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Abstract  This is the first study to examine the pres-
ence and physicochemical properties of microplastics 
in mullets (Mugil cephalus) from four coastal areas 
in East Java, Indonesia. Three locations on the north 
coast are affected by two largest rivers, Bengawan 
Solo River and Brantas River, whereas one location 
in the south coast is slightly impacted by river flow. 
The abundance, color, shape, and size were examined 
in the gills, stomach, and intestines of fish samples. 
The average abundance of microplastics was 10.87 
particles/individual in gills, 7.43 particles/individual 

in stomach, and 4.35 particles/individual in intes-
tines. Black (72.4%) and pellets (62.7%) were the 
most abundant microplastics found. Most of them are 
in size of less than 100  μm (71.0%). Microplastics 
type of polymer was identified with Fourier transform 
infrared spectroscopy, while the chemical compounds 
including additives such as plasticizers contained in 
MPs samples were analyzed using gas chromatogra-
phy-mass spectrometry. Seven different types of poly-
mers were identified, including polyethylene, polyu-
rethane, polyethylene terephthalate, polypropylene, 
polyvinyl chloride, polystyrene, and polycarbonate. 
Cyclohexadiene, one of the plasticizers detected, has 
the highest concentration of 81.82%.
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1  Introduction

Microplastics, tiny pieces of plastic less than 5  mm 
in size (Thompson, 2008), have accumulated in the 
ocean on a global scale (Thompson et al., 2004) and 
are regarded as major dangerous hazards due to their 
widespread dispersion in different aquatic ecosystems 
(Nithin et al., 2022), from the sea surface water to the 
sediment floor (Gomiero et  al., 2018). Due to poor 
waste management, most plastic wastes in the marine 
environment come from terrestrial sources as a result 
of anthropogenic activities (Jambeck et  al., 2015; 
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Squillante et al., 2023). There are currently 4066 spe-
cies known to be impacted by marine debris (Zhang 
et  al., 2023), including fish. Comprehensive infor-
mation on the presence of microplastics in fish all 
over the world has been provided by some research 
(Carbery et  al., 2018; Jacob et  al., 2020). Ingested 
MPs may physically perforate fish’s guts, obstruct-
ing their digestive systems, as well as lowering their 
feeding activity and nutritional intake while provid-
ing them a false sense of satiety (Walkinshaw et al., 
2020). The intestine and other tissues can absorb 
micro-sized particles smaller than 25  µm or 10  µm 
(Abbasi et al., 2018), which can accumulate in vari-
ous organs (Ivleva et al., 2017). Moreover, heavy met-
als (Brennecke et  al., 2016; Li et  al., 2022), persis-
tent organic contaminants (Bhagat et al., 2022; Verdú 
et al., 2023), and plastic additives such as plasticizer 
(Corami et  al., 2022) may also be transported by 
accumulated microplastics. These additives are inten-
tionally added into the plastics to modify its physical 
and chemical properties and improve its performance, 
as well as cutting its production costs (United Nations 
Environment Programme, 2021). Their numbers are 
numerous in chemistry and exert a variety of func-
tions such as light stabilizer, heat stabilizer, pigments 
agents, flame retardants, and antistatic (Costa et  al., 
2023). However, the polymers composed in micro-
plastics, and the presence of unreacted monomers, 
contaminants, additives, or other compounds within 
the polymer matrix such as plasticizer, can provide 
ecotoxicological risks (ECHA, 2019). Additionally, 
the additives themselves may degrade and produce 
other harmful compounds while still attached to the 
plastic products or after leaching, which could stay in 
the environment and accumulate in biota (Costa et al., 
2023), and ultimately can increase the harmful effects 
on many organisms (Beiras et al., 2021). For instance, 
di(2-ethylhexyl) phthalate (DEHP) and its byprod-
ucts, being the most widely used plasticizer, have 
been related to endocrine disruption in both human 
and animal models, as well as having detrimental 
effects on male reproductive development (Jamarani 
et  al., 2018). Due to this phenomenon, the negative 
impacts of microplastics on aquatic life and possible 
risks to the health of humans are receiving more and 
more attention (Fu et al., 2020; Zhou et al., 2020).

