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ABSTRACT

Microplastics are nowadays considered ubiquitous pollutants since they have been found widespread in all
environmental compartments, particularly in aquatic systems. In urban water bodies, municipal wastewater
discharges and overflows of combined storm and wastewater drains are the sources of microplastic pollution. The
investigation was performed on the distribution of microplastics in the surface water of three urban lakes: West Lake,
Yen So Lake, and Bay Mau Lake, from February 2020 to January 2021. Results show that microplastics were widely
and unevenly distributed in all three lakes in Ha Noi and reached a high abundance on the site of West Lake, which is
most intensively surrounded by population density, restaurants/bars, and aquaculture activities. Microplastic
abundance was highest in February 2020 for all three urban lakes, with 154.92 items m™ in Bay Mau, 589.46 items
m” in West Lake, and 139.86 items m™ in Yen So Lake. There was a decreasing trend in the following sampling
times of July, October 2020, and January 2021 (range: Bay Mau: 16.02-59.04 items m™; West Lake: 36.51-201.08
items m™; Yen So: 14.07-67.27 items m™). The dominant microplastics in urban lakes were fibers with a size of 1-3
mm, while microplastic fragments were 0.045-0.3 mm® Analysis of the chemical composition of microplastics
indicated dominance by rayon (13.5-58.5%) and polyethylene terephthalate (14.1-30.8%). This study is an essential
reference for understanding the characteristics of the variation in microplastics in urban lakes to reduce local
microplastic pollution effectively.
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1. Introduction 2009). Lakes and rivers carry most plastic
litter to the oceans (van Emmerik and
Schwarz, 2020). Under the influence of
several natural and artificial factors (e.g.,
UV light, water turbulence, or other physical
or chemical  degradation  processes),
fragmentation of macroplastics could break

Plastics are durable and inexpensive and
are thus widely used in daily life and in
industrial, scientific, and technological
applications (Chen et al., 2015, Ren et al,,
2018). Plastic production has increased

sharply since the 1950s (Thompson et al., ) _ ) : _
down into microplastics (MPs) with sizes

from 0.1 mm to < 5 mm (Phuong et al., 2018).
*Corresponding author, Email: mai.huong@usth.edu.vn Compared to marine microplastics research,
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few studies have bio-monitored microplastics
in inland waters, especially in urban water
bodies. Recently, the contamination of
freshwater systems by microplastics has
become an area of increasing concern (Li et
al.,, 2018a, Li et al., 2018b). Microplastics'
occurrence and distribution were
demonstrated on Lake Victoria's surface water
(Egessa et al., 2020) or Wuliangsuhai Lake,
northern China (Mao et al., 2020). Further
information on microplastic pollution in
freshwater systems comes from studies on
urbanized rivers (Yan et al., 2021, Zhang et
al., 2020, Oanh et al., 2022) and textile
industrial areas (Deng et al., 2020). Although
microplastic presence has been documented in
urban water cycle compartments (Strady et al.,
2021), the level of knowledge still needs to be
due to less information available for urban
lakes in developing countries.

Urban lakes are inland water bodies
surrounded by an urban environment. These
lakes are a landscape feature that significantly
contributes to increasing the quality of life in
urban centers by increasing amenities,
providing recreational and educational
activities, and even mitigating the urban
climate (Martinez-Arroyo and Jauregui,
2000). Urban lakes can suffer from significant
cumulative impacts with urbanization in the
cities. Because urban lakes tend to receive
municipal wastewater discharges such as
runoff from roads, pavements, rooftops,
parking lots, and driveways; thus they tend to
emphasize the environmental problems
affecting the metropolitan areas by collecting
and accumulating large amounts of pollutants,
including plastic wastes (Naselli-Flores,
2008).  Besides, receiving  municipal
wastewater discharges, septic tank effluent
and runoff from failed septic tanks, runoff
from construction sites, and overflows of
combined storm and wastewater drains may
create environmental problems for urban lakes
(Naselli-Flores, 2008). According to the
report of Nizzetto et al. (2016), urban areas

and  treated/untreated  wastewater  are
significant sources of microplastic pollution in
inland waters. Several studies showed that
water bodies in urban areas have relatively
high  concentrations of  microplastics
(Vaughan et al., 2017, Wang et al., 2017a,
Wang et al, 2017b). In Vietnam,
microplastics are currently encountered in
freshwater systems such as ponds (Le et al.,
2022a), lakes and reservoirs (Strady et al.,
2021), and rivers (Lahens et al., 2018, Oanh et
al., 2022, Le et al., 2022b, Kieu-Le et al.,
2023). However, those studies were mainly
conducted on the surface water of the
extensive water systems, while the study of
urban lakes in densely populated areas has not
been widely performed. Therefore, this study
aimed to investigate microplastics'
distribution, appearance characteristics, and
polymer composition in tropical urban lakes.
Hopefully, this research assists policy-making
for inland MPs pollution management by
providing  preliminary data on MPs
assessment.

2. Materials and Methods
2.1. Study site description

Hanoi (population: > 7.7 million), the
capital of Vietnam, is crossed by major rivers
such as the Red River (length through Ha Noi:
120 km) and the Nhue River (length through
Ha Noi: 74 km), which shaped over centuries
the urban and agricultural development of the
city and formed several lakes, like the West
Lake. The West Lake, located on the
Northwest of Hanoi (21°3'18"N
105°49'12"E), is the largest in Ha Noi with a
total area of 510 ha. Its shoreline length is
about 17 km, and hotels, restaurants, and
residential areas, which daily discharge large
volumes of untreated wastewater, surround it.
Currently, the water quality of West Lake is
becoming a big problem for the local
government and authority.

Being located in the southern gateway of
Hanoi, the Yen So Lake (137 ha) (20°9'74"N
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105°85'62"E) is a typical retention basin - an
artificial lake to contribute to the Hanoi
drainage  system  receiving  untreated
wastewater from Kim Nguu and Set canals
and treated wastewater from Yen So
Wastewater Treatment Plant since the last ten
years. Nevertheless, Yen So Lake receives
poor scientific interest (besides metal
concentrations Le and Ngo (2013) and has
minimal scientific data characterizing its
environmental features.

Finally, the Bay Mau Lake (26 ha) is
located  inside = Thong  Nhat  Park
(21°00'41"N105°50'36"E). It is adjacent to
Dong Da and Hai Ba Trung's district
residential areas, which directly release
untreated domestic wastewater into it. The
total amount of wastewater discharged into
Bay Mau Lake during the dry season ranges
from 8,500 - 10,000 m’ daily. During the
rainy season, the wastewater is mixed with
rainwater and flows into the lake (Fig. 1).

