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Abstract

This study was conducted to quantify and characterize microplastics in the water column,
sediments, and milkfish ingestion from Pontevedra, Roxas, Ivisan, and Sapian ponds, aimed
to provide a baseline report on microplastic pollution. Microplastic contaminants, such as
fragments, pellets, and fibers, were extracted and analyzed from water samples, sediments,
and fish tissues. Water column samples and sediments were collected from the field, and fish
gills and gastrointestinal tracts were dissected in the lab for processing. The results showed
varying levels of microplastic contamination across the four sites. Roxas exhibited the highest
total particle count, with 109 particles. Roxas also had the highest microplastic contaminants
in sediment samples, with 36 contaminants in 100g of sediment and an abundance value of
0.12 particles/g, mainly fibers and fragments. Pontevedra and Roxas recorded higher
microplastic counts in fish gills, ranging from 68-77 particles (1.21-4.28 particles/g).
Furthermore, Roxas had significant microplastic ingestion in the Milkfish gastrointestinal
tract, with 66 particles (0.59 particles/g), mostly fibers. Site 2 showed higher contamination in
tissue samples, with 62 microplastics (0.41 particles/g). Using One-Way ANOVA test, a
significant differences were observed across all sites in water and sediment samples. The
findings underscore the urgent need for aquaculture policies addressing microplastic
pollution to mitigate its ecological impact on milkfish farming and associated human health
risks.
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1. Introduction

Capiz, located in the heart of Western Visayas is widely recognized as the "Seafood Capital of
the Philippines" due to its rich aquatic resources and vibrant aquaculture industry. The region
1s distinguished by its extensive coastline and thriving ecosystems that are capable of growing
and rearing a wide variety of aquatic species, including milkfish, mud crabs, tiger prawns, and
tilapia, contributing significantly to both local livelihoods and the national economy (Philip-
pine Statistics Authority, 2020). In recent years the Bureau of Fisheries and Aquatic Re-
sources (BFAR) reported that the province of Capiz was responsible for about half of the total
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aquaculture production in the Western Visayas region. It is estimated that roughly 466,000
metric tons of fish were produced in the region in the year 2020, with Capiz providing ap-
proximately 234,000 metric tons. In 2019, the total value of fisheries and aquaculture pro-
duction in Western Visayas was estimated at around P35 billion. Undoubtedly, the region's
aquatic resources play a very important role with the province of Capiz being one of the major
contributors due to its vibrant aquaculture industry. However, alongside this industry's eco-
nomic benefits comes an increasing concern over environmental degradation, particularly
concerning plastic pollution in the area.

Microplastics are defined as plastic particles that are smaller than 5 millimeters in size and
have been gaining increasing attention as pervasive pollutants in aquatic environments (Law
& Thompson, 2014). These microplastics are primarily formed through the breakdown and
fragmentation of other larger plastic debris that have entered into the environment or to a
lesser extent are intentionally created in the form of microbeads for use in personal care
products and other applications. Their remarkable durability allows these small particles to
travel long distances along waterways causing a significant and alarming threat to marine life
and aquatic organisms (Cozar et al., 2014). Studies have shown that microplastics are persis-
tent in marine and aquatic environments and bioavailable to various organisms which leads
to adverse ecological effects. Ingestion of these small plastic particles might induce accumula-
tion within tissues of aquatic species leading to both physical and chemical disturbances and
eventually may lead to cascade down the food chain, thus affecting human health.

The global issue of plastic pollution 1s further exacerbated in countries like the Philip-
pines, which has been consistently been recognized as one of the Western Pacific (Westpac)
nations with a significant burden of plastic (both macroplastics and microplastics) in its coastal
environment (Jambeck et al., 2015). This is primarily attributed to the country's growing pop-
ulation and the projected increase in plastic use and inadequate waste management practices
(Ritchie & Roser, 2023). According to estimates, the Philippines produces millions of plastic
bags and sachets daily, much of which ends up in waterways and eventually in marine ecosys-
tems, contributing to the escalating problem of microplastic contamination (Bucol et al.,
2020). Microplastics have been found globally in both terrestrial and aquatic habitats, as well
as the atmosphere (Duis & Coors, 2016).

