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Abstract

Microplastics have been found in the marine environment worldwide. Due to their very small size, it could be
ingested by marine organisms from small size plankton to big size fish. The aim of this study is to assess the
variability of microplastics in three different organs (gills, gastrointestinal tracts, and muscles) of commercial fishes
in five different fishing ports in East Java Province, Indonesia. A total of 137 fish samples from 14 species were
extracted to identify the types of microplastics. The microplastics found in the fish samples were mostly dominated
by fiber, fragments, and a little quantity of film. In most species, the gills accumulated more microplastics compared
to the gastrointestinal tracts and muscles. Gill is the organ that is highly exposed to the environmental conditions,
therefore, it is more susceptible to the microplastic contamination. The results showed that there was an inverse
relationship between the size of the fish and the occurrence of microplastics (P<0.05). Small size Sardinella lemuru
contained more microplastics than bigger size fish such as Katsuwonus pelamis. The variability of microplastics
found in this study showed important factors such as habitat, fish size, feeding behavior, and organ function which
influenced the ingestion process of microplastic. This study also revealed the presence of microplastics were not
only in the gills and gastrointestinal tracts of fish, but also in its muscles. Since this study targeted commercial
fishes, further research is needed to know the possible impact on human consumption of fish containing
microplastics.
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Introduction Stepanova 2017; Sagawa et al., 2018). In the marine

biota, microplastics have been recorded in

The increasing concentration of microplastics
in the marine environment has become a major issue
worldwide. It could be found in five main ocean
compartments: on the surface, in the water column,
seafloor, shoreline and in biota (GESAMP, 2016). The
small size of microplastics make them easily
transported by surface currents and winds between
those compartments (lwasaki et al., 2017; Welden
and Lusher, 2017). The study of microplastics on the
ocean surface has been conducted in various parts of
the world (Cincinelli et al., 2017; Isobe et al., 2017,
Pan et al., 2019), in the water column (Choy et al,,
2019; Kanhai et al., 2017; Tielman et al., 2022), on
the seafloor (Cauwenberghe et al., 2013; Woodall et
al., 2014; Zobkov and Esiukova, 2017) and on the
shoreline (Chae et al., 2015; Chubarenko and

zooplankton (Frias et al., 2014; lliff et al., 2020),
benthic organisms (Scott et al.,, 2019; Wang et al.,
2019; Webb et al., 2019), fish (Abbasi et al., 2018;
Murphy et al., 2017; Ory et al., 2018; Sathish et al.,
2020), sea turtles (Caron et al., 2018a; 2018b) and
seabirds (Provencher et al., 2018).

The presence of microplastics in commercial
marine fish species have also been subjects to many
studies (Neves et al., 2015; Bessa et al., 2018; Giani
etal., 2019; Karbalaei et al., 2019; Pozo et al., 2019;
Su et al.,, 2019). Fish is one of the most important
sources of food to human because of its high
nutritional quality. They are high in fatty acids (omega-
3 and omega-6), contain high amino acid and
important minerals and vitamins for human health
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(Pal et al., 2018). Although there are still few studies
on the effect of consuming fish that contains
microplastics on human health, awareness should be
raised since the presence of microplastics in the
marine environment is increasing (Lusher et al.,
2017).

Microplastics have potential of being absorbed
by different species of fish from many different
habitats (Murphy et al., 2017; Pereira et al., 2020;
Sathish et al., 2020; Yona et al., 2020). Furthermore,
the accumulation of microplastics into their body
mostly comes from the ingestion process, either
directly or indirectly. The direct ingestion of
microplastics occurs because the fish considered it
as their natural food (Neves et al., 2015), while
indirect ingestion occurs through the ingestion of
preys already containing it (Lusher et al., 2017). In
addition, the accumulation of microplastics also the
result of the respiration process when the fish filters
the seawater to obtain oxygen and directly absorbed
it (Abbasi et al., 2018). The presence of microplastics
in commercial fishes have been conducted by many
studies worldwide (Neves et al., 2015; Rochman et
al.,, 2015; Bessa et al., 2018; Karbalaei et al., 2019;
Su et al.,, 2019; Daniel et al., 2020). These study
emphazied that the consumption of fish contained
microplastics is the major route of human exposure
to microplastics through food chain.