The small particle size of microplastics and their 
attractive color and buoyancy allow pelagic fish to 
consume them easily. Fish can deliberately consume 

microplastics by mistaking them for their natu-
ral prey, for example, plankton, or can accidentally 
ingest microplastics if they are already on or attached 
to prey (Jovanović, 2017). Fish is a biota that is 
commonly used as a biomonitor and bioindicator 
agent for residue or debris in waters because of its 
wide distribution, ecologically important value, and 
entrance into the food chain for humans (Su et  al., 
2019b). For this reason, mullet (Mugil cephalus) 
was used as a bioindicator agent in several studies 
(Güven et  al., 2017; Zhang et  al., 2020a). M. ceph-
alus as a benthopelagic omnivorous fish that eats 
plankton with a low level of mobility (Ouali et  al., 
2018; Stancheva & Makedonski, 2013) has potential 
as a biomonitoring agent for microplastics scattered 
in water bodies (Zhang et al., 2020a).

One of the factors for plastic contamination in the 
eastern Java Sea is the majority caused by anthropo-
genic activities (Utami et al., 2021), especially from 
organic waste (Yona et al., 2019) or industrial waste 
(Hanif et  al., 2021). Other studies have shown that 
microplastics found on the sea surface in areas close 
to intense anthropogenic activity have higher con-
centrations than areas far from anthropogenic activ-
ity (Frère et  al., 2017). The North and South coasts 
of Java have different geographical characteristics 
that affect the anthropogenic activities of the local 
community, such as industrial activities and sea trans-
portation. The north coast of Java has semi-enclosed 
territorial waters which are directly related to Borneo 
Island and are still influenced by the currents’ move-
ment from Madura Island, while the south coast of 
Java is exposed to the open sea, the Indian Ocean. 
In addition, the two longest rivers on the island of 
Java, namely, the Bengawan Solo River and the Bran-
tas River, flow into Gresik and Sidoarjo Regencies, 
which are included in the North Coast region of East 
Java. Meanwhile, Probolinggo Regency is one of 
the areas that has experienced an increase in mining 
activities for minerals that are prone to pollution. Pre-
vious research has shown that rivers are contaminated 
with microplastics under various conditions, which 
will affect the concentration of microplastics that 
accumulate in seawater (Horton et  al., 2017; Mani 
et al., 2015; Vermaire et al., 2017). Unlike the North 
Coast, the South Coast of Java, especially the Luma-
jang area, is not dominated by large rivers. Anthro-
pogenic activity in the southern region of East Java 
is not as dense as in the northern region. In addition, 
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infrastructure development in the southern region is 
not as adequate as in the northern region (Hamid, 
2014). This indicates that there will likely be differ-
ences in the characteristics of microplastic pollution 
on the North and South Coasts of East Java so that it 
will affect the conditions of microplastic pollution in 
the bodies of the mullets that live around them.

Research related to the identification of microplas-
tic abundance in the Indonesian aquatic environment 
has begun, although it is still partially done. Complete 
information has not been found regarding the abun-
dance of microplastics in the aquatic biota in East 
Java (Sari et al., 2021), which means that the charac-
teristics of their pollution in various regions and biota 
cannot be properly identified and compared. Compre-
hensive information is needed to map the condition 
of the marine environment and biota in Indonesia and 
increase the general public’s knowledge to plan and 
develop efforts to mitigate microplastic pollution. 
Therefore, comprehensive information on microplas-
tic pollution including the abundance, color, shape, 
size, and type of polymer, as well as the chemical 

compounds in the Indonesian biota, especially mul-
lets (M. cephalus) in East Java, is urgently needed.

2 � Materials and Methods

2.1 � Study Area

Sampling of mullet fish was conducted on the 
north coast of East Java, namely, Tambakcemandi, 
Sidoarjo, Pangkah Wetan Beach, Gresik, Randuputih 
Beach, and Probolinggo; and also on the south coast 
of East Java, namely, Wotgalih Beach and Luma-
jang, as depicted in Fig. 1 with coordinates listed in 
Table 1. The sample was collected from July to Sep-
tember 2022.

2.2 � Fish Sampling

Fish were captured by fishermen at chosen sampling 
sites using gillnets or fishing nets. The captured 
fish were then placed in glass jars and subsequently 

Fig. 1   Sampling locations (red circle) of mullets (Mugil cephalus) along the East Java coast, Indonesia (source: https://​id.​wikip​edia.​
org/​wiki/​Sungai_​Lusi)
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transferred to cool boxes, which were labelled based 
on the location of the fishing activity. The fish sam-
ples were subjected to a temperature of − 20 °C prior 
to conducting subsequent microplastic extraction pro-
cedures. A total of 120 fish specimens with an aver-
age body length of 17.20 ± 0.32 cm and body weight 
of 77.57 ± 3.92  g were collected from four distinct 
locations, with each location obtaining ten speci-
mens that were replicated thrice over a period of three 
months.