According to Fadare et al., (2020), the majority of microplastics found in freshwater envi-
ronments result from several human activities associated with the production and disposal of
plastics in the environment, such as improper waste disposal, wastewater from homes, facto-
ries, and treatment plants, and activities related to shipping, fishing, and aquaculture. Studies
reveal that the concentration of microplastics in aquaculture habitats 1s typically higher than
in surrounding environments (Priscilla & Patria, 2019). Since most aquaculture sites are en-
closed or partially enclosed aquatic settings, microplastics cannot be transferred to other
places, which results in a buildup of microplastics in the sediment and water column (Chen
etal., 2018). Sources of microplastics that can infiltrate aquaculture environments include fish
feed, medication, and plastic fishing gear (Zhou et al., 2021). There 1s also the possibility that
trash and garbage will be brought into these water sources by runoff from the land source.
Regions with high anthropogenic activity levels home to aquaculture contribute significantly
to microplastic contamination. For instance, the study (Priscilla & Patria, 2019) in aquaculture
ponds near a river mouth where much trash accumulates resulted in high microplastic abun-
dances of 103.8 £ 20.7 particles/L and 90.7 £ 17.4 particles/L. In a study conducted by Sana-
bila et al. (2022), the identification of microplastic particles in sediment, water, and milkfish
samples from both semi-intensive and traditional fish ponds in Indonesia presents compelling
data on the prevalence and characteristics of microplastic pollution in semi-intensive and tra-
ditional fish ponds. Additionally, the study conducted by Sembiring et.al. (2019) on the Cita-
rum River, milkfish ponds, and adjacent marine habitats reveals the widespread distribution
and persistence of microplastics in both freshwater and marine systems. Moreover, the study
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conducted by Rahmawati et al. (2020) investigate the presence of microplastic pollution in the
Code River and fish in the special region of Yogyakarta, which is an important water source
that sustains a range of human activities and natural processes, reveals various concentration
of microplastics in different forms including film, fiber, pellets, and pieces.

In the Philippines many research on both macroplastics and microplastics studies have
been published, revealing the widespread presence of microplastics in surface water, sedi-
ments, and various organisms. Occurrence of microplastics in surface water (Argota et al.,
2018; Espiritu et al., 2019; Lumongsod and Tanchuling, 2019), marine sediments (Bucol et
al., 2019; Espiritu et al., 2019; Esquinas et al., 2020; Kalnasa et al., 2019), and marine biota
such as fishes (Bucol et al., 2019; Espiritu et al., 2019; Paler et al., 2021), mussels (Argamino
and Janairo, 2016), and oysters (Espiritu et al., 2019). However, Galarpe et al. (2021) stated
that despite microplastic being one of the most persistent pollutants in the aquatic and marine
environment today, there remains a concerning lack of comprehensive monitoring initiatives
within the country (Jambeck et al., 2015). Thus, it 1s crucial to collect baseline data on the
presence and concentration of microplastics to support the development of pollution mitiga-
tion programs and regulations aimed at managing plastic waste in the country. Furthermore,
this research 1s important because it focuses on Sustainable Development Goal 6: Clean Wa-
ter and Sanitation, specifically the protection and restoration of water-related ecosystems,
which entails preserving and restoring wetlands, rivers, lakes, and other water-related ecosys-
tems to improve their resilience, biodiversity, and ecosystem services. This study aims to as-
sess the level of microplastic contamination in brackish water ponds and the ingestion of mi-
croplastics by Milkfish in particular in the municipalities of Pontevedra, Roxas, Sapian, and
Ivisan, Capiz. The results will provide valuable insights into the environmental challenges
faced by the region and guide efforts to manage plastic pollution while sustaining the eco-
nomic benefits of aquaculture. By examining the sources, distribution, and impacts of micro-
plastics this research hopes to contribute to the broader initiative of addressing plastic pollu-
tion in the Philippines and aid in formulating strategies to protect both the environment and
the livelihoods of those who rely on the region's aquatic resources.

