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Abstract 

Microplastics are increasingly recognized as a widespread pollutant in freshwater 

environments, with river systems playing a key role in their transport and accumulation. 

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

in the sediments of the Yellow River, China,  ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ŘȅƴŀƳƛŎ ŀƴŘ ƘŜŀǾƛƭȅ 

used rivers.  

Across 20 sediment samples, a total of 665 microplastic particles were identified, with 

concentrations ranging from 1400 to 5600 items/kg (average: 3325 items/kg), indicating 

widespread but spatially uneven contamination. The results show that microplastic 

distribution along the Yellow River cannot be described solely by a simple upstream-

downstream trend, but also through the combined influence of sedimentological 

conditions, hydrological dynamics, and human activities. Overall, the Yellow River 

proves to be a complex system in which microplastics are repeatedly stored, mobilized, 

diluted, and redeposited over short distances.  

By providing an integrated assessment of microplastic abundance and distribution 

across the river corridor, this thesis highlights the importance of more frequent and 

spatially comprehensive monitoring in large rivers, as a clearer understanding of how 

microplastics behave within such dynamic and human-influenced systems is vital for 

improving pollution mitigation strategies, protecting aquatic environments, and 

sustaining ǘƘŜ ¸Ŝƭƭƻǿ wƛǾŜǊΩǎ ŜǎǎŜƴǘƛŀƭ ŦǳƴŎǘƛƻƴǎ ƛƴ ŀƎǊƛŎǳƭǘǳǊŜΣ ǿŀǘŜǊ ǎǳǇǇƭȅΣ ŀƴŘ 

regional ecology. Ultimately, strengthening this knowledge base is essential for creating 

effective management strategies and securing the long-ǘŜǊƳ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ƻƴŜ ƻŦ !ǎƛŀΩǎ 

most vital river systems. 

  



iv 

 

Riassunto 

Le microplastiche sono sempre più riconosciute come un inquinante diffuso negli 

ŀƳōƛŜƴǘƛ ŘΩŀŎǉǳŀ ŘƻƭŎŜΣ Ŏƻƴ ƛ ǎƛǎǘŜƳƛ ŦƭǳǾƛŀƭƛ ŎƘŜ ǎǾƻƭƎƻƴƻ ǳƴ Ǌǳƻƭƻ ŦƻƴŘŀƳŜƴǘŀƭŜ ƴŜƭ 

loro trasporto e accumulo. Il presente studio si concentra sulla quantificazione e sulla 

distribuzione spaziale delle microplastiche nei sedimenti del Yellow River, in Cina, uno 

dei fiumi più dinamici e intensamente utilizzati al mondo. 

In 20 campioni di sedimento sono state 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. 

I risultati mostrano che la distribuzione delle microplastiche lungo il Fiume Giallo non 

può essere descritta soltanto da un semplice andamento monte-valle, ma anche 

ŘŀƭƭΩƛƴŦƭǳŜƴȊŀ ŎƻƳōƛƴŀǘŀ ŘŜƭƭŜ ŎƻƴŘƛȊƛƻƴƛ ǎŜŘƛƳŜƴǘƻƭƻƎƛŎƘŜΣ ŘŜƭƭŜ ŘƛƴŀƳƛŎƘŜ ƛŘǊƻƭƻƎƛŎƘŜ 

e delle attività umane. Nel complesso, il Fiume Giallo si rivela un sistema complesso in 

cui le microplastiche vengono ripetutamente immagazzinate, mobilizzate, diluite e 

rideposte su brevi distanze. 

CƻǊƴŜƴŘƻ ǳƴŀ ǾŀƭǳǘŀȊƛƻƴŜ ƛƴǘŜƎǊŀǘŀ ŘŜƭƭΩŀōōƻƴŘŀƴȊŀ Ŝ ŘŜƭƭŀ ŘƛǎǘǊƛōǳȊƛƻƴŜ ŘŜƭƭŜ 

ƳƛŎǊƻǇƭŀǎǘƛŎƘŜ ƭǳƴƎƻ ƛƭ ŎƻǊǊƛŘƻƛƻ ŦƭǳǾƛŀƭŜΣ ǉǳŜǎǘŀ ǘŜǎƛ ŜǾƛŘŜƴȊƛŀ ƭΩƛƳǇƻǊǘŀƴȊŀ Řƛ ǳƴ 

monitoraggio più frequente e spazialmente più completo nei grandi fiumi, poiché una 

