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Abstract
Microplastics (<5 mm) have attracted increasing societal attention due to their
environmental pollution. This study investigated sediments collected from the
Yellow River basin; microplastics were extracted via density flotation. The
abundance, type, color, and particle size distribution of microplastics in the
sediments were quantified, while Fourier-transform infrared spectroscopy and
scanning electron microscopy-energy dispersive spectroscopy (SEM-EDS) were
employed to analyze the composition and surface morphology characteristics
of the microplastics. The results indicate: � The abundance of microplastics
ranged from 15 to 615 items・kg−1 (dry sediment), with the average abundance in
downstream sediments being higher than that in the middle and upper reaches.
The microplastics mainly comprised four types: fragments, foams, films, and
fibers, among which fragments exhibited the highest proportion at 43.35%, fol-
lowed by foams at approximately 34.08%, while films and fibers were relatively
less abundant, with their combined proportion being 20.56%. � Infrared spec-
troscopic analysis of different plastic shapes revealed that the primary com-
ponent of fragment-type microplastics was oxidized polyethylene; films were
primarily composed of polypropylene; and foams and fibers consisted mainly of
polystyrene and polyethylene, respectively. � Microplastic colors were catego-
rized into four types: transparent, white, colored, and black, with transparent
and white accounting for higher proportions at 43.28% and 34.55%, respec-
tively. Particle size characterization indicated that the majority of microplas-
tics (64.8%) fell within the 1–4 mm range, while microplastics smaller than 1
mm accounted for 16.62%. � Surface morphological characteristics revealed that
microplastics exhibited varying degrees of aging traces, featuring rough surfaces,
abundant pores, and prominent cracks.
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Abstract: Microplastic particles smaller than 5 mm are of increasing environ-
mental concern. In this study, microplastics were sampled from sediments of
the Yellow River and separated using density flotation methods. The abun-
dance, type, color, and particle size distribution of microplastics were measured,
while composition characteristics and surface topography features were analyzed
using Fourier transform infrared spectroscopy (FTIR) and scanning electron
microscopy equipped with energy dispersive spectroscopy (SEM-EDS). Results
showed that microplastic abundance in the sediments ranged from 15–615 items・
kg−1, with higher average abundance in downstream sediments compared to mid-
dle and upstream sections. Four types of microplastics were identified in the
sediments, including fragments, foams, thin films, and fibers. Of the particles
analyzed, 43.35% were fragments and 34.08% were foam, while films and fiber
microplastics accounted for 20.56% of the total. FTIR analysis demonstrated
that the major components of fragments, films, foams, and fibers were iden-
tified as oxidized polyethylene, polypropylene, polystyrene, and polyethylene.
Microplastic colors were categorized as transparent, white, colored, and black,
with transparent and white plastics comprising 43.28% and 34.55% respectively.
Particle size measurements indicated that microplastics mainly ranged from 1–
4 mm, accounting for 64.8%, while the proportion of microplastics <1 mm was
16.62%. SEM-EDS results showed different degrees of aging in microplastics,
with characteristics of rough surfaces, numerous pores, and obvious cracks.

Keywords: sediments; microplastics; abundance; size distribution; surface mor-
phology; Yellow River

1 Materials and Methods
1.1 Study Area and Sampling Sites

The Yellow River basin represents a critical area for investigating microplastic
pollution due to its extensive drainage area and significant anthropogenic influ-
ence. Sampling sites were established along the main channel to capture spatial
variation in microplastic deposition.
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1.2 Sample Collection and Processing

1.2.1 Sample Collection Surface sediment samples (0–5 cm depth) were col-
lected using a stainless steel grab sampler. At each site, multiple subsamples
were combined to form a composite sample of approximately 500 g. Samples
were stored in glass jars at 4°C prior to analysis. The sampling locations covered
upstream, midstream, and downstream reaches of the Yellow River [Figure 1:
see original paper].

1.2.2 Density Separation In the laboratory, sediment samples were dried
at 60°C for 48 hours. Microplastics were extracted from sediments using a
saturated NaCl solution (density 1.2 g・cm−3) through density flotation. The
supernatant was filtered through a 5 �m stainless steel sieve, and the retained
material was rinsed with deionized water.

1.2.3 Microscopic Analysis Extracted particles were examined under a stere-
omicroscope at 40× magnification. Microplastics were identified based on phys-
ical characteristics including lack of cellular structure, uniform coloration, and
irregular shapes. Particle counting and size measurements were performed using
ImageJ software. Morphological categories were established as fragments, foams,
films, and fibers. Color classification included transparent, white, colored, and
black categories.

1.2.4 Polymer Identification Representative particles from each morpholog-
ical category were selected for polymer composition analysis using attenuated
total reflectance Fourier transform infrared spectroscopy (ATR-FTIR). Spectra
were compared against a polymer reference library for identification.

1.2.5 Surface Characterization Selected microplastic particles were sputter-
coated with gold and examined using scanning electron microscopy (SEM) at 15
kV accelerating voltage. Energy dispersive spectroscopy (EDS) was employed
for elemental analysis of particle surfaces.

2 Results
2.1 Microplastic Abundance

Microplastic abundance in Yellow River sediments varied significantly across
sampling locations, ranging from 15 to 615 items・kg−1 (dry weight) . The av-
erage abundance was (43.57$±34.49)𝑖𝑡𝑒𝑚𝑠 · 𝑘𝑔^{-1}$. Downstream sediments
exhibited higher microplastic concentrations compared to middle and upstream
sections [Figure 2: see original paper]. This spatial pattern reflects the cumu-
lative input of plastic debris along the river course and enhanced deposition in
lower-gradient reaches.