Depending on the absorption process, the fish
could accumulate microplastics into their different
organs such as gills, gastrointestinal tracts (GIT),
muscles and liver. The gastrointestinal tract is the
most studied organ regarding the accumulation of
microplastics (Franzellitti et al., 2019) and it supports
the reason that fish often mistake it as its prey (Bessa
et al.,, 2018). The gills could also be considered as a
vulnerable organ in accumulating microplastics
directly from the environment (Abbasi et al., 2018; Lin
et al., 2020; Yona et al., 2020). In addition, Su et al.
(2019) stated that the gastrointestinal tract and gills
are exposed to different types of microplastics.
Microplastics have been found in other organs, such
as liver and muscles, and translocation process may
be the reason for their occurrence (Franzellitti et al.,
2019; Su et al., 2019). There are few studies that
focus mainly on different organs in order to
understand the accumulation of microplastics in
fishes, especially in Indonesia. Most studies have
also targeted gastrointestinal tracts to observed the
presence of microplastics (Efadeswarni et al., 2019;
Priscilla and Patria, 2020; Suwartiningsih et al.,
2020). Therefore, this study aims to analyze the
variability of the accumulation of microplastics of
commercial fishes from five different fishing ports in
Java Island, Indonesia. Three organs of fish were
targeted, which are the gill and gastrointestinal tract

as organs that have direct exposure to microplastics
from the waters and the muscle that is consumed by
human.

Materials and Methods

Study area and Fish samples collection

This study was conducted in the ports
represent two different fishing grounds, namely the
eastern Indian Ocean in the southern part (Fisheries
Management Area 573) and the Java Sea in the
northern part of the island (Fisheries Management
Area 712). The fishs from three fishing ports from the
FMA 573 include Sendang Biru in Malang, Prigi in
Trenggalek and Tamperan in Pacitan were sampled.
While the other two were from the FMA 712, include
Brondong in Lamongan and Mayangan in Probolinggo
(Figure 1.). These five fishing ports are located in the
East Java Province. The main catches in the Java Sea
are mostly demersal and small pelagic species (such
as anchovy, mackerel and scads), while in the eastern
Indian Ocean are large pelagic species (such as
skipjack, bigeye and yellowfin tuna) (Andriyono 2018).
Java Sea is a semi-enclosed shallow water with an
average depth of 40 m (Siregar et al., 2017) and
surrounded by Indonesia’s main islands, e.g Java,
Sumatra, Borneo (Kalimantan) and Sulawesi. It is one
of the busiest seas in the country and vulnerable to
marine pollution from human activities. The eastern
Indian Ocean has deep waters with an average depth
more than 1000 m (Ma’'mun et al., 2017).

Fish samples were collected from the local
fishermen with 2 to 4 species representing each
fishing port. The names of the species and
morphometric data are presented in Table 1. There
were 10 individuals for each species, except for
Priancanthus tayenus from the Brondong fishing port
that had only 7 individuals. The samples were
collected from July to September 2020 and kept in
the freezer for further analysis in the laboratory.

All fish samples were rinsed with filtered water
on the surface to ensure there was no microplastic
contamination from the sampling collection process.
Contamination during microplastics extraction
process in the laboratory was prevented by making
sure all the apparatus used were rinsed at least three
times using filtered water, and the cotton laboratory
coat was worn during the process. Furthermore, the
samples were always covered using aluminum foil
when not in use. To ensure that there is no
contamination from the airbone plastic particles,
blank samples of ultra-pure water were prepared and
placed in the working area. No evidence of
contamination was found in the blank samples.
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Microplastics extraction and identification

The total length (cm) and weight (g) of the fish
samples were measured before the dissection
process. The gills, gastrointestinal tracts and dorsal
muscles were taken from dissected samples and
weighted as wet weight. Microplastic extraction
process was conducted following modified method of
Masura and Foster (2015). Since some organs were
rather big in size, in order to digest easily, each organ
was crushed carefully. The same method have been
conducted by Abassi et al. (2018) and Ory et al.
(2018). The samples were then placed in a beaker
and about 20 ml of H202 (30%) and Fe(ll) were added.
The digestion process was conducted overnight and
homogenized on the hotplate stirrer at 75°C for
approximately 30 minutes. The samples were then
filtered through the Whatman GF/F filter paper and
the filters were sealed in a petri dish.