2. Materials and Methods

2.1 Study Site

This research study was conducted at four sampling sites in the province of Capiz, Philippines.
These sites are established brackish water ponds located in the municipalities of Pontevedra
(Site 1), Roxas (Site 2), Ivisan (Site 3), and Sapian (Site 4). Each of these sites represents
distinct areas from two districts in the province for consistency and replication purposes; fur-
ther, three stations were established within each site to facilitate sample collection. The geo-
graphical coordinates of these sampling stations are detailed in Table 1.

2.2 Methods

The study followed the protocols prescribed by the National Oceanic and Atmospheric Ad-
ministration (NOAA) for the 1solation of microplastics in water and sediment samples. For
Milkfish samples the methods were adapted from Lusher et al. (2017) and Hidalgo-Ruz et al.
(2012), focusing on tissue, gill, and gastrointestinal tract (GI'T) extraction and analysis.
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Figure 1. Map of Capiz, Philippines, showing the four brackish water pond sampling sites.

Table 1. Sampling Station Geographical Coordinates and Sampling Points
of Brackish Water Ponds in Capiz

Sampling Sta- Sampling Points Coordinates
tions
S1 Pl 11.441995 N, 122.852243 E
P2 11.441356 N, 122.853259 E
P3 11.439630 N, 122.854353 L
S2 P1 11.589049 N, 122.731686 L
P2 11.589855 N, 122.731264 L
P3 11.589895 N, 122.732663 L
S3 Pl 11.5309183 N, 122.6769001 E
P2 11.5309967 N, 122.6766933 E
P3 11.5307181 N, 122.675516 E
S4 Pl 11.5011563 N, 122.5953199 E
P2 11.4999950 N, 122.596036 L
P3 11.500008 N, 122.594905 E

2.3 Sample Collection

Water and sediment samples were collected from the four identified sites and the entire col-
lection took place in one day, March 2024 at each location. Three different sampling sites
were 1dentified after the sampling was completed. A diagonal mix was used to collect water
samples {rom the pond, with 10 liters of water collected at each end of the pond and in the
center of the pond along a diagonal or across all stations with a stainless-steel bucket. Water
and sediment samples were collected from the four identified sites and all the samples were
collected in March 2024 at each location Sampling was conducted on sites and three sampling
sites from each pond were identified. Water samples in the pond were collected, with 10 L at
either end and in the pond's center along a diagonal or across all stations using a stainless-
steel bucket. Before gathering the sediments, water column samples were taken first at the
sampling sites to prevent the collection of suspended particles. Using a stainless-steel bucket
that has also been thoroughly cleaned before use the water was filtered via pre-washed sieve.
Argota et al. (2018), Lumongsod & Tanchuling (2019), and Suresh et al. (2020) have also
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utilized a bucket for water sampling when the manta net is not suitable for the study areas.
This is particularly relevant in cases where macroplastics and large debris are present in the
study sites and when there are limitations in terms of area and vessel for sampling. Sediment
samples were collected using a metal cylinder with a substrate depth of about 3-5 cm. Stations
accessible during sampling were pre-identified and marked as such. Two of these were col-
lected in the main gate opening of the pond, and the remaining sample was collected at the
side of the pond. All sediment samples will be separately contained in a stainless container
covered with aluminium foil before laboratory analysis to discount plastic-associated interfer-
ence in the container. The fish were collected based on an age criterion of 5 to 6 months with
a sample size of 6 fish from each pond. The fish samples were obtained from the pond during
the study's harvest. The sample 1s promptly weighed, wrapped in aluminium foil, and then
placed in a cooler filled with ice.

