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ABSTRACT

Microplastics are small particles resulting from plastic degradation, typically ranging from 0.001 mm to less than
5 mm in size. This study aimed to determine the visual and polymer or chemical characteristics of microplastics
found in barnacles Amphibalanus ampbhitrite collected from the waters surrounding the Suroboyo Bridge, as well
as to evaluate their potential as a bioindicator species for microplastic pollution. A quantitative descriptive
approach was applied, including visual identification of microplastics using a stereo microscope and chemical
characterization using Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR). Barnacle samples
were categorized into two size groups, namely small and large, to examine the relationship between barnacle size
and microplastic characteristics. The average shell size of the large group was 2.88 cm, while the small group
averaged 1.24 cm. The results showed that the average abundance of microplastics in the soft tissues of large
barnacles was 61.93 particles per individual, while small barnacles contained 26.3 particles per individual. The
dominant visual characteristics of microplastics in both groups were fragment shapes, blue coloration, and
particle sizes ranging from 10 to 50 um. Polymer analysis identified polypropylene and nylon as the main polymer
types. Furthermore, this study highlights a clear relationship between barnacle size and microplastic
accumulation, where larger individuals tend to accumulate higher quantities of microplastics. However, the size
distribution of microplastics, ranging from 10 to 50 um, was relatively consistent across both barnacle size groups,
indicating that particle size is not strongly influenced by barnacle size but rather by environmental availability.
These findings support the potential of Amphibalanus amphitrite as a bioindicator species for microplastic
pollution due to its sessile nature and filter-feeding mechanism, which enable the accumulation of microplastics
over time.
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Introduction less than 5 mm in size and are classified into primary

) . and secondary types based on their origin [5-7].
Plastic has become one of the most widely used

materials since the 1950s, particularly for packaging
purposes. The increasing demand for plastic has led to
a significant rise in global plastic production [1,2]. Due
to its durability and resistance to degradation, plastic
waste persists in the environment and accumulates
along coastlines, on the water surface, within the
water column, and in marine sediments [3]. Over time,
plastic debris undergoes fragmentation into smaller
particles, known as microplastics [4]. Microplastics are
defined as plastic particles ranging from 0.001 mm to

Microplastics are widely distributed in marine
environments, including coastal areas, open oceans,
deep-sea sediments, and even remote islands [8—10].
Rivers act as major transport pathways, carrying
microplastics from terrestrial sources to coastal
waters. In addition, intensive human activities in
coastal regions significantly increase the input of
microplastics into marine ecosystems [11]. One area
with high potential for microplastic contamination is
the waters surrounding the Suroboyo Bridge. This
area is influenced by various anthropogenic activities,
including domestic discharge, coastal tourism, and
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industrial waste inputs, which contribute to the
accumulation of plastic debris and its subsequent
fragmentation into microplastics [12,13]. Therefore,
this location represents a relevant site for assessing
microplastic contamination and its potential impacts
on marine organisms. The presence of microplasticsin
marine environments poses potential risks to aquatic
biota [14]. Microplastics can be ingested and
accumulated by various organisms, including
crustaceans, mollusks, echinoderms, and other
macrobenthic groups [2]. Among these, barnacles
(Amphibalanus amphitrite) are considered particularly
suitable for microplastic studies due to their sessile
lifestyle, filter-feeding mechanism, and ability to
accumulate particles from the surrounding
environment. As sessile organisms permanently
attached to hard substrates, barnacles can reflect site-
specific environmental conditions over extended
periods. In addition, their feeding strategy increases
the likelihood of microplastic uptake, making them
effective organisms for both bioindicator and
biomonitoring purposes [15,16].

Previous studies have shown that barnacles tend to
accumulate higher amounts of microplastics
compared to other coexisting organisms such as
gastropods, crabs, and bivalves [18]. This further
supports their suitability as model organisms for
assessing microplastic pollution. However, studies
focusing on both the physical characteristics and
polymer composition of microplastics in barnacles
remain limited, particularly in relation to their
accumulation patterns across different size classes.
Therefore, this study aims to analyze the visual
characteristics and polymer types of microplastics in
A. amphitrite collected from the waters around the
Suroboyo Bridge, as well as to evaluate their potential
as bioindicator organisms. In addition, barnacles were
classified into different size groups to examine the
relationship between organism size, microplastic
accumulation, and polymer characteristics, providing
a more comprehensive understanding of microplastic
exposure and its ecological implications.