A microscope (MICROS MCX100, Austria) was
used in identifying the types of microplastic, namely
fiber, fragment and film. Fiber is a long, elongated
particle that is equally thick throughout the entire
length and fragments is an irregular shape particle
with sharp or broken edge. While film is a thin particle
part of plastic bags (Dai et al., 2018; Hidalgo-Ruz et
al., 2012; Yona et al.,, 2019). The abundance of
microplastics was counted in the number of particles
for each individual and the number of particles per
gram wet weight for each organ.
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The polymer type of microplastics were
identified using Fourier Transform Infrared
Spectroscopy (Varian 1000 FTIR) on selected
particles. Since most of the particle sizes were very
small and difficult to retrieve for the polymer
identification, only several particles were selected for
the FTIR analysis. They have been correctly identified
as plastics using visual microscopy according to its
shape and color and tested using FTIR with a
resolution that was set at 4 cm-1 in the range of 4000
to 650 cmL. Unfortunately, the spectra produced by
FTIR could not be identified clearly as polymers
because the samples were too small and also there
was a possibility of contamination from the organic
material during the FTIR reading. Previous studies
have also found that the FTIR method is difficult to
identify very small microplastic samples because the
tool could not produce the spectra clearly
(Baalkhuyur et al., 2018; Sathish et al., 2020).
Polymer identification using FTIR has widely been
used in microplastic studies since it could analyze the
entire sample and require less sample preparation
(Jung et al., 2018). It was considered a simple,
efficient and non-destructive method for identifying
plastic polymers. However, the requirement to
interpret the result with 50% or greater confidence
level with the reference spectra (Lusher et al., 2013)
was not an easy task, especially for a very small
sample.
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Figure 1. The location of five fishing ports in this study. Sendang Biru-Malang, Prigi-Trenggalek and Tamperan-Pacitan with the
fishing ground in the eastern Indian Ocean. Brondong-Lamongan and Mayangan-Probolinggo with the fishing ground

in the Java Sea.
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Table 1. Fish species and the average (+SD) of total length, total weight and the weight of each organ from each fishing port.

Weight was measured as wet weight.

Species Total length Weight Organ weight (g)

(cm) (8) Gill GIT Muscle
Eastern Indian Ocean
Sendangbiru
Sardinella lemuru 12.49+0.52 17.31+2.34 0.32+0.11 0.83+0.18 2.0£0.00
Katsuwonus pelamis 41.70+1.90 1161.00£199.83 52.80+5.99 107.70+36.10 9.20+0.92
Prigi
Mullus surmuletus 14.36+0.84 45.87+9.69 1.02+0.21 2.95+1.90 5.0410.04
Decapterus tabl 27.45+0.86 262.43+14.60 8.48+1.32 31.26+4.82 6.58+0.33
Trichiurus lepturus 74.50+2.86 236.75+41.01 4.31+1.69 15.51+11.77 6.90+0.07
Tamperan
Caranx ignobilis 28.20+1.92 444.20+£103.09 8.41+2.39 21.1949.74 9.701£0.54
Trichiurus lepturus 72.10+3.69 217.60+23.68 3.58+1.10 9.53+3.74 3.95+0.05
Java Sea
Brondong
Selaroides leptolepis 14.75+0.59 38.20+2.88 0.78+0.11 1.47+0.61 5.084+0.05
Leiognathus equulus 12.89+0.42 35.54+3.46 0.64+0.11 1.09+0.45 5.06+0.03
Nemipterus virgatus 14.77+0.85 35.55+2.76 0.77+0.14 1.02+0.25 5.06+0.03
Priancanthus tayenus 11.14+1.07 23.86+10.96 0.68+0.28 1.39+0.86 2.56+0.51
Mayangan
Nemipterus virgatus 19.35+0.88 88.32+5.45 3.66+0.59 4.16+0.81 3.61+0.14
Rastrelliger kanagurta 20.15+0.85 93.43+10.70 2.1310.47 3.34+0.66 4.5610.27
Caesio cuning 18.95+0.76 89.62+9.27 1.23+0.16 3.19+1.55 5.29+0.47

Statistical analysis

Statistical tests were performed using PAST
4.03 software. The variance analysis was tested to
compare the average microplastic concentrations
among the three different organs in each species and
the total abundance of microplastics among the
fishing ports. Furthermore, the correlation test was
performed to identify the potential influence of fish
size (length and weight), organ weight and
microplastic concentrations. All data were tested for
normality by Shapiro-Wilks test before conducting the
variance and correlation analysis (P<0.05). Since the
data did not comply with the assumptions of
normality test, the Kruskal Wallis test was used to
determine differences in microplastic concentrations
among the three different organ. The Mann-Whitney
test was conducted to test the difference of
microplastics abundances between the two fishing
ground areas (Java Sea and eastern Indian Ocean).
Relationship between fish total length and body
weight with microplastics abundance were tested
using Pearson Correlation test. Significance level was
set at P<0.05 for all statistical tests.

