management or
lower anthropogenic pressure. Site 6 exhibited the highest MP abundance (approximately
double that of Site 2 in water and sediment), whereas Site 2 showed the lowest values.
To facilitate comparison between compartments, a sediment-to-water ratio was calcu-
lated for each site by dividing the mean MP abundance in sediment (items/kg) by the
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mean MP abundance in surface water (items/L). It is important to note that this ratio is
a semi-quantitative index due to the different units, and is primarily used for relative
comparison between sites. As shown in Table 2, the sediment-to-water MPs ratio varied
across sites, ranging from 1.29 to 2.53. While most sites exhibited ratios between 1.29 and
1.82, Site 2 showed a notably higher ratio of 2.53. Field investigations revealed that the
anomalous ratio at Site 2 was mainly due to the reduction in aquatic vegetation in the
river channel caused by artificial maintenance, in contrast to the vegetated Site 4 (wetland
park). This diminished vegetation coverage weakened the interception capacity for MPs
in surface water, enhancing their migration via water flow or direct sedimentation into
sediment [30].

() (b)
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2400 2 700
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8 8 500
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= 'E 300
-g 100- -g 200
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Figure 2. MPs content in water and sediment for samples collected at 7 locations: (a) water;
(b) sediment.

Table 2. Ratio of MPs in sediment and water at 7 locations.

Location The Mean + SD of Sediment-to-Water Ratio

1.29 £ 0.05
253 £0.11
1.75 £ 0.07
1.30 £ 0.04
1.41 £0.06
1.79 £ 0.09
1.82 +0.08

NGk W -

3.2. Particle Size Analysis of MPs in Surface Water and Sediment

MPs in the 300-1000 pm size range constituted the largest proportion in both
surface water and sediment, particularly at densely populated Sites 1, 5, and 6 (Figure 3).
At most sites, the proportion of smaller-sized MPs (<300 um) was higher in water
than in sediment, consistent with the higher buoyancy and transport capacity of small
particles [31-34]. The exceptions were Sites 5 and 6, where the water—sediment difference
was minor, possibly due to localized turbulent mixing from construction activities or
experimental variability.
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Figure 3. The size of MPs distribution for samples collected at 7 locations.

3.3. Morphological and Color Characteristics of MPs in Surface Water and Sediment

Morphological and chromatic characteristics of MPs on filters were analyzed using
stereomicroscopy, with Figure 4 displaying features of samples collected from individual
sampling sites. MPs in the Pingshan River samples were categorized into three morpholog-
ical types: particles, fragments, and fibers. Fiber accounted for a large proportion of MPs in
the surface water, and fragment MPs accounted for a large proportion of MPs in sediment.
The prevalence of fibrous MPs is often associated with the degradation of textile fabrics
or woven materials in the literature [35,36]. The elevated abundance of fibers at densely
populated Site 5 and construction Site 6 is consistent with this interpretation, suggesting
potential inputs from domestic wastewater and construction-related activities. Notably, at
industrial Site 3, Fragment MPs accounted for a notably high proportion of total MPs. At
this site, MPs enter the river through two distinct pathways: gaseous industrial emissions
via atmospheric deposition and rainfall transport, and the weathered plastic waste of
factory via fluvial and wind-driven transport [37,38]. Although atmospheric deposition is
a potential pathway, no microplastics were detected in the field blanks. This likely reflects
the relatively short exposure time and the limited atmospheric microplastic flux under
the calm weather conditions during sampling, rather than the absence of atmospheric
inputs in general. Future studies with longer blank exposure would be needed to capture
this contribution. Particulate MPs are commonly found in industrial raw materials and
cosmetic additives [39,40]. Spatial variations in the color distribution of MPs correlate with
local environmental factors. For instance, a higher proportion of colored MPs was observed
at Sites 2, 4, and 5. These sites are densely populated areas, which may be associated with
considerable colored plastic waste.

