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ARTICLEINFO ABSTRACT

Keywords: The main aim of this study was to assess the presence of microplastics in the water and sediments of the Sur-
Microplastics akarta city river basin in Indonesia. In order to accurately reflect the river basin, a deliberate selection process
Selmbasts siver iie was employed to choose three sef 1 and twelve sampling points. The results of the study
:'::’:’:‘a revealed that fmg:mems and ﬁbels were ﬂze primary types of microplastics seen in both water and sediment
F L, a ge of mi ics, comprising 53.8 % of the total, had di-
mensions below 1 mm. Moreover, the prevailm; hues identified in the water samples were blue and black,
comprising 45.1 % of the overall composition. In contrast, same oolor categories accounted for 23.3 % of the
microplastics found in the soil les. The analysis of microp poly was carried out utilizing ATR-FTIR
spectroscopy, which yielded the identification of various types including polystyrene, silicone polymer, poly-

ester, and polyamide.
1. Introduction varying in size, shape, color, and polymer composition, are found in

Water pollution from human activities is a growing environmental
concern, with industrial and agricultural practices releasing various
harmful pollutants, including emerging compounds, heavy metals, and
microplastics (MPs) (Bashir et al., 2020; Karing et al., 2023; Hadibarata
et al., 2011; Hadibarata et al., 2012; Lee et al., 2022; New et al., 2023;
Khori et al, 2018). Among these pollutants, plastic waste accumulation
has become a global issue due to its production, disposal, and human
behaviors. MPs, in particular, have gained significant attention due to
their widespread presence and adverse effects on water ecosystems,
agriculture, and human health (Tang, 2022). These minuscule particles,
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oceans, rivers, , mangroves, air, snow, polar sea ice, and even
within aquatic organisms. They pose a substantial threat to marine life,
often being mistaken for food sources. Recent investigations have
detected MPs in various seafood items, including fish, squid, scallops,
crabs, shrimp, and mussels Despite ongoing research, the full ecological
and toxicological impact of MPs remains unclear, making their global
presence a cause for concern (Lim et al., 2023; Zhang et al., 2021).
Indonesia, a country located in Southeast Asia, is known to be one of
the largest producers of plastic waste in the region. The country gen-
erates a massive amount of waste due to its high population density and
rapid economic growth (Ng et al., 2023). Surakarta, located on Java, the
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world's most populous island, is a significant city with an intricate
network of rivers. Among these waterways, the Solo River stands out as
the island’s longest, stretching approximately 540 km from its source in
the Lawu Mountains to its mouth in the Java Sea. The Solo River
spanning multiple provinces in Java, including Central Java, East Java,
and Yogyakarta Special Region. This river plays a vital role in providing
water for irrigation, domestic use, and industrial needs to millions of

Marine Pollution Bulletin 196 (2023) 115677
resid in the surrounding regions. With an annual discharge of
approximately 4900 million m?, the Solo River ranks among the region’s
most significant water resources (Veiga et al., 2023; Yuen et al., 2023).
Despite its importance, the Solo River, like many rivers worldwide, faces
a pressing pollution challenge due to the increasing inflow of waste from
various sources, including industrial effluents, agricultural runoff, do-
mestic garbage, and plastic waste. This plastic waste was not just from
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Fig. 1. Map of sampling location in Surakarta city river basin.
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the local sources but also from the long-distance sources carried away by
the Solo River that end in the eastern water of Java Sea (Yona et al,
2019). However, there is a notable lack of comprehensive studies
addressing the presence and distribution of MPs within the Solo River.
This knowledge gap is concerning, given the well-documented detri-
mental effects of MPs on ecosystems and the potential risks they pose to
human health (Juwana et al., 2022; Veiga et al,, 2023). Therefore, it is
imperative to conduct research aimed at assessing the prevalence of MPs
in both the water and sediments of the Surakarta city river basin. Such
research endeavors are crucial for gaining deeper insights into the extent
of microplastic pollution in the river and its potential repercussions for
the ecosystem and human well-being.

