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Abstract. Microplastics are a new type of persistent organic pollutants, usually on the micron scale. In this
study, we investigated the abundance, distribution, and other characterization of microplastics in surface
waters of the Wei River Basin in the Shandong peninsula. The results showed that the abundance of
microplastics in the surface water of Wei River varied from 0.40 to 1.20 items/L, and the average abundance
was 0.81 items/L, which was at a moderate pollution level compared with other rivers. It was found that the
abundance of microplastics was higher in densely populated areas, and hydrodynamic conditions such as river
inflow and seawater scour also affected the abundance of microplastics. Fiber (83.4%) was the dominant type.
Colorless (93.6%) was the dominant color type. The particle size (0.06 - 0.5mm) (47.9%) was the main size
of microplastics in the Wei River. This study provides data for the further study of microplastics in rivers and
provides a warning for the management and prevention of microplastics in freshwater.

1 Introduction
Thomas et al. first proposed the concept of microplastics
in 2004 in journal Science[1]. Microplastics are small
plastic particles, usually on the micron scale.
Microplastics have the large specific surface areas and are
easy to enrich other pollutants such as PCBs and PBDEs[2].
Many studies have found microplastics in fish and
shellfish[3, 4]. Microplastics, which are difficult to degrade
and bioaccumulative, can be passed through the food
chain and can ultimately be hazardous to human health[5].
The wide distribution of microplastics has always been
the focus of research. Microplastics are now found in
oceans[6], lakes[7], rivers[3, 8] and even drinking water[9]. For
river microplastics, researchers initially studied the
estuary area. With the deepening of the research, the
research on microplastics in inland rivers has also been
gradually carried out, such as Wei River[8] and Hai
River[10]. However, the research data on microplastics in
river surface water is still scarce.
In this study, 17 stations along the mainstream of Wei
River were selected and surface water samples from each
station were collected. Through the experimental process
of filter digestion and microscopic observation, the
abundance, particle size, shape, and color of microplastics
at each station were counted. Through data analysis, the
distribution and pollution characteristics of microplastics
in the Wei River Basin were obtained, which provided a
basis for the study of the transport and migration behaviors
*

of microplastics through rivers to the ocean.

2 Materials and methods
2.1 Study area
Wei River is a river from the Shandong Peninsula flowing
into Laizhou Bay. It is approximately 233 km long and has
a basin area of 64,493.2 km2. Wei River has two sources.
The north source originates from Guanzhuang Township
of Yishui County, and the south source originates from the
Longwangmiao Township of Ju County. After the
confluence of the two sources, it turns north and flows
through Zhucheng, Gaomi, Anqiu, Fangzi, Changyi, and
other counties and districts to the Laizhou Bay. There are
many tributaries in the Wei River. The two large reservoirs
through which Wei River flows are Qiangkuang Reservoir
and Xiashan Reservoir.
The sampling time of this study was from October 1 to
4, 2020. Sampling sites were selected at two sources (S01,
S02), the confluence of the two sources (S03), the
confluence of important tributaries (S08, S09, S10, S13,
S16), the areas flowing through cities and villages (S05,
S06, S07, S14, S15), the reservoirs that are flowing
through (S04, S11, S12), and the estuary (S17) of Wei
River, a total of 17 stations (Fig. 1.).
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2.2 Sample collection

2.5. Statistical analysis

Three parallel samples were selected from each station at
a distance of 100 m. 50 L of river surface waters were
collected with a glass water sampler and filtered through
a plankton net (64 μm mesh size). The outer wall of the
net was washed repeatedly so that the microplastics would
not be attached to the inner wall of the net. The water
samples left in the bottom collector were collected in glass
bottles and kept away from light.

The unit of microplastics abundance in Wei River surface
waters was items/L (number of microplastics in the
surface water per liter). Data and descriptions were analyzed

using Microsoft Excel 2010 and SPSS vs. 22 (IBM).

3 Results and discussion
3.1 Abundance of microplastics

2.3 Sample preparation

The abundance of microplastics in the surface water of
Wei River ranged from 0.4 to 1.2 items/L, and the average
abundance was 0.81items/L (Fig. 2.), which was lower
than that in Wei River (3.67 -10.7 items/L)[8], Pearl River
(0.379 – 7.924 items /L)[11], and West River (2.99 – 9.87
items /L)[12], and higher than in the Yulin River (1.3 × 102
items /L) [13], Tuojiang River (0.912 ± 0.2 – 3.40 ± 0.707
items /L)[14], and Han River (0 – 4.29 × 10-2 items /L)[15].
On the whole, Wei River microplastics pollution level in
the medium level of pollution.
The microplastics abundance of each sampling station
in Wei River has obvious regional differences. S01 and
S02 are the northern and southern sources of the Wei River
respectively. The surrounding ecological environment of
the S01 sampling station is better than that of S02, and the
water mobility is stronger, so the microplastics abundance
is lower than that of S02. Some scholars believe that
hydrodynamic conditions have a great influence on the
abundance of microplastics[16]. S03 is the confluence of
the two sources, so the abundance of microplastics is
higher than S01 and S02. S04 is located at the confluence
of Wei River and other rivers into the Qiangkuang
reservoir, so the abundance of microplastics has increased
again. Many scholars believe that the confluence of rivers
is an important source of microplastics in the
mainstream[15, 17]. The abundance of microplastics
decreased at S05, which is speculated to be because the
site is located at the exit of the Qiangkuang reservoir, and
the microplastics are diffused and diluted through the
reservoir. S06, S08, S13, and S15 are where tributaries and
main streams meet, so the abundance of microplastics is
higher than that of the previous site. S08 is the site with
the highest microplastics abundance among all the sites.
The reasons are: (1) tributary inflow; (2) electroplating
factory nearby may produce microplastics waste into the
river; (3) sampling site is located under the bridge, which
may be affected by traffic. The microplastics abundance
of S13 is also high, mainly because the Wei River flows
through Anqiu City, and city Non-point source pollution
on the microplastics in the river has been recognized by
some scholars[18]. Significant variance analysis was
conducted for the microplastic abundance of sampling
stations (S06, S07, S15) near cities and stations near rural
areas (S01, S05, S16). The results showed that the
abundance of microplastics in urban areas was
significantly higher than that in rural areas (p < 0.05),
indicating that the higher the level of economic
development, the higher the density of population, the
more serious the microplastics pollution[18]. The
abundance of microplastics in the estuary area (S17)