comprensione più chiara del comportamento delle microplastiche in sistemi così 

ŘƛƴŀƳƛŎƛ Ŝ ƛƴŦƭǳŜƴȊŀǘƛ ŘŀƭƭΩǳƻƳƻ ŝ ŦƻƴŘŀƳŜƴǘŀƭŜ ǇŜǊ ƳƛƎƭƛƻǊŀǊŜ ƭŜ ǎǘǊŀǘŜƎƛŜ Řƛ 

ƳƛǘƛƎŀȊƛƻƴŜ ŘŜƭƭΩƛƴǉǳƛƴŀƳŜƴǘƻΣ ǇǊƻǘŜƎƎŜǊŜ Ǝƭƛ ŀƳōƛŜƴǘƛ ŀŎǉǳŀǘƛŎƛ Ŝ ǎƻǎǘŜƴŜǊŜ ƭŜ ŦǳƴȊƛƻƴƛ 

essenziali del Yellow River ƴŜƭƭΩŀƎǊƛŎƻƭǘǳǊŀΣ ƴŜƭƭΩŀǇǇǊƻǾǾƛƎƛƻƴŀƳŜƴǘƻ ƛŘǊƛŎƻ Ŝ 

ƴŜƭƭΩŜŎƻƭƻƎƛŀ ǊŜƎƛƻƴŀƭŜΦ Lƴ ŘŜŦƛƴƛǘƛǾŀΣ ǊŀŦŦƻǊȊŀǊŜ ǉǳŜǎǘŀ ōŀǎŜ Řƛ ŎƻƴƻǎŎŜƴȊŜ ŝ ŜǎǎŜƴȊƛŀƭŜ 

per creare strategie di gestione efficaci e garantire la resilienza a lungo termine di uno 

ŘŜƛ ǎƛǎǘŜƳƛ ŦƭǳǾƛŀƭƛ ǇƛǴ Ǿƛǘŀƭƛ ŘŜƭƭΩ!ǎƛŀΦ 
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1. Introduction 

Microplastics, plastic particles smaller than 5 mm, are now recognised as some of the 

most widespread and persistent pollutants of the twenty-first century. They enter the 

environment through two main 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 microplastics (European Environment Agency, 2022). Since the first 

scientific report of plastic fragments in the marine environment in the early 1970s 

(Carpenter & Smith, 1972), it has become evident that microplastics are not restricted 

to oceans. They disperse through the atmosphere, settle into soils, move through 

freshwater systems, and infiltrate food webs, reaching even less populated 

environments.  

Moreover, the global spread of microplastics is 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 2019 (PlasticsEurope, 2009; PlasticsEurope, 

2021) and now surpasses 460 million t/year (International Union for Conservation of 

Nature (IUCN), 2024). Even so, global plastic production is projected to continue rising 

sharply throughout the twenty-first century, even under ambitious mitigation scenarios 

(Figure 1). Despite rising public awareness and policy attention, recycling rates remain 

extremely low as only about 9% of plastic waste is effectively recycled at the global scale 

(Organisation for Economic Co-operation and Development (OECD), 2022). As a result, 

large quantities of mismanaged plastics enter natural systems, where they fragment into 

smaller particles rather than fully degrade, accumulating in the various environmental 

settings over time. 
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Figure 1: Projections of global plastic production, waste generation, and plastic stocks 

in use, by sector a-c, Annual plastic production (a), annual plastic waste generation (b), 

and plastics in use (c), 2000-2100 (Stegmann et al., 2022). 

 

Furthermore, freshwater systems, and rivers in particular, play a central role in the 

global redistribution of microplastics. Acting as transport pathways linking land-based 

sources to marine ecosystems, rivers collect microplastics from urban runoff, 

wastewater, agricultural landscapes, and industrial zones. Global modelling estimates 

that river systems collectively deliver between 1.15 and 2.41 million t of plastic to the 

ǿƻǊƭŘΩǎ ƻŎŜŀƴǎ ŜŀŎƘ ȅŜŀǊ ό[ŜōǊŜǘƻƴ Ŝǘ ŀƭΦΣ нлмтύΦ  

Microplastics also have ecological implications that extend beyond their material 

presence. They provide durable, buoyant surfaces for microbial colonization, forming 

ǿƘŀǘ ƛǎ ǿƛŘŜƭȅ ǘŜǊƳŜŘ ǘƘŜ άǇƭŀǎǘƛǎǇƘŜǊŜέ- a mobile microbial community capable of 

transporting organisms far from their origin and altering ecological dynamics along the 

way (Zettler, Mincer and Amaral-Zettler, 2013). This capacity to act as biological vectors 

adds yet another layer to the already complex issue of microplastic pollution. 