Red River

West lake )
Bay Mau Lake @

Yen So Lake @

|:J Hanoi

0 5 10 20 Kilometers
e e

China N

Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user community

Figure 1. Locations of three urban lakes in Ha Noi: Bay Mau, West Lake and Yen So Lake

2.2. Collection of surface water samples

Field sampling in the three urban lakes was
carried out in 4 sampling times, including
February 2020 and July 2020, October 2020,
and January 2021 (Table 1).

The microplastic sampling procedure for
surface water was conducted according to the
method reported by (Strady et al., 2021).
Briefly, surface water samples were taken
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from a local boat using an 80 pm mesh size
plankton net (diameter 50 cm) coupled to a
flowmeter (General Oceanics®) to determine
the sampled water volume. The number of
flowmeter rotations at each sampling site was
recorded to calculate the volume of filtered
water. The net was exposed for less than 15
min, equivalent to 3.3 to 16.1 m® according to
sites and sampling times. The exposure time
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was adapted  to the microplastic
concentrations measured at each sampling site
during pre-campaigns. The net was then
rinsed from the outside, and the collected
fraction was recovered from a stainless-steel
bucket into a 500 mL glass container and kept
in the dark at 4°C in the laboratory until
analysis. This study collected 300-500 mL

water samples at each sampling site. Because
the target contaminants detected by this study
were various types of tiny plastic particles or
fibers, the sampler (plankton net, stainless-
steel bucket) and glass containers were
cleaned to avoid any contaminants that could
affect the result of the study. Three replicates
were taken per lake and per sampling time.

Table 1. Location and characteristics of three lakes in this study

Lake Area

(ha)

Latitude (N)| Longitude Water

(E) volume (m?)

Depth
(m)

Type of
waterbody

Description and observations

West lake| 21 047838 | 105 815903 | 10,000,000 510

\West Lake is the biggest natural
freshwater lake

of Hanoi, Vietnam, located|
northwest of this city and a
popular place for recreation with|
many surrounding gardens, hotels,)
restaurant and other entertainment]
centers

1.0-5.0 | Natural lake

Bay Mau| 21 011198 | 105 841955 - 28

Bay Mau Lake is a freshwater lake|
located in Thong Nhat Park in|
Natural lake [Hanoi and is one of 26 lakes
regulating rainwater and|
wastewater of Hanoi capital

0.5-2

Yen So | 20961782 | 105 850589 | 4,000,000 | 137

IYen So is an artificial lake to
receive treated wastewater from
Yen So Wastewater Treatment
IPlant, where received discharge
daily from Hanoi and treated about]
50% of Ha Noi's wastewater

1.0-3.5 |Artificial lake

2.3. Sample processing and microplastic
analysis

The protocol (Strady et al., 2021) aimed to
ease the final observations of the filter. At
first, each sample was sieved on a 01 mm
mesh size sieve to remove litter > 01 mm
(e.g., vegetable, wood, shell). In comparison,
the plastic items > 01 mm were kept
separately and put on a cellulose nitrate
membrane for later observation under the
Leica stereomicroscope. In a second step, the
fraction <1000 pm was kept back in the 500
mL glassware bottle and was treated using
three successive reagents addition : (i) 01 g of
Sodium Dodecyl Sulfate (SDS, Merck®) at
50°C for 24 h; (ii) 01 mL of biozym SE
(protease and amylase, Spinnrad®) and 01 mL
of biozym F (lipase, Spinnrad®) at 40°C for

48 h; (iii) 15 mL of hydrogen peroxide (H,O,
30%, Merck®) at 40°C for 48 h. The bottle
was closed and maintained in a laboratory
oven during each step. Then, in a third step,
the sample was transferred through a 250 um
mesh size sieve to remove all the mineral and
organic particles lower than 250 pm and to
obtain more evident filters for microplastic
observations: the fraction < 250 pum was
discarded while the fraction > 250 pum was
transferred into a clean 250 mL glass
beaker using filtered NaCl solution (density
1.18 g mL™). In the fourth step, the beaker
was gently filled with NaCl solution to
perform density separation by overflow. This
step was repeated at least 05 times to ensure
the retrieval of plastic items. Fifthly, the
overflowed solution was filtered on cellulose
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nitrate membranes using a glassware filtration
unit. Finally, the filters were kept separately
in sterile petri dishes until observation under
the stereomicroscope Leica S9i equipped with
a high-resolution camera. Based on the
GESAMP recommendation, when visual
observation is performed without systematic
analysis of the polymers, we set up for fiber
measurement with the minimum length at
300 pm and the maximum length at 5,000 pm
and for fragment measurement with a
minimum area size of 45000 pm® and
maximum size at 25,000,000 pmz (GESAMP,
2019).

2.4. uFTIR analysis

Given the number of samples and potential
plastic particles, the associated analytical
time, and the cost, the polymer identification
by uWFTIR was not done systematically but
randomly. For each time sampling time and
lake, 145 to 289 particles were randomly
selected (Table 2) for polymer identification
by uFTIR spectrometer (Nicolet In10Mx Dual
Director ~ microscope, Thermo  Fisher
Scientific). All identified spectra were
compared to the library of Thermo Fisher
(acceptance and validation for spectra
matching higher than 70%) to identify their
polymer nature; the verified non-plastic
particles were excluded.

Table 2. Number of microplastic particles was
chosen for identifying the polymer composition of

each time sampling of three urban lakes

Sampling time | Bay Mau Yen So West lake
Feb. 20 130 242 202
Jul. 20 195 223 237
Oct. 20 137 243 277
Jan. 21 117 206 237

2.5. Quality control

Specific steps were set up based on the
recommendations of (Strady et al., 2021) to
ensure the control quality. All analysis
processes were carried out under a fume hood,
operators were fully equipped with cotton lab
clothes and nitrile gloves, and all tools and
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glassware were washed three times with
filtered distilled water to prevent sample
contamination from the environment. The
NaCl solution (density 1.18 g mL™") was
filtered before use on cellulose nitrate
membranes (porosity 0.45 pm) and kept in
glass Dbottles. Due to tropical climate
conditions, a fan was prohibited, and air
conditioning was used to maintain a cool
temperature in the room and avoid dust
settling. Distilled water is treated as a blank
during the entire treatment process. No
microplastics were detected in the blank
samples of any procedure, which indicated
that the microplastic contamination during the
experiment was negligible.

