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This study aims to comprehensively assess the environmental risks of microplastics in the Yellow River,
achieving the following results through comprehensive research. The average microplastic abundances in
the river waters and sediments are 5358—654000 n/m> and 43.57-615 items/kg, respectively, and there are
fewer microplastics in water samples than in sediments. Microplastics in the study area can be divided into
five types according to their occurrence morphologies, namely fragments, foams, films, fibers, and
particles. The most widely distributed pollution types in sediments include debris, fibers, and particles. In
contrast, fibers are the dominant type in water samples, accounting for 68.18%-98.93%. The chemical
components of the microplastics include polyethylene, polypropylene, polystyrene, polyethylene
terephthalate, and polyvinyl chloride. The microplastics are in four colors, with white accounting for a
higher proportion. The grain size of the microplastics in tributaries or lakes of the Yellow River is less
than 2 mm, which makes them liable to enter organisms for enrichment. Furthermore, the sources of the
microplastics are closely related to agricultural and industrial production and biological activities in
habitats and exhibit seasonal and hydrological characteristics. The microplastics in the study area show the
adsorption of metals and nonmetals to different degrees, which increases the pollution risks of heavy
metals combined with microplastics. In addition, microplastics can accumulate in organisms in the Yellow
River and cause physical, biochemical, and other damage to aquatic organisms, thus further posing
carcinogenic risks to human beings. Therefore, it is necessary to study, monitor, and control the pollution
and effects of microplastics in the Yellow River, in order to provide theoretical references for the control
of pollution and ecological risk of microplastics in the river.

©2021 China Geology Editorial Office.

1. Introduction

(Ding JN et al., 2017). As a kind of high molecular polymer,
plastic has excellent physical and chemical properties such as

As early as the 1970s, it was reported that plastic particles
were detected in ocean surface water (Carpenter EJ and Smith
KL, 1972). Plastic products are widely used in modern
society. The annual output of plastic products in the world has
exceeded 3x10% t and is increasing at a rate of 0.2x 10% t/a
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durability, water resistance, and strong corrosion resistance. It
is widely used in all walks of life, but also causes
environmental pollution. In recent years, microplastics have
attracted great attention all over the world as a new type of
pollutants. In 2004, British scholar Thompson first defined
small-sized plastic particles as microplastics (Thompson RC
et al., 2004), and academic circles generally took the particle
size of less than 5 mm as the threshold of microplastics.
Preliminary studies have shown that microplastics can migrate
over long distances under the action of external forces, such
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as wind, rivers, and ocean currents. As a result, they are
ubiquitous in ecosystems around the world. Microplastics
have been found in the Mariana Trench, the deepest trench in
the world (Johanna NJW et al., 2020), in the Himalayas (the
roof of the world), and in many remote areas including the
Antarctic and the Arctic (Syahir H et al., 2020, Kane IA et al.,
2020; Kumar A et al.,2021).

Besides the marine environment, river systems also have a
higher concentration of microplastics (He BB et al., 2021;
Harpah N et al.,, 2021). Numerous pollution sources of
microplastics have influenced the river environment, which
may include tail water discharged from sewage treatment
plants, the weathering and degradation of plastic wastes in
water environment, and land-based input caused by soil
erosion or surface runoff. The initial sources may include
personal care products, synthetic textiles, industrial raw
materials, and the improper disposal of plastic waste in towns,
agriculture, tourism, and industrial areas. Microplastics will
cause physical damage and biochemical stress to aquatic
organisms in river systems and may form compound pollution
coupled with other pollutants, resulting in serious ecological
risks (Wright SL et al., 2013). Microplastics may even be
transmitted through the food chain (Setdld O et al., 2014), thus
threatening human health. Therefore, there is an urgent need
for studying the pollution of microplastics in the river
environment.

As the largest plastic producer and consumer in the world,
China’s plastic output accounted for 29.4% of the global total
plastic output in 2017 alone (Plastics Europe, 2018). In 2014,
microplastic pollution was reported for the first time in the
eastern coastal areas of China (Zhao SY et al., 2014), and
many researchers began to study the microplastic pollution in
sediments in domestic rivers and lakes (Yan MT et al., 2019;
Zhao SY et al., 2019).

