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Abstract. Microplastics of less than 5 mm have been widely found in the river sediments that
cross the city. Sources of microplastic pollutants can be seen in rivers crossing Yogyakarta City
studies on microplastic have never been carried out. This study analyzed the abundance and
characteristics of microplastics in river sediments of Yogyakarta City. Data collection was
carried out in December 2019 in Winongo River, Code River, and Gadjahwong River. Each
sample of the three sediments was taken at each point of the three inlets and outlets in
Yogyakarta City. The sediment sample was separated to obtain supernatant-containing
microplastics. The abundance of microplastics was quantified and grouped based on the shape,
size, and color. Data were analyzed using descriptive and inferential statistics to compare the
concentration of microplastic in the three rivers. The results showed that the abundance of
microplastics ranged from 279.31 to 1,026.93 particles kg1, with a higher abundance in the
inlet than the outlet. The Code River sediment has the highest microplastic abundance,
followed by the Gadjahwong River, and Winongo River. The sediment samples in the rivers
crossing Yogyakarta City have been contaminated mainly by the fragment-shaped, transparent,
and 1-100 um microplastics.
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1. Introduction

As the capital of the Special Region of Yogyakarta, Indonesia, Yogyakarta City has the highest
population density in the province of 13,007 inhabitants per square km (BPS Sleman, 2019). The
densely populated settlements at the riparian zone make the Winongo River, Code River,
Gadjahwong River, as three main rivers of Yogyakarta City, polluted from domestic sewage and
industrial waste (Sarengat et al.,, 2015; Putro, 2016; Muryanto et al., 2019). Around 359.1 tons of
waste per day are generated by the residents of Yogyakarta City residents with 39.3% plastic
polymers (Cadman et al., 2018). According to Mehlhart and Blepp (2012), around 90% of plastic
waste in rivers was generated from residential land use. Garbages consisting of plastic bottles,
single-use plastics, diapers, and used clothes sinking at the bottom of the three rivers (Tribun
Jogja, 2018; Utami & Putri, 2019).
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Plastic waste floating in the river will be degraded by sunlight (photodegradation),
oxidation, and mechanical abrasion to be microplastics with a size of < 5 mm (Thompson et al,,
2009). Ingested microplastics can cause physiological disorders to be carcinogenic (Wright et al,,
2013; Vendel et al,, 2017). The primary sources of microplastic are microbeads or pellets that are
manufactured in microscopic sizes in the cosmetic industry (Boucher & Friot, 2017) and
secondary sources such as fragments, films, and fragmented fibers from macro plastics (Cole et
al, 2014; GESAMP, 2016). The microplastics in sediment generally range from 1um-5,000pum
(Hidalgo-Ruz et al,, 2012). The microplastic polymer has varied densities from the lightest, such
as expanded polystyrene (styrofoam) to polytetrafluoroethylene (PTFE) (Duis & Coors, 2016).

Microplastics in water bodies have been recorded to increase in the last decade and they
come in a variety of shapes, sizes, colors, and polymers (Waller et al.,, 2017; Lebreton et al., 2017;
Alimba & Faggio, 2019). As the most populous island in Indonesia, microplastic has been found in
many rivers and seas in Java Island, such as in Indah Kapuk Beach, Jakarta (Hastuti et al., 2014),
Jagir Estuary Surabaya (Firdaus et al., 2020), Pangandaran Beach, West Java (Septian et al., 2018),
and West Coast of Karimun Besar Island (Amin et al., 2020). In Yogyakarta City, fish in the Code
river has been contaminated by microplastics (Sulistyo et al., 2020). Microplastic pollution poses
a threat to the aquatic ecosystem in Yogyakarta. Still, there is no information on how many
microplastics are in the rivers across Yogyakarta City. This study analyzed the abundance and
characteristics of microplastics in the river sediments of Yogyakarta City. The data collection of
microplastic that has never been done by previous research is the novelty of this research. The
research on river water pollution in Yogyakarta generally only detects the physical, chemical, and
biological parameters contained in Baku Mutu Air (Water quality standards). Results of this study
can provide necessary information on the level of microplastic pollution as an initial investigation
of rivers at Yogyakarta City.