Sampling MPs in aquatic environments was a crucial step in under-
standing their presence and distribution. The methods used for collect-
ing water and sediment samples significantly impacted result accuracy.
Filtration was a common technique for separating MPs from water
samples, with sieve pore or mesh size influencing detection. In our
study, we adopted specific procedures to obtain representative water
and sediment samples (Fig. 1). At each sampling location, we collected
water and sediment from four points, with two points located on each
riverbank at a distance of 200 m. Two specimens of water and sediment
were collected from each sampling point. The sample collection was
conducted during both wet and dry seasons. For water samples, we
collected 3 1 of surface water (0-20 cm depth) using stainless-steel
buckets. Regarding sediment samples, we collected approximately
400 g from the riverbank using an Ekman Grab sampler. To reduce
sample volume, a larger sieve was used. Subsequently, we employed
density separation and filtration techniques on the supernatant, with a
range of pore or mesh sizes (0.3 mm to 200 mm) utilized in different
studies. Various techniques were employed to analyze MPs from water
and sediment samples. Wet peroxide oxidation method catalyzed by a
0.05 M Iron (II) solution was used to eliminate interfering organic ma-
terials (Masura et al, 2015). Sodium chloride salt facilitated density
separation to remove inorganic matter. After drying, samples were
observed using an SMZ745T Nikon Stereo Microscope with a camera. An
Agilent Fourier Transform Infrared Spectroscopy equipment, with a
spectral range of 700-4000 cm ', was used to examine functional
groups in microplastic particles. Microplastic abundance in water and
sediment samples was quantified as the mean + standard deviation
based on two data points from each site. Quantification was expressed in
particle/l for water and particle/kg for sediment (Campanale et al,
2020). In this study, descriptive statistical methods were used to analyze
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the abundance value of MPs.

The Surakarta city river basin exhibited a notable presence of
microplastic pollution, which had adverse effects on both its aquatic
environment and sediment composition. The present study concentrated
on three distinct sampling locations and illustrated the mean occurrence
of MPs in Fig. 2. The selection of sampling location is considered ac-
cording to the assumed source of MPs around the area. Station 1 rep-
resents an area of farm, residence, and agriculture. Station 2 represents
the university, building, and residence. Station 3 represents the store
and factory. The concentration of MPs in the water samples varied be-
tween 25.50 + 0.50 and 52.20 =+ 1.10 particles per liter, whereas in the
sediment samples, it ranged from 0.55 + 0.03 to 1.10 = 0.04 particles
per kilogram. Significantly, the presence of MPs in sediment samples
was found to be higher than in water samples, which is consistent with
previous studies that have emphasized the heightened levels of MPs in
sediment along riverbanks as compared to river water. The notably
higher concentrations of MPs in sediment samples in comparison to
water samples can be attributed to various factors. Initially, MPs, owing
to their lightweight nature, tend to float on the water’s surface, but as
time elapses, they gradually settle and accumulate within the sediment
due to their small size and lower density. The sediment effectively acts as
a sink for MPs, amassing them over time. Additionally, MPs can adhere
to particles present in the water column, such as organic matter or
minerals. These particles, once they settle, become integrated into the
sediment, carrying MPs along with them. Furthermore, sedimentation
processes like flocculation and coagulation can expedite the aggregation
and settling of MPs within sediment as opposed to the water column
(Liong et al., 2021).

The change in microplastic abundance between the two sample types
can be attributed to multiple factors, such as rainwater runoff, micro-
plastic sediment deposition, and microplastic density. The main sources
of MPs in riverbank sediment are household sewage and industrial
waste. It was shown that sewage treatment plants have limited effec-
tiveness in removing MPs, leading to their accumulation in sewage
sludge. The findings of recent research suggest that the presence of MPs
in riverbank sediment can be attributed to various sources, among which
sewage sludge has been identified as a prominent contributor (Liu et al.,
2021). The act of disposing sewage sludge into the environment facili-
tates the interaction between microplastic particles and soil organisms,
resulting in their subsequent transportation into riverbank sediment.

