SCIENCE
LETTERS

ISSN: 1675-7785
elSSN: 2682-8626

Auvailable online at

https:/scilett-fsg.uitm.edu.my/

Science Letters

Science Letters 19(2) 2025, 104-120

Unmasking Microplastic Pollution: A Study on the

Distribution and Impact of Microplastics in Yuehai Lake,

China

Jia Ren' 2, YiChao Li%, Yuwen Wang?, Huifang Yang?", Faciza Buyong'®

School of Chemistry and Environment, Faculty of Applied Sciences, Universiti Teknologi MARA, Shah Alam, Malaysia
2School of Public Health, Ningxia Medical University, Yin Chuan, Ningxia, China

ARTICLE INFO

ABSTRACT

Article history:

Received 27 November 2024
Revised 10 January 2025
Accepted 13 January 2025

The increasing use of plastics has led to a significant environmental
challenge: microplastic (MP) pollution, which poses threats to aquatic
ecosystems and human well-being. Freshwater habitats, including lakes,

Published 27 June 2025 are particularly vulnerable to such contamination. This study
investigates the characteristics and distribution of microplastics (MPs)

Ke ds- in Yuehai Lake, China. Water samples were collected from five locations
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Laser direct infrared imaging and analyzed using laser d1r.ect infrared (LDIR) spectroscopy to assess

Microplastics MP presence and concentration. MPs were detec_ted at all sampling sites.

Pollution load index The h_1.g_hest concentration, exceedn}g .14(.)0 partlcles/L., was recqrded at

Water S5 (Lijing Street), while S1 (Yuehai Fishing Base), a site primarily used

Yuehai Lake for fishing activities, recorded a concentration of 1100 particles/L. MP
fragments were the predominant form (63.36%), followed by fibers

DOI: (33.22%) and films (3.42%). Seventeen polymer types were identified,

10.24191/s¢cl.v19i2.6907 with fluororubber (FKM) being the most common (22.80%), followed
by fluorosilicone rubber (FVMQ, 16.90%), chlorinated polyethylene
(CPE, 13.58%), and polyvinyl chloride (PVC, 10.10%). The
composition and morphology of MPs suggest automobile tire
contamination as a primary source. Over 90% of the MPs detected were
small-sized particles (20-100 pum). The Pollution Load Index (PLI)
confirmed MP contamination at all sites. These findings provide
essential insights to support governmental initiatives in environmental
protection, policy development, and public awareness, contributing to
improved ecological health and sustainability.

INTRODUCTION

MP, referring to plastic particles smaller than 5 mm, have attracted widespread attention due to their
environmental persistence. The invention of plastic materials in the middle of the 19th century, coupled
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with the development of numerous low-cost manufacturing techniques, allowed for the mass production of
numerous lightweight, strong, inert, and corrosion-resistant plastic products (Plastics Europe Market
Research Group, 2018). Since 1950, global plastic production has increased exponentially. The extensive
use of plastic products and disposal methods, mainly in discarding, has incredibly pressured the ecological
environment. Currently, the global consumption of plastic is in excess of 300 million tonnes. It is an
emerging environmental pollutant which disperses in soil, water, and air. The physical characteristics of
MP are considered to be dynamic. They are constantly decomposed over time to produce smaller MP,
eventually forming less than 1 pm. Current estimates indicate that up to 40 megatons of MPs are released
into the environment annually, and this number could double by 2040 without significant changes in plastic
production and waste management (Harrison, 2024). Scherer et al. (2020) reported 5.57 MP items per cubic
meter in Czech Elbe River water. In comparison, Lake Petit in Switzerland recorded 0.033 items/m?
(Sighicelli et al., 2018), Lake Winnipeg in Canada had 0.19 items/m* (Anderson et al., 2017), and Lake
Huron showed a much higher concentration of 3209 items/m? (Zbyszewski et al., 2011). Concerns over the
ecological risks and environmental harm from MP pollution have drawn global attention, with the 2016
United Nations Environment Conference identifying plastic pollution as the second most critical issue in
environmental and ecological sciences.