Methodology

Time and Place

This research was conducted from January 2025 to
July 2025. Barnacle (A. amphitrite) samples were
collected in the waters around the Suroboyo Bridge
using a handsorting sampling mechanism. Barnacle
sample preparation and visual observations of

Journal of Marine-Earth Science Technology, Volume 6 Issue 2 ISSN: 2774-5449

microplastic characteristics were conducted in the
Ecology Laboratory, Department of Biology, Faculty of
Science and Data Analytics, Sepuluh Nopember
Institute of Technology, Surabaya. Microplastic
chemical analysis was conducted in the Industrial
Biotechnology Laboratory, Department of Industrial
Chemical Engineering, Faculty of Vocational Studies,
Sepuluh Nopember Institute of Technology, Surabaya.
The following is a map of the sampling area.

Tools and Materials

The tools used in this research were a cool box, beaker
glass, Buchner funnel, digital caliper, digital balance,
oven, petri dish, pipette, measuring cylinder, stereo
microscope, Optilab, Fourier transform infrared
(FTIR), SPSS software, Optilab Viewer 2.2 software,
Image Raster 3 software, Microsoft Excel 365
software, and Tableau Public 2025.2 software. The
materials used were barnacles (A. amphitrite),
aluminum foil, Whatman filter paper number 42 with
a pore size of 2.5um, 30% H,0; solution, and distilled
water.

Work Procedure

Barnacle samples were collected in the waters around
the Suroboyo Bridge. Barnacle samples were collected
by hand sorting and using a putty knife. The samples
were then placed in ziplock bags. The ziplock bags
were then labeled with the sampling location and date
of collection. The samples were stored in a cool box
for temporary storage, before being transported to
the laboratory.

Morphometric measurements were taken, including
the diameter, height, and weight of the barnacle's soft
body using digital calipers and an analytical balance.
Sample preparation was then carried out by
separating the tissue from the shell, followed by tissue
digestion with 30% H,0,, and oven drying at 60°C. The
dissolved samples were filtered using Whatman paper
number 42.

Visual character analysis of microplastics was
performed using a 4.5X stereo microscope connected
to an optilab to identify shape, color, and size, and
calculate microplastic abundance using the formula:

K=Ni/N
where K represents microplastic abundance, Ni

represents the number of microplastics, and N
represents sample weight.

Polymer character analysis was then performed using
ATR-FTIR to identify the type of plastic polymer based
on its infrared absorption spectrum.
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Microplastic abundance data was analyzed
descriptively and quantitatively. Statistical analysis
was performed using SPSS software.

Result and Discussion

Abundance of Microplastics in Barnacles

The results of the calculation of the total abundance
of microplastics in the soft body of barnacles are
divided into two categories of samples, namely small
group barnacles (A. amphitrite) and large groups
where each sample contains 30 individual barnacles.
The abundance of microplastics of these 30 individual
barnacles and the average abundance of microplastics
in each individual found in each sample category can
be seen in table 1.

Table 1 Table of Microplastic Abundance in Barnacles
(A. amphitrite)

Teritip (A.

amphitrite)

Small Big
Total abundance microplastics

1. 7
on 30 individual (partikel) 858 89
icroplastcs (paridel 6193+ | 2631
MHErop P 42.88 | 21.11
individual)
The table above shows the abundance of

microplastics in 30 individuals for each sample
category that the abundance of microplastics in large
group barnacles (A. amphitrite) is 1,858 with the
average abundance of microplastics per individual of
61.93 * 42.88. Meanwhile, the abundance of
microplastics in small group barnacles (A. amphitrite)
was 789 with the average abundance of microplastics
per individual 26.3 + 21.11.

