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ABSTRACT

The presence of microplastics in marine environments poses a major ecological risk, particularly along densely
populated coastal regions like the Sukolilo Baru Kenjeran Coast, Surabaya. The waste from sea catch processing
industries represents a significant yet underexplored source of contamination. This research aimed to identify the
abundance, characteristics, and polymer composition of microplastics in sea catch waste (shrimp, sea cucumber,
ball sea cucumber, fish, and shellfish) from the area. Waste samples were analyzed using a stereo microscope to
characterize morphology (type, color, and size). The polymer composition of four types (n = 4 waste samples of
shrimp waste, sea cucumber waste, fish waste, shellfish waste) of representative particles was identified using At-
tenuated Total Reflectance—Fourier Transform Infrared (ATR-FTIR) spectroscopy. Results indicated that all waste
samples were contaminated with microplastics, with the highest abundance observed in shrimp waste (45 par-
ticles). Fibers were the most dominant morphology, suggesting a source from secondary microplastics. Two color
distribution patterns were identified: shrimp and sea cucumber waste were dominated by black particles, whereas
other waste types were dominated by blue. FTIR analysis identified two distinct polymer profiles, with shellfish
waste exhibiting a unique chemical composition compared to other samples. These findings confirm that the waste
from sea catch processing serves as a direct pathway for microplastic entry into coastal aquatic environments.
Therefore, improved waste management strategies are required to mitigate the microplastic pollution originating
from the fisheries sector.
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INTRODUCTION

from domestic activities, industrial processes
(Xia et al., 2021), and inadequate waste manage-

The proliferation of plastic waste has become
a worldwide concern, affecting aquatic environ-
ments on a global scale. The total waste produc-
tion is estimated to reach between 4.8 and 12.7
million metric tons that have been discharged
into the global seas and oceans (Kurtela and
Antolovi¢, 2019). The presence of marine plastic
debris varies in abundance across surface, mid-
water, and seabed zones (Kurtela and Antolovié,
2019). Marine plastic waste primarily originates

ment systems (Goli et al., 2024).

Plastics can undergo degradation into smaller
particles, one of which is microplastics (Almola et
al., 2024). Microplastics are defined as plastic par-
ticles measuring less than 5 mm in size (Chamas
et al., 2020). They can be classified into primary
and secondary categories (Albazoni et al., 2024).
Primary microplastics are intentionally designed
and manufactured at sizes around 5 mm, common-
ly used as microbeads in consumer products, such
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as abrasive explosives, drug delivery systems,
fertilizers, and plastic coatings. Secondary micro-
plastics, on the other hand, are by-products of the
decomposition of larger polymer waste (Hirt and
Body-Malapel, 2020; Yee et al., 2021).

Every year, an estimated 9-14 million tons of
plastic enter the sea and are fragmented into micro-
plastics that spread from the surface to the ocean
floor (Zhao et al., 2025). These particles are found
in various marine organisms — from plankton, fish,
to marine mammals — which cause digestive disor-
ders, oxidative stress, and decreased reproductive
ability (Ziani et al., 2023). The entry of microplas-
tics into marine ecosystems poses a significant
threat to marine environments. The varying sizes,
shapes, and polymer types of microplastics across
aquatic regions have been shown to negatively af-
fect marine biota (Issac and Kandasubramanian,
2021). Microplastics are toxic and capable of ad-
sorbing persistent organic compounds from the
environment (Mei et al., 2020). In addition, micro-
plastics can cause internal bleeding and obstruct
the digestive system (Wright et al., 2013). The
presence of microplastics in living organisms may
have harmful effects on humans and other species
involved in the food chain (Browne et al., 2011).

Microplastic particles smaller than 20 um
can stimulate cytokine production in human im-
mune cells (Huang et al., 2021). The rresearch
on microplastics in aquatic organisms is crucial
because their presence may have adverse effects
on humans and other living organisms. Findings
from such studies provide insights into the preva-
lence, morphology, dimensions, and color of the
microplastics detected in aquatic biota as a result
of plastic waste pollution. Consequently, these
findings can serve as a reference for developing
effective plastic waste management strategies in
aquatic ecosystems.

The Sukolilo Baru Kenjeran coastal area in
Surabaya represents a suitable location for exam-
ining anthropogenic pressures on marine environ-
ments (Ni’am et al., 2019). As a center for fisher-
ies-based economic activity and a popular tourism
destination, this region experiences high popula-
tion pressure along its coastline. Intensive interac-
tions among fishing activities, sea catch process-
ing, and recreation create significant threats to
coastal ecosystems, making environmental miti-
gation and protection urgent priorities (Chen et al.,
2021). One of the major challenges identified in
this area is the management of the waste generated
from sea catch processing activities.
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Post-processing waste management in the
Sukolilo Baru Kenjeran area remains inad-
equate, as waste from primary catches such as
shrimp, sea cucumbers, and sea slugs is often
discharged directly into water bodies (Bahri et
al., 2020). This waste includes shrimp heads
and shells, as well as cleaning water from sea
cucumbers, all of which have high potential to
pollute the ecosystem and negatively affect ma-
rine biota (Xia et al., 2024). Given the absence
of specific studies on the microplastic content in
sea catch waste from this location, this research
is essential. Therefore, the objective of this re-
search was to identify and characterize the mi-
croplastics contained in the shrimp, sea cucum-
ber, and sea slug waste from the Sukolilo Baru
Kenjeran Coast, Surabaya.