24 Quality Control

Before the laboratory work was done it ensured that all the laboratory glassware was thor-
oughly washed and rinsed with distilled water to remove contaminants. Every sample prepa-
ration process involved includes one control group to confirm the validity of the data collected
and to ensure that there i1s no contamination in each of the samples. In addition, to avoid
contamination in the laboratory as much as possible all glassware and bottles were covered
with aluminum foil. Microplastics were observed and counted by the same researcher to guar-
antee the consistency of experimental results.

2.5 Laboratory Analysis

Upon arrival at the CAPSU Burias Science Laboratory all the samples were properly labeled
and stored. Contamination prevention and control measures followed standard protocols.
The fish samples were weighed and dissected to extract the gills, GIT, and tissue. The gills
and digestive tissues were subjected to a digestion process using a 65% nitric acid solution
(1:10 ratio of tissue weight to acid volume) for microplastic extraction. Water samples were
filtered through sieves with mesh sizes ranging from 5 mm to 63 um. Sediment samples were
dried at 60°C for 48 hours before sieving. Microplastics were extracted using a flotation
method with a concentrated NaCl solution (1:3 ratio of sample to NaCl volume) to aid in
density separation.

2.6 Microplastic Extraction

Fish morphometric measurements (fish length and weight) were performed in the laboratory
before dissection. Dissection was done to remove the Gills, GIT, and tissues of Milkfish sam-
ples. Each fish sample was subjected to a digestive extraction and weighing procedure. A
strong nitric acid solution (HNQO:, 65 percent) was used to degrade, with the gross weight of
the digestive tract (g) being matched 1:10 with the volume of HNO; (mL) in a 1:10 ratio
(Lusher et al, 2017). Water samples were filtered using a stacked sieve net with a 5-mm mesh
to 63-micrometer size. The Sediment samples were oven-dried at 60°C for 48 hours until all
the water content was removed following the procedure described by Besley et al. (2017). To
make the flotation procedure easier, the dried materials were sieved through a 5mm mesh
screen, and a sieve sample of about 100 grams was collected. Microplastic flotation was done
after the samples had been weighed. A concentrated NaCl solution in the ratio of 1:3 (water
volume (ml) to the volume of NaCl solution was employed to accomplish the flotation of
microplastics. The salt solution was also utilized to aid in microplastics' Density separation
and flotation. All mixtures were settled overnight allowing the microplastics to float and sur-
face sand to settle at the bottom of the test tubes. For each sample of water, sediment, and
fish, concentrated salt solution was allowed to settle for 24 hours to allow for density separa-
tion, after which. Microplastic particles were counted for sizes ranging from 63 um to 5 mm,
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with particle morphologies including fiber, film, fragment, and granule being counted. The
total number of microplastic particles in the environment was also computed and recorded.
Each sample was subjected to two counts of microplastic particles.

2.7 Data Analysis

The extracted microplastics were analyzed using a microscope at a magnification range of 10x
to 40x. Using previously published classifications. All the particles were classified according
to color and form (depending on their physical features). Particles were identified as micro-
plastic based on their size (<5mm), lack of organic or cellular structures, lack of mineral or
glass-like characteristics, homogenous color, presence of fraying, and equal thickness through-
out their length for fiber-like particles. Microplastics were examined based on their physical
characteristics. The microplastic type was determined based on shape and color. Upon ob-
taining the shape and color of the microplastic in the sample, the abundance of the micro-
plastic obtained was calculated using the determined formula as follows:

a. The formula for the abundance of microplastics in sediment (Rahmadhani, 2019)

IMP
—X1000
Sample
Description: ) MP = Amount of microplastic

b. The formula for the abundance of microplastics in water (Masura et al., 2015)

Amount of Microplastic

Volume

¢. The formula for the abundance of microplastics in fish (Boerger et al., 2010)

Amount of Microplastic

Amount of Fish

One-Way ANOVA F-test was used to analyse the differences in microplastic contaminants
present in brackish water ponds in each sites.

