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ABSTRACT 28 

The Philippines contributes significantly to marine plastic pollution, yet little is known about microplastics (MPs) 29 

in its many estuaries. This study was the first to examine how many MPs are present, where they are located, and 30 

what types are present in Brgy. Baybay Sur, Miagao, Iloilo. Surface water samples were collected from three 31 

sampling sites: sample site 1 (SP1), sample site 2 (SP2), and sample site 3 (SP3) along the estuary, then separated, 32 

and MPs were isolated. Visualization of MPs was performed using a microscope and Nile Red Dye, which makes 33 

the MPs glow under UV light. The number of MPs ranged from 11 ± 6.02 to 20 ± 13.8 particles per liter. Water 34 

movement allows MP deposition near the mouth of the estuary. The morphology of MPs was dominated by fibers 35 

(72–85%), suggesting sources such as wastewater and fishing gear. Fragments (15–28%) were also found in the 36 

area. The Nile red test showed that the majority of the plastics present were polyester (blue) and polyethylene 37 

(yellow). Results showed that the method works well for most plastics (recovering 90.9–100%), but the dye did 38 

not work equally for all kinds. These results show that this estuary acts as a collection point for MPs from both 39 

land and sea activities. This study sets a starting point for future research and shows that Nile Red can be used to 40 

monitor MPs, but it also highlights the need for further testing to accurately identify plastic types in tropical 41 

estuaries. 42 
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INTRODUCTION 45 

Plastic pollution has become a major worldwide environmental problem that exists today. The environment 46 

continues to face major effects of plastic pollution, which will persist for many years to come. The threat exists as a 47 

worldwide permanent danger that threatens all marine ecosystems throughout the entire planet (Barnes et al. 2009; 48 

Borrelle et al. 2020). The Philippines is recognized as the third-largest contributor to ocean plastic waste. The marine 49 

ecosystem faces annual contamination from 0.75 million metric tons of plastic waste because of insufficient waste 50 

management practices (Meijer et al. 2021). The archipelago serves as the main location for an ongoing severe 51 

environmental crisis. Plastic waste exists in large amounts, which threatens both marine species and the health of coastal 52 

populations and ecosystem operations. The manufacturing and usage of plastics have led to an unsustainable buildup of 53 

waste. Most of the plastic waste receives insufficient treatment before it enters water bodies through various routes, 54 

which include stormwater drainage, wastewater discharge, and ocean fishing operations (Jambeck et al. 2015; Lebreton 55 

et al. 2017). The plastic waste contains plastic items that transform into microplastics through decomposition until they 56 

reach sizes of less than 5 mm. The environment breaks down plastic materials through three main processes, which 57 

include UV radiation exposure, wave-induced mechanical damage, and biological decomposition (Andrady 2011; Cole 58 

et al. 2011). Microplastics have dangerous substances such as persistent organic pollutants and heavy metals that bind 59 

to their surfaces because of their small dimensions and extensive surface area (Rochman et al. 2013; Caruso 2019). 60 

Marine organisms such as zooplankton and fish consume these particles, which lead to physical damage, stress, and 61 

toxic substance accumulation through the food chain that threatens human health through the consumption of seafood 62 

(Wright et al. 2013; Barboza et al. 2018).  63 

Microplastic pollution creates significant threats to estuaries because these areas are highly susceptible to its 64 

impacts. Estuaries serve as a vital boundary between freshwater and saltwater from the sea. The circulation of water in 65 

estuaries is vital for transporting nutrients, oxygen, and sediments in the area. Tidal currents push saltwater inward, and 66 

river currents push freshwater outward, which creates mixing and differences in salinity. This circulation entraps 67 

particles, resulting in the accumulation of buoyant MPs (Browne et al. 2010; Rodrigues et al. 2018). Studies show that 68 

estuaries are essential for the accumulation of MPs in water bodies, which in turn contributes to the increase in the 69 

concentration of MPs in the ocean (Nel et al. 2018). Research conducted in several estuaries around the world shows 70 

that MP contamination is high. This seems to be connected to both the population density of nearby human settlements 71 

