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Highlights
e This study demonstrates the presence of microplastic particles in five commercially important fish in a

tropical estuary of Kalimantan Island in Indonesia.

e Fiber was the most dominant type of microplastic.
e Demersal fish may have ingested a higher quantity of microplastic particles compared to pelagic species.
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Abstract

The aim of this study was to assess the occurrence of microplastic in digestive organs (esophagus to
intestine) of popular marine commercial fish species: jack (Caranx SP.), blackspot snapper (Lutjanus
fulviflamma), coral grouper (Epinephelus carallicala), golden snapper (Lutjanus johnii), and pickhandle
barracuda (Sphyraena jello) from Pangemang Estuary in Indonesia. To separate the microplastic particles,
each sample was digested using alkaline digestion solution, filtered on Whatman paper and then dried.
Using a dissecting stereo microscope, microplastic particles in the processed digestive organ contents were
identified and enumerated. Microplastics were found in 96% of fish digestive organs (n = 50). In fish
samples of jacks, blackspot snapper, coral grouper, golden snapper, and pickhandle barracuda (n = 10 for
each species), we found in average of 41 + 6.0 SE, 26 = 11.0 SE, 15+ 2.0 SE, 11 + 1.0 SE, 14 2.0 SE
microplastic particles per individual, respectively, and we found in average of 499.5 + 94.4 SE, 501.5 +
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198.8 SE, 83.6 + 18.4 SE, 79.8 + 11.6 SE, 40.2 + 25.0 SE microplastic particles per kg fish weight,
respectively. Fiber was the most dominant type of microplastic. Microplastic beads were not detected. The
relationship of the average consumed microplastic and the average fish weight per species show a negative
relationship (R” = 0.36), but insignificant (P-value = (.28). Our finding suggests that demersal fish like
jacks, blackspot snapper, and coral grouper may have ingested a higher quantity of microplastic particles
compared to pelagic species like pickhandle barracuda.

Keywords: Pollution, Ingestion, Commercial fish, Borneo, Indonesia

Introduction

After invented over 110 years ago, plastic materials become ubiquitous in the environment. Plastic
material is made from polymers that can be shaped easily for many varieties of uses. The elevated desire to
use plastic materials due to their affordability, bio-inertia, high strength to weight ratio, and resistance to
degradation. These characteristics has made plastic materials become important materials for human life
nowadays. By the year of 2017, the total global production of plastic was estimated to reach 8300 million
metric tons [1], with the rate of production has reached over 300 million metric tons per year [2].
Approximately 10% of the annual plastic production is projected to end up in the ocean [3]. Countries in
Asia, including Indonesia are suspected responsible to bring 88%-95% of global marine debris load into
ocean [4]. The proportion of plastics usually take about 70% of total marine debris [5].

Initially regarded as a safe material, several decades of plastic production have brought a wide range
of environmental problems, particularly in marine ecosystems. In oceans, even though plastic is considered
as durable material and resistant to natural biodegradation. However, continuous exposure to weathering
factors such as sunlight, wind, and waves, along with the process of oxidation, causes plastic items to break
down into smaller fragments. On the shore, it may be fragmented into smaller pieces due to grinding from
rocks and sand [6]. The breakdown process leads to smaller particle known as microplastics (<5 mm) [7].
These smaller plastic fragments can be easily mistaken for prey and subsequently ingested by aquatic
organisms. There is growing concern regarding microplastic issues because they have the potential to
physically affect animals and pose toxicological risks due to potentially harmful compounds added during
plastic production. These concerns highlight the possibility of these contaminants entering the food chain
[8,9]. These added compounds encompass fillers and plasticizers used for texture adjustment, coloring
agents, antimicrobials, flame retardants, and other substances that modify plastic properties to meet specific
preferences [10].

Microplastic particles can also act as transport vector, meaning that they can accumulate and spread
harmful chemicals and pathogenic microorganisms from the surrounding [11]. Cole et al. reported that
ingestion of microplastic particles by zooplanktons shows negative impacts on feeding, hatching, and their
health [12]. Similarly, the ingestion of microplastics by oysters also showed negative impact on their
reproduction and feeding habits [13]. To fish, exposure to microplastics or in combination with other
contaminants that attached on them can induce various health problems [14].

The marine region situated in the eastern part of Kalimantan Island is an integral component of the
tropical waters within the Indo-Pacific Coral Triangle. This area is renowned for its abundant marine
biodiversity [15]. Estuarine waters are a type of marine ecosystems often utilized for fisheries purposes.
[16,17], and these waters are a sociocultural and economically important fishing ground used by both
traditional and commercial fishermen [18]. Estuary ecosystems face increasing rates of microplastic
pollution and accumulation. which may have negative impacts on biota. A large portion of microplastic
pollution originates from urban areas, including inland urban sources. and is carried by rivers and streams
to oceans, a portion of which will become trapped and accumulate in estuaries [19]. Pollution in estuary is
problematic as estuaries also provide crucial habitat for a variety of commercially and recreationally
important species such as crabs, fish, and shellfish [20]. Numerous studies investigating microplastics have
placed their emphasis on ecosystems in both marine and inland environments [21,22,23]. However, there
have been limited evaluation on microplastic contamination in transitional waters between the two
ccosystems, such as estuarine waters, allowing analysis of microplastic concentrations ingested by some
commercial fish. To address this knowledge gap., we evaluated the types and abundance of microplastic
particles in available commercial fish samples collected from Pangempang Estuary and asked the main
following questions: what type of microplastic? And how is the abundance of microplastic in fish collected
from this transitional waters?
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Materials and methods

Site description and Sampling

The Pangempang Estuary (0°12'52.52"S, 117°25'30.65"E) is situated on the eastern side of
Kalimantan Island, Indonesia. This estuary serves as the confluence point for waters from the Pangempang
River and scawater from the Makassar Strait, situated between Kalimantan and Sulawesi Island. The
Pangempang River spans approximately 26 kilometers, originating from the Marangkayu reservoir. Its
width ranges from 8 meters upstream to 140 meters downstream. The river passes through the Marangkayu
Town settlement, situated roughly 20 kilometers upstream from the Pangempang Estuary. Additionally,
about 7 kilometers upstream from the estuary, there is a coal loading port in operation. The estuary plays a
vital role as an intercoastal waterway for the nearby villages. In addition to residential arcas in the
surrounding estuary, several recreational beaches are privately owned and operated and are economically
important to the region’s tourism industry. Furthermore, local fishermen actively engage in fishing
activities within this area or use it as a passage to access the open waters of the Makassar Strait.
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Figure 1 The Pangempang Estuary (East Kalimantan, Indonesia)

To evaluate the ingestion of microplastics by fish, we obtained fish specimens from local fishermen
operating in the waters of the Pangempang Estuary. We were able to collect ten replicates of each five
different species from these fishermen. The species we identified were jack (Caranx SP.), blackspot snapper
(Lutjanus fulviflamma), coral grouper (Epinephelus carallicala), golden snapper (Lutjanus johnii), and
pickhandle barracuda (Sphyraena jello). We conducted the identification of these fish species and their
habitats based on the information provided in the book titled "Marine Fishes and Crustaceans of the
Southeast Asian Region" [24]. Each individual fish was placed in plastic bags, and then stored on ice during
transport to the Water Quality Laboratory at Mulawarman University. The samples were preserved in
freezer before processing and analysis.
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Figure 2 Photographs illustrating the observed fish species: (A) Jack (Caranx SP.), (B) blackspot snapper
(Lutjanus fulviflamma), (C) coral grouper (Epinephelus carallicala), (D) golden snapper (Lutjanus
Jjohnii), and (E) pickhandle barracuda (Sphyraena jello).

Laboratory processing

We measured fish weight (g) of each specimen. We conducted a dissection of the fish's stomach and
gathered its contents, spanning from the esophagus to the intestine. To separate the microplastic particles,
each stomach content was digested using alkaline digestion solution of potassium hydroxide (KOH)
[25.26]. Each stomach content was placed in a beaker and 10% KOH was added allowing submersion of
stomach contents in the beaker. Each beaker was covered with aluminum foil. We stirred the samples in
the beaker using magnetic spinner at 350 rpm for 2 hours. Then we collected the particles after the digestion
using a sieve of 125 um and transferred to a previously cleaned beaker using distilled water. Into the beaker
30% H,0, was added and then stirred. After | hour stirring, samples were vacuum pump filtered on 1.6 pm
pore size Whatman paper and then dried.

Using a 10-45x magnification dissecting microscope, microplastic particles in the processed stomach
contents were identified and enumerated. The microplastic particles were observed and categorized into
four major types (fiber, fragment, film, and bead; [27]) following protocols from Hidalgo-Ruz et al., [28]
and Eppehimer et al. [29]. To minimize contamination by airborne synthetic fibers during sampling
processing, the researchers wore 100% cotton lab cloth. We consistently cleaned all material used in this
sample processing with distilled water. During the preparation and observation, the beakers and aluminum
cups were always covered when not in used. All these processes were conducted in the laboratory behind
closed doors and windows.
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Results

We observed microplastic shapes of fibers, film, fragments. Microplastic beads were not detected in
any of our samples. In jacks, coral grouper, golden snapper, and pickhandle barracuda, we detected
mlcroplast ic particles in 100% of samples except for blackspot snapper only 80% of samples.

Figure 3 Photographs illustrating the observed microplastic types found in digestive organs from sample

fishes collected in the Pangempang Estuary: a. fiber, b. film, and c. fragment. Horizontal scale bar = 0.5
mm

In fish samples of jacks. blackspot snapper, coral grouper, golden snapper, and pickhandle barracuda,
we found in average of 41 + 6.0 SE, 26 + 11.0 SE, 15 + 2.0 SE, 11 = 1.0 SE, 14 + 2.0 SE microplastic
particles per individual, respectively, and we found in average 0f499.5 + 94.4 SE, 501.5 + 198.8 SE, 83.6
+ 18.4 SE, 79.8 £ 11.6 SE, 40.2 = 25.0 SE microplastic particles per kg fish weight, respectively. The
blackspot snapper had the highest number of microplastic particles per kilogram of fish weight, reaching
501.5 = 198.8 SE microplastic particles. The lowest number of particles per kilogram of fish was found in
the pickhandle barracuda, which amounted to 40.2 + 25.0 SE microplastic particles.
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Figure 4 Average of microplastic particles per individual (A) and per kilogram fish weight (B)
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In jack samples, fibers were most prevalent representing 83.4% of all microplastic pieces, film and
fragment were much lower at 8.0% and 8.5%, respectively. Fibers were observed in all samples, film was
found in 80% of samples, and fragments were found in 90% of our jack fish samples.

Our blackspot snapper samples exhibited that fiber was the most observed microplastic type 73%,
and the followed by film (20%) and fragments (7%). The fibers, film, and fragments were detected in 80%,
70%, 50% of all samples respectively.

The coral grouper samples showed that fiber particles were the most abundant with 80.5%, as
compared to percentages found for film (16.2%) and fragments (3.2%). In this species, fibers, film, and
fragments were detected in 100%, 90%, 40% of our samples respectively.

From our golden snapper samples, we observed that fibers were the most detected type (81.5%) and
followed by film (18.5%). No fragments were found in this species samples. The fibers shape particles were
found in all this species samples. The film shape particles were found in only 77.8% of the samples.

Finally, our pickhandle barracuda samples indicated that fiber was the most dominant as well (71.0%)
microplastic particles and then followed by film (29.0%). There was no fragment shape particle detected in
this species samples. Either, the fibers and film were detected in all this species samples.

Among the five fish species we observed (n=5), the average weight per individual blackspot snapper
in our sample was the smallest, at 0.05 kg, while the pickhandle barracuda was the largest, at 0.36 kg. The
relationship of the average consumed microplastic particles and the average fish weight per species (Figure
3) show a negative relationship (R = (1.36), but the relationship between the two is not significant (P-value
=0.28).
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Figure 5 Relationship of mean weight of observed fish and mean number of ingested microplastic
particles per individual

In this study, the majority of observed fish species are demersal (Table 1), or at least in part of their
life phase, demersally as adults and pelagically in the juvenile phase. Only the Pickhandle barracuda species
live as pelagic fish. All observed fish are predator species that prey on marine biota (fish, shrimps, crabs
and cephalopods) generally smaller in size than their own bodies.

Table 1 Taxonomy, common name, foraging ecology

No. Taxonomy and Common Foraging ecology
name
1. Family: Carangidae Most species are demersal, or bottom dwelling, while others
Genus: Caranx are pelagic, moving long distances in the upper water
Common names: Jacks or column [30]. All species are predatory fish, taking smaller
trevallies fish, cephalopods as prey [31].
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Family: Lutjanidae
Species: Lutjanus fulviflamma

Many species under this family are demersal and associated
with coral reefs [32]. Some of the larger red snapper species

(Forsskal, 1775)

Common names: Blackspot
snapper

3. Family: Serranidae
Epinephelus carallicala (Kuhl
& Hasselt, 1828)

Common names: Coral grouper

descend into deeper waters, at least to 200 m in depth [33].
Lutjanus is predatory fish usually found in tropical and
subtropical reefs, and mangrove forests.

Predominantly sedentary species that resides near the ocean
floor (demersal), and it goes through a pelagic larval stage
of approximately 40 days before eventually settling in
shallow coastal hardbottom habitats during its juvenile phase
[34]. They usually eat fish, octopuses, and crustaceans.
Some species prefer to ambush their prey, while others are
active predators. They swallow prey rather than biting pieces
off of them [35].

Lutjanus exhibits a two-part life cycle: an initial stage with
pelagic eggs and larvae, succeeded by a later stage as
juveniles and adults that are oriented towards the seafloor
(demersal) [36]. Feed on fishes and benthic invertebrates
including shrimps, crabs and cephalopods. Adults probably
frequent coral reef areas; juveniles found in mangrove
estuaries [37].

They are migratory pelagic predators and usually be found
in schools swimming in the tropical waters, predominantly
nearby coral reefs [38]. Prey on fish, cephalopods, and
shrimps [39].

4. Family: Lutjanidae

Lutjanus johnii (Bloch, 1792)
Common names: Golden
snapper, or John's snapper

5. Family: Sphyraenidae
Sphyraena jello Cuvier, 1829
Common names: Pickhandle
barracuda or Banded barracuda

Discussion

Types of microplastic

Owr findings confirmed that fish in Pangempang Estuary do consume microplastics and fibers were
the most dominant type of microplastic. In the aquatic environment, ample studies reported that fibers are
the most encountered microplastic type [40-43]. Sources of fibers are predominantly textile goods, such as
clothes [44]. Degradation of synthetic fabrics was predicted as major contributor for microplastic fiber
abundance in our environment [44.45]. During the lifespan of the fabric, these fibers are naturally released
through regular usage and cleaning. In fact, a typical piece of clothing can release over 1900 fibers at size
less than Imm in length per wash cycle [46]. After being washed, synthetic fibers from laundry water find
their way into the municipal water systems. While a portion of these fibers is eliminated during wastewater
treatment, the remaining is discharged into surface waters [46]. In our study, the urban areas along the river
that flows to Pangempang Estuary do not have municipal wastewater treatment facilities, consequently raw
untreated urban wastewater discharge to this estuary. The microplastic of film was found as the second
most abundant microplastic type in all fish species we examined, except in Jacks fish. The source of film
microplastics may potentially come from abrasion of plastic bags that easily encountered as macro debris
in the Pangempang Estuary waters. A microplastic study on commercially important marine fish species in
Fiji documented that film microplastic portion was half of the total discovered microplastic particles, and
the remaining shared between fiber and fragment [47]. We observed fragment particles was the lowest in
number and only found in three of five fish species we examined. In contrast, Karbalaei et al. documented
that among commercial marine fish in the adjacent waters of Malaysia, fragment-type microplastics were
the most prevalent [48]. Source of fragment microplastic mainly come from degraded larger plastic debris
due to continuous weathering includes photo, biological, physical and chemical processes in the terrestrial
and aquatic environment [49].

Recent investigations into the impact of microplastic fibers on aquatic organisms have unveiled
various harmful consequences. According to Liang et al., goldfish exposed to a concentration of 1000 items
per liter of microplastic fibers displayed increased coughing behavior, reduced predatory activities,
diminished daily food intake, and stimulated dynamic mucus excretion during ventilation, feeding, and
swimming processes [50]. Similarly, a study by Zhao et al. demonstrated that following exposure,
microplastic fibers were found in the digestive organs of zebrafish, even in their early life stages, resulting
in intestinal damage and toxic effects indicated by observable histopathological changes and biomarker
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responses [31]. Another study by Xie et al. noted oxidative stress, dysbiosis in the intestine microbiome,
and histological damage as significant symptoms in barramundi exposed to microplastic fibers [52].

Abundance of microplastic in digestive organs

Our finding revealed that jack as individual consumed the highest average of microplastic particles,
41 (SE: 5.98) while golden snapper was observed consuming the least, only 11 (SE: 0.97). These values
are higher than those reported for fish in previous estuary studies, for instance Arias et al. documented
microplastic particle abundance ranged from 9-14 per gastrointestinal tract in multiple fish species caught
the Bahia Blanca Estuary in Argentina [53], up to 4 particles in semi pelagic boop boops in the Mediteranian
Sea [41]. and ranged 1.1- 7.2 microplastic particles in fish collected from China marine waters [40]. On the
other hand, the blackspot snapper has the highest amount of microplastics per kilogram of fish, 501.5 +
198.8 SE, while the pickhandle barracuda has the smallest amount, only 40.2 + 25.0 SE. The average
individual fish weight was the key determinant of this abundance.

An interesting point is that the results of the regression test on the average number of microplastic
particles with the average fish weight per species show a negative relationship (R? = (.36), however the
relationship between the two is not significant (P-value = 0.28). Similarly, Chen et al. reported that fish
size did not affect microplastic abundance in the fish digestive organs [54].

Foraging ecology

Microplastic ingestion is potentially influenced by two crucial factors: the type of habitat and the
feeding habits of organisms [55]. Within marine environments, scientists have noted markedly greater
quantities of microplastics in demersal fish species compared to pelagic species [40,42]. This trend could
be linked to the prevalence of plastic waste near the seabed, which is often regarded as the final
accumulation for plastics within the marine ecosystem.

Microplastics could potentially be present in fish across different trophic levels. However, current
data are insufficient to make definitive conclusions about the absorption of microplastics [56]. In fact,
distinguishing between directly and indirectly ingested microplastics is challenging [57]. Walkinshaw et al.
performed a semi-systematic review on research examining the presence of microplastics in commercially
significant organisms across various trophic levels [58]. The findings indicate that microplastics do not
exhibit biomagnification, and organisms at lower trophic levels are more prone to contamination by
microplastic pollution compared to apex predators.

In the present study, all collected species are adult predator fish, four fish species are demersal, and
one is pelagic (Table 1). The microplastic abundances in the three species of demersal fish (jacks, blackspot
snapper, and coral grouper) were higher than the only pelagic fish of pickhandle barracuda. However,
golden snapper that identified as demersal fish showing lower microplastic abundance than the pickhandle
barracuda. It is anticipated that there will be substantial variations in the consumption rates of microplastics
among different species in estuaries. This variation is expected because estuaries are dynamic environments
influenced by multiple factors such as tides, wind, and residence time [59]. This study did not identify any
herbivorous species, resulting in a lack of information regarding the effect of feeding habits on microplastic
consumption. However, a study conducted along the Mediterranean coasts of Israel found that two
herbivorous fish species consistently ingest significant quantities of microplastic particles as much as 10-
99 microplastic particles per fish gut [60].

Conclusions

For the first time, this study demonstrates the presence of microplastic particles in five commercially
important fish in a tropical estuary of Kalimantan Island in Indonesia. The average abundance per fish
individual were higher than those documented for commercial fish in previous marine estuary studies. The
relationship between the average weight of species and the average abundance of microplastics was
negative, but it did not reach statistical significance. Microplastic fibers constitute a significant portion of
the microplastic pollution found in the digestive systems of sampled fish from the Pangempang Estuary.
Our research suggests that demersal fish may have ingested a higher quantity of microplastic particles
compared to pelagic species.

This study result also confirms the urgency to observe wide range of fish species in term of their
habitat within the water column and as well as the feeding habit. Given the prevalence and high abundance
of these microplastic fibers, we recommend to include them in assessments of the risks associated with
microplastic pollution, particularly regarding their potential toxicity as these species are considered as
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important commercial fish in this region. Perhaps analysis based on muscles and internal organs should
also be considered in the near future.
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Graphical abstract

Abstract

The aim of this study was to assess the occurrence of picwplasfic in digestive organs (esophagus to
intestine) of popular marime commercial fish species jack L.Cm SP), blackspot snappel
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Introduction

After imvented over 110 years ago, plastic materials become ubiquitons in the environment, Plastic
‘material is made from polymers that can be shaped easily for many varieties of uses. The levated desire
to use plastic materizls due to their affordsbility, bio-inertia. high strength to Weight ratio, and resistance
to degradation These characteristics has made plastic materials become important materials for uman
life nowadays. By the vear of 2017, the total global production of plastic was estimated to reach 8300
‘million metric tons [1], with the rate of production has reached over 300 million metric tons per year [2]
Approximately 10% of the annual plastic production is projected to end up in the ocean [3]. Countries in
‘Asia, including Indonesia are suspected responsible to bring 88%-95% of global marine debris load into
‘ocean [4]. The proportion of plastics usually take about 70% of total marine debris [3]

Initially regarded as a safe material, several decades of plastic production have brought a wide range
of environmental problems, particularly in marine ecosystems. In oceans, even though plastic Is
considered a: durable material and resistant to natural biodegradation. However, continuous exposure to
weathering factars such s sunlight, wind, and waves, along with the process of oxidation, causes plastic
items to breal: dovn into smaller fragments. On the shore, it may be Srasmented into smaller pieces due
to grinding from rocks and sand [6]. The breskdown process leads to smaller particle Tmovm as
‘microplastics (<3 mm) [7]. These smaller plastic fragments can be casily mistsken for prey and
sbsequently ingested by aquatic orpaniems. Thers is Srowing concem regarding microplastic issues

used for texture adjustment, coloring agents, antimicrabials, flame retardants, and ofher substances that
‘modify plastic praperties to meet specific preferences [10]

Microplastic particles can also act as trausport vector, meaning that they can accumulate and spread
harmful chemicals and pathogenic microcrganisms fFom the sumounding [111. Cole et al repmed that
ingestion of microplastic particles by zooplanktons thows negative impacts on feeding, hatching, and
their health [12]. Similarly, the ingestion afmluuplam:s by oysters alzo showed nezati lmpm:t on their
reproduction and feeding habits [13]. To fish, exposure to microplastics or i combination with other
contaminants that attached on them can mduce various health problems [14].

‘The marine region situated in the eastem part of Kalimantan Tsland is an integral component of the
tropical waters within the Indo-Pacifie Coral Triangle This area is renowned for its abundant marine
Dingiversity]15]. Estuarine waters are a type of marine ecosystems often utilized for fisheries purposes
[16,17], and these waters are a saciccultural and economically important fishing ground used by both
traditional and commercial fishermen [18]. Estuary ecosystems face increasing rafes of mlmup]asuc
pollution and accumulation, which may have negative fmpacts on biota. A large portion of microplastic
‘pollution originates from urban areas, including inland urban sources, and i3 carried by rivers and strearas
Yo oceans, a portion of which will become trapped and accumulate in exygggsl19]. Pollution in estuary is
problematic a3 estuaries also provide crucial habitat for o variety of commercially and recreationally
Important species such as crabs, fish, and shellfich [20]. Nurmerous studies investigating &
Bave placed their emphasis on ecosystems in both marine and inland paviromments[2 How
there have been limited evaluation on mieroplastic contamination in transitional waters between the two
‘ecosystems, such as estuarine waters, allowing analysis of microplastic concentrations ingested by some
commercial fish. To address this knowledge gap, we evaluated the types and abundance of microplastic
particles in zvailable commercial fish samples collected from Pangempang Estuary and asked the main
Dollowing questions: what type of microplastic? And. how i the abundance of microplastc in fih
collected from this transitional waters”

Materials and methods

Site descripton 3nd Supling
Estuary (0°1252.52'S, 117°2530.65°E) is situsted on the eastem side of
Kahmaman Tsland, Indonesia This estuary serves as the confluence point for waters from the

River and seawater fiom the Mekassar Strait, situated between Kalimentan and Sulawesi
Tland The Pangempang River spans approximately 26 Idlometers, originating from the )larmmgkay

Satish Singampalli
space

Satish Singampalli
space

reservoir. Iis width ranges from § meters upsiream to 140 meters downstream. The river passes through
setilement, situated roughly 20 alometers upstream from the Estuary.
Addionsty, bout T llometes usteam o o esuary, e 1+ 2 oal 1oadng por n petetion. The
estuary pleys a vital Tole a5 an intercoastal waterway for the nearby villages. In addition to residential
o o e, sTeuming ey, vl recaeaonalbeaches e prvely onned and operstd and e
‘economically irmportant to the region's towism industry. Furthermore, local fishemmen zctrvely engage in
fishing actvities within this area or use it 2 & passage to access the open waters of the Makasear Strait.

BNt NORTH |z

Kalimantan (Bomeo) Island

Pangempang Estuary
Makassar Strait

J

INDONESIA

Figure 1 The Pangempang Extuary (East Kalimantan, Indonesic)

operating i the waters of the Pangerppang Estuary. We were zhle 1o collect ten replicates of each five
ifferent species Gom these Sshienuen. The species we identified were ek (G SF), Hkpot
mwer coral grouper snapper

Lutignusiolni).

. pirkhandlz barrac e e oo oF s T species and

s e et o puovided in the book titled "Marine Fishes and Crustaceans of the

Southeast Asian Resion” [24]. Each individual fish was placed in plastic bags, and then stored on ice

during transportto the Water Quality Laboratory at Mulawarman University. The samples were preserved
in freezer before processing and analysis
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Figure 2 Photographs illustraing the observed fih species: (4) Jack (gmsr) (B) bsclspot uspper
(Cutiay: (C) coral grouper lden snapper (%
md@)m;@ammmmmmw

Laboratory processing
We measured fish weight (g) of each specimen. We conducted a dissection of the fish's stomach and
thered its conteats, spanning from the esophagus to the intestine. To separate the microplastic particles,
D e oomiet e digested \mngop vy digestion solution of potassium hy cpdxmdz (KOH)
[25,26], Each stomach content was placed in a ke s 10% KOH was added allowing submersion of
stomach contents in the beaker. Each beaker was covered with ahuminum foil. We stired the samples in
the beaker using magnetic spimer at 350 rpm for 2 hours. Then we collected the particles after the
digestion using a sieve of 125 um and transferred to 2 previously cleaned beaker using distilled water.
Info the beaker 30% H:0: was 2dded and then stirred. Afer 1 hour stiming, samples were vacumm pump
iltered on 1.6 ym pore size Whafowan paper and then dried.

Using a 1045 magnification dissecting microscope, microplastic particles in the processed
stomach contents were identified 2nd emmerated. The particles were observed and
categorized into four major types (fiber, fragment, film, and bead; [27]) following protocols from
Hidalgo-Ryg, et al., [28] and Eppehizgex et 2L [29]. To minimize contamination by airbome synthetic

during the 1

erial used in this sample processing with distilled water. During the preparation and observation,
the beakers and aluminum cups were always covered when not in used. All these processes were
conducted in the laboratory behind closed doors and windorws,
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Results

Weohmndminuplash't shapes of fibers, film, fragments. M:mplasti:hmdswmmldmdin
any of our samples. In jacks, coral grouper, golden snapper, and piskhapdle barracuds, we detected
macroplasti prtcles o o suupls except e backsgotsuapper only 0% ofsanples

Figure 3 Photographs illustrating the obs pes found s from sermple
s collctd i e Bpgempssg B 2. o . Flm, andc. Bagmusa, Horizontal scal b = 0.5

In fish sauaples of jacks, blackspot sapper, coral gouper, golden smapper, nd piskhandle
bamacuda, we found in average of 41 = 6.0 SE, 26 = 110 SE, 154 20 SE, 11= 10 SE, 14= 20 S5
‘microplastic particles per individual, respectively, and we found in average of 490.5 = 4.4 SE. 5015 =
1958 SE, £5,6 - 184 55, 70.8 + 1L SE 403 = 250 SE mieoplas parcles per g 5 wlght,

respectively. The blackspot snapper had the highest mumber of microplastic particles per kilogram of fish
erght, rearhing 1.5 2 195 8 S microplactc pariclee. The lowest auesbes of partcla per blogram of
fish was found in the pickhandls bamacuda, which t040.2=25.0 SE particles.
P
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Figure 4 Average of microplastic pasticles per individual () and per ilogram fish weight (B)

Trends Sei. 200x; xx(r): 555 6of11

In jack samples, ffbers were most prevalent representing 83.4% of all microplastic pieces, film and
Sragment were much lower at 8.0% and 8 5%, respectively. Fibers were observed in all samples, film was
found in 80% of samples, and fragments were found in 0% of our jack fish samples.