Results and Discussion
The abundance of microplastic

A total of 137 fish samples of 14 species were
analyzed for microplastic contents. The highest
number was from Sendang Biru (4 to 38 particle.fish?)
followed by Brondong (2 to 27 particle.fish?),
Tamperan (0 to 25 particle.fish?1), Prigi (O to 13
particle.fisht) and Mayangan (O to 11 particle.fish?).
The average number of microplastics found in the fish
in every fishing port was shown in Figure 2. The
Kruskal-Wallis test revealed that there was significant
difference of microplastic in the fishes among the
fishing ports (P<0.05). Furthermore, the Dunn"s post
hoc test showed that microplastics in Sendang Biru
were significantly different from the other four fishing
ports. Prigi was different from Sendang Biru and
Brondong, while Tamperan was only different from
Sendang Biru. Furthermore, Brondong was different
from Sendang Biru, Prigi and Mayangan, while
Mayangan was different from Sendang Biru and
Brondong. However, when the Mann-Whitney test was
conducted to know whether the number of
microplastics in the fishes caught in Java Sea and
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eastern Indian Ocean was different, the result
showed no significant difference between the two
fishing grounds (P>0.05).

The average concentrations of microplastics
for each species in every fishing ports were presented
in Figure 3. Two species from Sendang Biru fishing
port were S. lemuru and K. pelamis and the
microplastic concentrations between them were
significantly different (Figure 3a.). S. lemuru had a
very high amount microplastics compared to K.
pelamis. Moreover, the species from Sendang Biru
fishing port also contributed to the highest
concentration compared to the others. M. surmuletus
had the highest concentration of microplastics,
followed by T. lepturus and D. tabl in Prigi fishing port
(Figure 3b.). On the other hand, the concentration in
T. lepturus was higher compared to C. ignobilis in
Tamperan fishing port (Figure 3c.). In Brondong, three
species had similar microplastic concentrations (S.
leptolepis, L. equulus and P. tayenus) and the lowest
was in N. virgatus (Figure 3d.). The highest
concentration in Mayangan was observed in C.
cunning, while for N. virgatus and R. kanagurta were
found had similar numbers (Figure 3e.). The
statistical test revealed that there was significant
difference in the abundance of microplastics between
the fishes in every fishing port (P<0.05).

Microplastics in fish organs

The accumulation of microplastics in the
different organs of the fishes varied in every fishing

IlZ“ﬂl‘D'E

port (Figure 4.). In Sendang Biru, the gills of S. lemuru
had the highest microplastic particles, followed by the
GITs and muscles. Furthermore, the highest
concentration of microplastics in K. pelamis was
observed in the muscles with little accumulation in
the gills and GITs (Figure 4a.). Variability of
microplastics particles were also recorded in Prigi, in
which M. surmuletus had the highest concentration in
the gills, followed by GITs and a very small numbers
in the muscles. Decapterus tabl and T. lepturus had
the same pattern because they both accumulated
microplastics more in their muscles than in their gills
and GITs (Figure 4b.). C. ignobilis and T. lepturus from
Tamperan also had the same number microplastic
particles in their muscles, gills and GITs (Figure 4c.).
The four fish species from Brondong had similar
pattern, and the highest particles humber was seen
in their gills, GITs and muscles (Figure 4d.). In
Mayangan, different accumulation patterns were
observed in different species. C. cuning accumulated
a very high amount of microplastics in its gills and
GITs, and a very small amount in the muscles. For R.
kanagurta, the concentrations were in similar number
between the gills and GITs, and the lowest amount
was found in the muscles. Furthermore, the muscles
of N. virgatus contained the highest number of
microplastics, followed by the gills and GITs (Figure
4e.). Statistical analysis revealed that there was
significant difference of microplastics accumulation
among the organs for most of the species (P<0.05),
except for D. tabl from Prigi and C. ignobilis from
Tamperan (P>0.05).
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Figure 2. The average number of microplastics (particle/fish) found in the fish in every fishing port.
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Figure 3. The abundance of microplastics (particle g1) in different fish species in (a) Sendang Biru, (b) Prigi, (c) Tamperan, (d)

Brondong and (e) Mayangan.

