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Abstract. The use of plastic materials has led to the penetration of microplastic (MP) into the aquatic
environment. MP is plastic that is less than 5 mm in size. They have received significant attention in
recent years due to their impact on humans and organisms as they absorb organic and pathogenic
contaminants from the surrounding media. This study aims to analyze MP abundance, shape, color, size,
and polymer characteristics at five water sampling stations in Maninjau Lake. Water samples were
extracted to obtain MP, then analyzed using a microscope and ATR-FTIR spectroscopy. MP abundance in
Maninjau Lake water samples ranged from 180 to 335 L particles. The most dominant shape, color, and
sizes found in the waters were fragments (12.5%), black (68.37%), and sizes of 101-300 pym (49%).
Based on the results of the characterization and interpretation of functional groups in the FTIR spectrum,
several types of polymers were found, including polyamide (PA), polypropylene (PP), and polyester
(PES).
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Introduction. A large number of plastic products are discarded after use, resulting in
the accumulation of large amounts of plastic waste in the environment. Under the
influence of the interaction of several physical, chemical, and biological environmental
factors, plastic degradation results in various shapes and sizes of debris: nanoplastics
(£0.1 pm), microplastic (MP) (<5 mm), mesoplastics (0.5-5 cm), macroplastic (5-50
cm), and megaplastic (>50 cm) (Prata et al 2020; Wu et al 2019; So et al 2022).
According to the production method, microplastics are divided into primary and
secondary MP (Rhodes 2018). Primary MP consists of direct industrial products and man-
made plastic particles that meet special needs. These particles are widely used in
everyday chemical products as fillers, film-forming agents, friction-inducing agents, and
suspending agents, as well as in the processing and printing of textile and plastic
products (Rhodes 2018). Secondary MP mainly comes from decaying industrial plastic
products (Rhodes 2018). MP is often mistaken for food due to its smaller size. MP has
been detected in various aquatic animals at different trophic levels, such as plankton,
crustaceans, bivalves, and fish (Nikki et al 2021; Cole et al 2019; Sun et al 2018). Plastic
products are widely used in various industries and daily life because of their low cost,
wide applicability, and strong durability (Hirt & Body-Malapel 2020; Dissanayake et al
2022; Priya et al 2020).

In recent years, MP has become known as an emerging pollutant that has caused
widespread concern around the world (Ogonowski et al 2018; Revel et al 2018).
However, most research on MP pollution focuses more on marine ecosystems than
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terrestrial ecosystems, which are considered landfills for waste. Most MP pollution in the
marine environment is thought to originate from the terrestrial environment (Jambeck et
al 2015), with inland freshwater systems being an important pathway for MP to the sea
(Lebreton et al 2017). However, studies on MP pollution in inland waters are relatively
lacking, especially when compared to the marine environment. In inland areas, rivers and
lakes are direct recipients of runoff from urban, industrial, and agricultural areas (Eriksen
et al 2013). Therefore, a comprehensive MP monitoring program in freshwater
environments is highly recommended.

The presence of a lot of MP lake ecosystems can pollute lake water, disrupt
aquatic life, and damage the food chain. Currently there is no research or publication
related to the MP content in the waters of Maninjau Lake. Therefore, it is necessary to
carry out research to identify MPs found in water. MP can come from various sources
such as industrial waste, household waste, or plastic products that are used daily. By
knowing the source of the pollution, appropriate countermeasures can be taken to reduce
MP input into the lake, reduce plastic use, better recycling, and overall environmental
protection. This research will also help understand the extent to which MP has spread in
lakes and how it impacts lake ecosystems. The research results are expected to be used
as a reference by the public regarding the negative impacts of MP on the environment
and health.