Our blackspot snapper samples exhibited that fiber was the most observed microplastic type 73%,
and the followed by film (20%) and fragments (7%). The fibers, film, and fragments were detected in
80%, 70%, 50% of all samples respectively.

The coral gmnpasmnplsshnnrdihalﬁbﬂrpnhdeswe{ethﬂmnﬂahﬂndmwnhmj%as
compared to percentages found for film (16.2%) mmgmm(zzx) In this species, fibers, film, and
ﬁzgmmuummmdmwm 90%, 40% ufumamplmes

Frorn our golden smapper samples we shoenved that Bbers wers e most detected type (51.5%) and
followed by film (18.5%). No fragments were found in this species camples. The fibers shape particles
were S inll i species smopls. The i shap ptice ere fud iy T7.3% ofthe sanples

inally, our pigkbandls bamacuda samples indicated that fiber was the most dominant as well
(?lﬂ%)mnp]ashcpmdesandthmfo]luwedbyﬁ]m@gﬂ%) There was no fragment shape particle
detected in this species samples. Either, the fibers and film were detected in all this species samples

Amung the five fish species we observed {n = 5), the average weight per individual blackspot
snapper in our semple was the smallest, at 0.0 ke, while the
0.36Xg. Thexdmenshlp of the average consamed i

significant (Pvalue =0.2).

o Jacks

wow B
& & 8

4

Blackspot snapper

y =-61.565x + 32.35
. L5

Pickhandle
barracuda

o
&8

~ .
° Caral grouper

Mean of ingested MP/Ind.
= ~
5 %

Golden snapper

w

0+
0.00 0.05 0.10 0.15 0.20 0.25 030 035 0.40

Mean weight of fish (kg)

igure § Relationship of mean weight of observed fish and mean mmnber of ingested microplastic
purtl:ln per individual

Inthis nm‘ly,ﬂlnma]nrn} of cbserved fish species are demersal (Table 1), urall?ast]npmnflhm

life phase, in the juvenile phase. Only the barracuda
species bia o polagic £ A T e ‘predator species that prey on marine biota (fish,
shrimps, crabs and cephalopods) generally smaller in size than their own bodies.

Satish Singampalli
S0 wons
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‘Table 1 Taxonomy, common name, foraging ecology

No.| Taxonomy and Common Foraging ecology
name

T | Family: Caranzidae ot species are demersal. or bottom dwelling, while ofhers
Genus: Caranx, are pelagic, moving long distances in the upper water
Common names: Jacks or column [30]. Al species are predatory fish, takang smaller
trevallies fish, as prey [31].

7| Famly: Logasidee, Nany species under this family are demersal and associated
Species with coral veefs [32]. Some of the larger red snapper species
L i descend into deeper waters, at least to 200 m in depth
1775) 133].Lotizgys is predatory fish usually found in tropical and
Commnnnm:nes Blackspot subtropical reefs, and mangrove forests.

3 Fa:cuh Semauidas, Predominantly sedentary species that resides near the ocean

floor (demersal), and if goes through 2 pelagic larval stage

Hasselt, 1828) of approxmately 40 days before eventually settlng m

Common names: Coral grouper | shallow coastal harghoftors habitats during its juvenile phase
[34]. They usually ezt fish, octopuses, and crustaceans.

Some species prefer to ambush their prey, while ofhers are

active predators. They swallow rey rather than biting

pieces off of them [35]
T | Family: Loganidee ‘Tutjapus exhibits a fo-part e cycle: an Etal stage Witk
loch, 1792) | pelagic eggs and larvae, succeeded by a later stage 2s
Common names: Golden Faniles o adls ot e eremted tovands o seafoc

snapper, or Jokui's suapper (demersal) [36]. Feed on fishes and benthic invertebrates
mchuding shrizmps, crabs and cephalopods. Adults probably
Srequent coral reef areas; juveniles found in mangrove

estuaries [37].
3| Family: Sphyracidac “They are rigratory pelagic predarors and usually be found
Cirvier, 1820 | in schools swiruming in the tropical waters, predominantly

Common names: Pigliapdle. | nearby coral reefs [38]. Prey o fish, cephaiopods, and
barracuda or Banded bamracuda | shrimps [39]

Discussion

Types of microplastic

Our findings confirmed that fish in Pangempang Estuary do consume microplastics and fibers were
the most dominant fype of microplastic. In the aquatic environment, ample studies reported that fibers are
the most encountersd microplastic type [40~43]. Sources of fibers are predominamly textile goods, such
2 clthes (4], Degradston of sy i vas predicted as s controntor o icplastic ﬁb:r

2 in our environment [44,45]. During the lifespan of the fabric, these &

Teleased through regular usage and cleaning. In fact, a typical piece of clofimg can welesse over 190
fibers at size less than I in length per wash cycle [46]. After being washed, synthetic fibers from
laumdry viater find their way into the municipal water systems. While a portion of these fibers is
eliminated during wastewater treatment, the remaining is discharged into surface waters [46]. In our
study, the wban areas along the river that flows to Paugempag, Estuary do not have municipal
wastewater treatment facilities, consequently raw untreated urban wastewater discharge to this estuary.
The microplastic of film was found as the second most bundant microplastic type in al fish species we
examined, except in Jacks fish The source of film microplastics may potentially come from abrasion of
plastic bags that easily encountered as macro debris in the Pangempayg Estuary waters. A microplastic
study on commercially important marine fish species in Fiji documented that film microplastic portion
was half of the total discovered microplastic paticles, and the Temaining shared between fber and
‘ragment [47]. We observed fagment particles was the lowest in number and only found in three of five
fish species we examined. In conirast, Karbalasi et 2l. documented that among commercial marine fish in
the adjacent waters of Malaysia, fragment-type microplastics were the most prevalent [48]. Source of
‘fagment microplastic mainly come Zrom degraded lerger plastic debris due fo contimsous weathering

s Sci. 202x; (R S

includes photo, biological, physical and chemical processes in the temestrial and aquatic environment
[49]

Receat investigations into the impact of micraplastic fivers on aguatic organisms have wnveiled
various harmfhl consequences. According to Liang f al. soldfish exposed to a concentration of 1000
items per liter of microplastic fibers displayed mcreased coughing behavior, reduced predatory activities,
diminished daily food intake, and stimulsted dynamic mucus excretion during ventilation, foeding, and
swimming processes [50]. Similarly, a study by Zhao ef al. demonstrated that following exposure,
microplastic fibers were found in the digestive organs of zebrafish, even in tieir caly Lfe stages,
resulting in intestinal damage and towic effects indicated by observable histopathological changes and
biomarker responses [51]. Another study by Xig ot al. noted oxidative stress, dyshigsis.in the testine
microbiome, and histological damage as significant symptoms in barramundi exposed to raicroplastic
fibers [52]

Abundance of migroplastic.in digestive organs
Our finding revealed that jack as individual consumed the highest average of microplastic particles,
41 (SE: 5.98) while golden snapper was observed consuming the Jeast, only 11 (SE: 0.97). These values
are higher than those reported for fish in previous estaary studics, for istance Avias of al. documented
ictoplati aricl abundance tanged frtn 814 per gasrointasinal ot in e fich seciescaugh
the Bahia Blauca Estuary in Argentina [53], up to 4 particles in semi pelagic
Sea [41], and mngad 1 1 7.2 microplastic particles in fish collected from China marine
waters [40]. On the other hand, the blackspot snapper has the highest amount of microplastics per
lalogram of fish, S01.5 198 8 SE, while the pirkhandle barracuda has the smallest amourt, only 40.2 =
25.0 SE. The average mdividual fish weight was the key determinant of this abundance
An interesting pomt iz that the results of the regression test on the average murmber of microplastic
particles with the average fish weight per species show a negative relationship (&7 = 0.36), however the
relationship between the two is not siguificant (P-value = 0.26). Sanilarly, Chen et al. seported hat s
size did not affect microplastic abundance in the fish digestive organs [3.

Foraging ecalogy

Mictoplashe ingastion is potentially infiuenced by fwo encial facors: e fype of habitet and the
feeding habits of organisms [33]. Within marine enviromments, scientists have noted markedly greater
quantities of microplastics in demersal fish species compared to pelagic species [40,42]. This frend could
be linked to the prevalence of plastic waste near the seabed, which is often regarded & the final
eccwmulation for plastics within the marine ecosystem,

Microplastics could potentially be present in fish across different trophic levels, However, current
data are insufficient to make definitive conchusions about the sbsorption of microplastics [56]. In fact,
distinguishing between directly and indirectly ingested microplastics is challenging [37]. Wallinshaw et
al. performed a semi-systematic review on resemch exaining the presence of microplastics
commercially significant organisms across various trophic levels [58]. The findimgs indicate that
microplastics do ot exhibit bigmagnifisation, and organisms at lower trophic levels are more prone to
contaminaticn by microplastic pellution compared to apex predators

In the preseat study, all collected species are adult predator fish, four fish species are demersal, and
one is pelazic (Table 1). The microplastic abundances in the thres species of demersal fih (jacks.
blackspot snapper, and coral grouper} were higher than the only pelsgic fish of piskhandle barracuda
However, golden snapper that identified as demersal fish showing lower microplastic abundance than the

barracuda. It is anticipated that there will be substantial variations in the consumption rates of
microplastics among different species in estuaries. This variation is expected because estuaries are
dynamic environments influenced by multiple factors such s tides, wind, and residence time [39], This
study did not identify any herbivorous specics, resulting in a lack of nformation regarding the effect of
feeding habits on microplastic consumption. However, a study conducted along the Mediterranean coasts
of Tsrael found that two herbivorous fish species consistently ingest significant quantities of raicroplastic
particles as mmuch as 10-39 microplastic particles per fish gut [60]

Conclusions

For the first time, this study demonstates the presence of microplastic particles in five
commercially important fish in @ topical estuary of Kalimantan Island in Indoncsia. The average
sbundance per Ssh individual were higher than those documented for commercial fish m previous marine

estuary studies. The relationship between the average weight of species and the average sbundance of
microplastics was negative, but it di not reach stafistical significance. Microplastic fibers constitute
significant portion of the microplastic pollution found in the digestive systems of sampled fsh from the
Pangempgpe Estuary. Ow research suggests that demersal fish may have mgested a higher quantity of
microplastic particles compared to pelazic species.

This study result also confirms the wgency to observe wide range of fish species in ferm of their
habitat within the water cohumn and as well a5 the feeding habit. Given the prevalence and high
abundance of these microplastic fibers, we recommend to include them i assessments of the risks
associated with microplastic pollution, particularly regarding their potential toxicity s these species are
considered as important commercial fish in this region. Perhaps analysis based on muscles and intemal
organs should also be considered in the near future
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k)l:currence of Microplastic Ingestion by Commercial Fish Species
from the Pangempang Estuary in Indonesia

Highlights
+ This study the presence of

tropical estuary of Kalimantan Island in Indonesia.
+ Fiber was the most dominant type of microplastic.
Demersal fish may have ingested 2 higher quantity of microplastic patticles compared to pelzgic
species

particles in five important fsh ina

Graphical abstract

Abstract
‘The aim of this study was to assess the oceurrence of micrplasiic, in digestive organs (esopha; . | o
intesine) of popular marine commercial fish species: jack (Cagins BB, blackspot napper (Lutiomus ey
coral grouper carallisaia). vnldan snapper 5
barracuda |; from onesia. To separate the microp! ashc particles, ‘ Yayan

<ach sample was digested using alkalme digestion “olition, Sitered o0 ‘Whaman paper and then dried.
Using a dissecting stereo microscope, microplastic particles in the processed digestive organ contents
were identified and enumerated. Microplastics were found in 96% of fish digestive organs (n = 50). In
fish samples of jacks, blackspot snapper, coral grouper, golden snapper, and piskhzsdle barracuda (n = 10
for each species), we found in average of 41 = 6.0 SE, 26 = 11.0SE, 15£ 20 SE, 112 1.0 SE, 14220
SE mieroplastic particles per individual, respectively, and we found in average of 499.5 = 94.4 SE, 5015
21988 SE, 836 184 SE, 798 116 SE, 4022250 SEmlcmplasucpamcles per kg fish weight,
respectively. Fiber was the most domin were not
detected. The kelationship of the onsumed m

show a negative relationship (& = 0.79), but mnemﬁcant (Paatm; = 0.28). Dur Tnding sigpests ot
demersal fish Like jacks, blackspot sapper, and coral grouper may have ingested a higher quantity of
‘microplastic particles compared to pelagic species like pizkhangle barracuda

| Yayan
Change o colarions

Keywords: Pollution, Ingestion, Commercial fish, Borneo, Indonssia

Introduction
Afer e ver 110 year ago,platic materil become bigitous i the enirorment Plsic
‘material is made from polymers that can be shaped easily for many varieties of uses. The clevated desire

1o e plastc materil & prinries affordability, bio-inerta, high strength to weight ratio, and resistance
o degradation. These characterisics has made plastic materials become important materials for human
ife nowadays. By the year of 2017, the total global production of plastic was estimated to reach 8300
million metric tons [1], with the rate of production has reached over 300 million metric tons per year [
Appromatly 10% of e sl plastcproducton & prjectd 10 end up e ocen (. Gounris i
Ana, incding Incoeia e xspocted resonaile o bing §5%-55% of gota matne dobis oad o
ocean [4]. The proportion of plstcs usally ke ‘marine debris [5
a2 - cererad

of envirommental problems, pdmc\l.hr\ o marine ecoyitems. Tn Oceans, even though, pasc 5
considered as durable material and resistant to natural biodegradation. However, contimuons expostre to
estering feurssuch s sulig, i, 1 wave, o wih e process o oxidaton,cuses lasi

items 1o break down into staller fragments. On the shore, it may be fragmented into smaller pieces due
{0, grineimg from ocks 154 sand ] The breddonn proces e to smaller parcle b s
mictoplastics (<5 mm) [7]. These smaller plastic fragments can be easily mistaken for prey and

Sibeqenty eted by aate arzmstss. There & Srowie concen regurimg mraphshe saes
because they have the potential o physicaly affect animals and pose toxicologieal risks due to potentially
harmful compounds added during plastic production. These concerns highlight the possibilfy of these
contamioants smteing e Tood b [85], These acdd ompotnds encompas Slors nd patcizers
used for texture adjustment, coloring agents, antimicrobials, flame retardants, and other substances that
‘modify plastic properties to meet specific preferences [10]
Microplastic partcles can also act 25 t they can
hamful chemicals and pathogenic microorganisms from the suromnding [11]. Gole et al. reported that
ingestion of mictoplastc pakeles by zooplanktons shows negaive impact on feeding, haching, and
their health [12]. Similarly, the ingestion i
reproduction and feeding habits T3] To e, exproe f mcoplastios or m combination wih o
attached on them can 14
‘The marine region situated in the castern part of Kalimanten Island is an integrel component of the
tropical waters vithin the Indo-Pacific Coral Triangle. This area is renowned for its abundant marine
biodiversity [15]. Estuarine waters are a type of marine ecosystems often utilized for fisheries purposes
[16.17], end these waters are  socioculturel and economically important fishing ground used by both
raditional and commercial fishermen [18). Estuary ccosystems face increasing rates of microplastic
pollution and accumulation, which may have negative impacts on biota. A large portion of micraplastic
pollution orig wban area and is carried by rivers and streams
to oceans, 2 portion of which will late i 119]. Pollution in estuary is
puoblematic s estuaries also provide crucial habitat for 2 variety of commercially and recreatioually
Important specie such s crabs, fish, and shellfish [10]. Numerous studies investigating microplastics
have placed their emphasis on ecosystems in both marine and inland environments [1.22,23]. Howerer,
there have been limited evaluation on microplastic contamination in transitional waters between the two
ecosystems, such a5 waters, allowing analysis of microplastic concentrations ingested by some
commercial fish. To address this knowledge gap, we evaluated the types and sbundance of microplastic
particles in available commercial fish samples collected from Pangempong, Estuary and asked the main
following questions: what type of microplastc? And how is the sbundance of microplastic in fh
collected from this transitional waters’

Materials and methods

description = Slmp
tuary s srs, 10

530 65'E) is situsted on the eastem side of

iver spans approximately 26 kilometers, origimating from the Marangkayn
reservoir. Its wickh ranges from § meters upsiream o 140 meters downstream. The river passes {arough

Leland. The
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I What month ad year i you take e sample? Sessonis 2 B

the Tovm settlement, sifuated roughly 20 kilometers upstreams fom tae Paugempase.
Estuary. Additionally, ebout 7 kilometers upsiream from the estuary, there is @ coal loadimg pert in
aperafion. The estuary plays a vital role 2z an intercoastal waterway for the nearby vllages. In addition fo
residential areas in the sumwounding estuary, several recreational beaches are privately owned and operated
and are econamically important 1o the region’s tourism industry. Furthermore, local fishermen actively
engage in fishing activities within this ares or use it as a passage to access the open waters of the
Malassar Strait

vrave nrave
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Kalimantan (Bomeo) Island

Pangempang Estuary
Makassar Strait

s

18 Kiometers

INDONESIA

e
Way it th ot lengh mssswed?

Figure 1 The P: Estuary (East Kalimantan, Indonesi)

To evaluate the ingestion ofmlcmp]asur,i by fish, we obtained fish specimens from locel fishermen
operating in the waters of the Pengempang Estuary. We were gble to collect ten replicates of each five
dufferent species from these fishermen. The species we identified were jack (Cargn SP.), blackspot
snapper (Lufianys coral grouper (£ a). golden snapper (Lutignys
idni), and piskhandle barracuda (Spiyrasna.falip). We conducted the identfication of these fish species
and their habitats based on the information provaded in the book titled "Marine Fishes and Crustaceans of
the Southeast Asian Region” [24]. Each individual fish was placed in plastic bags. and then stored on ice
during transport to the Water Quality Laboratory at Mulawanman University. The samples were preserved
In freezer before processing and analysis
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Figure 2 Photographs illustrating the observed fish species: (A) Jack (Cazany SP.), (B) blackspot snapper
S, (C) coral grouper (Epinsphelus caxalicain). (D) golden snapper (Lygignys,
barracuda (;

Laboratory processing

We measured fish weight (g) of each specimen. We conducted a dissection of the fish's stomach and
gathered its contents, spanning from the esophagus to the intestine. To separate the microplastic particles,
each stomach content was digested using alkaline digestion solution of potassium hydroxide (KOH)
[25,26]. Each stomach content was placed in a beaker and 10% KOH was added zllowing submersion of
stomach contents in the beaker. Each beaker was covered with aluminum foil. We stired the samples in
the beaker using magnetic spinner at 350 1pm for 2 hours. Then we collected the particles after the
digestion using 2 sieve of 125 ym and transferred to a previously cleaned beaker using distilled water.
Into the beaker 30% H.O: was added and then stirred. After 1 hour stirring, samples were vacuum pump
filtered on 1.6 ym pore size &\);mpaper and dwn dried.

Using a 10-45x dissecting particles in the processed
stomach contents were identified and enumerated. The particles were observed and
categorized into four majol types (fiber, fragment, film, and bead; [27]) following protocols from
Hidalgo-Rug et al., [28] and Eppehimer et al. [29]. To minimize contamination by airbome synthetic
fibers during sampling processing, the researchers wore 100% cotton lab cloth. We cons)stmﬂy “cleaned
all material used in this sample processing with distilled water. During the preparation and observation,
the beakers and aluminum cups were always covered when not in used. All these processes were
conducted in the laboratory behind closed doors and windows.

How do yor te the mi ample? And what's the unit it? Describe please the
equations based on percent, number/ing it and correlation.

Trends Sci. 202x; xx(xx): 55558 Sof1l

Results

Wechservd miczoplastic shapes of Shrs, Sl ragment
any of our samples. In jacks, coral grouper, golden snapper,

s were not detected in [ R e s b Pl s et o o
bamacuds, we
micrplsic arces i 100% of sample. cxmp‘ﬁnxbluk:pmmxppﬁwly 80% of samples.

ve detected

|
B e

In Ssb samples of jacks,
barmacuda, w

‘microplastic s per individual, respectively, and we in average of 499.5 = 94.4 SE, 501.5 =

1988 SE, 836 2 184 SE, 193 = 116 S 402 & 25 SE mictolastic paricls per kg s weight,

respectively. The blackspot suapper had the highest number of microplastic particles per kilogram of

weight, reaching EIRR Y S mmphshc perices. Theloves mumber ofpnmrles per hlngnmof
sl was found
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samples, fibers were most prevalent representing 83.4% of all microplasti pieces, film and
were much fower at §.0% and § 5%, respectively. Fibers were observed in all samples; flm was
o n B0% o scples, 2 e grments were S n.90% o et ack i smples |

clzpot mapper samples exhibited that fiber was the most observed microplastic type 73%,
2nd the followed by film (20%) and frazments (7%). The fibers, film, and Fagments were detected in
0% 0% 50% ofall samples cepectively.

oral. grouper samples showed that les were the most sbundant with 60.5%, a5
compare to pertentages Dund o £ (162“/) o Fagmcts (156) I i speces, Boes, i,
aguents were detectd i 100% 50%, 0% oo suples respectvely.

From ou golden suapper samples, we observed that Sbars were the most detected type (81.5%) and
Sollowed by £l (18.5%). No fagments were fownd n this i samples. The fibers shape particks
were found in al The film oxly 77.8% of the samples.

Finally, our pigklangle, barracuda samples indicated that fiber was the most dominant as well
(71.0%) microplastic particles and then followed by film (29.0%). There was no fragment shape particle
letected in this pecies samples. Either, the fibers and film were detected in all this species samples

Anong tie e fub speies we obsarved (o = 5, e avesge weght per mdividul backopot
suapper in owr samaple was the smallest, ODSkg.whﬂ the piskbandls barracuda was the largest, at
0.36 ke The relationship of average consumed microplastic particles and the average fish weight per
species (Figure 3) show 2 negative relationship (E” = 0.36), but the relationship betwreen the two is not
signifieant (P-value =0.05).

5
™ @ Jacks
El
£35
P
S30
2 b
£20 { wacsporsnapper pekrandle
515 .
e
510 ° Coral grouper
= Golden snapper
o0+
000 005 010 015 020 025 030 035 040
Mean weight of fish (kg)
Fig i ‘mean weight of observed
particles per individual
o tis sty e oty fish demral (Table 1), o at et i patof their
Life phase, dempally as and pelasicaly, in '-h=1\lveﬂl-|= phase. Ouly

species live as pelagic A are predat that pmy e (fish,
shrimps, crabs and cephalopods) generally smaller in size ﬂ.mn b o bocies

Table 1 Tesonomy, foraging ecol

No.| Taxonomy and Common TForaging ccology
name
T | Family: Camnzide. Mot speries are demersal, or bottom dwelling, while offers
Genus: Carans. are pelagic, moving long distances i the upper water
C Jacks or column [30]. AU species are predatory fish.taking smaller

Yayan
ot prsrap comists of 3 sntmcesGmiionz)
Fng
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trevallies Fish_cephalopods as prev [31]_
T | Famiy: Maty specics under this family are demersal and associated

Species: Luignus fuvifipuma | with coral reeft [32]. Some of the larger red snapper species
1775) descend into decper waters, at least to 200 m in depth [33].
Common names: Blackspot s predatory fish usually found in fropical and
snapper subtropical reefs, and mangrove forests.

3 Family

v Predominantly sedentary species that resides near the ocean
Epimeplielus, Ja(Kuhl | floor (demersal), and it goes through a pelagic larval stage
& Hasselt, 1828) of approximately 40 days before eventually settling in
Common names: Coral grouper | shallow coastal hardhasten, habitats during its juvenile phase
[34]. They usually eat fish, octopuses, and crustaceans.
Some species prefer to ambush their prey, while others are
active predators. They swallow prey rather than biting
pieces off of them [33]

2| Family: Lytlanidee L utiznys extibits a two-part life cycle: an mitial stege with
Lutianys jodsi (Bloch, 1752) | pelagic eggs and larvae, succeeded by 2 later stage 23
Common names: Golden Jjuveniles and adults that are oriented towards the seafloor
snapper, or John's sapper (demersal) [36]. Feed on fishes and benthic invertebrates
including shrimps, crabs and cephalopods. Adults probably
frequent coral reef aress; juveniles found in mangrove
estuaries [37].

5. | Family: Sphyraenidas They are migratory pelagic predators and usually be found
Splrsena jalio Cuvier, 1829 | in schools swimming in fhe tropical waters, predominantly
Comumon namee: Pickhandle | nearby coral resfs [38]. Prey on fish, cephalopods, md
barracuda or Banded barracuda | shrimps [39].

Discussion

Types of microplastic

Our findings confined that fish in Pangempang Estuary do consume microplastics and fibers were
the most dominart type of microplastic. In the aquatic environment, ample studies reported that fibers are
the most encountered microplastic type [40-43]. Sources of fibers are predominantly textile goods, such
as clothes [44]. Degradation of synthetic fabrics was predicted as major contributer for microplastic fiber
sbundance in ouwr environment [44,45]. During the lifespan of the fabric, these fibers @e maturally
released thronzh resular usaze and cleaning. In fact, a typical piece of clofhing can release over 1900
fibers at size less than Lmm in length per wash cycle [46]. After being washed, synthetic fibers from
laundry water find their way imto the mumclpal water systems. While a portion of these fbers is
climinated dwing wastewater trestment, the remaining is discharged imto surface waters [46]. In ow
study, the urban areas along the nver that flows to Pangempane, Estuary do nmot have municipal
wastewater treatment facilities, consequently raw untreated urban wastewater discharge to this estuary.
The microplastic of film was found as the second most abundant microplastic type in all fich species we
examined, except in Jacks fish. The source of film microplastics may potentialiy come from abresion of
plastic bags that casily caconntered as macro debris in the Pugempag Estuary waters. A microplastic
study on commercially important marine fish species in Fiji documented that flm microplastic portion
was balf of the total discovered microplastic particles, and the remaining shared between fber and
Sraguent [47]. We observed fragement particles was the Lowest in mumber and only found in faree of five
Sish species we examined. In contrast, Kzsbalagi et al. d that among ial marine fish in
the ad]aceut waters of Mala}'sla fragment-type microplastics wers the most prevalent [48] Source of
fragment microplastic mainly come from degtaded larger plastic debris due to continuous weathering
nchudes photo, bielogieal, physicel and chemical procosscy n the urestrial and squatic euviGment

!

Recent investigations into the impact of microplastic fibers on aquatic crganismas have wnveiled
various hamful consequences. According to Liang et al., goldfich exposed to 2 concentration of 1000
items per liter of microplastic fibers displayed increased coughing behavior, reduced predatory activities,
dimimshed daily food intake. and stimulated dynamic mucus excretion during ventilation, feeding, and
swinming processes [50). Similarly, a study by Zhao et al. demenstrated that following exposure,
microplastic fbers were found i the digestive organs of zebrafish, even in ther early life stages,

resulting in intestinal damage and toxic effects indicated by observable histopathological changes and
biomarker responses [51]. Another study by Kig et al. noted oxidative stress, dyshigsi in the intestine
microbiome, and histological damage 2 sigmficant symptoms in barramundi exposed to microplastic
fibers [52]

Abundance of microplastic in digestive organs

Our finding revealed that jack as individual consumed the highest average of microplastic particles,
41 (SE: 5.95) while golden mapper was observed conswmning the least, only 11 (SE: 0.97). These values
are higher than those reported for fish in previous estuary studies, for instance Aias et al. documented
microplastic particle abundance ranged from 9-14 per gastrointestinal tract in multiple fish species caught
the Behiz Blenca Estuary in Argentina [53], up fo 4 particles in semi pelagic boop boops m e

Sea [41], and ranged 1.1- 7.2 microplastic particles in fish collected from China marine
waters [40]. On the other hand, the blackspot snapper hes the highest amownt of microplastics per
kilogram of fish, 5015 = 198.8 SE, while the barracuda has the smallest amount, only 40.2 =
25.0'SE. The average individual fish weight was the key determainazt of this sbundance.