and agricultural activities (Yonkos et al. 2014; Gray et al. 2018). Despite the global urgency, there is a notable lack of 72 

data on MP pollution in Philippine estuaries. The current lack of knowledge prevents the creation of suitable local 73 

solutions and policies needed to solve this problem (Bucol et al. 2020).  74 
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Miagao, in the province of Iloilo, is a coastal town with fishing as one of the sources of livelihood. This 75 

contributes to the accumulation of MPs in the area due to the use of fishing nets that contain nylon (polyamide), 76 

polyethylene (PE), and polypropylene (PP). The communities maintain their survival through their practice of 77 

subsistence activities and their small fishing operations, which supply them with food and economic resources.  The 78 

estuary in Barangay Baybay Sur serves as a vital resource for the community because it supports fish habitats and fish 79 

reproduction areas. The area faces threats from residential pollution and fishing activities, and local trade operations. 80 

The rising number of MPs leads to environmental damage to marine habitats, which threatens both marine wildlife and 81 

local economic sustainability (Smith et al. 2018).  82 

Research about MPs in bodies of water in the Philippines continues to grow, but most studies concentrate on 83 

specific areas such as Manila Bay (Silva et al. 2024) and Laguna de Bay (Arcadio et al. 2023) or specific organisms like 84 

oysters (Carballeira Braña et al. 2021) and fish (Bucol et al. 2020; Cabansag et al. 2021a). Most Panay Island research 85 

focuses on river systems, including the Iloilo River (Hansen et al. 2023), and coastal sediments in Anilao, Iloilo (Ray 86 

et al. 2022). There is a critical lack of data on the baseline status of MPs in the estuarine waters of Miagao, even though 87 

the area is economically and ecologically significant and exposed to potential pollution.  88 

To fill this gap, the current study assessed the prevalence of MPs in the estuarine waters of Brgy. Baybay Sur, 89 

Miagao, Iloilo, for the first time. The research had three main objectives, which included determining the quantity and 90 

distribution pattern of MPs from freshwater to marine environments, identifying the dominant forms of MPs to trace 91 

pollution origins, and assessing Nile Red fluorescence staining with density separation for affordable MPs monitoring 92 

in resource-constrained areas. The fluorescence microscopy detection of MPs becomes more efficient through Nile Red 93 

staining, but this method faces challenges because it does not equally stain all types of plastic materials (Maes et al. 94 

2017a; Prata et al. 2020). The main goal of this research was to create a foundational dataset on MPs pollution in this 95 

under-researched estuary. The gathered information will enable local authorities to create management strategies and 96 

will serve as evidence for future scientific investigations about MPs behavior in tropical estuaries. 97 

METHODS   98 

Sampling Region 99 

Surface water samples were collected from the estuary in Brgy. Baybay Sur, Miagao, Iloilo (10°38'N, 100 

122°14'E) on 25 February 2025. This estuary connects freshwater sources to the Sulu Sea. It features fishing operations, 101 

housing communities, and nearby small businesses. Three sampling locations were set up along a 120-m transect: SP1 102 

(riverine zone, furthest from the sea), SP2 (mid-estuary), and SP3 (marine zone, closest to the sea) (Figure 1). 103 

 104 

 105 
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 113 

Figure 1. Geographical location of the estuary in Brgy. Baybay Sur, Miagao, Iloilo, Philippines, along with the sampling 114 
points in the area. 115 

Chemical Solutions and Solvents 116 

Nile Red dye (analytical grade) was sourced from Sigma-Aldrich (N3013) and dissolved in acetone to create 117 

a 1 mg mL-1 stock solution. Zinc chloride (ZnCl2, technical grade) was utilized to prepare a density separation solution 118 

(1.5 g cm-3). Ferrous sulphate heptahydrate (FeSO4·7H2O) and hydrogen peroxide (30% H2O2) were utilized for 119 

oxidative digestion via Fenton's method. All solvents and reagents used were of laboratory quality or higher. 120 

Sample Collection   121 

Surface water samples were obtained through the grab sampling technique described in the “Toolkit for 122 

Quantifying Microplastics in the Marine Environment: Sampling Methods” created by the Microbial Oceanography 123 

