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Abstract

Microplastics are increasingly recognized as a widespread pollutant in freshwater
environments, with river systems playing a key role in ttraimsport and accumulation.

The present study focuses on the quantification and spatial distribution of microplastics

in the sediments of the Yellow River,Chigay S 2 F (KS ¢2NI RQa Y2ad

usedrivers.

Across 20 sediment samples, a total of 665 microplastic particles were identified, with
concentrations ranging from 1400 to 5600 items/kg (aver&3&5 items/kg)indicating
widespread but spatially uneven contaminatiohhe results show that microplastic
distribution along the Yellow River cannot describedsolelyby a simple upstream
downstream trend but also throughthe combined influence ofedimentological
conditions hydrologicaldynamics and human activities. Overall, the Yellow River
proves tobe acomplex system in which microplastics are repeatedly stored, mobilized,

diluted, andredepositedover short distances.

By providingan integrated assessmenif microplastic abundance and distribution
across the river corridor, this thesis highlights the importance of more frequent and
spatially comprehensive monitoring in large riveas a clearer understanding of how
microplastics behave within such dynamic and hunArdluenced systems is vital for

improving pollution mitigation strategies, protecting aquatic environments, and

sustainingl K S Stt2s wWAOSNRa SaaSydaalt FdzyOuazy
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regional ectogy. Ultimately, strengthening this knowledge base is essentiatfeating
effective management strategies and securing the ing Ny NBaAt ASy OS 27

most vital river systems.
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Riassunto

Le microplastiche sono sempre piu riconosciute come un inquinante diffuso negli

' YOASYGA RQFOldzr R2f OS> 02y A &aradSYia Tt dzo
loro trasporto e accumulo. Il presente studio si concentra sulla quantificazione e sulla
distribuzione spaziale delle microplastiche nei sedimentiYglow Riverin Cina, uno

dei fiumi piu dinamici e intensamente utilizzati al mondo.

In 20 campioni di sedimento somstate identificate complessivamente 665 particelle di
microplastica, con concentrazioni comprese tra 1400 e 5600 elementi/kg (media: 3325
elementi/kg), indicando una contaminazione diffusa ma distribuita in modo eterogeneo.

| risultati mostrano che la disbuzione delle microplastiche lungo il Fiume Giallo non

puo essere descritta soltanto da un semplice andamento meatke, ma anche
RFEffQAYTFEdzSyTl | O2YoAyl Gl RSttS O2yRATA2YyA &
e delle attivita umane. Nel comm@so, il Fiume Giallo si rivela un sistema complesso in

cui le microplastiche vengono ripetutamente immagazzinate, mobilizzate, diluite e

ridepostesu brevi distanze.

C2NYySyR2 dzyl @GlftdziltTA2yS AydS3aNI Gl RSt Ql
YAONRLI  AGAOKS fdzy32 Af O2NNAR2A2 T dzdAl f S
monitoraggio piu frequente e spazialmente pit completo nei grandi fiumi, poiché una
comprengone piu chiara del comportamento delle microplastiche in sistemi cosi
RAYEFEYAOA S AyTFtdSylFdA RIEffQd2Y2 & T2YyRIEY
YAGATITA2YyS RSEtEQAYIdAYlFIYSyG2T LINRGSIISNB I
essenziali delYdlow River y St f QF INA O2f { dzNJ = YyStf Ql LILINE ¢
ySttQSO02t23aA1 NBIA2YFESd LYy RSFAYAOLGAODE S NI T
per creare strategie di gestione efficaci e garantire la resilienza a lungo termine di uno

RSA aAaluSYA Ftdz@Al tA LIAG @GAGIEA RSEtQlaal o



1. Introduction

Microplastics, plastic particles smaller than 5 mm, are now recognised as some of the
most widespread and persistent pollutants of the twetligt century. They enter the
environment through twomain pathways: either as fragments produced by the
degradation of larger plastic items, forming secondary microplastics, or as intentionally
manufactured small particles such as microbeads or industrial pellets, which are
classified as primary microplagti€uropean Environment Agency, 202Since the first
scientific report of plastic fragments in the marine environment in the early 1970s
(Carpenter & Smith, 1972} has become evident that microplastics are not restricted

to oceans. They disperse thrgn the atmosphere, settle into soils, move through
freshwater systems, and infiltrate food webs, reaching evimss populated

environments.