An interesting point is that the results of the regression test on the average mumber of microplastic
particles with the everage fish weight per species show a negative relationship (& =0.36), however the
relationship between the two is not significant (Pvalus =0.26). Similarly, Chen et al. reported that fish
size did not affect microplastic ebundance in the fish digestive organs [54]

Foraging ecology

Microplastic ingestion is potentially influenced by two crucial factors: the type of habitat and the
feeding habits of organisms [35]. Within marine environments, scientists have noted markedly greater
quantities of microplastics in demersal fish species compared to pelagic species [40,42] This trend could
be linked to the prevalence of plastic waste near the seabed, which i often regarded as the final
accurrulation for plastics within the marine ecosystem.

Microplastics could potentially be present in fish across different trophic levels. However, current
data are insufficient to make definitive conclusions about the absorption of microplastics [36]. In fa
distinguishing between directly and indirectly ingested microplastics iz challenging [57]. Walkinshaw et
al performed a semi-systematic Teview on research wmining the presence of microplastics in
commercially significant organisms across various trophic levels [58]. The findings indicate that

P do not exhibit and orgamisms at lower trophic levels are more prone to
contamination by microplastic pellution compared to apex predators.

In the present study, all collected species are adult predator fish, four fish species are demersal, and
one is pelagic (Table 1) The microplastic abundances in the three species of demersal fish (jacks.

blackspot snapper, and coral grouper) were higher than the only pelagic fish of pickhandle, barracuda.
However, golden suapper that identified as demersal fish showing lower microplastic abundance than the
barracuda. It is anticipated that there will be substantial variations in the consumption rates of
microplastics among different species in estuaries. This variation is expected because estuaries are
dynamic environments infinenced by multiple factors such as tides. wind. and residence time [59] This
study did not identify any herbivorous species, resulting in  lack of information regarding the effect of
feeding habits on microplastic consumption. However,  study conducted along the Mediterranean coasts
of Tsrzel found that two herbivorous fish species consistently ingest significant quantities of microplastic
particles as much as 10-99 microplastic particles per fish gut [60]

Conclusions

For the first time, this study demomstrates the presence of microplastic patticles in five
commercially important fish in a fropical estuary of Kalimantan lsland in Indomesia. The average
sbundance per fish individual were higher than those decumented for commercial fish in previous marine
estuary studies. The relationship between the average weight of species and the average abundance of
microplastics was negative, but it did not reach statistical significance. Microplastic fibers constitute a
significant portion of the microplastic pollution found in the digestive systems of sampled fish from the
Paugempsg, Estuary. Our rescarch suggests that demersal fish may have ingested 2 higher quantity of
microplastic particles compared to pelagic specics.

This study result also confimms the wrzency to observe wide range of fish species in term of their
habitat within the water column and as well as the feeding habit Given the prevalence and hish
abundance of these microplastic fibers, we recommend to include them in assessments of the risks

zssociated with microplastic pollution, particularly regarding their potential toxicity as these species are
considered as important commercial fish in this region. Perhaps analysis based on muscles and intemal
organs should also be considered in the near firture.
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Introduction

After invented over 110 years ago, plastic materials become ubiquitous in the emvironment. Plastic
material is made from polymers that can be shaped casily for many varicties of uses. The elevated desire
to use plastic materials due to their affordability, bio-inertia, high strength to weight ratio, and resistance to
degradation. These characteristics has made plastic materials become important materials for human life
nowadays. By the year of 2017, the total global production of plastic was estimated to reach 8300 million
metric tons [1], With fhe rate of production has reached over 300 million metric tons per year [2].
Approximately 10% of the anmual plastic production is projected to end up in the ocean [3]. Countries in
Asia, including Indonesia are suspected responsible to bring 88%-95% of global marine debris load into
ocean [4]. The proportion of plastics usually take abaut 70% of total marine debris [3].

Initially regarded as a safe material, several decades of plastic production have brought a wide range
of environmental problems, particularly in marine ecosystems. In oceans, even though plastic is considered
a5 durable material and resistant to natural biodegradation. However, continuous exposure to weathering
factors such as sunlight, wind, and waves, along with the process of oxidation, causes plastic items to break
dowa into smaller fragments. On the shore, it may be fragmented into smaller pieces duc to grinding from
rocks and sand [6]. The breakdown process leads to smaller particle known as microplastics (<5 mm) [7].
These smaller plastic fragments can be casily mistaken for prey and subsequently ingested by aguatic
organisms. There is growing concem regarding microplastic issues because they have the potential to
physically affect animals and pose toxicological risks due to potentially harmful compounds added during
plastic production. These concems highlight the possibility of these conteminants entering the food chain
[85]. These added compounds encompass fillers and plasticizers used for texture adjustment, coloring
agents, antimicrobiaks, flame retardants, and ofher substances that modify plastic properties to mest specific
preferences [10]

Microplastic particles can also act as transport vector, meaning that they can accurnulate and spread
harmaful chemicals and Srom the [11]. Cole et al. reported that
ingestion of microplastic particles by zooplanktons shows negative impacts on feeding, hatching, and their
health [12]. Similarly, the ingestion of microplastics by oysters also showed negative impact on their
reproduction and feeding habits [13]. To fish, exposwe to microplastics or in combination with other
contaminants that attached on them can induce various health problems [14]

The marine Tegion situated in the eastern part of Kalimantan Island is an integral component of the
tropical waters within the Indo-Pacific Coral Triangle. This area is renowned for ifs abundant marine
bicdiversity [15]. Estuarine waters are a type of marine ecosystems often utilized for fisheries purposes.
[16,17), and these waters are 2 sociocultural and econcmically important fishing ground used by both
traditional end cormercial fishermen [18]. Estuary ccosystems face increasing rates of microplastic
pollution and accumulation, which may have negative impacts on biota. A lage portion of microplastic
pollution originates from whan areas, including inland urban sowces, and is carried by rivers and streams
to oceans, 2 portion of which will become trapped and accumulate in estuaries [18]. Pollution in estuary is
problematic a5 estuaries also provide crucial habitat for a variety of commercially and recreationally
Important species such as crabs. fish, and shellfich [20]. Nurmerons studies investigating microplastics have
placed their emphasis on ecosystems in both marine and mland environments [21,22,23]. However, there
have been Linuted evaluation on i | waters between the two
ccosysterms, such as waters, allowing analysis of microplastic cum:emmnons ingested by some
commercial fish. To address this knowledge gap, = uation of the types and abundance of
m.lcroplasm: particles in available wmmrexclal ﬁsh samples collected from Pangerapang Estuary_was

|-aked the main following que et i type of microplastc? And how is the
bindance of misroplastic in &k colleeted foms s ansitond] weiae?

Materials and methods

Site description and Sampling

The Pangempang Estuary (0°125252'S, 117°25'3065°E) is situated on the eastern side of
Kalimantan Island, Indenesia. This estuary serves as the confluence point for waters fom the Pangempang
River and seawater from the Makassar Strait, situated between Kelimantan and Sulawesi Island. The
Pangernpang River spans approximately 26 kilometers. originating from the Marangkayu reservoir. Its

202%; xxfxx): 30006 3of 1l

width ranges from 8 meters upstream to 140 meters downstream. The river passes through the Marangkayu
Town sefilement, situated roughly 20 Idlometers upstream from the Pangempang Estuary. Additionally,
about 7 kilometers upstrea from the estuary, there it 2 coal loading port in operation. The estuary plays a
vital role as an intercoastal waterway for the nearby villages. In addition to residential aress in the
surrounding estuary, several recreational beaches are privately owned and operated and are economically
important to theegion's tourism industry. Furthermore, local fishermen actively engage in fishing activitics
within this area or se it as 2 passage to access the open waters of the Makasar Strait.

f—
ey NORTH ¢
Kalimantan (Borneo) Island
Pangempang Estuary
Makassar Strait
£

Figure 1 The Pangempang Estuary (East Kalimantan, Indonesiz)

To evaluate the ingestion of microplastics by fish, we obtained fish specimens fom local fishermen
opersting in the waters of the Pangempeng Estuary. We were able to collect ten replicates of each five
different specier from these fhermen. The species we identified were Jack (Carar SP.), blackspot
snapper (Lugjanus fubviflanic), coral srouper (Epineph olden snapper (L
and pickhandle benacuda wmmm yelo) We conducted the identification of these fish species and fheir
habitats based on the information provided in the book fifled "Marine Fishes and Crustaceans of the
Southeast Asian Region” 24] Each indrvidua S vz ‘placed in plastic bags, and then stored o211 icecube
during transport to the Water Quality Laboratory at Mulawarman University. The samples were preserved.
in 2 freezer before processing and analysis.
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Figure 2 (A) Jack ( P), B)
(Lutjanus fubiflamma), (C) coral grouper (Epinephelus carallicala), (D) golden snapper (Lujanus
Johnid), and (E) pickhandle barracuda (Sphyraena jeio).

Laboratory processing e
W 1 i fs Stomach and
gathered its contents, . T

each stomach content was digested using alkaline digestion solution of potassium hydroxide (KOH)
2526] Eac st codea wus pac bkl 10% KOF e s allving nmcrionof
T ek i e e i
the beaker at 350 rpm for 2 howrs. the digestion

30%&0~v\1;iddadmdttmmned After 1 hour strring, samples were vacuum pump filtered on 1.6 _
then dried,

4o pre i Whatan pper nd |

Using

contets e enited nd emmtrsted The mhcrophet prveles e obserted a0l categorsed o

four major ypes (o, g, i, besd,27) flloin protocosfom Hidlg-Ruz et L. D]
Eppehimer et al. [29]. To minimize contamination by airbome synthetic fibers during sampling

pmcesnn.g e reserchers wore 00% coton b clth. We consitendly clened ol mateal wed nthis

W ed water.
cups were aways covered when not in used. ALl these processes were conducted in the laboratory behind
closed doors and windows.
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Results

We dbserved mitoplasic shapes ofSbers, Sl ragmens. Microplasticbeads were not detetedin
any of our samples. In jacks, coral grouper, golden smapper, and pickhandle barracude, we defected
ictoplasic partiles in 100% of samples, except o blackspor snapyar only 80% of samples.

Figare 3 Photographs illustrating the observed microplastic types found in digestve organs from sample
ﬁshesml.lemdmm?angmpmgman a. fiber, b. film, and c. fragment. Horizontal seals bar = 0.5

Infish samples of jacks, er, coral grouper, golden snapper, and pickhandle barracuda,
wefmundms:f:;gmfjm Z60SE 262 OSE 15230 68, 112 1D SE, [llt)l[fSEfmcmph:hc o
er individual, respectively, and we found in average of 499.5=94.4 SE, 5013 = 198 8 SE, 83.6
=184 SE_79.8 116 SE, 402 = 25.0 SE microplastic partcles per kg fish weight_ respectively. The
snapper had the highest mumber of microplstic particles per kilozram of fish weight, reaching
501.5 = 198.8 SE microplastic . The lowest mumber of particles per kilogram of fish was found in
the pickhandle barracuda, which amounted to 40.2:= 25.0 SE microplastic particles.
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Figure 4 Average of microplastic particles per individual (A) and per kilogram fish weight (B)
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Table 1 Taxonomy, common name, foraging ecology

No.| Taxonomy and Common Foraging ecology
name
T, | Family: Carangidze WMost species are demersal or bottor dwelling, while others
Gemus: Caranx are pelagic, moving long distances in the upper water
Commen names: Jacks or column [30]. ALl species are predatory fish, taking smaller
trevallies fish, cephalopods as prey [31].

T | Famly. Lujanidee
Speces: Lujans fubfamna

Many species under this fanuly are demersal and sssociated
with coral reefs [32]. Some of the larger red snapper species

& Hasselt, 1828)
‘Common names: Coral grouper

(Forsskal, 177 descend into deeper waters, at least to 200 m in depth [33].
Common names: Blackspot Lutjanus is predatory fish usually found in tropical and
snapper reefs, and mangrove forests.

3 | Famihy i Predominantly sedentary species that resides near the ocean
Epinephelus carallicala(Kuhl | floor (demersal), and it zoes through a pelagic larval stage

of approximately 40 days before eventually settling in
shallow coastal hardbottom habitats during 1ts]uvemle phase
[34] They usually eat fish, octopuses, and crustaceans.
Some species prefer to ambush fheir prey, while others are
active predators. They swallow prey Tather than biting
pleces off of them [33].

3| Family: Lufjanidas

Lutianus joimit (Bloch, 1782)
mmon names: Golden

snapper, or John's snapper

Lutjanus exhibits a two-part life cycle: an mtial stage with
pelagic eggs and larvae, succeeded by a later stage as
Jjuveniles and adults that are oriented towards the seafloor
(demersal) [36]. Feed on fishes and benthic invertebrates
inclnding shrimps, crabs and cephalopods. Adults probably
frequent coral resf areas: juveniles found in mangrove
estuaries [37].

3 Famuly: Sphyraenidae
Sphyraena jelio Cuvier, 1829
Common names: Pickhandle
barracuda or Banded bamacuda

They are migratory pelagic predators and usually be found
in schools swimming in the tropical waters, predominantly
nearby coral resfs [38] Prey on fish, cephalopods, and
shrimps [39].

Discussion

Types of microplastic

Our findings confimed that fish in Pangempang Estuary do consume microplastics and fibers were
the mest dominaut type of microplastic. In the aquatic environment, ample studies reperted that fibers are
the most encountered microplastic type [40-43]. Sources of fibers are predominantly textile goods, such as
clathes [44]. Degradation of synthetic fabrics was predicted as major contributor for microplastic fiber
abundance in our environment [44,45]. During the lifespan of the fabric, these fibers are naturally released
through regular usage and cleaning. In fact, a fypical prece of clothing can release over 1900 fibers at size
less than 1mm mn length per wash cycle [46]. After being washed, sgrnﬂ:etlc fibers from lammdry water find
their way info the nmmicipal water systerns While a portion of these fibers is eliminated during wastewater
treatment, the Temaining is discharged into surface waters [46]. In our study, the urban areas along the river
that flows to Pangempeng Estuary do not have municipal westewater treatment facilities, consequently Taw
unfreated urban wastewater discharge to this estuary. The microplastic of film was found as the second
‘most abundant microplastic type in all fish species we examined, except in Jacks fish The source of film
‘microplastics may potentially come from abrasion of plastic bags that easily encountered as macro debris
in the Pangempang Estuary waters. A microplastic study on commercially impertant merine fish species in
Fij1 documented that film microplastic portion was half of the total discovered microplastic particles, and
the Temaining shared between fiber and fragment [47]. We abserved frazment particles was the lowest in
number and only found in three of five fish species we examined. In contrast, Karbalaei et al. documented
that among commercial marine fish in the adjacent waters of Malaysia, fragment-type microplastics were
the most prevalent [48]. Source of fragment microplastic mainly come from dezraded larger plastic debris

due to contimuou:
and aquatic environment [4

s weathering includes photo, biological. physical and chemical processes in the terrestrial
9]
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Recent iestigaonsino the impast of mictoplastc bers on squati orgnisms bave unveied

en rding to Lizng et tems
o e of microplaste e diplyed cresed cuuvhmz behavior, reduced puam, activites,
‘diminisbed daily food intake, and stmulated dynamic mucus excretion during vestlation, feeding, and
swimming processes [50]. Similarly,  study by Zhao et al. demonstrated that following exposure,
‘microplastic bers were foundin the digestive orgens o zebrafis, even n ther early ife stages, remuling

Tesponses [51]. An
‘and histological damage e significant symptoms in barramundi exposed to microplastie fibers [52].

Abundanceof microplasic ndigesive organs
reve: consumed th
21 (8E 398 wide mldm o v ovwered sommmmi e oot o 1 T v
are higher than those seported for fish in rovios otary studies, for instance [fias o S
-1 per

the Bahia Blanca Estuary
Su[él]andmnmdll72 iz
e, e lckopot sapper s the hghes amount of micoplsicsper logra o 6 3015 =
1988 SE, while e pektanle bamaeuds bas the smallestamens, caly 401 » 150 SE. The avrsge
indiv weight was the key determinant of ce

ineretg pon s et el of the tetession fst o the averae mumber ofmictopastic
‘partcles with the average fish weight per species show a negative relationship (R° = 0.36), however the
relationship between the two is not significant (Pvalue =0.28). Similarly, Chen et ol reparted that fish

undance in organs [54]

Foragng cclogy
ngastion i poeaially inusaced by two crcil factors: e ype o habit and the
Iced.\nz Habt of organlms (54, Witk marine emfonments, scentats hve ol markedly grater
quantites of microplastics in demersal fish species compared to pelagic species [40.42]. This trend could
‘be linked to the prevalence of plastic waste near the seabed, which is often regarded as the final
‘zccumulation for plastics within the marine ecosystem.
Micoplstis could potetlly b prsent in i across difvent tophic evels. Howerer, curent
data are insuffcient to

ad 57). Walkiushav et |
‘performed a semi-sy review in commercially
significant organisms across various trophic levels [58]. The findings indicate that microplastics do not
exhibit biomagnification, and organisms at lower trophic levels are more prone o contamination by
‘microplastic pollution compared to apex predators

Jn the presnt sy, all ollected specisar it prodatr s, fou Sk pocis s dematal, and

snapper, and coral vmu,my ‘were higher than the only pelagic fish of pickhandle barracuda. However,
aolden snappertht denifeda¢ demersal fichshoving lower mictoplasc abundance than the pickhandle
bamcuds |

hi
lnﬂumcadbv ‘multiple factors such as tides, wind, and residence time [59]. This study did not dentify any
resulfing in lack.
gomsmption, However, o sudy cnnductzd along he Mediemanean coass of Tarael found dhnt o
quant 1o-

9 mlcm})lmm pclespr i it 60

Conclusions

articles in five commercially
imaportant fish in & uwp.m emm of Kalimantan sand i Indonesia. The average sbundance e per m
individual were higher than

relationship between the average eight of speies and the averge sbumdance of mmﬁplasnc: s
megative, but it did not reach stafsti stitu

the microplastc pollution found in e d.\zcsn\z St of sampled 4 fom the Pargempang Em.ar,

e definitive conclusions sbout the absorption of mlnmp]axhts[ 56] In fact,

(jacks, blackspot
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Our research suggests that demersal fish may have ingested 2 higher quantity of microplastic particles
compared to pelagic species.

This study result also confims the urgency to cbserve wide range of fish species in term of their

hiabitat within the water column and as well as the feeding habit. Given the prevalence and high sbundance
of these microplastic fibers, we recommend to include them in assessments of the zisks associated with
microplastic pollution, particularly regarding their potential toxicity as these species are considersd as
important commercial fish in this region. Perhaps analysis based on muscles and intemal organs should
also be considered in the near future
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Graphical abstract

Abstract

The aim of this study was to assess the occurrence of microplastic in digestive organs (esophagus to
intestine) of popular marine commercial fish species: jack (Caramx SP.). blackspot snzlp]:ar
fufyifimimna), coral grouper @mmmm golden snapper (Lutignys jokysid), and

barrzcuda (Splyraena iell) from Bangemang Estuary in Indonesia. To separate the microplastic particles,
cach sample was digested using alkaline digestion solution, filtered on Whatman paper and then dried.
Using a dissecting stereo microscope, microplastic particles in the processed digestive organ contents were
identified and enumerated. Microplastics were found in 96% of fish digestive crgans (n = 50). In fish
samples of jacks, blackspot snapper. coral grouper, golden snapper, and pi barracuda (n = 10 for
each species). we found in average of 41 £ 6.0 SE, 26 = 11.0 SE, 152 2.0 SE, 11+ 1.0 SE, 14=2.0 SE
microplastic particles per individual, respectively, and we found in average of 499.5 = 94.4 SE, 5015 =
1988 SE, 83.6 = 18.4 SE, 79.8 = 11.6 SE, 40.2 = 25.0 SE microplastic particles per kg fish weight,
respectively. Fiber was the most dominant type of microplastic. Microplastic beads were not detected. The
relationship of the average consumed microplastic and the average fish weight per species show a negative
relationship (& = 0.36), but insignificant (P-value = 0.2). Our finding suggests thet demersal fish like
jacks, blackspot suapper, and coral grouper may have ingested 2 higher quantity of microplastic particles
compared to pelagic species like pickhandle bamracuda.

Keywords: Poliution, Ingestion, Commercial fish, Borneo, Indonesia
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Recent investigations into the impact of microplastic fibers on aquatic organisms have unveiled
various harmful consequences. According to Liang et al, zoldfish exposed to a concentration of 1000 items
per liter of microplastic fibers displayed increased coughing behavior, reduced predatory activities,
diminished daily food intake. and stimulated dynamic mucus excretion during ventilation, fesding, and
swimming processes [S0]. Similarly, a study by Zhao et al demonstrated that following exposure,
microplastic fibers were found in the digestive organs of zebrafish, even in their early life stages, resulting
in intestinal damage and toxic effects indicated by observable histopathological changes and biomarker
responses [51]. Another study by Xie et al. noted oxidative stress, dysbioss in the intestine microbiome,
and | I damage os sig symptoms in b di exposed to microplastic fibers [52].

Abundance of microplastic in digestive organs

Our finding revealed that jack as ndividual consumed the hizhest average of micraplastic particles,
41 (SE: 5.98) while golden snapper was observed consuming the least, onfy 11 (SE: 0.97). These values
are higher than those reported for fish in previous estuary studles for instance Arias et al. documented
microplastic particle abundance ranged from 9-14 per gastrointestinal tract in mulhple fish h specis canght
the Bahia Blanca Estuary in Argentina [53], up to 4 particles in semi pelagic
Sea [41], end ranged 1. 1-72 mmoplashc particles in fish collected from China marine na(eﬁ [40]. On the
other hand, the blackspot snapper has the highest amount of microplastics per kilogram of fish, 501 5 =
198.8 SE, while the pickhandle barracuda has the smallest amount, only 40.2 = 25.0 SE. The average
individual fish weight was the key determinant of this abundance.

An interesting point is that the results of the regression test on the average number of microplastic
particles with the average fish weight per species show a negative relationship (2% = 0.36), however the
relationship between the two is not significant (P-vaiue = 0.28). Similarly, Chen et al. reported that fish
size did not affect microplastic abumdance in the fish digestive organs [34]

Foraging ecology

Microplastic ingestion is potentially influenced by two crucial factors: the type of habitat and the
feeding habits of organisms [35]. Within marine environments, scientists have noted markedly greater
quantities of microplastics in demersal fish species compared to pelagic species [40,42]. This trend could
be linked to the prevalence of plastic waste neer the seabed, which is often regarded as the final
accurmulation for plastics within the marine ecosystem.

Microplastics could potentially be present in fish across different trophic levels. However, current
data are msufficient to make defimtive h about the p of pl [56]. In fact,
distinguishing between directly and indirectly ingested microplastics is challenging [37]. Walkinshaw et al
performed a semi-systematic review on research examining the presence of microplastics in commercially
significant organisms across various trophic levels [38], The findings indicate that microplestics do not
exhibit biomagnification, and organisms at lower trophic levels are more prone to contamination by
microplastic pollution compared to apex predators

Tn the present study, all collected speries are adult predator fish, four fish species are demersal, and
one is pelazic (Table 1). The microplastic abundances in the three species of demersal fish (jacks, blackspot
snapper, and coral grouper) were higher than the only pelagic fish of piskhandle bamzcuda, However,
golden snapper that identified as demersal fish showing lower microplastic abundance than the pickhangle.
barracuda. It is anticipated that there will be 1 variations in the rates of plastics
among different species in estuaries. This variation is expected because estuaries are dynamic environments
influenced by multiple factors such as tides, wind, and residence time [59]. This study did not identify any
herbivorous species, resulting in a lack of information regarding the effect of feeding habits on microplastic
consumption. However, 2 study conducted along the Mediterranean coasts of Irael found that two
herbivorous fish species consistently inpest significant quantities of microplastic particles as much as 10-
99 microplastic particles per fish gut [60].

Conclusions

For the first time, this study demonstrates the presence of microplastic particles in five commercially
important fish in a tropical estuary of Kalimantan Island in Indonesia. The average abundance per fish
individual were higher than those documented for commercial fish in previous marine estuary studies. The
relationship between the average weizht of species and the average abundance of microplastics was
negative, but it did ot reach statistical significance. Microplastic fibers constitute a significant portion of
the microplastic pellution found in the digestive systems of sampled fish from the Pangempang, Estuary

Soi. 2005 xx(x): . 0ofll

Our research suggests that demersal fish may have ingested a higher quantity of microplastic particles
compared to pelagic species.

This study result also confims the urgency to cbserve wide range of fish species in term of their
habitat within the water column and as well as the feeding habit. Given the prevalence and high abundance
of these microplastic fibers, we recommend to include them in assessments of the risks associated with
microplastic pollution, particularly regarding their potential toxicity as these species are considered as
important commercial fish in this region. Perhaps analysis based on museles and intemal organs should
also be considered in the near future.
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4 It’s should be great if you can add the location of this | loading port is situated
' coal loading port into the map (figure 1) outside the presented map
scope
Add more detail about fish characteristic such as S
. . . . The fish characteristic is
5. feeding mode, habitat (pelagic, bentho-pelagic. or .
N presented in Table 1.
benthos)
We have modified the
6. Rephrase this sentence again. sentence as suggested.
The author can rewrite this sentence by using this We have modificd the
o ‘ : . sentence.
example “The specimens were weighed using an .
. . We measured the length as
analytical balance...... .
. well but in this study we
In addition, Do you measure the body length of each .
7. . focus on the fish weight
fish or not? only =
Hc?w many fish from each species have been used in We used 10 fish for each
this study? . .
species. This have
mentioned earlier.
Is this study considering the microplastic contaminate ¥ Ivi d
8. in fish stomach only not other part of fish organ? es, only Ingeste
microplastics
The first part of your result the author should add a
table to e.xplamlthe.characlenstlcs of different tllve The suggested table has
9. fish species which include common name, species
N o i been added
name, number of samples, feeding mode, habitat,
mass, length etc.
10. | The author should move Table 1 into material and Thank you for the
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method section.

suggestion, we have
moved the table to the
beginning of result section

I recommend to use pie chart to illustrate different
type of microplastic contaminate in each fish species.

The pie charts have been

11. | More document that you can use to improving your made and added
writing:
https://tis.wu.ac.th/index.php/tis/article/view/3073/189
We believe that this figure
is informative, telling the
This figure does not show a clear illustration to me. I'FT'IEI].UOl’lShlp of mean
12. | Considering to modify this graph if possible. weight of chscrved fis
and mean number of
ingested microplastic
particles per species
individual
13. | Rephrase these sentences. We have rephrased the
sentences
14 Why? Any explanation about this? For sure, we do not know
) why this happened
15 Add three five species We have added the three

fish names.

Reviewer B

No.