Laboratory at the University of the Philippines Diliman. One-liter glass bottles that were pre-rinsed were utilized, and 124 

air contamination controls were positioned near the sampling locations. After the collection of water samples, aluminum 125 

foil and aluminum caps were used to cover the water containers. Water samples were collected approximately 20 cm 126 

below the water surface. The global positioning system was used to record the coordinates of the sampling area. To 127 

tackle the variability in MPs levels, estuarine water samples were gathered in triplicate. From this total, 1 L from each 128 

location was reserved for Fourier transform infrared (FTIR) spectroscopy analysis to verify the existence of MPs. All 129 

samples were delivered to the laboratory in conditions that reduced contamination for the following detection and 130 

characterization of MPs.  131 

Sample Processing: Density Separation and Digestion   132 

One liter (1 L) of the sample was collected and filtered. Procedural blanks were created by filtering 1 L of tap 133 

water using glass filtration. Spiked samples were prepared by cutting plastic pieces (>5 mm) and blending them with 134 

filtered water collected from the sampling locations. Every sample, along with blanks and spiked controls, was passed 135 
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through clean membrane filters with a pore size of 0.45 μm. To remove organic matter, oxidative digestion using 136 

Fenton’s reagent (30% H2O2 and 0.05 M Fe (II) solution, analytical reagent grade from the UPV Chemistry Laboratory) 137 

was conducted at approximately 60°C until boiling commenced. The processed samples underwent two density 138 

separation rounds using zinc chloride solution (technical grade, density 1.5 g/cm3, Dalkem Corporation) for at least 4 139 

hours, enabling MPs to float and eliminating denser inorganic materials. The MPs that were recovered underwent 140 

vacuum filtration. The membranes were subsequently meticulously dried in an oven and readied for microscopy, stained 141 

with Nile Red, and visually counted to verify the presence and amount of MPs in the samples. 142 

Nile Red Staining and MPs Characterization   143 

The filter papers, which had been vacuum-dried with the gathered samples, were stored in Petri dishes before 144 

analysis. The detection and quantification of MPs employed fluorescent tagging with Nile Red (analytical grade, 98% 145 

purity), applied at a working concentration of 10 μg/mL to enhance visibility, reduce background interference, and 146 

ensure effective staining (Maes et al. 2017a). A stock solution was created by dissolving the dye in acetone to reach a 147 

final volume of 100 mL. A working solution was then prepared by diluting the stock in methanol to obtain the target 148 

concentration of 10 μg/mL (Rumin et al. 2015; Erni-Cassola et al. 2017). The filter papers containing MPs were 149 

examined using a stereomicroscope and categorized based on their fluorescence response under UV light at 365 nm. 150 

Observations were conducted in a dimly lit setting to ensure clear visibility. Images of each filter paper were taken to 151 

aid in measuring the MPs, using an iPad (9th generation) equipped with an 8-megapixel camera. 152 

Recovery Rate Testing and Sample Size Considerations  153 

Recovery methods were assessed via spike recovery experiments involving seven typical plastic polymer 154 

types. Plastic materials were mechanically mixed and screened to achieve microplastic-sized particles (<5 mm) before 155 

spiking. Every type of polymer was individually added to pre-cleaned samples at specified particle counts, and recovery 156 

trials were performed in triplicate to evaluate method precision. After processing the samples, the retrieved particles 157 

were visually recognized and tallied, and recovery rates were determined by evaluating the number of particles 158 

recovered against the number initially introduced. This process enabled the evaluation of method effectiveness among 159 

various polymer types. Field sampling took place at three geographically separate sites, with one composite sample 160 

gathered from each location (n = 3), mirroring logistical limitations and the study's exploratory nature. Though this 161 

sampling approach aligns with initial microplastic assessments focused on detecting spatial trends, it restricts statistical 162 

strength. Thus, the limited sample size is recognized as a constraint, and subsequent research should include larger 163 

sample sizes. 164 

 165 

 166 
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Data Analysis 167 

Data on MPs concentration were summarized through descriptive statistics, with means and standard 168 

deviations computed from three separate samples (n = 3) gathered at each sampling location. Before conducting 169 