2.6. Statistical analysis

Statistical analyses were performed with
GraphPad Prism 8 and SPSS 16.0. Data are
indicated as mean =+ standard error (SE). The
normality of the data distribution was tested
on data residues using the Shapiro-Wilk test
(p < 0.001). Variance homogeneity was
evaluated using the Levene test (p < 0.05). In
homogenous variance and normalized data
cases, one-way ANOVA was performed,
followed by the Tukey Post hoc test at p <
0.05.

3. Results and Discussion

3.1. Microplastics abundance in three urban
lakes

All lakes in Hanoi regulate a city's
rainwater drainage system, improve the
climate, air conditioning, and purification, and
limit the effects of global warming. However,
lakes in Ha Noi are under great pressure from
encroachment and receiving wastewater from
domestic and industrial production. Thus,
urban lakes in Ha Noi might experience
potential microplastic risk. As shown in Fig. 2
and Table 3, microplastics were detected in all
water samples with variation concentrations.
The abundance of microplastics on all lakes
varied from 14.07 items m™ to 589.46 items
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m> and showed a declining trend in

microplastic concentrations according to the
sampling time within a lake. The highest
microplastic abundances were found in
February 2020 in any of the three studied
urban lakes, with 154.92 items m™ in Bay
Mau, 589.46 items m™ in West Lake, and
139.86 items m™ in Yen So Lake, which is
correspondingly higher (p < 0.05) than those
observed in July 2020, in October 2020 and in
January 2021 (Bay Mau: 16.02-59.04 items

m>; West lake: 36.51-201.08 items m™; Yen
So: 14.07-67.27 items m®). There was
frequent anthropogenic activity, including
many local festivals after the Lunar New Year
around West Lake or many picnics/camping
to be organized by people around three lakes
in July, and humans were the primary source
of microplastic pollution. Tourists leave their
garbage behind, including mineral water
bottles, food packaging bags, and straws
(Xiong et al., 2018, Wang et al., 2021).
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Figure 2. The abundance of microplastics (items m™) in surface water of three urban lakes in Hanoi.
Different letters denoted the significant differences between lakes at the same time of sampling and
different numbers denoted the significant differences between sampling times of one lake. The significant

level is at p < 0.05 (ANOVA, Tukey'test)
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Table 3. Concentrations (mean + SD) of microplastics of surface water samples

urban lakes at different sampling times

collected from three

Lake Sampling time Fiber (items m’) Fragment (items m’) Total (items m’)
Feb. 20 96.68 £ 3.2 62.24+6.8 154.92 +9.3
Bay Mau Jul. 20 17.55+3.5 41.49+4.6 59.04+53
Oct. 20 17.53+£3.6 9.97+0.8 27.50+£4.2
Jan. 21 12.66 £2.4 33613 16.02 £1.2
Feb. 20 39531 +£38.7 194.15+ 6.0 589.46 +32.7
West lake Jul. 20 179.35+ 8.8 21.73+1.4 201.08 +9.6
Oct. 20 61.08+4.2 7.49+1.2 68.56+43
Jan. 21 3.90+0.3 32.61+2.5 36.51 £2.7
Feb. 20 106.41 £ 0.6 3346+2.9 139.86 £2.3
Yen So Jul. 20 52.05+4.5 1522 +09 67.27+43
Oct. 20 66.42 £ 6.0 9.84+0.3 76.25+6.3
Jan. 21 9.53+1.0 4.54+1.6 14.07+£1.1
Mainly, when comparing the 2016) because the wastewater treatment plant

concentrations of microplastics between the
studied lakes, it is interesting that in February
and July 2020, West Lake had significantly
higher concentrations of microplastics in
surface water than in Bay Mau and Yen So
Lakes (p < 0.05). The results agree with
studies that show high microplastic abundance
in areas of highly intensive anthropogenic
activities (Kataoka et al., 2019) or with a high
density of local tourists (Egessa et al., 2020).
Several factors may contribute to the observed
microplastic  distribution in urban lakes'
surface water because the microplastic inputs
can come from different sources. The
domestic sewage and local trading markets
could directly contribute as the primary
sources of microplastic contamination in West
Lake, especially without any strictly
controlled wastewater discharge from the
local government. Moreover, West Lake is
surrounded by parks or lively restaurants and
bars; thus, West Lake can receive extra plastic
waste from many visitors to three famous
local pagodas and temples, which are located
around West Lake. Meanwhile, Yen So Lake
is very close to the Yen So Wastewater
Treatment Plant (WTP) and regularly receives
effluent discharge from Yen So WTP. A
previous study has reported a correlation
between microplastic contamination and
wastewater treatment plants (Baldwin et al.,
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has been pointed out as a source of
microplastic contamination (Franco et al,
2021). In addition, Yen So Lake is recently
considered a leisure location for Ha Noi
people, with hundreds of people coming for
picnics/camping on the weekend. However,
the abundance of microplastics in surface
water in Yen So Lake was not significantly
higher than in Bay Mau Lake (p > 0.05). Bay
Mau Lake is located in downtown Ha Noi and
is strictly controlled by the waste discharge by
the local government. However, Bay Mau
Lake still receives runoff from roads,
pavements, rooftops, parking lots, and
driveways overflows of combined storm and
wastewater drains, which may contribute to
microplastic contamination for this lake. This
study only focused on quantitative assessment
and compositions (see section 3.3) of
microplastic contamination in three urban
lakes. Therefore, the sources, distribution
pathways, and fates of microplastics should be
considered for assessing the influence of
wastewater from different anthropogenic
activities of Ha Noi City on the microplastic
pollution of urban lakes.