Referee’s Comments

Responses
(for author)

space

Thank you for spotting this
issue, we have fixed this issue
as suggested.

space

Thank you for spotting this
issue, we have fixed this issue
as suggested.

several times used “we”, better to avoid much

Thank you for pointing this
out, but we believe that “we”
should not be a problem. This
way is also used in many
international journals with
high reputation.

fig no wrong

Yes, we have fixed the
numbering

Reviewer C

No. | Referee’s Comments Responses
(for author)
It better to mention
1. | name of the methods Thank you, we have added the method name
for microplastic
quantification
Thank you for the suggestion, but recenty active voice is

Avoid using subject equally used in many journals with high reputation. For
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pronoun, use passive
voice

example:
https://onlinelibrary.wiley.com/doi/epdf/10.1111/fwb.13831

What does it mean by
consumed

3. | here,..number of We have replaced into ingested
microplastic found ?
Avoid subject pronoun,
4. | using passive voice Similar response as above
Thank you for pointing out this issues. We will adjust as
5 : necessary. In this study, we only observed whatever fish
This conclusions must : S
: : species that the encountered fishermen caught in this
be adjusted , since only : T : 23
5. : estuary without considering pelagic or demersal. This is the
one type of pelagic fish | : £ .
Y T reason we do not have equal representation of pelagic an
demersal fish.
6. But n alpabefics] We have ordered alphabetically
order
We used digestive method to separate MP and organic
Mention the method, material. The reference is already cited (You may not
and the reference realize as this publication is using numbers for cited
references)
Please mention how to
extract microplastics . L .
8. - Using digestive method as explained
1hs us.ed. Slatistical : Thank you for pointing this issue out. We have added the
9. analy51s 1S not mention “Dta aralusis” section
in the Method yet Y
10 Don’t need to put We put SE to indicated that as a Standard Error, and not as
‘| words SE after + a Standard Deviation (SD)
11.| X axis --> type of fish | We have modified the graph as suggested.
i%| Gonfisipsenience e have .added some pie chart graphs, as also suggested by
other reviewer.
The yellow highlighted :
7| I We have 'added some pie chart graphs, as also suggested by
other reviewer.
presented as graph
The 0.36R2 sounds is
not a confidence value
14.| to sum-up the Yes, we agree.
relationship between
the two parameters
This is referred to a study conducted in an estuary in
15 ?227? Argentina
1.1-7.2 microplastics
16. per fish 22 Or per kg 7? Average per fish
17.| Year ? The year has been added as suggested
No fair comparison for
conclusion, since 4 Yes, that is true. This is because our sample was gained
18.| type of demersal, but from what the fishermen caught only. In fact from the
ony 1 typt of pelagic catch, the two type of fish was not balance.
fish
Discussion regarding In the “Abundance of microplastic in digestive organs”
19.| the comprison between | section, we have added more discussion as suggested to

the estary's fish and

compared with microplastic in river fish.
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river-fish or sea-fih
will be beneficial, and
add enrich the
discussion, as well as
the river and se
microplastic data.

It will be better if the
size of ingested
microplastic is also
discussed

Unfortunately, we did not measure the individual
microplastic particle size

20.

Language : need
proofreading; a lot of
grammatical errors; the
use of subjective
pronouns

We have proofread this revised version by an American
colleague who also a co-author in this paper

21.

Methodology : missing
some essential part :
method to extract
microplastics from
fish's organ, no method
of statistical analysis

The methodology has been revised as suggested

22,

Results: data of
microplastic
concentration from
each type of fish can be
more presentable in a
graph; the graph
presentation is not
complete; there is no
fair comparison (since
the type of demersal
fish is far more than
pelagic fish); it will be
beneficial if size of
microplastic is
presented and
discussed, supporting
the discussion
regarding how the
ingestion of
microplastic by fish
occurred.

We observed the fish species caught by the fishermen so we
had no control to balance between pelagic and demersal
fish. Unfortunately we did not observe the microplastic
particle size.

23.

Data of microplastic in
the nearby river, the
estuary water and the
seawater might be
added to have a clearer
explanation

We have added one study of microplastic in water from
nearby river (Mahakam River)

Reviewer D

No. Referee’s Comments Responses
(for author)
) Check We use “sp” because it is only
' sp or spp? one kind and we only able to
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identified up to the genus.

Check

Good catch. Thank you

We don't see any commercial fish issues in your
introduction

If commercial fish is contaminated with
microplastics, why many people eat it? And we
should replaced with other food products that are
not contaminated

The effect of consuming fish
that ingested microplastics to
human need more studies. In
other word we do not really
know, yet.

In what month and year did you take the sample?
Season is a factor that influences MPs in the
environment, in what season do you take the
samples?

Why isn't the total length measured?

We have added the
information when the
sampling was conducted.

Using latin name is better. For all in results and
discussions

We prefer to use common
name as this way is also used
in other international
publications that we cited

There is no figure or table for percent

We just confirming that only
blackspot snapper that had
specimen (20%) with no
microplastic particle in the
digestive organs, so we think
that mentioning in the text is
sufficient.

Each paragraph consists of 3 sentences
(minimum)
Check at all paragraph

Thank you for pointing the
issue. We have gathered these
sentences into one paragraph.
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TRENDS IN SCIENCES 202x; xx(xX): 55553 RESEARCH ARTICLE
https:/fdoi.orgf

Occurrence of Microplastic Ingestion by Commercial Fish Species
from the Pangempang Estuary in Indonesia

Highlights
= This study demonstrates the presence of microplastic particles in five commercially important fish in 2
tropical estuary of Kalimantan Izland in Indonesia.
Fiber was the most dominant type of microplastic.
Demerszl fish may have ingested a higher quantity of microplastic particles compared to pelagic
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Abstract

The aim of this study was to assess the occurrence of microplastic in digestive organs (esophagus to
imtestine) of popular marine commercial fish species: jack (Carame SP), blackspot snapper (Lutigmus,
Supvifiammg). coral grouper @M@m&nﬁa} golden snapper (Lugignus. iofpiD. and pickhandle,
barracuda (Spfyraena jefla) from Pangemang Estuary in Indonesia. To separate the microplastic particles,
each sample was digested using alkaline digestion solution, filtered on Whatman paper and then dried.
Using a dissecting stereo microscope, microplastic particles in the processed digestive organ contents were
identified and enumerated. Microplastics were found in 96% of fish digestive organs {n = 30). In fish
samples of jacks, blackspot snapper, coral grouper, golden snapper, and pickhandle barracuda (n = 10 for
each species), we found mn average of 41 = 6.0 SE, 26 = 110 3E, 13 =20 58E, 11 £ 1.0 3E, 14 2.0 3E
microplastic particles per individual, respectively, and we found in average of 4895 = 94,4 SE, 5015 =
1088 SE, 83.6 = 18.4 SE, 79.8 = 11.6 8E, 40.2 = 25.0 5E microplastic particles per kg fish weight,
regpectively. Fiber was the most dommant type of microplastic. Microplastic beads were not detected. The
relationship of the average consumed microplastic and the average fish weight per species show a negative
relationship (7 = 0.36), but insignificant (P-value = 0.28). Our finding suggests that demersal fish like
jacks, blackspot snapper, and coral grouper may have ingested a higher quantity of microplastic particles

compared to pelagic species like pickhandle barracuda.

Kevwords: Pollution, Ingestion, Commercial fish, Bornes, Indonesia
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Introduction

After mvented over 110 years ago, plastic matenials become ubiquitous in the environment. Plastic
material 1s made from polymers that can be shaped easily for many varisties of uses. The elevated desire
to use plastic materials due to their affordability, bio-inertia, high strength to weight ratio, and resistance to
degradation. These characteristics has made plastic materials become important materials for human life
nowadzys. By the year of 2017, the total global production of plastic was estimated to reach 8300 million
metric tone [1], with the rate of production has reached over 300 million metric tons per year [2].
Approximately 10% of the annual plastic production is projected to end up in the ocean [3]. Countries in
Asia, including Indonesia are suspected responsible to bring 88%-93% of global marine debris lead into
ocean [4]. The proportion of plastics usually tzke about 70% of total marine debris [3].

Initially regarded as a safe material, several decades of plastic production have brought a wide range
of environmental problems, particularly in marine ecosystems. In oceans, even though plastic 1s considered
25 durablz material and resistant to natural biodegradation. However, continuous exposure to weathering
factors such as sunlight, wind, and waves, along with the process of oxidation, causes plastic items to break
down nto smaller fragments. On the shere, it may be fragmented inte smaller pieces due to grinding from
rocks and sand [§]. The breakdown process leads to smaller particle known as microplastics (=5 mm) [7].
These smaller plastic fragments can be easily mistaken for prey and subsequently ingested by agquatic
organisms. There is growing concern regarding microplastic issues because they have the potential to
physically zffect animals and pose toxicological risks due to potentially harmful compounds added during
plastic production. These concerns highlisht the possibility of these contaminants entering the food chain
[2,9]. These added compounds encompasz fillers and plasticizers used for texture adjustment, coloring
zgents, antimicrobials, flame retardants, and other substances that medify plastic properties to mest specific
preferences [10].

Microplastic particles can also act as transport vector, meaning that they can accumulate and spread
harmful chemicals and pathogenic microorganisms from the surrounding [11]. Cole et al. reported that
ingestion of microplastic particles by zooplanktons shows nagative impacts on feading, hatching, and their
health [12]. Similarly, the ingestion of microplastics by oysters also showed negative impact on their
reproduction and feedmz habits [13]. To fish, exposure to microplastics or in combination with other
contaminants that attached on them can induce various health problems [14].

The marine region situated in the eastern part of Kalimantan Island is an integral component of the
tropical waters within the Inde-Pacific Coral Triangle. This area is rencwned for its abundant marine
brodiversity [15]. Estuarine waters are a type of marine ecosystems often utilized for fisheries purposes-
[16,17], a.nd these waters zre a sociocultural and eccnom.lca]h mlporta.ut fizhing ground used by both
traditional and commercial fishermen [18]. Estuary ecosystems face increasing rates of microplastic
pellution and accumulation, which may have negative impacts on biota. A large portion of microplastic
pellution originates from urban areas, including inland urban sources, and is carried by rivers and streams
to oceans, aportion ofv\h.ich will hecome trapped a.ud accu.mu.lale i.n estuaries [19] Pollution in estuary is

placed their emphasiz on ecosy stems in both marine and inland environments [21,22.23]. In fact,
Meigabayant, ot al. reported the presence of microplastics in waters of Mahakam River located in the East
Ealimantan Island [61]. However, there have been limited evaluation on microplastic contamination in
transitional waters between the two ecosystems, such as estuarine waters, allowing analysis of microplastic
concentrations ingested by some commercial fish. To address this kmowledge gap, we evaluated the types
znd zbundance of microplastic particles in available commercial fish samples collected from Pangempang
Estuary and asked the main following questions: what type of microplastic? And how 1s the abundance of
microplastic in fish collected from this transitional waters?

Materials and methods

The annual mean air temperature in East Kalimantan 15 28 44°C (83.19°F). This region experiences
the effects of an equatorial climate, resulting in two periods of intense rainfall and two periods of reduced
rainfall, with a total anmual precipitation of approximately 9720 millimeters (3.83 inches) [62]. The

Rwatcharee Ruairuen

Do they have amy repart of micraplastic contarmination in this Island
o7 in other places in Ipgonesia, If thers is some article or repart
available, the author should provide this information.

Hamdhani Hamdhani
A microplastic sdy in the neariy area has been cited

The author should add more information about climate data for this
smudy zite such &= average sir temperature, precipitation §ata..

Hamdhani Hamdhani

| Rwatcharee Ruairuen
| The suzgested infonmation has been added.
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Pangempang Estuary (0°12'32.52"8, 117°25'30.65"E) is situated on the eastemn side of Kalimantan Island,
Indonesia. This estuary serves as the confluence point for waters from the Pangempang River and seawater

River spans approximately 26 kilometers, originating from the Warangkayu reservoir. Itz width ranges from
8 meters upstream to 140 meters downstream. The river passes through the Maranskayu Town settlement,
situated roughly 20 kilometers upstream from the Pangempang Estuary. Additionally, about 7 kilometers
upstream from the estuary, there is a foal [oading port in operation| The estuary plays a vital role as an
intercoastal waterway for the nearby villages. In addition to residential areas in the swrounding estuary,
several recreational beaches are privately owned and operated and are economically important to the
region’s tourism industry. Furthermore, local fishermen actively engage in fishing activities within this area
or use it 35 a passage to access the open waters of the Makassar Strait.

nrIsvE NT2BTE nrITrE

NORTH

T
IS

Kalimantan (Borneo) Island

Pangempang Estuary
Makassar Strait

os 1.8 Filometers | &

INDOMNESIA

Figure 1 The Pangempang Estuary (East Kalimantan, Indonesia)

To evaluate the ingestion of microplastics by fish, we obtained fish specimens from local fishermen

operating in the waters of the Pangempang Estuary. We were able to collect ten replicates of EE}:-I-EG!;-_

different species| from these fishermen. The species we identified were jack (Cararx SP.), blackspot

snapper (Lutiguus fulvifigmmga). coral grouper (Zpinephelus. . golden snapper (Lutignus iofnid.
and pigkhandle barracuda (Splyraeny fefie). We identified the fish species based on the information

provided mn the book titled "Marine Fishes and Crustaceans of the Southeast Asian Region'[[24). Each™ 777~

individual fish was placed in plastic bags, and then stored on ice during transport to the Water Quality
Lakoratory at Mulawarman University. The samples were preserved in freezer before processing and
analysis.

Rwatcharee Ruairuen
The awthar should reference Fizore 1 into the text. T put it after this
zentence. Please recheck the reference for fizura 1 again

Comment
Good point, thank you

Rwatcharee Ruairuen
It's should be great if vou can add the location of this coal loading
port into the map (figore 1)
Comment
Unfornmately, the coal losding port is sitnzted outside the
presented map scope

Rwatcharee Ruairuan
Add more detail sbout fish characteristic such as feeding made,
hahitst (pelagic, hanthe-pelagic, or benthos)

‘Comment

The fish characteristic is presentad in Table 1.

Rwatcharee Ruairuan
Fephraze this sentence sgain.

‘Comment
We have modified the sentence as suggestad.
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Figure 2 Photographs illustrating the observed fish species: (A) jack (Cargmy. SP.), (B) blackspot snapper
(Lugianus fulvifiamna). (C) coral grouper (Epinephelus.carallicaia). (D) golden snapper (
JiohniD). and (E) pickhandle barracuda (Spinraena glie)-

Labora tory processmg

anal]mca] balance We conducted a dxssecuon of the ﬁshs |and gath
from the esophagus to the i ine. To sep the mlcroplastxc particles, each stomach content uas
digested using alkaline digestion solution of potassium hydroxide (KOH) [25,26]. Each stomach content
was placed in a beaker and 10% KOH was added allowing submersion of stomach contents in the beaker.
Each beaker was covered with aluminum foil. We stirred the samples in the beaker using magnetic spinner
at 350 rpm for 2 hours. Then we collected the particles after the digestion using a sieve of 125 ym and
transferred to a previously cleaned beaker using distilled water. Into the beaker 30% H:0: was added and
then stirred. After 1 hour stiming, samples were vacuum pump filtered on 1.6 pm, pore size
Whatman paper and then dried.

Using a 10-45x magnification dissecting microscope, microplastic particles in the processed stomach
contents were identified and enumerated. The microplastic particles were observed and categorized into
four major types (fiber, fragment, film, and bead; [27]) following protocols from Hidalgo-Ruz et al., [28]
and Eppehimer et al. [29]. To minimize contamination by airbome synthetic fibers during sampling
processing, the researchers wore 100% cotton lab cloth. We consistently cleaned all material used in this
sample processing with distilled water. During the preparation and observation, the beakers and aluminum
cups were always covered when not in used. All these processes were conducted in the laboratory behind
closed doors and windows.

Rwatcharee Ruairuen

The author can rewrite this sentence by using this example “The
specimens were weizhed using an analytical balance......”

In zddition, Dg you measure the body length of each fish or not?
How many fish from each species have been uzed in this study?

Comment

We have modified the sentence.

We measured the length as well but in this study we focus on
the fish weight only

We usad 10 fish for each species. This have mentionad
earlier.

Rwatcharee Ruairuen
Is this study the mi i i in fish stomach
only not other part of fish organ?

Comment
Yes, only ingestad microplastics
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-- -- - - -- -- -- -- - - - 4 Rwatcharee Ruairuen
Fiesllllﬂ The first part of vour result the author should add 2 table to explzin
In this study, the majority of observed fish species are demersal (Table 1), or at least in part of their mmmﬁfmm@
life phase. demersally as adults and pelagically in the juvenile phase. Only the Pickhandle barracuda species hahitst, mass, lenzth etc.
live as pelagic fish. All observed fish are predator species that prey on marine biota (fish, shrimps, crabs c ant
and cephalopods) generally smaller in size than their own bodies. The suzzested table has been zdded
[able I [Taxonomy, common name, foraging ecology B B - - TT77T7 T 77+ Rwatcharee Ruairuen
No. Taxonomy and Common Foraging ecology The author should move Table 1 into material and method section.
name Hamdhani Hamdhani
1. Family: Carangidag, Most species are demersal, or bottom dwelling, while others Thauk you for the suggestion, we have moved the wable to the
Genus: Carang are pelagic, moving long distances in the upper water beginning of result section
Common names: Jacks or column [30]. All species are predatory fish, taking smaller
trevalliss figh, cephalopods as prey [31].
2. Famuly: Lutiznidas, Many species under this family are demersal and associated
Species: Lugiomus fulvifamma | with coral reefs [32]. Some of the larger red snapper specles
(Egraskal 1775) descend into desper waters, at least to 200 m in depth [33].
Common names: Blackspot Lytianmg, is predatory fish usnally found in fropical and
snapper subtropical reefs. and mangrove forests.
3. Family: Semapidae, Predominantly sedentary species that resides near the ocean
i ; floor (demersal), and it goes through a pelagic larval stage
& Hasselt, 1818) of approximately 40 days before eventually settling in

Common names: Coral grouper | shallow coastal bwmhabmts du:n.ng its juvenile phaze
[34]. They usually eat fish, octopuses, and crustaceans.
Some species prefer to ambush their prey, while others are
active predators. They swallow prey rather than biting

pieces off of them [33].

4. Family: Lutianidas, Lutianug, exhibits a two-part life eycle: an initial stage with
Lytionys jahmii (Bloch, 1792) pelagic eggs and larvae, succeeded by a later stage as
Common names: Golden juveniles and adults that are oriented towards the seafloor
snapper, or John's snapper (demersal) [36]. Feed on fishes and benthic invertebrates

meluding shrimps, crabe and cephalopods. Adults probably
frequent coral reef areas; juveniles found in mangrove
estuaries [37].

5. Family: Sphyrasmidae. They are migratory pelagic predators and usually be found
Splyraeniglin Cuvier, 1829 in schools swimming in the tropical waters, predominantly
Common names: Pickhandle, nearby coral reefi [38]. Prey on fizh, cephalopods, and
barracuda or Banded barracuda | shrimps [39].

We observed microplastic shapes of fibers, film, fragments (Figure 3). Microplastic beads wers not
detected m any of our samples. In jacks, coral grouper., golden smapper. and pickhandle bamracuda,
microplastic, particles were identified m 100% of samples, except for blackspot snapper, where they were
found in 80% of the samples.

&

48 |Page




Trends Sei. 202x; xx(xx): 55555, 6ofl13

Figure 3 Photographs illustrating the observed microplastic types found m digestive organs from sample
fishes collected in the Pangempang Estuary: a. fiber, b. film, and ¢. fragment. Horzontzl scale bar = 0.3
mm

In fish samples of jacks, blackspot snapper, coral grouper, golden snapper, and pickhandle barracuda,
we found m average of 41 £ 6.0 SE, 26 = 11.0 3E, 15 £ 2.0 5E, 11 = 1.0 3E, 14 £ 2.0 5E mucroplastic
particles per individual, respectively (Fignre 4A). and we found in average of 499.5 £ 94 4 8E, 501.5 =
1928 SE, 83.6 = 18.4 SE, 79.8 = 11.6 8E, 40.2 = 250 SE microplastic particles per kg fish weight,
respectively (Figure 4B). The blackspot snapper had the highest number of microplastic particles per
kilogram of fish weight, reaching 501.5 = 198.8 5E microplastic particles. The lowest number of particles
per kilogram of fizh was found in the pigkhandle barracuda, which amounted to 40.2 = 250 3E microplastic
particles.
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Figure 4 Average of microplastic particles per individual (A) and per kilogram fish weight (B)
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Fragment

Fibser
B0.5%

(a) Jack e (b} Blackspot snapper (¢) Coral grouper

Fragment

Fiber
B1.6%
(d) Golden snapper (&) Pickhandle barracuda

Figure 5 Percentages of the observed microplastic types found m digestive organs from sample fishes
collected in the Bangempang Estuary: (2) Jack, (b) Blackspot mapper, (c) Coral grouper, (d) Golden

snzpper, and (2) Bickhandls barracuda.

___________________________________________________________________________________________________ Rwatcharea Ruairuen

[ jack samples, fibers were most prevalent representing §3.4% of all microplastic pieces, film and T racommend to use pie chart to illustrate differant type of
fragment were much lower at 8.0% and 8.5%, respectively. Fibers were observed in all samples, film was m"l’m mﬂ“‘*mmg’.‘lw .
found in 80% of samples, and fragments were found in 90% of our jack fish samples| (Figure 5a). Our o T St
blackspot snapper samples exhibited that fiber was the most observed microplastic type 73%, and the R R
followed by film (20%) and fragments (7%). The fibers, film, and fragments were detected in 80%, 70%, Hamdhani Hamdhani

50% of all samples respectively (Figure 5b). The coral grouper samples showed that fiber particles were The pie bave been made and

the most sbundant with 80.3%, as compared to percentages found for film (16.2%) and fragments (3.2%).
In this species, fibers, film, and fragments were detected m 100%, 90%, 40% of our samples respectively
(Figure 5c). From our golden smapper samples, we observed that fibers were the most detected type
(81.5%) and followed by film (18.5%). No fragments were found in this species samples. The fibers shape
particles were found in all this species samples. The film shape particles were found in only 77.8% of the
samples (Figure 5d). Finally, our pigkhandle barracuda samples indicated that fiber was the most dominant
as well (71.0%) microplastic particles and then followed by film (29.0%). Thers was no frapment shape
particle detected in this species samples. Either, the fibers and film were detected in all this species samples
(Figure Se).
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Among the five fish species we observed (n = 5), the average weight per individual blackspot snapper
in our sample was the smallest, at 0.03 kg, while the pickhandle barracuda was the largest, at 0.36 kg, The
relationship of the average consumed microplastic particles and the average fish weight per species (Figure
6) show a negative relationship (87 =0.36), but the relationship between the two is not significant (P-value
={.28).

Discussion

Types of microplastic
Qur results affirmed that fizh in the Papgempang, Estuary indeed ingest microplastics, with fibers
being the predominant type of microplastic. Previous research in aguatic environments has identified fibers

2z the most prevalent form of microplastics [40-43]. [Sources of fibers are predominantly textile zoods, such
as clothes [44]. Degradation of synthetic fabrics was predicted as major contributor for microplastic fiber
zbundance in our environment [44,45]. During the lifespan of the fabrie, these fibers are naturally releazad
through regular usage and cleaning. In fact, a typical piece of clothing can release over 1900 fibers at size
less than Imm in length per wash cycle [46]. After being washed, synthetic fibers from laundry water find
their way into the municipal water svstems. While a portion of these fibers is eliminated during wastawater
treztment, the remaining is discharged into surface waters [46]. In our study, the urban areas along the river
that flows to Pangempang Eztuary do not have municipal wastewsater treatment facilities, consequently raw
untreated urban wastewater discharge to this estuary. The microplastic of film was found as the second

maost abundant microplastic typs in all fish species we examined, kxcept in jack ﬁsﬂl. The source of film
microplastics may potentially come from abrasion of plastic bags that easily encountered as macro debris
in the Pangempang Estuary waters. A microplastic study on commercially important marine fish species in
Fiji documented that film microplastic portion was half of the total discovered microplastic particles, and
the remaining shared between fiber and fragment [47]. We observed fragment particles was the lowest in

mmmber and only found in fhree of five fih species we exam.imaar(-jack, blackspot snapper, and coral
grouper). In contrast, Karbalagi et al. documented that among commercial marine fish in the adjacent waters
of Malayzia, frazment-type microplastics were the most prevalent [48]. Seurce of fragment microplastic
mamly come from degraded larger plastic debris due to continuous weathering includes photo, biological,
physical and chemical processes in the terrestrial and aquatic environment [49].

Becent investizations into the impact of microplastic fibers on aquatic organisms have unveiled
various harmful consequences. According to Liang et al., goldfish exposed to 2 concentration of 1000 items
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per liter of microplastic fibers displayed increased coughing behavior, reduced predatory activities,
diminished daily food intake, and stimulated dynamic mucus excretion during ventilation, feeding, and
swimming processes [30]. Similarly, a study by Zhao et zl demonstrated that following exposure,
microplastic fibers were found in the digestive organs of zebrafish, even in their early life stages, resulting
in intestinal damage and toxic effects indicated by observable histopathological chanpes and biomarker
responses [31]. Another study by Xie et al. noted oxidative stress, dysbiosiz n the intestine microbiome,
and histological damage as significant symptoms in barramundi exposed to microplastic fibers [32].

Abundance of microplastic in digestive organs

Our finding revealed that jack as individual consumed the highest average of microplastic particles,
41 (SE: 5.98) while golden snapper was observed consuming the least, only 11 (3E: 0.97). These values
are higher than those reported for fish in previous estuary studies, for instance Arias et al. documented
microplastic particle abundance ranged from 9-14 per gastrointestinz] tract in multiple fish species caught
the Bahia Blanca Estuary in Argentina [53], up to 4 particles in semi pelagic boop boops in the Weds i
Sea [41], and ranged 1.1- 7.2 microplastic particles in fish collected from China marine waters [40]. On the
other hand, the blackspot snapper has the highest amount of microplastics per kilogram of fish, 301.5 =
1228 SE, while the pigkhandle barracuda has the smallest amount, only 40.2 = 25.0 SE. The average
mndividual fish weight was the key determinant of this abundance.

An mmteresting point is that the results of the regression test on the average number of microplastic
particles with the average fish weight per species show a negative relationship (R* = 0.346), however the
relationship between the two i3 not significant (Faafue = 0.25). Similarly, Chen et al. reported that fish
size did not affect microplastic abundance in the fish digestive organs [34].

Foraging ecology

Microplastic ingestion iz potentially influenced by two crucial factors: the type of habitzt and the
feeding habits of organisms [553]. Within marine environments, scientists have noted markedly greater
quantities of microplastics in demersal fish species compared to pelagic species [40,42]. This trend could
be linked to the prevalence of plastic waste near the seabed, which iz often regarded as the final
accumulation for plastics within the marine ecosystem.

Microplastics could potentially be present in fish across different trophic levels. However, current
data are mnsufficient to make definitive conclusions about the absorption of microplastics [56]. In fact,
distinguishing between directly and indirectly ingested microplastics 1s challengimg [57]. Walkinshaw et al.
performed a semi-systematic review on research examining the presence of microplastics in commercially
significant orgamisms across various trophic levels [38]. The findings indicate that microplastics do not
exhibit biomagnification, and organisms zt lower trophic levels are more prone to contamination by
microplastic pollution compared to apex predators.

In the present study, all collected species are adult predator fish, four fish species are demersal, and
one 1z pelagic (Table 1). The microplastic abundances in the three species of demersal fish (jacks, blackspot
snzpper, and coral grouper) were higher than the only pelagic fish of pigkhandle barracuda. However,
golden snapper that identified as demersal fish showing lower microplastic zbundance than the pickhandle,
barracuda. It is anticipated that there will be substantial variations in the consumption rates of microplastics
among different species in estuaries. This variation is expected because estuaries are dynamic environments
mfluenced by multiple factors such as tides, wind, and residence time [59]. This study did not identify any
herbivorous spacies, resulting in a lack of information regarding the effect of feeding habits on microplastic
consumption. However, a study conducted along the Mediterranean coasts of Israsl found that two
herbivorous fish species consistently ingest sigmificant quantities of microplastic particles as much as 10-
99 microplastic particles per fish gut [60].

