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ABSTRACT

Microplastics have emerged as a significant form of plastic pollution. Many ingestions in biota were reported
worldwide. Filter feeder such as bivalves are prone to microplastics ingestion due to the non-selective feeding
behavior. Bivalves are usually consumed as whole, without gut removal, which can pose a threat towards human
consumption. This study focused on Meretrix lyrata to examine the level of microplastics ingestion under two
factors: size class and weather seasons. The rapid screening approach with the fluorescent tagging using Nile red
on microplastics for biota samples was used to quantify M. lyrata samples (n = 81) in this study. The high lipid
content of the clams presented a significant challenge to the effectiveness of the method. As an alternative, high
temperatures from acidification were used to disrupt lipid membranes and improve extraction efficiency. A total
of 15,867 microplastics were quantified, with the average microplastics ingestion of 195.90+43.6
items/individuals. The statistical analysis indicated that clam size had a significant effect on the rate of
microplastics ingestion (p<0.05), whereas weather season did not show a significant effect (p>0.05).
Polyvinylchloride (66.5%), polypropylene with silicate mix (8.5%), resin dispersion (8.5%) and
polydimethylsiloxane (16.5%) were from the 12 isolated items. The higher rate of microplastics ingestion observed
in smaller clam size M. [yrata and similar rate between weather season (dry season and wet season) indicate that
these contaminated seafood increases the human exposure through consumption. The type of polymer identified
in this study indicate that most of the microplastic may sources from human daily products.
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INTRODUCTION in size which also commonly known as
microplastics have emerged as a critical
environmental contaminant. These particles
originate from direct source as such personal
care products, industrial processes and synthetic
textiles (primary microplastics) and from the
degradation of larger plastic items (secondary

microplastics) (Hartmann et al., 2019). Their

Plastics pollution have become a prominent
environmental issue in aquatic environments.
The increasing demand for plastic in various
industries is due to its low cost, strength,
durability, corrosion resistance, and good
thermal and electrical insulation properties

(Geyer et al., 2017). However, plastics have,
finite lifespans and are quickly discarded, often
ending up in landfills, being burned, or littering
the environment. Research indicates that plastic
materials constitute 95% of floating marine
debris (Lebreton et al., 2018). The persistence of
plastics in the environment is the primary factor
contributing to their dominance as the leading
component of marine debris (Auta et al., 2017).

Among the various forms of plastic pollution,
small plastic particles typically less than 5 mm

minute sizes and extensive distribution make
them particularly challenging, as they penetrate
even the most secluded aquatic ecosystems, from
freshwater rivers to deep-sea sediments.

The small size of microplastics leads to
increase accumulation of contaminants due to
their hydrophobic nature and high surface area
(Shahul Hamid et al., 2018; Deng et al., 2021).
Microplastics pollution has been reported in
many marine ecosystems worldwide due to
massive input from land source, the persistence
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of microplastics in environment and the fact that
they are readily transported by ocean current
(Lavers & Bond, 2017; Brach et al., 2018; Reed
et al., 2018). Lebreton et al. (2019) suggested
that buoyant macroplastic accumulate in
offshore surface water should be lesser than
predicted as a series of repeated activity like
stranding, settling and resurfacing in coastal
environment tend to trap most of the marine
litters. The intertidal zone, situated between land
and ocean, experiences more human activity
compared to other marine environments and can
be exposed to microplastics from both land-
based and marine sources (Cole et al., 2011;
Zhang et al., 2020; Zhang et al., 2022).

Rapid screening method using fluorescent
tagging is a new alternative to aid in increasing
the precision of the microplastics quantification
and identification through visual identification.
Nile red is recommended by Maes et al. (2017)
as the dye for fluorescent tagging due to the
lipophilic characteristics, which allow selective
staining of plastic polymers when appropriate
protocols are employed.