statistical comparisons, data were evaluated for normality to identify the suitable inferential test. Variations between 170 

sampling locations were assessed using one-way analysis of variance (ANOVA) for normally distributed data or the 171 

non-parametric Kruskal–Wallis test when normality assumptions were violated. Statistical significance was established 172 

at P < 0.05. The observed negative spatial gradient was founded on a steady decline in average microplastic levels 173 

across sampling sites and was reinforced by the outcomes of the statistical analyses. All statistical analyses were 174 

conducted using conventional statistical software. Despite the sample size being small (n = 3 per site), this design aligns 175 

with exploratory or initial MPs research, reflecting logistical limitations; nonetheless, the restricted replication is 176 

recognized as a drawback, and future research should utilize larger sample sizes to enhance statistical power and 177 

reliability. 178 

Quality Control   179 

Quality control protocols were performed after every phase of sample collection and analysis. To minimize 180 

contamination by plastic, cotton apparel, cotton lab coats, and gloves were used. A sample blank was also used to 181 

minimize errors in each analysis. All equipment for holding samples was rinsed with distilled water prior to use, as per 182 

the protocol of Egessa et al. (2020). Air contamination was minimized by placing dried samples in a Petri dish and 183 

wrapping it with aluminum foil. Procedural blanks and air contamination measures were incorporated at every phase to 184 

evaluate baseline contamination from both field and laboratory sources, encompassing air, sampling instruments, and 185 

containers. These controls remained exposed to the air throughout the sampling and analysis processes to guarantee 186 

accurate tracking of possible contamination. 187 

RESULTS   188 

Microplastic Quality and Distribution   189 

About 11 ± 6.02 to 20 ± 13.8 particles per liter (par/L) of MPs were detected in the surface waters of the 190 

Miagao estuary. Procedural blanks were used to correct the data collected from the samples. Among the sampling sites, 191 

SP3, which was nearest the sea, had the highest concentration of MPs. On the other hand, SP2, which was in the middle 192 

of the estuary, had the lowest concentration of MPs (Table 1). A significant inverse correlation was found between MPs 193 

abundance and distance from the sea (R2 = 0.89). Fibers were the most common type of MPs across all sites, making up 194 

55.6%-70% of the total, followed by fragments (Figure 2).  195 

 196 

 197 
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Table 1. Microplastic abundance and morphological distribution at each sampling point. 198 

Sampling 

Point 

Location Fiber Count 

(par/L) 

Fragment Count 

(par/L) 

Total MP 

(par/L) 

Standard 

Deviation 

SP1 Riverine 

Zone 

8 4 12 2.0 

SP2 Mid-Estuary 6 5 11 6.02 

SP3 Marine Zone 14 6 20 13.8 

 199 

 200 

Figure 2. Relative proportion of fibers and fragments of microplastics detected at each sampling point. 201 

Types of microplastics detected from surface water samples. A stereomicroscope examination of unstained 202 

samples revealed the existence of MPs exhibiting diverse physical properties. These included clear, red, black, and 203 

white fibers, as well as red, white, and yellow fragments (Figure 3). 204 



Galit et al.: Distribution and characterization of microplastics  

 

 
The Palawan Scientist. 18(2):in press 

©2026 Western Philippines University 

 

 205 

Figure 3. Representative micrographs of unstained microplastics under stereomicroscopy: (A) clear fiber, (B) red fiber, (C) 206 

red fragment, (D) white fragment, (E) black fiber, and (F) yellow fragment. Scale bar: 500 µm. 207 

After Nile Red staining, particles showed fluorescence under 365-nm UV light. Most fluorescent particles 208 

appeared as fiber-like structures with pinkish to orange fluorescence (Figure 4A-C). Smaller, fragment-like particles 209 

displayed yellow to yellow-green fluorescence (Figure 4D and 4E). Under confocal microscopy (excitation at 531 nm, 210 

emission at 593 nm), stained fibers showed a bright orange fluorescence, providing high-resolution details of their shape 211 