2.  Methodology
2.1. Research design

The research began with determining the location, sampling the sediment, separating
microplastics from the sediment, and quantifying the abundance of microplastics. The sediment
sampling location was at the inlet (I) and outlet (O) points of the Winongo River (W), Code River
(C), Gadjahwong River (G) in Yogyakarta City (Figure 1 and Table 1). Samples were taken in
December 2019 at the end of the long dry season in 2019 (Prasetyaningtyas, 2020).

2.2. Data collection

Three sediment samples were collected randomly in a 50x50 cm plot of each sampling point
(Barasarathi et al,, 2014). Sediment samples were taken using a 4-inch iron pipe with a height of
10 cm and were stored in a glass bottle and put into a cooler with a temperature of 4 °C. (Dewi et
al,, 2015). The measurement of abiotic factors, such as water velocity, water temperature, water
pH, dissolved CO,, dissolved O, and light intensity were carried out in each sampling plot
(Syranidou et al, 2017). To document all visible pollutants around the sampling spot,
environmental conditions were documented over a radius of 500 meters. The sediment samples
were filtered with a 5 mm Mesh sieve (Hidalgo-Ruz et al., 2012) and then oven drying at 10°C for
48 hours. The microplastic separation stage was carried out by mixing the dry sediment sample
(1 kg) and saturated NaCl solution (3L). The mixture was stirred for 2 minutes (Dewi et al., 2015).
The supernatant-containing microplastics were filtered and identified for abundance in each
shape, size, and color (Table 2). Identification of microplastics from supernatants and grouping by
shape, size, and color character were carried out by visual separation using a binocular
microscope, OptiLab, and Raster Image applications. Microplastic abundance is presented by
particles per kilogram of dry sediment (particles kg-1) (Claessens et al., 2011).
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Figure 1. Location of sediment sampling

Table 1. The coordinates of the sampling point

Locations Coordinates
Inlet of Winongo River (I-W) 7°46'34.58"S 110°21'13.88"E
Outlet of Winongo River (0-W) 7°48'49.78"S 110°21'5.61"E
Inlet of Code River (I-C) 7°46'48.33"S 110°22'13.44"E
Outlet of Code River (0-C) 7°49'28.55"S 110°22'30.00"E
Inlet of Gadjahwong River (I-G) 7°47'53.99"S 110°23'51.43"E

Outlet of Gadjahwong River (0-G) 7°49'33.55"S 110°23'35.39"E

Table 2. Microplastic character classification
Categories  Description
Size Large: 1,001-5,000 pm
Small: 1-100 pm
501-1,000 pm (Vianello et al., 2013; Avio et al., 2015)

Shape Fragments: irregular, thick sheet

Films : irregular shaped, thin sheet

Fiber : filament, strands, threads

Pellet : spherical microbeads, grains

(Hidalgo-Ruz et al., 2012; Lusher et al., 2017)
Color Transparent, black, gray, red, brown, blue, green

(Firdaus et al., 2020)
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2.3. Data analysis

Microplastic abundance was descriptively and statistically analyzed in this study using
quantitative data analysis. Statistical analyses were performed using SPSS 22.0 software to test
for normality and homogeneity to determine a parametric or non-parametric test (Utami & Putra,
2020). Furthermore, t-paired or Wilcoxon tests with a significant level of 0.05 were used to test
two groups of data on microplastic abundance at the combined inlet and outlet of the three rivers
and each river. A correlation test was carried out to correlate abiotic factors and microplastic
abundance.