MATERIAL AND METHODS

Research site

Sea catch waste, consisting of shrimp, sea
slug, and sea cucumber residues, was collected
from the Sukolilo Baru Kenjeran Coast, Suraba-
ya, as shown in Figure 1.

Sample and data analysis

Microplastic testing was conducted at the
Ecoton Laboratory in Surabaya. The number of
biota samples for each fish catch waste for mi-
croplastic testing is 800 mL. Pretreatment of the
sample by removing the water content. The sam-
ples were heated using an oven at a temperature
of 70-90 °C for 2 x 24 hours. The dry sediment
sample was removed and if there was still a lot of
gravel, the sample was sifted until you fine sedi-
ment was obtained. The sample weighed as much
as 50 grams. The 50 gram sediment sample was
transferred into a new glass sample container and
2x the sample volume of NaCl was added to each
sample. The samples was incubated for 24 hours,
the clear top of each sample was taken and then
transferred to a new sample container.

A 2 mL aliquot of 30% H:0- solution was
added using a pipette until the sample was fully
submerged and left for 15 minutes to react. Sub-
sequently, 5 mL of 30% Fe2SOa solution was add-
ed to each sample, followed by incubation for 24
hours until the sample was completely digested.
If undigested material remained, it was separated
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Figure 1. Location of waste content of sea catches in Sukolilo Baru Kenjeran Coast, Surabaya City

using a centrifuge for 30 minutes at 350 rpm.
The centrifuge method was used at the sample
separation stage to accelerate the separation of
microplastic particles from the water or sediment
matrix based on density differences. This process
helped separate plastic fragments from organic
or mineral materials, thereby reducing the risk of
contamination and increasing sample purity be-
fore FTIR analysis was performed (Tirkey and
Upadhyay, 2021). The supernatant from each
sample was transferred to a sterile glass container
and heated on a hotplate for 30 minutes at 70 °C.
After cooling, the samples were filtered using
Whatman filter paper. Microplastic identification
was then carried out using a stereo microscope
(RAMAN microscopy).

Sample analysis consisted of microplastic
particle characterization. Visual characterization
was used to identify microplastic morphology
(fiber, filament, fragment, granule, and foam),
color, and size. To distinguish polymeric particles
from organic materials, a mechanical probing test
was performed using a preparation needle. The
particles that did not disintegrate or break upon
pressure were identified as microplastics. Each
microplastic particle was then measured using
millimeter paper placed beneath a Petri dish as a
reference scale.

Microplastic identification

The ATR-FTIR (Attenuated Total Reflec-
tance — Fourier Transform Infrared) spectrosco-
py technique was selected because it allows for
rapid and reliable identification of microplastic
polymers without the need for complex sample
preparation. This method works by detecting the
unique infrared absorption patterns of chemical
functional groups within plastics, enabling the
identification of polymers, such as PE, PP, and
PET through their characteristic spectral “finger-
prints” (Primpke et al., 2020). Compared to other
analytical techniques, ATR-FTIR offers several
advantages, including the ability to analyze small
particles down to approximately 20 um in size
without damaging or dissolving the sample. It is
also user-friendly, time-efficient, and produces
consistent and stable quantitative data (Képpler
etal., 2016).

In this study, the chemical composition of
selected microplastic particles was analyzed us-
ing ATR-FTIR spectroscopy. Individual particles
were visually picked from the filter membrane
and placed directly onto the ATR crystal of the
spectrometer. Infrared spectra were recorded over
a wavenumber range of 4000400 cm™ at a reso-
lution of 4 cm™ across 24 scans. The resulting
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spectra were then compared with a polymer spec-
tral library using OMNIC software (Thermo
Fisher Scientific). A polymer type was positively
identified when the spectral similarity index ex-
ceeded 70%, indicating a reliable match between
the sample and reference spectrum.

RESULTS AND DISCUSSION

The abundance of microplastics
in the waste content test of sea catches

Figure 2 shows that microplastics were de-
tected in all sea catch waste samples. The total
microplastic counts in shrimp, sea cucumber,
ball see cucumber, fish, and shellfish waste were
45+4 24 particles, 4+1.41 particles, 26+2.12 parti-
cles, 20+3.54 particles, and 14+2.83 particles, re-
spectively. The presence of microplastics in these
wastes indicates contamination originating from
their natural habitats (Musa et al., 2024). This also
implies that microplastic accumulation reflects the
continuous input and retention of plastic debris in
the aquatic environment (Fauzi et al., 2023).