Moreover, he global spreaaf microplasticss closely tied to the dramatic expansion of
plastic production over the past seven decades. Worldwide manufacturing rose from
around 1.5 Mt in the 1950s to 368 Mt in 201®lasticsEurope, 2009; PlasticsEurope,
2021)and now surpasses 460 millioryear (International Union for Conservation of
Nature (IUCN), 2024ven so, global plastic production is projected to continue rising
sharply throughout the twentyirst century, even under ambitious mitigation sceiosr
(Figurel). Despite rising public awareness and policy attention, recycling rates remain
extremelylow asonly about 9% of plastic waste is effectively recycled at the global scale
(Organisatiorfor Economic Goperation and Development (OECD), 2022). As a result,
largequantities of mismanaged plastics enter natural systems, where they fragment into
smaller particles rather than fully degrade, accumulatinghsvariousenvironmentl

settingsover time.
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Figurel: Projections of global plastic production, waste generation, and plastic stocks
in use, by sector-a, Annual plastic production (a), annual plastic waste generation (b),

and plastics in use (c), 202200 (Stegmann et al., 2022).

Furthermore, feshwater systemsand rivers in particularplay a central role in the

global redistribution of microplastics. Acting as transpmaithwayslinking landbased

sources to marine ecosystems, rivers collect microplastics from urban runoff,
wastewater, agricultural landscapesnd industrial zones. Global modelling estimates

that river systems collectively deliveetween 1.15 and 2.4fnillion t of plastic to the

g2NI RQa 20Slya SIFOK @SIFENJI o[ SoNBuG2Yy Si |t o2
Microplastics also have ecological implications that extend beyond their material
presence. They provide durable, buoyant surfaces for microbial colonization, forming
gKIFEG Aa gARSt & (S NIM®Bile nicdBial gondnunidy icapablaliofS NS €
transpating organisms far from their origin and altering ecological dynamics along the
way (Zettler, Mincer and Amardlettler, 2013). This capacity to act as biological vectors

adds yet another layer to the alreadpmplexissue of microplastic pollution.

Concerns surrounding microplastics extend beyond environmental distribatdmeir
potential humanhealth implications have become an increasingly urgent reseapit.
A 2025 study published Mature Medicinadentified micre and nanoplastic fragments
in human frontalcortex tissuegNihart et al., 2025)n some individuals, concentrations

NEF OKSR | LIINBEAYI St @& (ardung:7:g irethtal)descbeda | Y LI S Q
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neurological consequencdsave also been discussed, finding a correlation between
microplastic concentration and dementia. Howevér,does not establish a causal
relationship as 1 could bethat changes resulting from dementia make it easier for

microplastics to accumulate in the brgiNihart et al., 2025)

While recent findings highlight the potential implications of microplastics for human
health, these risks are ultimately rooted in the environmental pathways that determine
where microplastics travel and accumulate. Rivers form a central component of these
pathways and, accordingjythis study integrates global microplastic research with new
data from the Yellow River to examine how hydrological dynamics, geomorphic
processes, and human activities shape microplastic distribution within this major fluvial
system. A clearer understaimd) of these controls isrucialfor predictingthe future of

river pollutionandimproving mitigation measures a rapidly changing world.



2. Studyarea

Huang He, better known as the Yellow River, represents one of China's most important
rivers in both geomorphological and so@oonomic aspects. Originating on the NE
margin of the QinghaTibetan Plateau, in the Bayan Har Mountains, it stretches for
about5,464 km in length and drains a basin of around 750,088,000 km? to the Bohai

Sea, hence becoming the secealotigest river in China and one of the dominant
drainage systems in East Asia. During this elongated course, the river crdasgs a
sequenceof geological provinces, fromigh-elevationheadwatersof Tibetan Plateau
toward the deeply incised Loess Plateau and sand Ordos basins to the logradient

plains of northern ChinéFigure2). Thisprovides the basis of any understandjmpt

only of sediment generation and transpefbut also of pathways and the fate of

emerging contaminants such as microplastics.