2.3 � Microplastics Extraction

The process of identifying microplastics in fish sam-
ples involved placing mullet samples on a surgical 
board and dissecting them from the anus towards the 
dorsal and anterior direction until the fish organs were 
visible. The extracted samples were then taken using 
tweezers and placed in a glass container, where they 
were subsequently weighed. The extracted organs 
comprised of the gills, stomach, and intestines. Sub-
sequently, the fish organs underwent desiccation in an 
oven set at 50 °C for a duration of 24 h. Next, a quan-
tity of 20 mL of Fe solution and 30% H2O2 was incor-
porated for each gram of the sample, and a period of 
48  h was allowed for the decomposition of organic 
matter (Renzi et al., 2019). Following that, the liquid 
was subjected to filtration via a vacuum pump utiliz-
ing a 1.2 µm Whatman GF/C filter paper.

2.4 � Contamination Prevention

During the experiment, the samples were handled using 
medical gloves, glassware, and metal instruments. 
Prior to usage, the dissecting tools were consistently 
washed with distilled water. Throughout the course of 
the study, the researchers wore laboratory coats made 
of cotton. The microscopic examination of blank filters 
was conducted to assess the presence of microplastics 

(Kılıç and Yücel, 2022). The blank filters exhibited an 
absence of microplastic particles.

2.5 � Microscopic Observation

The examination of filters was conducted using an 
Olympus CX22 microscope equipped with an attached 
eyepiece micrometer. The color, type/morphology, and 
size of MPs were observed. MPs were photographed 
and subsequently placed onto new filter paper, which 
was then reserved for Fourier transform infrared (FTIR) 
analysis in the event that a microplastic particle was 
detected. The quantification of microplastic abundance 
was determined by dividing the number of particles 
detected by the quantity of fish specimens obtained.

The color of microplastics in this study was based 
on the ISCC-NBS basic color designation system 
recommended by GESAMP (2019). Meanwhile, the 
type/morphology of microplastic was identified based 
on Tanaka and Takada (2016) with several modifica-
tions to the following characteristics: (1) Pellets are 
microplastic granules that are round or cylindrical in 
shape; (2) fragments are particles produced by the 
fragmentation of larger materials, irregularly shaped, 
thick, and have crooked or sharp edges; and (3) fiber 
is a thread-like particle, both originating from fishing 
lines and originating from textiles. The category of 
particle size range in this study is based on the gen-
erality of the categories used in many other studies 
(Rocha-Santos & Duarte, 2015), namely, < 100  μm 
(20–100  μm), 100–500  μm, 500–1000  μm, 
dan > 1000 μm (1000–5000 μm).

2.6 � Fourier Transform Infrared (FTIR) Analysis

FTIR Bruker Alpha II was used to determine the 
source of the extracted microplastics. Microplastic 
samples filtered on Whatman paper were placed on 
a diamond crystal plate. The spectrum range used is 
600 to 4000 cm−1 at a resolution of 4 cm−1. To deter-
mine the type of polymer that forms microplastics, 
the obtained spectrum was checked against to a data-
base of references from the scientific literature.

2.7 � Gas Chromatography‑Mass Spectrometry 
(GCMS) Analysis

For the identification of chemical compounds, includ-
ing plastic additives, contained in the MP particles, 

Table 1   Coordinates of sampling location of mullets

Sampling location Coordinate

Pangkah Wetan, Gresik 6°53′07.5″S 112°31′23.6″E
Tambakcemandi, Sidoarjo 7°23′14.8″S 112°50′35.2″E
Randuputih, Probolinggo 7°46′11.8″S 113°16′21.3″E
Wotgalih, Lumajang 8°17′40.2″S 113°16′29.7″E
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GCMS analysis was performed. Compounds iden-
tified are characterized by identical mass spectra 
between the unknown compound and the refer-
ence compound (Liu et al., 2021). The list was then 
cohered with the plastic additives inventory com-
piled by Costa et  al. (2023). For two days at room 
temperature, one gram of the dried composite sam-
ple from every location was ground and pulverized 
in 20–30  ml of N-hexane (Buwono et  al., 2022). A 
GCMS vial was filled with the filtrate for analy-
sis. Performance, reliability, and productivity of the 
extract samples were assessed utilizing an Agilent 
5977B GC/MSD with a 7890B GC (Agilent Tech-
nologies, Inc., USA) using the following settings: the 
input temperature equal to 200 °C, the column tem-
perature range from 50 °C to 300 °C at 2 min, along 
with a rise in temperature of 3  °C per minute. The 
evaluation column is an HP-5 measuring 30  m by 
0.32 mm by 0.25 m (Liu et al., 2021).