The studies conducted by Ng et al. (2023) and Niam et al. (2022)
have revealed that the abundance of microplastic particles in sediment
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Fig. 2. The abundance of MPs in river water and sediment of Surakarta city river basin.
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along riverbanks is influenced by downstream runoff events. Inadequate
waste management procedures result in the significant buildup of plastic
debris within terrestrial ecosystems, presenting in the shape of diverse
objects such plastic bottles, woven bags, and containers. Plastic waste
infiltrates freshwater ecosystems and through a sequence of events that
ultimately result in fragmentation. The aforementioned processes
encompass the exposure to solar radiation, the interaction with soil
microbes, and the engagement with terrestrial creatures. The fragmen-
tation of plastic materials into smaller particles is observed as a conse-
quence of the aforementioned processes. The phenomenon of soil
erosion that takes place during rainfall events has been shown to cause
the release of MPs into river water, which subsequently leads to their
accumulation in sediment. This observation is supported by the in-
vestigations undertaken by Alam et al. (2019) and Niam et al. (2022).
The aforementioned findings underscore the importance of addressing
waste management issues and implementing effective strategies to
reduce the influx of plastic debris into freshwater ecosystems. Conse-
quently, this will aid in mitigating the buildup of MPs in sediment along
the banks of rivers. The results of this study underscore the significance
of having efficient waste management and sewage disposal protocols
(Rayhan et al., 2022). Table 1 provides a complete summary of prior
research efforts that have investigated the occurrence of microplastic
pollutants in freshwater ecosystems, including the present study.

MPs consist of small plastic particles categorized by physical attri-
butes, including type, size, and color. They primarily fall into five cat-
egories: fibers, pellets, fragments, films, and foams. Their distribution
varies in the environment, with fragments being the most commonly
found type (53.5 %) in both water and sediment samples. Fibers
accounted for 18.5 %, pellets for 12.1 %, films for 9.23 %, and foams for
6.7 %, as shown in Fig. A and B. MPs form due to various factors like
the initial particle composition, plastic waste degradation, and exposure
duration to the environment. Different types of MPs tend to dominate in
different locations. For example, fragments were prevalent in the Ravi
River, Pakistan (Sin et al., 2022), while the Can Gio Sea, Vietnam, saw
fragment MPs as the dominant type (Nguyen et al., 2022). In this study,
the dominant type of MPs is fragments. MPs have diverse sources
depending on their type. Fragment-type MPs typically result from plastic
waste degradation or fragmentation in urban, industrial, and commer-
cial areas. Fiber-type MPs often originate from textile laundry washing,
domestic sewage, and fishing activities using nets and gear. Pellet-type
MPs are produced by cleansing agents, personal care products, and de-
tergents, while foam-type MPs come from damaged styrofoam used in
food packaging (Kadac-Czapska et al, 2023). Foam-type MPs were
observed to be less abundant in water and sediment samples due to their
small size. Importantly, the percentage of microplastic types varied
between water and sediment samples. Fibers and pellets were more
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prevalent in water samples, whereas fragments and foam types were
more abundant in sediment samples. This difference is attributed to the
lower density of fibers and pellets, causing them to float on the water
surface (Campanale et al., 2020).