Upper Reaches I
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Figure2: The map illustrates the Yellow River, highlighting its upper and lower courses,
the desert and loess sections, major reservoirs, and the main hydrological stations
located within the desert sector. The shaded areas indicate the loess reach and the five
subdivisions of the desert reach, which together represent the main sedsoante

zones (Jia, Li & Wang, 2016).



The Yellow Riveoriginatesfrom the high Bayan Har ranges in its uppgsrts at
elevations commonly above 4,080500 m which is typical for the Tibetan Platedine
landscape there is strongly incised by steep valleys, with landforms that are formed by
periglacial processes, episodic snowmelt, and glgmemafrost hydrology, all of which

produce high stream power with confined channels.

As it falls into the middle reaches, the river enters the Loess Plateau, one of the most
erosionprone landscapes on Earthhis plateau is defindoly thick, finegrained, weakly
structured aeolian siltand the region underlies Qinghai, Gansu, Shaanxi, Shanxi,
Ningxig and Henan provinces. Historically, intense hillslope erosion and gully incision
delivered much of the material that gives the Yellow River its distinctive turbidity and

yellow color.

Downstream of the Loess Plateau, the river arcs northward aroun®tides Plateau
while passing thesemiarid basins. These are transitional landscapes, connected with
the broader Gobi and Inner Mongolian desert margins, combining aeolian and fluvial
processes in waythat have implications for sediment supply. Local wind erosion, dune
fieldsthat constantly shiftand sparse vegetation, inmmbinationwith the hydrology of

the river, create a hybrid sedimentary regintleat is able toboth supply and to
temporarilykeepfiner matter, including microplastics. Where this river eventually turns
southeast, lower plateaus and plains are entered where valley confinendenreases,

and deposition becomes more extensive.

The lower reach represents a fundamental transition in geomorphic behavior. Lower
gradients, wider floodplains, and slower flow velocities favor deposition of the fine silts
transported from upstream and build large alluvial plains that contribute to léoW
River Delta at the Bohai Sea. This setting provides attng sink that integrates
sediment inputs from upstream, rather than simply recording local contaminant

sources.



Overall, patterns of human geography in the Yellow River Basin closely follow this
geomorphic template. The basin is often described at two demographic scales: an
"immediate" basin population of about 16120 million people and a broader provincial
population in regionsthat dependon the river for irrigation, industry, and water
transfer, between 330 and 420 million, depending t¢ime year and definition used
(World Bank, 2023). Based on census figures from 2080nd12.95 million people are
living in Xan (Shaanxi), about 12.6 million in Zhengzhou (Henan), about 7.06 million in
Luoyang, between 3.1 and 4.4 million in Lanzhou (Gansu), depending on different
administrative boundaries, and around 4.8 million in Kaifeng. These urban points form
a spatialpicture of microplastic sources, like wastewater effluent, stormwater runoff,
industrial discharges, and fragmentation of agricultural films, together with many mid
sized industrial and agricultural settlements. This diversity between population centers,
low-density rural plains, antesspopulated headwaters is, therefore, one key factor

affecting the microplastic distributions observed.



3. Methods
3.1 Sampling

To investigatéhe spatial patterns of microplastic contamination across the Yellow River,
this study collected a total of 20 sediment samples distributed from the uppdsto

0 KS NX gdierts Tlieaam$liNg strategy waseatedwith the goal of capturing

the full range of environmental conditions along the basin. By covering such a broad
area the dataset allowd the comparison between geomorphicaliijfferent segments

as well as areas wittiifferent levels of human pressure. A detailed map of the sampling
locations is provided alongside this sectidgxigure3), offering a visual overview of the
spatial arrangement of siteshich helps in understandinge environmental gradients

of the following analysisThis approach helps ianderstandinghow together, the
geology, hydrology, and land ugeK I LIS YA ONR LI F aGA O | 6dzy R yOS |
complex and dynamic river systems, which will be fdiscussed later in the next

chapters.
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Figure3: Satellite image of the Yellow River showing sampling locations (marked in red)

along the river (Source: Google Earth).



