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Abstract. Microplastics, less than 5 mm in size, are directly harmful to both aquatic organisms and humans
because of their ability to absorb various toxic substances, threatening the safety and health of humans
when consuming aquatic organisms that have been contaminated. Microplastics research is commonly carried
out in marine waters, but this study was carried out in a freshwater lake, Lake Towuti, East Luwu, South
Sulawesi. Water samples at nine sampling stations (10 L each) were collected by applying purposive random
sampling, then filtered five times using a neuston net (330 μm mesh size). The water samples were
transported to the laboratory to perform advanced filtration (cellulose filter in a vacuum pump). The filtered
samples were then observed to determine the color and shape of the microplastics under a stereo
microscope. Results showed that the abundance of microplastics varied from 7.36 to 26.28 items L-1.
Microplastics were classified based on colors: blue, black, white, red, green and colorless. Blue-colored
particles were the most-dominating microplastics (63–240.8 items station-1), allegedly derived from the blue
paint that dominates the color of fishing boats. There were four shapes of microplastics identified: line,
fragment, film and foam. Fragments were most dominating in the waters (36.6–232 items station-1),
presumably due to the unstable hydrodynamics of the lake waters.
Key Words: coloring paint, hydrodynamic, Lake Towuti, microplastic, toxic substance.

Introduction. This era of modernization has led to the use of plastics in many human
activities. Waste resulting from the use of plastic is an object of concern, especially because
of environmental pollution to both terrestrial and aquatic ecosystems. Global plastic waste
production was close to 13 million metric tons (MT) in 2010. This number comes from 190
countries (Jambeck et al 2015) and the waste usually enters aquatic ecosystems. Plastic
waste in aquatic ecosystems has various sizes, all of which pose a threat to waters (Tahir et
al 2019). Those with a size of <5 mm are classified as microplastics (Choi et al 2020;
GESAMP 2019) and are derived from plastic waste undergone fragmentation or degradation
into smaller pieces, resulting plastic debris (Masura et al 2015; Zhang et al 2020). The
presence of microplastics is a problem for aquatic organisms that confuse them with safe
prey for consumption (Masura et al 2015). Studies reveal how terrible microplastics are to
health, both in aquatic animals (Wang et al 2020) and humans (Wang et al 2018).
Microplastics can absorb various toxic chemicals, such as PCBs, PAHs, HCH and DDT, so that
consuming aquatic animals that have been contaminated with microplastics can be fatal to
humans (Wang et al 2018). Several studies have shown that microplastics pollution occurs
more frequently in marine ecosystems than in freshwater ecosystems (Basseling et al 2017;
Wang et al 2020). In fact, microplastics pollution in freshwater is no less important to study
(Wang et al 2020). Microplastics pollution, apart from occurring in marine, estuary and river
ecosystems, is also found in lakes (Yuan et al 2019; Yin et al 2019; Pleiter et al 2020;
Alfonso et al 2020). Unfortunately, research on microplastics pollution in Indonesian lakes
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has never been carried out to our knowledge. The occurrence of microplastics pollution in
lakes is based on various reasons, namely: hydrodynamics, topography, fishing activities,
agricultural activities and household waste (Yuan et al 2019).
Lake Towuti, located in East Luwu, South Sulawesi province, is the second largest
lake in Indonesia after Lake Toba (Wijaya et al 2009). This lake covers an area of 560 km 2
with a depth of up to 203 m and is 293 m above sea level (Haffner et al 2001). Apart from
rainwater, Lake Towuti has as water supplies Lake Matano and Mahalona, and its
surrounding rivers. Several potential problems of pollution, namely household waste along
with increasing population, capture fisheries activities, agriculture, industrial and mining
waste pose a threat to aquatic creatures in Lake Towuti (Wijaya et al 2009). These are all at
the same time a threat to the community who will consume aquatic animals from the waters
of Lake Towuti.
Material and Method
Water sampling. The study was conducted in Towuti Lake, Indonesia, from August to
November 2020. Water samples at nine sampling stations (10 L each) were collected by
applying purposive random sampling based on the potential presence of anthropogenic
activities and from unpopulated locations (Figure 1).

Figure 1. Sampling stations in Lake Towuti, East Luwu, South Sulawesi.