Microplastics pose significant risks to aquatic
organisms and can enter the food webs, as they
can be ingested by organisms (Hasbudin et al.,
2022). M. lyrata is particularly susceptible to
microplastic ingestion due to its filter-feeding
behavior (Woods et al.,, 2018). Chinfak et al.
(2021) had shown the possibility of higher
microplastics ingestion rate of in small-sized
shellfish for Perna viridis and M. lyrata. Similar
trends were also reported in Mythilus edulis and
Donax cuneatus (Scott et al., 2019; Sathish et
al., 2020). Studies reported negative effects of
microplastics on bivalves such as reduced
filtration activity and altered feeding behavior
(Rist et al.,2016; Green et al., 2017), potentially
causing physical and chemical stress (Woods et
al., 2018), impairing feeding efficiency, and
acting as vectors for harmful substances such as
persistent organic pollutants (POPs) (Zhang et
al., 2020) and heavy metals (Fu et al, 2020;
Idrus et al., 2022a). This not only impacts the
health of M. lyrata populations but also raises
significant concerns about the transfer of
microplastics and associated contaminant to
humans through the consumption of
contaminated seafood.

Despite increasing research research on
microplastics in aquatic ecosystems, there
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remains a critical need to understand the specific
pathways, interactions, and impacts of
microplastics on key species such as M. lyrata.
Previous studies (Kolandhasamy et al.,2018; Li
et al., 2019; Hasbudin et al., 2022) highlight
three pathways of microplastic accumulation in
mussels including ingestion, adherence and
fusion. Tang et al. (2022) suggested quantifying
amount of microplastics in clams could provide
insight of microplastics contamination in
intertidal zones and thus suggested their use as a
bio-indicator for environmental monitoring of
microplastics.

As bivalves have high potential to serve as
bioindicators (Ding et al., 2021) for
microplastics pollution in sediment and water,
investigating the prevalence of microplastics in
M. Ilyrata and their surrounding habitats is
essential for assessing ecosystem health and
potential risks to food safety, where these
organisms can serve as vectors, transferring
microplastics to humans.

Thus, the aims of this study were to quantify
microplastics in M. lyrata and to address the
impact of size classes and weather seasons
towards microplastics ingestion in M. lyrata.

MATERIALS AND METHODS

The laboratory benchtop was cleaned, and
surfaces were wiped with 70 % ethanol using a
cotton cloth. A full cotton lab coat and nitrile
gloves were worn during the experiment. All
solutions (distilled water, 10 % potassium
hydroxide (KOH), zinc chloride (ZnCl), 10 %
hydrochloric acid (HCI) were pre-filtered with
0.5 um Whatman GCS50 filter paper to prevent
contamination from other sources. Filter papers
used were GF/C (ADVANTEC GC-50, 0.5 um).
Apparatus materials were either glass or
stainless steel. Glassware and stainless-steel
tweezers were pre-cleaned with filtered
deionized water and rinsed with filtered 70 %
ethanol.

Sample Processing and Microplastics
Extraction

The clams (n = 81) with random sizes were
purchased from the local fish market in
Kampung Buntal (1° 41' 43.58" N, 110° 22'
19.87" E), from October 2020 to March 2021.
The determination of monsoon seasons was
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based on the dates provided by the Malaysian
Meteorological Department (May 2020 -
September  2020:  Southwest  monsoon;
November 2020 — Mac 2021: Northeast
monsoon). Additionally, Kampung Buntal is one
the most active artisanal fishing communities in
Kuching Bay where there is an overlap between
fisheries activities with cetacean occurrence
(Ambie et al., 2023).

Upon acquisition, the clams were stored in a
freezer at —20 °C after their shells were rinsed
with filtered distilled water to remove any
surface  contaminants.  For  subsequent
processing, the clams were thawed to room
temperature, then each clam was dissected, and
transferred into a glass bottle for digestion
process.

The KOH digestion method was based on the
study by Lusher and Hernandez-Milian (2018),
where the details of this protocol can be found in
their study.

After the digestion process, the microplastics
in the clam samples were separated by applying
density separation technique based on the study
by Maes et al. (2017) using ZnCl; to reduce the
possible interference from other non-plastic
substances such as shell, wood, sand and clay.

An additional step adapted from Prata et al.
(2021) is added prior to the density separation
steps as clogging and precipitation were
observed. High temperature can aid in disrupt
lipid membranes and improve extraction
efficiency. Acidification is an exothermic
process which can achieve the mentioned
condition to reduce clogging and prevent
precipitation.