Concerns surrounding microplastics extend beyond environmental distribution as their 

potential human-health implications have become an increasingly urgent research topic. 

A 2025 study published in Nature Medicine identified micro- and nanoplastic fragments 

in human frontal-cortex tissues (Nihart et al., 2025). In some individuals, concentrations 

ǊŜŀŎƘŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ лΦпу҈ ƻŦ ǘƘŜ ǎŀƳǇƭŜΩǎ Ƴŀǎǎ (around 7 g in total), described 
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ƳŜǘŀǇƘƻǊƛŎŀƭƭȅ ŀǎ ŎƻƳǇŀǊŀōƭŜ ǘƻ άŀ ǎǇƻƻƴŦǳƭ ƻŦ ǇƭŀǎǘƛŎέ (Kuta, 2025). The long-term 

neurological consequences have also been discussed, finding a correlation between 

microplastic concentration and dementia. However, it does not establish a causal 

relationship, as it could be that changes resulting from dementia make it easier for 

microplastics to accumulate in the brain (Nihart 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, accordingly, this 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 understanding of these controls is crucial for predicting the future of 

river pollution and improving mitigation measures in a rapidly changing world. 
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2. Study area 

Huang He, better known as the Yellow River, represents one of China's most important 

rivers in both geomorphological and socio-economic aspects. Originating on the NE 

margin of the Qinghai-Tibetan Plateau, in the Bayan Har Mountains, it stretches for 

about 5,464 km in length and drains a basin of around 750,000-795,000 km² to the Bohai 

Sea, hence becoming the second-longest river in China and one of the dominant 

drainage systems in East Asia. During this elongated course, the river crosses a large 

sequence of geological provinces, from high-elevation headwaters of Tibetan Plateau 

toward the deeply incised Loess Plateau and semi-arid Ordos basins to the low-gradient 

plains of northern China (Figure 2). This provides the basis of any understanding, not 

only of sediment generation and transport, but also of pathways and the fate of 

emerging contaminants such as microplastics. 

 

Figure 2: 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 sediment-source 

zones (Jia, Li & Wang, 2016). 
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The Yellow River originates from the high Bayan Har ranges in its upper parts at 

elevations commonly above 4,000-4,500 m, which is typical for the Tibetan Plateau. The 

landscape there is strongly incised by steep valleys, with landforms that are formed by 

periglacial processes, episodic snowmelt, and glacier-permafrost 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 

erosion-prone landscapes on Earth. This plateau is defined by thick, fine-grained, weakly 

structured aeolian silt, and the region underlies Qinghai, Gansu, Shaanxi, Shanxi, 

Ningxia, 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 around the Ordos Plateau 

while passing the semi-arid basins. These are transitional landscapes, connected with 

the broader Gobi and Inner Mongolian desert margins, combining aeolian and fluvial 

processes in ways that have implications for sediment supply. Local wind erosion, dune 

fields that constantly shift, and sparse vegetation, in combination with the hydrology of 

the river, create a hybrid sedimentary regime that is able to both supply and to 

temporarily keep finer matter, including microplastics. Where this river eventually turns 

southeast, lower plateaus and plains are entered where valley confinement decreases, 

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 the Yellow 

River Delta at the Bohai Sea. This setting provides a long-term sink that integrates 

sediment inputs from upstream, rather than simply recording local contaminant 

sources.  
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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 100-120 million people and a broader provincial 

population in regions that depend on the river for irrigation, industry, and water 

transfer, between 330 and 420 million, depending on the year and definition used 

(World Bank, 2023). Based on census figures from 2020, around 12.95 million people are 

living in Xi'an (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 spatial picture 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, and less populated headwaters is, therefore, one key factor 

affecting the microplastic distributions observed.  
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3. Methods 

3.1 Sampling 

To investigate the spatial patterns of microplastic contamination across the Yellow River, 

this study collected a total of 20 sediment samples distributed from the upper parts to 