2.8 � Data Analysis

Statistical analysis was conducted by SPSS 25. With 
the use of the Shapiro–Wilk test, the data’s normal-
ity was confirmed. Kruskal–Wallis was employed to 
investigate the variations in MP abundance between 
organs and sampling locations with a significance 
level of p < 0.05. The information on microplastics 
type of polymer and plastic additives contained in the 
MP particles presented descriptively.

3 � Results

The results of a study of 120 mullet fish caught 
from 4 different locations in East Java showed that 
all of them are contaminated by microplastics with 
a range of 1 to 72 particles per organ. The MPs par-
ticles trapped in the gills had an average abundance 
of 10.87 ± 1.09 particles/individual, while the aver-
age abundance of microplastics left in the stomach 
and intestines is 7.43 ± 0.52 particles/individual and 
4.35 ± 0.31 particles/individual respectively. In gen-
eral, the abundance of microplastics that has accu-
mulated in the gills is greater than the abundance of 
microplastics that has accumulated in the digestive 
organs. Upon conducting the Kruskal–Wallis test 
and its post hoc analysis, the results indicated that 
there existed statistically significant differences in the 

abundance of microplastics across the gills and intes-
tines, as well as the stomach and intestines (Fig. 2).

Microplastics found in gills, stomach, and intes-
tines consist of various colors and shapes (Fig. 3). The 
black color dominated the microplastics found in the 
fish samples, which was 72.4%, followed by the blue 
color, which was 13.3%. As many as 62.7% of the 
microplastics found were in the form of pellets and 
29.3% in the form of fibers. Microplastics with a size 
of < 100 µm and 100–500 µm were the most dominant 
microplastics found in the organs of mullets in East 
Java, with a proportion of 71.0% and 21.5% respec-
tively (Fig. 4).

The microplastic constituent polymers found in the 
composite sample of mullet obtained from the coastal 
area of East Java were polyethylene (PE), polyurethane 
(PU), polyethylene terephthalate (PET), polypropylene 
(PP), polyvinyl chloride (PVC), polystyrene (PS), and 
polycarbonate (PC), as can be seen in Table 2, while 
the GCMS analysis on microplastics composite sam-
ples from the gills, stomach, and intestines of mullets 
(M. cephalus) revealed five different type of additives, 
namely, plasticizer, flame retardants, antistatic, heat 
stabilizer, and another stabilizer (Table 3).

4 � Discussion

The study reveals a significant prevalence of 
microplastics in the gills of fish, suggesting that 
the respiratory pathway serves as a crucial mode of 
microplastic intake in these organisms (Su et  al., 
2019a). The findings also underscore the pivotal role 
of gills in the accumulation of microplastics (Lin 
et  al., 2020). As reported by Abbasi et  al. (2018), 
the abundance of microplastics in the gills is also 
known to be significantly more than the abundance 
in the digestive organs. The gills comprise of gill 
slits, gill arches, and gill filaments which play a 
role in exchanging respiratory gases and filtering 
particles for food. The oxygen-rich water that 
flows through the mouth will then be pumped over 
their gills. The gill filaments are responsible for 
filtering sizable particles and plankton from aquatic 
environments, subsequently redirecting them towards 
the esophagus then further digested in the stomach. 
This filtration process also enables the entrapment 
of microplastics when the gills force the oxygen-
poor water out through apertures in the sides of the 
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pharynx. The significant surface area of filtration 
exhibited by the mullet (M. cephalus) as reported by 
(Lin et al., 2020) at 862.20 mm2, combined with the 
narrow inter-filament spaces of 0.048 mm (Eggold & 
Motta, 1992), can be regarded as the primary factors 
responsible for the entrapment of plastic particles and 
other solid materials within the gill structure (Collard, 
et  al., 2017a, 2017b). Nevertheless, it should be 
noted that the structural features of the gill filaments 
do not exclusively determine the accumulation of 
microplastics within the gills (Lin et  al., 2020). 

