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Abstract. Microplastic, in the aquatic system, is becoming a critical issue all over the world. Studies on
microplastic distribution in waters are essential due to the threat potential for both aquatic organisms
and human health. The abundance of microplastic is highly related to the increase in human activities
along with inadequate waste management systems. This study aims to assess both the distribution and
abundance of microplastics in the water stream of Cimandiri Watershed, ending in the estuary areas. It
was conducted from August to December 2018. The water samples were collected from seven sampling
sites along the Cimandiri Watershed (water bodies) and analyzed using a monocular microscope in the
laboratory. Microplastic particles that were found were counted and classified according to type, color,
and size. The results revealed that the average abundance of microplastics was 685-7444 particles m™,
and Palabuhanratu Station had the highest abundance with an average abundance of 1489 particles m™.
The microplastics were in the form of film (44%), fragment (33%), fiber (19%), and pellet (4%).
Microplastic colors were dominated by white and transparent (28%), followed by red (16%), blue (13%),
yellow (6%), black (6%), and green (3%). The microplastics with the highest percentages, based on
size, were films 1001-2000 um (857 particles), fiber 1001-2000 pm (457 particles), fragment 101-200
um (1184 particles), and pellets 20-40 um (431 particles).
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Introduction. The increasing use of plastics in human life in recent years has led to
increased disposal of plastic waste in both terrestrial and aquatic ecosystems (Plastics
Europe 2017; Kim et al 2017). The abundance of plastic in the river ecosystems is a
complex problem related to the input of garbage in coastal areas (Hastuti et al 2014; Lee
et al 2015; Stolte et al 2015; Zhang 2017). Plastic waste accumulating in the aquatic
ecosystems can reduce the physical quality of the habitat, transport chemical pollutants,
threaten the life of aquatic biota, and interfere with human health (Possatto et al 2011;
Klein et al 2015; Auta et al 2017; Horton et al 2018).

Microorganisms can biologically degrade plastic waste, oxidated internally by
exposure to ultraviolet radiation, or mechanically degraded to microscopic size, also
called microplastic (Cole et al 2011; Yonkos et al 2014; Lassen et al 2015; Hendrickson
2017). The chemical characteristics of plastic can significantly increase water pollution
due to its decaying process (Tsang et al 2017; Chatterjee & Sharma 2019).

Research carried out over the last few years revealed that microplastic has
become widespread in almost all aquatic habitats. Its abundance in Jakarta Bay,
according to Manalu's research (2017), ranges from 2881 to 7473 particles m~, while the
average abundance of sediments ranges from 18.405 to 38.790 particles kg™ sediment
(Manalu et al 2017). Cordova & Wahyudi (2016) reported that microplastics had spread
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in Indian Ocean sediments at depths of 500 to 2000 meters. Apart from waters and
sediments, microplastics have also been reported to have spread into the digestive
system of marine organisms (Lavers et al 2014; Setald et al 2014; Tanaka & Takada
2016; Digka et al 2018; Garnier et al 2019). The results of research by Hastuti et al
(2019) demonstrated that nine commercial fish species at Pantai Indah Kapuk (PIK),
Jakarta, were exposed to microplastics with an average abundance of 12.21+9.76
particles/individual.

The Cimandiri Watershed is a watershed that flows into Palabuhanratu bay,
potentially becoming a microplastic channel from the upper land. The characteristics of
dynamic estuarine areas and high population activity in the upper reaches of the
Cimandiri Watershed are supposed to be a source of microplastics flowing into
Palabuhanratu Bay (Prasetyo et al 2016). At this time the information related to
microplastic pollution in the river flow is still limited, therefore it is expected that the
results of this study can be used in the management of river ecosystems in Indonesia,
especially in the area of West Java Province.

Material and Method

Description of the study sites. This research was conducted from August to December
2018. Sampling was carried out five times with an interval of 30 days. The sampling
locations consisted of seven stations spread across seven sub-districts, namely Parung
Kuda Station, Cikidang Station, Cikembar Station, Warung Kiara Station, Jampang
Tengah Station, Lembursitu Station, and Palabuhanratu Station (Figure 1).
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Figure 1. Map of the Cimandiri Watershed coast showing the sampling location. Small
black boxes represent sampling sites.

