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Abstract: Microplastics (MPs) have become an interesting topic of discussion
especially after many studies reported their presence in aquatic ecosystems.
Pollution by microplastic particles in aquatic systems is a critical issue the
world that has the potential to damage aquatic ecosystems. Therefore, this
study aims to identify the abundance and characteristics of MPs in water,
sediment and seagrass in tourist areas. Samples were obtained from three
location categories, first the port, second the hotel area and third the
residential area located in the Gili Trawangan tourist area, Lombok, Indonesia.
After optimization of extraction, characterization was carried out using a
stereo microscope to identify MPs. The results show that the average
abundance of MPs in the three location categories is, 13.25 + 17.21; 19.25 +
23.30; and 16.50 £ 18.52 particles/L at water, 22.00 £+ 30.84; 20.00 + 30.80; and
6.00 + 8.49 particles/kg dry weight (dry weight) sediment, and 17.50 + 15.69;
16.25 + 22.56; and 8.25 £ 8.46 particles/individual at seaweed. Then from this
abundance, the types of MPs were found in the form of fragments, fibers, films
and pellets, where the dominant colors are black, yellow, blue, red and green,
with the highest size <500 pm. From this study it is necessary to see the impact
of MPs on seaweed and the aquatic environment around Gili Trawangan.
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Introduction

Marine debris pollution (Tuahatu & Tuhumury,
2022) is a global issue as marine waste can easily be
transported by water currents from one location to
another. Marine pollution originate from various
sources (Adam et al., 2018, 2019, 2022), including ship
crossings in maritime transportation. Disposal of
household and plastic waste into the sea, wich poses a
significant global concern (Suriyanto et al., 2020). Plastic,
widely used and integrated into various aspects of daily
life, significantly contributes to oceans pollution
(Mardalisa et al., 2021). Plastic pollution in the oceans is
escalating worldwide, with approximately 300 million
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tons of plastic produced annually, and an estimated 150
million tons believed to have contaminated the seas.
Moreover, 1-2.5 million tons of plastic are estimated to
be dumped into the ocean each year (Tyllianakis &
Ferrini, 2021). Despite advanced waste disposal facilities
cannot provide an effective solution as the chemicals still
permeate the biosphere, impacting the surrounding
environment and, particularly, human survival
(Istirokhatun & Nugraha, 2019).

Plastic discarded into the sea gradually degrades
into small fragments known as microplastics (MPs).
Microplastics are synthetic polymer particles originating
from industrial production or the degradation of plastic
waste into small, non-degradable pieces (Faujiah &
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Wahyuni, 2022). MPs disperse rapidly in aquatic
habitats due to their bouyancy, small size, and high
surface to volume ratio, which allows MPs to move with
the wind and accumulate in water bodies (Mathalon &
Hill, 2014; Wright et al., 2013). The presence of MPs in
aquatic environments, including water, sediment, and
biota, has been widely reported by Supit et al. (2022).
Microplastics can be easily dispersed through water and
air, accumulate in water due to water currents, and end
up in the sea (Chamas et al.,, 2020). MPs in aquatic
environments generally originate from anthropogenic
activities in terrestrial environments (Boucher & Friot,
2017).

MPs are classified into two categories: primary MPs
and secondary MPs. Primary MPs encompass any
plastic fragments or particles measuring 5.0 mm or less
before entering the environment. This category includes
microfibers from clothing, microbeads, and plastic
pellets (nurdles) (Liu et al., 2022). Secondary MPs result
from the degradation or breakdown of larger plastic
products through natural weathering processes after
entering the environment. Common sources of
secondary MPs include water and soda bottles, fishing
nets, plastic bags, tea bags, and used tires. Both types of
MPs persist in the environment at high levels, especially
in aquatic and marine ecosystems, causing water
pollution (Dris et al., 2015).

MPs can negatively impact aquatic organisms
through various pathways: physical damage caused by
the presence of MPs; potential damage resulting from
the presence of additives in MPs; and potential damage
resulting from the presence of other pollutants absorbed
by MPs. The plankton-like appearance and size of MPs
make them easily consumable by aquatic organisms,
leading to high biological availability of MPs to these
organismes.