Stations A, Timampu, and E, Tokolimbo, are populated sampling locations, while the
unpopulated locations are H, inlet, G, Lengkona, F, Tomeraka, I, center, D, Lengkobale, C,
Lengke, and B, outlet. Water was sampled using a 10 L container at each station, with 5
replications. The water was then poured and filtered using a neuston net (mesh size 330
µm) (Covernton et al 2019; Tahir et al 2019). The filter results collected in cod-end nets
with a capacity of 300 mL were taken and put into sample containers for laboratory analysis.
The water samples were transported to the Marine Ecotoxicology Laboratory, Hasanuddin
University, for the further processing. The collected water was then filtered using a cellulose
filter (Whatman, pore size 0.45 µm) in a vacuum pump (Rocker 410). The filter results were
observed under a stereo microscope (Euromax Stereoblue) to determine the color and shape
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of the microplastics particles. The size of all microplastics particles (<5 mm) was measured
using the ImageJ software. Microplastic abundance, color, and shape difference between
sampling stations were then calculated using parametric ANOVA followed by Tukey post-hoc.
If the data were not homogenous or normally distributed, the analysis was conducted using
the non-parametric Kruskal-Wallis test, followed by Dunn’s multiple comparison test.
Results and Discussion
Microplastics abundance. The results show that all samples were contaminated by
microplastic. The results of the analysis of variance showed that the abundances of
microplastics in the water samples at stations H, C, and A were significantly lower than in
stations I and E (p<0.05) (Figure 2). All sampling stations, however, apart from being
categorized as populated and unpopulated, were also categorized by region. In this case,
Lake Towuti was categorized based on the Southeast region (F, G, E, I, D, C) and northwest
region (B, A, H) (Figure 1).
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Figure 2. Microplastics abundance in Lake Towuti (items L-1). Different letters show
statistically significant differences (p<0.05).
In general, the pattern on microplastic abundance in Towuti lake did not follow the pattern of
the populated areas, but followed the pattern of lake region. The southern region of Towuti
lake contains more microplastics compared to the northwest region. Station I (center) is
located in unpopulated area, but had the highest abundance of microplastics among all
stations (26.28±7.781 items L-1). Station A is located in a populated area, but had the
lowest microplastics abundance (7.36±1.513 items L-1) of all stations. Stations with
residents do not always have a high abundance of microplastics, while non-populated ones
do not always have low microplastics abundance values. Yin et al (2019) report that urban
areas do not always have a high abundance of microplastics and rural areas do not always
have a low abundance of microplastics. Several studies report the low abundance of
microplastics in urban areas due to the high public awareness to carry out environmental
conservation (e.g., procurement of cleaning facilities, waste disposal, and waste processing),
controlling the abundance of plastic waste in the waters (Eckert et al 2018; Yin et al 2019).
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The high abundance of microplastics in rural areas may be driven by low public awareness,
disposing of plastic waste directly into waters and inadequate waste treatment facilities
(Wang et al 2018; Jiang et al 2019; Yin et al 2019).
Lake Towuti, unfortunately, still lacks plastic waste processing facilities and
awareness of the surrounding community. A lot of plastic waste is generated from daily
activities, being dumped directly into lake waters or into rivers and irrigation canals directed
to the lake. The waste is then photodegraded into small plastic debris and increases the
abundance of microplastics in the waters (Cole et al 2011). Capture fisheries that apply
plastic-based gear, agricultural activities, and industries whose waste is directly connected to
waterways to the lake also encourage an increase in the abundance of microplastics in lakes
(Basseling et al 2016; Yuan et al 2019). Similar studies in populated and non-populated
locations also showed the influence of domestic waste, fishery, agricultural and industrial
activities on waters (Li et al 2013; Yuan et al 2019; Yin et al 2019; Ding et al 2019).
Microplastics particles in water are very sensitive to hydrodynamic forces, and quickly
move across sampling stations (Chubarenko et al 2018; Yuan et al 2019; Yin et al 2019).