Material and Method

Description of the study site. The research was carried out from January to May 2023
at the Chemistry Laboratory of Andalas University, Padang, Indonesia. In this study,
water samples were taken at five stations (T1, T2, T3, T4, T5), namely: Muko-Muko
(0°17'26.60"S; 100° 9'18.66" E), Koto Malintang (0°16'40.32"S; 100°9'34.28"E), Muaro
Suak (0°15'45.67"S; 100°10'33.02"E), Payinggahan, Nagari Maninjau (0°18'35.57"S;
100°13'25.75"E) and Tanjung Sani (0°23'53.01"S; 100°11'40.38"E) (Figure 1; Table 1).
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Figure 1. Research sampling location in Maninjau Lake, West Sumatera, Indonesia (Indonesia
Geospatial Portal 2022).
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Table 1
Description of the sampling stations

No Station Description
The water exit of Maninjau Lake; there is a turbine and a
sluice gate to regulate lake water. Since there is a
hydroelectric power center (HEPC) present, the water outlet
1 Muko Muko had always been regulated so that the lake's waste was stuck
in this location. The existence of floating net cages (FNC) is
limited to 30 units; community activities are focused on
tourism, education, and housing.
Farmers' activities in tilapia cultivation using the FNC system

2 K_oto were the highest, with 3,459 units. Another activity is paddy
Malintang fields
This location is the estuary of the Batang Suak River, which
3 Muaro Suak flows from Nagari Koto Gadang. Community activities are FNC
system fish farming of 660 units and paddy fields.
Paymggahan, Tourism area. The other activities were fish farming in 1,332
4 Nagari . )
Maninjau units of FNC, and there are no paddy fields.

The largest aggregation of villages on Maninjau Lake, but with
a low population density. Farmers cultivate tilapia with FNC
systems totaling 4,364 units. Many protected steep forests
and prone area to landslides. There are no paddy fields.

5 Tanjung Sani

Source: CSA 2018.

Sampling. Water sampling in the lake was carried out directly using a bucket with a
capacity of 5 L and water was filtered using plankton net no. 25. Sample screening was
carried out 20 times. The filtered sample (sample bottle) is then put into a HDPE sample
bottle to avoid particle contamination and put into a cool box.

MP extraction. To lake water samples 20 ml of 30% H202 was added and homogenized
with a magnetic stirrer for 5 minutes. Samples were then covered with aluminum foil to
avoid environmental pollution, and the samples were left for 24 hours. Then the sample
was filtered using Whatman filter paper no. 42 with the help of a vacuum pump. The
results obtained on filter paper were then identified visually with a 100x magnification
microscope and counted based on the number of particles suspected to be MP.

MP observations. Visual inspection was first carried out to measure and filter suspected
MP based on their characteristics. All suspected MP particles were observed,
photographed, and marked under a camera-equipped trinocular microscope (B-350
Optika). MP size was measured using Moticplus 3.0 software, then MP size, shape, and
color were recorded. MP forms are categorized into fibres, fragments, films, and
granules. In addition, MP is categorized by size range: <100 um; 101-300 pm; 301-500
Mm; 501-1000 pm; and > 1000 uym (Cordova et al 2019).

MP identification. All tagged items were confirmed with a PerkinElmer Spectrum
Spotlight 400 micro-Fourier transshape infrared spectroscope (u-FT-IR; PerkinElmer Inc.,
U.S.A.) (Ding et al 2018). Attenuated total reflection mode (ATR) was used, and
germanium (Ge) crystals in the ATR imaging attachment were in direct contact with the
MP. Spectra were obtained from a spectral resolution of 8 cm~! and a spatial resolution of
6.25 pym (the highest spatial resolution was 1.56 pym), and the spectral range was defined
as from 4000 to 750 cm~! with 16 coscans for each measurement. Therefore, MP
diameters up to 6.25 ym can be identified in this study. The resulting spectra were
compared with the database from Saditler to confirm polymers, and spectra matching
higher than 70% was reliable and accepted as MP (Su et al 2020). Non-plastics are
removed from the MP count, and the MP count is recalculated.

AACL Bioflux, 2023, Volume 16, Issue 5. 2603
http://www.bioflux.com.ro/aacl



Quality control. To minimize contamination, MP extraction and observations in this
study followed procedures carried out by previous studies, such as using latex gloves,
laboratory clothing made of 100% cotton and using a clean and closed room (Falahudin
et al 2020; Mai et al 2018). In addition, all laboratory equipment (sample bottles, test
tubes, tweezers, and filters) is made of non-plastic materials (glass or stainless steel). All
laboratory equipment is sterilized before use; samples were kept covered when not
analyzed, and double distilled water was used during all processes (Cordova et al 2019;
Mai et al 2018). To control contamination from the air, especially from synthetic fiber
materials (Chen et al 2020; Dris et al 2016), a blank procedure was applied during
laboratory analysis (Falahudin et al 2020). The filter paper is then observed under a
microscope after completing all laboratory processes. From observing the procedure
blank, MP was not found on the filter paper, which means there was no contamination
during the laboratory process.