The presence of MPs in marine environments can
pose a threat to the survival of marine life. MPs are
potentially ingested by marine organisms within the
ecosystem, and they can also serve as carriers of harmful
contaminants, both inorganic and organic (Mardalisa et
al., 2021). The presence of MPs in marine environment
poses a threat to the survival of marine life, as they
pottentially ingested by marine organisms and can serve
as carries of harmful contaminants, both inorganis and
organis.

The rapidly growing tourim industry often
produces poorly managed waste, such as food waste and
plastic waste, which will pollute beaches and marine
waters (Indirawati, 2017). Ecotourism is a form of
sustainable tourism that focuses on managing nature to
promote understanding and conservation of the
environment and culture (Azizah et al., 2021). In the
context of ecotourism, natural resources should be
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viewed as significant assets with economic and
ecological value (Murdana, 2019). Recently, Gili
Trawangan has become a popular destination for
tourists from both within and outside the island of
Lombok. Gili Trawangan is one of the three Gilis
supporting the development of the marine tourism
sector in North Lombok Regency, with its vast area of
340 hectares. Gili Trawangan offers beautiful natural
scenery with rich marine life, making it suitable for
activities such as snorkeling, diving, swimming, and
canoeing. It is known for its green sea turtles. The area
has also seen the development of hotels, restaurants,
dive schools, and other facilities to support tourism.
Therefore, it is crucial to assess the impact of MPs on
seagrass and the aquatic environment around the Gili
Trawangan tourism area (Yulianto, 2007).

The research on microplastics (MPs) in ecotourism
activities is currently limited. This lack of research
highlights the necessity for conducting studies on
microplastics to provide information to readers about
the impacts of microplastics pollution in a water
environment. Based on this exposition, the current
research is undertaken with the aim to identify the
abundance and characteristics of microplastics in water,
sediment, and seagrass of the Ulva sp. type in tourist
areas.

Method

Environmental Characteristics and Sample Collection

Figure 1 illustrates the sampling locations in Gili
Trawangan, wich include the ferry port (site 1), the hotel
area (site 2), and the residential area (site 3). These
locations were chosen based on their potential
environmental impact due to various activities such as
ferry transportation, tourist visits, and local community
activities.

Sample Collection

Sampling techniques for water, sediment, and biota
involved collecting three replicates for each sample.
Water samples were taken from the ferry port area used
by both local and international tourists. Sediment and
biota samples were collected from the residential area.

Sample Extraction

Samples of water, sediment, and biota, once
collected, were transported to the laboratory for the
extraction of organic materials. The water, sediment, and
biota samples were directly transferred to glass beakers.
For sediment and biota samples, a drying process was
conducted, placing them in an oven for 72 hours at a
temperature of 70°C. After removal from the oven, each
sample received treatment by adding 10 ml of Fe(Il)
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solution and 10 ml of 30% H2O: into the glass beaker
containing water, sediment, or biota samples. The
mixture was allowed to stand at room temperature for 5
minutes, then heated using a hot plate at 75°C for 15
minutes or until the first bubbles appeared. It was then
cooled for 5 minutes and heated again for 30 minutes.
Subsequently, 20 ml of NaCl was added to the samples
and heated until dissolved. After cooling for 24 hours,
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the samples were filtered using a plankton net with a
mesh size of 0.3 pm containing Whatman size 2 paper
and sprayed with distilled water. For sediment and biota
samples that had undergone Wet Peroxide Oxidation
(WPO) (Zobkov et al., 2020), organic material extraction
was performed, and the samples were returned to the
process starting from the addition of Fe(Il) onwards.
Microscopic observations were then carried out.
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Figure 1. Map of sampling locations in Gili Trawangan, North Lombok: a) Ferry Port Area (site 1); b) Hotels Area (site 2); c)
Residential Area (site 3)

Microscopic Observation

Microscopic observations were conducted on the
final stage of the extraction and filtration procces. The
samples, after being extracted and filtered using
Whatman size 2 paper, were observed using an inverted
microscope to examine the diversity of shapes,
quantities, and colors of Microplastics (MPs).