Procedures. The sampling process in the present study was adapted to the methods by
Kataoka et al (2019). The principle of salinity-based density separation separates
microplastic samples in water by adding 6 grams of sodium chloride to every 20 mL of
sample water (x5 mL saturated NacCl), increasing the efficiency of the microplastic

AACL Bioflux, 2020, Volume 13, Issue 2. 658
http://www.bioflux.com.ro/aacl



identification (Masura et al 2015). This process was carried out to categorize
microplastics that have fewer densities than salts such as polyethylene (PE = 0.91-0.94
p), polypropylene (PP = 0.83-0.85 p) and polystyrene (PS = 1.05 p) (Kataoka et al
2019). The microplastic samples in water were visually identified with the aid of a
microscope (magnification of 10 < 10), micrometers, and Sedgewick-Rafter Counting Cell
(SRC). Microplastic particles were calculated in terms of abundance (particles m™) and
categorized by type (film, fiber, fragment, and pellet), color (transparent, white, blue,
red, yellow, green, and black), and size. Size classification followed the size described by
Hastuti et al (2019).

Data manipulation and analysis. The identification process was followed by a direct
calculation of the number of microplastic counts to determine the alleged abundance of
microplastics in each type. The formula for estimating microplastic abundance was as

follows:

1 WVt A SRC

. -3 -
Abundance (Particle m™)=n vdeSRC % A3

where: n = the number of microplastic particles identifed;
Vd = a water filter (Liter);
Vt = volume filtered (mL);
Vsre = SRC volume (mL);
Asrc = SRC area (mm?);
A, = area observed (mm?).

Descriptive statistical analysis was used to display the data in tables, diagrams,
and graphs. Data were presented in the forms of average+standard deviation and range.
All statistical analyses were performed using SPSS software. The normality test was
applied by the Shapiro-Wilk test to evaluate the type of data (parametric or
nonparametric) before further analysis. The nonparametric Kruskal-Wallis test was used
for multiple comparisons. The non-parametric Mann-Whitney test was used for pairwise
comparison for the data with significant differences under the Kruskal-Wallis test.

Results and Discussion

Microplastic abundance. Based on the results of the analysis and identification of
water samples collected from seven stations, the microplastic abundance was 685-7444
particles m™. This number was smaller than those of some previous studies conducted in
Jakarta Bay with 2881-7472 particles m™ (Manalu 2017), Saigon-Vietnam River with
172.000-519.000 particles m™ (Yan et al 2019), and the Pearl-China river with 7850-
10.950 particles m™ (Lahens et al 2018). However, those results were higher than that of
the research conducted at the Yangtze estuary with 4137+2461.5 particles m™ (Zhao et
al 2014). The highest abundance was observed at Palabuhanratu Station with an
abundance of 625-2222 particles m™> and an average abundance of 1489 particles m™.
Palabuhanratu Station is an estuary, the place of river water flowing from the Cimandiri
Watershed to the Palabuhanratu Bay.

Meanwhile, the station with the lowest abundance was Cikidang Station, with an
average abundance of 137 particles m™. Based on the results of this study, the high
population and activity of residents in downstream had a major impact on the
microplastic abundance in the estuary, coastal to ocean areas (Desforges et al 2014;
Baldwin et al 2016; Hitchcock & Mitrovic 2019; Kataoka et al 2019; Yin et al 2019).
Based on Kruskal-Wallis statistical tests, there was a significant difference (p < 0.05) in
microplastic abundance among the seven sampling sites. Wastes passing through the
Cimandiri Watershed consist of material from household/residential waste, agricultural
waste, mining, plantations, and other materials. The major source of waste in this study
was the cluster | area of Sukabumi Regency, which produces 1.75 liters/person/day on
average with a population density of 4882 people km™ (Adlina 2013; Prajati et al 2015).
According to Kole et al (2017), vehicle wheels made from rubber are sources of
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microplastics in the environment. However, Siegfried et al (2017) stated that 42% of
microplastics carried by the river flow to the sea originated from plastic degradation and
the remnants of tires found on the highway, 29% of fiber in the form of textile products
originating from laundry, 19% in the form of household dust containing plastic and 10%
from beauty and body care products. In addition to population activities, natural factors
such as rainfall and wind speed have played important roles in influencing the distribution
and abundance patterns of microplastics in water bodies (Galgani et al 2000; Eerkes-
Medrano et al 2015; Hendricson 2017). Microplastic abundance data in the Cimandiri
Watershed can be seen in Figure 2.
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Figure 2. Microplastic abundance (particles m™) in the sampling sites.

In the water, microplastics float following the density of the polymer (Wright et al 2013).
The floating ability of microplastics will determine the position in the water column and its
polymer interaction with biota. For example, PVC will settle, while low-density polymer
such as PE and PP will float. In this study, the density factor was assumed not to affect
the abundance of microplastics at certain depths because the river flowed in the upper
stream reaches of the Cimandiri Watershed. The average depth was below one meter,
and the continuous water flow caused the microplastics to be carried by currents and
accumulate at the mouth of the Cimandiri Watershed. Water quality data for the
Cimandiri Watershed is presented in Table 1.