3.2 Microplasticseparation

Before beginning thamicroplastic extraction, each sediment sample underwent an
2EARIFIGAZY aiGSL) G2 NBY20S SEOS&aa 2NHIFYyAO Yl
solution was added directly to the 10 g samples, which were then leftrfmural one

week to allow organic matter to break down thoroughly. After the digestion was

complete, the samples proceeded to density separation.

Microplastics were isolated using a higansity liquid separation technique. Sodium
polytungstate (SPT) was prepared at a density of 1.6 g/cm3 by dilution with distilled
water. The prereated sediments were mixed into this solution within glass beakers,
ensuring full dispersion of particleBhis works bcause most plastics are less dense than
1.6 g/cm3 they tend to remain suspended or float, whileost mineral grainsbeing

dense, sink to the bottom.

After allowing the mixture to stand for at least 24 hours so that the mineral fraction
could fully settle, the supernatant containing the buoyant microplastics was pipetted
off. This suspension was then filtered through membrane paper to capture all eetain
microplastic particles, along with any remaining {density material, fothe following

microscopic identification andescription



3.3 Microplasticidentification

A sterescopicmicroscope was used to examine the filters on which the separated
microplastics had been collected. The instrument was equipped with an integrated
camera and Deltapix software, allowing highality photographs to be taken for each
sample. At the start othe analysisplank images mimicking the empty samples were
used ageference maps on which the position of each suspected microplastic particle
was marked before closer inspectiovery particle wadater examined under
magnification and classified acdimg to itsshape(fiber, fragment, film, bead, or pellet)
and color. In several samples, visual identification proved challenging because some
particles closely resembled naturfébers or were partiallycontaminatedby remaining
organic material. To improve detectability, a UV light source was asedny polymers
fluoresce or brighten under ultraviolet illumination, making especially transparent or

very small particles easier teetéct and recogniz&om natural debris.

To verify whetherifferent particles were truly plastic and not organic debris, Raman
spectroscopy wasalso used as a confirmabn analytical technique. This method
provides a highly sensitive chemical fingerprint based on the vibrational properties of
the material, allowing individual polymers to be identified with precisibinis method

was particularly important as, nlike in simple visual or physical test#, offers
molecularlevel confirmation, greatly reducing the likelihood of false positives and

ensuring a more reliable identification of microplastics within the samples.



4. Results

4.1 Sample-&

This sampling location lies on the upparddle part of the Yellow Rivemfter the first

major meander of the riverupstream of the LongyangxiReservoir near Wutuo
settlement(Figured). Geographically, it occupies the northeastern margin of the Tibetan
Plateau, where incision and confined channels are common. Locally, the channel
displays multiplediamondshaped mid-channel barsindicative of active sediment

transport and baibuilding
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Figure4: Location of the 8 sampling site (Source: Google Earth).

A total of 31 microplastic particles were identified in Sampid,Svhich corresponds to
3400 items per kilogram of dry sedimerfigure5). The sample contained 8 films; 1
fibers, 9 fragments and 2 beads. Among the films, 5 were transparent, 2 were red, and
1 was black. The fibers includéttansparent, 1 red, 1 black, 5 blue, and 1 wipgeticle.