MP pollution in freshwater habitats represents a significant environmental concern. A bibliometric
analysis of 885 research articles published between 2013 and 2023 reveals a substantial yearly increase in
research output, with an average growth rate of 73.13% (Y1ldirim et al., 2024). Asia, particularly developing
countries with less stringent waste management policies, is identified as having the highest levels of MP
contamination (Chen et al., 2020). The Yangtze River has been recognized as one of the most significant
sources of marine MP pollution globally, with surface water in the Yangtze River estuary containing up to
6500 items/m* of MP, predominantly in the form of polyethylene (PE) fibers (Zhang et al., 2020).
Comparatively, the MP concentration in the Hanjiang River, a tributary of the Yangtze, is lower, at around
2500-3000 items/m> (Wang et al., 2018). In southeastern China, the Pearl River Estuary and Guangzhou
City sections exhibit MP abundances of 8902 and 19860 items/m?®, respectively, with polyamide and
cellophane as the dominant MP components (Peng et al., 2017). The Beijiang River in South China,
however, demonstrated lower levels of MP pollution (Luo et al., 2024).

While over 96% of MP research focuses on marine ecosystems (Browne et al., 2011; Xu et al.,
2020), it is estimated that around 80% of marine MP originates from inland freshwater environments (Xu
et al., 2020). As the world’s largest producer and consumer of plastic, China faces a high risk of MP
contamination (Zhang & Cheng, 2017), with substantial quantities of discarded plastics breaking down into
MPs (Ma et al., 2023). Lakes, as significant bodies of inland freshwater, experience slower water exchange
and renewal cycles compared to rivers and seas, making them more susceptible to MP accumulation
(Dusaucy et al., 2021). MP pollution in lakes is becoming increasingly recognized as a serious issue, with
studies indicating that it may be as problematic, if not more so, than in marine environments (Ding et al.,
2019). Two of China’s most developed regions, Taihu Lake and Poyang Lake, exhibit higher levels of MP
contamination compared to other lakes (Su et al., 2016). A global study of 38 lakes revealed that 45%
contained more than one plastic particle per cubic meter, with some of the most polluted lakes having over
ten particles per cubic meter (Nava et al., 2023).

Research on MP in freshwater lakes, including studies in Lake Taihu (Su et al., 2016), has
highlighted an increase in small-sized MP particles. These smaller MPs are particularly hazardous to
aquatic species due to their higher surface area, which facilitates the adsorption and deposition of other
contaminants (Devriese et al., 2017). Furthermore, the similarity between small-sized MP particles and
zooplankton increases the likelihood of accidental ingestion by aquatic organisms. Autopsies of fish from
the Lvsi fishery and wild fish from Poyang Lake, China, revealed significant amounts of small-sized MP
in their bodies (Yuan et al., 2019). These findings underscore the growing concern about the ecological
risks posed by small MPs in freshwater systems.
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Several lakes in China have been found to contain MP in various forms, with fibers being the most
prevalent type. A statistical study revealed that fibers accounted for 49.6% of the MP detected in water
samples (Handan et al., 2024). Debris, another common form of MP, was present in 16.2% of water samples
from lakes and reservoirs, while films comprised 8.6% of the sediments and 9.3% of the water column. The
majority of MP found in these lakes were secondary MPs, primarily resulting from the fragmentation of
larger plastic debris. In contrast, spherical MPs, which were previously rare in Chinese lakes, primarily
originated from primary sources. The source of MP directly influences their physical form: films are
typically derived from plastic bags and packaging materials (Zhang et al., 2015), fragments result from the
degradation and fragmentation of larger plastics (Fahrenfeld et al., 2019), and fibers primarily stem from
textiles, fishing gear, and the washing of clothes (Browne, 2015).