Nile Red Staining for Quantification of
Microplastics

Nile red stock solutions were prepared in
propanol with the ratio of 1:100. Approximately
0.06 g of Nile red powder were measured and
mixed with 60 ml of propanol. The stock
solution was then stored in a 60 ml Scott bottle
pre-wrapped with aluminum foil and kept at 4
°C. The stock solution was diluted 100 times in
filtered distilled water to make a working
solution (1 mg/ml). The filtrate (microplastics)
collected from density separation were pre-
washed with a small volume of 10 % HCI to
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remove residual ZnCl,. Subsequently, 10 ml of
the Nile red working solution were added to the
microplastics and left for 10 — 15 minute to
obtain optimum staining results. After staining,
the excess Nile red solution was removed by
filtering, and the stained microplastics on the
filter paper were washed with a small amount of
filtered distilled water to eliminate any
remaining excess dye.

Lowering the pH of the digested residue
extract (10 % HCI) improved the dissolution,
thus increased the filtration rate and inhibited
precipitation when mixed with ZnCl,. To avoid
quenching and false positives (Erni-Cassola et
al., 2017), additional steps were incorporated.

The filter paper with stained microplastics,
was then placed in an automated filter-scanning
rig (Maes et al., 2017) combines with a
commercial micro-milling machine and a DSLR
(EOS 90D) camera that was adjusted to create a
dim background to enhance the visibility of the
fluorescent microplastics. G-code routines
controlled the scanning process, dividing the 47
mm filter paper into 24 segments, with each
segment being captured individually. This
segmentation aimed to produce detailed images
with minimal noise, thereby reducing counting
errors during the quantification process.

After that, the optimized samples images
were illuminated with blue light (Crime Lite:
450 — 510 nm) and viewed through an orange
filter (529 nm). The resulting photographs were
then processed using ImageJ software, and saved
in TIFF format. The camera settings were
calibrated individually for each sample. Prata et
al. (2020) noted that higher ISO settings tend to
introduce more noise and defects in images, thus
a lower ISO setting was employed in this study
in combination with a longer exposure time (2s).

The TIFF images were reviewed and
analyzed to quantify the amount of
microplastics, which were identified as
fluorescent particles.

Verification of Microplastics using ATR-
FTIR

The polymers of the microplastic samples were
identified by using The Nicolet IN10 ATR-FTIR
(Thermo Scientific). Spectra ranges were set at
4000 — 675 cm™', with resolution of 4 cm™ and 32
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scans s!. The resulting spectra were directly
compared with the available open-source
database OpenSpecy (www.openspecy.org;
Cowger et al., 2021).

Statistical Analysis

Morphometric data and quantitative data were
compiled and tabulated using Microsoft Excel to
compare different size classes and different
weather seasons. Statistical test was conducted
to analyze the significant differences of
microplastics ingestion by difference sizes of
bivalve and weather seasons. Normality tests
were done to determine data sets were close to
normal or skewed data. Student’s T test was used
as the parametric test if the data sets were
normally distributed, while the Mann-Whitney
U test was used as the non-parametric test if the
data sets were not normally distributed.

RESULTS AND DISCUSSION
Microplastics Quantification in M. lyrata

A total of 81 clams with variant of clam size
were tested for microplastic counts resulting
with 12 to 1047 items/individual. A total of
15,867 items were detected, with an average of
195.90+43.6 items/individual.

The average microplastic counts obtained
from current study is higher than other findings
nearby countries in the same species (M.
lyrata) 12.73+4.49 items/individual, 13.20£7.66
items/individual (Tran-Nguyen et al., 2023),
3.6+2.1 items/individual (Kieu-Le et al., 2022)
and 0.67+0.15 items/individual (Chinfak et al.,
2021).

These differences might be due to the method
chosen for digestion and separation (Kieu-Le et
al.,2022; Tran-Nguyen et al., 2023). Quinn et al.
(2017) suggested to use denser solution (such as
ZnCly) for density separation to get higher
recovery rates. Study by Zarlf (2019) found out
that extracting lower density microplastics using
NaCl solution might fail if the plastic particles
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were agglomerated with mineral particles.
Chinfak et al. (2021) and Idrus et al. (2022b)
used oxidative digestion using 30 % hydrogen
peroxide (H202) to degrade labile organic
matters. However, Nuelle et al. (2014) advised
the usage of oxidative digestion method should
be only applied to organic rich samples because
of the bleaching effect that might aggravate the
visual detection process and cause potential
exothermic reaction with other chemicals (NaCl)
for density separation.