Types of microplastic

Microplastics have been divided into several
types, namely fiber, fragment, film, pellet, bead and
foam. However, this study only found three types, i.e.
fibers, fragments and films. The percentage
compositions of the types of microplastics in the
organs of every species were presented in Figure 5.
Some had only fibers in their organs (M. surmuletus
from Prigi and N. virgatus from Mayangan), while
some had fibers in specific organ, such as in GITs and

muscles of T. lepturus from Prigi, in GITs of C. ignobilis
from Tamperan, in the gills and GITs of R. kanagurta
from Mayangan, and in the muscles of C. cuning also
from Mayangan. Most species had the highest
accumulation of fibers in their organs, except for the
gills of S. lemuru from Sendang Biru and muscles of
P. tayenus from Brondong which accumulated more
fragments. Furthermore, fiber, fragment and film
were found in almost every organ of every fish species
from Sendang Biru and Brondong.
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Relationship of fish sizes and microplastic
abundance

Pearson correlation test was used to test the
relationship between the fish length and weight to the
abundance of microplastics in every fishing port
(Table 2.). There was a significant relationship
between fish length and weight to microplastic
abundance in most of fishing ports. It was found that
the smaller the fish, the higher its microplastic
content except for those in Tamperan that showed
positive relationship between length and microplastic
content.

Variability of microplastics in fish

The ingestion of microplastics by aquatic
animals has been a major issue worldwide, including
in the marine environment of Indonesia. In the study
by Jambeck et al. (2015), it was stated that Indonesia
is the second largest country with high mismanaged
plastic wastes enters the ocean. Since then, the study
of microplastics is also increasing. There have been
studies that focused on the surface waters (Syakti et
al., 2017; 2018), the coastal sediment (Manalu et al.,
2017; Mauludy et al., 2019; Firdaus et al., 2020),
deep water sediment (Cordova and Wahyudi, 2016),
marine biota (Khoironi et al., 2018) and fish ( Hastuti
etal., 2019; Cordova et al., 2020; Yona et al., 2020).

In this study, 137 fish samples from 14
species were analyzed for their microplastic contents

in  three different organs, namely gills,
gastrointestinal tracts and muscles. Out of the total
samples, only seven individuals were identified
without microplastics. This meant that almost 95%
had absorbed microplastics into their body. The
abundance of microplastic in fishes from this study
were recorded in the range of 0.06 to 95.56
particle.g1. The highest was found in S. lemuru from
Sendang Biru (38.59+23.80 particle.g1), while the
lowest was found in D. tabl from Prigi fishing port
(0.43+£0.29 particle.g1). Although both species were
collected from different fishing ports, the fishing
ground may be the same, i.e. the northern part of
Indian Ocean. Differences in the number of
microplastics found in each species corroborated
hypothesis that microplastic ingestion varies with
different feeding strategies (Mizraji et al., 2017;
Justino et al.,, 2021). S. lemuru is a filter feeder
organism that feeds on phytoplankton and
zooplankton (Pertami et al., 2019; Sartimbul et al.,
2021), while D. tabl is a carnivorous fish and their
principal diets are crustaceans and other fishes
(Poojary et al., 2010; Lubis et al., 2019). Filter feeding
is a less selective strategy than predation, thus the
filter feeder fish are more sensitive to microplastics
pollution (Rummel et al., 2016).

Table 3 shows the comparison of microplastic
abundances in the same species in terms of particle
per individual and particle per g with other studies
worldwide. It was found that the abundance of
microplastics found in this study were higher compared

Table 2. Correlation of fish total length (cm) and body weight (g) with the abundance of microplastics (item g1) using Pearson

Correlation test

Correlation coefficient

Length Weight
Sendang Biru
Length
Weight 0.99**
Total abundance -0.77* -0.75*
Prigi
Length
Weight 0.58*
Total abundance -0.26 -0.47*
Tamperan
Length
Weight -0.80**
Total abundance 0.50* -0.47*
Brondong
Length
Weight 0.70**
Total abundance -0.50** -0.38*
Mayangan
Length
Weight 0.66**
Total abundance -0.40* -0.11

** P<0.01; * P<0.05
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Table 3. Comparison of microplastic abundances in the same species from other studies