Table 1
Physical conditions of waters at the observation station from August to December:
average flow velocity (m s™?), average water depth (cm), average body water width (m)

. Water current Depth Cross cutting water body width
Station 1
(ms™) (cm) (m)
Parung Kuda 0.9 64.5 13.2
Lembursitu 0.7 51.8 23
Cikembar 0.6 53.8 26.6
Jampang Tengah 0.7 64.6 35.9
Warungkiara 1.0 65.5 37.8
Cikidang 1.2 58.7 12.5
Palabuhanratu 0.2 97.6 124
AACL Bioflux, 2020, Volume 13, Issue 2. 660
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Microplastic types. Four types of microplastics were found in this study, namely film,
fragment, fiber, and pellet (Figure 3). The water flow carried those microplastics from
upstream to downstream of the river. They were possibly consumed by organisms such
as fish. Based on the results of the statistical tests, there was a significant difference
among aggregated abundance at all sites by type (Kruskal-Wallis: p < 0.05). The highest
type of microplastic found in this study was film, followed by fragment with the second-
highest percentage, then fiber/line (ranked third) and pellet. Film and fragment were the
types of microplastics that were formed from secondary sources often associated with
areas with high population density (Lee et al 2015; Auta et al 2017; Hermawan et al
2017). Films and fragments consist of polypropylene (PP), polyethylene (PE), and
polystyrene (PS) (Lippiatt et al 2013). Those components are commonly the results of
the degradation of plastic material used in products (i.e., plastic bags, food and non-food
packaging, plastic bottles, and plastic containers) through the physical or chemical
processes, or heat and light (Cole et al 2011). Based on the macroplastic observations in
the field around the sampling site, packaging bags, plastic bags, plastic bottles, and cups
were the dominant wastes. Thus, it makes sense that film and fragments were dominant
compared to other types of components.

(b)

Figure 3. Microplastic type in the water stream of the Cimandiri Watershed: (a) film,
(b) fragment, (c) fiber, (d) pellet.

The fiber was another microplatic found in this study. It was a result of several material
degradations such as fishing gear, clothes, and other textiles. The Cimandiri river is a
favorite fishing ground for high economic value commodities such as eel (Affandi 2005;
Hakim 2015). Thus, fishing gears are one of the possible sources of microplastic fiber.
The smallest type of microplastic found in this study was pellet/granule. Pellets are
primary microplastics that are directly produced by factories as raw materials for making
plastics. However, the abundance of the pellet was the lowest compared to others.
Microplastic abundance by type in the Cimandiri Watershed is presented in Figure 4.

Based on sampling sites, the film microplastics abundance, ranked from the highest to
the lowest, is as follows: Palabuhanratu Station as the highest (3166 particles m™),
followed by Lembursitu Station (646 particles m™3), Jampang Tengah Station (633
particles m®), Cikembar Station (535 particles m™>) Warung Kiara Station (449 particles
m™), Parung Kuda Station (433 particles m®), and Cikidang Station (241 particles m™).
There were at least two reasons to explain the dominance of that type of microplastic
film. The type of film has a low density, making it easier to distribute in the water. The
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high use of plastic bags is a significant source of the film type as the community uses
plastic bags found along the river stream. The second dominant component is the
fragment type. Based on the results, Palabuhanratu Station had the highest particle level
(2063 particles m™), followed by the Cikembar sampling site. The fiber was the third
dominant component among the types of microplastics. The highest level of fiber was
observed at the Palabuhanratu site and the lowest at Cikembar. The least abundant
component was pellet that was rarely found on every site. Microplastic abundance by
type at the study sites is presented in Figure 5.
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Figure 4. Microplastic abundance (particles m™) based on types in Cimandiri Watershed.

4000
% 3500
3000
2300 +
2000 -
1500 -

10060 -

" e T Tl e e

Microplastic abundance {particles m)

Parung Kuda
Lembursitu
Cikembar
Jampang Tengah
Warung Kiara
Cikidang
Palabuhanratu

Sampling location

Figure 5. Microplastic abundance (particles m™) based on types in the water column at
sampling sites summarized through bathymetically: films (IE¥), fragments (ll), fibers
(Il), and pellets ().
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Colour of the microplastics. Microplastic colors, identified from water samples, were
categorized into seven main color groups: transparent, white, blue, red, yellow, green,
and black. White had the highest dominance level in the present research with a
percentage of 27.55% (4440 particles m™>) followed by transparent (27.47%; 3948
particles m™®), red (15.75%; 2265 particles m™), blue (12.68%; 1823 particles m™),
black (5.69%; 818 particles m™), yellow (5.23%; 752 particles m™), and green (2.26%;
326 particles m™®). White was mostly found in microplastics such as fragments and
pellets, while transparent was mostly found in film and fiber. Blue, red, green, yellow
were colors found in three types of microplastics, namely film, fragment, and fiber, while
black was found in fragment.