Entry of microplastics into the gills of fish through 
water filtration is a non-selective process, potentially 
accounting for the comparatively high prevalence of 
microplastics in the gills. At the laboratory level, gills 
have been identified as the primary organs that are 
subjected to microplastics (Lin et al., 2020). Elevated 
concentrations of microplastics have been found to 
induce harmful effects and pathological alterations 
in the gill tissue (Ding et al., 2018). The entrapment 
of microplastics within the gill filaments can lead 
to a range of negative consequences, including 

Fig. 2   Microplastics 
abundance in mullets’ 
organs (Mugil cephalus) 
from East Java, Indonesia. 
A From 4 coastal area, B 
total. SDA, Sidoarjo; PRB, 
Probolinggo; GSK, Gresik; 
LMJ, Lumajang
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physical damage to the filaments themselves, 
heightened susceptibility to microplastic infiltration 
and subsequent infection (Jabeen et  al., 2018), 
diminished respiratory efficacy resulting in hypoxia, 
and potentially fatal outcomes (Barboza et al., 2020). 
Various laboratory investigations have exhibited 
that microplastics can accumulate and disseminate 
chemical contaminants by ventilation in a way similar 
to eaten microplastics (Barboza et  al., 2018; Zhu 
et al., 2020). A translocation of microplastics via gills 
is feasible due to their absorption by the surface of 
the filament, followed by their entry into cells and 
the circulatory system via the process of endocytosis 
(Zhu et al., 2020).

Microplastics that are quite large in size enter the 
stomach and intestines of fish through the process 
of ingesting food, either intentionally because their 
characteristics are similar to prey or accidentally 
because their size is too small. The relatively small 
abundance of microplastics and the significant dif-
ferences between the stomach and intestines in this 
study indicate the effectiveness of microplastic elimi-
nation from the fish body, as stated by Jovanović 
et al. (2018) and Grigorakis et al. (2016). The study 
found that the time required to evacuate of micro-
plastic from the intestinal tract of goldfish was 10 h 
and 33.4 h for 50% and 90% of the particles, respec-
tively. Furthermore, approximately 90% of Sparus 

Fig. 3   Various microplastics found in Mugil cephalus; a–b fragment, c–d film, e–f pellet, g–i fiber
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Fig. 4   Percentage of 
total microplastic parti-
cles in gills (G), stomach 
(S), and intestine (I) of 
mullets (Mugil cepha-
lus) in Sidoarjo (SDA), 
Probolinggo (PRB), Gresik 
(GSK), Lumajang (LMJ) 
coastal area, Indonesia, 
based on A) color, B) 
shape, and C) size. 0%
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auratus were able to eliminate microplastics from 
their gastrointestinal tract within a period of 24  h. 
The elimination of microbeads from the intestinal 
tract of European seabass larvae was observed to be 
accomplished within 48  h subsequent to their expo-
sure to microplastics (Mazurais et  al., 2015), while 
microplastic particles exhibited rapid clearance and 
achieved a state of equilibrium within the intestinal 
tract of zebrafish within 48 h of initial exposure (Lu 
et al., 2016). Previous research has indicated that the 
temporary existence of microplastics within the gas-
trointestinal tract of fish is evident, as their prevalence 
does not exhibit a proportional increase in larger and 
more mature fish (Güven et al., 2017). The mean con-
centration of microplastics in the digestive tract of 
mullet (M. cephalus) in an investigation performed 
by Zhang et al. (2020b) and Guilhermino et al. (2021) 
proved an amount that was not much different from 
this study, which is 5.2 particles/individual and 6 par-
ticles/individual respectively. The findings suggest 
that the dietary and environmental characteristics of 
fish species play a significant role in the accumulation 
of microplastics within their digestive tracts (Zhang 
et  al., 2020a). Omnivorous fish species that live at 
the bottom of the water have a greater possibility of 
ingesting microplastic particles (Zheng et al., 2019). 
In this case, mullets (M. cephalus) are omnivorous 
and classified as benthopelagic fish. Adult mullets’ 
primary sources of food include benthic and epiphytic 

microalgae living on the bottom, plant debris, inor-
ganic sediment particles, and to a lesser extent, ben-
thic animals (Odum, 1970; Thomson, 1966). They 
reject the coarser material through a pharyngob-
ranchial organ, which serves as a mechanical and gus-
tatory filter, and prefer fine particles with a diameter 
between 10 and 200 µm (Brusle, 1981). Food mate-
rial can be retained for a period of time between 2 and 
6 h (Odum, 1970). The careful examination of micro-
plastic particles in the intestine is imperative due to 
their potential translocation into the liver via direct 
infiltration into the endothelial cell lining or intesti-
nal lymphatics (Jovanović et  al., 2018). Microplas-
tics present in the intestinal tract have the potential 
to induce detrimental effects such as damage to the 
intestinal mucosa, heightened intestinal permeability 
and inflammation, disrupted intestinal metabolism, 
and dysbiosis of the intestinal microbiota (Qiao et al., 
2019). In addition, both microplastics and oxytet-
racycline exposure in zebrafish (Danio rerio) may 
interfere with the gut-liver axis and be linked to the 
development of nonalcoholic fatty liver disease (Zhou 
et al., 2023).