The sampling preparation method of the water sample is
by the previous method and some improvements have
been made[8]. Firstly, the water sample in the sampling
bottle is filtered by a diaphragm vacuum pump with a 0.45
μm filter membrane; Then, the filter membrane was rinsed
repeatedly with 30% H2O2, and the rinsing solution was
collected into a conical flask. Finally, 0.1 g FeCl2 was
added and placed in a water bath at 60℃ for digestion for
24 h. The purpose of this step is to remove organic matter
and other substances that may affect the subsequent
microscopic observation.

Fig. 1. Sampling sites in Wei River

2.4 Observation and identifification of
microplastics
The digested solution in the conical flask was filtered
through with a series of sieves apertures: 2mm, 1mm,
0.5mm, 0.1mm, and 0.01mm in turn. The samples from
the screen were carefully and thoroughly rinsed with
ultrapure water into petri dishes, and each dish represented
each microplastic size range. After drying the petri dishes,
the number, color, shape, and particle size of microplastics
in each dish were observed and counted with a microscope.
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decreased obviously, which may be due to the dilution of
microplastics by seawater exchange. Previous research
data on the abundance of microplastics in Laizhou Bay
(1.7×10-3 ± 1.5×10-3 items/L)[6] are lower than the data
in this study, which can prove this conjecture.
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Fig. 2. Abundance distribution of microplastics collected from
the Wei River.

Microplastics are widely found in the surface waters of the
Wei River, ranged from 0.4 to 1.2 items/L, and the average
abundance was 0.81 items/L, which is at a moderate
pollution level compared with other rivers. The inflow of
tributaries, the density of population and industry, and the
hydrodynamic affect all affect the abundance of
microplastics in the Wei River.
Colorless (93.6%) and fiber (83.4%) microplastics
account for the vast majority in Wei River, which indicates
that residents' activities are an important source of
microplastics. By comparison, it was found that the most
common size of microplastics in rivers was 0.1- 0.5 mm.
Although the survey scope and the number of
experimental samples in this study are limited, it is
sufficient to indicate that microplastics exist in large
quantities in rivers and other freshwater systems, which
should be paid enough attention to. Future research should
also focus on the identification of pollution sources and
the migration and transformation of microplastics.

3.2 characteristic of microplastics
The microplastics were divided into three types as fiber
(83.4%), foam (2.2%), fragment (14.4%) (Fig. 3 a). The
conclusion is consistent with the majority of research
results, that is, fibrous microplastics account for the
majority of the literature[6, 8]. Fibrous microplastics are
mainly from clothing washing. Each wash produces more
than 1,900 fibrous microplastics[19]. Wei River flows
through many cities and villages, and the villagers'
washing wastewater may be an important source of
fibrous microplastics. Besides, the use of ropes, fishing
nets, carpets, and other processes can also produce fibrous
microplastics.
The colors of microplastics in the Wei River includes
colorless (93.6%), red (2.8%), black (2.2%), and blue
(1.6%) (Fig. 3. b). One of the reasons for the largest
proportion of colorless microplastics is that there is more
agricultural land around the Wei River basin. The colorless
plastic film used in the planting industry and the plastic
cloth used in vegetable greenhouses are the main sources
of colorless microplastics. The other reason is that
microplastics could fade after photodegradation, aging,
and other physical and chemical effects[16]. Another
possible reason is that river life, such as fish, prefers the
colored microplastic to eat[20].
In this study, microplastics are classified into 5
categories: 0.06 - 0.1mm（14.1%）, 0.1 - 0.5mm（47.9%）,
0.5 - 1mm（17.5%）, 1 - 2mm （12.5%）and > 2mm（7.9%）
(Fig. 3. c). Except for 0.06 - 0.1mm, the smaller the
particle size, the larger the proportion. Through
comparison, it is found that 0.1- 0.5mm microplastics also
occupy a large proportion in other rivers, such as Wei
River (< 0.5 mm, 68.1%)[8], Hai River (0.1 – 1 mm,
54.1%)[10], Yulin River (0.064 ~ 0.25 mm, > 80%)[13],
Fengshan River (0.05 – 0.297 mm, > 60%)[3], and Han
River (0.1 – 1 mm, > 90%)[15], which reflects the common
characteristics of microplastics in rivers: microplastics
with a particle size of 0.1 - 0.5mm have the largest content
in rivers.
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