The concept of hydrodynamics can be influenced by turbulence conditions in the region
(Cahyana 2005). Lake Towuti experiences turbulence under certain conditions, which cause
high waves in the waters. Strong currents and waves with irregular directions allow
microplastics particles to be scattered inconsistently. The abundance of microplastics in this
study can also be observed in the southeast region (sampling tations F, G, E, I, D, C) and in
the northwest region (H, A, B). The southeast part of the lake has a high abundance of
microplastics. It is suspected that the current activity is dominant in the southeast part of
the lake. At station B, the abundance of microplastics was high, presumably because
particles from all areas of the lake were carried by currents to the discharge. These particles
were finally trapped due to the lake's topography, which narrows towards the outlet. Various
causes allow the uneven distribution of microplastics at the sampling stations. Microplastic
particles start from point E, which is populated, then lead to station I, and finally spread
randomly throughout Lake Towuti
Microplastics color abundance. Observation of Lake Towuti water samples found five
colors: blue, black, white, red, and green (Figure 3). Colorless microplastics also exist in
every sampling point (Figure 4). In general, blue is the dominant color (63–240.8 items
location-1). In addition to blue, black and red are also colors of microplastics that
consistently appear at all stations.
Color variations in microplastics particles were diverse. Yuan et al (2019) stated that
microplastics particles should be grouped into four color categories: white, black, colored
and transparent. However, this study determines the color according to the conditions at the
time of observation. Blue microplastics particles dominate the variety of colors found.
Another study revealed that the origin of blue microplastics can be mainly sourced from
fishing gear (Wu et al 2020). The majority of the people around Lake Towuti work as
fishermen. In addition, the blue microplastics particles may come from boats, which are
mainly painted blue. The boats in Towuti Lake are widely used both for catching fish and
transportation.
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Figure 3. Microplastics color abundance in Lake Towuti (items location-1). Different letters show statistically significant
differences (p<0.05).
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Figure 3 (continuation). Microplastics color abundance in Lake Towuti (items location-1).
Different letters show statistically significant differences (p<0.05).
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Figure 4. Microplastics colorless abundance in Lake Towuti (items location-1). Different letters
show statistically significant differences (p<0.05).
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Figure 5. Microplastics shape abundance in Lake Towuti (items location-1). Different letters
show statistically significant differences (p<0.05).
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Figure 5 (continuation). Microplastics shape abundance in Lake Towuti (items location-1).
Different letters show statistically significant differences (p<0.05).
Microplastic shape abundance. Observations of the microplastics from the water samples
of Lake Towuti showed that microplastics could be categorized in four shapes: line,
fragment, film and foam (Figure 5). Fragment was the statistically dominant shape (36.6–
232 items location-1). Station B had a higher abundance of line microplastics than other
stations (101 items location-1). The most film microplastics were found at station A (7.4
items). Some representative shapes and colors of microplastics in water samples are
presented in Figure 6.
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Figure 6. Microplastics shape and color in Lake Towuti; (a) blue line; (b) black line; (c) red
line; (d) blue fragment; (e) white fragment; (f) green fragment; (g) blue film; (h) white
foam; (i) colorless line.
The microplastics contained in the water of Lake Towuti were dominated by fragments,
followed by line. Yin et al (2019) and Ding et al (2019) suggest several possible causes of
the shaping of microplastics particles in fragments, one of which is the high activity of water
transportation vehicles. In addition, inconsistent water hydrodynamics triggering irregular
current waves, photodegradation reactions, and thermal degradation also contribute to the
abundance of secondary microplastics particles sourced from larger size primary plastic
debris (Cole et al 2011; Frias & Nash 2019). Most secondary microplastics that originate
from fragmentation of larger microplastics will continue to exist as fragment microplastics.
Several sampling stations in Lake Towuti have become the concentration points for domestic
plastic waste, such as food and beverage packaging. Plastic waste that is scattered in
several points is most likely influenced by the lake currents. In addition, the activity of
waterborne vessels in Lake Towuti is high, so that it can explain the high abundance of
fragment-shaped microplastics.
Conclusions. Lake Towuti is contaminated with microplastics with abundance values
between 7.36-26.28 items L-1. Blue was the most dominant microplastics color (63-240.8
items location-1), while the red and black colors consistently appeared at the stations.
Fragments were the most abundant shape (36.6–232 items location-1). The existence of
microplastics in all water samples in Lake Towuti shows the need of plastic waste
management in Towuti lake.
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