The predominant polymer types found in the water columns of China's lakes and reservoirs include
polyethylene (PE) (20.2%), polypropylene (PP) (20.1%), polyurethane (PU) (14.0%), and polyethylene
terephthalate (PET) (12.7%). The wide range of polymer types reflects global plastic production demands,
with polypropylene and polyethylene, which together account for 60% of global plastic production, being
the most prevalent polymers. These materials are widely used in applications such as plastic bags,
containers, food packaging, and pipes (Kye et al., 2023). Human activity is a significant factor influencing
MP concentrations in lakes, as these particles originate from a variety of sources. MP entering lakes can be
classified into two categories: direct and indirect sources (Dusaucy et al., 2021). Direct sources include
tourism, agriculture, and fishing, while indirect sources refer to MP that enter lakes via surface runoff,
sewage discharge, or atmospheric deposition. Although wastewater treatment facilities can eliminate most
MP from domestic wastewater, many particles still make their way into the environment (Massoomeh et
al., 2019). Additionally, MP removed during wastewater treatment are often retained in sludge, which can
subsequently re-enter the water system through channels such as stormwater runoff. Agricultural runoff is
another significant contributor, transporting MP from agricultural soils into lakes and reservoirs, with
sewage irrigation, plastic films, and trellis covers being primary sources of MP in agricultural soils (Huang
et al., 2020).

One of the key benefits of LDIR is its efficiency. The average analysis time per MP particle is
approximately 8 seconds, significantly reducing detection time without compromising result accuracy
(Whiting et al., 2022). Studies have demonstrated the versatile application of LDIR in diverse
environmental contexts, including groundwater aquifers (Samandra et al., 2022), urban rivers (Fan et al.,
2022), coastal zones (Scircle et al., 2020), atmospheric dust (Liu et al., 2022), agricultural soils (Li et al.,
2021), and fish gastrointestinal systems (Lopez-Rosales et al., 2022). In this study, LDIR was employed
for both qualitative and quantitative assessments of MP distribution properties in surface water. The
system's capacity for rapid and autonomous characterization of polymer types and particle sizes positions
LDIR as a critical tool for advancing MP pollution research and environmental monitoring strategies. The
efficient detection and identification capabilities demonstrated by LDIR highlight its growing importance
in addressing global environmental concerns related to plastic pollution.

The Pollution Load Index (PLI) is a significant quantitative measure used to assess the degree and
danger of MP contamination across different environments, as well as serving as an internationally accepted
method to assess pollution levels at varies sampling sites. Originally established by Tomlinson et al. in
1980 for the evaluation of metal contamination, it is now adapted for the assessment of MPs. The PLI
elucidates the risk categories associated with MP contamination, often ranging from low to high risk.
Aquatic ecosystems may suffer from the presence of MP and the associated risk levels. Greater PLI values
have been correlated with negative impacts on the lives of animals and plants in impacted ecosystems
(Davis & Selvaraju, 2023). Research has highlighted varying PLI results across different geographical
locations, indicating that local environmental conditions and human activities significantly influence MP
pollution levels (Haque et al.,2024). The PLI was reported to be less than 10 in Kumaraswamy Lake, with
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an average concentration of 8.77 + 0.27 particles per liter across different seasons. The highest
concentrations were observed during the monsoon season, particularly in areas near the lake's outlet, where
values reached 10.70 + 0.25 particles/L (Davis and Selvaraju, 2023).

Yuehai Lake is situated in a densely populated area, where urban activities contribute significantly
to MP pollution. Studies indicate that MP concentrations are influenced by human activities such as tourism
and local waste disposal practices. However, specific studies focusing on Yuehai Lake have not been
conducted, which limits the understanding of how urbanization uniquely affects this lake's MP levels. At
the same time, research on MP pollution in Yuehai Lake to evaluate the ecological risk assessment can
provide valuable data for policymakers and environmental management authorities. The findings can
contribute to the formulation of regulations and policies aimed at reducing plastic waste, improving waste
management practices, and mitigating the release of MP into the environment. Additionally, the study can
help raise awareness among stakeholders and promote sustainable practices to address the issue of MP
pollution not only in Yuehai Lake but also in other similar freshwater ecosystems.

EXPERIMENTAL DETAILS
Study Area

Yuehai Lake, a component of the Yellow River system, is situated in Yinchuan, Ningxia, northwest of
China. Renowned for its vastness and preservation of natural landforms, it stands as a significant feature in
the western desert zone. The lakebed primarily comprises fine sand, silt, and clay particles, with minimal
coarse sand or gravel. Its strategic location and diverse aquatic environments make it a key site for studying
microplastic (MP) pollution dynamics in a freshwater desert lake ecosystem. To capture the variation in
human activities and their potential influence on MP distribution, five distinct sampling sites were selected
around Yuehai Lake, as shown in Figure 1.