As illustrated in Figure 5a, the morphological composition of MPs in surface water
shows roughly similar proportions of particle, fragment, and fiber morphotypes, while
those in sediment show a distinct abundance order: fragment > fiber > particle. The rea-
son why fragmented MPs account for a higher proportion than particulate ones may be
physical abrasion in the riverbed, which converts particle MPs into fragments. As shown
in Figure 5b, transparent MPs accounted for the highest proportion in both surface water
(77.84%) and sediment (77.39%) samples. Classifying MPs by color can help identify poten-
tial sources, as different colors may originate from specific plastic products or degradation
stages [41-43].
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Figure 4. Morphological and color characteristics of MPs across 7 sampling sites. (a) Morphological
composition of MPs in surface water (%), (b) morphological composition of MPs in sediment (%),
(c) color distribution of MPs in surface water (%), (d) color distribution of MPs in sediment (%). Bar
graphs represent the proportion of each category relative to the total MPs count at each site.
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Particje

Figure 5. (a) Integrated morphological characteristics of MPs throughout the basin, showing the
relative proportions of fiber, fragment, and particle MPs in surface water and sediment. (b) Integrated
color characteristics of MPs throughout the basin, showing the relative proportions of different color
classes in surface water and sediment. The outer ring shows the MPs characteristics in the Pingshan
River basin and whether they are from surface water or sediment; the inner ring represents the
proportion of each component. The percentage values for each category are indicated in the diagram.

3.4. Types of MPs in Surface Water and Sediment

As illustrated in Figure 6, the polymer composition of MPs in the Pingshan River
aligns with other urban waterways, dominated by polypropylene (PP) and polyethylene
(PE) [44,45], with secondary components comprising polymethyl methacrylate (PMMA),
polyamide (PA), polyethylene terephthalate (PET) and a fraction of particles that could not
be identified based on spectral analysis, classified as “Unidentified”. Representative u-FTIR
spectra of observed polymers are provided in Figure 7. Source analysis indicates: PP and
PE primarily originate from improperly disposed single-use packaging and food contain-
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ers [46]; PMMA derives predominantly from packaging and advertising materials [47]; PA
links to medical and textile industries [48]; PET enrichment in densely populated areas
correlates with construction materials and the washing of clothes [49]. Differences in poly-
mer composition across different regions effectively mirror the types of human activities in
respective areas within the watershed.
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Figure 6. Major types of polymers found in water and sediment.
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Figure 7. Representative -FTIR spectra of typical microplastics detected by p-FTIR in Pingshan River:
(a) PP, (b) PE, (c) PMMA, (d) PA, (e) PET. The y-axis represents absorbance in arbitrary units (a.u.).
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4. Discussion

The objectives of this study were threefold: (1) to delineate the characteristics (abun-
dance, morphology, size, and polymer identity) of microplastics in an urban stream system;
(2) to identify the key factors driving spatial distribution; and (3) to apportion potential
sources using multivariate analysis. The results directly address these aims. For aim 1,
microplastics were found to be ubiquitous, dominated by small fibers and fragments mainly
composed of polyethylene and polypropylene. For aim 2, proximity to construction areas
and domestic outfalls, coupled with low-flow dry-season conditions, emerged as the pri-
mary factors explaining the heterogeneous spatial patterns. For aim 3, principal component
analysis effectively separated the sampling sites and linked distinct microplastic profiles to
probable source categories, demonstrating the apportionment potential. In the following
subsections, these findings are discussed in detail, moving from source identification to
risk implications.

4.1. PCA-Based Source Identification

The spatial distribution of MPs in the Pingshan River exhibits pronounced heterogene-
ity, with higher abundances observed at sites influenced by construction activities (Site 6)
and industrial discharge (Site 3), while lower levels occur at sites with better vegetation
cover (Site 4) or less anthropogenic pressure (Site 2). These patterns suggest that local land
use and human activities are key determinants of MPs input and retention in urban rivers.
To further elucidate the underlying factors controlling MPs distribution, PCA was applied
to both water and sediment datasets, integrating abundance, morphological features, color,
and dominant polymer types.

In surface water (Figure 8a), the first two principal components explained 53.13%
and 38.22% of the variance. Site 6 (construction zone) was plotted close to the abundance
vector, consistent with its elevated MP concentration (423 items/L). Sites 4 and 5 appeared
near the PP and fiber vectors, reinforcing the link between residential activities and fi-
brous MP inputs. Site 3 (industrial area) was positioned opposite the fiber vector, where
fragment MPs dominated—consistent with potential inputs from atmospheric deposition
and industrial discharge. Site 2 was plotted distinctly in the fourth quadrant, which may
reflect reduced aquatic vegetation due to artificial maintenance, diminishing natural MP
interception capacity.