The fragments consisted of 6 transparent, 2 blue, and 1 pink item. Both beads were

transparent.
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SAMPLE S1 SAMPLE S1
COLOR DISTRIBUTION SHAPE DISTRIBUTION

OTransparent MRed MBlack MBlue OWhite WPink

Fragment
26%

i

FRAGMENT BEAD

Figureb: Colordistribution (on the left) and shape distribution (on the right) of

microplastics in the samplelS

4.2 Sample-8

This sampling point sits on a sillar in the riverpart downstream of the Longyangxia
Reservoir close toQubuzang VillagéFigure 6). Geographically, the site lies on the
northeastern edge of the Tibetan Plateau, where river morphology is quite influenced
by upstream impoundments created by daniie nearby built features are consistent
with hydropower infrastructure and associatedttlementsrelated to the Longyangxia
complex while closest to the sampling sitdie area is mainly covered mgricultural
fields.

s, 6000

Google  100%  Data attribution i 400m - camera: 4,953 m  36°04'16"N 101°14'50"E 2,241 m

Figure6: Location of the 8 sampling site (Source: Google Earth).
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A total of 28 microplastic items were identified in Sampl& @-igure 7). This
corresponds to 2800 items/kg. The sample contains 2 films, 20 fibers, and 6 fragments.
Both films are transparent. Among the fibers, 10 are transparent, 3 red, 4 black, and 3

blue. The fragments include 5 transparent pieces and 1 red piece.

SAMPLE S3 SAMPLE S3
COLOR DISTRIBUTION SHAPE DISTRIBUTION

ragment
21%

O Transparent MRed MBlack mWBlue

Figure7: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the sample3

4.3 Sample -3

The third sampling site is located in Jainca County, close to Kanbula Town within
Huangnan Tibetan Autonomous PrefectufEigure 8). This region lies on the
northeastern edge of thelibetan Plateaujust downstream of theKanbula UNESCO
Global GeoparRVhile this is not a densely industrializeart; local settlemens, tourism
connected to the geopark, and infrastructure associated withghepark,or the river

may contribute some microplastic input.

12



Google 100%  Data attribution ‘ 400m  camera: 4,548 m 36°05'41"N 101°53'53"E 2,043 m

Figure8: Location of the § sampling site (Source: Google Earth).

Sample & contained a total of 28 microplastic items corresponding to 2800 items/kg
(Figure9). These consisted of 2 films, 17 fibers, 8 fragments, and 1 bead. Both films were
transparent. Among the fibers, 6 were transparent, 2 red, 2 black, 3 blue, 2 white, 1
orange, and 1 green. The fragments included 6 transparent pieces and 2 blue pieces. The
single bead identified in this sample was white.

SAMPLE S7 SAMPLE S7
COLOR DISTRIBUTION SHAPE DISTRIBUTION

OTransparent MRed MBlack MBlue OWhite MOrange M Green

Fragment

29%

FILM FRAGMENT BEAD

Figure9: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the sample?s
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4.4 Sample &2

The fourth sampling site is located nehe relief zone of a dam, close a rural area of
Xiakou along the Hualong Huizu Autonomous Couwitypin the geomorphic transition
zone between the Tibetan Plateau and tleessinfluenced highlandsharacterized by

a steep, highrelief environment FEFigure 10). Because this location sits before
downstream lowland plains, it represents a transitional environment, both dynamic and
potentially important for understanding how microplastics move between fegargy

upstream areas and slower downstream zones.

'q_f;.ex'-.‘,z.‘- \‘i_'-’ T, fg
= :E’“"' pic R \4"

Google  100%  Data attribution i 400m - camera: 4,470 m  35°52'57"N 102°14'69"E 1,909 m

FigurelO: Location of the-32 sampling site (Source: Google Earth).

Sample 92 contained a total of 34 microplastic particles, equivalent to 3400 items per
kilogram Figurell). The sample is composed of 10 films, 17 fibers, and 7 fragments.
Among the films, 7 were transparent, while red, blue, and yellow films were each
represented by one patrticle. The fiber fraction showed greater color diversity, including
6 transparent, 2ed, 1 black, 7 blue, and 1 white fibers. Fragment colors were dominated

by blue pieces (n = 6), with one transparent fragment also identified.

14



SAMPLE S12 SAMPLE 512
COLOR DISTRIBUTION SHAPE DISTRIBUTION

D Transparent MRed MBlack MBlue OWhite OvYellow M

Fragment

~ ~

21%

1 F E-

FIBER FRAGMENT

Figurell: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the samplel2.