The abundance of microplastics in barnacles is
affected by the level of water pollution, especially in
coastal areas with high human activity. As a filter
feeder, Amphibalanus amphitrite is more susceptible
to microplastic accumulation because it Afilters
seawater continuously using cirri. Microplastics that
resemble natural foods can be ingested and settle in
the digestive tract because they cannot be digested.
The sessile nature of barnacles increases the chances
of accumulation over time of stay in contaminated
locations [3].

This study found that A. amphitrite from around the
Suroboyo Bridge contained microplastics, with an
average of 61.93 particles/individual in the large
group and 26.3 in the small group. The dominant
microplastics are fragments of 10-50 um, blue in
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color, and composed of polypropylene and nylon
polymers. The differences in polymer types with other
studies are due to variations in waste sources and
anthropogenic  activity. The accumulation of
microplastics correlates with barnacle populations
due to the feeding mechanism of filter feeders. The
presence of barnacles reflects the level of microplastic
pollution in the coastal environment exposed to
human activities [19].

Character Visual

From the observations that have been made, the
visual character of microplastics is obtained starting
from the shape of microplastics, the color of
microplastics and the size of microplastics as follows:

Microplastic Shape

The results of observations show that there are two
forms of microplastics found in barnacles, namely
fragment and fiber form. Fragment-type microplastics
have thick physical characteristics, have irregular
shapes, and sharp edges and have a smooth single end
[20]. Fiber microplastics have the characteristics of a
thin, long, and synthetic fiber-like shape. This type of
microplastics comes from the degradation of
fishermen's fishing gear waste such as fishing gear and
nets [21]. The abundance of each form in each species
can be seen in figure 1.

Microplastic Shape
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Figure 1. Diagram of the total abundance of
microplastics based on their shape in the Suroboyo
Bridge barnacle species.
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Figure 2. Diagram of the total abundance of microplastics based on their color in the Suroboyo Bridge barnacle
species.

Based on the results of observation and calculation of
microplastic forms in the two categories of barnacle
samples above, the most dominant forms of
microplastics were found in each of the 30 individuals
barnacles (A. amphitrite) large groups and small group
barnacles (A. amphitrite) were fragments with a
percentage of 69% (1,714 particles) and 31% (759
particles) respectively. Then the next form found is
fiber with consecutive percentages in large group
barnacles (A. amphitrite) and small group barnacles
(A. amphitrite) are fiber with a percentage of 81% (138
particles) and 19% (32 particles) respectively. The
research located at the Suramadu Bridge showed
similar results to this study, namely fragments, fibers,
and pellets were found in barnacle-type microplastics
(A. amphitrite) with the most dominant forms found
were fragments and fibers with a percentage of 67%
and 30% [19]. Microplastics fragments and fibers are
also the most dominant forms of microplastics found
in barnacles in Hong Kong waters with percentages of
3.4% and 95.7% [18]. Microplastics of fragments and
fibers are most commonly found in barnacles because
fragments have dense textured characteristics and
can also come from the fragmentation of plastic
packaging, such as beverage bottles, plastic bags, and
PVC pipes. The small fragment form is easier to enter
the body of crustacean group species because it is
about the same size as organic particles or other

Journal of Marine-Earth Science Technology, Volume 6 Issue 2 ISSN: 2774-5449

microorganisms that are food in the crustacean group
that are about 1-40 um in size, such as plankton
[22,23]. Meanwhile, the type of fiber has the
characteristics of length and color found in the sea, it
can also come from household waste, including
synthetic fabrics, fishing boat waste, fishing gear such
as nets and fishing gear [19]. The dominant forms of
microplastic particles found are fragments and fibers
that come from secondary sources, such as plastic
waste that degrades in the marine environment [24].

Microplastic Color

Visual observations of microplastics identified based
on their physical characteristics are color. Microplastic
color observation was carried out using optilab viewer
2.2. The abundance of each color in each species can
be seen in figure 2.

Based on the results of observation and calculation of
microplastic color in both categories of barnacle
samples, the dominant microplastic color was found
in each of the 30 individuals (A. amphitrite) large
group and (A. amphitrite) small group was blue with
percentages of 55% (434 particles) and 69% (1,284
particles) respectively. Then the next dominant color
is brown with consecutive percentages in the large
group barnacle (A.amphitrite) and small group
barnacles (A.amphitrite) are 18% (335 particles) and
23% (178 particles). The study located at the
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Suramadu Bridge showed similar results to this study,
namely the dominant color of the microplastics found
in the barnacles was blue with a percentage of 78%
and brown with a percentage of 14% [19].