ǘƘŜ ǊƛǾŜǊΩǎ ƭƻǿŜǊ segments. The sampling strategy was created with the goal of capturing 

the full range of environmental conditions along the basin. By covering such a broad 

area, the dataset allowed the comparison between geomorphically different segments 

as well as areas with different levels of human pressure. A detailed map of the sampling 

locations is provided alongside this section (Figure 3), offering a visual overview of the 

spatial arrangement of sites, which helps in understanding the environmental gradients 

of the following analysis. This approach helps in understanding how together, the 

geology, hydrology, and land use ǎƘŀǇŜ ƳƛŎǊƻǇƭŀǎǘƛŎ ŀōǳƴŘŀƴŎŜ ŀƭƻƴƎ ƻƴŜ ƻŦ !ǎƛŀΩǎ Ƴƻǎǘ 

complex and dynamic river systems, which will be fully discussed later in the next 

chapters. 

 

Figure 3: Satellite image of the Yellow River showing sampling locations (marked in red) 

along the river (Source: Google Earth). 
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3.2 Microplastic separation 

Before beginning the microplastic extraction, each sediment sample underwent an 

ƻȄƛŘŀǘƛƻƴ ǎǘŜǇ ǘƻ ǊŜƳƻǾŜ ŜȄŎŜǎǎ ƻǊƎŀƴƛŎ ƳŀǘŜǊƛŀƭΦ ! ол҈ ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜ όIіhіύ 

solution was added directly to the 10 g samples, which were then left for around 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 high-density liquid separation technique. Sodium 

polytungstate (SPT) was prepared at a density of 1.6 g/cm³ by dilution with distilled 

water. The pre-treated sediments were mixed into this solution within glass beakers, 

ensuring full dispersion of particles. This works because most plastics are less dense than 

1.6 g/cm³; they tend to remain suspended or float, while most mineral grains, being 

denser, 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 retained 

microplastic particles, along with any remaining low-density material, for the following 

microscopic identification and description. 
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3.3 Microplastic identification 

A stereoscopic microscope 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 high-quality photographs to be taken for each 

sample. At the start of the analysis, blank images mimicking the empty samples were 

used as reference maps on which the position of each suspected microplastic particle 

was marked before closer inspection. Every particle was later examined under 

magnification and classified according to its shape (fiber, fragment, film, bead, or pellet) 

and color. In several samples, visual identification proved challenging because some 

particles closely resembled natural fibers or were partially contaminated by remaining 

organic material. To improve detectability, a UV light source was used as many polymers 

fluoresce or brighten under ultraviolet illumination, making especially transparent or 

very small particles easier to detect and recognize from natural debris.  

To verify whether different particles were truly plastic and not organic debris, Raman 

spectroscopy was also used as a confirmation 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 precision. This method 

was particularly important as, unlike in simple visual or physical tests, it offers 

molecular-level confirmation, greatly reducing the likelihood of false positives and 

ensuring a more reliable identification of microplastics within the samples. 
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4. Results 

4.1 Sample S-1 

This sampling location lies on the upper-middle part of the Yellow River, after the first 

major meander of the river, upstream of the Longyangxia Reservoir, near Wutuo 

settlement (Figure 4). Geographically, it occupies the northeastern margin of the Tibetan 

Plateau, where incision and confined channels are common. Locally, the channel 

displays multiple diamond-shaped mid-channel bars, indicative of active sediment 

transport and bar-building.  

 

Figure 4: Location of the S-1 sampling site (Source: Google Earth). 

 

A total of 34 microplastic particles were identified in Sample S-1, which corresponds to 

3400 items per kilogram of dry sediment (Figure 5). The sample contained 8 films, 15 

fibers, 9 fragments and 2 beads. Among the films, 5 were transparent, 2 were red, and 

1 was black. The fibers included 7 transparent, 1 red, 1 black, 5 blue, and 1 white particle. 

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

transparent.  
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Figure 5: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-1. 

 

4.2 Sample S-3 

This sampling point sits on a side-bar in the river part downstream of the Longyangxia 

Reservoir, close to Qubuzang Village (Figure 6). Geographically, the site lies on the 

northeastern edge of the Tibetan Plateau, where river morphology is quite influenced 

by upstream impoundments created by dams. The nearby built features are consistent 

with hydropower infrastructure and associated settlements related to the Longyangxia 

complex, while closest to the sampling site, the area is mainly covered in agricultural 

fields.  

 

Figure 6: Location of the S-3 sampling site (Source: Google Earth). 
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A total of 28 microplastic items were identified in Sample S-3 (Figure 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. 

