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Abstract. Microplastics (particles size less than 5 mm)
have become serious pollution from anthropogenic
activities in the marine ecosystem. Marine organisms
ingest microplastic has been widely reported e.g.,
muscle, worm, fish, sea bird. However, the primary
consumer as zooplankton can ingest microplastic and
accumulate through a high level of marine food webs.
The present research investigated microplastics ingested
by different zooplankton groups at Ko Sichang.
Particles of microplastic were analyzed under a
stereomicroscope and identified by using Fourier
transform infrared spectroscopy (FTIR). The analytical
results showed that fibrous microplastics were detected
at all dominant zooplankton groups. These groups
include calanoid copepods, cyclopoid copepods,
crustacean nauplii, and gastropod larvae where they
ingested 0.64, 0.45, 0.91, and 0.55 particles per
individual, respectively. The average size of
microplastic in zooplankton was 488.50+255.52 pm.
Polyethylene terephthalate (PET) Polypropylene (PP)
and polyethylene (PE) are the most common type of
microplastic were found in zooplankton samples. Based
on the findings, it may be utilized as an indicator for
assessing the ecological risk of microplastics in marine
organisms. This is a threat to higher levels of the food
chain, including humans. It is crucial to conduct a risk
assessment of microplastics on the ecosystem, social
and economic levels.
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1. Introduction

For seven decades, humans across the world
have been increasingly using plastics for various
purposes and activities, leading to the continuous
growth of global plastic production. In 2020,
about 367 million metric tonnes (Mt) of plastics
were produced globally (Plastics Europe 2021).
Plastic waste tends to unavoidably occur due
to the increased consumption of plastics. In a
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business-as-usual scenario, it was estimated
that the number of plastic waste could reach
155-265 Mty * by 2060 (Lebreton and Andrady
2019). Without having a proper waste
management system, unmanaged plastic waste
may contaminate rivers and further discharge
to the sea. Jambeck et al. (2015) estimated that
about 2-5% of total waste generated in coastal
countries was mismanaged, ultimately
contributing to marine debris.

Over time, plastics can be gradually degraded
and fragmented into smaller pieces through
various weathering processes, including UV
exposure, biodegradation, and physical and
chemical degradation (Browne et al. 2007;
Andrady 2011). Generally, plastic particles of
smaller than 5 mm are recognized as microplastics.
Because of their tiny size, microplastics can be
contaminated into various marine species,
ranging from planktonic invertebrates to large
marine mammals (GESAMP, 2015). The
Convention on Biological Diversity (CBD)
reported that more than 800 species of marine
organisms were affected by marine debris,
mostly through entanglement and ingestion,
and over 80% of these effects were associated
with plastics, as detected in bivalves,
polychaetes, crustaceans, fish, and sea birds
(Murray and Cowie 2011; Van Cauwenberghe
and Janssen 2014, Li et al. 2016; Lusher et al.
2016; Zhao et al. 2016; Jang et al. 2018).
Having various chemicals, microplastics may
have physical and chemical effects on these
organisms, for example, blocking the alimentary
tract upon ingestion, chemical contamination
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etc (Wright et al. 2013; Rochman et al. 2013;
Ivar do Sul and Costa 2014).

Some reports indicated that various invertebrates
ingest microplastics, including planktonic
organisms such as copepods, larval fish etc.
(Cole et al. 2013; Lonnstedt and EKIGv 2016).
Zooplankton plays an essential role in marine
ecosystems by linking the primary producers
and the higher trophic levels, thus contributing
ecological benefits to the marine food web.
The ingestion of microplastics by zooplankton
may pose a risk on the contamination of the
marine food web caused by such microplastics
can be transferred to higher trophic levels
along the food chain, eventually linked to the
safety of fisheries products and human health.
It is thus essential to understand the ingestion
and transfer of microplastics by different
groups of zooplankton in natural seawater in
order to lay a foundation for the ecological
risk assessment of microplastics in natural
ecosystems (Sun et al. 2017). Therefore, this
study aimed to investigate microplastics

ingested by different groups of zooplankton at
Ko Sichang, Chonburi Province, the Upper
Gulf of Thailand.

2. Materials and Methods
2.1 Study sites and sample collection

Koh Sichang (Sichang Island) is in an
administrative boundary of Chonburi Province,
consisting of small islands located in the inner
part of the eastern seaboard of the Gulf of
Thailand (13°09 N, 100°49 E) as shown in
Figure 1. The sampling sites were in the western
coast of Ko Sichang. Zooplankton sampling
was conducted by vertical tows with 120 pm
mesh plankton net and 30 cm in diameter
about 1-5 m in depth. Zooplankton samples
were preserved in 10% buffered formalin
solution and then transported to the marine
biodiversity research group laboratory for
further analysis.
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Figure 1. Location of study site
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2.2 Microplastics extraction

Four dominant zooplankton groups were
picked out from the zooplankton samples
under a stereomicroscope at least 20
individuals of each zooplankton group. The
zooplankton samples were watched with
purified water three times to ensure no plastic
was attached to their body surface. The
samples were digested by a 30% hydrogen
peroxide (H202) solution with a temperature
of 60 °C about 12-48 h, to remove soft tissues.
Microplastics in zooplankton samples were
separated by filtration of the solution using a
vacuum system through 20 um pore size filter
and 75 mm in diameter (Whatman PLC 122
United Kingdom) (Li et al. 2015). After 24 h
of floatation at room temperature, the
overlying water was vacuum filtered through a
20 um pore size filter.