Concluosions

For the first time, this study demonstrates the presence of microplastic particles in five commercially
mmportant fish in a tropical estuary of Kalimantan Island in Indonesia. The average abundance per fish
ndividual were higher than those decumented for commercial fish in previous marine estuary studies. The
relationship between the average weight of species and the average abundance of microplastics was
negative, but it did not reach statistical significance. Microplastic fibers constitute a significant portion of
the microplastic pollution found in the digestive systems of sampled fish from the Pangempang Estuary.
Our research suggests that demersal fish may have ingested a higher quantity of microplastic particles
compared to pelagic species.
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This study result alse confirms the urgency to observe wide range of fish species in term of their

habitat within the water column and 25 well as the faeding habit. Given the prevalence and high abundance
of these microplastic fibers, we recommend to include them in assessments of the nisks associated with
microplastic pollution, particularly regarding their potential toxicity as these species are considered as
mmportant commercial fish in this region. Perhaps analysiz based on muscles and internal organs should
alzo be considered in the near future.
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& This study demonstrates the presence of microplastic particles in five commercially important fish in a
tropical estuary of Kalimantan Island in Indonesia.
Fiber was the most dominant type of microplastic.
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Abstract

The am of this study was to assess the ocowrrence of microplastic in digestive organs (esophagus to
intestine) of popular marine commercial fish species: jack (Carawme SP.), blackspot snapper (Lugiomus,

Sihyiflaming). coral grouper mmm golden snapper (Lugignus. iafnid). and pickhandls,

barracuda (Spiyraeng jglln) from Pangemang Estuary in Indonesia. To separate the microplastic particles,
each sample was digested uzing alkaline digestion solution, filtered on Whatman paper and then dried.

Using a dissecting stereo micrescope, microplastic particles in the processed digestive organ contents were
identified and emumerated. Microplastics were found in 96% of fish digestive organs (n = 30). In fish
samples of jacks, blackspot snapper, coral grouper, golden snapper, and pickhandle barracuda (n = 10 for
each species), we found in average of 41 £ 6.0 SE, 26 = 11.0 8E, 15 =20 8E, 11 £ 1.0 3E, 14+ 2.0 5E
microplastic particles per individual, respectively, and we found in average of 4895 = 84 4 8E, 5015 =
1928 SE, 83.6 = 184 SE, 798 = 11.6 S8E, 40.2 £ 23.0 SE microplastic particles per kg fish weight,
respectively. Fiber was the most dominant type of microplastic. Microplastic beads wera not detected. The
relationship of the average consumed microplastic and the average fish weight per species show a negative
relationship (R = 0.36), but insignificant (P-vafue = 0.28). Our finding suggests that demersal fish like
jacks, blackspot snapper, and coral grouper may have mgested a higher quantity of microplastic particles
compared to pelagic species like pickhandle barracuda.

Kevwords: Pollution, Ingestion, Commercial fith, Borneo, Indonesia
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Introduction

After mvented over 110 years ago, plastic materals become ubiguitous in the environment. Plastic
material 1s made from polymers that can be shaped easily for many varieties of uzes. The elevated desire
to use plastic materials due to their affordability, bio-inertia, high strength to weight ratio, and resistance to
degradation. These characteristics has made plastic materials become important materials for human life
nowadays. By the year of 2017, the total global production of plastic was estimated to reach 8300 million
metric tons [1], with the rate of production has reached over 300 mullion metric tens per year [2].
Approximately 10% of the annual plastic production is projected to end up in the ocean [3]. Countries in
Asia, including Indonesia are suspected respongible to bring 88%-03% of global marine debris load into
ocean [4]. The proportion of plastics usually take about 70% of total marine debris [3].

Initially regarded as a safe material, several decades of plastic preduction have brought a wide range
of environmental problems, particularly in marine ecosystems. In oceans, even though plastic is considersd
z& durable material and resistant to natural biodegradation. However, continuous exposure to weathering
factors such as sunlight, wind, 2nd waves, along with the process of oxidation, causes plastic items to break
down into smaller fragments. On the shore, it may be fragmented into smaller pieces due to grinding from
rocks and sand [6]. The breakdown process leads to smaller particle known as microplastics (=5 mm) [7].
These smaller plastic fragments can be easily mistaken for prey and subsequently ingested by aguatic
organisms. There iz growing concern regarding microplastic izsues because they have the potential to
phyzically affect animals and pose toxicological risks due to potentially hanmful compounds added during
plastic production. These concerns highlight the possibality of these contaminants entering the food chain
[2.9]. These added compounds encompass fillers and plasticizers used for texture adjustment, coloring
zgents, antimicrobials, flame retardants, and other substances that modify plastic properties to meat specific
preferances [10].

Microplastic particles can also act as transport vector, meaning that they can accumulate and spread
harmful chemicals and pathogenic microorgamsms from the surrounding [11]. Cele et al. reported that
ingestion of microplastic particles by zooplanktons shows negative impacts on feeding, hatching, and their
health [12]. Similarly, the ingestion of microplastics by oysters zlso showed negative impact on their
reproduction and feeding habits [13]. To fish, exposure to microplastics or in combination with other
contaminants that attached on them can induce various health problems [14].

The marine region situated in the eastern part of Kalimantan Island is an integral component of the
tropical waters within the Indo-Pacific Coral Triangle. This area is renowned for its abundant marine
biadiversity [15]. Estuarine waters are a type of marine ecosystems often utilized for fisheries purposes-
[16,17], and these waters are a sociocultural and sconomically important fishing ground used by both
traditional and commercial fishermen [18]. Estuary ecosystems face mcreasing rates of microplastic
pollution and accumulation, which may have negative impacts on biota. A large portion of microplastic
pollution originates from urban areas, including inland urban sources, and is carried by rivers and streams
to oceans, a portion of which will become trapped and accumulate in estuaries [19]. Pellution in estuary is

placed their emphasis on ecosystems in both marine and inland environments [21.22.23] In fact
Meicahayanti et al. reported the presence of microplastics in waters of Mahakam River located in the East
Ealimantan Izland [61]. However, there have been limited evaluation on microplastic contamination in
transitional waters between the two ecosystems, such as estuarine waters. allowing analysis of microplastic
concentrations ingested by some commercial fish. To address this inowledge gap. we evaluated the types
znd zbundance of microplastic particles in available commercial fish samples collected from Pangempang
Estuary and asked the main following questions: what type of microplastic? And how is the abundance of
microplastic mn fish collected from this transitional waters?

Materials and methods

The annual mean air temperature in East Kalimantan iz 28 44°C (83.19°F). This region experiences
the effects of an equatorial climate, rasulting in two periods of intense rainfall and two periods of raducad

97 19

rainfall, with a total annual precipitation of approximately 9722 millimeters (3.83 inches) [62]. The

Rwatcharee Ruairuen

Do they have amy repart of microplastic comtamination in this Island
or in other places in [ndgnesia, If thare is same article or report
available, the author should provide this information.

Hamdhani Hamdhani
A microplastic smdy in the nearbry area has bean cited

Rwatcharea Ruairuen
The author should add more information about climate data for this
smady site zuch 2= average sir temperature, precipitstion §afg..

Hamdhani Hamdhani
The suzzested information has been added.
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Pangzempang Estuary (0°12'52.5275, 117°23'30.65"E) iz situated on the ezstern side of Kalimantan Island,
Indomesia. This estuary servesas the confluence poi.nt for waters frm:n the Pa.ugempanz River and seawsater

River spans appmx.l.malel\ 26 kilometers, onﬂmah.ug from the Marangkayu reservoir. Its width ranges from
8 meters upstrea.m to 140 meters downstream. The river passes through the Maranshkayu Tovm setﬂement

intercoastal waterway for the nearby villages. In addition to residential areas in the swrrounding estuary.
several recreztional beaches are privately owned and operated and are economically important to the
region’s tourism industry. Furthermore, local fishermen actively engage in fishing activities within this zrea
or use it 3% a passage to access the open waters of the Makazsar Strait.

W ISTE NFHE HrITrE
L i

g ' NORTH

s

Kalimantan (Borneo) Island

Pangempang Estuary
Makassar Strait

s

T T 1
o 045 og 1.8 Kiometers

INDOMESIA

Figure 1 The Pangempang Estuary (East Kalimantan, Indonesia)

To evaluate the mgestion of microplastics by fish, we obtaned fish specimens from local fishermen

operating in the waters of the Pangempang Esma.riu We were able to collect ten replicates of pach five
different sp-ecws| from these fishermen. The species we identified were jack (Caramx SP.), blackspot
snapper . coral grouper (Epinephelus. catallicalg). golden snapper (Lutianus. jahnid.

barracuda [@mwgz) We identified the fish species based on the information

provided in the book titled "Marine Fishes and Crustaceans of the Southeast Asian Region' [[24]. Each™ ™~~~ 777777

individual fish was placed in plastic bags, and then stored on ice durig transport to the Water Quality
Laboratory at Mulawarman University. The samples were preserved in freezer before processing and
znalysis.

Rwatchares Ruairuen
The authar should reference Fizure 1 into the text I put it after this
zamtence. Please recheck the reference for figure 1 again

Comment
Good point, thank you

Rwatcharee Ruairuen
It's should be great if you can 2dd the location of this coal loading
paort into the map (Azurs 1)
Comment
Unfornmately, the coal loading port is situsted outsida the
presented map scops

Rwatcharee Ruairuen
Add more detail sbout fish characteristic such as feeding made,
habitat (pelagic, bepthe-pelagic, or benthos)
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The fizh characteriztic is pressmted in Tabls 1.
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Fephrase this sentence azain.

Comment
We have modified the sentence as suggestad.
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Figure 2 Photographs illustrating the observ ed fish species: (A) jack (Cargzny.SP.), (B) blackspot snapper
Cutignus fulvifiamma). (C) coral grouper ( carailicaia). (D) golden snapper (Lutignus,
JokiD. and (E) piskhandle barracuda (Spiraena alie)-

leorlton processmg

anal)tlcal balance We conducled a dxssecnon of the ﬁsh s bt E its

from the esophagus to the intestine. To sep the plastic part.lcles each stomach content was
digested using alkaline digesti lution of p hydroxide (KOH) [25,26]. Each stomach content
was placed in a beaker and 10% KOH was added allomnz b ion of st h ¢ in the beaker.
Each beaker was covered with aluminum foil. We stirred the samples in the beaker usmg magnetic spinner
at 350 rpm for 2 hours. Then we collected the particles after the digestion using a sieve of 125 ym and
transferred to a previously cleaned beaker using distilled water. Into the beaker 30% H:O: was added and
then stimed. After 1 hour stirring, samples were vacuum pump filtered on 1.6 pm, pore size

paper and then dried.
Using a 10-45x% magnification dissecting microscope, microplastic particles in the processed stomach
contents were identified and d. The microplastic particles were observed and categorized into

four major types (fiber, fragment, film, and bead; [27]) following protocols from Hidalgo-Ruz et al., [28]
and Eppehiper et al. [29]. To minimize contamination by airbome synthetic fibers during sampling
processing. the researchers wore 100% cotton lab cloth. We consistently cleaned all material used in this
sample processing with distilled water. During the preparation and observation, the beakers and aluminum
cups were always covered when not in used. All these processes were conducted in the laboratory behind
closed doors and windows.

Rwatcharee Ruairuen

The author can rewrite this sentence by using this example “The
specimens were weighed using an analytical balance...... 4

In addition, Dg you measure the body length of each fish or not?
How many fizh from each species have been used in this study?

Comment

We have modified the sentence.

We measured the length as well but in this study we focus on
the fish weight only

We used 10 fish for each species. This have mentioned
earlier.
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only not other part of fish organ?
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Yes, only ingested microplastics
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Rwatchares Ruairuen

The first part of your rezult the author should add 2 table to explain
the characteristics of different five fish species which inchude
comman name, species name, number of samples, feeding maode,
‘habitat, mass, lensth etc.

Results|

In this study, the majority of observed fish species are demersal (Table 1), or at least in part of their

life phase, my&, as adults and pelagically in thejunemle phaze. Only the Pickhandle barracuda species
live as pelagic fish. All observed fish are predator species that prey on marine biota (fish, shrimps, crabs

and cephalopods) generally smaller in size than their own bodies. The mg;;‘mdmble has been added
able I [[exonomy, common name, foraging ecology T T 777 Rwatcharee Rusiruen

We observed microplastic shapes of fibers, film, fragments (Figure 3). Microplastic beads were not
detected in any of our samples. In jacks, coral grouper, gelden snapper, and pigkhandle barracuds,
micreplastic. particles were identified in 100% of samples, except for blackspot snapper, where they were
found in 80% of the samples.

&

No. Taxonomy and Common Foraging ecology The author should move Table 1 into material and method section.
name Hamdhani Hamdhani
1. Family: Capangidas, Most species are demersal, or bottom dwelling, while others Thank you for f1e suggestion, we have moved the table to the
Genus: are pelagic, moving long distances in the upper water beginning of result section
Common names: Jacks or column [30]. All species are predatory fish, taking smaller
trevallies figh, cephalopods as prey [31].
2 Famuly: Lutianidas, Many species under this family are demersal and associated
Species: Lugigrus fuviflamma | with coral reefs [32]. Some of the larger red snapper species
(Egraskal. 1773) descend into deeper waters, at least to 200 m in depth [33].
Common names: Blackspot Lutianus, s predatory fish usu.al.l}- found in tropical and
snapper subtropical reefs, and mangrove forests.
3 Family: Semanidag, Predominantly sedentary species that resides near the ocean
Epinenhelus, i floor (demersal), and it goes through a pelagic larval stage
& Hasselt, 1828) of approzimately 40 days before eventually settling in
Common names: Coral grouper | shallow coastal hggi,hﬂmhabltats du.n.ng its juvenile phase
[34]. They usually eat fish, octopuses, and crustaceans.
Some species prefer to ambush their prey, while others are
active predators. They swallow prey rather than biting
pieces off of them [33].
4. Family: Lutianidazs, Lutianugs exhibits a two-part life eyele: an initial stage with
Lutignus jaluii (Blech, 1792) pelagic eggs and larvae, succeeded by a later stage as
Common names: Golden juveniles and adults that are oriented towards the seafloor
snapper, or John's snapper (demersal) [36]. Feed on fizhez and benthic invertebratez
mecluding shrimps, crabs and cephalopods. Adults probably
frequent coral reef areas; juveniles found in mangrove
estuaries [37].
5. Family: Sphyrasnidas. They are migratory pelagic predators and usually be found
MMCMH 1829 m schools swimming in the tropical waters, predominantly
Common names: nearby coral reefs [38]. Prey on fish, cephalopods, and
barracuda or Banded barracuda | shrimps [39].
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Figure 3 Photographs illustrating the observed microplastic types found in digestive organs from sample
fishes collected in the Pangempang Estoary: a. fiber, b. film, and ¢. fragment. Horizontal scale bar = 0.3
mm

In fish samples of jacks, blackspot snapper, coral grouper, golden snapper, and pickhandle barracuda,
we found in average of 41 = 6.0 SE, 26 = 11.0 SE, 15 = 2.0 SE, 11 = 1.0 8E, 14 = 1.0 3E microplastic
particles per individual, respectively (Figure 4A), and we found in average of 499.5 = 94 4 8E, 3015 =
1928 SE, 836 =+ 184 SE, 79.8 = 11.6 5E, 40.2 = 25.0 SE microplastic particles per kg fish weight,
respectively (Figure 4B). The blackspot snapper had the highest number of microplastic particles per
kilogram of fish weight, reaching 501.5 = 198 8 3E microplastic particles. The lowest number of particles
per kilogram of fish was found in the pigkhandle barracuda, which amounted to 40.2 = 250 SE microplastic
particles.

A

ill[

liks Blackspot napper  Cofal groupsr  Golden ssapper PickPgsdia
bamacuda

8 W B KB

Microplastic consumption (Mo.find.]
- = 53 B
w O W & W

(=]

700 B
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Blackspot snapper  Coral grouper  Golden snapper  Pickhandle
barracuda

g

g

g

g

Microplastic consumption (No./Kg fish)

Figure 4 Average of microplastic particles per individuzl (A} and per kilogram fish weight (B)
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32w
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Film
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834%
(a) Jack ({b) Blackspot snapper () Coral grouper
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8164
(d) Golden snapper (&) Pickhandle barracuda

Figure 5 Percentages of the observed microplastic types found in digestive organs from sample fishes
collected in the Pangempang Estuary: (2) Jack, (b) Blackspot snapper, (c) Coral grouper, (d) Golden
snapper, and (&) Pickhandle barracuda.

fragment were much lower at 8.0% and 8.3%, respectively. Fibers were observed in all samples, film was
found in 0% of samples, and fragments were found in 90% of our jack fish samples| (Figure 5a). Our
blackspot snapper samples exhibited that fiber was the most obszerved microplastic type 73%, and the
followed by film (20%) and fragments (7%:). The fibers, film, and fragments were datectad in 80%, 70%,
50% of all samples respectively (Figure 5b). The coral grouper samples showed that fiber particles were
the most sbundant with £0.3%, as compared to percentages found for film (16.2%) and fragments (3.2%).
In this species, fibers, film, and fragments wers detected m 100%, 90%, 40% of our samples respectively
(Figure 5c). From our golden snapper samples, we observed that fibers were the most detected type
(81.5%) and followed by film (18.3%). No fragments were found in this species samples. The fibers shape
particles were found in all this species samples. The film shape particles were found in only 77.8% of the
samples (Figure 5d). Finally, our pickhandle barracuda samples indicated that fiber was the most dominant
as well (71.0%) microplastic particles and then followed by film (29.0%). There was no fragment shape
particle detected in this species samples. Either, the fibers and film were detected in all this species samples
(Figure 5e).

Rwatcharee Ruairuen

I recosmmend to use pie chart to illustrate diffsrent type of
microplastic cantaminate in each fish species.

Maors document that you can wss 1o iMproving yaour writing:
hitps:/ris w.ac th/index php s articlaview 3073189

Hamdhani Ham dhani
The pie charts have bean made and added
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Among the five fish species we observed (n = 3), the average weight per individual blackspot snapper
i our sample was the smallest, at 0.05 kg, while the pickhandle barracuda was the largest, at 0.36 kg. The
relationship of the average consumed microplastic particles and the average fish weight per species (Figure
) show a negative relationship (8% = 0.36), but the relationzhip between the two iz not significant (F-vajue
={.28).

Discussion

Types of microplastic
Our results affirmed that fish in the Bapgempang Estuary indeed ingest microplastics, with fibers
being the predominant type of microplastic. Previous research in aquatic environments has identified fibers

as the most prevalent form of microplastics [40-43]. Eources of fibers are predominantly textile zoods, such
z2g clothes [44]. Degradation of synthetic fabrics was predicted a2 major contributor for microplastic fiber
zbundance in our environment [44,45]. During the lifespan of the fabric, these fibers are naturally releasad
through regular usage and cleaning. In fact, a typical piece of clothing can release over 1200 fibers at size
less than lmm in length per wash cycle [46]. After being washed, synthetic fibers from laundry water find
their way into the municipal water systems. While 2 portion of these fibers is eliminated during wastewater
treatment, the remaining is discharged into surface waters [46]. In our study. the urban areas along the river
that flows to Pangempang Estuary do not have municipal wastewster treatment facilities, consequently raw
umfreated urban wastewater discharge to thiz estuary. The microplastic of film wes found as the second

most sbundant microplastic type in all fish species we examined, F:xcept i jack fish| The source of film
microplastics may potentially come from abrasion of plastic bags that easily encountered as macro debris
in the Pangempang Estuary waters. 4 microplastic study on commercially important marine fish species in
Fiji documented that film microplastic portion was half of the total discovered microplastic particles, and
the remaining shared between fiber and fragment [47]. We observed fragment particles was the lowest in

number and only found in fhree of five fish species we examined| (jack, blackspot snapper, and coral
grouper). In contrast, Karhalagl et al. documented that among commercial manine fish in the adjacent waters
of Malaysia, fragment-type microplastics were the most prevalent [48]. Source of fragment microplastic
mainly come from degraded larger plastic debris dus to continuous weathering includes photo, biological,
physical and chemical processes in the terrestrial and aquatic environment [49].

Fecent investigations into the impact of microplastic fibers on aquatic organizmes have unveiled
various harmful consequences. According to Liang et al | goldfish exposed to 2 concentration of 1000 items

Rwatcharee Ruairuen
‘This figure does not show a clear illustration to me. Considering to
modify this graph if poszible.
Hamdhani Hamdhani
We believe that this figure iz mformative, telling the
relationzhip of mean weight of observed fizh and mean
number of ingested microplastic particles per species
individual
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per liter of microplastic fibers displayed increased coughing behavior, reduced predatory activities,
diminished daily food intake, and stimulated dynamic mucus excretion during ventilation, feeding, and
swimming processes [30]. Smularly, a study by Zhao et 2l. demonstrated that following exposure,
microplastic fibers were found in the digestive organs of zebrafish, even in their early life stages, resulting
in intestinal damage and toxic effects indicated by observable histopathological changes and biomarker
responses [31]. Another study by Xie et al. noted oxidative stress, dyshicsis in the intestine microbiome,
and histological damage as significant symptoms in barramundi exposed to microplastic fibers [32].

Abundance of microplastic in digestive organs

Our finding revealed that jack as individual consumed the highest average of microplastic particles,
41 (3E: 5.98) while golden snapper was observed consuming the least, only 11 {SE: 0.97). These values
are higher than those reported for fish in previous estuary studies, for instance Arias et al. documented
microplastic particle abundance ranged from 9-14 per gastrointestinal tract in multiple fish species caught
the Bahia Blanca Estuary in Argentina [53], up to £ particles in semi pelagic boop boops in the Mediteranian
Sea[41], and ranged 1.1- 7.2 microplastic particles in fish collected from Chinz marine waters [40]. On the
other hand, the blackspot snapper has the highest amount of microplastics per kilogram of fish, 301.5 £
1988 SE, while the pigkhangdle barracuda has the smallest amount, only 402 £ 25.0 SE. The average
ndividual fish weight was the key determinant of this abundance.

An interesting point is that the results of the regression test on the average number of microplastic
particles with the average fish weight per species show a negative relationship (R* = 0.36), however the
relationship between the two is not significant (Fwvafue = 0.25). Similarly, Chen et al. reported that fish
size did not affect microplastic abundance in the fish digestive organs [34].

Foraging ecology

Microplastic ingestion is potentially influenced by two crucial factors: the type of habitat and the
feeding habits of orgamizms [55]. Within marine environments, scientists have noted markedly greater
quantities of microplastics in demersal fish species compared to pelagic species [40,42]. This trend could
be linked to the prevalence of plastic waste near the seabed, which iz often regarded as the final
accurnulation for plastics within the marine ecosystem.

MMicroplastics could potentially be present in fish across different trophic levels. However, current
data are insufficient to make definitive conclusions about the asbsorption of microplastics [36]. In fact,
distinguizhing between directly and indirectly ingested microplastics is challenging [57]. Walkinshaw et al.
performed a semi-systematic review on research examining the presence of microplastics in commercizlly
significant organisms across various trophic levels [58]. The findings indicate that microplastics do not
exhibit biomagnification, and organizms at lower trophic levels are more prone to contamination by
microplastic pollution compared to apex predators.

In the present study, 2ll collected species are adult predator fish, four fish species zre demersal. and
one 1s pelagic (Table 1). The microplastic abundances in the three species of demersal fish (jacks, blackspot
snapper, and coral grouper) were higher than the only pelagic fish of pigkhandle barrzcuda. However,
golden snapper that identified as demerzal fish showing lower microplastic zbundance than the pigkhandle,
barrzcuda. It iz anticipated that there will be substantial variations in the consumption rates of microplastics
among different species in estuaries. This variation is expected because estuaries are dynamic environments
mnfluenced by multiple factors such as tides, wind, and residence time [39]. This study did not identify any
herbivorous species, resulting in a lack of information regarding the effect of feeding habits on microplastic
consumption. However, 2 study conducted zlong the Mediterranezn coasts of Israel found that two
herbivorous fish species consistently ingest sigmificant quantities of microplastic particles as much as 10-
90 microplastic particles per fish gut [60].

Conclosions

For the first time, this study demonstrates the presence of microplastic particles in five commercially
mmportant fish in a tropical estuary of Kalimantan Island in Indonesia. The average abundance per fish
individual were higher than those documented for commercizal fish in previous marine estuary studies. The
relationship between the average weight of species and the average abundance of microplastics was
negative, but it did not reach statistical significance. Microplastic fibers constitute a significant portion of
the microplastic pollution found in the digestive systems of sampled fizh from the Pangempang Estuary.
Our research suggests that demersal fish may have ingested a higher quantity of microplastic particles
compared to pelagic species.
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This study result alse confinms the urgency to observe wide range of fish species in term of their
habitat within the water column and as well as the feeding habit. Given the prevalence and high abundance
of these microplastic fibers, we recommend to include them in assessments of the risks associated with
microplastic pollution, particularly regarding their potential toxicity as these species are considersd as
important commercial fish in this region. Perhaps anzalysis based on muscles and internal organs should
alzo be considered in the near future.
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Highlights

«  This study demonstrates the presence of microplastic particles in five commercially important fish ina
tropical estuary of Kalimantan Island in Indonesia.

= Fiber was the most dominant type of microplastic.

* Demersal fish may have ingested a higher quantity of microplastic particles compared to pelagic
species.
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Abstract

The aim of this study was to assess the occwrence of microplastic in digestive organs (esophagus to
intestine) of popular manne commercial fish species: jack (Carare SP), blackspot snapper (Lutjamus
Julviflamma), coral grouper (Epinsphelus caralficala), golden snapper (Lutjarus johnii), and pickhandle
barracuda (Sphyrasna jeilo) from Pangemang Estuary in Indonesia. To zeparate the microplastic particles,
each sample was digested using alkaline digestion solution, filtered on Whatman paper and then dried.

Using a dissacting starsem croplastic particles in the procesced dizastive orman contents W

and enumerated using a diss

CIL articles in the processed digestive organ contents were identified
ecting stereo microscope. Microplastics were found in 96% of fish digestive

barracuda (n = 10 for each species), using digesting method jwe found in average of 41+ 6.0 SE, 26 = 11.0
SE,15£2.058E.11 = 1.0 5E, 14 = 2.0 SE microplastic particles per individual, respectively, and we found
in average of 499.5 = 94.4 8E, 501.5 = 1988 SE, 83.6 = 18.4 SE, 75.8 = 11.6 SE, 40.2 = 25.0 8E
microplastic particles per kg fish weight, respectively. Fiber was the most dominant type of microplastic.

Microplastic beads were not detected. The relationship of the dverage ingested microplastic|and the average

fish weight per species show a negative relationship (R = 0.36), but insignificant (P-value = 0.28). Our
finding sts that demersal fish like jacks, blackspot snapper, and coral grouper may have ingested a
higher quantity of microplastic particles compared to pelagic species like pickhandle barracuda |
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Introduction

After invented over 110 years age, plastic materials become ubiguitous in the environment. Plastic
material iz made from pelymers that can be shaped easily for many varieties of uses. The elevated desire
to uze plastic materials due to their affordability, bio-inertia, high strength to weight ratio, and resistance to
degradation. These characteristics has made plastic materials become important materials for human life
nowadays. By the year of 2017, the total global production of plastic was estimated to reach 8300 million
metric tons [1], with the rate of production has reached over 300 million metric tons per year [2].
Approximately 10% of the annual plastic production is projected to end up in the ocean [3]. Countries in
Asia including Indonesia are suspected responsible to bring 88%-93% of global marine debris load into
ocean [4]. The proportion of plastics usually take about 70% of total marine debris [3].

Initially regarded as a safe material, several decades of plastic production have brought a wide range
of environmental problems, particularly in marine ecosystems. In oceans, even though plastic 1s considered
as durable material and resistant to natural biodegradation. However, continuous exposure to weathering
factors such as sunlight, wind, and waves, along with the process of oxidation, causes plastic items to break
down into smaller fragments. On the shore, it may be fragmented into smaller pieces due to gnnding from
rocks and sand [§]. The breakdown process leads to smaller particle known as microplastics (<3 mm) [7].
These smaller plastic fragments can be easily mistaken for prey and subsequently ingested by aguatic
organisms. There 15 growing concern regarding microplastic izsues becanse they have the potential to
physically affect animals and pose toxicological risks due to potentially harmful compounds added during
plastic production. These concemns highlight the possibility of these contaminants entering the food chain
[2,9]. These added compounds encompass fillers and plasticizers used for texture adjustment, coloring
agents, antimicrobials, flame retardants, and other substances that modify plastic properties to mest specific
preferences [10].