As the mother river of China, the Yellow River have been
previously studied in terms of the distribution status of the
river water and microplastics in sediments in some major
streams, tributaries, estuaries, lakes, and coastal farmland
(Qin YM, 2020; Ding L et al., 2019; Hana M et al., 2020; Niu
XR, 2020; Gong XL et al, 2020). Meanwhile, the
toxicological effects of PVC microplastics on juvenile
Cyprinus carpio have been investigated (Wang LL, 2019), and
the health risk assessment of microplastics in the Yellow
River Delta Wetland has been conducted (Zhao S, 2020). This
paper summarizes the current status, sources, and
ecotoxicological effects of microplastics in the Yellow River
based on literature investigation, which can provide
theoretical references for the study of pollution and ecological
risks of microplastics in the river water environment in North
China (Chen J, 2021).

2. Overview of the Yellow River

The Yellow River is the sixth longest river in the world
and the second longest river in China, with a total length of
5464 km and a drainage area of about 752443 km?. This river
originates from Zhaqu of the Chahasila Mountain in the

Bayankala Mountains of the Qinghai-Tibet Plateau, Kariqu at
the northern foot of Qinghai Province, and Yuegu Zongliequ
in western Xingsuhai. It flows through Qinghai, Sichuan,
Gansu, Ningxia, Inner Mongolia, Shaanxi, Shanxi, Henan,
and Shandong provinces (autonomous regions) from west to
east and finally flows into the Bohai Sea, forming the “II”
shape (Fig. 1). The watershed of the Yellow River is in the
range of 96° E-119° E and 32° N-42° N, with a length of
approximately 1900 km from east to west, a width of
approximately 1100 km from north to south, and an area of
7.95x10° km?. It is high in the west and low in the east
generally. According to the geographical, geological, and
hydrological conditions of the formation and development of
the river basin, the mainstream of the Yellow River can be
divided into upper, middle, and lower reaches. The portion
from Heyuan Town to Hekou Town, Toketo County, Inner
Mongolia is the upper reaches, which has a length of 3471.6
km and a watershed area of 4.28x10° km? accounting for
53.8% of the total river watershed area. The portion from
Hekou Town to Zhengzhou City, Henan Province is the
middle reaches, which has a length of 1206.4 km and a
watershed area of 3.44x10° km?, accounting for 43.3% of the
total watershed area. The remaining portion from Taohuayu,
Henan Province to the estuary is the lower reaches, which has
a flow area is 2.30x10* km?, accounting for only 3% of the
total area of the whole basin. The Yellow River flows through
many cities. The sewage from these cities and the agricultural
water in surrounding farmland may flow into the Yellow
River. Moreover, environmental plastic waste may enter the
sewage channels or agricultural water systems along with the
runoff. All these cause pollution for the Yellow River. In
addition, the woven packing bags of agricultural fertilizers
and the random disposal of mulching films have also become
potential sources of microplastic pollution.

3. Current status of microplastics
3.1. Abundance distribution of microplastics

Table 1, Fig. 1 shows average microplastic abundance in
the upper, middle, and lower reaches of the Yellow River.
According to this table, the average microplastic abundance in
the surface water in the upper, middle, and lower reaches is
5358 n/m’, approximately 8000 n/m’, and 595270 n/m’,
respectively, and that at the estuary is 654000 n/m’.
Meanwhile, the average microplastic abundance in sediments
in the upper, middle, and lower reaches is 43.57 items/kg,
54.29 items /kg, and 160 items/kg, respectively, and that at
the estuary is 615 items/kg. Therefore, the average
microplastic abundance in the Yellow River gradually
increases from the upper reaches to the estuary. On the one
hand, the plastics in the upper and middle reaches may
migrate downstream along with the river water, and more
plastics are enriched downstream. On the other hand, the
cities in the lower reaches are located in coastal areas and
feature relatively more developed economies and intensive
human activities, which cause more serious microplastic
pollution.
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Table 1. Sampling sites and microplastic abundance in sediments of investigated lakes or rivers.
Reaches Water sample ~ Average microplastic ~ Reference Sediment Average microplastic Average microplastic Reference
No. abundance in surface sample No. abundance in abundance in
water/(n/m°) sediment/items/kg sediments/(n/m’)
Upper reaches  H11-H18 5358 Qin YM, 2020 DI12-DI18 43.57 87140 Gong XL et al.,
Middle reaches DH33 About 8000 Ding Letal,  D5-D11 54.29 108580 2020
2019
Downstream H1-H9 595270 Hana M etal,, D2-D4 160 320000
2020; Niu XR,
2020
Estuary H10 654000 HanaMetal., DI 615 1230000
2020; Niu XR,
2020