MPs particles were categorized into five distinct size ranges, namely:
less than 1 mm, 1 to 2 mm, 2 to 3 mm, 3 to 4 mm, and 4 to 5 mm. The
water and sediment samples revealed that particles smaller than 1 mm
had the largest proportion of MPs, accounting for 53.8 % of the total.
Subsequently, there were particles of varying sizes, specifically
measuring 1-2 mm (27.8 %), 2-3 mm (8 %), 3-4 mm (6.1 %), and 4-5
mm (4.2 %), asillustrated in Fig. 3C and D. These findings are consistent
with prior study that also emphasized the prevalence of MPs measuring
less than 1 mm. As exemplified by the findings of Park et al. (2020), it
was observed that more than 90 % of MPs present in the Han River of
South Korea exhibited a size less than 1 mm. Similarly, investigations
conducted by Li et al. (2021) on sediment samples collected from the
Pearl River estuary in China revealed that a range of 53.5 % to 73.9 % of
MPs were found to possess a size smaller than 0.5 mm. The occurrence of
diminutive MPs can be ascribed to the progressive deterioration of
bigger plastic refuse into smaller fragments over time and under the
influence of ultraviolet radiation, leading to the fragmentation of MPs
into smaller dimensions (Li et al., 2022). According to Ma et al. (2019),
MPs of smaller size exhibit a greater surface area, hence increasing their
ability to absorb contaminants. Additionally, smaller MPs have a higher
vulnerability to be transported through wind and water currents,
whereas larger and more compact MPs have the tendency to either settle
on the riverbed or remain suspended (Xumar et al., 2021). Furthermore,
the presence of diminutive MPs presents a substantial peril to marine
animals, since they have the potential to be consumed or ensnared by
these organisms. The high percentage of MPs below 1 mm in size will
cause more harfmful condition to river ecosystem.

MPs in both water and sediment samples were categorized into six
color groups: white, green, red, blue, black, and transparent. Among
these colors, blue MPs were the most prevalent, constituting 45.1 % of
the total, closely followed by black MPs at 29.3 %. The remaining colors
each represented less than 10 % of the total MPs. Images showcasing the
various colors of MPs found in the river basin are presented in Fig. 3E
and F. Similar variations in color were observed in other rivers such as
the Saigon River, Pearl River, and Tebrau River in Malaysia, where
colors like yellow, orange, and brown were noted. Specifically, the
Saigon River exhibited a prevalence of white (47.3 %) and transparent
(12.3 %) MPs. Seasonal differences in microplastic color composition
were observed in the Pearl River. During the rainy season, gray and
green MPs constituted 43.7 % and 21.5 %, respectively, while in the dry
season, gray and white MPs dominated, making up 42.4 % and 31.4 % of
the total, respectively. Additionally, microplastic color can offer insights

Table 1
Various reports on MPs pollutants in river water worldwide.
Location Ssample Sample method Identification Abundance References
Gresik, Indonesia Sediment Ekman grab sampler microscope 890.90 * 100.28 particles/kg Yona et ol, 2019
Cisadane River, Surface Water  Stainless-steel bucket Nikon Eclipse Ni—U microscope 13.33 and 113.33 particles/m”
Indonesia
Citarum River, Surface Water  Manta trawl Nikon Eclipse Ni - U microscope  8.47 + 2.93 particles/m”
Indonesia
Sago River, Indonesia  Sediment Ekman grab sampler microscope 14,000 particles per kg of dry sediment
Kemena River, Water and Stainless steel bucket and  Nikon SMZ745T 00-128 particles/] (water), 21-40 particles/kg
Malaysia sediment Ekman grab sampler stereomicroscope (sediment)
Niah River, Malaysia Water and Water and sediment Stainless steel bucket and Ekman ~ 40-70 particles/1 (water), 43-123 particles/kg
sediment grab sampler (sediment)
Chao Phraya River, Water and Manta trawl net & Van Optical microscope & ATR-FTIR 48 + B items,/m3 and 39 * 14 items/kg
Thailand sediment Veen grab sampler
Zhangjiang River, Water Manta trawl net Microscope & micro-Raman 30 to 723 items/m”
China spectroscopic
Surakarta city river Water and Stainless steel bucket and  Stereo Microscope equipped with 23,3 + 0.5 to 32.2 = 1.1 particles/] (water) and
basin, Indonesia sediment Ekman grab sampler camera & ATR-FTIR 0.33 £ 0.03 to 1.1 = 0.04 particles/g (sediment)
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Fig. 3. MPs occurrence in Surakarta river basin: Type of MPs found in river water (A) and sediment (B); Size of MPs found in river water (C) and sediment (D); Colour

of MPs found in river water (e) and sediment (f).

into their sources. Transparent MPs typically originate from plastics
with shorter lifespans, while colored MPs often derive from packaging
materials, waste, and cosmetic products with longer lifespans (Yu et al.,
2018).