Microplastics can enter the food chain
through phytoplankton, zooplankton and benthic
organisms that accidentally ingest them (Sandra
and Radityaningrum, 2021). These particles then
move to higher trophic levels, including fish and
shellfish for human consumption (Saeedi, 2024).
In addition, microplastics can carry dangerous
chemicals, such as phthalates and PCBs, which
have the potential to accumulate in the tissues of
marine biota (Ziani et al., 2023).

Long-term exposure to microplastics can
cause digestive disorders, oxidative stress, and

v (o2}
o o

N
S

Total abundance (particle)
N w
o o

[
o

=

Sea cucumber
waste

o

Shrimp waste

decreased reproductive function in marine organ-
isms. This ecological impact can reduce the diver-
sity and productivity of local fisheries. For coastal
communities who consume marine products from
the Kenjeran area, the risk of exposure to micro-
plastics increases, both through the plastic par-
ticles themselves and the chemicals adsorbed on
their surfaces (Oza et al., 2024).

Type of microplastic

On the basis of Figure 3 and Table 1, the types
of microplastics identified in sea catch waste from
the Sukolilo Baru Kenjeran Coast consisted of
fragments, filaments, and fibers. Fibers were the
most dominant type, accounting for 62.90% (39
particles) in shrimp waste, 32.26% (20 particles)
in sea cucumber waste, and 4.84% (3 particles) in
sea slug waste. Filaments were found mainly in
sea cucumber waste (60%, 6 particles), followed
by shrimp waste (40%, 4 particles), and none in
sea slug waste (0%). Fragments were detected
in shrimp waste (66.67%, 2 particles), sea slug
waste (33.33%, 1 particle), and were absent in sea
cucumber waste (0%).

This research identified only three types of
microplastics — fibers, filaments, and fragments
— all of which are derived from secondary micro-
plastic sources (Lehtiniemi et al., 2018). Second-
ary microplastics originate from the breakdown
of larger plastic items, such as fibers or pieces
detached from fishing nets, household tools, or
degradable plastic bags, before entering aquatic
systems (El Hadri et al., 2020). Secondary mi-
croplastic fragments can come from fishing nets,
household items, and plastic bags that are de-
signed to degrade in the environment (Freeman et

Ball see Fish waste Shellfish waste

cucumber waste

Sample on biota

Figure 2. Total abundance of microplastics on biota
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Figure 3. Type of microplastic on sea biota

Table 1. Abundance and shape of microplastic particles in waste content of sea catches in Sukolilo Baru

Kenjeran Coast, Surabaya City

Microplastic forms (Particles/100 gram) Abundance of
Sample - - microplastics
Fiber Filament Fragmen Granule (Particles/100 gram)

Shrimp waste 39 4 2 0 45
Sea cucumber waste 3 0 1 0 4
Ball sees cucumber waste 20 6 0 0 26
Fish waste 17 0 2 1 20
Shellfish waste 14 0 0 0 14

al., 2020). These secondary particles tend to have
longer residence times in both natural and artifi-
cial water bodies (Hinata et al., 2017).

The dominant type of microplastic identi-
fied in this research was fiber, which exhibited
the highest abundance across all sea catch waste
samples. In contrast, fragment and filament types
were the least frequently detected in all waste
categories. These results are consistent with the
previous studies reporting that fiber-type micro-
plastics are the most prevalent form in marine en-
vironments (Giiven et al., 2017).

Fiber-shaped microplastics originate from
the washing of synthetic textiles, synthetic poly-
mer threads, and the fragmentation of monofila-
ment fibers from fishing nets and ropes (Liu et
al., 2019). Fragments, on the other hand, are typi-
cally thick, rigid, and irregularly shaped pieces of
plastic (Andrady and Koongolla, 2022). In this
study, fragments were likely introduced into the
aquatic environment through the human activities
near the sampling area, such as the breakdown of
plastic items, buckets, and other large polymer-
based tools (Sorasan et al., 2022).

Microplastic visual data

Visual data of the microplastics found in
shrimp, ball sea cucumber, and sea cucumber
waste are presented in Figures 4 to 8. Fiber-
shaped microplastics are the most commonly
found in the Brantas River, Surabaya, Indonesia.

The color of microplastics

Table 2 presents the comparative percentage
distribution of microplastic colors identified from
five different types of sea catch waste. The data re-
veal distinct variations and dominant color patterns
across sample types. In shrimp waste, microplas-
tics were predominantly black, accounting for 71%
of total particles. Other detected colors included
gray (16%), red (9%), and green (4%). A similar
dominance of dark-colored microplastics was ob-
served in sea cucumber waste, where black parti-
cles constituted 75%, followed by green (25%).