Each site represents unique usage patterns and environmental pressures (Table 1). The Yuehai
Fishing Base (S1) serves as the focal point for wild fishing activities, while Yuehai Skatepark (S2) hosts a
bustling recreational hub with boating and other water-based entertainment. The business district of Yuhai
Bay (S3) is characterized by large office complexes, whereas Sun Island (S4) is a serene residential zone
with a small beach designed for children's recreation. The final site, Lijing Street (S5), experiences the
highest traffic volume and is situated adjacent to a national highway, highlighting transportation-related
environmental impacts. These carefully selected sites provide a comprehensive understanding of the
relationship between human activities and MP pollution, offering valuable insights into the lake's
environmental health and sustainability.
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Figure 1. Map of sampling sites

Table 1. Information of sampling sites

Points Location Coordinate Main Activity
S1 Yuehai Fishing Base 38°34°12°°N,106°12°22’E Fishing
S2 Yuehai Skatepark 38°32°58°’N,106°11°21’E Entertainment
S3 Yuhai Bay's business district 38°31°06°°N,106°13’18’E Commerce
S4 Sun Island 38°30°45°°N,106°14°02’E Residence
S5 Lijing Street 38°30°38°’N,106°17°55’E Transportation

Sample Collection

Surface water samples were collected using a Water Grab Sampler at each sampling site. The summarized
methodology is shown in Figure 2. Water samples were collected from 0—45 cm below the water surface at
each site using a stainless-steel sampler (with a 5L capacity and a Sm-long rope) that was cleaned with
ultrapure water before each sampling (Saipolbahri et al., 2020). In order to analyze the MP, approximately
1L of the water sample was stored in a clean glass bottle. For replication purposes, 3 water samples were
collected at each sampling site. The Water Grab Sampler was meticulously cleaned with deionized water
at every sampling interval to minimize cross-contamination. All samples were collected and stored in glass
bottles at 4°C until they were sent to WEIPU Testing Technology Group Co., LTD (Shanghai, China) for
MP detection.
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Sample Collection

The water sampler

Glass sampling bottle Filtration S

MPs Isolation

Laser Direct Infrared

Imaging (LDIR)
MPs Observation
Digestion
Figure 2. The flowchart of methods
Isolation of MP

Water samples were weighed and vacuum-filtered through a 13 pm steel membrane, after which the
membrane was placed inside a sanitized glass bottle. To remove organic matter, 30% hydrogen peroxide
(H20,) was added, allowing the solution to react completely for 2 hours. This was followed by a 10-minute
ultrasonic sonication at room temperature to ensure thorough digestion. The digested solution was vacuum
filtered again using a fresh 13 pm steel membrane.

To disperse the materials adhered to the membrane, the filter was fully submerged in a 95% ethanol
solution and subjected to ultrasonic treatment for 30 minutes. Both sides of the membrane were washed
repeatedly with ethanol to ensure complete transfer of particles. This process was repeated three times, with
the glass bottle cleaned using ultrapure water between cycles to prevent contamination. The ethanol solution
was then concentrated to 150 pL using a Basque dropper and drizzled onto high-reflective glass. After
allowing the ethanol to fully evaporate, the sample was ready for Laser Direct Infrared (LDIR) spectroscopy
analysis.

Sorting and Identification of MP

The identification of MP was performed by using Laser Direct Infrared (LDIR) imaging spectrometer (8700
LDIR, Agilent, USA). The LDIR provides a comprehensive overview of all potential microplastic (MP)
particles. The spectrometer scans a wave number range of 900—-1800 cm—1 (Scircle et al., 2020). In 10
separate measurements, the average number of MP particles detected was 407, with a variance of less than
1%. This allowed for the identification and concentration of MP particles based on their quantity,
shape, size, and surface characteristics. Data collection was performed using the default image analysis
program, Agilent Clarity, and statistical analysis was conducted with Excel 2019. The data were then
compared with the Agilent Spectrum Library’s database of MP, with each particle assigned a corresponding
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matching degree. The degree of match between the spectra of specific particles and the standard spectra
from the library ranged from 0 to 1. A high degree of correlation between the standard curve and the spectral
curve indicated a higher probability of correctly identifying the specific type of MP.