Note: Average density of dry sediments is 1600 kg/m® (Fettweis M et al., 2007). When sampling results were presented as wet/dry in literature, a wet/dry ratio
2015); H11-H18 water samples were taken from the surface water body of the lake, and other sample points

of 1.25 was applied for conversion (Van CL et al.,

from rivers.
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Fig. 1. Map showing the positions of microplastics in sediments and river water previously collected in the Yellow River.

3.2. Types of microplastics

The shape of microplastics affects their migration (such as
floating and settling) in an aquatic environment and can be
used to determine pollution sources. Therefore, it is of great
significance to study the shape of microplastics. The
microplastics in the mainstream of the Yellow River (from
Gansu to the estuary) can be divided into four types according
to their occurrence morphologies, namely debris, foamed
plastics, films, and fibers (Gong XL, 2020). Among them, the
debris has the highest debris content of 41.97%, which is
followed by the foamed plastics, which has content of
approximately 34.08%. Meanwhile, the films and fibers
jointly account for 23.95%. Particles were detected in the
sediments of the Weihe River, a tributary of the Yellow River.
They are dominated by fiber, which accounts for
42.25%-53.20%, followed by films and fragments, which
account for 23.9% —31.8% and 10.2%-20.3%, respectively
(Ding L et al., 2019). Fibrous microplastics are dominant in
water samples of the Yellow River, with the content ranging
from 68.18% to 78.64% (Qin YM, 2020), and fiber is

dominant in water samples from the lower reaches of the
Yellow River. The collected microplastics include
polyethylene (PE), polypropylene (PP), polystyrene (PS),
polyethylene terephthalate (PET), and Polyvinyl chloride
(PVC), which are dominated by PP. Microplastics separated
from water and sediment samples of the Yellow River can be
divided into four types according to their colors, namely
transparent, white, colored, and black microplastics. Among
these types, transparent and white microplastics account for a
higher proportion in the rivers, while colored microplastics
have high concentration in the Wuliangsuhai Lake. This may
be closely related to domestic garbage. In terms of grain size,
except for the mainstream of the Yellow River, the grain size
of tributaries or lakes is less than 2 mm (Table 2).

4. Discussion and suggestions
4.1. Causes for microplastic pollution

Microplastics are widely distributed in the water
environment of the Yellow River, with waters such as rivers,
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Table 2. Types and characteristics of microplastics in the sediments or waters in the Yellow River.
Reaches Sample Microplastic types by morphology Microplastic types by color Grain size Component Reference
type Fiber Fragment Foams Films  Pellets Trans- White Colored Black
parent
Mainstream  Sediments A few 43.35%  34.08% A few 43.28% 34.55% 1-4 mm PE, PS, Gong XL
of river and PP etal., 2020
Yellow River Sediments  8.91%— 17.93%— Afew  24.28%— / / / / Mainly PS  Zhao S,
Delta wetland 31.27% 43.80% 72.42% 2020
Weihe River ~ Sediments  42.25%— 10.2%—  0.7%— 23.9%— 5.6%— / / / / <0.5mm: PE,PVC, DingL et
53.20% 20.3% 3.5% 31.8% 16.1% 40.8%— and PS al., 2019
68.8%;
0.5-1 mm:
8.35%—
24.2%
Weihe River  River 38.25%— 10.6%— 0.25% 17.4%— 0.4%— / / / / <0.5mm: PE,PVC, DingL et
waters 61.95% 21.7% -3.5% 382% 7.8% 40.8%— and PS al., 2019
68.8%;
0.5-1 mm:
15.1%—
27.1%
Wauliangsuhai Lake waters 68.18%— 5.4% 8%— 2.6%— 71.5%— <2 mm: PE, PS Qin YM,
Lake 78.64 % 10% 11.4 % 94.9% 74.74% on and, PET 2020
average
Estuary River 86.45%— 0.04%— 0.62%— Trans- Afew <02 PE, PS, Niu XR,
waters 98.93%  7.60% 10.63%  parent are mm: and PP 2020
and black  92.95%
white  or
mostly colored