In this study, the M. lyrata samples were
divided into 6 size classes in which (0 — 29.99
mm, 30.0 — 3999 mm, 40.0 — 49 mm)
representing small size classes and (50.0 — 59.99
mm, 60.0 — 69.99 mm, 70.0 — 79.99 mm)
representing big size classes. The microplastics
ingestion in smaller sized class clam (0 — 49.9
mm) with the average of 218.63+54.78
items/individual compared to size class (50.0 —
99.9 mm) with the average of 166+68.86
items/individual. Figure 1 shows the number of
microplastics ingestion according to size classes.

Prior to analysis, the data set were identified
as not normally distributed, non-parametric
analysis, Mann-Whitney U test was used. The
Mann-Whitney U test revealed a statistically
significant difference in the number of
microplastics (p<0.05), (U= 553, |z| = 2.40, p=
0.018) between the clam size less than 50 mm
and the clam size more than 50 mm.

Chinfak et al. (2021), obtained about a
similar trend where smaller size of Mytilus
edulis and M. lyrata recorded higher
microplastic particles compared to the larger
sizes. Scott et al. (2019) and Sathish et al. (2020)
also reported similar patterns in M. edulis and
Donax cuneatus. Woods et al. (2018) reported
certain bivalves are selective filter feeders with
the ability to reject some of the ingested particles
such as microplastics through excretion. The
capacity of ingestion, accumulation and
digestion may differ according to habitat, size,
surface characteristics, and concentration
microplastics.
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Figure 1. The amount of microplastic ingested by M. lyrata according to different size classes which further
categorised into small size (<50mm) and large size (>50mm)

The samples were also tested microplastics
ingestion according to weather season. The
average microplastics ingestion of M. lyrata
during the dry season is 174.86+21.2
items/individual and is = 212.71+71.14
items/individual during the wet season. Figure 2

shows the number of microplastics ingested
according to weather seasons. Mann-Whitney U
test revealed no significant difference in the
number of microplastics (p<0.05), (U= 752, |z| =
0.55, p= 0.581) between the dry season and the
wet season.
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Figure 2. Amount of microplastics ingested by M. lyrata according to different weather seasons

The possible microplastics input for the study tidal change as well as wave activities. Figure 3
site is through both land input (human settlement shows the map of the study sites with different
area), input through river systems (oil palm land use zonation identified.

plantation, aquaculture farm) and input through
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Figure 3. Map of the study site (Kampung Buntal) with the land use surrounding the study site identified based
on outcome from informal interviews with the local clam collectors and spatial data from Google Earth.
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The zonation indicated in the map were
derived from informal interviews with the local
bivalve collectors and interpretations based on
satellite imagery through Google Earth.

Lebreton et al. (2019) hypothesized that most
of the plastic marine debris should be settling in
the coastal environment through a series of
processes such as stranding, settling and
resurfacing process. The mentioned process can
also break down the bigger plastic marine debris
into smaller microplastics (through physical
abrasion), therefore the plastic marine debris and
the byproduct (microplastics) will be highly
polluting the habitat of the M. lyrata. Wu et al.
(2020) reported higher microplastics abundance
in surface sediment of intertidal zone during
neap tide cycles compared to spring tide cycles.
The microplastics settled at surface sediment
during the neap tide cycle can either be brought
away by strong tidal actions during spring tide
cycles or buried in the sediment column. M.

Number of item (items)
o [ N w D (V2] ()]
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lyrata as one of the common bivalves inhabits at
intertidal zone were highly at risk of
microplastics contamination due to the high
bioavailability of microplastics within the
region.

Polymer Identification Result

About 12 items were isolated for polymer
identification due to limitation. 4 plastic
polymers were identified in which polyvinyl
chloride (PVC) (8 samples),
polydimethylsiloxane (PDMS) (2 samples),
resin dispersion (1 sample), and polypropylene
with silicate mix (PP with silicate mix) (1
sample). Figure 4a shows the type of polymer
identified from the isolated items and Figure 4b
shows the result of spectral comparison with
OpenSpecy database of the polymers. Figure 4¢
shows some photos of the isolated items to be
process with polymer identification using
Nicolet IN10 ATR-FTIR (Thermo Scientific).
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Figure 4(a). Four (4) types of identified polymers (polydimethylsiloxane, polypropylene with silicate mix,
polyvinylchloride and resin dispersion) sorted according to the size class and harvesting season of the clam in
which the microplastics were isolated for polymer identification.
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Figure 4(b). Comparison of the spectral data from the isolated items spectral comparison of the isolated particles
with OpenSpecy database.
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Figure 4(c). Photos of the isolated items to be process with polymer identification using Nicolet IN10 ATR-FTIR
(Thermo Scientific). A, B and C are fragment and D particles.