The color of microplastics can help identify the source
of waste and distinguish it from non-plastic particles.
Conspicuous colored microplastics are easier to
recognize. Exposure to sunlight triggers oxidation that
causes discoloration over time. Microplastics with
sharp colors show no significant discoloration due to
oxidation [1]. Blue microplastics are the most
dominant color found in barnacles, which can come
from domestic wastewater waste, such as washing
water from residential areas and wastewater
management plants [19]. Microplastics with dark
colors tend to have the ability to absorb higher
pollutants such as PAHs and PCBs, and can also come
from PS and PP plastics. Grey or clear microplastics
indicate the length of time required in the process of
photodegradation by UV rays, this color is generally
derived from PE and PP plastics. The yellow color
indicates the length of time microplastics have been in
the water and are oxidized [25]. Microplastics with
green and red colors are suspected to come from
packaging bags, detergents, and soaps used by the
public. Microplastics with a purple color can come
from various sources of plastics that undergo
environmental degradation and fragmentation.
Purple color is usually obtained from types of plastics
such as PS and PP [2].

Microplastic Size

Based on the observation results, in the Figure there
are 4 categories of microplastic size found in barnacles
(A. amphitrite), namely the 0-10 um category, the 10-
50 um category, the 50-100 um category, and the
>100 um category [19]. The different types of
microplastic sizes are due to the time of
fragmentation in the waters, the longer the
fragmentation process, the smaller the size of the
microplastics. UV radiation and strong ocean waves
are some of the factors that can affect the size of
microplastics through the fragmentation process [26].
The abundance of each size in each species can be
seen in figure 3.

Based on the results of observation and calculation of
microplastic size in the two categories of barnacles (A.
amphitrite) samples above, the most dominant
microplastic sizes were found in each of the 30
individuals barnacles (A. amphitrite) large groups and
small groups barnacles (A. amphitrite) were 10-50 um
with percentages of 75% (1,389 particles) and 69%
(543 particles) respectively.

Journal of Marine-Earth Science Technology, Volume 6 Issue 2 ISSN: 2774-5449

Microplastic Size
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Figure 3. Diagram of the total abundance of
microplastics based on their size in Suroboyo Bridge
barnacle species.

Furthermore, the most commonly found sizes were
50-100 um with the percentages of large group
barnacles (A. amphitrite) and small group barnacles
(A. amphitrite) being 15% (274 particles) and 22% (174
particles).

The size range of microplastics is significant because it
determines their potential impact on biota and
ecosystems. Microplastics that are below 40 pm in
size will have the same size range as most
microplankton and nanoplankton and have a greater
potential to be digested by various organisms. In
general, the size limits of microplastics can be
optionally defined by their sampling and analysis
methods [27].

Polymer Characteristics of Microplastics

Attenuated Total Reflectance—Fourier Transform
Infrared (ATR-FTIR) is a widely used spectroscopic
method for the detection and identification of
microplastic particles, particularly for small particle
sizes down to 10 um, providing high resolution and
reliable analytical results [28]. In this study,
microplastics isolated from the soft tissues of
barnacles Amphibalanus amphitrite were first
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characterized based on their physical properties,
including shape, color, and size, as described in the
previous section. Subsequently, chemical
characterization was performed on representative
particles selected from the dominant shape and size
categories identified in both small and large barnacle
groups to ensure consistency in comparative analysis.
The FTIR spectral analysis identified two dominant
polymer types, namely polypropylene and nylon, in all
barnacle samples. These results are consistent with
the visual characteristics observed, where fragment-
shaped microplastics with sizes ranging from 10 to 50
um were predominant across both size groups. The
consistent detection of similar polymer types and
particle size ranges in both small and large barnacles
indicates that microplastic characteristics are largely
influenced by environmental availability rather than
barnacle size. However, in line with the findings
presented in the abstract, larger barnacles exhibited a
higher abundance of microplastics compared to
smaller individuals, suggesting that accumulation is
more strongly related to organism size and exposure
duration rather than differences in microplastic type
or size. Overall, these findings reinforce the role of
Amphibalanus amphitrite as a potential bioindicator
species, as it not only accumulates microplastics in
significant quantities but also reflects the dominant
polymer composition present in the surrounding
environment.
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Figure 4. Infrared spectrum FTIR test results on fiber-
shaped microplastics on barnacles.