The findings of this study pertaining to the color 
preferences of microplastics found in the digestive 
tract of mullet are consistent with those of previous 
research reports. Numerous investigations have been 
conducted thus far regarding the presence of micro-
plastics within the gastrointestinal system of fish. 

Table 3   Chemicals detected in in the gill and digestive tract composite samples of mullet (Mugil cephalus) from 4 coastal area 
(SDA, Sidoarjo; PRB, Probolinggo; GSK, Gresik; LMJ, Lumajang) in East Java, Indonesia

Compound R. T min Concen-
tration (%)

Type of additives SDA PRB GSK LMJ Reference

Mesitylene 9454 1.44 Other stabilizer  +  - - - (Costa et al., 2023)
Phenol 10,471 0.86 Plasticizer  +  - - - (Costa et al., 2023)
Benzene, 4-ethyl-1,2-dimethyl- 13,293 1.07 Flame retardants - - -  +  (Costa et al., 2023)
Benzene, 1-ethyl-3,5-dimethyl- 13,319 0.76 Flame retardants  +  - - - (Costa et al., 2023)
n-Hexadecanoic acid 49,935 5.59 Other stabilizer  +  -  +  - (Costa et al., 2023)
Hexadecanamide 54,683 1.99 Other stabilizer -  +  - - (Costa et al., 2023)
Dodecanamide 54,714 2.85 Antistatic - -  +  - (Costa et al., 2023)
3-Quinolinecarboxylic acid, 6,8-difluoro-

4-hydroxy-, ethyl ester
65,859 1.18 Heat stabilizer  +  - - - (Costa et al., 2023)

4-Chloro-6-methoxy-2-methylquinolin-
8-amine

78,820 3.03 Heat stabilizer  +  - - - (Costa et al., 2023)

2,4-Cyclohexadien-1-one, 3,5-bis(1,1-
dimethylethyl)-4-hydroxy-

86,443 81.82 Plasticizer  +  - - - (Costa et al., 2023)
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Microplastics, specifically blue and black filaments, 
as well as blue, green, and black fragments, have been 
frequently detected in Atlantic horse mackerel (Tra-
churus trachurus) collected from the central Medi-
terranean Sea (Chenet et  al., 2021). Recent research 
reveals that the little spotted tabby shark (Scyliorhinus 
canicula) inhabiting the southwest coast of the UK 
predominantly ingested gray/transparent microplas-
tics, while green microplastics were comparatively 
less frequently found in their digestive tract (Morgan 
et  al., 2021). Black and blue microplastic fragments 
have been frequently detected in the stomach con-
tents of Sardina pilchardus and Engraulis encrasico-
lus inhabiting the Adriatic Sea in Italy (Renzi et al., 
2019). The experimental research carried out by 
Okamoto et al. (2022) revealed that zebrafish Danio 
rerio, Indian medaka Oryzias melastigma, and sea 
anemonefish Amphiprion ocellaris most often exhib-
ited the presence of red, yellow, and green microplas-
tic particles in their gastrointestinal tracts. However, 
the occurrence of blue and gray particles was com-
paratively less frequent. This observation suggests 
that variations in color preferences among organisms 
may be attributed to differences in environmental 
and laboratory conditions. However, comparatively 
in many other studies, as well as in this study, blue 
and black are the predominated microplastics color 
found (Zazouli et  al., 2022). Blue nylon scraps can 
be obtained from materials like fishing rope or net-
ting (Abayomi et al., 2017). Fish have been observed 
to consume microplastics either deliberately or inad-
vertently, as they may perceive them as natural food 
sources like plankton. Additionally, the transmission 
of microplastics can transpire through the ingestion 
of fish prey that contains microplastics (Jovanović, 
2017). Mullets (M. cephalus) are known to have food 
preferences in the form of Bacillariophyceae and 
Myxophyceae (Mondal et al., 2015) which have char-
acteristics of golden brown and blue. The color of 
microplastics is one of the main factors contributing 
to the consumption and trophic transfer of microplas-
tics by organisms (Au et al., 2017; Avio et al., 2015). 
The most microplastics color found in the digestive 
tract of mullet (M. cephalus) in this study was black, 
blue, and red with a percentage of 72.4%, 13.3%, and 
10.7% respectively (Fig.  4A). The color of micro-
plastics in fish shows a pattern similar to the color of 
microplastics around water bodies, as stated by Mor-
gana et al. (2018) and Wieczorek et al. (2018).