3. Result and Discussion
3.1. Microplastics Abundance

All sediment samples taken from the Winongo River, Code River, and Gadjahwong River at
Yogyakarta City showed microplastics in the range of 279.31-1,026.93 particles kg-1. The average
abundance of microplastics from the three rivers in the inlet and outlet positions was 635.82 +
161.72 particles kg-1. The average abundance of microplastics from the three rivers in Yogyakarta
City is higher than found in Jagir Estuary Surabaya with 345.20 particles kg-! (Firdaus et al., 2020)
and in Pantai Pangandaran with an abundance of about 47.30 particles kg1 (Septian et al., 2018).
The study show lower result than that on the West Coast of Karimun Besar Island and Pantai Indah
Kapuk Jakarta (Hastuti et al., 2014; Amin et al., 2020).

The Code River has the highest average abundance of 758.07 + 246.80 particles kg,
followed by the Gadjahwong River of 682.13 + 174.96 particles kg1, and Winongo River of 467.24
*156.19 particles kg1 (Figure 2a). Statistically, there was no significant difference in microplastic
abundance among the three rivers (P> 0.05). The average abundance in the inlet of the three rivers
was higher than in the outlet of 688.25 + 77.50 particles kg1 and 583.39 + 226.12 particles kgL
The paired t-test results showed no significant difference in the abundance of microplastics at the
combined inlet and outlet (p> 0.05) of the three rivers. Sources of microplastics consisting of
plastic bottles, plastic bag, used clothes, diapers, and sanitary napkins have been found in many
upstream of the river in Sleman District (Tribun Jogja, 2018). This source was one of the causes of
the high abundance of microplastics in the three rivers' inlets. Sleman District, located in the north
of Yogyakarta City, was ranked the second-highest population density in Yogyakarta Province
(BPS Sleman, 2019). According to Barnes et al. (2009), the abundance of plastic waste strongly
correlates with the number of people in an area.

The abundance of microplastics at the inlet and outlet of each river varies (Figure 2b).
Winongo River and Gadjahwong River tend to flow the microplastics from the inlet to the outlet.
The paired t-test results on the microplastics abundance of the Winongo River showed a
significant difference between inlet and outlet (p< 0.05). In contrast, the Wilcoxon test results on
the Gadjahwong River showed no significant difference (p> 0.05). The prolonged droughtin 2019
became one reason for the decline in microplastic abundance (Prasetyaningtyas, 2020). The
decrease in water discharge at the outlet made the narrowing of the river flow. The Winongo river
and Gadjahwong river are sinuous that the river flow slows down in the dry season. As a result,
microplastics would be quickly sunk before reaching the outlet. On the other hand, code River has
more microplastics from the inlet to the outlet. The Wilcoxon test results showed no significant
difference between the abundance of microplastics at the inlet and outlet of Code river (p> 0.05).
The Code River, which crosses Yogyakarta's main tourist attractions such as Tugu, Malioboro, and
the Kraton (Widodo et al,, 2010), is a waste disposal site. The disposal was from hospitals, hotels,
printing companies, the textile industry, tannery factory, and domestic waste as sources of
microplastics (Imronatushshoolikhah et al.,, 2014). Besides, the Code River has a straight channel
so that microplastic particles can easily be carried to the outlet. However, because the river's
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water discharge is still slow due to the prolonged dry season in 2019, the sampling plot varies in
its sediment base between sand and rock. This causes the abundance of microplastics in each
sample at each station to vary and makes the standard deviation relatively high. According to van
Cauwenberghe et al. (2015), soft sediments could trap plastic more than rocky and gravel habitats
that supports this study that sediment in the three rivers has a muddy texture.

0 200 400 600 800 1000 1200 0 4

Microplastic abundance (particle kg™)

0 200 400 600 800 1000

Microplastic abundance (particle kg')

Figure 2. The abundance of microplastics: in each river (a), and in inlet-outlet in each river (b) at
Yogyakarta City