The results of the chemical analysis of microplastics
using the FTIR method were translated as the
spectrum waves to determine the type of microplastic
polymer. The picture above is the result of the analysis
of microplastics in the form of fibers on barnacles (A.
amphitrite) whose polymer is nylon. Nylon polymers
have chemical compounds (functional groups) O-H
and C=C. Nylon polymers can be used for fishing nets
and lines [31]. To indicate the presence of nylon
polymers , it is with a waverange of 3400-3200 cm™
for N-H and 1680-1620 cm™ for C=C. Fiber
microplastics are thought to come from nylon
polymers due to the degradation of cigarette filters,
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synthetic fibers and fishing nets belonging to
fishermen in an area [29].
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Figure 5. The infrared spectrum of FTIR test results
on microplastics in the form of fragments in
barnacles.

The results of the chemical analysis of microplastics
using the FTIR method were translated as the
spectrum waves to determine the type of microplastic
polymer. The image above is the result of the analysis
of fragment-shaped microplastics on barnacles (A.
amphitrite) whose polymer is Polypropylene (PP).
Polypropylene (PP) is a type of microplastic found in all
parts of the Asian continent. This polymer is shown by
the presence of peak absorption of the CHs rocking,
CHs bending, C-H stretching and C-C stretching
function groups [30]. The wavelength range of 1105-
1107 cm™ indicates the presence of a strain between
the C-C or C-H bonds that are part of the PP structure
[31]. This type of polymer is usually in the form of
fragments, films, fibers, pellets, or foam in
environmental samples. Polypropylene (PP) has rigid
properties, is strong, lightweight, resistant to grease,
and is stable at high temperatures, so it is commonly
used for food packaging, household appliances, and
automotive components [32].

Bioindicators of Microplastics in Barnacles

The results of this study indicate that Amphibalanus
amphitrite has strong potential as a bioindicator of
microplastic pollution in the waters surrounding the
Suroboyo Bridge. This potential is supported by its
biological characteristics, including a sessile lifestyle,
filter-feeding mechanism, and ability to accumulate
particles from the surrounding aquatic environment.
As a sessile organism attached to hard substrates in
coastal areas, barnacles are able to reflect
environmental conditions over extended periods.
Furthermore, their filter-feeding behavior enables the
uptake of suspended particles, allowing microplastics
to enter and accumulate in their bodies [19]. The
findings also demonstrate an increase in microplastic
accumulation with increasing body size of A.
amphitrite. The larger group exhibited an average
abundance of 61.93142.88 particles per individual,
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while the smaller group showed 26.31£21.11 particles
per individual. This pattern suggests that microplastic
accumulation is more closely related to organism size
and exposure duration rather than variations in
microplastic  characteristics.  Consequently, A.
amphitrite can effectively reflect long-term exposure
to microplastic pollution in its habitat [33]. Chemical
analysis using the ATR-FTIR method identified two
dominant polymer types, namely polypropylene in
fragment form and nylon in fiber form, which are
commonly associated with domestic and industrial
waste in coastal areas of Surabaya. Polypropylene,
with a density of 0.91-0.94 g/cm3, tends to remain
suspended in the water column, increasing its
availability to filter-feeding organisms. Although nylon
has a higher density of 1.13-1.15 g/cm3, smaller
particles may still remain in suspension due to
hydrodynamic processes, allowing them to be
ingested by barnacles [34]. In addition to their role as
bioindicators, the accumulation of microplastics may
also influence the physiological condition and
resilience of barnacles. The presence of microplastic
particles in soft tissues can potentially interfere with
filtration processes and reduce feeding efficiency,
which may lead to physiological stress. Over time,
these effects could impact growth, reproductive
performance, and the ability of barnacles to withstand
environmental pressures. Compared to other
crustaceans such as shrimp and crabs, which are
motile, A. amphitrite provides a more reliable
representation of local environmental conditions. The
mobility of shrimp and crabs introduces variability in
habitat exposure, making it more difficult to interpret
spatial patterns of microplastic contamination. In
contrast, the sessile nature of barnacles allows for a
more accurate assessment of site-specific microplastic
pollution [35].