Pellets, fiber, fragments, and films are forms of 
microplastic found in samples from the digestive tract 
of mullet (M. cephalus) in the coastal area of East 
Java. Pellets are the most dominant form of micro-
plastic followed by fiber (Fig.  4B). The presence of 
these forms of microplastics in mullet’s organs indi-
cates their presence in surrounding environment. Pel-
lets are considered as primary microplastics and serve 
as precursors for many plastic products (Hidalgo-Ruz 
et  al., 2012). In addition, daily personal care prod-
ucts such as facials and shower gels also contribute 
to the abundance of pellets or microbeads in aquatic 
environments (Eerkes-Medrano et al., 2015). In gen-
eral, fiber is the most common form of microplastic 
found in global waters (Dai et al., 2018; Zhang et al., 
2018). The existence of microplastics in aquatic 
environments has diverse origins, encompassing 
landfills, incineration of waste, atmospheric deposi-
tion, synthetic textiles such as fishing gear, clothing 
and household refuse, and environmental abrasion 
of microplastics (Wu et  al., 2018). The prevalence 
of microplastics that come in the form of fibers (per 
unit volume) in marine sediments has been observed 
to be as much as fourfold greater than the preva-
lence detected on the surface of seawater (Avio et al., 
2017; Pham et  al., 2014; Tubau et  al., 2015). There 
is a higher probability of accumulation of micro-
plastics in the gastrointestinal tract when they are in 
the form of fibers (Rist & Hartmann, 2018; Wright 
et  al., 2013). According to a research on domestic 
washing machine effluent, it has been discovered 
that each laundry cycle can generate over 1900 fibers 
from any given clothing item (W. Luo et  al., 2019). 
Furthermore, empirical investigations conducted on 
sewage derived from a wastewater treatment facil-
ity situated in Germany have demonstrated that syn-
thetic fibers were detected in over 80% of the speci-
mens (Mintenig et al., 2017). The utilization of rivers 
for transport may potentially have an impact on the 
occurrence and quantity of fiber within urban water 
systems (Zazouli et al., 2022). The coastline serves as 
a disposal point for waste, where micro-sized fibers 
are found in greater abundance. Comparable spatial 
patterns have also been evidenced in investigations 
of seawater (Sherman & Van Sebille, 2016; Yonkos 
et al., 2014).

Qualitatively, there were 8 types of microplastic 
constituent polymers that could be identified from the 
gill and digestive tract composite samples of mullet 
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in this study (Table  1), namely, polyethylene (PE), 
polyurethane (PU), polyethylene terephthalate (PET), 
polypropylene (PP), polyvinyl chloride (PVC), poly-
styrene (PS), and polycarbonate (PC). In general, in 
many other studies, PE is the most dominant micro-
plastic polymer found in the digestive tract of fish 
(Zazouli et al., 2022). A meta-analysis shows that PE 
is the most dominant type of plastic found in marine 
waters (Erni-Cassola et  al., 2019). PE and PP are 
widely utilized plastic polymers in daily human activ-
ities, which results in their significant prevalence in 
natural habitats owing to their robustness and wide-
spread application (Erni-Cassola et  al., 2019; Tang 
et  al., 2018). The prevalence of these two polymers 
in marine samples is attributed to their comparatively 
lower densities. However, their occurrence dimin-
ishes with increasing depth of the seawater (Zazouli 
et  al., 2022). Furthermore, it is noteworthy that a 
significant proportion, up to 62%, of the worldwide 
demand for plastic is attributed to PP. It is also worth 
mentioning that these two polymer types constitute 
the primary polymers present in the Mediterranean 
waters (Andrady, 2015). Comparable findings were 
also observed in piscine specimens located along the 
shoreline of Kochi, India (James et  al., 2020). Poly-
ester is a frequently employed substance in the pro-
duction of commercial marine supplies and devices, 
such as fishing gear (Steer et al., 2017). PET is a com-
monly utilized material that takes the form of fibers 
for clothing and storage containers for solutions and a 
food item (Naji et al., 2017).