A matching result is deemed acceptable when the LDIR system detects a particle's infrared
spectrum with a matching degree greater than 0.65 in comparison to the reference spectrum in the MP
library. Particles with a matching degree exceeding 80% are classified as definitive MP. Due to the
machine's specifications and settings, the system can only identify particles within the wave number range
of 20 to 500 um. The system automatically categorizes particles into distinct size groups (20—100 pm and
100-500 um). In our analysis, MP particles ranging from 20 to 100 pm were classified as small-sized MP,
while those between 100 and 500 pm were categorized as large-sized MP. Using transmittance mode (300—
400 particles per hour), the spectra of all particles were obtained and compared to a reference library for
polymer identification.

Pollution load index and polymeric and pollution risk assessments

In order to determine the degree of contamination in aquatic systems, Tomlinson et al. (1980) introduced
the MP pollution load index (PLI), which is computed using the MP abundance data. For comparing
pollution levels across sites, the PLI is a standardized monitoring and assessment method. PLI >1 indicates

that a site is polluted (Tomlinson et al., 1980). The PLI was determined in the following approach:

PLI=Cy/C, (D

PLli= 4/PLI; X PLI, X PLI3 X...... x PLI, (2)

where i stands for a sampling site, n for the total number of Yuehai Lake sampling sites, Ci for the MP
abundance at sampling site I, and Co for the lowest baseline concentration derived from the literature. There
is no background data in similar contexts and the analytical framework of this research, so the lowest
abundance of MP identified in this study served as the baseline concentration. In the present scenario, PLI;
indicates the pollution load index at sampling site i, while PLIj. signifies the lakeline MP pollution load
index, computed by multiplying the square root of the total MP pollution load indices. The PLI values
correspond to different hazard and risk category is shown in Table 2.

Table 2. Risk level criteria for MP pollution

PLI Hazard category Risk category

<10 1 Minor
10-20 11 High
20-30 III Danger
>30 v Extreme danger

Quality Assurance and Quality Control (QA/QC)

To enhance data reliability and prevent external contamination, maintaining the integrity of sample
collection and analysis is critical. This study adhered strictly to a plastic-free protocol for the collection,
storage, processing, and analysis of all samples. Laboratory procedures were conducted in a controlled
environment to minimize airborne contamination. A clean room or laminar flow hood was utilized to
prevent external particles from entering the workspace, and samples were routinely covered with aluminum
foil during processing to protect them from airborne contaminants. Researchers wore cotton laboratory
coats and powder-free latex gloves to mitigate the risk of microfibers and other potential contaminants
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originating from clothing. Only glass or metal materials were used for sample collection and analysis, with
all tools and equipment being triple-rinsed with ethanol prior to use. All solvents were filtered through a
0.45-um PTFE membrane to remove potential contaminants. Negative controls (blank experiments) were
employed to assess background contamination levels, while positive controls (spiked recovery
experiments) ensured the proper functioning of the analytical methods. Comprehensive protocols for
sample collection, handling, and analysis were developed to ensure the consistency and reproducibility of
the experiments. These protocols included instrument calibration and the use of suitable reference materials.