Conversely, three other sample types exhib-
ited a dominance of blue-colored microplastics.
In ball sea cucumber waste, blue microplastics
were the most abundant (65%), followed by red
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Figure 5. Microplastics from sea cucumber waste
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Figure 6. Microplastics from ball sea cucumber waste

392



Journal of Ecological Engineering 2026, 27(3), 387-398

(a) Fiber

(b) Fragment

(c) Granule

Figure 7. Microplastics from fish waste

(a) Fiber

Figure 8. Microplastics from shellfish waste

(19%), and equal proportions of black and pur-
ple (8% each). This trend continued in fish waste,
where blue remained dominant (60%), followed
by red (20%), as well as smaller proportions of
black and gray (10% each). The most pronounced
dominance of blue microplastics was found in
shellfish waste, with blue particles comprising
93% of all detected microplastics and the remain-
ing 7% being red.

Overall, these findings indicate two primary
patterns of microplastic color distribution. Shrimp

and sea cucumber waste were mainly contaminat-
ed by dark-colored (black) microplastics, whereas
ball sea cucumber, fish, and shellfish waste were
dominated by blue-colored microplastics. These
differences likely reflect the variations in plastic
pollution sources across the habitats of each biota
or differences in plastic fragmentation processes
that produce specific color profiles.

In general, the darker the color of a micro-
plastic, the more likely it is that the particle has
undergone aging or weathering processes in the
environment. When plastic is in the ocean for a
long time, it is exposed to ultraviolet (UV) light,
oxidation, and mechanical friction with sand or
seawater. This process causes chemical and phys-
ical changes to the plastic surface — including dis-
coloration, roughness, and brittleness (Tirkey and
Upadhyay, 2021). Initial colors, such as light blue
or green can fade or darken to dark blue to black
as the rate of degradation increases. In addition,
the microplastic particles that have been in the
sea for a long time often absorb organic materi-
als, heavy metals and chemical pollutants from
sea water. This absorption process also makes
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Table 2. Comparison on percentage of different colours of microplastics from different waste content test

of sea catches

The Colour of Microplastics (%)
Sample
Black Grey Red Blue Green Purple
Shrimp waste 32 7 4 0 2 0
Sea cucumber waste 3 0 0 0 1 0
Ball sees cucumber waste 2 0 5 17 0 2
Fish waste 2 0 4 12 2 0
Shellfish waste 0 0 1 13 0 0

the plastic surface turn darker. Therefore, black
microplastics are generally associated with older
age and longer environmental exposure than light
colored microplastics (Oza et al., 2024).

The size of microplastics

The microplastic particles identified in this re-
search exhibited a wide size range, varying from
0.05 mm to 3.96 mm, as shown in Table 3. This
size range indicates the presence of continuous
fragmentation processes occurring in the marine
environment. The findings of this research are
consistent with previous studies, which reported
an inverse relationship between particle size and
abundance. Those studies classified particle sizes
into three categories, with particles smaller than
500 pm (0.5 mm) being the most dominant, ac-
counting for 96.7% in mulched fields and 89% in
non-mulched fields (Zulkarnain et al., 2025).

The predominance of small-sized particles
can be attributed to multiple factors. First, con-
tinuous abiotic and biotic degradation processes
break down larger plastic particles into smaller
fragments (Dudek et al., 2025). Second, smaller
particles exhibit higher bioavailability, making
them more likely to be ingested by marine organ-
isms (Shamskhany et al., 2021). Consequently,
filter-feeding organisms — such as shellfish — and
deposit feeders — such as sea cucumbers — inad-
vertently ingest these small particles from the wa-
ter column or sediment, which may then be trans-
ferred through trophic levels to higher organisms
such as fish and shrimp.

The largest particles found in this research
were consistently identified as fibers measuring
3.96 mm and 3.18 mm. This observation is like-
ly, because fibers originate from the fragmenta-
tion of linear materials (e.g., ropes or threads),
which tend to produce elongated and larger frag-
ments during the early stages of degradation
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(Silva and Nanny, 2020). In contrast, fragments
and granules, which are derived from the break-
down of brittle plastic materials such as pack-
aging or bottles, generally start with smaller
dimensions and degrade more rapidly into fine
particles (Fiore et al., 2022).

The polymer composition of microplastics

Figure 9 presents the infrared spectra ob-
tained from Fourier Transform Infrared (FTIR)
spectroscopy of representative microplastic
particles isolated from four types of sea catch-
es: shrimp (a), sea cucumber (b), fish (c), and
shellfish (d). The FTIR analysis aimed to iden-
tify characteristic chemical functional groups to
determine the potential polymer types. The in-
frared spectra of shrimp (Figure 9a), sea cucum-
ber (Figure 9b), and fish (Figure 9¢) samples ex-
hibited highly similar absorption patterns. These
three spectra consistently displayed several dis-
tinctive absorption peaks.