Conclusion

This study shows that the average abundance of
microplastics in the soft tissues of Amphibalanus
amphitrite is higher in larger individuals, with
61.93+42.88 particles per individual, compared to
26.3121.11 particles per individual in smaller
individuals. The dominant physical characteristics of
microplastics in both groups include fragment shapes,
blue coloration, and particle sizes ranging from 10 to
50 um, while the identified polymer types consist of
polypropylene and nylon. These findings confirm that
A. amphitrite functions not only as a bioindicator,
reflecting the presence and characteristics of
microplastics in the environment, but also as a
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biomonitor, demonstrating the accumulation of
microplastics over time in relation to organism size
and exposure duration. The presence of microplastics
in barnacle tissues also suggests a potential pathway
for microplastics to enter the marine food web.
Furthermore, the accumulation of microplastics may
have negative biological implications, as it can
interfere with feeding processes and physiological
functions, potentially affecting growth, reproduction,
and overall organism resilience. Therefore, this study
highlights that microplastic contamination is not only
a matter of particle abundance but also a potential
ecological concern, as prolonged accumulation in
barnacles may influence their lifespan and contribute
to broader impacts on coastal ecosystem stability.

Acknowledgements

This research was financially supported by the Final
Project Assistance Grant (Bantuan Tugas Akhir
Mahasiswa) funded by Institut Teknologi Sepuluh
Nopember (ITS) under the 2025 ITS Internal Research
Grant Scheme. The author also expressed his
gratitude to the Department of Biology, Faculty of
Science and Data Analytics, Sepuluh Nopember
Institute of Technology. And thank you to the lecturers
for their guidance, criticism, and constructive
suggestions so that the author can complete this
research. The author also expressed his gratitude to
the Microplastics Research Team and the Ecology
Laboratory. Not forgetting all Biology colleagues of
the class of 2021.

References

[1] B. P. A. Pradiptaadi and F. Fallahian, Analysis of
Microplastic Abundance in Water and Sediment
in the Downstream Area of the Brantas
Watershed, Environmental Pollution Journal, 2(1)
(2022).

[2] A.Ridloetal., Microplastics at Different Sediment
Depths at Ayah Beach, Kebumen, Central Java,
Journal of Tropical Marine, 23(3), 325-332
(2020).

[3] S. W. Sandra and A. D. Radityaningrum, Study of
Microplastic Abundance in Aquatic Biota, Journal
of Environmental Sciences, 19(3), 638—648
(2021).

[4] M. Cole, P. Lindeque, C. Halsband, and T.
Galloway, Microplastics as Contaminants in the
Marine Environment: A Review, Marine Pollution
Bulletin, 62(12), 2588-2597 (2011).

Page | 74




R. Nurhaliza, et al., JMEST 2025;6

[5]

[6]

(7]

(8]

(9]

(10]

(11]

[12]

(13]

(14]

Journal of Marine-Earth Science Technology, Volume 6 Issue 2 ISSN: 2774-5449

DOI:
https://doi.org/10.1016/j.marpolbul.2011.09.02
5.

N. Tuhumury and A. Ritonga, Identification of the
Presence and Type of Microplastics in Blood
Mussels (Anadara granosa) in the Waters of
Tanjung Tiram, Ambon Bay, Triton: Journal of
Aquatic Resources Management, 16(1), 1-7
(2020).

P. Azizah, A. Ridlo, and C. A. Suryono,
Microplastics in Sediment at Kartini Beach, Jepara
Regency, Central Java, Journal of Marine
Research, 9(3), 326—332 (2020).

A. T. S. Haji et al.,, Analysis of Microplastic
Abundance in Surface Water in Sungai Metro,
Malang, Jurnal Sumberdaya Alam dan
Lingkungan, 8(2), 74-84 (2021).