Total abundance

Species Study area Particle.ind™ Particle.g Reference
S. lemuru Northern Mindanao, Philippines 3.72 £ 3.97 - Palermo et al. (2020)
Bali Strait, Indonesia 7.03 £0.62 - Sarasita et al. (2020)
Eastern Indian Ocean, Indonesia 20.5+£8.2 38.59 + 23.80 This study
K. pelamis Southeast coast of India 0.2 +0.06 6.67E-05 +0.0000001 Satish et al. (2020)
Northeast Atlantic 0.16 +£ 0.08 - Pereira et al. (2020)
Eastern Indian Ocean, Indonesia 16.9 + 5.86 0.92 +0.45 This study
Balcaric Islands, western
Mediterranean 0.04 - 1.07 - Alomar et al. (2017)
M. surmuletus Eastern Indian Ocean, Indonesia 3.4+3.24 2.42 £ 2.97 This study
T. lepturus Bali Strait, Indonesia 3.83+1.01 - Sarasita et al. (2020)
Eastern Indian Ocean, Indonesia 6.15+5.51 1.35+1.41 This study
S. leptolepis Gulf of Thailand and Andaman 0.05 _ Klangnurak and
Sea ’ Chunniyom (2020)
Eastern Indian Ocean, Indonesia 11.7 £ 6.70 8.41 £ 6.39 This study
L. equulus Fengshan River, Taiwan Strait 62 - Tien et al. (2020)
Southeast coast of India 1 - Karthik et al. (2018)
Eastern Indian Ocean, Indonesia 9.70 + 3.20 9.31+3.93 This study
Beibu Gulf, South China Sea 0.071 - Koongolla et al. (2020)
N. virgatus Java Sea 3.55+1.64 2.39+1.73 This study
R. kanagurta Southeast coast of India 0.98 £ 0.32 0.13 £ 0.05 Satish et al. (2020)
Bali Strait, Indonesia 5.03+0.76 - Sarasita et al. (2020)
Eastern Indian Ocean, Indonesia 3.7 +1.57 2.33+0.88 This study
C. cuning Gulf of Thailand and Andaman 0.09 _ Klangnurak and
Sea ’ Chunniyom (2020)
Eastern Indian Ocean, Indonesia 6 + 2.49 5.76 £ 2.79 This study

to the others. This might be caused by several factors
such as feeding habit, habitat, trophic level and
anthropogenic activities as the source of microplastic
pollution in the marine environment (Wieczorek et al.,
2018; Giani et al., 2019). Those reasons may be used
to explain the higher concentration of microplastics
found in this study.

The ingestion of microplastics by fishes in this
study varies among the species, fishing ports and
fishing  grounds. The highest microplastic
concentration was observed in the fishes from
Sendang Biru, followed by Brondong, Tamperan,
Mayangan and Prigi. The abundance variability of
microplastic among species shown by the differences
among the fishing ports. Prigi, which had the lowest
abundance of microplastics, was composed of all
demersal species, while Mayangan with the second
lowest number was composed of all pelagic species.
Furthermore, higher microplastic abundance from
Sendang Biru, Brondong and Tamperan were
recorded from pelagic and demersal fish species.
Therefore, it was concluded that the fish habitat were
not significantly influenced the abundance of
microplastics and this is in agreement with other
studies (Lusher et al, 2013; Klangnurak and
Chunniyom, 2020). Different species of fish with its
different feeding habits could significantly influence
the abundance of microplastics (Mizraji et al., 2017;
Justino et al., 2021).

In general, the negative relationship between
the fish size and concentration of microplastics in
most of the fish species were observed. It means that,
the smaller fishes contained more microplastic
particles than the larger ones. There have been many
reports regarding the relationship of fish size and
microplastic content. Some studies found that the
fish body length did not correlate with the number of
microplastics (Hastuti et al., 2019; Palermo et al.,
2020; Yona et al., 2020), while other reseachers
found that the larger ones have more in their body
(Akhbarizadeh et al., 2018; McNeish et al., 2018;
Boerger et al., 2010). Negative relationships were
observed in the study of fish from the Yellow Sea (Sun
et al.,, 2019). In this study, small size fish such as S.
lemuru, P. tayenus and L. equulus contained higher
number of microplastics than the bigger size fishes
such as K. pelamis, T. lepturus and C. ignobilis.
According to Sun et al. (2019), this may be related to
the different stages of fish growth and their physical
condition. More investigation is needed to
understand the relationship between fish morphology
and microplastic content.