4.5 Sample 38

The sampling location ositionedclose to Yadsettlement, upstream of the Liujiaxia
Reservoir (Figure 12). The landscape is dominated by agricultural land use, and
therefore, the most likely local source of microplastic inputs at this site is agricultural

activity. This area marks the beginning of the Loess Plateau, transitioning from the

higher altitude Tibetan Plateau.

Google 100%  Data attribution 7/26/2025 L 500 m ; Camera: 5,097 m 35°50'50"N 102°52'27"E 1,750 m

Figurel2: Location of the-38 sampling site (Source: Google Earth).
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A total of 45 microplastic particles were identified in samplBScorresponding to 4500
items/kg based on the 10 g subsampiegrel3). The particles consist of 16 films, 22
fibers, 6 fragments, and 1 bead. Among the films, 11 are transparent and 5 are red. The
fibers include 12 transparent, 5 red, 2 black, and 3 blue items. The fragments consist of
5 transparent pieces and 1 blue pieche single bead observed in this sample is
transparent.

SAMPLE S18 SAMPLE 518
COLOR DISTRIBUTION SHAPE DISTRIBUTION

O Transparent MRed MBlack MBlue

Figurel3: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the samplels.

4.6 Sample 23

The next sampling site is located jugistream ofXincheng TowifFigureld). This area

lies outside the higlaltitude Tibetan Plateau but remains within the upparddle basin
zone, where riverbanks widemand agricultural land becomes more continuous.
Xincheng Town itself and the surrounding settlements form part of a region in which
agriculture is amain land-use type wherefields and irrigation infrastructurappear

across much of the floodplain

16
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Figurel4: Location of the-83 sampling site (Source: Google Earth).

Sample £3 contained a total of 23 microplastic items, comprising 5 films, 13 fibers, 3
fragments, and 2 beads$-igurel5). The films included 2 transparent, 2 black, and 1
purple item. Fiber colors were more diverse, consisting of 3 transparent, 6 black, 2 blue,
1 white, and 1 green fiber. The fragment category contained 2 orange fragments and 1
multicolored fragment displang purple, red, and blue tones within a single item. Both
beads identified in this sample were transparent. Based on the finding of 23 items in the

analyzed 10 g of sediment, this corresponds to 2300 items/kg.

SAMPLE 523 SAMPLE 523
COLOR DISTRIBUTION SHAPE DISTRIBUTION
DTransparent @ Red W Black W Blue O Wwhite Bead
B Green @ Orange @ Multicolored B Purple 9%

N H‘Iﬁi i |

FILM FIBER FRAGMENT BEAD

I

Figurel5: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the sampleZ3.
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4.7 Sample 29

The seventh sampling site is locategar the Damogou Villagdpwnstreamof Lanzhou,

2yS 2F GKS fIFNBHS&ald dzaNBFy | yR inddedrdachNA I £ OS
(Figurel6). In this areathe river enters a transition zone betwedine Tibetan Plateau

and the Loess PlateauThe surrounding landscape is shaped by a combination of
agricultural fields, small settlements, anoadsthat connect rural areas with Lanzhou.

The river at this point is relatively confined, flowing through a narrow valley with

alternating straight and slightly sinuous sections.

Yellow River

;¥_ ~SHIZUIPING
i

Google  100%  Data attribution L 500m  camera: 4,819 m 36°08'54"N 103°59'59"E 1,483 m

Figurel6: Location of the-89 sampling site (Source: Google Earth).

Sample £9 contained a total of 49 microplastic itenegrresponding to 4900 items/kg
(Figurel?7). The microplastics consisted of 3 films, 23 fibers, 11 fragments, and 12 beads.
Among the films, one was transparent and two were white. The fiber fraction displayed
a wide color range, including 6 transparent, 1 green, 3 black, 6 blue, and 7 whit fiber
The fragments comprised 3 transparent, 1 black, 1 blue, and 6 white pieces. The bead
category was comparatively large in this sample, consisting of 12 items: 2 orange, 7

white, 1 blue, 1 black, and 1 transparent bead.