A. Aulia et al., Literature Review: The Impact of
Microplastics on the Coastal Environment,
Marine Life and Potential Health Risks, Journal of
Indonesian Environmental Health, 22(3), 328-
341 (2023).

A. Supit, L. Tompodung, and S. Kumaat,
Microplastics as New Contaminants and Their
Toxic Effects on Health, Journal of Health, 13,
199-208 (2022).

T. N. Garza et al., Quantifying Microplastics in
Fjords along the Western Antarctic Peninsula,
Marine Pollution Bulletin, 193, 1-15 (2023).

Y. Wu et al., Vertical Distribution and River-Sea
Transport of Microplastics with Tidal Fluctuation
in a Subtropical Estuary, China, Science of the
Total Environment, 822, 153603 (2022). DOI:
https://doi.org/10.1016/j.scitotenv.2022.15360
3.

A. A. N. A. D. Putra and R. N. A. Setiawan,
Protection of the Marine Environment in Relation
to Ecology on the Coast of Kenjeran Surabaya,
Jurnal 7 Samudra, 2(1), 49-58 (2017).

A. Soegianto et al., Assessment of the Health Risks
Related with Metal Accumulation in Blue
Swimming Crab (Portunus pelagicus) Caught in
East Java Coastal Waters, Indonesia, Marine
Pollution Bulletin, 177, 113573 (2022). DOI:
https://doi.org/10.1016/j.marpolbul.2022.11357
3.

D. R. Permatasari and A. D. Radityaningrum,
Study of the Presence of Microplastics in Aquatic
Areas: Review, in National Seminar on Applied
Science and Technology VIII, 499-506 (2020).

[15]

(16]

(17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

N. S. Juniartini et al., Attachment of Barnacles
(Arthropods) to Several Types of Mangroves in
the TAHURA Ngurah Rai Area of Bali, Journal of
Marine Sciences, 6(3), 193—-199 (2019).

V. Vaezzadeh et al.,, Examination of Barnacles’
Potential to be Used as Bioindicators of Persistent
Organic Pollutants in Coastal Ecosystem: A
Malaysia Case Study, Chemosphere, 263, 128272
(2021). DOl:
https://doi.org/10.1016/j.chemosphere.2020.12
8272.

A. D. Mahatmawati, M. Efendy, and A. D.
Siswanto, Comparison of Average Sea Level
Fluctuations in the Waters of the North Coast of
East Java with the Waters of the South Coast of
East Java, Jurnal Marine: Indonesian Journal of
Marine Science and Technology, 2(1), 31-39
(2009).

X.Y. Xu et al., Barnacles as Potential Bioindicator
of Microplastic Pollution in Hong Kong, Marine
Pollution Bulletin, 154, 111081 (2020). DOI:
https://doi.org/10.1016/j.marpolbul.2020.11108
1.

M. S. Raufanda, A. Aunurohim, and R. E.
Prabowo, Barnacle Analysis as a Microplastic
Pollution Bioindicator on the East Coast of
Surabaya, Peer), 12, e17548 (2024). DOI:
https://doi.org/10.7717/peerj.17548.

N. Adila and Y. Windusari, Identification of
Microplastic Content in River Waters, Journal of
Primary Health, 9(2), 99-108 (2024).

G. Suripatty et al., Characteristics and Density of
Microplastics in the Sediment of the Liang Coast
of Bunaken Island, Journal of Coastal and Tropical
Seas, 11(3), 264-273 (2023).

E. Baroja, E. Christoforou, J. Lindstrom, and S.
Spatharis, Effects of Microplastics on Bivalves:
Are Experimental Settings Reflecting Conditions
in the Field, Marine Pollution Bulletin, 171,
112696 (2021). DOI:
https://doi.org/10.1016/j.marpolbul.2021.11269
6.

C. A. Burge et al.,, The Use of Filter-Feeders to
Manage Disease in a Changing World, Integrative
and Comparative Biology, 56(4), 573-587 (2016).
DOI: https://doi.org/10.1093/icb/icw048.