Note: “/” indicates no data description.

lakes, and estuary being polluted by microplastics to different
degrees. Meanwhile, the distribution of microplastics differs
in different water bodies, the reasons for which include
population density, human activities, seasons, hydrological
characteristics, and the nature. In addition, the sampling and
analytical methods of microplastics also affect the distribution
of microplastics (Fig. 2).

(i) Population density and human activities are closely
related to the distribution of microplastics in the Yellow
River. Taking the distribution of microplastics in the river
water and sediments of the Weihe River as an example (Ding
L et al., 2019), the microplastic abundance in the surface
water at sampling sites Dh19 —-Dh33 (Fig. 1) varies in the
range of 3.67-10.7 items/L (360—1320 items/kg). Meanwhile,
sampling sites with microplastic abundance of higher than 6.5
items/L are almost located in densely populated areas and
agricultural planting areas. Agricultural production and
anthropogenic activities may lead to the presence of plastic
waste and other pollutants in the Weihe River (Wang WZ et
al., 2018). Among them, sample sites DH20, Dh22, Dh25, and
Dh2 are located in the densely populated Tianshui, Baoji,
Xianyang and Xi’an cities, which are the four big cities where
the Weihe River flows through.

Fiber microplastics may be attributed to the
decomposition of agricultural equipment and sewage
containing clothing fibers to a great extent (Claessens M et
al., 2011). Microplastics have been detected in the farmland
soil along the Fenhe and Weihe rivers-tributaries of the
Yellow River, and the detected microplastics include fibers,
films, fragments, and foams, among which the fibers have the

highest concentration (Zhu YE et al., 2021, Ding L et al.,
2019) Thin films are also widely distributed in the surface
water and sediments, which account for 17.4% —38.2% and
23.9% —31.8% of microplastics in the surface water and
sediments, respectively. Domestic sewage containing plastics
is an important source of microplastics in the Yellow River
(Wang WF et al., 2018). In addition, with the development of
farming and agricultural activities, the insulation film-based
greenhouse cultivation technology in modern facility
agriculture has increased the films in water and sediments,
which can be considered another source of film microplastics
in the Yellow River. Taking the Weihe River as an example,
the microplastic abundances in sediments and surface water
are 23.9%-31.8% and 17.4%-38.2%. Fragments have been
found in almost all river reaches and lakes. 43.35% of the
microplastics fragments may come from the decomposition of
much plastic waste, such as agricultural implements, plastic
packaging materials, plastic woven bags, and plastic bags
(Antunes JC et al., 2013). Although they are relatively small
in quantity, particulate and foam microplastics are also found
in sediment samples and water samples from the Weihe River.
Many personal care products and artificial plastic products
can cause particulate pollution. Zhao S (2020) studied the
uninhabited wetland protected areas, tourist areas with
numerous tourism activities, and port areas with dense freight
and shipping in the Yellow River Delta and discovered that
the particle shape of microplastics was on the high side. PS is
the main material in microplastics, which is one of the
commonly used materials and mainly exists in the form of
particles in coastal environments (Li XW et al., 2018). Foams
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may come from packaging materials and plastic containers
(Nur HMN and Jeffrey PO, 2014). Therefore, industrial
manufacturing and domestic sewage may be potential sources
of microplastics (Di MX and Wang J, 2018); thus the
microplastic types are related to human activities (Fig. 2).