A broad absorption band in the wavenumber
region of 3288-3289 cm™, corresponding to O-H
(hydroxyl) or N-H (amine/amidic) stretching vi-
brations. A strong and sharp peak in the region
of 2110-2116 cm™, attributed to the stretching
vibration of alkynes (C=C) or nitriles (C=N). A
prominent peak at 1643—-1650 cm™, generally as-
sociated with the stretching vibration of double
bonds, such as C=0 in amide groups (Amide I
band) or C=C in alkenes or aromatic compounds.
Multiple absorption peaks of varying intensity in
the fingerprint region (<1500 cm™), reflecting a
complex molecular structure. The strong spec-
tral similarity among these three samples indi-
cates that the microplastic particles contaminat-
ing shrimp, sea cucumber, and fish wastes likely
originate from the same type of polymer.

In contrast, the FTIR spectrum of microplas-
tics isolated from shellfish (Figure 9d) displayed
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Table 3. Size distribution of microplastics in marine biota collected from the Sukolilo Baru Kenjeran Coast,

Surabaya City
Sample category Type of microplastic Smallest size (mm) Largest size (mm)
Grey fiber 0.43 2.16
Black fiber 0.29 3.96
Red fiber 1.08 2.90
Shrimp head
Black filament 1.62 1.62
Red filament 0.70 0.70
Green fragment 0.21 0.31
Black fiber 0.11 0.33
Sea cucumber
Green fragment 0.46 0.46
Blue fiber 0.42 2.35
Purple fiber 0.93 1.32
Blue filament 0.44 1.71
Sandfish
Red filament 0.67 1.44
Black fiber 1.07 3.18
Red fiber 0.52 1.61
Blue fiber 0.05 1.14
Black fiber 0.13 1.33
Red fiber 0.12 1.27
Fish
Blue fragment 0.58 0.58
Green fragment 0.31 0.31
Green granule 0.30 0.30
Blue fiber 0.10 1.35
Shellfish
Red fiber 0.20 0.20

Transmittance
A, P, 8,8

By

A

Transmittance

AN

N

20,

4,

] .l
- ]
] &
e B e B B et B B e B B s e B B e e T L e B v e R S 0 L s e S B e e
3500 3000 2500 2000 1500 1000 3500 3000 2500 2000 1500 1000
Wavenumber (cm-1) Wavenumber (cm-1)
& 8
2] 2]
2] 2]
8 ] 8 ]
= =
£ 5%
[ i | E 7
bl € 1
aa £
& &

(90

0,30,

(em-1

LI A e s A e s A e S B e e B e e e
3500 3000 2500 2000 1500 1000
)

L s A e S it A B S B st AU N B A B B S A B
3500 3000 2500 2000 1500 1000
(em-1)

(©

(d)

Figure 9. FTIR spectra of the representative microplastic found in: shrimp waste (a), sea cucumber waste (b),
fish waste (¢), shellfish waste (d)

a distinctly different profile. Although broad ab-
sorption was also observed at 3278 cm™ (indica-
tive of O—H or N—H groups) and a peak appeared
at 1643 cm™' (corresponding to C=0O or C=C

groups), the characteristic sharp peak around
2110 cm™ was absent. The absence of this diag-
nostic peak, which is present in the other three
spectra, clearly suggests that the microplastics in
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shellfish waste are composed of a different chem-
ical structure and polymer type.

Future perspective

The results of the study show that the micro-
plastic pollution in the coastal area of Sukolilo
Baru, Kenjeran has become a real threat to marine
ecosystems and the health of coastal communi-
ties. This condition emphasizes the importance of
better and sustainable waste management, espe-
cially in activity-dense urban coastal areas such
as Kenjeran. A waste management system that is
not yet optimal, the use of single-use plastics, and
a lack of public awareness are the main factors
that worsen this situation. As a concrete step, an
integrated policy is needed which includes:

a) Implementation of an integrated waste process-
ing system based on environmentally friendly
technology, such as biofiltration and micro-
plastic capture systems in drains before waste
water reaches the sea (Salman et al., 2024).

b) Education and training programs for fishermen
and coastal communities regarding the impact
of microplastics and the importance of reduc-
ing single-use plastics (Khorsandi et al., 2025).

¢) Strengthening local regulations to monitor the
use and disposal of synthetic nets and indus-
trial plastics in port areas and fish markets.

Through a cross-sector approach and com-
munity participation, the efforts to reduce mi-
croplastic pollution can be carried out in a sus-
tainable manner and have a positive impact on
environmental health, the fishing economy and
coastal food security. Tackling this problem
effectively requires the involvement of vari-
ous stakeholders in designing and implement-
ing microplastic pollution reduction strategies.
Local governments, environmental NGOs, and
coastal communities collaborate in integrated
waste management programs, such as develop-
ing community-based waste sorting and collec-
tion systems, implementing environmentally
friendly processing technologies, and public
education programs to reduce the use of single-
use plastics. Through sustainable cross-sector
collaboration, it is hoped that this effort can
strengthen shared responsibility, increase the
capacity of coastal communities in environmen-
tal management, and create long-term solutions
to reduce microplastic pollution originating
from the fisheries sector.
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CONCLUSIONS