MP abundance calculation. MP abundance analysis in water was calculated using the
following formula (Masura et al 2015):

< |3

K = abundance of MP (particle L)
n = number of MP
v= sample volume (L)

Data analysis. Data on the number and type (shape) of MP are presented
descriptively in the form of tables and graphs. Differences in MP abundance in water
was determined using one way analysis of variance (ANOVA) and Duncan's follow-up
test. Analysis possible at the 0.05 significance level using SPSS v25.

Results and Discussion
Abundance of MP in water. MP abundance in Maninjau Lake water samples ranged

between 180 and 335 L particles, and the highest MP abundance occurred at
sampling location T2 (Figure 2).
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Figure 2. MP abundance in water (particle L'!) at different stations.

Based on Figure 2, the abundance of MP from T1 to T5 tends to decrease, except for T2.
Statistically, MP abundance at T2 was significantly different (p<0.05) from other
sampling locations (T1, T3, T4, T5) (Table 2). The abundance of MP in surface water at
T2 is caused by farmers cultivating tilapia with the biggest floating net cages (FNC)
system, namely 3,459 units, planting rice in paddy fields, and high residential activity.
This finding follows the opinion of Ding et al (2019), who reported in their study area
high MP abundance because most of the sampling locations were in densely populated
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areas and the communities had high activity. Su et al (2016) stated that the high MP
abundance in the lake water from their study area was caused by anthropogenic activities
around the lake which were thought to originate from domestic activities, such as
washing machine waste. In addition, the lake area under study also has other
anthropogenic activities that cause MP to appear in lake waters, such as agricultural and
commercial fishing activities. Wastewater originating from agricultural sources that do
not have proper processing is a source of lake water pollution.

Table 2
MP abundance in water at different stations of Maninjau Lake
Stations
MP abundance 1 > 3 y 5

Water (particle L")  287.504£109 332.50£3°¢ 227.50+3° 215.00+14¢ 177.50+3¢

Note: average + SD (n=3) with different superscript letters horizontally indicating significant differences
(p<0.05).

Location T1 has the second highest abundance of MP in surface water because at this
location there is a water outlet for Maninjau Lake, as well as turbines and sluice gates to
regulate lake water. The existence of FNC is limited to only 30 units, community activities
are focused on tourism, education, and housing. Since it was turned into a hydroelectric
power plant, the water outlet has always been regulated, so that the lake's waste is stuck
in this location. Several macroplastics such as drinking bottles, food wrappers, pieces of
fishing nets, and waste from tourism activities were found at this location. The slow
movement of water around T1 causes macroplastic motion to slow down and accumulate.
The slow motion of water in T4 causes macroplastic motion to slow down and
accumulate. Then plastic fragmentation occurs which causes more MP deposition
compared to T1, T2, T3, and T5 (Andrady 2011; Manalu et al 2017). Plastic particles with
a heavy density stick more easily to sediment grains than MP with a lighter density. The
difference in density is very important because it can affect the degree of degradation,
surface characteristics, and the shape of the MP particles. The specific density of plastic
particles varies greatly depending on the polymer and the manufacturing process
(Embulaba et al 2022). In general, intense human activities, disposal of plastic and
household waste, and activities related to fishing are the reasons behind the high MP in
lake water levels. Since there is wide variation in the lower and upper limit ranges, it is
better to express the results as the average concentration of MP abundance so that inter-
comparisons can be made among various studies worldwide (Malla-Pradhan et al 2023).