Microplastic particles can also act as transport vector, meaning that they can accumulate and spread
harmful chemicals and pathogenic microorganisms from the su.rmu.udme [11]. Cole et al. reported that
mmgestion of microplastic particles by zooplanktons shows negative impacts on feeding, hatching, and their
health [12]. Similarly, the ingestion of microplastics by oysters also showed negative impact on their
reproduction and feeding habits [13]. To fish, exposure to microplastics or in combination with other
contaminants that attached on them can induce various health problems [14].

The marine region sitnated in the eastern part of Kalimantan Island 15 an integral component of the
tropical waters within the Indo-Pacific Coral Triangle. This area 1z rencwned for its zbundant marine
biodiversity [15]. Estuarine waters are a type of marine ecosystems often utilized for fisheries purposes.
[16.17], and these waters are & sociocultural and economically important fishing ground used by both
traditional and commercial fishermen [18]. Estuary ecosvstems face increasing rates of microplastic
pellution and accumulation, which may have negative Impacts on biota. & large portion of microplastic
pollution originates from urban areas, including inland urban sources, and is carried by rivers and streams
to oceans, a portion of which will become trapped and accumulate in estuaries [19]. Pollution in estuary iz
problematic as estuaries also provide crucial habitat for a variety of commercially and recreationally
important species such as crabs, fish, and shellfish [20]. Numerous studies investigating microplastics have
placed their emphasiz on ecosystems in both marine and inland environments [21,22,23]. However, there
have been limited evaluation on microplastic contamimation in tramsitional waters between the two
ecosystems, such as estuarine waters, allowing analysis of microplastic concentrations ingested by some
commercial fish. To address this ]mcmledge gap, we-svaluated-evaluation of the types and abundance of
microplastic particles In available commercial fish sa.mples collected from Pangempang Estuary was
. and-asked the main following questions iz : what 1= type of microplastic? And how is the
abundance of microplastic in fish collected from this transitional waters?

Materials and methods

Site description and Sampling

The Pangempang Estuary (0°12°32.32"S8, 117°25'530.63"E) is situated on the eastern side of
Ealimantzn Island, Indonesia. This estuary serves as the confluence point for waters from the Pangempang
Fiver and seawater from the Nakassar Stramt, situated between Kalimantan and Sulawesi Island. The
Pangempang River spans approximately 26 kilometers, originating from the Marangkayu reservolr. Its
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width ranges from § meters upstream to 140 meters downstream. The river passes through the Marangkavu
Town settlement, situated roughly 20 kilometers upstream from the Pangempang Estuary. Additionally,
about 7 kilometers upstream from the estuary, there iz a coal loading port i operation. The estuary plays a
vitzl role as an imtercoastal waterway for the nearby wvillages. In addition to residential arsas m the
swrrounding estuary, several recreational beaches are privately owned and operated and are economically
important to the region’s tourism industry. Furthermere, local fishermen actively engage in fishing activities
within this area or use 1t as a passage to access the open waters of the Makassar Strait.

NIISTE I'J'::i":'E -nr-zlrn E
Pamgrmpang Biver
' NORTH |t
B
Kalimantan (Borneo) Island
Pangempang Estuary
Makassar Strait
r
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Figure 1 The Pangempang Estuary (East Kalimantan, Indonesia)

To evaluate the mgestion of microplastics by fish, we obtamed fish specimens from local fishermen
operating in the waters of the Pangempang Estuary. We were able to collect ten replicates of each five
different species from these fishermen The species we identified were jack (Caranx SP.), blackspot

znd pickhandle barracuda (Sphyraena jello). We conducted the identification of these fish species and their
habitats bazed on the mformation provided m the boek titled "Maring Fishes and Crustaceans of the
Southeast Asian Fegion” [24]. Each individual fish was placed m plastic bags, and then stored es-in icecube
during transport to the Water Quality Laboratory at Mulawarman University. The samples were preserved
in a freezer before processing and analysis.
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Figure 2 Photographs illustrating the observed fish species: (A) Jack (Caranx SP.), (B) blackspot snapper
(Lutjanus fulvifl ), (C) coral grouper (Epinepheius carailicala), (D) golden snapper (Lutjanus
Jjohnii), and (E) pickhandle barracuda (Sphyraena jelio).

Laboratory processing

We measured fish weight (g) of each spect [We conducted a dissection of the fish's stomach and
gathered its contents, spanning from the esophagus to the intestine. To separate the microplastic particles,
each stomach content was digested using alkaline digestion solution of potassium hydroxide (KOH)
[25.26]. Each stomach content was placed in a beaker and 10% KOH was added allowing submersion of
stomach contents in the beaker. Each beaker was covered with aluminum foil. We stirred the samples in
the beaker using magnetic spinner at 350 rpm for 2 hours. Then we collected the particles after the digestion
using asieve of 125 ym and transfened to a previously cleaned beaker usi.ug distilled water. Into the beaker

Using a 10-45x magnification dissecting microscope, microplastic particles in the processed stomach
contents were identified and enumerated. The microplastic particles were observed and categorized into
four major types (fiber, fragment, ﬁlm and bead; [27]) follouing protocols from dealeo—Ruz etal, [28]

processing, the resealchers wore 100% cotton lab cloth. We | consnsteuﬂV cleaned all material used in this
sample processing with distilled water. During the preparation and observation, the beakers and aluminum
cups were always covered when not in used. ‘All these processes were conducted in the laboratory behind
closed doors and windows.
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Data analysis

We measured the fish body weight and examine the relationship with observed mgested microplastics
m each specimen. We used linear regression analysis using statistical program B (version 3.5.1) [62] to
determine the trend and significance of fish body weight (independent variable) in affecting the abundance
of ingested microplastics (dependent variable).

Results

" obzerved microplastic shapes of fibers, film, fragments. Microplastic beads were not detected in

zny of our samples. In jacks, coral grouper, golden smapper, and pickhandle barracuda, we detected

microplastic particlzs in 100% of samplas, except for blackspot snapper only 80% of samples.
; ; : T

Figure 3 Photographs illustrating the observed microplastic types found in digestive organs from sample
fighes collected in the Pangempang Estuary: a. fiber, b. film, and e. fragment. Horizontal zeale bar = 0.3
mm

particles per individual, respectively, and we found in average of 499 5 =94 4 5E 501.5= 198 8 8E. 83 .6
=134 8E, 79.8 = 11.6 SE, 40.2 = 25.0 5E microplastic particles per kg fish weight, respectively. The
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blackspot snapper had the highest number of microplastic particles per kilogram of fish weight, reaching Standard Deviation (D)
501.5= 192 8 SE microplastic particles. The lowest number of particles per kilogram of fish was found in
the pickhandle barracuda, which amounted to 40.2 = 23.0 SE microplastic particles.
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From our golden snapper samples, we observed that fibers were the most detected type (81.5%) and
followed by film (18.5%). No fragments were found in this species samples. The fibers shape particles
were found in all this species samples. The film shape particles were found in only 77.8% of the samples.

Finally, our pickhandle barracuda samples indicated that fiber was the most dominant as well (71.0%)

in this species samples. Either, the fibers and film were detected in all this species samples|

Among the five fish species we observed (n = 3), the average weight per individual blackspot snapper
in our sample was the smallest, at (.03 kg, while the pickhandle barracuda was the largest, at 0.36 kg. The
relationship of the average consumed microplastic particles and the average fish weight per species (Figure
3) show a negative relationship (R? =0.36), but the relationship between the two is not significant (Paalue
=0.28).

............ o Pickhandle
barracuda

10 A L] Coral grouper Tt

Mean of ingested MP/Ind.

Golden snapper

0 T T T T T T T 1

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Mean weight of fish (kg)

Figure & Felationship of mean weight of observed fish and mean number of ingested microplastic
particles per individual

In this study, the majority of chserved fish species are demersal (Table 1), or at least in part of their
life phase, demersally as adults and pelagically in the juvenile phaze. Only the Pickhandle barracuda species
live as pelagic fish. All observed fish are predator species that prey on marine biota (fish, shrimps, crabs
and cephalopods) generally smaller in size than their own bodies.

Table 1 Taxonomy, common name, foraging ecology
No. Taxonomy and Common
name

Foraging ecology

1. Family: Carangidze

Genus: Caranx
Commeon names: Jacks or
trevallies

Most species are demersal, or bottom dwelling, while others
are pelagic, moving long distances in the upper water
column [30]. All spacies are predatory fish, taking smaller
fizh, cephzlopods as prey [31].
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2. Family: Lutjanidae Many species under this family are demersal and associated
Species: Lufjanus fulviflamma with corzal reefs [32]. Some of the larger rad snapper species
(Forsskal, 1773) descend into desper waters, at least to 200 m in depth [33].
Commeon names: Blackspot Lutjanus is predatory fish usually found in tropiczl and
sMEppEer subtropical reefs, and mangrove forests.

3. Family: Serranidae Predominantly sedentary species that resides near the ocean

Epingphelus carallicala (Kuhl
& Hasselt, 1828)
Commeon names: Corzl grouper

floor (demersal), and it goes through a pelagic larval stage
of approximately 40 days before eventually zettling in
shallow coastal hardbottom habitats during its juvenile phase

[34]. Thev usually eat fish, octopuses, and crustaceans.
Some species prefer to ambush their prey, while others are
active predators. They swallow prey rather than biting
preces off of them [33].

Lutjanus exhibits a two-part life cycle: an initial stage with
pelagic eggs and larvae, succeeded by a later stage as
juveniles and adults that are oriented towards the seafloor
(demersal) [36]. Feed on fishes and benthic invertebrates
meluding shrimps, crabs and cephalopeds. Adults probably
frequent coral reef areas; juveniles found in mangrove
estuaries [37].

They are migratory pelagic predators and usually be found
n schools swimming in the tropical waters, predominantly
nearby coral reefs [38]. Prey on fish, cephalopods, and
shrimps [39].

4 Family: Lutjanidae

Lutianus fohnii (Bloch, 1792)
Common names: Golden
snapper, or John's snapper

Ln

Family: Sphyrasnidae
Sphyraena jello Cuvier, 1829
Common names: Pickhandle
barracuda or Banded barrzcuda

Dizcussion

Types of microplastic

Our findings confirmed that fish in Pangempang Estuary do consume microplastics and fibers were
the most dominant type of microplastic. In the aguatic environment, ample studies reported that fibers are
the most encountered microplastic type [40-43]. Sources of fibers are predominantly textile goods, such as
clothes [44]. Degradation of synthetic fabrics was predicted as major contributor for microplastic fiber
abundance in our environment [44.45]. During the lifespan of the fabric, these fibers are naturally released
through regular usage and cleaning. In fact, a typiczal piece of clothing can release over 1900 fibers at size
less than lmm in length per wash cycle [46]. After being washed, synthetic fibers from laundry water find
their way into the municipal water systems. While a portion of these fibers iz eliminated during wastewater
treatment, the remaining is discharged into surface waters [46]. In cur study, the urban areas along the river
that flows to Pangempang Estuary do not have municipal wastewater treatment facilities, conssquently raw
untreated urban wastewater discharge to this estuary. The microplastic of film was found as the second
maost abundant microplastic type in all fish species we examined, except in Jacks fish. The source of film
microplastics may potentially come from abrasion of plastic bags that easily encountered as macre debris
mn the Pangempang Estuary waters. A microplastic study on commercially important marine fish speciez in
Fiji documented that film microplastic portion was half of the total discovered microplastic particles, and
the remaining shared between fiber and fragment [47]. We obzerved frapment particles was the lowest in
number and only found in three of five fish species we examined. In contrast, Karbalaei et al. documented
that among commercial marine fish in the adjacent waters of Malaysia, fragment-type microplastics were
the most prevalent [42]. Source of fragpment microplastic mainly come from degraded larger plastic debris
due to continuous weathering includes photo, biological, physical and chemical processes in the terrestrial
and aguatic environment [49].

Fecent investigations into the impact of microplastic fibers on aguatic orgamisms have unveiled
various harmful consequences. According to Liang et al | goldfish exposed to a concentration of 1000 items
per liter of microplastic fibers displayed increased coughing behavior, reduced predatory activities,
diminished daily food intake, and stimulated dynamic mucus excretion during ventilation, feeding, and
swimming processes [30]. Similarly, a study by Zhao et 2l demonstrated that following exposure,
microplastic fibers were found in the digestive organs of zebrafish, even in their early life stages, resulting
n mtestinal damage and toxic effects indicated by observable histopathological changes and biomarker
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responses [31]. Another study by Xie et al. noted oxidative stress, dyebicsiz in the intestine microbiome,
and histological damage as significant symptoms in barramundi exposed to microplastic fibers [52].

Abundance of microplastic in digestive organs
Our finding revealed that jack as individual consumed the highest average of microplastic particles,

are higher than those reported for fish in previous estuary studies, for instance Amias et al documented
microplastic particle zbundance ranged from 9 - 14 in digestives organs per individual of multiple fish

waters [40]. Interestingly, in comparison to microplastic presence in freshwater river fish, our result was
also higher than the microplastic abundance reported in the Han Fiver and its tributaries, South Korea with
mean only 22.0 = 16.0 particles/fish [62].

On the other hand, the blackspot snapper has the highest amount of microplastics per kilogram of fish,
301.5 = 192.8 SE, while the pickhandle barracuda has the smallest amount, only 40.2 = 25.0 SE. The
average individual fish weight was the key determinant of this zbundance.

An interesting point is that the results of the regression test on the average number of microplastic
particles with the average fish weight per species show a negative relationship {R* = 0.36), however the
relationship between the two is not significant (Pwvafue = 0.25). Similarly, Chen et al. reported that fish
size did not affect microplastic abundance in the fish digestive organs [34].

Foraging ecology

Microplastic ingestion is potentially influenced by two crucial factors: the type of habitat and the
feading habits of organizme [535]. Within marine environments, scientistz have noted markedly greater
quantities of microplastics in demersal fish species compared to pelagic species [40.42]. This trend could
be linked to the prevalence of plastic waste near the seabed, which iz often regarded as the final
zccumulation for plastics within the marine ecosystem.

Microplastics could potentially be present in fish across different trophic levels. However, current

distinguishing between directly and indirectly ingested microplastics is challenging [57]. Walkinshaw et al. |
fm the vear of 2020 performed a semi-systematic review on research examining the presence of
microplastics in commercially sigmificant organisms across various trophic levels [38]. The findings
indicate that microplastics do not exhibit biomagnification, and organizms at lower trophic levels are more
[n the present study, 2l collected species are adult predator fish, four fish species are demersal, and
one 1z pelagic (Table 1). The microplastic abundances in the three species of demersal fish (jacks, blackspot
snapper, and coral grouper) were higher than the only pelagic fish of pickhandle barracuda. However,
golden snapper that identified as demersal fish showing lower microplastic abundance than the pickhandle
barracuda. It is anticipated that there will be substantial vanations in the consumption rates of microplastics
zmong different species in estnaries. This variation is expected because estuaries are dynamic environments
mfluenced by multiple factors such as tides, wind, and residence time [39]. This study did not identify any
herbivorous species, resulting in a lack of information regarding the effect of feeding habits on microplastic
consumption. However, 2 study conducted along the Maditerranean coasts of Israzl found that two
herbivorous fish species consistently ingest significant quantities of microplastic particles as much as 10-

90 microplastic particles per fish gut [50].

Conclusions

For the first time, this study demonstrates the presence of microplastic particles in five commercially
important fish in a tropical estuary of Kalimantan Island i Indonesia. The average abundance per fish
individual were higher than those documented for commercial fish in previous marine estuary studies. The
relationship between the average weight of species and the average abundance of microplastics was
negative, but it did not reach statistica] significance. Microplastic fibers constitute a significant portion of
the microplastic pellutien found in the digestive systems of sampled fish from the Pangempang Estuary.
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Our regearch suggests that demersal fish may have ingested a higher quantity of microplastic particles
compared to pelagic species.

This study result also confirms the urgency to observe wide range of fish species in term of their
habitat within the water column and as well as the feeding habit. Given the prevalence and high abundanece
of these microplastic fibers, we recommend to include them in assessments of the risks associated with
microplastic pollution, particularly regarding their potential toxicity as these species are considersd as
important commercial fizh in this region. Perhaps analysiz bazed on muscles and internal organs should
also be considered in the near foture.
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Highlights

= This study demonstrates the presence of migroplastic particles in five commercially important fish in a
tropical estuary of Kalimantan Island in Indonesia

= Fiber was the most dominant type of migroplastic,

= Demersal fish may have ingested a higher quantity of migreplastic, particles compared to pelagic

species.
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Abstract
The aim of this shl.dy was to assess the occurrence of migroplastic.in digestive organs (esophagus to

mteslme) of popular marine commercial fish species: jack (Qm@f} blackspot snapper (Lugignus,

. coral grouper (Epinephelus. carallical). golden snapper (Lufignus jofmi). and pickhandle

barracuda. (Sphptagn falip) from Pangempang, Estuary in Indonesia. To separate the micreplastic,
particles, each sample was digested wusmng  alkaline digestion solution, filtered on

Whatman paper and then dried. Using a dissecting stereo microscope, mjcroplastic, particles in the

processed digestive organ contents were identified and enumerated. Microplastics were f-mmd in 26% of
fish ngestve organs (n=30). In fizh samples of jacks, blackspot snapper, coral grouper, golden snapper,

and barracuda (n = 10 for each species), we found in average of 41 = 6.0 5E, 26 = 11.0 5E, 13

= 2.0 8E, 11 = 1.0 8E, 14 = 2.0 5E migroplastic, particles per individual, respectively, and we found in
average of 4995 = 94.4 8E. 301.5 = 1988 SE, 83.6 = 18.4 SE, 758 = 11.6 SE. 40.2 = 25.0 8E

microplastic particles per kg fish weight, respectively. Fiber was the most dominant type of misroplastics
Mhieronlaets that beads were not detected. The correlation of the average consumed microplastic, and the

average fish weight per species show a negative relationship (R = 0.36), but insignificant (Pvalue =
0.25). Our finding suggests that demersal fish like jacks, blackspot snapper. and coral grouper may have

mgested a higher quantity of migroplastis. particles compared to pelagic species like pigkhandle
barracuda.

Yayan
Check

=p or =pg?

Yayan
Check

Hamdhani Hamdhani
We uze “sp” because it is only one kind and we only able to
identified up to the geans.

Hamdhani Hamdhani
Good catch. Thank you

79|Page



https://tis.wu.ac.th/index.php/tis/$$$call$$$/api/file/file-api/download-file?fileId=21759&revision=1&submissionId=7762&stageId=3

Trends Sei. 202x; xx(xx): momx 2of12

Introduction

After invented over 110 years ago, plastic materials become ubiquitous in the environment. Plastic
material iz made from polymers that can be shaped easily for many varieties of usee. The elevated desire
to use plastic materials dus to their affordability, bio-inertia, high strength to weight ratio, and resistance
to degradation. These characteristics has made plastic materials become important materials for human
life nowadays. By the year of 2017, the total global production of plastic was estimated to reach 8300
million metric tons [1], with the rate of production has reached over 300 million metric tons per year [2].
Approximately 10% of the annual plastic production is projected to end up in the ocean [3]. Countries in
Asla, including Indonesia are suspected responsible to bring 88%-93% of global marine debris load into
ocean [4]. The proportion of plastics usually take about 70% of total marine debns [3].

Initially regarded as a safe material, several decades of plastic production have brought a wide range
of environmental problems. particularly in marine ecosystems. In oceans, even though plastic is
considered as durable material and resistant to natural biodegradation. However, continuous exposure to
weathermg factors such as sunlight, wind, and waves, along with the process of oxidation, causes plastic
items to break down into smaller fragments. On the shore, it may be fragmented into smaller pieces due
to grinding from rocks and sand [6] The brezkdown process leads to smaller particle kmown as
microplastics (=5 mm) [7]. These smaller plastic fragments can be easily mistsken for prey and
subsequently ingested by aguatic organisms. There iz growing concem regarding microplastic, issues
because they have the potential to physically affect animals and pose toxicological risks due to potentially
harmful compounds added during plastic production. These concerns highlight the possibility of theze
contaminants entering the food chain [8.9]. These added compounds encompass fillers and plasticizers
used for texture adjustment, coloring agents, antimicrobials, flame retardants, and other substances that
modify plastic properties to meet specific preferences [10].

Microplastic particles can also act as transport vectar, meaning that they can accumulate and spread
harmful chemicals and pathogenic microorganisms from the 5unou.ud.|.nﬂ [11]. Cole et al. reported that
mgestion of mcroplastic, particles by zooplanktons shows negative impacts on feeding, hatching, and
their health [12]. Similarly, the mgestion of migroplastics by oysters also showed negative impact on their
reproduction and feeding habits T13]. To fish, exposure to Wy@g or in combination with other
contaminants that attached on them can induce various health problems [14].

The marine region situated in the eastern part of Kalimantan Island is an integral component of the
tropical waters within the Indo-Pacific Coral Triangle. This area is renowned for its abundant marine
biodiversity [15]. Estuarine waters are a type of marine ecosystems often utilized for fisheries purposes.
[16,17], and these waters are = sociocultural and economically 1.mporta.ut fishing ground used by both
traditional and commercial fishermen [18]. Estuary ecosystems face increasing rates of mm;u;
pollution and accumulation, which may have negative impacts on biota. A large portion of
pollution originates from urban areas, including inland urban sources, and is carried by rivers and streams
to ozeans, a portion of which will become trapped and accumulate in estuaries [19]. Pollution in estuary is
problematlc as estuaries also provide crucial habitat for 2 variety of commercially and recreatlom]h
mportant species such as crabs, fish, and shellfish [20]. Numerous studies inv eztleatmg
have placed their emphasis on ecosystems in both marine and inland environments [21,22 23], However,
there have been limited evaluation on migroplastic, contamination in transitional waters between the two
ecosystems, such as estuarine waters, allowing analysis of mjgroplastic, concentrations ingested by some
commercial fish. To address this know] ledge gap, we evaluated the types and abundance ofmmm
particles m available commercial fish sa.mples collectad from Papgempang Estuary and asked the mam
following questions: what type of migmoplastie? And how iz the abundance of migroplastic, n fish
collected from this transitional waters?

Materials and methods

Bite description and Sampling

The Pangempang, Estuary (0°12'32.52"S, 117°25°30.63"E) iz situsted on the eastern side of
Ealimantan Island, Indomesia. This estuary serves as the confluence point for waters from the
Panzempang River and seawater from the Makassar Strait, situated between Kalimantan and Sulawest
Island. The Pangempang, Biver spans approximately 26 kilometers, originating from the Maranskayy

Yayan
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If commercizl fish iz contaminated with microplastics, why mamy
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are not contaminated.
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reservolr. Its width ranges from 8 meters upstream to 140 meters downstream. The river passas through
the Marangkayn Town settlement, situated romghly 20 kilometers upstream from the Pangempans.
Estuary. Additionally, about 7 kilometers upstream from the estuary, there is a coal loading port in
operation. The estuary plays a vitzl role as an iptercpastal waterway for the nearby villages. In addition to
residential areas in the surrounding estuary, several recreational beaches are privately owned and operated
znd are economically important to the region’s tourism industry. Furthermore, local fishermen actively
engage in fishing activities within thiz area or use it as 2 passage to access the open waters of the
MMakassar Strait.
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Figure 1 The Pangempang Estuary (East Kalimantan Indonesia)

Teo evaluate the ingestion of migroplastizs by fish, we collected fish specimens from local fishermen
operating in the waters of the Pangempang Estuary on October 13th, 2022, which falls within the period
commonly designated as the "wet zeason.”. However, KalimantanBomeo Izsland lacks a distinet wet/dry
zeasor, unlike the rest of the Indonesian archipelago (Cleary, 2011). We were able to collect ten replicates
of each five different species from these fishermen. The species we identified were jack (Cargmy, SP.),

blackspot snapper (Lugignus, fuvidamma). coral grouper (Epimepheius. carallicgla). golden snapper
[@ymygm and pickhandle barracuda (Spfyreeng fells). We conducted the identification of these
fish species znd their habitats based on the information provided in the book titled "Marine Fizshes and
Crustaceans of the Southeast Asian Fegion” [24]. Each individual fish was placed m plastic bags, and
then stored on ice during transport to the Water Quality Laboratory at Mulawarman University. The
samples were preserved in freezer before processing and analysis.
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Figure 2 Photographs illustrating the observed fish species: (A) Jack (Cazazax SP.), (B) blackspot snapper
(Lugianus fvifiamma). (C) coral grouper (Epinephelus. carailicaia). (D) golden snapper (Lutignus,
ok, and (E) pickhandle barracuda (Spiyragnajglic)-

Laboratory processing
We measured fish weight (g) of each specimen. We conducted a dissection of the fish’s stomach and
thered its contents, spanning from the esophagus to the intestine. To separate the microplastic particles,
each stomach content was digested using alkaline digestion solution of potassium hydroxide (KOH)
[25.26]. Each stomach content was placed in a beaker and 10% KOH was added allowing submersion of
stomach contents in the beaker. Each beaker was covered with aluminum foil. We stirred the samples in
the beaker using magnetic spinner at 350 rpm for 2 hours. Then we collected the particles after the
digestion using a sieve of 125 pm and transferred to a previously cleaned beaker using distilled water.
Into the beaker 30% H:0: was added and then stirred. After 1 hour stirring, samples were vacuum pump
filtered on 1.6 ym pore size Whatman paper and then dried.

Using a 10-45x magnification dissecting microscope, migroplastic. particles in the processed
stomach contents were identified and enumerated. The mjcroplastic. particles were observed and
categorized into four major types (fiber. fragment, film, and bead; [27]) following protocols from
Hidalgo-Bugz et al., [28] and Eppehimsr et al. [29]. To minimize contamination by airborne synthetic
fibers during sampling processing, the researchers wore 100% cotton lab cloth. We consistently cleaned
all material used in this sample processing with distilled water. During the preparation and observation,
the beakers and aluminum cups were always covered when not in used. All these processes were
conducted in the laboratory behind closed doors and windows.

How do you calculate the gysioplastiss in the sample? And what's the unit it? Describe please the
equations based on percent, number/individual, weight and correlation |

Hamdhani Hamdhani
To address this question we have added 2 “Data analysis™ section
below
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Data analysis

We measured the fish body weight and examine the relationship with observed ingested
micreplastics n each specimen. We used linear regression analysis using statistical program . (version
3.5.1) [62] to determine the trend and significance of fish body weight (independent variable) in affecting
the abundance of ingested mjcroplastics (dependent variable).

Results
We observed mj 12 beads were not detected in.
any of our samples. In jacks, coral piskhandle, barracudal we detected
microplastic particles in 100% of sample: )
a ‘ - s c

B —— g %/
Figure 3 Photographs illustrating the observed migroplastic types found in digestive organs from sample
fishes collected in the Pangempang Estuary: a. fiber, b. film,_ and ¢. fragment. Herizontal scale bar = 0.5
mm

In fish samples of jacks, blackspot snapper, coral grouper, golden smapper, and
barracuda, we found in average of 41 = 6.0 SE, 26 + 11.0 8E, 15 £ 2.0 SE, 11 = 1.0 SE, 14 = 2.0 SE
microplastic, particles per individual, respectively, and we found in average of 499.5 = 94 4 8E, 501.5 =
198.8 SE, 83.6 + 18.4 SE, 79.8 = 11.6 5E, 40.2 + 25.0 5E migroplastic, particles per kg fish weight,
respectively. The blackspot snapper had the highest number of microplastic particles per kilogram of fish
weight, reaching 301.5 + 198.2 SE migroplastic particlzs. The lowest number of particles per kilogram of
fish was found in the pickhandle barracuda, which amounted to 40.2 = 25.0 SE mycroplastic, particles.

Yayan

Tsing latin naree is better. For 2ll in results and dizcuszions
Hamdhani Hamdhani
We prefer to use common name as thiz way is also used in
other imtemationzl publications that we citad.