Physical activity (cracking and flaking) and chemical activity that harms long polymer chains
were causing microplastics formation (Chamas et al., 2020). Each type of synthetic polymer has
various degradation pathways depending on its physical and chemical activities (Yousif & Haddad,
2013; Yu et al., 2016; Chamas et al., 2020). Spearman correlation test result showed that the
abundance of microplastics in the three rivers in Yogyakarta City was correlated with light
intensity, water temperature, dissolved CO, dissolved O, water velocity, and elevation (P< 0.05).
The water temperature at the inlet was 28 °C and the outlet was 30 °C. According to Barnes et al.
(2009), the damage to plastics' mechanical action is further exacerbated by degradation due to
temperatures that have remained warm for several years. Plastic polymers were degraded in the
environment due to hydrolysis and oxidation processes accelerated by heat, light, or the
combination (Andrady, 2011; Chamas et al., 2020). Synthetic polymers absorb photons, especially
the wavelengths emitted by sunlight, such as infrared radiation, visible light, and ultraviolet
radiation (UV). This absorption causes thermo-oxidation, photo-oxidation, and photolysis that
cause polymer degradation (Scott, 2000; Syranidou et al, 2019). Microscopic microplastic
particles are carried downstream to become a source of pollution in the sea (Vianello et al., 2013).
Besides, rivers and their flows that act as channels and accumulators have resulted in a higher
abundance of plastic in the sediments than in the water column (Castaneda et al, 2014;
McCormick & Hoellein, 2016). According to Hoellein et al. (2019), the sedimentation rate was
influenced by each particle's characteristics such as shape, type, buoyancy, and biofilms.

3.2. Microplastic Characteristics

Microplastic characteristics were depicted from the size, shape, and color. They vary in each
river. The size of microplastics found in the three rivers in Yogyakarta City ranges from 1 to 5,000
um. The most common size range seen in the three rivers was 1-100 pm with an average
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abundance of 274.02 + 142.26 particles kg1 (43%), followed by 101-500 um of 216.12 + 95.72
particles kg1 (34%) (Figure 3a). The Winongo River supplies microplastics with a size range of
101-500 pm because of their abundance of 1-100 um (Figure 3b). Winongo River and Code River
have a pattern of shrinkage in the most common size range from the inlet (101-500 pm) to the
outlet (1-100 pm). While the Gadjahwong River was dominated by a range of 1-100 pm from the
inlet (Figure 3c). Microplastic of fiber, film, fragments, and pellets were found in all sediment
samples with varying abundances. In general, the most abundant were fragments by 276.27 +
89.16 particles kg1 (43%), followed by fiber by (34%), films (23%), and pellets with the smallest
abundance by 1.12 * 0.60 particles kg1 (0%) (Figure 4a). The Winongo River was dominated by a
balanced form of fiber and fragments (Figure 4b). Winongo River and Code River both show a
pattern where the dominating shape changes at the inlet and then switches to the fragment shape
at the outlet. Since the inlet, the Gadjahwong River has been dominated by fragment form. (Figure
4c). The color of microplastics in the three rivers was dominated by transparent colors with an
abundance of 272.31 + 119.86 particles kg! (43%) (Figure 5a, 5b). Gray microplastics were
particularly prevalent at the Gadjahwong River outlet. (Figure 5c). A summary of the size, shape,
and color of microplastics in each river can be seen in Table 2.
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Figure 3. Microplastic sizes in river sediment at Yogyakarta City: (a) the percentage for the three rivers
combined, (b) the percentage for each river, (c) the percentage for the inlet and outlet of each river

(b) ©
mFibers ®WFilms ®Fragments o Pellets W Fibers Films ® Fragments mPellets
| I ]
v [ I -
i o I —
Fomens - I —
43% | I I
(8]
< I I o
| I ]
0% 20% 40% 60% B0% 100%
L]
Parcentage of ricraplastc shape o . —
0% 20% 40% 60% 80% 100%

Percentage of microplastic shape

Figure 4. Microplastic shapes in river sediment at Yogyakarta City: (a) the percentage for the three rivers
combined, (b) the percentage for each river, (c) the percentage for the inlet and outlet of each river
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Figure 5. Microplastic colors in river sediment at Yogyakarta City: (a) the percentage for the three rivers
combined, (b) the percentage for each river, (c) the percentage for the inlet and outlet of each river