MP shapes in water. The MP shapes found is dominated by fragments with the order of
fragments with 835 particles L' (66%) > fibers with 215 particles L* (17%) > films with
155 particles L't (12.25%) > pellets with 60 particles L' (4.74%). The MP shapes of the
water in Maninjau Lake can be seen in Figure 3.
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Figure 3. MP shapes abundance in water (particle L) at different stations.
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Secondary MP dominates the forms of MP found in Maninjau Lake, presumably due to the
degradation of ultraviolet rays and physical abrasion which causes macro-sized plastics to
turn into micro and even nano-sized plastics. Secondary MP in films and fragments
comes from weathering of plastic packaging or plastic bags (Hasibuan et al 2020).
Fragments are plastics that have undergone degradation into secondary MP with strong
polymer properties, such as polypropylene, polyethylene, and polystyrene. These three
types of resin are commonly used in product storage containers, mineral water bottles
and caps, drinking glasses, pipes, and other plastic equipment (GESAMP 2019).
Fragments have the highest density compared to other types of MP. Most of the
fragments found in sediments are in the form of fibers (Hidalgo-Ruz et al 2012).

MP in the form of fragments predominates in water, presumably due to the high
activity of fish transporters and fish feed (Yin et al 2019; Ding et al 2019). In addition,
water hydrodynamic fluctuations trigger erratic current surges, photodegradation
reactions, and thermal degradation, contributing to an abundance of secondary MP
particles originating from larger primary plastic wastes (Cole et al 2011; Frias & Nash
2019). Most of the secondary MP that comes from larger MP fragmentation will still exist
as MP fragments. Several sampling stations in Maninjau Lake have become concentration
points for domestic plastic waste, such as food and beverage packaging. The current of
the lake is likely to have an impact on the plastic waste that is scattered at several
points.

This type of MP film has the characteristics of being shaped like a sheet or plastic
shards, generally used for the manufacture of plastic bags or plastic packaging
(Ambarsari & Anggiani 2022). Fiber pollution can come from laundry, domestic
wastewater, and other local human activities in lake waters. In addition, fishing gear and
airborne MP contribute to the accumulation of fiber-type MP. Fiber is a type of MP whose
sources are nylon, polyvinyl and polypropylene. Usually, nylon is used by the community
as a raw material for making clothes, carpets, and also rope (Claessens et al 2011).
Polyvinyl alcohol is usually used as a basic material for making fishing rods, while
polypropylene is often used for making carpets and ropes which are widely used on ships.

The film originates from the fragmentation of plastic bags and has a low density.
Film is a type of secondary MP whose source comes from the fragmentation process of
plastic packaging and plastic bags made of polyethylene polymers. Particle films also
come from fragile plastic shards (Ayuningtyas et al 2019). Microbeads (pellets), MP in
granular form, are a type of MP primer; MP primers are incorporated in micro-form in
beauty and hygiene products. MP microbeads usually come from the polymer types of
polyethylene, polystyrene, and polymethyl methyl acrylate (GESAMP 2019). MP in the
form of pellets is produced from raw materials left over from industrial activities,
toiletries, soap, and facial cleansers, while the foam is made from packaging and plastic
bags. The forms of fibers, fragments, pellets, and films show that the MP found in this
study are secondary MP formed through the photolysis process.

MP size in water. The results of the MP size in water of Maninjau Lake can be seen in

Figure 4.
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Figure 4. MP sizes abundance in water (particle L'!) at different stations.
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Based on Figure 4, the commonly found MP size is 101-300 ym with an abundance in
water of 620 particles L't (49%). The percentage of size abundance in water samples
<100 pm, 301-500 pm, 501-1000 pm, and >1000 pm was 21.34%, 18.97%, 5.12% and
5.53%. The size of 101-300 pm dominates in the water, and the 300 um (net) sampling
tool was used so that MPs smaller than 300 um could escape the net when taking water
samples (Suteja et al 2021).

MP size can be used as an indicator of the potential impact on organisms in
aquatic environments. Its smaller size allows it to be digested by organisms (Cordova &
Hernawan 2018). MP with a size of <100 pm cannot be seen directly with the eye so that
MP can easily enter the body and endanger human health (Sathish et al 2020). Smaller
particles can be ingested by living organisms up to 150 pym in size, migrate through the
intestinal wall into lymph nodes and other organs, releasing toxic chemicals that can
cause diseases, including cancer. MP can cause acute toxicity, chronic subtoxicity,
carcinogenicity, and genotoxicity (Yuan et al 2022). MP with sizes <1000 pm are
commonly found in the digestive tract of marine organisms. Marine organisms cannot
differentiate between food and MP (Cordova & Hernawan 2018). MP size <500 pm
require a long time to experience displacement, especially in waters that are not affected
by tides and waves, such as rivers and lakes.