3.2. Distribution of microplastic shape, size,
and color

In the microplastic samples collected from
three studied lakes (Bay Mau, Yen So, and
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West Lake), two types (fiber and fragment)
were observed in the water samples (Fig. 3
and Table 3). Microplastic fibers were the
primary type found in West Lake and Yen So
Lake, ranging from 69 to 90%, followed by
fragments with 10-31%. The results were in
agreement with the previous studies, in which
microplastic fibers were always dominant in
surface water (Sighicelli et al., 2018, Deng et
al., 2020, Jian et al., 2020, Mao et al., 2020,
Zhang et al.,, 2020). Microplastic fibers in
West Lake and Yen So Lake may be released
from domestic sewage directly or indirectly,
such as laundry, daily cleaning products, and
effluent water from wastewater treatment
plants (Wen et al., 2018). In addition, fishing
activity in West Lake has also been regarded
as a source of fiber (Wen et al., 2018, Di and
Wang, 2018). Except for Bay Mau Lake, there
was no significant difference between time
samplings in each type of microplastics
collected in West Lake and Yen So Lake
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Bay Mau Lake

(p > 0.05). Many microplastic fragments were
found in February and July 2020 in Bay Mau
Lake, with 42% and 64%, respectively, but
dominant microplastic fibers were observed in
October 2020 and January 2021, accounting
for 71% and 88%, respectively. The dominant
microplastic fibers or fragments may be
due to the physical, chemical, and
biological/biochemical decomposition of large
plastic pieces into microplastic after entering
water bodies. As Bay Mau Lake is located in
Thong Nhat Park (downtown Hanoi) with a
density of population, microplastic fragments
might originate from the breakdown of many
plastic products such as packaging materials

of fast-food and takeaway, containers,
cosmetics, and cleaning media used by
people's leisure time in the park. The

dominance of fragments over fibers in Bay
Mau Lake on Feb. 20 and Jul. 20 agrees with
the results in urbanized rivers (Yan et al.,
2021).

o o — o o o —
i Y a3 o i N o
= + c o] = B c
p=} [} >S5 |8}
= o =2 & = o =5

West Lake Yen So Lake

B % Fragment M % Fiber

Figure 3. The distribution of shape in the water column of three urban lakes in Ha Noi

According to the microplastic sizes, the
microplastics were divided into three
categories for fiber type (i.e., 0.3-1.0 mm, 1.0-
3.0 mm, and 3.0-5.0 mm) (Fig. 4a) and four
categories for fragment type of microplastic
(ie, 004503 mm’ 0.3-0.5 mm’

0.5-1.0 mm?, and 1.0-5.0 mm?) (Fig. 4b). The
fiber size length was mainly in the 1-3 mm
range, accounting for the highest proportion
(39-63%) among all water samples from three
urban lakes in Ha Noi. About 7-56% of
the detected microplastics with a size of
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0.3-1.0 mm were found to be fiber shape,
while the rest (6-30%) were within 1-5 mm.
By interval data analysis, the size distribution
of fiber microplastics was similar in three
studied lakes during the period study (Figs.
5a, b, c¢). The highest size distribution of fiber
microplastics was identified from 0.5 mm to
1.0 mm in February 2020, accounting for 51%
in Bay Mau Lake, 56% in West Lake, and
44% in Yen So Lake (Fig. 4a). However, 1-3
mm microplastic size showed the highest size
distribution in the following sampling times
from July 2020 to January 2021. The high
proportion of fiber microplastics with a size

(a)
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20%

Feb-20 I—

Feb-20 I ———
Jul-20 I
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O 4 O O o o
A g g aa
+-= c Qo = += c
O > O
o8 ¢ >0 =8 o
Bay Mau West lake Yen So

range of less than 3 mm was also certified in
the previous studies (Lahens et al., 2018, Mao
et al., 2020, Wu et al., 2020). For example, the
dominant size detected of the Saigon River
was less than 0.25 mm (Lahens et al., 2018),
while Wu et al. (2020) found that 54-63% of
the microplastic in Maozhou River was in the
size range of 0.1-1.0 mm; 98.2% of the
microplastics < 2 mm in Wuliangsuhai Lake
in China (Mao et al. 2020). In the urban
surface water of Wuhan, more than 80% of
the microplastics were smaller than 02 mm
(Wang et al., 2017b).

(b)

m0.045-0.3 mm2 m 0.3-0.5 mm2

0.5-1.0 mm2 1.0-5.0 mm2
100% B B
80% I
60% I
40% I
20% I I
0%
RIRIRIRIRIIRSE
825E8388832 8%
Bay Mau West lake Yen So

Figure 4. The size distributions of microplastics in water of three urban lakes in Ha Noi (a) fiber
microplastics; (b) fragment microplastics

Different from the microplastic fibers, there
was a similar size distribution of microplastic
fragments in West Lake and Yen So Lake,
except for water samples in Ban Mau Lake
(Figs. 5d, e, f). The microplastic fragments
with  the size range of  0.045-
0.3 mm” are predominant in the surface water
of the studied lakes, occupying 23-89 % of the
total amount of detected microplastics (Figure
4b), followed by the size of 0.3-0.5 mm® with
8-32 % of the total amount. Interestingly, Feb.
2020 had the highest percentage (82-89 %) of
fragments with size 0.045-0.3 mm’ in all three
studied lakes. In the following months of
sampling, the fragment with the size of 0.045-
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0.3 mm’ decreased sharply, especially in Bay
Mau Lake (23-38%). Several studies have
indicated the dominance of small-sized
microplastics in lakes such as mountain lake
Mongolia (Free et al., 2014), the Laurentian
Great Lake, Canada (Driedger et al., 2015),
Taihu Lake and Poyang Lake, China (Su et al.,
2016, Yuan et al., 2019). Little is known about
the rate and mechanisms of plastic degradation
and fragmentation in the freshwater
environment. Environmental aging on large
plastic debris can generate microplastic due to
photochemical and biological processes
(Andrady et al, 2011, Wu et al., 2020)
significantly more quickly when dry and



exposed on land than when in the water
(Andrady et al., 1993). Further studies are
required to distinguish the mechanisms of
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This study showed that microplastic fibers
and fragments occurred in a variety of colors:
including blue, white/transparent, black,
yellow, green, pink, purple, orange, and
brown (Figs. 6a and 6b). The most dominant
colors were pink, purple, and white in
microplastic fibers and fragments. Among
fiber, the rarest colors were yellow, orange,
and black, while fragments, brown, black,
and orange, were the rarest. According to
Thetford et al. (2003), plastic companies
usually introduce tic products with various
colors to consumers. Recently, the findings
of Deng et al. (2020) also indicated that
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o Jan-21 m — ]
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manufacturing and sale activities might be
the main reasons leading to the colorful
microplastic in the textile area. Moreover,
microplastics that break down from large
plastic products might show different colors
from the original product because bleaching
of the plastic debris in the environment may
alter the original color of the plastic products
(Scotle et al., 2015). Frankly, it is tough to
explore the relationship between color
distribution and microplastic occurrence in
urban lakes; thus, a long-term survey is
better for understanding microplastic color
distribution in urban lakes.
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Figure 6. The color distribution of microplastics in water collected from three urban lakes in
Ha Noi. (a) fiber microplastics, (b) fragment microplastics