Yayan

‘There is no figure or table for percent
Hamdhani Hamdhani
We just confinming that onky blackspot snappar that had
zpecimen (20%4) with no microplastic particls in the digestive
organs, so we think that mentioning in the text is sufficient
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I.n]ac]: samples, fibers were most prevalent representing 83.4% of all migroplastic, pieces, film and
fragment were much lower at 8.0% and 8.5%, respectively. Fibers were observed m all samples, film was
found in 80% of samples, and fragments were found in 90% of our jack fish samples| Our blackspot
snapper samples exhibited that fiber was the most observed migroplagtic. type 73%, and the followed by
film (20%) and fragments (7%). The fibers, film, and fragments were detectad in 80%, 70%, 50% of all
samples respectively. The coral grouper samples showed that fiber particles were the most abundant with
80.5%, as compared to percentages found for film (16.2%) and fragments (3.2%). In this species, fibers,
film, and fragments were detected in 100%, 90%, 40% of our samples respectively. From our golden
snapper samples, we observed that fibers were the most detected type (81.5%) and followed by film
(18.5%). No fragments were found in this species samples. The fibers shape particles were found in all
tlns species samples. The film shape particles were found in only 77.8% of the samples. Finally, our

barracuda samples indicated that fiber was the most dominant as well (71.0%) yymb;yg\
particles and then followed by film (29.0%%). There was no fragment shape particle detected in this
species samples. Either, the fibers and film were detected mn all this species samples.

Among the five fish species we obzserved (n = 3), the average weight per individual blackspot
snapper in our sample was the smallest, at 0.05 kg, while the pickhandle barracuda was the largest, at
0.36 kg. The relationship of average consumed mijcroplastic, particles and the average fish weight per
species (Figure 3) show a negative relationship (R* = 0.36), but the relationship between the two is not
significant (Pvalue =0.25).

Yayan

Each paragraph consizts of 3 sentences (mininmm)

‘Check at all paragraph
Hamdhani Hamdhani
Thank you for peinting the issue. Wea have gathared these
zemtences into one paragraph.
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Figure 5 Relationship of mean weight
particles per individual

Mean weight of fish (kg)
of obzerved fizh and mean number of ingested migroplastic.,

In this study, the majority of observed fish species are demersal (Table 1), or at least in part of their
life phase, demersally as adults and pelagically, in the juvenile phase. Only the Pigkhandle barracuda
species live as pelagic fish. All observed fish are predator species that prey on marine biota (fish,
shrimps, crabs and cephalopoeds) generally smaller in size than their own bodies.

Table 1 Taxonomy, commeon name, foraging ecology

No. Taxonomy and Common Foraging ecology
name
1. Family: Carangidas Most species are demersal, or bottom dwelling, while others
Genus: Carany are pelagic, moving long distances in the upper water
Common names: Jacks or column [30]. All species are predatory fish, taking smaller
trevallies fish, cephalopods as prey [31].

2. | Family: Luganidas
Species: Lutigrus fulviflamma

Many species under this family are demersal and associated
with coral reefs [31]. Some of the larger red snapper species

(Eorzskal. 1773) descend into desper waters, at least to 200 m in depth [33].
Common names: Blackspot Lutjanug iz predatory fish uzually found in tropiczl znd
ANEPPEr subtropical reefs. and mangrove forests.

3. Family: Serranidas, Predominantly sedentary species that resides near the ocean
Epinephelus carallicala (Euhl floor (demersal), and it goz: through a pelagic larval stage
& Hasselt, 1828) of approximately 40 days before eventually zettling in

Common names: Coral grouper

shallow coastal hardbottom habitats during its juvenile phase
[34]. They usually eat fish, octopuses, and crustaceans.
Some zpecies prefer to ambush their prey, while others are
active predators. They swallow prey rather than biting
pieces off of them [33].

4. | Family: Lutianidae,

Lutignus jahnii (Bloch, 1792)
Common names: Golden
snapper, of John's snapper

Lutjanus exhibits a two-part life cyele: an initial stage with
pelagic eggs and larvae, succeeded by a later stage as
juveniles and adults that are oriented towards the seafloor
(demersal) [36]. Feed on fizhes and benthic invertebrates
including shrimps, crabe and cephalopods. Adults probably
frequent coral reef areas; juveniles found in mangrove
estuaries [37].

LA

Family: Sphyracnidae.

They are migratorv pelagic predators and usually be found
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apfyraena jellp Cuvier, 1829 in schools swimming in the tropical waters, predomimantly
Common names: Pickhandle nearby coral reefs [38]. Prey on fish, cephalopoeds, and
barracuda or Banded barracuda | shrimps [39].

Discussion

Types of microplastic

Our findings confirmed that fish in Pangempang Estuary do consume microplastics and fibers were
the most dominant type of migroplastic, In the aguatic environment, ample stodies reported that fibers are
the most encountered migroplastic, type [40-43]. Sources of fibers are predominantly textile goods, such
as clothes [44]. Degradation of synthetic fabrics was predicted as major contributor for microplastic, fiber
sbundance in our environment [44.43]. During the lifespan of the fabric, these fibers are naturally
relzased through regular usage and cleaning. In fact, a typical piece of clothing can release over 1200
fibers at size less than lmm in length per wash cycle [46]. After being washed, synthetic fibers from
laundry water find their way into the municipal water systems. While a portion of these fibers i3
eliminated during wastewater treatment, the remamning is discharged into surface waters [46]. In our
study, the urban areas along the river that flows to Pangempang, Estuary do not have municipal
wagtewater treatment facilities, consequently raw untreated uwrban wastewater dizcharge to this estuary.
The microplastic, of film was found as the second most abundant mycroplastic. type in all fish species we
examined, except in Jacks fish. The source of film m;gm[g@p@é may potentially come from abrasion of
plastic bags that easily encountered as macro debris in the E@ggg%Esmarj waters. A micreplastic,
study on cnmmemaﬂ} important marine fish species in Fiji documented that film microplastic portion
was half of the total discovered microplastic, particles, and the remaining shared between fiber and
fragment [47]. We observed frapment particles was the lowest in mumber and only found in three of five
fish species we examined. In contrast, Karhalagl et al. documented that among commercial marine fish in
the adjacent waters of Malaysia, fragment-type microplastics were the most prevalent [48]. Source of
fragment microplastic, mainly come from degraded larger plastic debris dus to continuous weathering
meludes photo, biclogical, physical and chemical processes in the terrestrial and agquatic environment
[49].

Becent investigation: into the impact of pycroplastic, fibers on aquatic organisms have unveiled
various harmful consequences. According to Liang et al.. goldfish exposed to a concentration of 1000
ttems per liter of migroplastic fibers displaved increased coughing behavior, reduced predatory activities,
diminished daily food intake, and stimulated dynamic mueus excretion during ventilation, feeding, and
swimming processes [30]. Su:l:ularh a study by Zhao et 2l demonstrated that following exposure,
mmm@@y& fikers were found in the dlﬂesme organs of zebrafish, even in their early life stages,
rezulting in intestinal damage and toxic effects indicated by observable ]:I.lStGpEﬂ:lDlDE,lCEl changes and
biomarker responses [51]. Another study by Xig et al. noted oxidative stress, dyshipsis in the intestine
microbiome, and histological damage as msmﬁca.nt symptoms in barramundi exposed to pucreplastic,
fibers [32].

Abundance of microplastic in digestive organs
Our finding revealed that jack as individual consumed the highest average of migroplastic, particles,

41 (8E: 5.98) while golden snapper was observed consuming the least, only 11 (SE: 0.97). These values
are higher than those reported for fish in previous estuary studies, for instance Arias et al. documentsd
microplastic particle abundance ranged from 9-14 per gastmmtesunal tract in multiple fish species canght
the Bahia Blanca Estuary in Amuima [33]. up to 4 particles in zemi pelagic hogp boops In the
Mediteranian Sea [41], and ra.uged 1.1- 7.2 microplastic, particles in figh collected from China marine
waters [40). On the other hand the blackspot snapper has the highest amount of microplastics per
kilpgram of fizh, 501.5 £ 198.8 SE, while the piskhandle barracuda has the :mallest amount, only 40.2 =
25.0 3E. The average individual fish weight was the key determinant of this abundance.

An interesting point is that the results of the regression test on the average number of mycroplastic,
particles with the average fish weight per species show a negative relationship (®” = 0.36), however the
relationship betwean the two is not significant (Pvafue = 0.28). Similarly, Chen et al. reported that fizh
size did not affect microplastic, abundance in the fish digestive organs [34].

Foraging ecology
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i, Ingestion is potentially influsnced by two crucial factors: the type of habitat and the
feeding habits of orgamisms [55]. Within marine environments, scientists have noted markedly greater
quantities of pycroplastics in demersal fish species compared to pelagic species [40,42]. This trend could
be linked to the prevalence of plastic waste near the seabed, which is often regarded as the final
accumulation for plastics within the marine ecosystem.

Microplastics could potentially be present in fish across different trophic levels. However, current
data are msufficient to make definitive conclusions about the absorption of microplastics [56]. In fact,
distinguishing between directly and indirectly ingested mjcroplastics is challenging [37]. Walkinshaw et
2l performed a semi-systematic review on research examiming the presence of mucroplastics m
commercially mﬂmﬁn:a.ut organisms across various trophic levels [58]. The findings indicate that
migreplastics do not exhibit bmmmﬁs@m and organisms at lower trophic levels are more prone to
contaminztion by microplastic pollution compared to apex predators.

In the present study, zll collected species are adult predator fish, four fish species are demersal and
one iz pelagic (Table 1). The microplastic, abundances in the three species of demerzal fish (jacks,
blackspot snapper, and coral grouper) were higher than the only pelagic fish of pigkhandle barracuda.
However, golden snapper that identified as demersal fish showing lower migroplashic abundance than the
m@mﬁl@ barracuda. It is anticipated that there will be substantial variations in the conswmption rates of
microplastics among different species i estuaries. This variation iz expected because estuaries are
dynamic env ironments influenced by multiple factors such as tides, wind, and residence time [39]. This
study did not identify any herbivorous species, resulting n a lack of information regarding the effect of
feeding habitz on microplastic consumption. However, a study conducted along the Mediterranean coasts
of Lzrael found that two herbivorous fish species consistently ingest significant quantities of microplastic,
particles as much az 10-99 microplastic particles per fish gut [60].

Conclosions

For the first time, this study demonstrates the presence of mucroplastic, particles in five
commercially important fish in a tropical estuary of Kalimantan Izland in Indonesia. The average
zbundance per fish individual were higher than those documented for commercial fish in previous marine
estuary studies. The relationship between the av erage weight of species and the average abundance of
microplastics was negative, but it did not reach statistical mﬂmﬁca.uu:e Microplastic, fibers constitute a
significant portion of the microplastic, pollution found in the dlgestwe systems of sampled fish from the
Pangempang Estuary. Our research suggests that demersal fish may have ingested a higher quantity of
migroplastic, particles compared to pelagic speciss.

Thiz study result alze confirms the urgency to cheerve wide range of fish species in term of their
habitat within the water column and az well as the feeding habit. Given the prevalence and high
zbundance of these mucroplastic, fibers, we recommend to include them in assessments of the risks
aszociated with microplastic, pollution, particularly regarding their potential toxicity as these species are
considerad as important commercizl fish in this region. Perhaps analysis based on muscles and internal
organs should alzo be considerad in the near future.
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Ahstract

The aim of this stud}' was to assess the occurrence of microplastic in digestive organs (esophagus to
mntestine) of popular marine commercial fish species: jack (Carar SP.), blackspot snapper (Lugiomus,
Jubyiflamang), coral grouper @mmmmm golden snapper (Luygignus jofnid. and pickhandle,
barracuda (3pfyrasne jells) from Pangemang Estuary in Indonesia. To separate the microplastic particles,
each sample was digested using alkaline digestion solution, filtered on Whatman paper and then dried.
Using a dissecting stereo microscope, microplastic particles in the processed digestive organ contents were
identified and enumerated. Microplastics were found in 96% of fish digestive organs (n = 30). In fish
samples of jacks, blackspot snapper, coral grouper, golden snapper, and pickhandle barracudz (n = 10 for
each species), we found m average of 41 = 6.0 8E, 26 = 11.08E, 15=2.058E, 11 £ 1.0 8E, 14 £ 2.0 5E
microplastic particles per individual, respectively, and we found in average of 4995 = 94 4 8E, 501.5 =
1928 SE, 83.6 = 18.4 5E, 79.8 = 11.6 5E, 40.2 £ 25.0 SE microplastic particles per kg fish weight,
respectively. Fiber was the most dominant type of microplastic. Microplastic beads were not detected. The
relationship of the average consumed microplastic and the average fish weight per species show a negative
relationship (R° = 0.36), but insignificant (Pvalue = 0.28). Our finding suggests that demersal fish like
jacks, blackspot snapper, and coral grouper may have ingested a higher quantity of microplastic particles
compared to pelagic species like pickhandle barracuda.

Keywords: Pollution, Ingestion, Commercial fish, Bornes, Indonesia
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Introduction

After invented over 110 years ago, plastic matenials become ubiguitous in the environment. Plastic
material is made from polymers that can be shaped easily for many varieties of uses. The elevated desire
to use plastic materials due to their affordability, bic-inertia, high strength to weight ratio, and resistance to
degradation. These characteristics has made plastic materials become important materials for human life
nowadays. By the year of 2017, the total global preduction of plastic was estimated to reach 8300 million
metric tons [1], with the rate of production has reached over 300 million metric tons per year [Z].
Approximately 10% of the annual plastic production iz projectad to end up in the ocean [3]. Countries in
Asia, including Indonesia are suspected responsible to bring 88%-33% of global marine debris load into
ocezn [4]. The proportion of plastics usnally take about 70% of total maring debris [3].

Initially regarded as a safe material, several decades of plastic preduction have brought a wide range
of environmental problems, particularly in marine ecosystems. In oceans, even though plastic iz considerad
2z durable material and resistant to natural biodegradation. However, continuous exposure to weathering
factors such as sunlight, wind, and waves, aleng with the process of oxidation, causes plastic items to break
down into smaller fragments. On the shore, it may be fragmented into smaller pieces due to grinding from
rocks and sand [6]. The breakdown process leads to smaller particle known as microplastics (<3 mm) [7].
These smaller plastic fragments can be easily mistaken for prey and subsequently ingested by aguatic
organisms. There is growing concemn regarding microplastic issues because they have the potential to
physically affect ammals and pose toxicological risks due to potentially harmful compounds added during
plastic production. These concerns highlight the possibility of these contaminants entering the food chain
[2,9]. Thesze added compounds encompass fillers and plasticizers used for texture adjustment, coloring
agents, antimicrobials, flame retardants, and other substances that modify plastic properties to meet specific
preferences [10].

Microplastic particles can also act as transport vector, meaning that they can accumulate and spread
harmful chemicals and pathogenic microorganisms from the surrounding [11]. Cole et al. reported that
ingestion of microplastic particles by zooplanktons shows negative impacts on feeding, hatching, and their
health [12]. Similarly, the ingestion of microplastics by oysters also showed negative impact on their
reproduction and feeding habits [13]. To fish, exposure to microplastics or in combination with other
contaminznts that attzched on them can induce various health probleme [14].

The marine region situated in the eastern part of Kalimantan Island is an integral component of the
tropical waters within the Inde-Pacific Coral Triangle. This area is renowned for its abundant marine
brodiversity [15]. Estuarine waters are a type of marine ecosystems often utilized for fisheries purposes-
[16.17], and these waters are a sociocultural and economically important fishing ground used by both
traditional and commercial fishermen [18]. Estuary ecosystems face increasing rates of microplastic
pollution and accumulation, which may have negative impacts on biota. A large portion of microplastic
pollution originates from urban areas, including inland urban sources, and is carried by rivers and streams
to aceans, a portion ofu\hich will hecome trapped a.ud accumula.te i.n estuaries [19] Polluticm in estuary is

placed their emphasiz on ecosystems in both marine and inland environments [21.22.23]. In fact,

Meisabayant. et al. reported the presence of microplastics in waters of Mahakam River located in the East
Ealimantan Igland [61]. However, there have been limited evaluation on microplastic contamination in
transitional waters between the two ecosystems, such as estuanine waters, allowing analysis of microplastic
concentrations ingested by some commercial fish. To address this lmowledge gap, we evaluated the types
znd zbundance of microplastic particles in available commereial fish samples collectad from Pangempang
Estuary and asked the main following questions: what type of microplastic? And how is the abundance of
microplastic in fish collected from this transitional waters?

Materials and methods

The annual mean air temperature in East Kalimantan 1s 28.44°C (83.19F). This region experiences
the effects of an equatorial climate, resulting in two periods of intense rainfall and two periods of reduced
rainfall, with a total annual precipitation of approximately 9722 millimeters (383 inches) [62]. The

Rwatcharee Ruairuen

Do they have amy repart of microplastic contamination in this Island
or in gther places in Indonesia. If thers iz some article or report
available, the author should provide this information.

Hamdhani Hamdhani
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smdy site such as average air temperature, precipitation gaa., .
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Pangempang Estuary (0°12'32.52"8, 117°25'30.65"E) is situated on the eastern side of Kalimantan Island,
Indonesia. This estuary serves as the confluence point for waters from the Pangempang River and seawater

from the Makassar Strait, situated between Kalimantan and Sulawesi Island [Figure 1). The Pangempang
Fiver spans approzmimately 26 kilometers, eriginating from the Marangkayu reservoir. Its width ranges from
8 meters upstream to 140 meters downstream. The river passes through the Town settlement,
situated roughly 20 kilometers upstream from the Pansemgamz Estuary. Additionally, about 7 L]lometers

upstream from the estuary, there is a foal [oading port in operation] [he estuary plays 4 vital role as an
intercoastal waterway for T]J.e nearby villages. In addition to residential areas in the surrounding estuary,
several recreational beaches are priv ateh owned and operated and are economically |.mp0rta.ut to the
region's tourism industry. Furthermore, local fishermen actively engage in fishing activities within this area
or use it s a passage to access the open waters of the Makassar Strait.
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Figure 1 The Pangempang Estuary (East Kalimantzn, Indonesia)

To evaluate the ingestion of microplastics by fish, we obtained fish specimens from local fishermen

operating in the waters of the Pangempang Estuary. We were able to collect ten replicates ofFach five
different speues| from these fishermen. The species we 1deut|ﬁed were jack {Caranx SP.), blackspot
smpper corzl grouper . golden snapper (Lugiamus infmii).

(Erinephels, 7
bamlcuda Jglla). We identified the fish spemes based on the information

provided in the book titled "Marine Fishes and Crustaceans of the Southeast Asian nglon"{[ltfl Each

mdividual fish was placed in plastic bags, and then stored on ice during transport to the Water Quality
Laboratory at Mulawarman University. The samples were preserved in freezer before processing and
znalysis.

Rwatcharee Ruairuen
Tha authar should referance Figure 1 into the text I put it after this
zemtemce. Pleaze recheck the reference for fizurs 1 again
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Rwatcharee Ruairuen
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Rwatcharee Ruairuen
Add more detail about fish characteristic such as feeding mode,
habitat (pelagic, baptho-pelagic, or benthos)
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We have modified the sentence as suggestad.
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Figure 2 Photographs illustrating the observed fish species: (-\) jack (Caranx SP.), (B) blackspot snapper
(Lugianus fulvifiamma. (C) coral grouper (Epinephelus. carallicaia). (D) golden snapper (Lutignus.
JdokuiD). and (E) pickhandle barracuda (Spiyragna.igli)-

Labontor\ processmg

anal)txcal balance We conducted 2 dxssecnon of the fish's ktom[acb[ and gathered its contents, spanning
from the esophagus to the intestine. To sep the microplastic particles, each stomach content was
digested using alkaline digestion solution of potassium hydroxide (KOH) [25.26]. Each stomach content
was placed in a beaker and 10% KOH was added allowing submersion of stomach contents in the beaker.
Each beaker was covered with aluminum foil. We stirred the samples in the beaker using magnetic spinner
at 350 rpm for 2 hours. Then we collected the particles after the digestion using a sieve of 125 um and
transferred to a previously cleaned beaker using distilled water. Into the beaker 30% H:0: was added and
then stired. After 1 hour stiming, samples were vacuum pump filtered on 1.6 um, pore size
Whatman paper and then dried.

Using a 10-45x magnification dissecting microscope, microplastic particles in the processed stomach
contents were identified and enumerated. The microplastic particles were observed and categorized into
four major types (fiber, fragment, film, and bead; [27]) following protocols from Hidalgo-Ruz et al., [28]
and Eppehimer et al. [29]. To minimize contamination by airbome synthetic fibers during sampling
processing, the researchers wore 100% cotton lab cloth. We consistently cleaned all material used in this
sample processing with distilled water. During the preparation and observation, the beakers and aluminum
cups were always covered when not in used. All these processes were conducted in the laboratory behind
closed doors and windows.

Rwatcharee Ruairuen
Theauﬂmcmumzthu semenceb\ usmgthuexzmple “The

mmnmvo\wmusmethebodvlngmofeuhﬁshunm’
How many fish from each species have been usad in this study?
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the fish weight only

We uzed 10 fish for each species. This have mentioned
earlier.
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Is this study considering the microplastic ¢ i in fish stomach
only not other part of fish organ?
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Yes, only ingested microplastics
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In this study, the majority of obzerved fish spacies are demersal (Table 1), or at lzast in part of their
life phase. demsrsally as adults and pelagically in the juvenile phasze. Only the Pigkhandls barracuda species
live as pelagic fish. All observed fish are predator species that prey on marine biota (fish, shrimps, crabs
and cephalopods) generally smaller in size than their own bodies.

Common names: Coral grouper | shallow coastal hardbottom habitats during its juvemle phase
[34]. They usually eat fish, octopuses, and crustaceans.
Some species prefer to ambush their prey, while others are
active predators. They swallow prey rather than biting

pieces off of them [33].

4 Family: Lutianidae, Lutjanus exhibits a two-part life cycle: an initial stage with
Lutigmus. jafmii (Bloch, 1792) pelagic eggs and larvae, succeeded by a later stage as
Common names: Golden juveniles and adults that are oriented towards the seafloor
snapper, or John's snapper (demersal) [36]. Feed on fishes and benthic invertebrates

mcluding shrimps, crabs and cephalopods. Adults probably

frequent coral reef areas; juveniles found in mangrove

estuaries [37].

3. Family: Sphyraenidae They are migratory pelagic predators and usually be found
Splnasna isila Cuvier, 1820 n schools swimming in the tropical waters, predominantly

Common names: Pigkhandle, nearby coral reefs [38]. Prey on fish, cephalopods, and

harracuda or Banded barracuda | shrimps [39].

We observed microplastic shapes of fibers, film, fragments (Figure 3). Microplastic beads were not
detected m any of our samples. In jacks, coral grouper, golden smapper. and piskhandle bamracuda,
micteplastic. particles were identified in 100% of samples, except for blackspot snapper, where they were
found in 80% of the samples.

/,/
\J{ v
I

No. Taxonomy and Common Foraging ecology
name R
1. Family: Carangidae Most species are demersal, or bottom dwelling, while others .,
Genus: Caranx are pelagic, moving long distances in the upper water
Common names: Jacks or column [30]. All species are predatory fish, taking smaller
trevallies figh, cephalopods as prey [31].
2 Family: Lytiapidas, Many species under this family are demersal and associated
Species: Lytfonus fulviflamma | with coral reefs [32]. Some of the larger red snapper species
(Egrsskal. 1775) descend into deeper waters, at least to 200 m in depth [33].
Common names: Blackspot Lutjanus is predatory fish usually found in tropical and
snapper subtropical reefs. and mangrove forests.
3 Family: Serranidae Predominantly sedentary species that resides near the ocean
Epinephelus carallicala (Kuhl floor (demersal), and it goes through a pelagie larval stage
& Hasselt, 1218) of approximately 40 days before eventually settling in
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Figure 3 Photographs illustrating the observed microplastic types found in digestive organs from sample
fizhes collected in the Pangempang Estoary: a. fiber, b. film, and ¢. fragment. Horizontal scale bar = 0.3

mm

In fizh zamples of jacks, blackspot snapper, coral grouper, golden snapper, and pickhandle barracuda,
we found mn average of 41 £ 6.0 S8E, 26 = 11.0 5E, 15+ 2.0 8E, 11 £ 1.0 3E, 14 £ 2.0 3E microplastic
particles per individual, respectively (Figure 4A), and we found in average of 499.3 = 94,4 5E, 501.5 =
198 8 SE, 83.6 = 18.4 5E, 798 = 11.6 SE, 402 = 25.0 53E microplastic particles per kg fish weight,
respectively (Figure 4B). The blackspot snapper had the highest number of microplastic particles per
kilogram of fish weight, reaching 301.5 = 138_8 5E microplastic particles. The lowest number of particles
per kilogram of fish was found in the pigkhandls barracuda, which amounted to 40.2 = 23,0 3E microplastic
particles.
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Figure 4 Average of microplastic particles per individual (A) and per kilogram fizsh weight (B)
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Figure 5 Percentages of the observed microplastic types found in digestive organs from sample fishes
collected in the Pangempang Estuary: (a) Jack, (b) Blackspot snapper, (c) Coral grouper, (d) Golden
snapper, and (2) Blckhandle barracuda.

fragment were much lower at 8.0% and 8.5%, respectively. Fibers were observed m all samples, film was
found in 20% of samples, and fragments were found in 90% nfuurjaukﬁshsamploﬂ(]?ignre Sa). Qur
blackspot snapper samples exhibited that fiber was the most observed microplastic type 73%, and the
followed by film (20%) and fragments (7). The fibers, film, and fragments were detected in 80%, 70%,
30% of all samples respectivaly (Figure 5b). The coral grouper samples showed that fiber particlas were
the most abundant with 80.5%, as compared to percentages found for film (16.2%) and fragments (3.2%).
In this species, fibers, film, and fragments were detected in 100%, 90%, 40% of our samples respectively
(Figure 5c). From our golden snapper samples, we observed that fibers were the most detected type
(81.5%) and followed by film (18.5%). No fragments were found in this species samples. The fibers shape
particles were found in all this species samples. The film shape particles were found in only 77.8% of the
samples (Figure 5d). Finally, our pickhandle barracuda samples indicated that fiber was the most domimant
as well (71.0%) microplastic particles and then followed by film (29.0%). There was no frapment shape
particle detected in this species samples. Either, the fibers and film were detected in all this species samples

(Figure 5e).
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Among the five fish species we observed (n = 3), the average weight per individual blackspot snapper
in our sample was the smallest, at 0.05 ks, while the pickhandle barracuda was the largest. at 0.36 kg. The
relationship of the average consumed microplastic particles and the average fish weight per specias (Figure
) show a negative relationship (R” = 0.36), but the relationship between the two is not significant (Pvalue
={).28).

Discussion

Types of microplastic
Qur results affinned that fish in the Papzempang Estuary indeed ingest microplastics, with fibers
being the predominant type of microplastic. Previous research in aquatic environments has identified fibers

2z clothes [44]. Degradation of synthetic fabrics was predicted as major contributor for microplastic fiber
zbundance in our environment [44,45]. During the lifespan of the fabrie, theze fibers are naturally released
through regular usage and cleaning. In fact, a typical piece of clothing can release over 1900 fibers at size
less than lmm in length per wash cycle [46]. After being washed, synthetic fibers from laundry water find
thair way into the municipal water systems. While 2 portion of thesa fibers is eliminated during wastewater
treatment, the remaining is discharged into surface waters [46]. In our study, the urban areas along the river
that flows to Pangempang Estuary de not have municipal wastewater treatment facilities, consequently raw

most abundant microplastic type in all fish species we examined, Fexcept in jack ﬁsﬂ The source of film
microplastics may potentially come from abrasion of plastic bags that easily encountered as macro debris
in the Pangempang Estuary waters. A microplastic study on commercially impertant marine fish species in
Fiji documented that film microplastic portion was half of the total discovered microplastic particles, and
the remaining shared between fiber and fragment [47]. We observed fragment particles was the lowest in

grouper). In contrast, Karhalagi et al. documented that ameng commercial marine fish in the adjacent waters
of Malaysia, fragment-type microplastics were the most prevalent [48]. Source of fragment microplastic
mainly come from degraded larger plastic debriz dus to continuous weathering includes photo, biological,
physical and chemical processes in the terrestrial and aquatic environment [49].