Table 2. The dominant characters in each river

River’s name Size (um) Shape Color
Winongo (W) 101-500 Fiber transparent
Code (C) 1-100 Fragments transparent
Gadjahwong (G)  1-100 Fragments transparent

The type of polymer in this study was not identified using Fourier Transform Infrared
Spectroscopy (FTIR). Still, the data on the size, shape, and color of microplastics were linked to
published literature studies. Synthetic polymers used to make everyday items are commonly be
used by the public. Microplastics in the form of fibers found in the Winongo River and Code River
inlet were generated from laundry wastewater that the majority of synthetic fibers come from
polyester and polyamide (Napper & Thompson, 2016; Sun et al., 2019). Pipes from household
waste could be seen along the banks of the three rivers. According to Browne et al. (2011), one
garment can remove more than 1,900 synthetic fibers. The increased density of polyester and
polyamide compared to water gives the potential for fiber sedimentation in the riverbed (Hidalgo-
Ruz et al., 2012). Besides, many used sacks filled with sand made for river dams upstream of the
Code River are fiber microplastics sources. Microplastics in fibers occur from fishing poles or nets,
in addition to synthetic garment fibers (UNEP, 2016).

The microplastic fragments can come from several high-density polymers. High-density
polyethylene (HDPE) is commonly used for plastic bottles, and polypropylene (PP), polystyrene
(PS), polyethylene terephthalate (PET) for food packaging, and household goods (Magalhaes et al.,
2020; Hwang et al., 2020). According to Hoellein et al. (2019), fragments derived from polystyrene
polymer have a short transport, much of which was deposited in the sediments because their
density was more significant than river water. The Gadjahwong River inlet is located in the south
of Prambanan tourism destination and the center of the resident in Cangkringan, Sleman District,
and Klaten District. The upstream of the river made wastewater such as plastic bottles and plastic
bags polluted the river. The size of the particles (length and diameter) also affects the
sedimentation rate. The river's slope also hastens deposition at the bottom, after which the
fragmentation process in the sediment continues (Hoellein et al., 2019). Microplastics with small
sizes (< 50 um) were generally driven by the binding of the biofilm and pushed into the sediments
instead of sinking by themselves (Williams et al., 2008). The abundance of color microplastics at
the sampling location could be influenced by the length of time the microplastic in nature as well
as the sunlight exposure (Marti et al., 2020). Some examples of microplastics found in this study
can be seen in Figure 6.
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Figure 6. Microplastic shapes in sampling location: (a) fiber, (b)fragment, (c) pellets, (d) film

Microplastics in the rivers across Yogyakarta City was the initial pollution in the urban area
of Yogyakarta province. The dangers posed by the ingested microplastics require policies from the
government of Yogyakarta Province. There is no microplastic parameter to be a pollution standard
in the Governor of Special Region of Yogyakarta Regulation number 7 of 2016 and the Governor
of Special Region of Yogyakarta Regulation number 20 of 2008 concerning Water Quality
Standards in the Yogyakarta City. The discovery of microplastics in Indonesian rivers highlights
the importance of establishing a minimum environmental standards for microplastic pollution.
Microplastic pollution sources must be identified, documented, and measures must be taken to
decrease microplastic release into the environment.

4. Conclusion

Microplastics polluted the sediments of Winongo River, Code River, and Gadjahwong River
in Yogyakarta City. The Microplastic abundance range from 279.31 to 1,026.93 particles kg-! in
inlet higher than the outlet. The Code River sediment has the highest microplastic abundance of
758.07 + 246.80 particles kg1, followed by the Gadjahwong River of 682.13 + 174.96 particles kg-
Land Winongo River on 467.24 + 156.19 particles kg-1. The sediment samples in the river crossing
Yogyakarta City have been contaminated mainly by the fragment-shapes, transparent, and 1-100
pum microplastic. Waste from residents in the surrounding river, such as plastic bottles, used
packaging, and food packaging, was thought to be the source of microplastic.
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