18



SAMPLE $29 SAMPLE 529
COLOR DISTRIBUTION SHAPE DISTRIBUTION

ETransparent BGreen MBlack BBlue OWhite BOrange

™~

~
w 0
1 - -
X ~ Fragment
- - [P I 2%

FiLMm FIBER FRAGMENT BEAD

Figurel?: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the sample2S.

4.8 Sample $4

The sampling point lies within a local cluster of bars along the Yellow River, within the
Loess Plateau, in a section of the catchment dominated by agricultural land, with fields
and rural infrastructure surrounding the river, jusbwnstream of the Longwan Village
(Figure18). Despite this, the channel here flows through a narrow, locally confined
valley that transitions into broader alluvial surfaces downstream. The geological setting
is characterised by thick loess deposits, which contritatsupplying thefine-grained
sediment to the river system through slope erosion.
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Figurel8: Location of the -84 sampling site (Source: Google Earth).
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Sample S84 contained a total of 56 microplastic items, corresponding to 5600 items/kg
(Figure19). The material consisted of 14 films, 36 fibers, 4 fragments, and 2 beads.
Among the films, 11 were transparent, with additional single occurrences of pink, blue,
and white films. The fibers showed a wider color distribution, including 5 transparent, 3
pink, 7 black, 1 blue, 17 white, and 3 red items. The fragment category comprised 3
transparent fragments and 1 yellow fragment. The two beads consisted of one
transparent and one blue item.
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Figurel9: Colordistribution (on the left) and shape distribution (on the right) of

microplastics in the sample33.

4.9 Sample S7

The sample is located just upstream of Wuzhong, in the northern part of the Yellow River
plain, within the Loes®lateau/alluvialplain transition zonewhere the river flows
through a mix of alluvial plains and lodsfluenced terrain.The area ismostly

agricultural, withthe closest populatioteingin Yuanlin VillageRigure20).
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Figure20: Location of the-87 sampling site (Source: Google Earth).

Sample 87 contained a total of 38 microplastic items, corresponding to 3800 items/kg
(Figure21). The particles consisted of 3 films, 22fi 6 fragments, and 6 beads. Among
the films, two were transparent and one was white. Theffibategory was dominated

by 12 white filers, accompanied by 6 transparent, 2 black, and 3 fiédrs. The
fragments included 4 transparent and 2 white particles. The bead fraction consisted of
2 transparent, 1 white, 1 black, and 2 orange beads.
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Figure21: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the sample3.
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4.10 Sample 810

The tenth sampling site lies near Wuhai City, on the Yellow River, shortly afteathe
associated with Wuhai Lak@igure 22). Wuhai ispositionedin a transitional zone
between deserigrasslands and serdesert landscapedhe locatopography includes
river terraces and alluvidan zones around the foothill¥he area has a strong industrial
component, with Wuhabeinglinked to coal mining, chemical industries, and power
generation.Based on these aspecisotential sources of microplastics at this site may

include industrial emissions
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Figure22: Location of the-80 sampling site (Source: Google Earth).

Sample 810 contained a total of 14 microplastic particles, corresponding to 1400
items/kg Figure23). The sample consisted of 4 films, 7 fibers, 2 fragments, and 1 bead.
All four films were transparent. Among the fibers, four weransparent, while the
remaining were white (1), black (1), and blue (1). Both fragments were transparent, and

the single bead was also transparent.
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Figure23: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the sample4®.