FT-IR Analysis

Fourier Transform Infrared (FT-IR) analysis was
modified by Silviyah et al. (2014) and Sulistyani et al.
(2018), was performed using a BRUKER Alpha II version

8.2 instrument to identify the functional groups and
compounds present in the samples. Three common
sample measurement techniques were employed:
Transmission FT-IR, Attenuated Total Reflectance
(ATR), and Diffuse Reflectance Infrared Fourier
Transform (DRIFT). FT-IR was utilized to confirm
various types of synthetic polymers originating from the
breakdown of plastic waste resembling MPs. The
infrared spectrum ranged from 14.000 cm? to 107,
divided into three regions: near-infrared (14000-4000 cm-
1) sensitive to vibrational overtones, mid-infrared (4000-
400 cm1) associated with vibrational energy transitions
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providing information about functional groups in the
molecule, and far-infrared (400-10 cm™) for analyzing
molecules containing heavy atoms such as inorganic
compounds, requiring special techniques. The principle
of FTIR involves the interaction between energy and
matter (Pungut et al,, 2021). The gap in the sample
controls the amount of energy transmitted to the sample,
allowing infrared to enter, with some being absorbed by
the sample, and the rest transmitted through the sample
surface, allowing infrared light to pass through to the
detector. The measured signal is then sent to the
computer and recorded as peaks (Sari et al., 2018).

Water Quality Testing

Water samples were collected and tested for
ammonia, phosphate, nitrate, nitrite, Total Dissolved
Solids (TDS), and Dissolved Oxygen (DO) using the
Salifert Freshwater Test Kit.

Data Analysis
The tabulated data were processed using Microsoft
Excel 2013.

Result and Discussion

Abundance of MPs Results

The research findings regarding the abundance of
microplastics (MPs) are presented in the following Table
1. Based on the research conducted in the waters of Gili
Trawangan, the presence of microplastics (MPs) was
identified, with the highest average abundance found at
Site 3, reaching a value of 19.25 + 23.30 particles/L.
Meanwhile, the abundances at Site 1 and Site 2 were
13.25 £ 17.21 particles/L and 16.5 + 18.52 particles/L,
respectively, indicating the lowest abundance at Site 1.
When examining the abundance of microplastics in
sediment and biota, Site 1 also showed the highest
values, with 22 + 30.84 particles/kg dry weight for
sediment and 17.50 + 15.69 particles/individual for
biota. This may be attributed to the high human
activities at Site 1, influenced by ecotourism activities in
the area. Site 1 is also a ferry port area serving travel to
the Three Gili region and the Bangsal port in North
Lombok.

Table 1. Abundance MPs on Water, Sediment and Biota

Sample Abundance MPs

Site 1 Site 2 Site 3
Water (particle/L)
Mean + SD 13.25+17.21 16.50 +18.52 19.25 +23.30
Sediment (particle/kg dw)
Mean + SD 22.00 £30.84 20.00 +30.80 6.00 £8.49
Biota (particle/ind)
Mean + SD 17.50 + 15.69 8.25 £ 8.46 16.25 + 22.56
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The results showed that water, sediment and
seaweed samples taken in the Gili Trawangan
ecotourism area, North Lombok were contaminated
with MPs with several types of MPs found, namely
fragments, films, fibers and pellets. The type of MPs
pellets was found in the highest amount or dominated
in all three sites. The high number of pellet MPs particles
is known to come from tourism activities, so the number
of tourists is a source of pollution at the location
(Seprandita et al., 2022). Site 1, which is located in the
ferry port, causes input of plastic waste that is thought
to be carried by ocean currents or from tourists who
throw garbage. In addition, port activities can also affect
the accumulation of MPs from land to water
(Sulistyowati et al, 2022). In addition, hotel and
residential activities can also trigger the abundance of
these pellet-type MPs.

Fragment and film type MPs are one of the types of
MPs found with the second highest abundance after
pellets. The highest abundance of fragment and film
type MPs was at site 2 which is a hotel area. This type of
fragment MPs is the result of fragmentation of macro
waste (Andrady, 2011) such as beverage bottles,
fragments of jars, gallons and paper plastics. Fragment
type MPs have a low density so that they can float on the
surface of the water (Hidalgo-Ruz et al., 2012). Film-type
microplastics come from plastic bags and other food
packaging that has degraded (Claessens et al., 2011). The
abundance of fiber MPs has the lowest value among
other types of MPs. This type of fiber usually comes from
synthetic clothing thread, rope, and various forms of
fishing gear such as fishing nets (Alam & Rachmawati,
2020).