For sediment samples (Figure 8b), PC1 and PC2 accounted for 58.78% and 25.52% of
the variance. Sites 6 and 7 were plotted near fragment and abundance vectors, indicating
accumulation of weathered MPs in downstream sediments through physical abrasion
and biofilm-mediated settling. Sites 2 and 5 appeared near the PP vector, consistent
with inputs of plastic waste from anthropogenic activities. Site 3 was positioned near
the transparent vector. Sites 1 and 4 clustered separately: Site 4’s wetland vegetation
contributed to lower sediment MP retention, while Site 1 was influenced by constricted
upstream flow conditions.

Collectively, while PCA reveals spatial patterns that correlate with land use and anthro-
pogenic activities, the source inferences presented above should be regarded as exploratory.
Given the widespread use of PP, PE, and PET in countless consumer products, and the
common occurrence of fibers and fragments in urban runoff, domestic sewage, industrial
effluents, and atmospheric fallout, a high degree of source overlap exists. Definitive source
apportionment would require additional lines of evidence, such as chemical fingerprinting
of plastic additives (e.g., stabilizers, flame retardants) or isotope labeling, which were be-
yond the scope of this study. The PCA results are therefore best used to generate hypotheses
and prioritize areas for future targeted investigations, rather than to provide a quantitative
source budget.
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Figure 8. Principal component analysis biplots of microplastic characteristics in (a) surface water
and (b) sediment of Pingshan River. Black arrows represent variable loadings; Red and purple dots

represent sampling site scores.

4.2. Pollution Assessment
The MPs Risk Index (H) evaluates pollution in the Pingshan River, quantifying MPs
effects on organisms [50]. The formula is:

H=) P, xS, @

H represents the polymer risk index, P, the proportion of a specific polymer among
all MPs, and S, the plastic polymer hazard factor. S, values are: PP =1, PET =3, PE =11,
PA =50, PMMA = 1021 [51].

The risk levels of microplastics in surface water and sediments at each monitoring site
along the Pingshan River are illustrated in Figure 9. The H is divided into four categories:
Category I (H < 10), Category II (10 < H < 100), Category III (100 < H < 1000), and Category
IV (H > 1000), with Category I representing the lowest risk level. Based on the polymer
hazard assessment, the calculated risk indicator for surface water was higher than that for
sediments. However, this comparison is based solely on polymer hazard levels and does
not imply that microplastic abundances in surface water are higher than those in sediments,
nor does it constitute a comprehensive risk assessment across the two matrices. From the
perspective of pollution classification across the entire watershed, both surface water and
sediments in the Pingshan River are consistently at a Category II risk level.
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Figure 9. Potential environmental risk assessment of microplastics at seven sampling points in
Pingshan River: (a) polymer hazard risk index for surface water samples, and (b) polymer hazard

risk index for sediment samples.

It is noteworthy that Site 6, despite exhibiting the highest MP abundance (423 items/L
in water and 756 items/kg in sediment) due to construction activities, did not show
the highest polymer risk index (H). This is because the H index heavily weights the
polymer hazard factor (S,) of each plastic type. At Site 6, the dominant polymers were
PP (Sp = 1) and PE (S, = 11), whereas PMMA (S, = 1021) and PA (S, = 50) were present
only in minor proportions. Consequently, the overall H remained within Category II. In
contrast, sites with even trace amounts of high-hazard polymers (e.g., PMMA) could exhibit
disproportionately elevated H values. This highlights that the polymer risk index reflects
chemical hazard potential rather than particle abundance alone, and a low H does not
necessarily imply low ecological impact from physical effects such as organismal ingestion
or tissue damage. Therefore, risk assessment should integrate both abundance-based and
polymer-hazard-based metrics for a comprehensive evaluation.

Compared with other Chinese rivers (Table 3), MP pollution in the Pingshan River
falls within the upper range of reported abundances. This relatively high level can be
attributed to several factors. First, methodological differences play a role: the use of a 3 pm
filter in this study, as opposed to the larger pore sizes employed in many previous inves-
tigations, enabled the capture of a greater number of small-sized MPs. Second, the river
itself possesses typical urban hydrological characteristics—namely a short channel, rapid
flow, and limited environmental capacity—which, combined with intensive anthropogenic
inputs, facilitate the accumulation of MPs. Third, sampling was conducted during the dry
season with no antecedent rainfall, which minimized dilution effects and allowed local
pollution signals to be more pronounced. Fourth, the inclusion of small size fractions (down
to 10 um) further contributed to the higher abundance estimates. Despite these elevated
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abundances, however, the polymer hazard risk index (H) classified all sites as Category II
(10 < H <100), indicating a relatively low ecological risk based on polymer composition.