2.8 Preparation of the Fish Samples for Analysis

In the laboratory, the Milkfish samples underwent measurement dissection and comprehen-
sive analysis. Before dissection the weight and length of each Milkfish sample were measured
to obtain data in addition the weight of each sample of the Gastrointestinal tract, Gills and
tissues were noted for subsequent examination and evaluation.
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Figure 2. Fish dissection and microplastic extraction process. (A) Fish Morphometric Meas-
urements) (B) Dissections (C) Weighing of samples (D) Filtration)

3. Results

The brackish water ponds at both locations source their water from the nearest river mouths,
where brackish water flows through the river channel. This system relies on tidal movements
to effectively push water from the river mouths through the river channels into the ponds. As
the water travels, it enters a larger open channel that directs the brackish water into the milk-
fish aquaculture pond.

3.1 Microplastic Types

In this study, various types of microplastics, including fragments, pellets, and fibers, were
identified in all samples collected. Figure 3a displays images of the different microplastic types
encountered during the research. Fibers were the most prevalent microplastic found across
all samples while fragments and pellets appeared in significantly lower quantities. For a de-
tailed overview, Table 2 presents the average number of microplastic particles discovered in
milkfish, surface water, and sediment, along with the total average counts and corresponding
abundance values. This information underscores the extent of microplastic contamination
within the aquaculture environment, emphasizing the need for ongoing monitoring and eval-
uation of water quality in these ecosystems.
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Figure 3a. Photographs of different types and colors of microplastic.
(A) fragments (B) Pellets (C) Fiber

Figure 3b shows that Site 2 (Roxas City) has the highest total microplastic count, with 109
particles, primarily composed of fragments (64) and fibers (44), while pellets are minimal (1).
Site 1 (Pontevedra) has a total of 61 microplastic particles, dominated by fibers (37), followed
by fragments (15) and pellets (9). Site 3 (Ivisan) has a total of 59 particles, with fibers (28)
being the most abundant, followed by fragments (20) and pellets (11). Site 4 (Sapian) has the
lowest total, with 16 microplastic particles, consisting of 12 fibers, 3 fragments, and 1 pellet.
Across all sites, fragments and fibers are the most common types, while pellets remain the
least observed.

3.2. Microplastic Color

Based on the characterization of microplastic black microplastics were the most common in
the water column, suggesting the presence of materials and polymers frequently used in black
plastic products, such as packaging and industrial materials. Blue and red microplastics were
also found, indicating a variety of plastic sources. The variations in microplastic colors high-
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light the diverse composition of plastic debris, which is often mistakenly discarded and sub-
sequently degraded into smaller particles in the waterways. This kind of color shows that dif-
ferent plastic products contribute to pollution. These plastics likely come from everyday items
like packaging and factory waste.

Microplastic Types in Water Column
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Figure 3b. Summary of microplastic types across sites

Water Column Sediments

L~

(v

FISH SAMPLES; GILLS, GIT,
TISSUES

B Black M blue M Red

White Transparent | Yellow

O

Figure 4. Microplastic colors in different sampling sites

The colors of the microplastics that were obtained from the samples are shown in Figure 4,
and they include black, red, blue, transparent, and yellow particles. When compared to other
colors, the amount of black microplastics found in all samples 1s significantly higher than
others, with transparent microplastics showing the lowest amount. It is possible that the colors
of microplastics originated from plastic sources that became fragmented over time or that
have been exposed to the environment. This 1s demonstrated by the fact that black micro-
plastics are the most common type of plastic that i1s discarded in the region.

The photograph shows different types of microplastics found in various samples. In brack-
1sh water ponds, microplastics come in many sizes, colors, and shapes. Some are small pieces,
while others are long fibers or tiny beads ranging from 63 pm to 5mm in size. They are also
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a variation of colors like blue, red, yellow, and clear or transparent. This variety suggests that
the microplastics come from different sources, such as plastic bags, fishing gear, or everyday
plastic items, showing that the ponds are polluted in many ways.
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Figure 5. Photographs of microplastics in different colors and types.
(A) Black (B) Blue (C) Red (D) Transparent (E) Yellow (F) Green
3.3 Microplastic Abundance

Table 2. Abundance of microplastic contaminants in the water column, sediments, and fish
samples such as Gills, GI'T, and Tissues.