The microplastic particles’ polymer composition underwent analysis
using ATR-FTIR, and Fig. 4 presents the obtained results. The identified
polymers predominantly included polystyrene (PS), silicone polymer,
polyester (PES), and polyamide (PA). Each polymer exhibited charac-
teristic absorption bands in the ATR-FTIR spectra of the microplastic
particles. For polystyrene (PS), absorption bands were observed at
specific wavenumbers, namely 3388 cm ' (aromatic ring stretching),
1638 cm ', 1578 cm ' (aromatic ring stretching), 1485 cm ' (aromatic
ring stretching), 1407 cm ™' (CH, bending), 1239 cm ', 1150 cm ',
1105 cm ', 1012 ecm ' (aromatic C—H bending), and 699 cm™*

(aromatic C—H). The primary absorption bands for polyester (PES) were
observed at 1638 cm ' (C=0 stretching), 1485 cm*, 1152 cm ™', and
1105 cm ! (C—O stretching), along with 719 cm ! (aromatic C—H out
of plane bending). Polyamide (PA) was distinguished by peaks at 2920
cm-! (aromatic C—H stretch), 1483 cm~* (N—H bend, C—N stretch),
1148 cm ! (CH, bend), and 697 cm ! (N—H bend, C=0 bend). Silicon
polymer exhibited a prominent absorption peak at 2918 cm ™' (CH,
asymmetric stretch), 1487 cm ™' (C—H bend), 1405 cm *, 1317 cm !
(Si-alkoxy groups), and 1071-1012 cm ' (Disilymethylene band). The
investigation conducted by Wang et al. (2019) revealed that sediments
predominantly contained PES and PS polymers. The occurrence of PES
and PS in sedimentary environments can be ascribed to a multitude of
causes. First and foremost, polyethersulfone (PES) is widely utilized in
the fashion sector, which is recognized for its frequent rotation of
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apparel products (Palacios-Mateo et al, 2021). The continuous
manufacturing and disposal of garments composed of polyethylene
terephthalate (PES) contribute to a substantial accumulation of waste
that is ultimately deposited in landfills and subsequently enters aquatic
ecosystems, including rivers and seas. Additionally, polystyrene (PS) is
widely utilized in the production of various disposable products such as
packaging materials, single-use plastic cups, and food containers. Over
the course of time, these objects have a tendency to disintegrate into
smaller bits, hence resulting in the pollution of water bodies. The
persistence of polystyrene (PS) in the environment and its tendency to
accumulate in sedimentary deposits have been attributed to its non-
biodegradable properties (Tokiwa et al., 2009). In addition, the buoy-
ancy of PES and PS, resulting from their low density, renders them prone
to waterborne transportation facilitated by currents (Kumar et al,
2021). Hence, it is crucial to implement strategies aimed at diminishing
the utilization of these substances and advocating for environmentally
sustainable alternatives in order to address the escalating contamination
of aquatic habitats.

To address the rising issue of plastic pollution, diverse efforts have
been made, including enhancements in waste management and waste-
water treatment, as well as innovative approaches to design and
development. Moreover, there has been the implementation of regula-
tions concerning single-use plastics and the industrial utilization of
microbeads, which encompass measures like bans, phasedowns, or
limitations on their use (Miranda el al., 2020). The implementation of
plastic management in Surakarta is outlined in Surakarta City Regional
Regulation Number 3 of 2010 concerning Waste Management to Realize
the Zero Waste Concept in Surakarta City. MPs contamination is influ-
enced by a multitude of factors, some of which lead to seasonal varia-
tions in their prevalence. One significant contributor to these
fluctuations is rainfall. During rainy seasons, precipitation can wash MPs
from urban streets, landfills, and other sources into rivers and oceans,

increasing their concentration in the aquatic environment (Alam et al.,
2019; Kumar et al., 2021).
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