2.3 Statistical analysis

The abundance of microplastics was expressed
as a mean density with a standard deviation of
microplastics found in each group of zooplankton.
One-way Analysis of Variance (ANOVA) was
used to detect the difference in abundance of
microplastics among the groups of zooplankton.

Calanoid copepod

e

Gastropod larva

200 pm.

All analyses were performed using R program
version 3.5.0.

3. Results

In this study, we determined the abundance of
microplastics in four groups of zooplankton,
including cyclopoid copepods, calanoid copepods,
crustacean nauplii and gastropod larvae (Figure
2). Our analytical results revealed that fibre
microplastics were detected in all dominant
zooplankton groups. We further found that
such  microplastics were  Polyethylene
terephthalate (PET) and Polypropylene (PP),
according to the confirmatory analysis using
Fourier-transform  infrared  spectroscopy
(FTIR).

The highest abundance of microplastics was
found in crustacean nauplii (0.91+ 1.14
particles.ind?), followed by calanoid copepods
(0.64+ 1.67 particles.ind?), gastropods (0.55+
0.52 particles.ind?). The lowest abundance
was found in cyclopoid copepods (0.45+ 0.52
particles.ind?) (Figure 3). Due to a high
variation of microplastic abundance, no
significant difference in the microplastic
abundance among groups of zooplankton was
found (p>0.05).

200 pm.

Cyclopoid copepod

*

Nauplius

Figure 2. The dominant groups of zooplankton found at Ko Sichang
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Figure 3. The abundance of microplastics in zooplankton groups

Considering the proportion of microplastic
types in each group of zooplankton, polypropylene
(PP) shows the highest proportion for all
groups of zooplankton, except in gastropods
where polypropylene (PP) and Polyethylene
terephthalate (PET) were found equally.
Polypropylene was found as a major component
of microplastics in crustacean nauplii, calanoid
copepods, and cyclopoid copepods, accounting
for 71%, 70%, and 60%, respectively (Figure 4).

4. Discussion

Plastic debris can be digested into tiny particles
(<5mm). Microplastics can enter the marine
and coastal ecosystems from the discharge of
untreated wastewater used in clothing and
cosmetic beads (Thompson 2015; Napper and
Thompson 2016). Zooplankton can ingest
microplastics  resulting in  microplastic
accumulation in its body. The microplastics
ingestion by zooplankton has been widely
reported (Cole et al. 2013; Frias et al. 2014;
Setdla et al. 2014; Desforges et al. 2015;
Kosore et al. 2018; Coppock et al. 2019; Md
Amin et al. 2020; Zheng et al. 2020). Based on
our findings, zooplankton can be utilized as an
indicator to assess the  microplastic
contamination in  coastal and marine
ecosystems. The contamination should be
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highly concerned as zooplanktons are the
primary consumers in the marine food chain
and microplastics can be transferred to other
organisms at the higher trophic levels,
including humans.

In the present study, we found that crustacean
nauplius had the highest abundance of
microplastics (0.91+ 1.14 particles.ind™),
which is similar to other reports. For example,
a study on plastic contamination in nauplius
larvae collected from Ao Bang Lamung,
Chonburi Province also showed that nauplius
had the highest abundance of microplastic
(1.15 +0.05 particles.ind®) compared to the
other zooplankton groups (Buathong et al.
2020). Ko Sichang is an important economic
island with several important maritime
activities, which could be one of the major
sources of plastic pollution. Polymer types
found in  zooplankton samples were
polypropylene  (PP) and  Polyethylene
terephthalate (PET). Those types of microplastics
have been found in Thai waters (Chinfak et al.
2021). PP and PET are the important materials
used for making food containers, plastic
bottle, plastic bag, ropes, fishing gears, and
textile industry (Park et al. 2004; Qiu et al.
2015; Liu et al. 2020).
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Microplastics also affect other groups of
zooplankton such as daphnids and copepods.
The feeding rate and productivity of daphnids
and copepods were significantly decreased due
to an increased microplastic concentration (Yu
et al. 2021). Moreover, zooplankton ingested
on microplastics could reduce the grazing on a
primary producer, increasing organic particle
remineralization and leading to deoxygenation
(Kvale et al., 2021). Based on the findings,
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zooplankton can be utilized as an indicator for
assessing the ecological risk of microplastics
in marine organisms. This study provides
baseline  information on  microplastic
contamination in zooplankton, which is useful
for future research and stimulates public
attention on the reduction of plastic
consumption.
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Figure 3. Proportion of microplastic types in zooplankton groups
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