(i1) The distribution of microplastics in the Yellow River
differs in different seasons. For example, the microplastic
abundance at the estuary is 654 items/L and 930.2 items/L,
respectively in wet and dry seasons, with the microplastic
abundance in the dry period greater than that in the wet period
(Niu XR, 2020). The microplastic abundance at the Yangtze
River estuary (Zhao SY et al., 2019) and in the Nakdong
River is noticeably higher in rainy seasons than in other
seasons (Eo S et al., 2019). The differences in the microplastic
content in surface water and sediments of the Antud River
between March and October (Rodrigues MO et al., 2018) also
indicate that season is an important influencing factor of the
distribution of microplastics. The authors think that the
comparison results of the microplastic abundance in the rivers
in wet seasons with that in dry seasons need to be further
verified. Hydrological characteristics also affect the
distribution of microplastics. The microplastic content in
relatively closed and stable lakes and wetlands in the Yellow
River Basin is generally high. For example, the overall
microplastic abundance in the Yellow River Delta wetland is
80 —4640 items/kg, with an average abundance of 1142.53
items/kg (Zhao S, 2020). In contrast, the average microplastic
abundance in the sediments of the Yellow River estuary is
615 items/kg (Gong XL et al., 2020), and it is also high in the
Qinghai Lake (Liu RP et al., 2021) and Taihu Lake (Su L et
al., 2016) in China, and the Winnipeg Lake (Sruthy S and
Ramasamy EV, 2017) abroad. However, for rivers with weak
hydrodynamic conditions, the microplastics will be gradually
deposited. The research on the microplastics in the Yellow
River shows that the microplastic content in water samples is
lower than that in sediment samples, which is mainly due to
the accumulation of microplastics and the influence of high
sand content on the distribution of microplastics. In addition,
the distribution of microplastics is related to the nature of
microplastics. For example, some microplastics surfaces can
quickly form biofilms, which gradually accumulate and enter
the sediments (Chen XC, 2019). Compared with low-density
microplastics, high-density microplastics are more liable to
sink from water into sediments (Di MX and Wang J, 2018).
Similarly, more low-density polyethylene films are visible at
the Yellow River estuary and coastal zones (Zhang CJ, 2021).

4.2. Biotoxicological effects

(i) Owing to water erosion and direct sunlight,
microplastics are primarily affected by mechanical wear, high
temperature oxidation, and ultraviolet radiation. These lead to
the changes in the molecular structure of microplastic
polymers, including molecular bond breaking and
disproportionation. As a result, smaller microplastics and even
nano-scale plastics will be formed. There are cracks, holes,

curls, and tears on the surface of weathered microplastics.
These microscopic characteristics of microplastics provide a
wide range of attachment sites for other elements, which may
lead to the superimposition effect of microplastic pollution
and metal pollution (Liu J et al., 2020). Metal and nonmetal
elements have been detected on the surface of microplastics in
the surface water and sediments in the Yellow River, which
increase the hazards risks of the microplastics.

As mentioned above, main components of the
microplastics in the Yellow River include PE, PVC, PS, PP,
and PET, which are highly harmful to aquatic organisms in
the Yellow River. Zhao S (2020) found that PS with different
particle sizes can adhere to the chorion of zebrafish, and nano-
scale PS can accumulate in the gill of larval fish, enter blood
circulation, and gradually accumulate in the brain and liver of
larval fish. PS with different particle sizes have toxic effects
on zebrafish and cause inflammatory effects for target organs
(liver), which will change the metabolic pathways related to
the antioxidant defense system of zebrafish used to resist the
oxidative stress induced by microplastic exposure. Moreover,
nano-scale PS has stronger toxic effects than micro-scale PS
(Zhao S, 2020). However, different concentrations of
polyvinyl chloride and PVC can inhibit the normal growth of
juvenile yellow river carps, disturb the expression of genes
related to gonad development and the normal formation of
tissue structure, and induce oxidative damage and changes in
immune system function (Wang LL, 2019). Other types of
microplastics have not been discovered in the study area, but
relevant studies show that PE, PET, and PP will also affect the
feeding activities and energy reserves of aquatic organisms
(Silva CIM et al., 2019; Weber A et al., 2018; Ding GH,
2020).