All waste samples were contaminated with
microplastics, with the highest abundance ob-
served in shrimp waste (45 particles). Fibers
were the most dominant morphology, suggest-
ing a source from secondary microplastics.
Two color distribution patterns were identified:
shrimp and sea cucumber waste were dominated
by black particles, whereas other waste types
were dominated by blue. FTIR analysis identi-
fied two distinct polymer profiles, with shellfish
waste exhibiting a unique chemical composi-
tion compared to other samples. These findings
confirm that the waste from sea catch process-
ing serves as a direct pathway for microplastic
entry into coastal aquatic environments. There-
fore, improved waste management strategies are
required to mitigate microplastic pollution origi-
nating from the fisheries sector.

Acknowledgements

This research was supported by the Ministry
of Education, Culture, Research, and Technology
of the Republic of Indonesia under the Funda-
mental Research Grant 2024, Contract No. 109/
E5/PG.02.00.PL/2024; 034/SP2H/PT/LL7/2024;
070.21 / Kontrak / LPPM / VI / 2024.

REFERENCES

1. Albazoni, H. J., Al-Haidarey, M. J. S., Nasir, A. S.
(2024). A review of microplastic pollution: harm-
ful effect on environment and animals, remediation
strategies. Journal of Ecological Engineering, 25(2),
140-157. https://doi.org/10.12911/22998993/176802

2. Almola, M. A., Al-Ahmady, K. K., Mhemid, R. K. S.
(2024). An investigation of microplastic occurrence
and heavy metals concentrations in street dust on
the left side of Mosul City, Iraq. Journal of Eco-
logical Engineering, 25(9), 116—132. https://doi.
0rg/10.12911/22998993/190288

3. Andrady, A. L., Koongolla, B. (2022). Degradation
and fragmentation of microplastics. In Plastics
and the Ocean (hal. 227-268). Wiley. https://doi.
org/10.1002/9781119768432.ch8.

4. Bahri, R., Rachmaniyah, R., Darjati, D. (2020).
Evaluation of waste management facilities through
land-based marine litter data: case study of Kenjeran
Beach, Surabaya. Journal of Environmental Science
and Sustainability Development, 3(1), 156-176.
https://doi.org/10.7454/jessd.v3i1.1040.



Journal of Ecological Engineering 2026, 27(3), 387-398

Chamas, A., Moon, H., Zheng, J., Qiu, Y., Tabas-
sum, T., Jang, J. H., Abu-Omar, M., Scott, S. L.,
Suh, S. (2020). Degradation rates of plastics in the
environment. ACS Sustainable Chemistry & Engi-
neering, 8(9), 3494-3511. https://doi.org/10.1021/
acssuschemeng.9b06635

Chen, G., Wang, L., Wang, M., Hu, T. (2021).
Comprehensive insights into the occurrence and
toxicological issues of nodularins. Marine Pollu-
tion Bulletin, 162, 111884. https://doi.org/10.1016/j.
marpolbul.2020.111884

Dudek, K., Polidoro, B., Neuer, S. (2025). Biotic
and abiotic factors affecting microplastic deg-
radation and deposition. Marine Environmental
Research, 211, 107432. https://doi.org/10.1016/j.
marenvres.2025.107432.

El Hadri, H., Gigault, J., Maxit, B., Grassl, B., Rey-
naud, S. (2020). Nanoplastic from mechanically de-
graded primary and secondary microplastics for en-
vironmental assessments. Nanolmpact, 17,100206.
https://doi.org/10.1016/j.impact.2019.100206.

Fauzi, M., Darnas, Y., Muna, C. R., Nizar, M.
(2023). Distribution of microplastics in domestic
wastewater and microplastics removal potential
in wastewater treatment plants. Journal of Eco-
logical Engineering, 24(12), 79-86. https://doi.
0rg/10.12911/22998993/172293

10. Fiore, L., Serranti, S., Mazziotti, C., Riccardi,

I1.

12.

13.

E., Benzi, M., Bonifazi, G. (2022). Classification
and distribution of freshwater microplastics along
the Italian Po river by hyperspectral imaging.
Environmental Science and Pollution Research,
29(32), 48588-48606. https://doi.org/10.1007/
s11356-022-18501-x

Freeman, S., Booth, A. M., Sabbah, I., Tiller, R.,
Dierking, J., Klun, K., Rotter, A., Ben-David, E.,
Javidpour, J., Angel, D. L. (2020). Between source
and sea: The role of wastewater treatment in re-
ducing marine microplastics. Journal of Environ-
mental Management, 266, 110642. https://doi.
org/10.1016/j.jenvman.2020.110642