Table 3. The situation of microplastics in river in China.

Area Abundance Characteristics Size Morphological Color References
. . . PET, PVC, PP, PE, PS, Fiber, Fragment,
= -1 ’ , P R, IS, - y g r *
the Qiantang River 4.8-251.2 items L PMMA 10-500 pm Particles NA [52]
the Suzhou River, Water: 1.01-3.57 n-L ™! Fiber, Fragment,
Shanghai Sediment: 555-1870 n-kg ! PF, PE, PET 64-300 pum Particles NA 531
the Poyang Lake Water: 386.36 + 179.00 items /m? PP, FB, PU 100-500 um Flber'FFﬂr;gsme“t’ NA [54]
Transparent,
. ] PP, PE, PET, PS, PA, ’
belortinins W dZatiL OO Gom e BRI
T ’ EVA, PPS, PTFE 4 ’
Green
Transparent,
the Feiyun River . . PET, PP, PE, PS, PA, Fiber, Fragment, Black, Blue,
Basin Water: 11.0 & 2.39 items /L PVC, Rayon <0.5mm Particles, Films Red, Yellow, [56]
Green
the Pearl River . . . Fiber, Fragment, White, Black,
Estuary Sediment: 4-220 items/kg PP, PE, PET 0.5-5 mm Particles Red, Yellow [57]
the Nandu River Water: 0.17 + 0.10 particles/m? PO, PES ; i
P 330-5000 pum: Fplber., ll:rag;}ent, ¥Vh1te, Bluet, (58]
the Wanquan River Water: 0.32 £ 0.13 particles/m? PE, PES, PP, PET articles, Films ransparen
. Water: 50-130 items/L Fiber, Fragment,
the Fen River Sediment: 400-1700 items/kg PE, PS, PP Na Particles, Foam Na [59]
o . . . Fiber, Fragment, White,
the Qin River Sediment: 80-1360 items/kg PP, PE, PA, PVC 500-5000 um Particles, Films Transparent [60]

* Note: NA indicates that the corresponding information was not reported in the cited reference.

4.3. Limitations of the Study

Several limitations should be considered when interpreting the findings. First, the
sampling was performed only once during the dry season (May 2023), providing a tem-
poral snapshot that does not capture seasonal variability or the influence of rainfall and
runoff events on microplastic mobilization. Second, the use of 1 L grab samples from
the water surface limits the representativeness of the entire water column and may over-
or under-estimate concentrations depending on vertical stratification. Third, laboratory
methods such as visual sorting, despite strict quality control, carry a certain degree of
subjectivity and may lead to underestimation of small or transparent particles; the exclu-
sion of particles <300 um also means that the counted concentrations are conservative.
Fourth, only the most probable polymer types were confirmed via spectroscopy on a subset
of particles, which introduces some uncertainty in the full compositional profile. Future
studies could implement time-integrated and cross-seasonal sampling, larger volumes
combined with depth-integrated techniques, and automated spectroscopic analysis of all
particles to address these limitations. Furthermore, as indicated in Table 1, this study did
not quantitatively characterize site-specific sediment properties such as grain size distri-
bution, organic matter content, or detailed hydrological parameters (e.g., flow velocity,
turbidity). While qualitative field observations are provided to aid interpretation, the ab-
sence of these quantitative environmental covariates limits the ability to perform rigorous
statistical source apportionment or to disentangle the relative contributions of physical
versus biological retention mechanisms. The interpretations of spatial heterogeneity (e.g.,
the role of aquatic vegetation or construction activities) are therefore primarily descriptive
and should be considered hypothesis-generating rather than confirmatory. Future studies
should integrate concurrent measurements of sediment texture, flow dynamics, and water
quality parameters to enable more robust causal inference.
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5. Conclusions

This study provides a comprehensive assessment of MP pollution in Shenzhen’s
Pingshan River, a typical urban river with short channel length, rapid flow, and limited
environmental capacity. Key findings include: (1) significant MP pollution in both surface
water (mean 311.42 £ 90.78 items/L) and sediment (mean 508.85 £ 151.79 items/kg), with
spatial heterogeneity linked to construction activities (Site 6: highest) and vegetation cover
(Site 4: lower retention); (2) distinct morphological partitioning—fibers dominate water,
fragments dominate sediment; (3) PP and PE as dominant polymers; and (4) a low polymer
hazard risk (Category II) despite high abundances.
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