(i1) Microplastics pose some health risks to human body.
According to Zhao S (2020), microplastics in the Yellow
River Delta wetland have potential carcinogenic risks to
human health under the exposure route of skin contact.
Therefore, microplastics in the Yellow River area must be
managed and controlled by relevant departments.

4.3. Suggestions

The control over microplastic pollution is crucial, which
however is restricted by relevant techniques, laws, people’ s
ideologies. Therefore, the control of the microplastic pollution
in the Yellow River is an urgent scientific proposition to be
solved. Given this, the authors put forward some suggestions
to be referred to by relevant departments, scientists, and
technological professionals.

(i) Improve investigation and monitoring: the current
investigation of microplastics in the Yellow River Basin and
even in the whole country is arranged only in a point or linear
form instead of spatial network monitoring. This presents a
certain challenge for accurate early warning and later
forecasting. In the future, large quantities of human resources
are required for microplastic monitoring. It is suggested to
give full play to the application of remote sensing technology
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Fig. 2. Sources of microplastics in typical rivers in the Yellow River basin

in microplastic investigation and monitoring and to carry out
practice of multiple sciences in this respect (Elizabeth CA et
al., 2019).

(i) Strengthen the formulation of control and access
regulations. Firstly, control microplastic sources, formulate
plastic management measures, and rationally handle plastic
waste. Second, reform the microplastic treatment equipment
in daily production, reduce the production of primary
microplastics, and improve the recycling rate of secondary
plastic products. Thirdly, manage and restrict the use of
plastic products by legal means to reduce the emission of
microplastics into the environment. A series of national-level
systems and programs have been issued since 2007 (Li TC et
al., 2021), which however are difficult to implement and
suffer slow implementation progress. In addition, laws and
regulations on plastic waste management are yet to be
improved, and it is necessary to implement the target-oriented
responsibility system and punishment system of plastic waste,
such as rural plastic film recycling and the garbage including
express bags and take-away bags.

(i) Develop degradable plastics. It is necessary to
develop environmentally friendly degradable plastics. In the
case that microplastics exist longer in the water environment
than on land, they are more difficult to degrade, which can be
well avoided by using degradable plastics. Scientists have
developed degradable plastics. For example, rice hull ash
(RHA)-an industrial waste material-has been used as a
reinforcing filler to melt together with polybutylene succinate
(PBS) to prepare biodegradable composites  of
polyhydroxyalkanoate (RHAs)/PBSs (Cao XW et al., 2020).
Meanwhile, it is necessary to formulate the standards of
degradable plastics (Wang XJ et al., 2021) to ensure the

effective degradation of microplastics.

(iv) Strengthen environmental awareness education. At
present, the attention paid to the hazards of microplastics is
still insufficient, and the public in the world still only possess
weak awareness on garbage classification and poor
knowledge about the science popularization of environmental
protection. It is necessary to give full play to the Internet to
popularize the knowledge about microplastic-induced hazards
and environmental safety risks and garbage classification. The
purpose is to achieve unified public knowledge and practice
and to effectively classify and manage garbage.

5. Conclusions and prospect

(i) Microplastics have been found in all the water and
sediment samples from the Yellow River. Moreover, the
abundance of microplastics in these sediments is relatively
high. However, this study shows that there are fewer
microplastics in the water samples than in the sediment
samples. The study results demonstrate that the low-velocity
flow and high sand content increase the accumulation and
distribution of microplastics. In addition, the microplastic
sources in the Yellow River are closely related to agricultural
and industrial production and biological activities in habitats.

(i) At present, the investigation of the microplastic
pollution in the Yellow River Basin is only in a preliminary
and disorganized pattern, while lacking a systematical
monitoring network. This poses a certain challenge for
accurate early warning and later forecasting.

(i) Complex factors are involved in microplastic
biotoxicity and in the exposure of freshwater organisms to
microplastics in the Yellow River, which should be studied by
combining specific environmental conditions (e.g., hydraulic
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condition) in the future to better assess the microplastic
biotoxicity to freshwater organisms and human beings.
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