Goli, V. S. N. S., Paleologos, E. K., Farid, A., Mo-
hamed, A.-M. O., O’Kelly, B. C., El Gamal, M. M.,
Vaverkova, M. D., Jiang, N.-J., Wang, J. J., Xiao,
L., Singh, P., Han, X.-L., Shi, Y., Li, D., Sengupta,
A., Kayali, S. L., Singh, Y., Mohammad, A., Singh,
D. N. (2024). Extraction, characterisation and re-
mediation of microplastics from organic solid ma-
trices. Environmental Geotechnics, 11(4),259-292.
https://doi.org/10.1680/jenge.21.00072

Giiven, O., Gokdag, K., Jovanovi¢, B., Kideys, A. E.
(2017). Microplastic litter composition of the Turk-
ish territorial waters of the Mediterranean Sea, and
its occurrence in the gastrointestinal tract of fish.
Environmental Pollution, 223,286-294. https://doi.
org/10.1016/j.envpol.2017.01.025

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

Hinata, H., Mori, K., Ohno, K., Miyao, Y., Kataoka,
T. (2017). An estimation of the average residence
times and onshore-offshore diffusivities of beached
microplastics based on the population decay of
tagged meso- and macrolitter. Marine Pollution
Bulletin, 122(1-2), 17-26. https://doi.org/10.1016/j.
marpolbul.2017.05.012

Hirt, N., Body-Malapel, M. (2020). Immunotoxic-
ity and intestinal effects of nano- and microplas-
tics: a review of the literature. Particle and Fibre
Toxicology, 17(1), 57. https://doi.org/10.1186/
$12989-020-00387-7

Huang, D., Tao, J., Cheng, M., Deng, R., Chen,
S., Yin, L., Li, R. (2021). Microplastics and nano-
plastics in the environment: Macroscopic transport
and effects on creatures. Journal of Hazardous
Materials, 407, 124399. https://doi.org/10.1016/].
jhazmat.2020.124399

Issac, M. N., Kandasubramanian, B. (2021). Ef-
fect of microplastics in water and aquatic systems.
Environmental Science and Pollution Research,
28(16), 19544-19562. https://doi.org/10.1007/
s11356-021-13184-2

Képpler, A., Fischer, D., Oberbeckmann, S.,
Schernewski, G., Labrenz, M., Eichhorn, K., Voit,
B. (2016). Analysis of environmental microplas-
tics by vibrational microspectroscopy: FTIR,
Raman or both ? Analytical and Bioanalytical
Chemistry, 8377-8391. https://doi.org/10.1007/
s00216-016-9956-3

Khorsandi, J., Blank, L., Momchilov, K., Dagovetz,
M. (2025). From ocean to table: how public aware-
ness shapes the fight against microplastic pollution.
Urban Science, 9(418), 1-22.

Kurtela, A., Antolovi¢, N. (2019). The problem
of plastic waste and microplastics in the seas and
oceans: impact on marine organisms. Croatian
Journal of Fisheries, 77(1), 51-56. https://doi.
org/10.2478/cjf-2019-0005

Lehtiniemi, M., Hartikainen, S., Nékki, P., Eng-
strom-Ost, J., Koistinen, A., Setild, O. (2018).
Size matters more than shape: Ingestion of primary
and secondary microplastics by small predators.
Food Webs, 17, ¢00097. https://doi.org/10.1016/j.
fooweb.2018.00097

.Liu, J., Yang, Y., Ding, J., Zhu, B., Gao, W. (2019).

Microfibers: a preliminary discussion on their defi-
nition and sources. Environmental Science and Pol-
lution Research, 26(28), 29497-29501. https://doi.
org/10.1007/s11356-019-06265-w

Mei, W., Chen, G., Bao, J., Song, M., Li, Y.,
Luo, C. (2020). Interactions between microplas-
tics and organic compounds in aquatic environ-
ments: A mini review. Science of The Total Envi-
ronment, 736, 139472, https://doi.org/10.1016/j.
scitotenv.2020.139472

397



Journal of Ecological Engineering 2026, 27(3), 387-398

24.Musa, M., Buwono, N. R., Lusiana, E. D., Mahmu-
di, M., Arsad, S., Sianturi, J., Lestari, A., Siman-
juntak, E. (2024). Microplastics with heavy metals
pollution in water supply of Litopenaeus Vannamei
aquaculture in Probolinggo, Indonesia. Journal of
Ecological Engineering, 25(12), 376-386. https://
doi.org/10.12911/22998993/195184

25.Ni’am, A. C., You, S. J., Wang, Y. F., Jiang, J. J.
(2019). Plastic debris in sediments from the east
coast of Surabaya. /IOP Conference Series: Materi-
als Science and Engineering, 462, 012050. https://
doi.org/10.1088/1757-899X/462/1/012050

26.0za,]., Rabari, V., Yadav, V.K_, Sahoo, D. K., Patel,
A., Trivedi, J. (2024). A systematic review on micro-
plastic contamination in fishes of Asia: Polymeric
risk assessment and future prospectives. Environ-
mental Toxicology and Chemistry, 43(4), 671-685.
https://doi.org/10.1002/etc.5821

27.Primpke, S., Godejohann, M., Gerdts, G. (2020).
Rapid Identi fi cation and Quanti fi cation of Micro-
plastics in the Environment by Quantum Cascade
Laser-Based Hyperspectral Infrared Chemical Im-
aging. https://doi.org/10.1021/acs.est.0c05722

28. Saeedi, M. (2024). How microplastics interact with
food chain: a short overview of fate and impacts. Jour-
nal of Food Science and Technology, 61, 403-413.