Sampling Sites Average Number of Microplastic Total Abundance of
Particles particles Microplastic
particles
Fragments Pellets Fiber
Site 1
Water Column (301) 15 9 37 61 2.03 particles/L
Sediments (100g) 4.33 0 4.67 9.00 0.09 particles/g
Gills (5.86g) 2.33 1.00 22.33 25.67 4.38 particles/g
GIT (11.65g) 0.33 0 4.00 4.338 0.37 particles/g
Tissues (50g) 0 0 9.33 9.33 0.19 particles/g
Site 2
Water Column (30L) 64.00 1.00 44.00 109.00 3.63 particles/L
Sediments (100g) 7.67 0 4.38 12.00 0.12 particles/g
Gills (18.69g) 4.00 0 18.67 22.67 1.21 particles/g
GIT (37.61g) 4.33 0 17.67 22.00 0.59 particles/g
Tissues (50g) 0.33 0 20.33 20.67 0.41 particles/g
Site 8
‘Water Column (30L) 20 11 28 59 1.97 particles/L
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Sampling Sites Average Number of Microplastic Total Abundance of
Particles particles Microplastic
particles
Fragments Pellets Fiber
Sediments (100g) 3.33 0 3.00 6.33 0.06 particles/g
Gills (14.14g) 0.67 0 6.00 6.67 0.47particles/g
GIT (26.21g) 1.00 1.00 10.67 12.67 0.48 particles/g
Tissues (50g) 0.33 0 19.33 19.67 0.39 particles/g
Site 4

Water Column (30L) 3 1 12 16 0.53 particles/L
Sediments (100g) 3.67 0 8.67 10 0.1 1particles/g
Gills (18.69g) 0 2.67 8.33 0.68 0.11 particles/g
GIT (37.61g) 4.33 0 17.67 22.00 0.59 particles/g
Tissues (50g) 0.33 0 20.33 20.67 0.41 particles/g

The data revealed microplastic contamination across four sites revealing various types and
compositions. Site 2 exhibits the highest total particle count, with 109 particles and an average
abundance value of 3.63/L, predominantly in fragments and fibers in the water samples. Site
2 also has the highest microplastic contaminants in 100g of sediment samples, with 36 con-
taminants identified with an abundance value of 0.12 particle/g, mainly fibers, and fragments.
Sites 1 and 2 also show higher microplastic counts in gill samples with primarily fragments
and fibers, 68-77 particles or 1.21-4.28 particle/g of samples. Moreover, Site 2 shows a count
of microplastic ingestion in the Milkfish gastrointestinal tract (GI'T), mainly fibers about 66 or
0.59 particle/g of samples. In addition, Site 2 also has higher microplastic contaminants in
tissue samples, with 62 microplastics or 0.41 particle/g of tissue samples.

3.4 Variation of Microplastics Contaminants

Heatmap of Test Values with Significance
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Figure 6. Heatmap of One-Way ANOVA F-test values across different sites and parame-
ters, showing the significance of results. Test values are annotated with significance levels:
Highly Significant (* *), Significant (*), and Not Significant (ns). The color gradient repre-
sents the magnitude of F-test values, with red indicating higher values and blue indicating
lower values. Parameters tested include water column, sediments, and fish samples across
four sites (Site 1 to Site 4).

The study revealed a notable variation in microplastic contamination across different sam-
pling sites in both the water column and sediment samples. In the water column, highly sig-
nificant differences were found between all sites indicating that the level of microplastic con-
tamination varied widely from one location to another. Significant differences were specifi-
cally observed in sediment samples at Sites 1 and 4 where there are higher contamination
levels recorded. However, Sites 2 and 3 showed no significant differences suggesting that there
are more uniform microplastic particle concentrations in these areas. In the fish samples, Sites
2 and 4 exhibited highly significant differences in microplastic contamination, meaning that
the fish in these areas ingested microplastics at noticeably different rates compared to other
sites. Site 3 showed a substantial difference in microplastic contamination, which, although
significant, was not as pronounced as the differences seen in Sites 2 and 4. On the other hand,
Site 1 demonstrated no significant difference in the microplastic levels found in fish, indicating
relatively low or consistent contamination in this site.