TABLE:1 Comparison of microplastics abundance range between research ar-
eas and literature reports
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Study Area Particle Size/mm Abundance/(items・kg−1)
This study 0.005–5 15–615
Coastal areas 0.07–4 50–146
Estuarine areas 0.02–5 80–9597
River sediments 15–615 -

2.2 Microplastic Types

Four primary microplastic types were identified: fragments (43.35%), foam
(34.08%), films, and fibers (20.56% combined) [Figure 3: see original paper].
Fragments represented the dominant category, likely originating from the break-
down of larger plastic debris. Foam particles, primarily expanded polystyrene,
were particularly abundant near urban areas. The proportion of films and fibers,
which typically derive from packaging materials and textile sources, showed sig-
nificant positive correlation with proximity to population centers.

2.3 Polymer Composition

FTIR analysis revealed that the main polymer types included oxidized polyethy-
lene, polypropylene, polystyrene, and polyethylene [Figure 4: see original pa-
per]. Fragmented particles were predominantly composed of oxidized polyethy-
lene (accounting for over 90% of analyzed fragments), while foam particles con-
sisted mainly of polystyrene. Film microplastics were primarily polyethylene
and polypropylene, and fibers were composed of polyethylene terephthalate and
polypropylene. These compositions align with the most common plastics in
consumer products and packaging.

2.4 Color Distribution

Microplastic colors were categorized into four groups: transparent (43.28%),
white (34.55%), colored, and black [Figure 5: see original paper]. Transparent
and white particles together comprised 77.83% of the total, consistent with find-
ings from other freshwater systems [24–25]. The predominance of light-colored
particles may reflect the composition of source materials, as many commercial
plastics are transparent or white.

2.5 Particle Size Distribution

Size distribution analysis showed that microplastics predominantly ranged from
1–4 mm, accounting for 64.8% of the total [Figure 6: see original paper]. Par-
ticles smaller than 1 mm represented 16.62% of the sample, while those larger
than 4 mm constituted 18.58%. This size distribution pattern is consistent with
fragmentation processes and selective transport dynamics in riverine environ-
ments.
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2.6 Surface Morphology

SEM observations revealed significant surface weathering features on microplas-
tic particles [Figure 8: see original paper]. Surface characteristics included
rough textures, numerous pores, and obvious cracks [Figure 9: see original pa-
per]. EDS analysis detected characteristic elements including Si, Fe, Al, Mg,
and K on particle surfaces, indicating sorption of mineral particles and poten-
tial contamination with heavy metals. The degree of surface weathering varied
among polymer types, with polyethylene showing more advanced degradation
features compared to polypropylene.

3 Discussion
The abundance of microplastics in Yellow River sediments (15–615 items・kg−1)
falls within the range reported for other river systems globally, though consider-
able variation exists across studies . The observed spatial gradient, with higher
downstream concentrations, demonstrates the river’s role as a conveyor and
sink for plastic debris. This pattern aligns with findings from the Raohoe River
estuary of Poyang Lake [26] and other large river systems [27–28].

The predominance of fragments and foam particles reflects both the fragmen-
tation of larger debris and the prevalence of expanded polystyrene products in
the region. The high proportion of transparent and white particles (77.83%) is
consistent with studies by Fok et al. [25] and Li et al. [23], who reported similar
color distributions in coastal and estuarine environments. The size distribu-
tion, dominated by 1–4 mm particles, suggests ongoing fragmentation processes,
while the presence of <1 mm particles (16.62%) indicates advanced breakdown
and potential for bioavailability to organisms [29–30].

Surface morphology analysis revealed extensive weathering features, including
cracks and pores that increase surface area and may enhance sorption of hy-
drophobic organic contaminants and heavy metals [31]. The detection of Si, Fe,
Al, Mg, and K elements on particle surfaces through EDS analysis supports this
hypothesis, consistent with findings from Martins and Sobral [37] and Lagarde
et al. [38] regarding microplastic interactions with environmental contaminants.
Hwang et al. [39] demonstrated that weathered microplastics exhibit higher sorp-
tion capacity for hydrophobic chemicals, suggesting that aged particles in the
Yellow River may serve as vectors for contaminant transport.

The polymer composition reflects regional consumption patterns, with polyethy-
lene and polypropylene dominating due to their widespread use in packag-
ing, agriculture (mulch films), and consumer goods. The presence of oxidized
polyethylene indicates photochemical degradation, particularly in the high-UV
environment of the Yellow River basin. This degradation may accelerate further
fragmentation and alter particle buoyancy and transport behavior.
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4 Conclusions
(1) Microplastic abundance in Yellow River sediments ranged from 15–615

items・kg−1, with higher concentrations in downstream areas, reflecting
cumulative inputs along the river course.

(2) Four microplastic types were identified, with fragments (43.35%) and foam
(34.08%) dominating the assemblage. Polymer composition was primarily
polyethylene, polypropylene, and polystyrene, consistent with common
consumer plastics.

(3) Particle size distribution was dominated by 1–4 mm fractions (64.8%),
with 16.62% of particles <1 mm. Transparent and white particles ac-
counted for 77.83% of the total, reflecting source material characteristics.

(4) SEM-EDS analysis revealed significant surface weathering and elemental
contamination, suggesting microplastics act as vectors for other pollutants
in the aquatic environment.

These findings highlight the pervasive contamination of Yellow River sediments
by microplastics and underscore the need for source reduction and improved
waste management strategies in the basin.
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