The smaller size of MP approaching nanoplastic size increases the possibility of MP
being eaten by aquatic organisms, and its bioaccumulation potential increases with the
decrease in size (Wagner et al 2014). Small plastic flakes are also dangerous because
fish and birds can eat them. In addition, MP can act as a medium for chemicals such as
PCBs to transfer toxic chemicals at the trophic level (Victoria 2016), which can damage
biota's body tissues and are carcinogenic to humans. The smaller the size of the MP, the
higher its capacity to adsorb harmful chemicals because it has a larger surface area and a
short diffusion path. Smaller MP particles have the potential to lose their buoyancy and
sink in waters due to biofouling. Differences in the size of MP marine debris are strongly
related to wind direction and speed (Gonzalez-Hernandez et al 2020), the presence of
biofouling (Leiser et al 2020), and water hydrodynamic conditions such as currents,
waves, tides (Zhang 2017).

Color of MP in water. The results of the MP colors studied in the water of Maninjau
Lake can be seen in Figure 5.
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Figure 5. MP colors abundance in water (particle L'!) at different stations.

Based on Figure 5, the MP colors identified in this study varied from transparent, yellow,
blue, and black. Color data found in all water samples at all sampling stations (T1, T2,
T3, T4, T5) are black (68.37%) > transparent (23.71%) > blue (5.53%) > yellow
(2.37%). The black MP comes from black plastic shards. Black plastic is widely used in
various sectors, such as food packaging, cookware, trays, toys, household electronics and
auto components. Due to lower recycling rates, greater amounts of black plastic are likely
to end up as waste in the environment, which can be a source of black MP. The black
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color indicates that the MP comes from a type of polystyrene (PS) or polypropylene (PP)
with a chemical content of polycyclic aromatic hydrocarbons (PAHs). Black MP has a
relatively high pollutant absorption capability and can affect the texture of MP (Lie et al
2018). MP can be clear in color if plastic shards have been exposed to sunlight for a long
time, so MP can change color (Laksono et al 2021).

MP that is light in color tends to be more easily consumed by zooplankton
(Botterell et al 2019), but MP in sediments has the potential to be consumed by deposit
feeders and filter feeders without considering MP color. Several deposit feeders and filter
feeders that are known to be exposed to MP contamination include Arenicola marina,
Orchestia gammarellus, and Mytilus edulis (Wegner et al 2012). In general, fiber types
are dominated by blue, film types are dominated by black and blue, and fragment types
are dominated by transparent colors. The existence of color differences in each type of
MP is thought to be influenced by the MP source. Therefore, information about MP color
and the characteristics of each MP type can be used to trace the main source of MP
presence in the environment.

Several types of MP colors appear because they are influenced by environmental
and climatic conditions. Judging from the influence of garbage and waste on the
environment, it does not only consist of one color. Continuous exposure to sunlight or
ultraviolet rays can affect the color in the MP particles found. The MP color
photodegradation index can be used as a determinant of how long MP is in the water,
because the longer the plastic stays in the water, the more color degradation will occur
(Sianturi et al 2021).

Chemical characterization of MP. The determination of the chemical composition of
MP pollution is a reference (Zhang et al 2020). FTIR can help identify the chemical
composition of MP which may be able to trace possible sources of MP in fresh water
(Ballent et al 2016). The FTIR spectrum of the water samples at the stations (T1, T2, T5)
can be seen in Figure 6.
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Figure 6. FTIR spectrum in water: (a) yellow fiber in T1; (b) blue fiber in T2; (c) black fiber in T5.