3.3. Microplastic polymers

The identification of microplastic polymers
in three urban lakes in Ha Noi showed in
Table 4. Rayon, a semi-synthetic fiber, was
detected in all samples, with high percentages
from 13.5% to 58.5%. The Rayon fiber is
used to make textiles for clothing and other
purposes. Identifying microplastic polymers
in lakes showed that polymer type, identified
by WFTIR spectroscopy, ranged from 41.5-
86.5% particles. Among polymer types,
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polyethylene terephthalate (PET) was the
most dominant type of polymer found in all
samples of three urban lakes, ranging from
14.1% to 54.7%, depending on seasonal
sampling. The other components (12.8-
56.5%) were a combination of nylon,
polypropylene (PP), polyethylene (PE),
polyester (PES), polyvinyl chloride (PVC),
polystyrene (PS), and co-polymers such as

poly (propylene: ethylene), poly
(ethylene:vinyl chloride), poly
(terephthaloyloxamidrazone), poly
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(oxothioxoquinazoline terephthalamide), poly poly (tetrafluoroethylene, poly (styrene-4-

(styrene:tetramethylene), polyether urethane,

sulfonate) and other polymers.

Table 4. Components of the selected items from the surface water samples collected from three urban

lakes
Polymer Bay Mau (%) West lake (%) Yen So (%)
[Feb. 20/Jul. 20{Oct. 20{Jan. 21 [Feb. 20{Jul. 20 |Oct. 20{Jan. 21 |Feb. 20Jul. 20|Oct. 20|Jan. 21
Rayon 46.2 | 379 | 299 | 32.5 | 49.5 | 13,5 | 303 | 41.8 | 30.2 | 22.0 | 58.5 | 35.0
Nylon 100 | 1.0 0.7 0.9 6.9 1.5 6.5 1.7 25 31| 29 -
Polypropylene (PP) - 9.2 5.1 1.7 0.5 5.5 1101 | 89 1.7 1.8 | 0.8 4.9
Polyethylene (PE) 0.8 - 8.0 2.6 - 0.8 - 0.4 0.8 - - 6.8
Polyethylene
terephthalate (PET) 30.8 | 29.7 | 33.6 | 54.7 | 23.3 | 30.0 | 30.0 | 21.1 | 28.5 | 30.0 | 27.2 | 14.1
Polyester 46 | 72 6.6 1.7 69 | 11.0| 72 | 42 83 194 | 2.1 29
Polyvinyl chloride
(PVC) 1.5 | 05 0.9 2.5 2.1 1.8 | 2.1 1.7 | 2.7 1.6 4.9
Poly 0.8 1.0 | 29 - 0.5 1.3 72 | 42 33 109 | 1.2 1.9
(propylene:ethylene)
Poly (ethylene:vinyl
chroride) ) ) 15 ) ) ) ) ) ) ) ) 1.0
Poly (ter_ephthaloyl ) ) ) ) ) ) ) 21 ) ) ) 05
oxamidrazone
Poly
(oxothioxoquinazoline | 0.8 - - 0.9 1.5 - - 1.7 - - - -
terephthalamide)
Polystyrene - - 1.5 - - - - 0.8 - - - -
Poly
(styrene:tetramethylene)] ~ ] ] ] 0.5 ] ] 0.4 ] ) ) )
Polyethylenimine (PEI)| 0.8 | 9.2 - - - 26.6 | 5.8 1.3 | 18.6 [ 242 | 0.8 1.5
Polyether urethane - - - - - - - - - 0.9 | 0.8 -
Poly
(tetrafluoroethylene) 0.8 ) 1.5 ) ) ) ) ) ) 0.9] 04 )
Poly (styrene-4- . . 36 . . ) ) ) ) ) ) )
sulfonate) )
Others 3.1 | 4.1 5.1 4.3 7.9 8.0 1.1 9.3 45 | 40 | 33 | 267
Total (%) 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
N“‘I‘)‘:’r‘ﬁc‘l’;MP (130) | (195) | (137) | (117) | 202) | (237) | @77) | 237) | (242) | (223)| (243) | (206)

Rayon and polyethylene terephthalate were
the most obtained because these polymers
were widely used in everyday life. For
example, rayon was widely used in the textile
industry for clothing and other purposes. In
contrast, polyethylene teraphthalate has
widely used bottles, textiles, rigid packaging,
flexible packaging, and other applications
(Polygalov et al., 2021). The presence of
rayon and polyethylene teraphthalate in Ha
Noi urban lakes indicates that the wastes
originate from population activities and can be
classified as secondary microplastics. The

indication of waste from population activities
is strengthened by fiber dominance compared
to fragments. This study found that PET MPs,
though not as dominant use and load in river
systems in Viet Nam as the polymer materials
PE and polypropylene (PP) (Oanh et al.,
2022), made up an essential part of the overall
MPs load in urban lakes in Ha Noi. The
results of this study were in line with previous
studies that found that microplastics have
been detected in several lake systems
worldwide PET MPs (Corcoran et al., 2015,
Imhof et al., 2016, Zbyszewski and Corcoran,
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2011, Zhang et al., 2016). The opposite results
were found in surface water of Sai Gon rivers,
which  observed that polyolefins and
polystyrene, dominated microplastic particles
(van Emmerik et al., 2019). Those authors
found that PET was the least found plastic
type (4.6%) in the Saigon River, while soft
polyolefins were most abundant (30.6%),
followed by expandable polystyrene (25.5%)
and hard  polyolefins (20.6%). The
predominance of polyethylene microplastics
was found on surface water in the Changjiang
River (Xu et al., 2018), with large quantities
(82%). Polyethylene and polypropylene
microplastics were mainly found in the Antua
River's water in Portugal (Rodrigues et al.,
2018). The wvariations of microplastic
polymers found in water are strongly related
to plastic use in population activities.
According to the report of Plastic Europe
(2022), PET is predominantly used as
packaging material and make up 8.4% of the
total plastic consumption. In Vietnam, PET is
the top contributor in absolute leakage (112
thousand tons), with a leakage rate of 11%,
and more than a tenth of PET put on the
market leaks to the environment (IUCN,
2022). Therefore, PET could make up an
essential part of MP load in the water systems
and is also one of the polymers most likely to
be littered and leaked (high release rate) in the
environment.