29. Salman, M., Tahir, 1., Ali, A., Ayub, 1., Nasir, A.,
Abbas, N, Sajjad, U., Hamid, K. (2024). Innovative
technologies for removal of micro plastic : A review
of recent advances. Heliyon, 10(4), €25883. https://
doi.org/10.1016/j.heliyon.2024.e25883

30. Sandra, S. W., Radityaningrum, A. D. (2021). Ka-
jian kelimpahan mikroplastik di biota perairan. Ju-
rnal Ilmu Lingkungan, 19(3), 638—648. https://doi.
org/10.14710/i1.19.3.638-648

31. Shamskhany, A., Li, Z., Patel, P., Karimpour, S.
(2021). Evidence of microplastic size impact on
mobility and transport in the marine environment:
areview and synthesis of recent research. Frontiers
in Marine Science, 8(760649), 1-14. https://doi.
org/10.3389/fmars.2021.760649

32. Silva, P. M., Nanny, M. A. (2020). Impact of microplas-
tic fibers from the degradation of nonwoven synthetic
textiles to the Magdalena River water column and river
sediments by the City of Neiva, Huila (Colombia). Wa-
ter, 12(4), 1210. https://doi.org/10.3390/w12041210

33.Sorasan, C., Edo, C., Gonzalez-Pleiter, M.,
Fernandez-Pifas, F., Leganés, F., Rodriguez, A.,

398

Rosal, R. (2022). Ageing and fragmentation of
marine microplastics. Science of The Total Envi-
ronment, 827, 154438. https://doi.org/10.1016/j.
scitotenv.2022.154438

34. Tirkey, A., Upadhyay, L. S. B. (2021). Microplas-
tics : An overview on separation, identification
and characterization of microplastics. Marine Pol-
lution Bulletin, 170(March), 112604. https://doi.
org/10.1016/j.marpolbul.2021.112604

35. Wright, S. L., Thompson, R. C., Galloway, T. S.
(2013). The physical impacts of microplastics on
marine organisms: A review. Environmental Pol-
lution, 178, 483-492. https://doi.org/10.1016/j.
envpol.2013.02.031

36. Xia, F. L. W., Supri, S., Djamaludin, H., Nurdiani,
R.,Leong Seng, L., Wee Yin, K., Rovina, K. (2024).
Turning waste into value: Extraction and effective
valorization strategies of seafood by-products.
Waste Management Bulletin, 2(3), 84—100. https://
doi.org/10.1016/j.wmb.2024.06.008

37.Xia, Q.,Chen, C., Yao, Y., Li,J., He, S., Zhou, Y., Li,
T., Pan, X., Yao, Y., Hu, L. (2021). A strong, biode-
gradable and recyclable lignocellulosic bioplastic.
Nature Sustainability, 4(7), 627-635. https://doi.
org/10.1038/s41893-021-00702-w

38.Yee, M. S. L., Hii, L. W., Looi, C. K., Lim, W.
M., Wong, S. F., Kok, Y. Y., Tan, B. K., Wong, C.
Y., Leong, C. O. (2021). Impact of microplastics
and nanoplastics on human health. Nanomaterials,
11(2), 1-23. https://doi.org/10.3390/nano 11020496

39. Zhao, S., Kvale, K. F., Zhu, L., Zettler, E. R., Egger,
M., Mincer, T. J., Amaral-zettler, L. A., Lebreton,
L., Niemann, H., Nakajima, R., Thiel, M., Bos, R.
P., Galgani, L., Stubbins, A. (2025). The distri-
bution of subsurface microplastics in the ocean.
Nature, 641(September 2023), 51-68. https://doi.
org/10.1038/s41586-025-08818-1

40. Ziani, K., Tonita-Midrican, C.-B., Mititelu, M.,
Marius, S., Ziani, K., Tonit, C., Negrei, C., Moros,
E. (2023). Microplastics: a real global threat for en-
vironment and food safety: a state of the art review.
Nutrients, 15(617), 1-34.

41. Zulkarnain, M. Z., Mohd Yatim, S. R., Wan Rasdi,
N, Feisal, N. A. S., Porusia, M. (2025). Assessment
on microplastic contamination from mulching and
non-mulching farmland in Selangor, Malaysia. Jur-
nal Kesehatan Lingkungan, 17(3), 245-255. https://
doi.org/10.20473/jkl.v17i3.2025.245-255