Microplastics Characteristics

MPs found in the Gili Trawangan ecotourism area
show the form of fragments, films, fibers and pellets
(Figures 2 and 3). The average number of MPs in the
form of fragments, films, fibers and pellets in surface
water samples at site 1 showed the results of 11.32 £ 0.57,
9.43 + 095, 7.69 = 0.50, and 73.58 £ 1.70 particles/L.
While at Site 2 it was 9.09 £ 1.00, 16.66 + 0.95, 7.57 + 0.95,
and 66.66 * 2.16 particles/L respectively, and at site 3 it
was 14.28 +1.50, 9.09 £ 1.25, 6.49 £ 0.50, and 70.12 + 1.91
particles/L. Based on these data, MPs in the form of
pellets is the MPs with the highest average.

Sediment samples obtained at site 1 showed that
the average number of MPs obtained were 6.81 + 2.50,
12.50 + 4.15, 3.40 + 1.30, and 77.27 + 24.77 particles/kg
dry weight. The average number of 10.00 + 2.94, 1.25
2.30, 6.25 = 2.00, and 82.50 + 22.60 particles/kg dry
weight were found at site 2 and 25.00 +0.57, 0+ 0,0+ 0
and 75.00 + 3.31 particles/kg dry weight were found at
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site 3. The results of these sediment samples found the
highest average in the form of pellets at all sites.
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Figure 2. Average of mircoplastics by location and shape: (a)
Water; (b) Sediment; (c) Seaweed
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Figure 3. Types of mircoplastics found. (a) Fragments; (b)
Film; (c) Fiber; (d) Pellets

Seaweed samples showed that the average number
of MPs in the form of fragments, films, fibers and pellets
were 12.85 + 0.95, 12.85 £ 1.25, 15.71 £ 0.95, and 58.57 +
2.21 particles/individual at site 1, respectively. At site 2,
the average number of MPs found was 33.33 + 2.50, 3.03
£ 0.50, 6.06 £ 0.57, and 57.57 + 1.25 particles/individual.
The average number of MPs obtained at site 3 was 7.69
+ 1.89, 461 = 095 10.76 + 0.95, and 76.92 + 4.50
particles/individual. The results of the seaweed biota
sample obtained the highest average is in the form of
pellets. With these results, it can be concluded that the
highest average number of MPs obtained at all sites is
MPs in the form of pellets.

Based on its shape, MPs identified in the Gili
Trawangan ecotourism area are in the form of
fragments, films, fibers and pellets, all types of MPs
found generally have dominant colors of black, yellow,
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blue, red and green, with the highest size < 500 pm.
Seprandita et al. (2022) explained that the black color of
MPs is thought to come from plastic bags commonly
used to carry consumer goods in daily life. The black
color generally indicates that the MPs are still pure and
have not undergone discoloration. The color difference
in MPs also indicates the length of time the MPs have
been photodegraded by UV light (Hiwari et al., 2019).
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Figure 4. Dominant color of microplastics: (a) Water; (b)
Sediment; (c) Seaweed