Besides PET detection in the surface water
of Ha Noi urban lakes, polyethyleneimine
(PEI) was found in West Lake (with 26.6% in
Jul. 2020, 5.8 % in Oct. 2020, and 1.3% in
Jan. 2021) and Yen So Lake (with 18.6% in
Feb. 2020, 24.2% in Jul. 2020, 0.8% in Oct.
2020 and 1.5% in Jan. 2021) and in July 2020
in Bay Mau Lake (9.2%). A previous study
indicated that PEI had been applied in medical
chemistry, such as the delivery of small drugs
(enzyme  immobilization), photodynamic
therapy (PDT), antimicrobial coating, the
preparation of nanosized delivery vectors, and
non-invasive  optical imaging devices
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(Vicennati et al., 2008). According to the Ha
Noi Statistics Office (2021), Ha Noi has more
than 43 public and many private hospitals.
These hospitals have thousands of patients
from Ha Noi and neighboring provinces for
daily medical examination and treatment,
especially in the rainy season. Therefore, the
daily use of medical products containing PEI
can contribute as a source of PEI
microplastics for urban lakes in Ha Noi city.
Furthermore, PEI also finds many applications
in personal care products (detergents,
cosmetics adhesives, and water treatment
agents) and food packaging materials (e.g.,
PEI on polyolefin in contact with food, PEI in
paper in contact with aqueous and fatty food,
PEI in paper in contact with dry food and PEI
on cellophane in contact with food) (Steuerle
and Feuerhake, 2006). Consequently, with the
high population density in Hanoi, waste
originates from personal care products and
food packaging that can contain high PEI
microplastics.

Traditional polymers such as nylon,
polypropylene, polyethylene, polyester, and
polyvinyl chloride were found on the surface
water of all three urban lakes in this study,
with a percentage of less than 10% and a
seasonal variable percentage for each lake.
This opposite result was found in Benoa Bay,
Bali, Indonesia, which observed that
polypropylene and polyethylene dominated
microplastic particles (Suteja et al., 2021).
Polypropylene was widely used in the textile
industry and product packaging, while
polyethylene was widely used as a bottle or
bottle cap (Avio et al., 2017). The lower
presence of polypropylene and polyethylene
in West Lake, Yen So Lake, and Bay Mau
Lake indicated that waste originating from
population activities was collected for
recycling and reuse. According to social
studies by NGOs in Vietnam, such as Green
Hub and IUCN, a large proportion of plastic
waste is collected by waste collectors (the
informal sector) for recycling or reuse because
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of its value for waste pickers (IUCN, 2022,
GreenHub, 2020). The variation of
microplastic polymers found in water is
strongly related to plastics' uses on land or
population activities.

4. Conclusions

This study reveals that microplastics
pollute the wurban lakes in Hanoi. A
significantly higher microplastic pollution
level was found on Feb. 20 and July 20
compared with Oct. 20 and Jan. 21. The
microplastics in surface water of urban lakes
were dominated by fibers with dark colors and
size¢ in the range of 1-3 mm. Among
microplastic fragments, small-sized of 0.045-
0.3 mm” was dominant in all water samples of
three lakes. Rayon and PET were the most
abundant microplastics, followed by nylon,
polyester, polypropylene, and polyethylene.
Due to microplastic pollution, the ecosystem
structure of urban lakes may significantly
impair and represent a health risk for the
urban population. Thus, a growing public
awareness should be developed regarding the
quality of wurban lakes and unique
management plans in several urban areas to
restore and maintain the recreational value of
these water bodies, enhance their educational
power, and avoid sanitary problems arising
from the deterioration of their water quality.

Credit authorship contribution statement

This manuscript was written through the
contributions of all authors. Huong Mai:
conceptualization, manuscript writing,
methodology, uFTIR analysis, and statistical
data analysis. Bui Van Hoi, Dao Thanh
Duong, Tran Manh Quan, Chu Nguyen Hoang
Anh: seasonal water sampling in three lakes.
Nguyen Danh Thien, Vu Toan Khanh:
conducting the extraction and digestion
to get MiP from water. Nguyen Thanh
Duong:  microplastics  lecturing  using
stereomicroscope for water samples. Emillie

Stragy: Writing review and editing of the
manuscript contents.

Declaration of competing interest

The authors declare no competing financial
interest.

Acknowledgments

This research received financial support
from Vietnam National Foundation for
Science and Technology Development
(NAFOSTED)  under  grant  number
12/2019/TN. We appreciate the collaboration
of Dr. Quoc Son Nguyen from WEO-USTH
for mapping the research results in ArcGIS
software and Dr. Vu Cam Tu for drawing the
figures which represented the size distribution
of microplastics in lakes. We thank the
anonymous colleagues for proofreading the
manuscript to improve the manuscript.

References

Andrady A.L., Hamid H., Torikai A., 2011. Effects of
solar UV and climate change on materials.

Photochemical & Photobiological Sciences, 10,
292-300.

Andrady A.L., Pegram J.E., Song Y., 1993. Studies on
enhanced degradable plastics. II. Weathering of
enhanced photodegradable polyethylenes under
marine and freshwater floating exposure. Journal of
Environmental Polymer Degradation, 1, 117-126.

Avio C.G., Gorbi S., Regoli F., 2017. Plastics and
microplastics in the oceans: From emerging
pollutants to emerged threat. Marine Environmental
Research, 128, 2-11.

Baldwin A.K., Corsi S.R., Mason S.A., 2016. Plastic
Debris in 29 Great Lakes Tributaries: Relations to
Watershed Attributes and Hydrology. Environmental
Science & Technology, 50, 10377-10385.

Chen M., Xu P., Zeng G., Yang C., Huang D., Zhang J.,
2015. Bioremediation of soils contaminated with
polycyclic  aromatic hydrocarbons, petroleum,

pesticides, chlorophenols and heavy metals by

composting: Applications, microbes and future
research needs.

745-755.

Biotechnology Advances, 33,

401



Vietnam Journal of Earth Sciences, 45(3), 388-404

Corcoran P.L., Norris T., Ceccanese T., Walzak M.J.,
Helm P.A., Marvin C.H., 2015. Hidden plastics of
Lake their
preservation in the sediment record. Environmental
Pollution, 204, 17-25.

Deng H., Wei R, Luo W., Hu L., Li B., Di Y.N., Shi H.,
2020. Microplastic pollution in water and sediment

Ontario, Canada and potential

in a textile industrial area. Environmental Pollution,
258, 113658.

Di M., Wang J., 2018. Microplastics in surface waters
and sediments of the Three Gorges Reservoir, China.
Science of the Total Environment, 616-617,
1620-1627.