4. Discussion

4.1 Microplastic in the Water Column

Microplastic contamination in the water column varies significantly across the four sites. Site
2, with the highest concentration of microplastics, predominantly composed of fragments and
fibers indicates a high level of contamination. The presence of fibers suggests that the sources
such as aquaculture nets or improper waste disposal of synthetic textiles contribute to micro-
plastic pollution. This implies that Site 2 (Roxas City) posses characteristics that encourages
the dispersement of microplastic in water columns. Additionally, population density in the
mentioned site 1s higher than the other sites which could be the reason of increased micro-
plastic contamination. Seasonal variations and human activities, such as the use of plastic
packaging, influence the microplastic levels in water bodies, as seen in other studies conducted
in the Philippines like in Laguna Lake and the river mouths of Manila Bay show that micro-
plastic abundance changes due to seasonal variations and human activities such as aquaculture
and plastic packaging (Osorio et al., 2021; Manalo et al., 2023). Site 4, although exhibiting the
lowest contamination levels, still shows the persistent presence of microplastics emphasizing
their widespread and enduring nature, even in less polluted environments.

The persistent presence of microplastics in bodies of water, such as the Pasig River high-
lights the continuous pollution from various sources, including nearby communities and trib-
utaries (Arcadio et al., 2022). Deocaris et al. (2019) identified the Pasig River as a major path-
way for microplastics worsening environmental issues linked to urban plastic waste. Similarly,
Espiritu et al. (2019) noted that urban runoff and industrial discharges are significant contrib-
utors to microplastic pollution, emphasizing the need for effective management strategies in
these areas. Their findings underline the serious problem of microplastic accumulation and
efforts to reduce this pollution must focus on both its sources and raising public awareness.
Microplastics' persistent presence in water bodies indicates an urgent need for action to pro-
tect aquatic environments and public health.

4.2 Microplastic in Sediments
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Microplastics in sediment samples represent a significant environmental concern as they tend
to accumulate and persist in these habitats due to their density and degradation-resistant prop-
erties. The assessment of four sampling sites reveals that Site 2 has the highest count of mi-
croplastic contaminants mainly fibers and fragments. This could be linked to increased hu-
man activity and urbanization as the site 1s close to both residential and commercial areas
where improper waste disposal and runoft of plastic particle are possible. The result aligns
with previous research findings, such as the study by Castro et al. (2021) which identified
fragments as the predominant microplastic type in marine sediments, attributed to the break-
down of plastic products like food containers and fishing gear. Similarly, Navarro et al. (2022)
reported higher microplastic concentrations in sediment samples collected near human set-
tlements, particularly in Nasipit, where fibers from textile sources are mostly found. In con-
trast, Site 3 in the study exhibited the lowest microplastic contamination, suggesting a cleaner
sediment environment. This result could be indicative of effective waste management prac-
tices or reduced exposure to plastic sources in the area. Comparable findings were reported
in studies by Bonifacio et al. (2022) and Moreira et al. (2016), where microplastic concentra-
tions were lower in less urbanized or environmentally protected regions.

The absence of pellet particles across all sampling sites in the study further suggests that
certain types of plastics, such as pellets may not be as prevalent in this region, likely due to
the specific nature of local plastic use and disposal practices. This finding contrasts with other
studies, such as those conducted in Baseco Port (Castro et al., 2021), where pellets were de-
tected likely due to industrial activities involving plastic pellets. The abundance of fibers and
fragments 1n the sediments particularly in Site 2, reflects the findings of multiple studies. For
instance, the study by Sanabila et al. (2022) reported the prevalence of fibers, fragments and
filaments in sediments from Sidoaro ponds. The study supports that Fibers type microplastic
could also source from textiles fibers and fishing nets (Amelinda et al., 2021), Another source
of fiber plastic in the environment could be from fishery activities. The abrasion of abandoned
lost, or discarded fishing gear has contributed to marine plastic debris in the marine environ-
ment (Andrady, 2011) one of the reasons that fiber can accumulate in the environment be-
cause this type of microplastic can last longer on the surface of the water because of its relative
density (Lie et al., 2018).