Types of Polymers

The observed MPs characteristics and calculations
were then analyzed using FT-IR to determine the
polymer type. MPs polymer types were taken from
surface water, sediment and seaweed samples in three
parts from three randomly selected locations (n = 9).
Each polymer type has a different wavelength
absorption. Polymers obtained from water samples were
Polystyrene (PS) polymers with wavelengths of 3919.37
and 3334.14 cm’. Polyethylene (PE) polymer with a
wavelength of 2229.00 cm™'. Low Density Polyethylene
(LDPE) polymer with wavelengths of 2166.81, 2092.86,
2092.86, 1993.06, and 1969.06 cm™. The wavelength for
Nylon polymer is 1633.86 cm™ as well as Cellulose
Acetate (CA) polymer at a wavelength of 583.80 cm.
Polyterafluoroethylene (PTFE) polymer with a
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wavelength of 558.01 cm™ and finally Polystyrene (PS)
polymer in the wavelength range of 523.49, 505.63,
474.63, 452.07, 429.78, 419.93, and 405.61 cm™. The type
of polymer found in the sediment sample is Polystyrene
(PS) with wavelengths of 3343.39, 1109.47, 665.70, 612.71,
578.99, 541.92, 510.72, 471.88, and 451.06 cm™. Low
Density  Polyethylene  (LDPE) polymer  with
wavelengths of 2162.94, 2086.95, 1998.03 and 1634.38 cm-
1. The MPs polymer results for biota, especially seaweed,
were in the wavelength range of 3327.40, 592.52, 531.06,
514.16, 479.20, 440.10, and 423.95 cm! for Polystyrene
(PS) polymer types. The wavelengths 2206.42, 2156.04,
2085.41, 2015.99, 1999.45, 1948.31, and 1638.30 cm! are
for Low Density Polyethylene (LDPE) polymer type.
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FT-IR Analysis

Test samples on FT-IR (Fourier Transform Infra
Red) are samples obtained from water, sediment and
biota representing the three sites in Gili Trawangan. The
three samples were then isolated MPs in each type of
sample. The sample results obtained in the form of water
that has been filtered for organic matter in each type of
sample. From these samples will be obtained data
analysis of each water, sediment and biota. FT-IR
analysis test results show water, sediment and biota
contain several plastic constituent polymers. The

following are the results of sample analysis using the FT-
IR method.

Figure 5. FT-IR spectrum results on Gili Trawangan MPs samples: (a) Spectrum on water; (b) Spectrum on sediment; (c)
Spectrum on biota

The results of the FT-IR wave number test obtained
in water, sediment and seaweed in the Gili Trawangan
ecotourism area showed that the types of plastic found
were Polystyrene (PS), Polyethylene (PE), and Low
Density Polyethylene (LDPE) except in the water
samples tested where polymers were found

Polyterafluoroethylene (PTFE), Nylon and Cellulose
Acetate (CA). According to Jung et al. (2018), Sugandi et
al. (2021), and Xu et al. (2019) MPs with film form are
included in the Polystyrene (PS) polymer type at wave
numbers 3919 cm! with hydroxyl groups (O-H), 3334.14
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cm! with amine groups (N-H), 523.49 - 405.61 cm™! with
alkane groups (C-H) in water samples.

At wave numbers 3343.39 cm! with amine groups
(N-H), 1109.47 cm? with nitrile functional groups
(C-N), bonds C-H (aromatic rings) with wave numbers
665.70-411.59 cm? found in sediment samples. And
finally at wave number 3327.40 cm! with amine groups
(N-H) and wave number 592.52-423.95 cm™! with alkane
group (C-H) in seaweed biota samples. In addition to
Polystyrene (PS) polymers, Polyterafluoroethylene
(PTFE), Nylon and Cellulose Acetate (CA) polymers
were also found in the water samples at each wave
number of 1633.86 cm™ and carbonyl groups (C=C),
(C=C), (C=0), or (C-0), 583.80 cm! with hydroxyl bonds
(O-H), and finally at wave number 558.01 cm! which is
a CF bond.

Table 2. FT-IR Functional Group Analysis on Gili
Trawangan MPs Sample

. Wave Number Functional
Site ) Polymers
(cm?) Groups
Water 3919.37 O-H PS
3334.14 N-H PS
2229.00 C=N PE
2166.81 C=C LDPE
2092.86 - 1969.06 c=0 LDPE
1633.86 c=0 Nylon
583.80 O-H CA
558.01 CF PTFE
523.49 - 405.61 C-H PS
Sediments 3343.39 N-H PS
2162.94 - 1998.03 C=C LDPE
1109.47 C-N PS
665.70 - 411.59 C-H PS
Biota 3327.40 N-H PS
2206.42 - 2085.41 Cc=C LDPE
2015.99 c-O LDPE
1999.45 - 1638.30 C=C LDPE
59252 - 423.95 C-H PS