Driedger A.G.J., Diirr H.H., Mitchell K., Van Cappellen
P., 2015. Plastic debris in the Laurentian Great
Lakes: A review. Journal of Great Lakes Research,
41, 9-19.

Egessa R., Nankabirwa A., Ocaya H., Pabire W.G.,
2020. Microplastic pollution in surface water of
Lake Victoria. Science of the Total Environment,
741, 140201.

Franco A.A., Arellano J.M., Albendin G., Rodriguez-
Barroso R., Quiroga J.M., Coello M.D., 2021.
Microplastic pollution in wastewater treatment
plants in the city of Cadiz: Abundance, removal
efficiency and presence in receiving water body.
Science of the Total Environment, 776, 145795.

Free C.M., Jensen O.P., Mason S.A., Eriksen M.,
Williamson N.J., Boldgiv B., 2014. High-levels of
microplastic pollution in a large, remote, mountain
lake. Marine Pollution Bulletin, 85, 156-163.

Gesamp, 2019. Guidelines or the Monitoring and
Assessment of Plastic Litter and Microplastics in the
Ocean (GESAMP Reports & Studies Series)
(IMO/FAO/UNESCOIOC/UNIDO/WMO/IAEA/U
N/UNEP/UNDP/ISA Joint Group of Experts on the
Scientific Aspects of Marine Environmental
Protection).

Greenhub, 2020. Annual Report 2019. Centre for
Supporting Green Development, Hanoi, Vietnam.
Imhof H.K., Laforsch C., Wiesheu A.C., Schmid J.,
Ivleva N.P., 2016.

Pigments and plastic in limnetic ecosystems: A

Anger P.M., Niessner R.,

qualitative and quantitative study on microparticles
of different size classes. Water Research, 98, 64-74.

402

Tucn, 2022. A solution package for plastic pollution from
measurement to action: insights from Eastern and
Southern  Africa, Southeast Asia, and the
Mediterranean, Gland, Switzerland: [UCN.

Jian M., Zhang Y., Yang W., Zhou L., Liu S., Xu E.G.,
2020. Occurrence and distribution of microplastics
in China's largest freshwater lake
Chemosphere, 261, 128186.

Kataoka T., Nihei Y., Kudou K., Hinata H., 2019.

Assessment of the sources and inflow processes of

system.

microplastics in the river environments of Japan.
Environmental Pollution, 244, 958-965.

Kieu-Le T.-C., Thuong Q.-T., Truong T.-N.-S., Le T.-
M.-T., Tran Q.-V., Strady E., 2023. Baseline
concentration of microplastics in surface water and
sediment of the northern branches of the Mekong
River Delta, Vietnam. Marine Pollution Bulletin,
187, 114605.

Lahens L., Strady E., Kieu-Le T.-C., Dris R., Boukerma
K., Rinnert E., Gasperi J., 2018.
Macroplastic contamination

Tassin B.,

and microplastic
assessment of a tropical river (Saigon River,
Vietnam) transversed by a developing megacity.
Environmental Pollution, 236, 661-671.

Le H.T., Ngo H.T.T., 2013. Cd, Pb, and Cu in water and
sediments and their bioaccumulation in freshwater
fish of some lakes in Hanoi, Vietnam. Toxicological
& Environmental Chemistry, 95, 1328-1337.

Le N.D., Hoang T.T.H., Duong T.T., Lu X., Pham
T.M.H., Phung T.X.B., Le T.M.H., Duong T.H.,
Nguyen T.D., Le T.P.Q., 2022a. First observation of
microplastics in surface sediment of some
aquaculture ponds in Hanoi city, Vietnam. Journal of
Hazardous Materials Advances, 6, 100061.

Le N.D., Hoang T.T.H., Duong T.T., Phuong N.N., Le
P.T., Nguyen T.D., Phung T.X.B., Le T.M.H., Le
T.L., Vu T.H., Le T.P.Q., 2022b. Microplastics in
the Surface Sediment of the main Red River Estuary.
Vietnam J. Earth Sci., 45(1), 19-32.

Li J., Liu H., Paul Chen J., 2018a. Microplastics in
freshwater systems: A review on occurrence,
environmental effects, and methods for microplastics
detection. Water Research, 137, 362-374.

Li X., Chen L., Mei Q., Dong B., Dai X., Ding G., Zeng
E.Y., 2018b. Microplastics in sewage sludge from



Huong Mai et al.

the wastewater treatment plants in China. Water
Research, 142, 75-85.

Mao R., Hu Y., Zhang S., Wu R., Guo X., 2020.
Microplastics in the surface water of Wuliangsuhai
Lake, northern China. Total
Environment, 723, 137820.

Martinez-Arroyo A., E., 2000. On the
environmental role of urban lakes in Mexico City.
Urban Ecosystems, 4, 145-166.

Naselli-Flores L., 2008. Urban Lakes: Ecosystems at
Risk, Worthy of the Best Care. Materials of the 12™
World Lake Conference, Taal, 2007, 1333-1337.

Nizzetto L., 2016. Are
Agricultural Soils Dumps for Microplastics of Urban

Science of the

Jauregui

Futter M., Langaas S.,

Origin? Environmental Science & Technology, 50,
10777-10779.

Oanh D.T., Thuy D.T., Huong N.T.N., Quynh H.T.,
Hieu P.D., Vu D.M., Nguyet V.T., Quynh L.T.P.,
Cuong B.V., Thuong B.H., 2022. Preliminary
Investigation of Microplastics in Sediments from
Industrial Manufacturing Waste Sources. VNU
Journal of Science: Natural Sciences and
Technology, 38(1), 63-70.

Office H.N.S., 2021. Ha Noi Statistical YearBook 2021,
Statistical Publishing House.

Phuong N.N., Poirier L., Pham Q.T., Lagarde F.,
Zalouk-Vergnoux A., 2018. Factors influencing the
microplastic contamination of bivalves from the
French Atlantic coast: Location, season and/or mode
of life? Marine Pollution Bulletin, 129, 664-674.

Plastics Europe, 2022. The circulatar economy for
plastic - A European overview 47p, Plastics Europe
AISBL (www.plasticseurope.org), Belgium.

Polygalov S., Ilinykh G., Korotaev V., Stanisavljevic N.,
Batinic B., 2021. Determination of the composition
and properties of PET bottles: Evidence of the
empirical approach from Perm, Russia. Waste
Management & Research, 39, 720-730.