M. F. Murtadho et al., Identification of the
Abundance and Characteristics of Microplastics in
Kali Mas Water, Surabaya City, Environmental
Pollution Journal, 2(2) (2022).

Page | 75



https://doi.org/10.1016/j.marpolbul.2011.09.025
https://doi.org/10.1016/j.marpolbul.2011.09.025
https://doi.org/10.1016/j.scitotenv.2022.153603
https://doi.org/10.1016/j.scitotenv.2022.153603
https://doi.org/10.1016/j.marpolbul.2022.113573
https://doi.org/10.1016/j.marpolbul.2022.113573
https://doi.org/10.1016/j.chemosphere.2020.128272
https://doi.org/10.1016/j.chemosphere.2020.128272
https://doi.org/10.1016/j.marpolbul.2020.111081
https://doi.org/10.1016/j.marpolbul.2020.111081
https://doi.org/10.7717/peerj.17548
https://doi.org/10.1016/j.marpolbul.2021.112696
https://doi.org/10.1016/j.marpolbul.2021.112696

R. Nurhaliza, et al., JMEST 2025;6

[25]

[26]

(27]

(28]

[29]

(30]

Journal of Marine-Earth Science Technology, Volume 6 Issue 2 ISSN: 2774-5449

N. A. G. Pamungkas et al.,, Characteristics of
Microplastics in Sediments and Seawater at the
Mouth of the Wulan Demak River, Journal of
Tropical Oceanography, 25(3), 421-431 (2022).
S. A. Umayah and Y. Windusari, Identification of
Microplastics in Sediments in the Waters of the
Musi River in the Banyuasin Regency Area,
Journal of Health Sciences, 16(2), 276-285
(2024).

G.Y.Peng et al., Microplastics in Sediments of the
Changjiang  Estuary, China, Environmental
Pollution, 225, 283-290 (2017). DOI:
https://doi.org/10.1016/j.envpol.2017.03.022.
M. R. Jung et al., Validation of ATR FT-IR to
Identify Polymers of Plastic Marine Debris,
Including Those Ingested by Marine Organisms,
Marine Pollution Bulletin, 127, 704-716 (2018).
DOI:
https://doi.org/10.1016/j.marpolbul.2017.12.06
1.

N. V. Hidayati et al., Microplastic Contamination
in Goalkeeper Fish (Scatophagus argus) from
Segara Anakan Lagoon, Cilacap, Engineering,
16(3), 283-294 (2023).

T. Qodriati, I. Safitri, and M. S. J. Sofiana,
Abundance of Microplastics in Water of Sungai

(31]

(32]

(33]

(34]

(35]

Terus Desa Sungai Nibung West Kalimantan,
Jurnal lImiah PLATAX, 11(2), 564-576 (2023).

A. |. Pratiwi and U. Umroh, Analysis of
Microplastic Abundance in Fish Landed on Rebo
Beach, Bangka Regency, Jurnal Perikanan
Universitas Mataram, 13(3), 621—633 (2023).

B. A. E. P. Kusniati et al., Analysis of Microplastic
Concentrations and Characteristics in the Congot
Beach Tourism Area, Anchor Village, Kulon Progo
Regency, Journal of Engineering: Energy,
Manufacturing, and Materials, 9(1), 131-145
(2025).

A.J. Beermann et al., Effects of Seaweed Canopies
and Adult Barnacles on Barnacle Recruitment:
The Interplay of Positive and Negative Influences,
Journal of Experimental Marine Biology and
Ecology, 448, 162—-170 (2013).

A. J. Rudend and J. Hermana, Study on the
Burning of Polypropylene (PP) Plastic Waste
Using an Incinerator, Jurnal Teknik ITS, 9(2),
D124-D130 (2021).

F. Fajri, A. Thaib, and L. Handayani, Addition of
Calcium Minerals from Mangrove Crab Shells
(Scylla serrata) in Feed to the Growth and Survival
of Lobster (Macrobrachium rosenbergii), Depik,
8(3), 185-192 (2019).

Page | 76



https://doi.org/10.1016/j.envpol.2017.03.022
https://doi.org/10.1016/j.marpolbul.2017.12.061
https://doi.org/10.1016/j.marpolbul.2017.12.061