Table 3. Water Quality Test Results
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According to Jung et al. (2018), Sugandi et al. (2021),
and Xu et al. (2019) MPs with fragment forms generally
belong to the Low Density Polyethylene (LDPE) and
Polyethylene (PE) polymer types. In water samples, Low
Density Polyethylene (LDPE) polymers were found at
2166.81 cm! with carbonyl groups (C=C), (C=C), (C=0),
or (C-O), 2092.86-1969.06 cm? with carbonyl groups
(C=Q), (C=C), (C=0), or (C-O). Waves 2162.94-1998.03
cm! with carbonyl groups (C=C), (C=C), (C=0), or (C-
O) in sediment samples and the last is at wave number
2206.42-2085.41 cm? with carbonyl groups (C=C),
(C=C), (C=0), or (C-O), 2015.99 cm'! with carbonyl
groups (C=C), (C=C), (C=0), or (C-O), and 1999.45-
1638.30 cm™ with carbonyl groups (C=C), (C=C), (C=0),
or (C-O) are in biota samples, especially seaweed.

Water Quality of Gili Trawangan

Water quality testing conducted at sites 1, 2 and 3
using a TDS meter and water quality testing kit showed
that the NH3s, POs, NOs, and NOz values obtained were
0.15; 0; 0; and O, respectively, at site 1, < 0.15; 0.03; 0; O at
site 2 and < 0.15; 0; 0; O at site 3 (Table 3). The results
obtained when measuring using the TDS meter at site 1
were high turbidity 543, site 2 838 and at site 3 840. This
shows that the water at site 3 may have more mineral
content in seawater than the other two sites. This is
evidenced by the theory that the higher the number
produced on the TDS meter is because it contains many
chemical compounds, which also results in high salinity
and electrical conductivity values (Rinawati et al., 2016).
The increase in the number of tourists visiting will also
contribute to an increase in waste generated. Failure to
manage this waste properly will lead to pollution of the
waters and a decline in water quality, which will have a
negative impact on human health and the ecosystem
(Harjayanti et al., 2023).

Ammonia (NHs) Phosphate (PO;)  Nitrate (NO;)  Nitrite (NOy) DO TDS Temperature (°C)
S1 0.15 0 0 0 4.00 543 30
S2 <0.15 0.03 0 0 5 838 29.8
S3 <0.15 0 0 0 5 840 29.8

Value set by the Ministry of Environment based on
Indonesian Government Regulation No. 22 of 2021
concerning the Implementation of Environmental
Protection and Management.

The water quality test results of Site 1, Site 2, and
Site 3 are shown in Table 3. All water quality meet the
set values for marine animals and aquaculture.
However, based on the measurement results, it is
relevant to note that the TDS value at site 3 is higher that
the other sites. Human activities such as pollution from

plastic and industrial and agricultural waste, can also
affect TDS in marine waters (Aliyan et al., 2024).
Futhermore, the dissolved oxygen value at site 1 is lower
than the set value. The high and low content of dissolved
oxygen in these waters is caused by the entry of organic
matter into the waters so that it requires a lot of
dissolved oxygen to decompose it (Patty, 2015). For the
measurement of ammonia, nitrate, nitrite, and
phosphate levels, all values are still below the specified
limits based on government regulations.
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Table 4. Value Set for Marine Animals and Aquaculture

Sampling

Temperature (°C) 28-32
TDS (ppm) <1000
DO (mg/L) >5
Ammonia NH3 (mg/L1) <03
Phosphate PO, (mg/L1) <0.015
Nitrate NO3 (mg/L1) <0.06
Nitrite NO; (mg/L-) <0.06
Conclusion

Based on the research results, microplastics (MPs)
were found in the ecotourism area of Gili Trawangan,
North Lombok, in surface water, sediment, and seagrass
samples. Pellets were the predominant form of MPs,
surpassing fragments, films, and fibers, which were
found in lesser quantities, demonstrating significant
differences among these forms. The identified polymer
types in the tested surface wter samples include
Polystyrene (PS), Low Density Polyethylene (LDPE), as
well as Nylon, Cellulose Acetate (CA), and
Polytetrafluoroethylene (PTFE) in the tested surface
water samples. These findings indicate that further
research is needed to explore the broader environmental
impact of microplastics on marine ecosystems. This
finding indicate the need for further research to explore
the broader environmental impact of microplastics on
marine ecosystems.
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