Variability of microplastics in different organs
There have been many studies on the

variability of microplastics accumulation in different
fish organs, and most of them focused on the organs
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that have direct contact with water, such as
gastrointestinal tracts and gills ( Neves et al., 2015;
Baalkhuyur et al., 2018; Karbalaei et al., 2019; Su et
al., 2019; Sathish et al., 2020). However, other
organs such as liver and muscle have also become
the subject of microplastic accumulation (Abbasi et
al., 2018; Akhbarizadeh et al.,, 2018; Daniel et al.,
2020). The accumulation of microplastics in the
organs that do not have direct contact with seawater
proves that there are translocation processes inside
the body (Franzellitti et al., 2019; Su et al., 2019).

Microplastics translocation can occur through the
cellular pathways in which small size microplastics
can be absorbed by muscle or other organs not
directly related to the ingestion-digestion process
through cell internalization (Carr et al., 2012; Abbasi
et al., 2018; Messinetti et al., 2019; Su et al., 2019).

The accumulation of microplastics in this study
occurred in gills, gastrointestinal tracts and muscles
and there were variation in the concentration of each
species. Furthermore,
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Figure 4. Microplastic abundances in different organs of fish species from each fishing port (a) Sendang Biru, (b) Prigi, (c)

Tamperan, (d) Brondong and (e) Mayangan.
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Figure 5. Percentage occurrence of microplastic types (fiber, fragment and film) in different organs of each fish from (a)
Sendang Biru, (b) Prigi, (c) Tamperan, (d) Brondong and (e) Mayangan.
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microplastics were higher in the gills than
gastrointestinal tracts and muscles for some fish
such as S. lemuru, M. surmuletus, S. leptolepis, L.
equulus, P. tayenus and C. cuning. The gills are
vulnerable to the accumulation of microplastics,
because this organ is highly exposed to
environmental contamination (Su et al, 2019;
Barboza et al., 2020). Some studies found higher
accumulation of microplastics in the gastrointestinal
tracts compared to the other organs due to uptake via
deliberate or incidental ingestion process (Huang et
al., 2020; Lin et al., 2020), however, none was found
in this study. Furthermore, higher microplastics were
observed in the muscles of benthic fish such as T.
lepturus and C. ignobilis, and this result is in
agreement with the study of Abbasi et al. (2018) and
Akhbarizadeh et al. (2018). There have been some
assumptions on the availability of microplastics in
fish muscle, such as microplastic internalization
through endocytosis and uptake very small
microplastics through the skin then entering into the
blood circulation (Barboza et al., 2018; 2020).
Further studies are needed to understand the
translocation process of microplastics inside the body
of fish.

Fiber was the most dominant type of
microplastics found in this study and the
accumulation was comparable in each of the fish
organ. The dominant type of microplastic found in
their tissues depend on the amount in the seawater
and waste management system in the region
(Karbalaei et al., 2019). Most studies recorded fiber
as the dominant type found in fish (Bellas et al.,
2016; Bessa et al., 2018; Sun et al.,, 2019; Yona et
al., 2020), while few others found fragment as the
dominant type (Garnier et al., 2019; Karbalaei et al.,
2019). Furthermore, fiber is mostly found in study
areas closer to the populated regions ( Neves et al.,
2015; Bellas et al., 2016; Bessa et al., 2018) and it
could be the reason for the result of this study. Java
Island is the most populated island in Indonesia and
anthropogenic activities could influence the presence
of microplastics in the ocean. In addition, higher
accumulation of fiber in the gills suggests that it is the
dominant type of microplastic in seawaters since the
gills have direct contact with it (Barboza et al., 2020).

Conclusion

This study showed the variation of
microplastics ingestion in different fish species and
organs. Fiber was the dominant type of microplastics
found in the most of fish organs. Some fish
accumulated more microplastics in their gills, while
others accumulated more in their muscles. The
results showed that the accumulation of
microplastics among the fish varied according to their
habitat, feeding habit, and fish size. Since

microplastics were also found in the muscle, there is
the possibility that translocation of microplastics
occurred between organs. However, more study is
needed to explain detail process of the translocation
of microplastics inside the body of fish. Furthermore,
studies are needed to examine this process in order
to understand the fate and transport of microplastics
in commercial fishes as one of the important sources
of food for humans.
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