RESULTS AND DISCUSSION
Abundance of MP

MP were detected in the surface water at all five sampling sites. The mean MP abundance was 907.47 +
387.72 particles/L across all sites. Site S5 exhibited the highest MP abundance, with a mean value of
1472.33 £91.17 particles/L, followed by S1 (1134.33 +104.84), S2 (745.33 + 14.25), S3 (648.67 = 11.41),
and S4 (536.67 £ 15.53) (Figure 3).
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_
[\*]
(=3
(=]

——

MPs Abundance

S1 S2 S3 S4 S5
Sampling sites

Figure 3. MP Abundance of five sampling sites

The MP abundances and distributions varied inconsistently across the sites. Higher MP
abundances were observed at sites impacted by high transportation activity (S5) and fishing activities (S1).
At site S5, the large volume of traffic and the presence of surrounding car factories likely contributed to the
elevated MP levels. Tyre wear debris and plastic particles from industrial activities may be discharged into
the lake via wind and rainfall runoff. Additionally, the slow current flow at S5 may have further contributed
to the high MP concentration. Site S1, located near a fishing area, showed significant MP contamination
due to the extensive use of plastic materials, such as fishing nets, ropes, and other fishing-related gear.
Agricultural activities in the region also likely contributed to the presence of MP, as wind and
hydrodynamic forces could facilitate the transportation of plastic debris into the lake.

In contrast, sites S2, S3, and S4, which were influenced by human activities such as food
packaging, toiletries, and plastic waste from entertainment-related facilities, showed similar MP
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abundances. The higher MP concentration at S2 can be attributed to the presence of floating plastic
recreational facilities, while S3 had a higher pedestrian traffic compared to S4, which may have contributed
to the observed differences. These findings are consistent with those of previous studies. For instance, Xu
(2024) found that MP pollution in Yangcheng Lake was closely associated with the fishing industry and
tourism, reporting 514 MP particles, with 136 classified as small MPs (1.1-8.5 um). Additionally, MP
concentrations in lakes exhibit significant regional variation. For example, the average MP abundance in
Yele Mallappa Shetty (YMS) Lake was 0.01 = 0.0007 particles/m? (Kaviyarasi et al., 2024), while MP
concentrations in Taihu Lake ranged from 1650 particles/m* to 9300 particles/m®, with a mean value of
4482 particles/m?® (Chen et al., 2024).

Morphology of MP

The identified MPs in water samples were classified according to their shapes (Figure 4). Fragments
(63.36%) were the most prevalent type of MP across all sampling sites, with proportions ranging from
51.28% to 67.19%. This was followed by fibers (33.22%) and films (3.42%). The distribution of MP shapes
was relatively consistent across all sampling sites. The predominance of fragments in the studied areas is
likely attributed to transportation and ongoing tourism activities. Additionally, plastics originating from
fishing equipment, either used for catching fish or transporting goods, may also contribute to the high
frequency of fragments. Fragments are particularly susceptible to suspension or floating in aquatic
environments. In areas with low water flow, these particles are more likely to settle, whereas in regions
with stronger currents, fragments may be re-suspended and dispersed over a larger area (Liu et al., 2019).
Fragments are a major form of plastic and resin used in industrial manufacturing, particularly in the
production and repair of automobiles. Furthermore, certain cosmetic and detergent particles, including
exfoliating products, present significant challenges in terms of complete filtration during sewage treatment
processes. Additionally, the degradation of automotive tyres, wear materials from urban environments, and
polymer substances used in road markings can generate substantial quantities of fragments, which
ultimately find their way into water bodies such as lakes (Liu et al., 2019).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% — | - —

S1 S2 S3 S4 S5

m Film m Fragments Fiber

Figure 4. The proportion of different shapes of MP in sampling sites
Chemical properties and dimension of MP
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LDIR analysis was used to identify the features, which included absorbance spectra and typical images of
the observed MP polymer, such as polyamide (PA), polyethylene (PE), polyvinyl chloride (PVC) and
polypropylene (PP) (Figure 5). The proportions of the summed relative abundance of each MP are shown
in Figure 6. As a result, 17 MP polymer types were discovered in water samples. The results showed that
fluororubber (FKM) (22.80%), fluorosilicone rubber (FVMQ) (16.90%), chlorinated polyethylene (CPE)
(13.58%) and PVC (10.10%) were the dominant polymers, followed by Phenol-formaldehyde resin (PFR),
Polytetrafluoroethylene (PTFE), PET, PU, Phenolic epoxy resin (PER), Polystyrene (PS), Acrylic
copolymer (ACR), Styrene-butadiene-styrene (SBS), Polylactic acid (PLA), Acrylonitrile Butadiene
Styrene (ABS), Polyoxymethylene (POM), Polymethylmethacrylate (PMMA) and PP which accounted for
6.55 %, 6.12 %, 4.89 %, 4.33%, 3.43%, 3.22%, 2.53%, 1.95%, 1.34%, 0.86%, 0.55%, 0.43%, 0.43%

respectively.
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Figure 5. Representative of MP infrared spectrogram detected by LDIR