Ren X., Zeng G., Tang L., Wang J., Wan J., Liu Y., Yu
J., Yi H,, Ye S., Deng R., 2018. Sorption, transport
and biodegradation - An insight into bioavailability
of persistent organic pollutants in soil. Science of the
Total Environment, 610-611, 1154-1163.

Rodrigues M.O., Abrantes N., Gongalves F.J.M.,
Nogueira H., Marques J.C., Gongalves A.M.M.,

2018. distribution  of

microplastics in water and sediments of a freshwater

Spatial and temporal
system (Antua River, Portugal). Science of the Total
Environment, 633, 1549-1559.

Sighicelli M., Pietrelli L., Lecce F., Iannilli V.,
Falconieri M., Coscia L., Di Vito S., Nuglio S.,
Zampetti G., 2018. Microplastic pollution in the
surface waters of Italian Subalpine Lakes.
Environmental Pollution, 236, 645-651.

Steuerle U., Feuerhake R., 2006. Aziridines. Ullmann's
Encyclopedia of Industrial Chemistry, 4, 515-522.
Strady E., Dang T.H., Dao T.D., Dinh H.N., Do T.T.D.,
Duong T.N., Duong T.T., Hoang D.A., Kieu-Le
T.C., Le T.P.Q., Mai H., Trinh D.M., Nguyen Q.H.,
Tran-Nguyen Q.A., Tran Q.V., Truong T.N.S., Chu
V.H., Vo V.C., 2021.
microplastic concentrations in marine and freshwater

Baseline assessment of

environments of a developing Southeast Asian
country, Viet Nam. Marine Pollution Bulletin, 162,
111870.

Su L., Xue Y., Li L., Yang D., Kolandhasamy P., Li D.,
Shi H., 2016. Microplastics in Taihu Lake, China.
Environmental Pollution, 216, 711-719.

Suteja Y., Atmadipoera A.S., Riani E., Nurjaya L.W.,
Nugroho D., Cordova M.R., 2021. Spatial and
temporal distribution of microplastic in surface
water of tropical estuary: Case study in Benoa Bay,
Bali, Indonesia. Marine Pollution Bulletin, 163,
111979.

Thetford D., Chorlton A.P., Hardman J., 2003. Synthesis
and properties of some polycyclic barbiturate
pigments. Dyes and Pigments, 59, 185-191.

Thompson R.C., Swan S.H., Moore C.J., Vom Saal F.S.,
2009. Our plastic age. Philosophical Transactions of
the Royal Society B: Biological Sciences, 364,
1973-1976.

Van Emmerik T., Schwarz A., 2020. Plastic debris in
rivers. WIREs Water, 7, ¢1398.

Van Emmerik T., Strady E., Kieu-Le T.-C., Nguyen L.,
Gratiot N., 2019.
macroplastic transport. Scientific Reports, 9, 13549.

Vaughan R., S.D., N.L., 2017.
Microplastics in the sediments of a UK urban lake.
Environmental Pollution, 229, 10-18.

Vicennati P., Giuliano A., Ortaggi G., Masotti A., 2008.
Polyethylenimine In Medicinal Chemistry. Current
Medicinal Chemistry, 15, 2826-2839.

Seasonality of riverine

Turner Rose

403



Vietnam Journal of Earth Sciences, 45(3), 388-404

Wang G., Lu J.,, Li W., Ning J., Zhou L., Tong Y., Liu
Z., Zhou H., Xiayihazi N., 2021. Seasonal variation
and risk assessment of microplastics in surface water
of the Manas River Basin, China. Ecotoxicology and
Environmental Safety, 208, 111477.

Wang J., Peng J., Tan Z., Gao Y., Zhan Z., Chen Q., Cai
L., 2017a. Microplastics in the surface sediments
from the Beijiang River littoral zone: Composition,
abundance, surface textures and interaction with
heavy metals. Chemosphere, 171, 248-258.

Wang W., Ndungu A.W., Li Z., Wang J., 2017b.
Microplastics pollution in inland freshwaters of
China: A case study in urban surface waters of
Wuhan, China. Science of the Total Environment,
575, 1369-1374.

Wen X., Du C,, Xu P., Zeng G., Huang D., Yin L., Yin
Q., Hu L., Wan J., Zhang J., Tan S., Deng R., 2018.
Microplastic pollution in surface sediments of urban

China:
composition, surface textures. Marine Pollution
Bulletin, 136, 414-423.

Wu P., Tang Y., Dang M., Wang S., Jin H., Liu Y., Jing
H., Zheng C., Yi S., Cai Z., 2020. Spatial-temporal
distribution of microplastics in surface water and

water areas in Changsha, Abundance,

sediments of Maozhou River within Guangdong-
Hong Kong-Macao Greater Bay Area. Science of the
Total Environment, 717, 135187.

Xiong X., Zhang K., Chen X., Shi H., Luo Z., Wu C.,
2018. Sources and distribution of microplastics in

404

China's largest inland lake-Qinghai Lake.
Environmental Pollution, 235, 899-906.

Xu P., Peng G., Su L., Gao Y., Gao L., Li D., 2018.
Microplastic risk assessment in surface waters: A
case study in the Changjiang Estuary, China. Marine
Pollution Bulletin, 133, 647-654.

Yan Z., Chen Y., Bao X., Zhang X., Ling X., Lu G., Liu
J, Nie Y. 2021. Microplastic pollution in an
urbanized river affected by water diversion:
Combining with active biomonitoring. Journal of
Hazardous Materials, 417, 126058.

Yuan W., Liu X., Wang W., Di M., Wang J., 2019.
Microplastic abundance, distribution and
composition in water, sediments, and wild fish from
Poyang Lake, China. Ecotoxicology and
Environmental Safety, 170, 180-187.

Zbyszewski M., Corcoran P.L., 2011. Distribution and
Degradation of Fresh Water Plastic Particles Along
the Beaches of Lake Huron, Canada. Water, Air, &
Soil Pollution, 220, 365-372.

Zhang K., Su J., Xiong X., Wu X., Wu C., Liu J., 2016.
Microplastic pollution of lakeshore sediments from
remote lakes in Tibet plateau, China. Environmental
Pollution, 219, 450-455.

Zhang L., Liu J., Xie Y., Zhong S., Yang B., Lu D.,
Zhong Q., 2020. Distribution of microplastics in
surface water and sediments of Qin river in Beibu
Gulf, China. Science of the Total Environment, 708,

135176.