 

Figure 7: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-3. 

 

4.3 Sample S-7 

The third sampling site is located in Jainca County, close to Kanbula Town within 

Huangnan Tibetan Autonomous Prefecture (Figure 8). This region lies on the 

northeastern edge of the Tibetan Plateau, just downstream of the Kanbula UNESCO 

Global Geopark. While this is not a densely industrialized part; local settlements, tourism 

connected to the geopark, and infrastructure associated with the geopark, or the river 

may contribute some microplastic input.  
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Figure 8:  Location of the S-7 sampling site (Source: Google Earth). 

 

Sample S-7 contained a total of 28 microplastic items corresponding to 2800 items/kg 

(Figure 9). 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. 

 

Figure 9: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-7. 
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4.4 Sample S-12 

The fourth sampling site is located near the relief zone of a dam, close to a rural area of 

Xiakou along the Hualong Huizu Autonomous County, within the geomorphic transition 

zone between the Tibetan Plateau and the loess-influenced highlands characterized by 

a steep, high-relief environment (Figure 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 high-energy 

upstream areas and slower downstream zones. 

 

Figure 10: Location of the S-12 sampling site (Source: Google Earth). 

 

Sample S-12 contained a total of 34 microplastic particles, equivalent to 3400 items per 

kilogram (Figure 11). 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 particle. The fiber fraction showed greater color diversity, including 

6 transparent, 2 red, 1 black, 7 blue, and 1 white fibers. Fragment colors were dominated 

by blue pieces (n = 6), with one transparent fragment also identified. 
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Figure 11: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-12. 

 

4.5 Sample S-18 

The sampling location is positioned close to Yadi settlement, 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. 

 

Figure 12: Location of the S-18 sampling site (Source: Google Earth). 
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A total of 45 microplastic particles were identified in sample S-18, corresponding to 4500 

items/kg based on the 10 g subsample (Figure 13). 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 piece. The single bead observed in this sample is 

transparent. 

 

Figure 13: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-18. 

 

4.6 Sample S-23 

The next sampling site is located just upstream of Xincheng Town (Figure 14). This area 

lies outside the high-altitude Tibetan Plateau but remains within the upper-middle basin 

zone, where riverbanks widen, and agricultural land becomes more continuous. 

Xincheng Town itself and the surrounding settlements form part of a region in which 

agriculture is a main land-use type, where fields and irrigation infrastructure appear 

across much of the floodplain.  
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Figure 14: Location of the S-23 sampling site (Source: Google Earth). 

 

Sample S-23 contained a total of 23 microplastic items, comprising 5 films, 13 fibers, 3 

fragments, and 2 beads (Figure 15). 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 displaying 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. 

 

Figure 15: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-23. 
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4.7 Sample S-29 

The seventh sampling site is located near the Damogou Village, downstream of Lanzhou, 

ƻƴŜ ƻŦ ǘƘŜ ƭŀǊƎŜǎǘ ǳǊōŀƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŎŜƴǘǊŜǎ ŀƭƻƴƎ ǘƘŜ ǊƛǾŜǊΩǎ ǳǇǇŜǊ-middle reach 

(Figure 16). In this area, the river enters a transition zone between the Tibetan Plateau 

and the Loess Plateau. The surrounding landscape is shaped by a combination of 

agricultural fields, small settlements, and roads that 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. 

 

Figure 16: Location of the S-29 sampling site (Source: Google Earth). 

 

Sample S-29 contained a total of 49 microplastic items, corresponding to 4900 items/kg 

(Figure 17). 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 white fibers. 

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. 
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Figure 17: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-29. 

 

4.8 Sample S-34 

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, just downstream of the Longwan Village 

(Figure 18). 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 contribute to supplying the fine-grained 

sediment to the river system through slope erosion. 

 

Figure 18: Location of the S-34 sampling site (Source: Google Earth). 
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Sample S-34 contained a total of 56 microplastic items, corresponding to 5600 items/kg 

(Figure 19). 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. 

 

Figure 19: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-34. 

 

4.9 Sample S-37 

The sample is located just upstream of Wuzhong, in the northern part of the Yellow River 

plain, within the Loess Plateau/alluvial-plain transition zone, where the river flows 

through a mix of alluvial plains and loess-influenced terrain. The area is mostly 

agricultural, with the closest population being in Yuanlin Village (Figure 20).  
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Figure 20: Location of the S-37 sampling site (Source: Google Earth). 