The majority of microplastic sizes found in mullets 
in this study (Fig. 4C) were in the range of < 100 µm 
(71.0%) and 100–500  µm (21.5%). The impact of 
microplastics on organisms is significantly influenced 
by their size characteristics. Therefore, it is crucial 
to assess the capacity of microplastics of different 
sizes of interacting with organisms (Lee et al., 2013; 
Rodríguez-Seijo & Pereira, 2017). Entry of micro-
plastics with larger sizes into organisms may lead to 
harm to their gastrointestinal tract or gill filaments as 
they traverse these internal organs (Ryan, 2019; Su 
et al., 2019a; Von Moos et al., 2012). Given the pro-
pensity of tiny black microplastics from highly indus-
trialized areas to engage with chemical contaminants 
(Wang et  al., 2018) such as plasticizers, polybromi-
nated diphenyl ethers (PBDEs), heavy metals, and 
polychlorinated biphenyls (PCBs), these microplas-
tics of smaller dimensions exert a more pronounced 

influence on organisms, particularly at the cellular 
level (Prinz & Korez, 2020). Microplastics measuring 
less than 1 mm in diameter have the ability to traverse 
the cellular barrier and exit through the digestive tract 
or gills, resulting in detrimental consequences such as 
oxidative harm, reproductive capacity, and immune 
reactions in living organisms (Abbasi et  al., 2018; 
Browne et  al., 2008; Collard, et  al., 2017a, 2017b; 
Prokić et al., 2019).

Various chromatogram peaks have been detected 
as additives in microplastics, including plasticiz-
ers, flame retardants, antistatic agents, heat stabi-
lizers, and other stabilizers. A database of chemical 
substances found in microplastics found in mullet 
fish is shown in Table 2. Mesitylene is one of a ben-
zene derivatives (Sobhani et  al., 2021) which func-
tions as a stabilizer and typically has a concentra-
tion of 0.5–2.5% in polyefin-I, polyefin-II, or PA 
(Costa et  al., 2023). Phenol and 2,4-cyclohexadien-
1-one, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, which 
act as plasticizers, have the highest concentration 
in total among other chemical compounds, while 
benzene,4-ethyl-1,2-dimethyl- and benzene,1-ethyl-
3,5-dimethyl- are considered flame retardants. Flame 
retardants refers to a group of such inorganic and/or 
organic compounds that specifically make polymers, 
wood, and wood-based materials, as well as textiles, 
flame-resistant (Wensing et  al., 2005). 3-Quinoline-
carboxylic acid, 6,8-difluoro-4-hydroxy-, ethyl ester, 
and 4-chloro-6-methoxy-2-methylquinolin-8-amine 
are heat stabilizers which play an important role in 
improving PVC thermal stability (Gao et al., 2022).

Despite the widely use of plastic additives, many 
industrial producers do not offer thorough informa-
tion on chemical additions added to plastic poly-
mers, including their concentrations. Some additives 
are classified as chemicals of very high concern, 
since they have been shown to be endocrine disrup-
tors, mutagenic, or carcinogenic to aquatic biota 
(Groh et  al., 2018; Wagner & Schlummer, 2020). 
For instance, skeletal development, metabolism, and 
immune response can be interfered by the highly 
hazardous additive, phthalate esters (Luo et  al., 
2022). Currently, the European Chemicals Agency 
(ECHA) is reviewing regulations on additives for 
use in the European Common Market, while phtha-
lates, type of plastic additives, have undergone an EU 
risk assessment, and much research has been done 
on their impact on the environment, human health, 
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and their application in diverse products (Campanale 
et al., 2020). Results from studies on the ecotoxicity 
of numerous common plastic chemical additives in 
microplastics leachate point to the possibility of car-
cinogenic consequences, neurotoxicity, inflammation, 
and changes to lipid metabolism (Capolupo et  al., 
2020; Jeong & Choi, 2020). The identification and 
analysis of the chemical constituents of microplastics 
is crucial due to their potential impact on the health 
of organisms and the environment.

5 � Conclusion

The gills of mullets (Mugil cephalus) are more 
likely to contain microplastics than intestines due to 
the non-selective filtration through the wide surface 
area and the narrow inter-filament spaces of the gills 
that cause the microplastics to become entrapped, 
while the microplastics presence in the stomach 
and intestines is impacted by numerous factors 
including their feeding habit. Black and blue as 
well as pellet and fiber shaped microplastics are the 
characteristics of microplastics that are abundantly 
found in mullets organ possibly because they mimic 
the fish’s natural prey. Furthermore, the predominant 
discovery pertains to microplastics measuring less 
than 100 µm in size. The organ of mullets was found 
to contain seven distinct plastic polymers through 
the use of FTIR analysis. Additionally, plastic 
additives were detected through GCMS analysis. 
The study’s findings advance our understanding of 
the degree of microplastic pollution in marine fish, 
and the presence of plastic additives in fish could be 
concerning; hence, it is necessary to develop a risk 
assessment of microplastics in fish in relation to fish 
consumption.
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