4.11 Sample 813

Sample 813 was collected within Hanggin Banner (Hanggin Qi) along a heavily braided
section of the Yellow Rivetharacterized bynany shallow channelsind mid-channel
bars(Figure24). The surrounding region of Hanggin Banner is dominated by arid te semi
arid landscapes, with a mixture of agricultural land, pasture, and sparsely populated
rural areas. Industrial presencernsuch smallerso the biggestpotential microplastic
sources in this sector are expected to be agricultural plasticanskaeolianmaterial

from nearbydeserts Geologically, thipartlies on the northwestern margin of the Ordos
Plateau, where the Yellow River flows throudlh Us Desert, characterized by intense

braiding

Google  100%  Data attribution  4/8/2021-newer 900 M Camera: 6,911 m  40°57'05°N 108°09'10"E 1,030 m

Figure24: Location of the-83 sampling site (Source: Google Earth).
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Sample &3 contained a total o9 microplastic particles, corresponding to 2900
items/kg EFigure 25). The identified microplastics comprised 5 films, 18 fibers, 2
fragments, 1 bead, and 3 pellets. Among the films, three were transparent, while one
was white and one was blue. The fibers displayed a wide color range, with 3 transparent,
5 white, 2 black? orange, 4 blue, 1 red, and 1 green. The fragments included one black
and one blue item. The single bead was orange, and all three pellets were transparent.
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COLOR DISTRIBUTION SHAPE DISTRIBUTION
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Figure25: Colordistribution (on the left) and shape distribution (on the right) of

microplastics in the sample43s.

4.12 Sample 816

The twelfth sample was collected from a location immediately downstream of the
Baotou urbanareaalong the northern margin of the Ordos Plateaith continuous
desert influencgFigure26). The site is positioned on a leyvadient reach of the river

that is braideddownstream from the city, where the channel begins to broaden and
depositional features such as lateral bars and terraces are commonly present. The
surrounding landscape in this sector of the Yellow River corridor is a mix airpan

and rural land usg Baotou itself is a major industrial and processing centre, while areas

closer to the river include small villages, irrigated fields, and river terraces.
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Figure26: Location of the-86 sampling site (Source: Google Earth).

Sample 816 contained 18 microplastic items, comprising 1 film, 11 fibers, and 6
fragments Figure27). The single film identified was pink. Among the fibers, 6 were
transparent, 1 black, and 4 blue. All 6 fragments were transparent. Based on a 10g
subsample, this corresponds to 1800 items/kg.

SAMPLE S46 SAMPLE S46
COLOR DISTRIBUTION SHAPE DISTRIBUTION
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Figure27: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the sample4s.
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4.13 Sample 819

The sampling poinvas collected in Qingshuil@ounty, within the administrative area

of Hohhot, Inner MongoligFigure28). The sampling point lies near the Fengjiata Wind
Farm, in a sparsely populateatea characterized by open terrain and strong wind
exposure. Geographically, this part of the Yellow River runs along the northern margin
of the Loess Platealithe channel geometry here is more confined and meandering, with
fewer large sandbar complexes compared to the braided reaches fartipstream. The
surrounding land ignainly dryland agriculture, grazing areas, and large wemergy

infrastructure
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Figure28: Location of the-89 sampling site (Source: Googlarth).

Sample 819 contained a total of 32 microplastic items, corresponding to 3200 items/kg
(Figure29). The particles consisted of 4 films, 17 fibers, 5 fragments, and 6 beads. Among
the films, three were transparent and one was pink. The fiber category is more diverse
in color, including 11 transparent fibers, two white, one black, two blue, and onegree
The fragments are dominated by four transparent items, with one red fragment also
recorded. Beads are common at this site, totaling six, of which five were transparent and

one was orange.
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Figure29: Color distribution (on the left) and shape distribution (on the right) of

microplastics in the sample4S.

4.14 Sample $1

Sample $1 is situated close to Shimao, Pianguan County, Xinzhou, Shanxi Province
(Figure30). The sample has been collected from a side bar of the river, which here has
fully established its more sinuous, confined patiossing through the Loess Plateau
Land use in the immediate vicinity is dominated by agriculture and small rural
settlements. Themain sources of microplastics are therefore agricultural plastics (e.g.,

mulch film, degraded farm plastics) and diffuse rural inputs (domestic waste, sewage)

Figure30: Location of the-81 sampling site (Source: Google Earth).
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