FKM was the most common type of MP in this study. Of these, 456 particles were within the 20—
100 um diameter range, and 21 particles were within the 100-500 um diameter range. FKM is extensively
utilized in the automotive sector owing to its remarkable characteristics, notably its resistance to heat,
chemicals, and oils. It is particularly effective for fuel seals, head and intake manifold gaskets, and other
sealing applications that necessitate durability in the presence of high temperatures and aggressive fluids
(Wang & Bai, 2016). The possible environmental effects of FKM (fluororubber) in lakes are mostly linked
to the perfluorinated chemicals (PFASs) that it contains. These chemicals have remarkable chemical
stability and are difficult to break down spontaneously. Research indicates that PFAS can disseminate
across several mediums, including water and soil, and endure in the environment for extended periods,
resulting in ongoing ecosystem contamination (Huang et al., 2024). The food chain influences fish and
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other aquatic species' growth, reproduction, and survival. PFASs that build up in marine species may be
passed on through the food chain to predators like birds and mammals, which will affect the environment
at higher levels of the food chain. Certain PFASs have been demonstrated to disrupt the endocrine system
of fish, consequently impacting their reproductive capabilities and population viability (Shi et al., 2021).
The accumulation of PFASs in lakes may result in eutrophication, causing algal blooms that subsequently
impact the water's oxygen levels and aquatic species' viability (Huang et al., 2024).

FVMQ
16.90% PFR

6.55%PER
3.43%

PTFE
6.129

ACR 2.53%

SBS 1.95%

PLA 1.34%

CPE
13.58% pvc  433%

Figure 6. Types of MP polymer in water samples

FVMQ was the second leading MP type after FKM, with 342 particles (96.88%) of the analyzed
particles in the diameter range of 20—100 um, and only 11 particles (3.12%) in the 100—500 um. As a high-
performance elastomer, FVMQ combines the advantages of silicone rubber with enhanced chemical
resistance due to its fluorinated makeup (Park et al., 2023). Followed by CPE, which is resistant to various
chemicals, oils, heat, and environmental conditions, almost 99% of particles within the 20-100 um size
range. CPE is a versatile synthetic polymer derived from the chlorination of polyethylene, characterized by
a chlorine content ranging from 34% to 44%. Its unique composition imparts various properties, making it
suitable for various applications across multiple industries (Bhagabati et al., 2015). PVC was detected as
the fourth typical particle in water samples, and it is a versatile and widely used plastic material with a wide
range of applications due to its desirable properties such as durability, chemical resistance, and low cost. It
is commonly used for construction and building materials, packing and consumer goods, healthcare and
medical devices and transportation (Lu et al., 2023).

The LDIR analysis conducted in this study identified MPs within the 20 to 500 pm diameter range.
Further analysis revealed that over 90% of MP particles were between 20 and 100 pm in size, with the
smallest measuring 20.34 um and the largest 250.74 pm. Smaller MPs (20—-100 um) are more bioavailable
due to their reduced size, which enhances their uptake by various aquatic organisms. Studies indicate that
smaller MPs are more likely to be ingested by aquatic species due to their resemblance to natural food
particles. This can result in significant physiological effects, including reduced food intake, developmental
abnormalities, and behavioral changes (Issac & Kandasubramanian, 2021). Nearly all aquatic species are
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reported to ingest MPs to varying degrees, depending on species and environmental conditions (Wright et
al., 2013). Ingestion of MPs can lead to digestive tract blockages, potentially resulting in mortality or
impairing reproductive health (Kristanti et al., 2022). Moreover, MPs can undergo trophic transfer within
the food chain, where smaller organisms ingest MPs, which are then consumed by larger predators, causing
the accumulation of MPs at higher trophic levels (Lusher et al., 2017). This process raises concerns about
the potential ecological and human health impacts associated with the consumption of contaminated aquatic
food (Lee et al., 2023).