Fecent investigations into the impact of microplastic fibers on aguatic organisms have unveiled
various harmful consequences. According to Liang et al, goldfish exposed to 2 concentration of 1000 items
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per liter of microplastic fibers displayed increased coughing behavior, reduced predatory activities,
diminizhed daily food intake, and stimulated dynamic mucus excretion during ventilation, feeding, and
swimming processes [30]. Similarly, a study by Zhao et 2l demonstrated that following exposurs,
microplastic fibers were found in the digestive organs of zebrafish, even in their early life stages, resulting
in intestinal damage and toxic effects indicated by observable histopathological changes and blomarker
regponszes [31]. Another study by Xie et al. noted oxidative stress, dysbiosiz in the intestine microbicme,
znd histological damage as significant symptoms in barramundi exposed to microplastic fibers [32].

Abundance of microplastic in digestive organs

Our finding revealed that jack as mdividual consumed the highest average of microplastic particles,
41 (SE: 5.98) while golden smapper was observed consuming the least, only 11 (SE: 0.97). These values
zre higher than those reported for fish in previous estuary studies, for instance Arias et al. documented
mli:mplastlc particle abundance ranged from 9-14 per gastmmtesuual tract in multiple fish species caught
the Bahia Blanca Estuary in AIEun.na [53]. up to 4 particles m semi pelagic boop boops in the
Sea [41], and ranged 1. 1-72 ml-:mplashc particles in fish collected from China marine waters [40]. On the
other hand, the blackspot snzpper has the hichest amount of microplastics per kilogram of fish, 501.5 =
1928 SE, while the pickhandle barracuda has the smallest amount, only 402 £ 23.0 S3E. The average
mdividual fish weight was the key determinant of this abundance.

An interesting point is that the results of the regression test on the average number of microplastic
particles with the average fish weight per species show a negative relationship (R = 0.36), however the
relationship between the two iz not significant (FPwvafue = 0.25). Similarly, Chen et al reported that fish
size did not affect microplastic abundance in the fish digestive organs [34].

Foraging ecology

Microplastic ingestion iz potentially influenced by two crocial factors: the type of habitat and the
feeding habits of organisms [35]. Within marine environments, sclentists have noted markedly greater
quantities of microplastics in demerzal fish species compared to pelagic species [40,42]. This trend could
be linked to the prevalence of plastic waste near the seabed, which iz often regarded as the final
zccumulation for plastics within the marine ecosystem.

Microplastics could potentially be present in fish across different trophic levels. However, current
data are insufficient to make definitive conclusions sbout the asbsorption of microplastics [36]. In fact,
distinguishing between directly and indirectly ingested microplastics is challenging [57]. Walkinshaw et al.
performed a semi-gystematic review on research examining the presence of microplastics in commercially
significant organisms across various trophic levels [58]. The findings indicate that microplastics do not
exhibit biomagnification, and organisme at lower trophic levels are more prone to contaminstion by
microplastic pollution compared to apex predators.

In the present study, 21l collected species are adult predator fish, four fish species are demerzal, and
one is pelagic (Table 1). The microplastic abundances in the three species of demersal fish (jacks, blackspot
snapper, and coral grouper) were higher than the only pelagic fish of pigkhandle barracuda. However,
golden snapper that identified as demersal fish showing lower microplastic abundance than the pigkhandle,
barracuda. It 1z anticipated that there will be substantial variations in the consumption rates of microplastics
zmong different species in estuaries. This variation i3 expected because estuaries are dynamic enviromments
influenced by multiple factors such as tides, wind, and rezsidence time [39]. This study did not identify any
herbivorous species, resulting in a lack of information regarding the effect of feeding habits on microplastic
consumption. However, 2 study conducted along the Mediterranean coasts of Israsl found that two
herbivorous fish species consistently ingest significant quantities of microplastic particles as much as 10-
90 microplastic particles per fish gut [60].

Conclosions

For the first time, this study demonstrates the presence of microplastic particles in five commereizlly
important fish in a tropical estuary of Kalimantan Island m Indonesia. The average abundance per fish
individual were higher than those documented for commercial fish in previous marine estuary studies. The
relationship between the average weight of species and the average abundance of microplastics was
negative, but it did not reach statistical sigmificance. Microplastic fibers constitute a sipmficant portion of
the microplastic pellution found in the digestive systems of sampled fish from the Pangempang Estuary.
Our research suggests that demersal fish may have ingested a higher quantity of microplastic particles
compared to pelagic species.
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This study result also confimms the urgency to observe wide range of fish species in term of their

habitat within the water column and as well as the faeding habit. Given the prevalence and hizh abundance
of these microplastic fibers, we recommend to include them in assessments of the risks associated with
microplastic pollution, particularly regardmg their potential tomieity as these species are considerad as
important commercial fish in this region. Perhaps anzlysis based on muscles and internal organs should
z2lzo be considered in the near firture.
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Highlights

* This study demonstrates the presence of microplastic particles in five commercially important fizh in a
tropical estuary of Kalimantan Island in Indonesia.

+ Fiber was the most dominant type of microplastic.

* Demerszal fish may have ingested a higher quantrty of microplastic particles comparad to pelagic species.
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Abstract

The aim of this stud} was to azzess the ocowrrence of microplastic in digestive organs (esophagus to
mtestine) of popular marine commercial fish species: jack (Cargmy, 5P, blackspot snapper (Lugianus,

Suhyiflmama), coral grouper (Zpinephelus. carallicaia). golden snapper (Lutignys jnfmid). and pickhandle,

barracuda (Spfyrasnaiglin) from Pangempang Estuary in Indonesia. To separate the microplastic particles,
each sample was digested using alkaline digestion sclution, filtered on Whatman paper and then dried.

Microplastic particles in the processed digestive organ contents were identified and enumerated uzing a
dissecting stereo microscope. Microplastics were obzerved in 94% of fish digestive organs sampled: 100%
jacks (n=107, 80% blackspot snapper (n=10), 100% coral grouper (n=10), 90%: golden snapper (n=10), and
100% pigkhandle barracuda (n=10). In these fish samples we found n average of 41 = 6.0 S8E, 26 £ 11.0
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SE, 15+ 20 3E, 11 = 1.0 5E, 14 = 2.0 3E microplastic particles per individual and an average of 4993 =
944 BE, 5015 = 1988 3E, 83.6 = 184 3E, 79.8 = 11.6 5E, 40.2 = 25.0 3E microplastic particles per kg
fish weight, Im jacks, blackspot snapper, coral grouper, golden smapper, and pickhandle barracuda
respectively. Fiber was the most dominant type accounting for 78.6% of all observed microplastics.
Microplastic beads were not detected. The comrelation of the average consumed microplastic and the
average fish weight per species showed a negative relationship (R° = 0.36), but was not significant {P-value
= (1. 25). Our finding suggests that demersal fish like jacks, blackspot snapper, and coral grouper may have
mgested a higher quantity of microplastic particles compared to pelagic species like pigkhandle barracuda

Kevwords: dquatic Pollution, Borneo, Indonesia, Ingestion, Plastic

Introduction

Following its invention over 110 vears ago, plastic materials and their debriz have become a
ubiquitous pollutant across the globe. Plastic material is made from polymers that can be shaped easily for
many varieties of uses. The desire to use plastic materizls due to their affordability, bic-inertia, high strength
to weight ratio, and resistance to degradation has made plastic z2n important material for human use. By the
vear 2017, the total global production of plastic was estimated to raach 8300 million metric tons [1], with
the rate of production reaching over 300 million metric tons per year [2]. Approximately 10% of the annual
plastic production is projected to end up in the ocean [3]. Countries in Asia, including Indonesia are
responsible for 8395-95% of global marne debrs [4] of which 70%¢ 13 estimated to be plastic [3].

Initially reparded as 2 safe material, several decades of plastic production have brought a wide range
of environmental problems, particularly in marine ecosystems. Continuous exposure to weathering factors
such as sunlight, wind, and waves, along with the process of oxidation, causes plastic items to break down
into smaller fragments. On the shore, it may be fragmented into smaller pieces dus to grinding from rocks
znd sand [6]. The breakdown process leads to smaller particle kmown 2= microplasties (<5 mm in diameter)
[7]. Theze smaller plastic fragments can be eazly mistaken for prey and subsequently ingested by aguatic
organisms. There iz growing concern regarding microplastic issues because they have the potential to
physically affect animals and pose toxicological risks due to potentially harmful compounds added during
plastic production. These concemns highlight the posmbility of these contamimants entening the food cham
[2.9]. Theze added compounds encompass fillers 2nd plasticizers used for texture adjustment, coloring
agents, antimicrobials, flame retardants, and other substances that modify plastic properties to meet specific
preferences [10].

Microplastic particles can also act as transport vector, meaning that they can accumulate and spread
harmful chemicals and pathogenic microorgamisms [11). Cole et al. reported that ingestion of microplastic
particles by zooplanktons shows negative impacts on feeding, hatching, and overall hezlth [12]. Similarly,
the ingestion of microplastics by oysters also showed negative impact on their reproduction and feeding
habits [13]. To fish, exposure to microplastics or in combination with other contaminants that attached on
them can induce varicus health problems [14].

The marine region situated in the eastern part of Kalimantan Izland 13 an intepral component of the
tropical waters within the Indo-Pacific Coral Triangle. This area iz renowned for its abundant marine
biodiversity [15]. Estuarine waters are often utilized for fisheries [16,17] and are a sociocultural and
economically important fishing ground used by both traditional and commercial fishermen [12]. Estuary
ecosystems face increasing rates of microplastic pollution and accumulation, which may have negative
impacts on biota. A large portion of microplastic pollution criginates from urban aress, including inland
urban sources, and 13 carried by rivers and streams to oceans, a portion of which will become trapped and
accumulate n estuaries [19]. Pollution in estuaries 1s problematic as they provide crucizl habitat for a
variety of commercizlly and recreationally important specizs such as fish and shellfish [20]. Numerous
studies have mvestigated microplastics in both marine and inland environments [212233] In fact,
Meicahayant] et al. reported the presence of microplastics in waters of Mahakam Fiver located in the East
Ealimantan Island [24]. However, there have been limited evalustion on microplastic contamimation in
transitional waters between the two ecosystems, such as estuarine waters, allowing analysis of microplastic
concentrations mgested by some commercial fish. To address this knowledge gap, we evaluated the types
znd abundance of microplastic particles in available commercial fish samples collected from Pangempang
Estuary in East Kalimantan (Bornec), Indonesia
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Materials and methods

Site description and Sampling

The annual mean air temperature in East Kalimantan iz 28.44%C (83.19°F). This region experiences
the effects of an equatorial climate resulting in two periods of intense rainfall and two periods of reduced
rainfall, with a total atwmal precipitation of approximately 9722 millimeters (3.83 inches) [25]. The
Pangempang Estary (0°12'52.32"5, 117°25'30.65"E) iz situated on the eastern side of Kalimantan Island,
Indonesia. This estuary serves as the confluence point for waters from the Pangempang Biver and seawater
from the Malrassar Strait, situated between Kalimantan and Sulawesi Island (Figure 1). The Pangempang
Biver spans approximately 26 kilometers originating from the Maranglanm reservorr. Tts wadth ranges from
2 meters upstream to 140 meters downstream The river passes through the Marangkayy Town settlement,
sitnated roughly 20 kilometers upstream from the Pangempang Estuary. Additionally, about 7 kilometers
upstream from the estuary, there is a coal loading port in operation. The estuary plays a vital role as an
itercoastal waterway for the nearby villages. In addition to residential areas in the surrounding estuary,
several recreational beaches are pm“atel}f owned and operated and are economically impertant to the
region’s tourizm industry. Furthermore, local fishermen actively engage in fishing activities within this area
of use it as a passage to access the open waters of the Makassar Strait.
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Figure 1 The Pangempang Estuary (East Kalimantan Indonesia)

To evaluate the ingestion of microplastics by fish, we collected fish specimens from local fishermen
operating in the waters of the Pangempang Estuary on October 15th, 2022, which f5lls within the period
comumonty designated as the "wet season". However, Kalimantan Borneo Island lacks a distinct wet/dry
seazon, unlike the rest of the Indonesian archipelago [26]. We were able to collect ten replicates of each
five different species from these fisherrnen The species we analyzed were jack (Capgpne SP.), blackspot
snapper (Lygigs. filviflamma). coral grovper (Epinephelys. carallisale). golden snapper (Lutianys Ryl
and pickhandle barracuda (Splnraena fellz). We identified the fish species using keys in "Marine Fizshes
and Crustaceans of the Southeast Asian Begion" [27]. Each individual fish was placed in a plastic bag, and
then stored on ice during transport to the Water Quuality Laboratory at lulawanman University. The samples
were preserved in freezer before processing and analysis.
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Figure 2 Photographs illustrating the observed fish species: (A) jack (Cargpx SP.). (B) blackspot snapper
(Lutjarus fulvifiama). (C) coral | efouper (Epinephelus. carallicalg). (D) golden snapper (Lugiams.
Jepyi). and (E) pickhandle barracuda (Splvraena jelia)-

Table 1 Taxonomy, common name, foraging ecology

Common names: Jacks or
trevallies

No. Taxonomy and Common Foraging ecology
name
16 Family: Carangidae Most species are demersal, or bottom dwelling, while others
Genus: Cagany are pelagic, moving long distances in the upper water

column [28]. All species are predatory fish, taking smaller
fish, cephalopods as prey [29].

& Hasselt, 1828)
Common names: Coral grouper

2: Family: Lutianidag Many species under this family are demersal and associated
Specxes Lyticnus Sdviflanmma with coral reefs [30]. Some of the larger red snapper species
Eogsskal, 1775) descend into deeper waters. at least to 200 m in depth [31].
Common names: Blackspot Lutianus 1s predatory fish usually found in tropical and
snapper subtropical reefs, and mangrove forests.

< B Famtl'y Predominantly sedentary species that resides near the ocean

carllicalg(Buhl, | floor (demersal), and it goes through a pelagic larval stage

of approximately 40 days before eventually settling in
shallow coastal hardhoftom habitats during its juvenile phase
[32]. They usually eat fish, octopuses, and crustaceans.
Some species prefer to ambush their prey, while others are
active predators. They swallow prey rather than biting pieces
off of them [33].
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4 Family: Lytianidas Lutianus exhibits a two-part life eyele: an indtial stage with
Lutisnas inhmii (Bloch, 1792) pelagic eggs and larvae, succeeded by a later stage as
Common names: Golden juveniles and adults that are oriented towards the seafloor
snapper. or John's snapper (demersal) [34]. Feed on fishes and benthic invertebrates

including shrimps crabs and cephalopods. Adults probably
frequent coral reef areas; juveniles found in mangrove
estuaries [33].

Family: Sphoracmidas They are migratory pelagic predators and vsually be found
vilnmaena felle Covier, 1529 in schools swimming in the tropical waters, predominantly
Common names: Pickhandle nearby coral reefs [36]. Prey on fish, cephalopods, and

L

barracuda or Banded barracuda | shrimps [37].

Laboratory processing

Each zpecimen was lensthened to the nearest mm and weighed using an analytical balance to the
nearest 0.001 kg, Weight represents fish wet weight, excess water was removed prior to weighing. We
conducted a diszection of the fish's stomach and gathered its contents, spanning from the esophagus to the
intestine. To separate the microplastic particles, digestive tract contents were digested using allaaline
digestion solution of 10% potassium hydroxide (KOH) [38.39] in a 130 ml glass beaker. Each bealcer was
covered with aluminum foil. We stirred the samples in the beaker using magnetic spinner at 350 rpm for 2
hourz. Then we collected the particles after the digestion using a sieve of 125 pm and transferred to a
previously cleaned beaker uzing distilled water. Into the beaker 30% HyOh was added and then stured. After
1 hour stirring, samples were vacuum pump filtered on 1.6 pm pore size Whatman paper and then dried in
an oven at 60°C for 24 hours.

Using a 10-43= mapnification dissecting microscope, thicroplastic particles in the processed
digestive tract contentz were identified and enumerated. The microplastic particles were obzerved and
categorized into four major types (fiber, fragment, film, and bead; [40]) following protocols from Hidalgo-
Engz et al, [41] and Eppehimer et al. [42]. To minimize contamination by airborne synthetic fibers during
sampling processing, the researchers wore 10024 cotton 1ab cloth. We consistently cleaned all material nsed
in this sample processing with distilled water. Durning the preparation and observation, the beakers and
aluminum cups were always covered when not in use to limit potential airborne microplastic deposition.
All these processes were conducted in the laboratory behind clozed doors and windows.

Data analysis

We measured the fish body weight and examine the relationship with observed ingested microplastics
in each specimen. We used linear regression analysis using statistical program R (version 3.3.1) [43] to
determine the trend and significance of fish body weight (independent variable) in affecting the abundance
of ingested microplastics (dependent variable).

Results

In this study, the majority of observed fish species are demersal (Table 1), or at least in part of their
life phaze, demersally as adults and pelagically in the juvenile phase. Only the Pickhandle barracuda species
live as pelagic fish. All observed fish are predator species that prey on marine biota including fish shrimps,
crabs, and cephalopods. When considering average length and weight the Pickhandle barracuda stands out
as the longest and heaviest, while the blackspot snapper iz the shortest and lightest among the species
studied (Table 2).

Table 2 Observed fish length and weight

No. Fizh Length (cm) Weight (kg)
Average | 5E | Min Max. | Average | SE | Min | Max
1. | jack 13.24 | 0.85) 1620 | 2320 0.10 002 | 006 | 035
2. | blackspot snapper 1465 | 035) 1350 | 16.90 003 | 0004) 004 | 008
3. | coral grouper 2547 [0.85 | 21.00 | 3030 0.21 002 | 012 [ 036
4. | golden snapper 1995 | 087 1680 | 24.10 0.16 002 | 009 23
5. | pickhsndle barracuda | 4361 | 1.02 | 3540 | 47.70 0.36 002 | 026 | 048
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We observed microplastic fibers, film, fragments in fish digestive systems (Figure 3). Microplastic
beads were not detected in any of our samples. Microplastic particles were identified in 100% of jacks,

coral grouper, golden snapper. and pickhandle barracuda samples. Eighty percent of blackspot snapper
contained observable microplastics.

a ¥

Figure 3 Photographs illustrating the observed nncroplashc types found in digestive organs from sample

fishes collected in the Pangempang Estuary: a. fiber, b. film, and c. fragment. Horizontal scale bar =~ 0.5
mm

I

In fish samples of jacks, blackspot snapper, coral grouper, golden snapper. and pickhandle barracuda,
we found in average of 41 = 6.0 SE, 26 = 11.0 SE, 15 = 2.0 SE, 11 = 1.0 SE, 14 = 2.0 SE microplastic
particles per individual, respectively (Figure 4a), and we found in average of 499.5 = 944 SE, 501.5 =
198.8 SE, 83.6 = 184 SE, 79.8 = 11.6 SE, 40.2 = 25.0 SE microplastic particles per kg fish weight,
respectively (Figure 4b). The blackspot snapper had the highest number of microplastic particles per
kilogram of fish weight: 301.5 = 198.8 SE microplastic particles. The lowest number of particles per
kilogram of fish was found in the pickhandle barracuda: 40.2 = 25.0 SE microplastic particles.
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Figure 4 Average microplastic particles per individual (a) and per kilogram fish wet weight (b)
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Figure 5 Percentages of the obeerved microplastic types found in digestive organs from sample fishes
collected in the Pangempang Estuary

In jack zamples, fibers were most prevalent reprezenting 83 4% of all microplastic pieces, film and
fragment were much lower at 8.0% and &.3%, respectively. Fibers were cbeerved in all samples, film was
found in 80% of samples, and fragments were found in 90% of our jack fish samples (Figure 5a). Our
blackspot snapper samples exhibited that fiber was the most cbserved microplastic type 73%, and the
followred by film (20%) and fragments (7%). The fibers, film_ and fragments were detected in 80%, 70%,
30% of all samples respectively (Figure 5b). The coral grouper samples showed that fiber particles were
the most abundant with 80.3%, as compared to percentages found for film (16.2%) and fragments (3.2%).
In this species, fibers, film, and fragments were detected in 100%, 90%, 40% of our samples respectively
(Figure 5c). From our golden snapper samples, we observed that fibers were the most detected type
(21.3%) and followed by film (18.3%). No fragments were found in this species samples. The fibers shape
particles were found in all this species samples. The film shape particles were found in only 77.8% of the
samples (Figure 5d). Finally, our pigkhandle barracuda samples indicated that fiber was the most dominant
as well (71.0%) microplastic particles and then followed by film (29.0%). There was no fragment shape
particle detected in this species samples. Either, the fibers and film were detected in all this species samples
(Figure Se).
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Figure 6 Felationship of mean weight of obzerved fish and mean number of ingested microplastic
particles per species individual

Among the five fish species we observed (n = 3), the average weight per individual blackspot snapper
in our sample was the smallest, at 0.05 kg, while the pickhandle barracuda was the largest, at 0.36 kg (Table
2). The relationship of the average consumed microplastic particles and the average fish weight per species
{(Figure §) show a negative reletionship (87 = . 36), but the relationship between the two is not significant
{(P-value = 0.28).

Dizcussion

Tvpes of microplastic

Our rezults affirmed that fish in the Pangempang Estuary indeed ingest microplastics, with fibers
being the dominant type of microplastic observed. Previous research in agquatic environments has identified
fibers as the most prevalent fornm of microplastics [44-47]. Sources of fibers are typically textile goods,
such as clothes [48]. Degradation of synthetic fabrics was predicted as major contributor for microplastic
fiber abundance in the environment [48.49]). During the Lifespan of the fabric, these fibers are naturally
releaszed through regular usage and cleaning. In fact, a typical pisce of clothing can releaze over 1900 fibers
at zize less than Imm in length per wash cycle [30]. After being washed, synthetic fibers from laundry water
find their way into the municipal water systems. While a portion of these fibers is eliminated during
wastewater treatment, the remaining 1s typically dizcharzed into surface waters [30]. In our study, the urban
arezs along the river that flows to Pangempang Estuary do not have municipal wastewater treztment
facilities, consequently raw unfreated urban wastewater discharge to this estuary. The microplastic of film
was found as the second most abundant microplastic type in all fish species we examined, except in Jacks
fish. The source of film microplastics may potentially come from abrasion of plastic bags that easily
encounterad as macro debns in the Pangempang Estuary waters. 4 microplastic study on commercially
important marine fish species in Fiji documented that 50% of sampled microplastic particles were
microplastic film with some observed fibers and fragments but no observed beads [31]. We observed
fragment particles was the lowest in number and only found in three of five fish species we examined (jack,
blackspot snapper, and coral grouper). In contrast, Earbalasi et al. documented that among commercial
marine fizh in the adjacent waters of Malaysia, fragment-type microplastics wers the most prevalent [32].
Source of fragment microplastic mainly come from degraded larger plastic debris due to continuous
weathering includes photo, biclogical, physicel and chemical processes in the terrestrial and aguatic
environment [33].

Fecent investigations into the impact of microplastic fibers on aguatic orgamizms have unveiled
various harmful consequences. According to Liang et al., goldfish exposed to a concentration of 1000 items
per liter of microplastic fibers displayed increased coughing behavier, reduced predatory activities,
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dimimished daily food intake, and stimulated dymamic mueus excretion during ventilation, feeding, and
swimming processes [34]). Similarly, a stody by Zhao et al. demonstrated that following exposure,
mi-::rc:plast[c fibers wers found in the digestive organs of zebrafish, even in their early life stages, resulting
mn intestinal damage and toxic effects indicated by observable histopathological l:hauEes and biomarker
responses [33]. Another study by Xie et al. noted oxidatrve stress, dyshipsis m the intestine microbiome,
and histological damage as mg:ulﬁu:a.ut symptoms in barramundi expnsed to microplastic fibers [36].

Abundance of microplastic in digestive organs

Our finding revealed that jack consumed the highest average of microplastic particles, 41 (SE: 5.93)
while golden snapper consumed the least, only 11 (3E: 0.97). These values are higher than those reported
for fish n previous estuary studies, for instance Arias et al. documented microplastic particle abundance
ranged from 9-14 in dle:estn es organs per individual across multiple fish species canght the Bahia Blanca
E.Stllal} n Argentina [:u"]_ up to 4 particles in semi pelagic boop boops in the m Sea [45], and
1.1- 7.2 microplastic particles per fish collected from China marine waters [44]. Intersstingly. in
comparizon to microplastic presence in freshwater river fish, our result was alzo higher than the microplastic
abundance reported in the Han River and its tributaries, South Korza with mean only 22.0 = 16.0 particles
per fish individual [58].

When accounting for size, the blackspot snapper has the highest amount of microplastics per kilogram
of fish, 501.5 = 198.8 5E, while the pickhandle barracuda has the smallest amount (40.2 / kg = 25.0 5E).
The average mdividual fish weight was the key determinant of this abundance. An interesting point is that
the rezults of the regreszion tezt on the average number of microplastic particles with the average fizsh weight
per species show a negative relationship (R° = 0.36), however the relationship between the two iz not
significant (P-vafue = (.28). Similarly, Chen et al. reported that fish size did net affect microplastic
abundance in the fish digestive organs [39].

Foraging ecology

Microplastic ingestion iz potentially influenced by two crucial factors: the type of habitat and the
feeding behavior/strategy of organisms [60]. Within marine environments, scientists have noted markedly
greater quantities of microplastics in demerszal fish species compared to pelagic species [44,44)]. This trend
could be linked to the prevalence of plastic waste near the seabed, which 1= often regarded as the final zone
of accumulation for plastics within marine ecosystems.

Microplastics could potentially be present in fish across different trophic levels and could be
tranzferred via predation as secondary ingestion. However, current data are insufficient to make definitive
conclusions about the absorption or transfer of microplastics [61]. In fact, distinguishing between directly
and indirectly ingested microplastics is exceedingly challenging [62]. In 2020, Walkinshaw et al. performed
a semi-zystematic review on research examining the presence of microplastics in commercially significant |
orgamisms across varous trophic levels [63]. The findings indicate that microplastics do not exhibit
biomoasmification, and organisms at lower trophic levels are more prone to contamination by microplastic
pellution compared to apex predators.

In the present study, all collected species were adult predator fish, four fish species were demersal,
and one was pelagic (Table 1). The microplastic abundances in the three species of demersal fish (jacks,
blackspot snapper, and coral grouper) were higher than the only pelagic fish of pigkhandle barracuda
However, golden snapper that identified az demersal fish showing lower microplastic abundance than the
pickhandle barracuda. It is hypothesized that there will be substantial variations in the consumption rates
of microplastics among different species in estuaries. This variation i3 expected because estuaries are
dynamic enviromments influenced by multiple factors such as tides, wind, and residence time [64]. This
study did not identify zny herbivorous species, resulting mn a lack of information regarding the effect of
feading habitz on microplzstic consumption. Howeaver, a study conducted along the Mediterranean coasts
of Izrael found that two herbivorous fish species consistently ingest significant quantities of microplastic
particles as much a5 10-99 microplastic particles per fish gut [63].

Concluosions

Thig study 1z the first to document the presence of microplastic particles in commercially important
maring fishes of Kalimantan Island in Indonesia. The average abundance per fish individual were higher
than those observed for commercial fish in previous marine estuary studies. The relationship between the
average weight of species and the average abundance of microplastics was negative, but it did not reach
statistical significance. Microplastic fibers constitute the largest portion of the microplastic pollution found
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in the digestive systems of sampled fish from the Pangempang Estuary. Our rezearch suggests that demersal
fish may have ingested a higher quantity of microplastic particles compared to pelagic species.

Owr findings also reaffirm the need for continued mnvestigation mte microplastic ingestion by
commercial fish species, as there is potential for negative health impacts to these populations (zource) and
potential for transfer of theze microplastics into humans that consume these fishes (source). Future studies
should seek to identify potential differences in microplastic ingestion across a variety of habitat types and
foraging strategies. Future microplastic studies in Indonesia should also include shellfish in their analyzes,
as there are very few studies on this topic. Given the prevalence and high abundance of these microplastic
fibers, we recommend to inclnde them in assessments of the risks associated with microplastic pellution,
particularly regarding their potential toxicity as these species are considered az important commercial fish
in this region.
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