 

Sample S-37 contained a total of 38 microplastic items, corresponding to 3800 items/kg 

(Figure 21). The particles consisted of 3 films, 23 fibers, 6 fragments, and 6 beads. Among 

the films, two were transparent and one was white. The fiber category was dominated 

by 12 white fibers, accompanied by 6 transparent, 2 black, and 3 red fibers. The 

fragments included 4 transparent and 2 white particles. The bead fraction consisted of 

2 transparent, 1 white, 1 black, and 2 orange beads. 

 

Figure 21: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-37. 
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4.10 Sample S-40 

The tenth sampling site lies near Wuhai City, on the Yellow River, shortly after the part 

associated with Wuhai Lake (Figure 22). Wuhai is positioned in a transitional zone 

between desert grasslands and semi-desert landscapes. The local topography includes 

river terraces and alluvial-fan zones around the foothills. The area has a strong industrial 

component, with Wuhai being linked to coal mining, chemical industries, and power 

generation. Based on these aspects, potential sources of microplastics at this site may 

include industrial emissions. 

 

Figure 22: Location of the S-40 sampling site (Source: Google Earth). 

 

Sample S-40 contained a total of 14 microplastic particles, corresponding to 1400 

items/kg (Figure 23). The sample consisted of 4 films, 7 fibers, 2 fragments, and 1 bead. 

All four films were transparent. Among the fibers, four were transparent, 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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Figure 23: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-40. 

 

4.11 Sample S-43 

Sample S-43 was collected within Hanggin Banner (Hanggin Qi) along a heavily braided 

section of the Yellow River characterized by many shallow channels and mid-channel 

bars (Figure 24). The surrounding region of Hanggin Banner is dominated by arid to semi-

arid landscapes, with a mixture of agricultural land, pasture, and sparsely populated 

rural areas. Industrial presence is much smaller, so the biggest potential microplastic 

sources in this sector are expected to be agricultural plastic use and aeolian material 

from nearby deserts. Geologically, this part lies on the northwestern margin of the Ordos 

Plateau, where the Yellow River flows through Mu Us Desert, characterized by intense 

braiding. 

 

Figure 24: Location of the S-43 sampling site (Source: Google Earth). 
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Sample S-43 contained a total of 29 microplastic particles, corresponding to 2900 

items/kg (Figure 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, 2 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.  

 

Figure 25: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-43. 

 

4.12 Sample S-46 

The twelfth sample was collected from a location immediately downstream of the 

Baotou urban area along the northern margin of the Ordos Plateau with continuous 

desert influence (Figure 26). The site is positioned on a low-gradient reach of the river 

that is braided, downstream 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 of peri-urban 

and rural land uses; 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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Figure 26: Location of the S-46 sampling site (Source: Google Earth). 

 

Sample S-46 contained 18 microplastic items, comprising 1 film, 11 fibers, and 6 

fragments (Figure 27). 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. 

 

Figure 27: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-46. 
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4.13 Sample S-49 

The sampling point was collected in Qingshuihe County, within the administrative area 

of Hohhot, Inner Mongolia (Figure 28). The sampling point lies near the Fengjiata Wind 

Farm, in a sparsely populated area characterized by open terrain and strong wind 

exposure. Geographically, this part of the Yellow River runs along the northern margin 

of the Loess Plateau. The channel geometry here is more confined and meandering, with 

fewer large sand-bar complexes compared to the braided reaches farther upstream. The 

surrounding land is mainly dryland agriculture, grazing areas, and large wind-energy 

infrastructure. 

 

Figure 28: Location of the S-49 sampling site (Source: Google Earth). 

 

Sample S-49 contained a total of 32 microplastic items, corresponding to 3200 items/kg 

(Figure 29). 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 one green. 

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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Figure 29: Color distribution (on the left) and shape distribution (on the right) of 

microplastics in the sample S-49. 

 

4.14 Sample S-51 

Sample S-51 is situated close to Shimao, Pianguan County, Xinzhou, Shanxi Province 

(Figure 30). The sample has been collected from a side bar of the river, which here has 

fully established its more sinuous, confined path crossing through the Loess Plateau. 

Land use in the immediate vicinity is dominated by agriculture and small rural 

settlements. The main sources of microplastics are therefore agricultural plastics (e.g., 

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

 

Figure 30: Location of the S-51 sampling site (Source: Google Earth). 














