Local publications also reported similar
detection of plastic polymer, polyvinyl chloride
and polypropylene in both Corbicula fluminea
and Polymesoda expansa (Karim et al., 2023)
and polypropylene in Perna veridis (Mazni et
al., 2022).

All four types of detected plastic polymers
(PVC, PDMS, PP and resin) were either
common additives or building materials and
easily entered the environment if there were
human settlements around the area.

PVC is commonly used in the building and
construction sector. It is a thermoplastic having
a good resistance to alkalis, salt and highly polar
solvents. Despite the relatively high density of
PVC in nature, formation of biofilm may also
alter the density through increasing the density
and decreasing the buoyancy of the particles.
(Rummel et al., 2017). PDMS is an elastomeric
polymer used as fuel additives in car waxes,

cleaners and polishers, and biomedical
application such as implants for cosmetic
surgery. One of the routes that PDMS can enter
the aquatic environment is through wastewater
treatment plants or directly introduced into the
aquatic environment as wastewater (Alvarez-
Muioz et al., 2016). PDMS adsorb strongly to
sludge which reduces the volatility of PDMS
(Whelan et al., 2009). The combination of
PDMS with sludge will settle down in the
environment, therefore PDMS is usually found
in high concentration near the wastewater
discharge areas (Sparham et al., 2011). PP with
silicate mix is one of the common plastics used
in human daily life. Single use plastic bags are a
good example of polypropylene products.
Fishing lines and nets were mostly composite of
PP and polyethylene (PE) Improper discard of
broken nets may break down into smaller pieces
and form microplastics. Resin dispersion
according to Yoshida (2014) is formed from
epoxy resin after mixing with different
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component such as basic epoxy resin, curing
agents, accelerators and additives to produce
epoxy with specific performance, therefore it’s
hard to determine the density of the dispersed
resin. Current fishing boats materials are shifting
from wood to glass fiber boats due to its
durability and lightweight. Resins were
commonly used as the main adhesion agent in
repairing fiber boats. This might explain the
availability of this polymer within the study site.

Ke et al. (2019) and Luan et al. (2019)
reported that the exposure of microplastics (PP
and PS) to clams (Meretrix meretrix) can lead to
reduction in total oocyte number, oocyte
diameter peroxidation damage of embryo
membrane and death of M. meretrix larvae.

The possibility of microplastics entering
humans usually through consumption of seafood
for example, bivalves are usually consumed as
whole organisms and rarely with gut removal
(Cho et al., 2019). The toxicity of the plastic
additives and chemicals adhered to the surface of
microplastics  during  exposure in the
environment may affect humans upon
consumption of bivalves or other seafood that
are contaminated with microplastics (Karbalaei
et al.,2018).

CONCLUSION

This study provides compelling evidence of
widespread microplastic contamination in
Meretrix lyrata from an intertidal coastal habitat,
with 100% of individuals found to contain
microplastics. The average ingestion was
195.90+43.6 items per individual and a total
count of 15,867 items across all samples. These
concentrations are significantly higher than
those reported in similar species from
neighboring  countries, suggesting local
environmental and methodological factors may
influence microplastic accumulation. Notably,
smaller clams (<50 mm) exhibited significantly
higher microplastic ingestion than larger
individuals, a pattern consistent with previous
studies and potentially linked to size-related
differences in filtration capacity or feeding
behavior. Although no significant seasonal
variation was observed, the overall high
prevalence of microplastics across seasons
underscores  the  persistent nature  of
contamination in the study area. The
identification of four distinct polymer types—
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polyvinyl chloride (PVC), polydimethylsiloxane
(PDMS), polypropylene with silicate mix (PP),
and resin dispersion—points to multiple
anthropogenic sources, including urban runoff,
aquaculture, and maritime activities. Given that
bivalves are commonly consumed whole, the
detection of high microplastic loads in M. lyrata
raises potential concerns regarding food safety
and human health risks.
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