The MP polymer types and their abundance-based proportions differed among the different sites
(Figure 7). Concerning their distributions, only ACR and CPE were discovered in all water samples. This
may be because ACR and CPE are widely used in modifying and reinforcing PVC materials, whether it's
fishing tackle and lines in fishing area, large amusement rides in entertainment area or plastic floats in a
marina, or some plastic pipes at the bottom of a lake, which may be using these kinds of the material. The
highest diversity of MP polymer types was identified in S1 (fishing area), with 15 types. Among them, PVC
and CPE comprised about 50% of the total portions. S2 (entertainment area) and S3 (commerce area) had
the common combinations and proportions of polymer types, which means FVMQ, CPE and PVC
contributed substantial proportions. S4 (residence area) only had 4 polymer types but CPE accounted for
over 70%, which indicated the MP pollution was concentrated. FKM has the largest proportion in S5
(transportation area), which is in line with its extensive use in the automotive industry.

120.00%
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80.00% - I I —
. (V]
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Figure 7. MP polymer types of each sampling site
MP Pollution load index

The Pollution Load Index (PLI) results indicated that all sampling sites in Yuehai Lake were contaminated
with microplastics (MP), as evidenced by PLI values greater than 1 (Table 3). Yuehai Lake itself exhibited
a PLI of 4.57, categorizing it under risk class I. Site S5 demonstrated the highest PLI (12.91), suggesting
that it experiences a significantly higher level of MP pollution compared to the other sites in the study area.
This elevated pollution load can likely be attributed to the abundance of MPs, as the PLI is strongly
correlated with their concentration. These findings are consistent with the PLI values observed in Nikli
Lake, Kishoreganj, Bangladesh, where PLI values ranged from 1 to 2, indicating moderate MP
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contamination (Islam et al., 2024). Conversely, a study conducted at Kumaraswamy Lake, Coimbatore,
reported slight MP pollution (PLI < 10), with MPs also categorized under risk class I (Davis & Selvaraju,
2023).

The results of this study provide valuable insights for policymakers in implementing more
stringent regulations regarding MP pollution within the region. Given the elevated pollution levels at S5, it
is recommended that a vegetated buffer zone be established between the road and the lake to capture and
filter MPs from the runoff. Additionally, the installation of baffles or filters on both sides of the road could
help trap larger plastic particles and MPs before they enter the lake. A regular monitoring system should
also be instituted to track MP concentrations in both the streets and the lake. These measures would serve
as effective strategies to mitigate the MP pollution problem.

Table 3. The PLI Value of every site and the lake

Sites S1 S2 S3 S4 S5 Yuehai Lake
PLI Value 9.90 6.19 5.78 1 12.91 4.57
CONCLUSION

This study identified significant microplastic (MP) contamination in the surface water of Yuehai Lake, with
variations in the quantity, types, and shapes of MPs, predominantly in the 20-100 um size range. The
prevalent polymers, FKM and polyvinyl chloride (PVC), are known for their persistence and resistance to
degradation, contributing to long-term accumulation in aquatic ecosystems. Understanding the specific
polymers present is crucial for predicting MP pollution's long-term ecological and health impacts, as
different polymers require tailored waste management strategies and recycling processes.To mitigate MP
pollution, upgrading sewage treatment technologies, developing filtration systems, implementing
biodegradable packaging, and enacting stricter plastic use regulations are urgently needed. Public
awareness campaigns and voluntary industry initiatives to adopt eco-friendly practices will further support
pollution reduction. Future research should implement year-round sampling to capture seasonal variations
in MP pollution and correlate findings with meteorological and hydrological variables such as precipitation
and water flow. Monitoring land-based MP inputs and tracking polymer degradation under diverse
environmental conditions will provide insights into long-term accumulation patterns. Additionally,
integrating sediment and biota analyses will reveal temporal changes in MP bioavailability and ecosystem
impacts. These approaches will enhance understanding of MP pollution dynamics and inform targeted
management strategies for Yuehai Lake.
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