Based on the statistical test results (Kruskal-Walis: p < 0.05), there was a
significant difference among the microplastic groups by color. White was not significantly
different from transparent but significantly differed from the five other color groups (blue,
red, yellow, green, and black). The white color abundance was significantly different from
the five other color groups (blue, red, yellow, green, and black). The blue color group
was significantly different from the four other color groups (red, yellow, green, and
black). The red color group was significantly different from the other three color groups
(yellow, green, and black). The yellow color group significantly differed from the green
group, but not significantly different from the black group. The green group was
significantly different from the black group. According to Boerger et al (2010), Wright et
al (2013), Ismail et al (2019), microplastics with white, blue, and clear colors resemble
the color of plankton as fish potentially consume them. Transparent, blue, red, green,
and black microplastics have been found in the digestive system of plankton-eating fish
(Neves et al 2015; Bellas et al 2016; Bessa et al 2018). Total humber of microplastic
particles distinguished based on color composition is presented in Figure 6.

3500 A
. 3000 4
§ 2500
3
B
g 2000 -
k3
@
2 1500 -
o
]
5
2 1000 -
il
¥
£ S00
B
ol
4 o - |
§ 3 8 S < e 2 2
= 0 o
2 4 £ g g 3 £
2 £ £ " 2 5 2
= b [¥] o = R
S P o= T
£ g £ =
£ g
g
oy
Sampling location

Figure 6. Microplastic abundance (particles m™) by color: transparent (Il), white (7)),
blue (mm), red (mm), yellow (77), green (mm), and black (mm).

Size of microplastics. The data reflecting the microplastic based on the size groups
were presented in Figure 7. Five size groups which having the highest number of
microplastics sorted by type were 1001-2000 pm (328 particles m™), 701-800 um (154
particles m®), 301-400 pm (152 particles m™), 601-700 pm (147 particles m™), and
401-500 pm (120 particles m™) in fiber types while the sizes of 1001-2000 pm (492
particles m™), 601-700 pum (346 particles m™), 201-300 pm (340 particles m™), 701-800
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pum (325 particles m™3), and 401-500 um (303 particles m™) mostly found in film types.
The size groups of 101-200 pm (582 particles m™), 41-60 um (404 particles m™), 20-40
pum (390 particles m™3), 61-80 um (361 particles m™), and 81-100 um (334 particles m™)
dominated the fragment types while in pellet, the size group of 20-40 um (527 particles
m™>) and 41-60 um (15 particles m) have the highest number over the study.

According to Zhao et al (2014), microplastic abundance in the water will increase
along with the decrease in particle size. Besides, its size which is close to the size of
plankton will facilitate the transportation process and its spread in water, allowing it to be
ingested by organisms such as fish both directly and indirectly (Leite et al 2014; Di
Mauro et al 2017; Canniff & Hoang 2018; Figueredo & Vianna 2018). The research results
of Hastuti et al (2019) revealed that microplastics in the digestive system of commercial
fish were dominated by sizes less than 20 pum in the fragment type, 100-200 um in the
fiber type, and 1000-2000 um in the film type. According to Hakim et al (2015) and
Triyanto et al (2019), the Cimandiri Watershed is a living habitat for three eel species.
Thus, it has the potential to increase people’'s income. As a consequence, the microplastic
size found in this study had a great chance to be swallowed by eel or other fish species
living in the Cimandiri Watershed or the area of the gulf of Palabuhanratu.
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Figure 7. Microplastic abundance by particle size group collected from the water column
of Cimandiri Watershed, West Java, Indonesia.

Conclusions. The Cimandiri Watershed was contaminated with microplastics with an
average abundance of 685-7444 particles m™. The highest abundance was at
Palabuhanratu Station, which is the estuary area of the Cimandiri River basin. The most
commonly found type of microplastic was a film as a result of the degradation of plastic
bags and product packages. The microplastic colors most commonly found were white
and transparent. Microplastic sizes found in this study varied, namely the film with a size
of 1001-2000 pm (492 particles m™), fiber with 1001-2000 um (328 particles m™),
frasgment with 101-200 pm (582 particles m™), and pellet with 20-40 um (527 particles
m).
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