Figure 6 shows in the water samples a polyamide polymer, where: (a) the presence of
polyamide in the T1 water sample was identified by the emergence of absorption at wave
number 3275.08 cm!, indicating N-H stretch bonds, that have a wave number range of
3360-3310 cm. Furthermore, wave number 2921.32 cm shows C-H stretch bonds, C-H
stretch bonds which have a range of 3000-2850 cm!, C=0 stretch bonds have wave
numbers of 1630.78 cm™ (1680-1630 cm™), and the wave number 1016.48 cm™! shows a
stretching C-N bond. The existence of C-N stretch bonds is in amide compounds with a
wave number range of 1030-1018 cm?; (b) the presence of polyamide in the T2 water
sample was identified by the emergence of absorption at wave number 3270.11 cm™,
indicating N-H stretch bonds, having a wave number range of 3360-3310 cm.
Furthermore, at wave number 2933.82, it shows C-H stretch bonds, which have a range
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(3000-2880 cm), C=0 stretch bonds at wave number 1627.08 cm™ (1680-1630 cm™?),
with the area of the fingerprint found at wave number 1017.89 cm™, which shows the
absorption of the C-N bond; and (c) the presence of polyamide in the T5 water sample
was identified by the emergence of absorption at wave number 3270.92 cm! indicating
N-H stretch bonds, having a wave number range of 3360-3310 cm™!. Furthermore, wave
number 2926.82 cm™! shows C-H stretch bonds, C-H stretch bonds that have a range of
3000-2880 cm™, C=0 stretch bonds have wave number of 1632.95 cm™ (1680-1630 cm-
1), and wave number 1057.40 cm™ shows a stretching C-N bond. C-N stretch bonds exist
in amide compounds with a wave number range of 1090-1020 cm™.

Polyamide detected in water originates from fishing activities (Deswati et al 2023).
The impact of wusing PA polymer (polyamide) is respiratory irritation, skin
corrosion/irritation, eye irritation, and organ damage (Rodrigues et al 2019).
Furthermore, the FTIR spectrum of water samples at station T4 can be seen in Figure 7.
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Figure 7. FTIR spectrum of black fragments of T4 water.
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Figure 8. FTIR spectrum of transparent fiber of T3 water.

Based on Figure 8, the water sample shows that the sample measured is a polypropylene
polymer: (a) the presence of polypropylene in the T4 water sample is indicated by the
appearance of absorption at wave number 2924.84 cm™ which shows C-H strain bonds,
which has a range of 3000-2840 cm™. Wave number 1431.91 cm™ indicates C-C
stretching with a range of 1465-1365 cm™'. The wave number of 1003.62 cm™ indicates a
CHs bond oscillation which has a range of 1000-900 cm™. Polypropylene (PP) is
commonly found in bottle caps, straws, yogurt containers, household appliances (Manalu
et al 2017), beverage packaging, food packaging, and medicine packaging (Proshad et al
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2017). This polymer has potential hazards in the form of changes in cell structure in
living organisms (Manalu et al 2017).

The presence of polyester in the T3 water sample was identified by the
appearance of absorption at wave number 2966.83 cm™! indicating C-H strain bonds. At
wave number 1713.78 cm™!, C=0 stretch bonds can be seen which have a range of 1725-
1705 cm™. Wave numbers 1246.86 cm™ and 1095.12 cm™ indicate C-O stretch aromatic
bonds. C-O strain bonds have a range of 1310-1020 cm. Polyester is usually found in
clothing materials and cosmetic products that produce MP in the form of fibers.

Several studies have shown that in aquatic environments, plastics with the
polymer types of polyethylene (PE), polypropylene (PP), and polystyrene (PS) absorb
toxic organic compounds that are larger than polyvinyl chloride (PVC), and polyethylene
terephthalate (PET). Hazardous chemical compounds such as polycyclic aromatic
hydrocarbons (PAHs) are absorbed in greater concentrations in polyethylene (PE) and
polystyrene (PS) polymers when compared to polypropylene (PP). Polyethylene (PE) is
known to have the highest absorption capacity for chemical compounds because it has a
larger surface area when compared to other polymers. Polystyrene (PS) contains benzene
which can shorten the diffusion path so that chemicals are more easily absorbed into the
polymer and are composed of styrene monomers which are toxic (Rochman 2015).

Conclusions. It can be concluded that the abundance of MP in water samples ranged
between 180 and 335 L! particles. The most dominant form of MP in water and sediment
is fragmented. Overall, the size of MP in water is dominated by sizes 101-300 pm (49%).
The predominant color of MP in water is black. Based on the identification of the types of
MP polymers with the FTIR test, it is suspected that the types of polymers that make up
the MP detected are PA (polyamide), PP (Polypropylene), and PES (polyester).
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