4.3 Microplastic in Milkfish

Milkfish from the sampling sites also show varying levels of microplastic contamination which
raises concerns for both environmental and public health. The gills of fish from Sites 1 and 2
contained higher microplastic counts, primarily fibers and fragments, which could be at-
tributed to the role of gills in filtering water and thus accumulating microplastics present in
the water column. This indicates that the fish in these areas are consistently exposed to con-
taminated water leading to microplastic accumulation in their systems.

In terms of the gastrointestinal tract (GI'T), Site 2 shows the highest abundance of microplastic
particles per gram of fish, with fragments and fibers again being the dominant types. This
suggests a notable presence of microplastics in the GITs samples from this site, possibly due
to the ingestion of contaminated prey or exposure to polluted environments. In some studies,
mgestion of microplastic among fishes could be attributed to their accidental identification of
MPs as their prey (Boerger et al., 2010) since these MPs have similar color, shape, and texture
to that of food (Lusher et al., 2013).

The presence of microplastics in fish tissue samples, particularly in Site 2 is concerning
because it indicates that microplastics have penetrated beyond the digestive system, potentially
affecting fish health. The discovery of microplastic fibers in Milkfish tissues also raises the
possibility of human exposure through the consumption of contaminated fish. Even in Site 4
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where overall contamination levels in the water column were lower, microplastics were still
found 1in fish tissues underlining the pervasive nature of microplastics when introduced into
the environment. This finding indicates that the exposure to microplastics is relatively low at
this site possibly due to factors like distance from pollution sources or effective local measures
to reduce contamination. Microplastics (MPs) intake from fish and shellfish is a major con-
cern in the Philippines. Abinon et al. (2020) found MPs in commercially sold fish such as
Auxis rochel, Rastrelliger kanagurta, and Chanos chanos in Cebu Island's major public mar-
kets. Furthermore, the presence of MPs in seafood increases human exposure risks because
marine species consume MPs, potentially transferring them to humans through seafood eating
(Danopoulos et al., 2020). The microplastic intake of an organism is related to its feeding
habits (Wang et al., 2020). The abundance of microplastic fiber found in all samples suggests
that the source of microplastics comes from aquaculture activities such as using of fishing nets
and mmproper disposal of household waste in the area.
The occurrence of microplastics in different environmental compartments has been recorded
worldwide, however, few studies are available on the microplastic present in brackish water
ponds in the Philippines. This 1s the first study on microplastics in brackish water ponds in
the province of Capiz which serves as an important area for seafood and aquaculture activities.
This entails the need for further investigation in monitoring and mitigating microplastic pol-
lution to protect aquatic ecosystems and marine species, such as oysters, mussels, and other
key important fishes in the region.

5. Conclusions

This study assessed the existence of microplastics in the water column, sediments, and milk-
fish ingestion from Pontevedra, Roxas, Ivisan, and Sapian ponds. Site 2 (Roxas City) mani-
fested the highest level of contamination across all the parameters, mainly due to its location
within the urban areas, more aquaculture activities, and higher population density. In contrast,
Site 4 (Sapian) has comparatively low contamination, which results from the area's directly
opposite status compared to Site 2. Moreover, microplastics in Milkfish, particularly in their
gills and gastrointestinal tracts, highlight potential risks to human health through its consump-
tion. These results demand immediate actions to address microplastic contamination's envi-
ronmental and possible public health implications. To mitigate these problems, the local gov-
ernment should implement strict plastic waste regulations, especially in coastal areas where
waste could quickly end up in bodies of water. Public awareness can be enhanced to support
programs and policies, as well as regular monitoring and further research on microplastics for
more evidence-based interventions
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