(Figure 5).   212 

 213 

 214 

 215 

  216 

 217 

Figure 4. Fluorescence of Nile Red-stained microplastics under UV light (365 nm): (A-C) Fibers showing pinkish to intense 218 

blue fluorescence; (D-E) fragments showing yellow and yellow-green fluorescence. 219 

D F 
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 220 

Figure 5. Confocal microscopy images of Nile Red-stained microplastic fibers at (A-C) 10x and (D-F) 40x magnification. 221 

Left panels show bright-field images; right panels show fluorescence (neon-orange). 222 

Assessing Nile red fluorescence staining with density separation for MPs monitoring. The effectiveness 223 

of the density separation and digestion method was validated through spike recovery tests. Recovery rates for a mix of 224 

seven common plastics, including polyethylene terephthalate (PET), polypropylene (PP), low-density polyethylene 225 

(LDPE), high-density polyethylene (HDPE), polyvinyl chloride (PVC), polystyrene (PS), and nylon fibers, ranged 226 

from 90.9% to 100%. This was within accepted quality control limits (85-115%) (Table 2). The incomplete recovery 227 

in one replicate (SP2) was due to two LDPE particles not being recovered. When spiked samples were stained with 228 

Nile Red and viewed under UV light, fluorescence varied by polymer type. Under the staining conditions used (10 229 

µg/mL Nile Red), PET fragments and synthetic fibers showed clear fluorescence (blue and pink/violet, respectively) 230 

(Figure 6). Other plastic types, including PP, LDPE, HDPE, PVC, and PS, did not fluoresce. 231 

 232 

Table 2. Percentage recovery of spiked plastic particles from water samples. 233 

Spiked Sample Initial Total Amount Total MP Recovered % Recovery 

1 22 22 100% 

2 22 20 90.91% 

3 22 22 100% 

 234 
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 235 

Figure 6. Fluorescence of stained spiked samples under UV light (365 nm) (A-C). The blue, fluorescent film is a PET fragment, 236 

and the pink-violet film is a nylon fiber. 237 

DISCUSSION   238 

Microplastic Quality and Distribution in Miagao Estuary   239 

This study presents the initial quantitative proof that the Miagao estuary serves as a significant sink for MPs 240 

pollution, with concentrations varying from 11 to 33.8 particles L-1. The notable negative correlation between MPs 241 

abundance and distance from the ocean (R2 = 0.89) indicates a distinct accumulation pattern. The greatest concentration 242 

was found at the site influenced by the marine environment (SP3). This pattern is characteristic of estuarine 243 

environments, where unique hydrodynamics, such as tidal pumping and density differences, capture suspended particles, 244 

which results in the accumulation of MPs (Browne et al. 2010; Nel et al. 2018; Rodrigues et al. 2018). The elevated 245 

levels at SP3 were probably a result of hydrodynamic trapping and surrounding human activities. Construction activities 246 

near SP3 during the sampling period may have contributed to plastic waste. The distribution of MPs in the surface 247 

waters of the Miagao estuary was at a lower concentration in comparison to other bodies of water in the Philippines. In 248 

the study of Gabriel et al. (2023), they reported ~300 items/m3 (up to ~600 items/m3 near the mouth) in the river estuary 249 

in Cagayan de Oro. Osorio et al. (2021) also reported high concentrations of MPs (1,580 – 57,665 particles/m3) at the 250 

Manila Bay river mouths in Pasig, Meycauayan, Parañaque, Tullahan, and Cañas.  251 

Types of MPs detected from surface water samples. A major finding in this research was the substantial 252 

occurrence of fibrous MPs, constituting 72%-85% of all gathered particles. This corresponds with increasing studies 253 

that recognize fibers as the predominant form of MPs in water habitats globally, including the Philippines (Browne et 254 

al. 2010; Suaria et al. 2020). The presence of fibers in the area indicates pollution sources from the equipment of local 255 

fishing and industry. The frequent use of fishing nets, which degrade over time, eventually leads to the distribution of 256 

fibers in the estuary. Local waste products and the washing of clothes with microfibers also contribute to the increase 257 

in MPs distribution in the Miagao estuary (Naji et al. 2018). Moreover, the sampling location's proximity to residential 258 

A B C 
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zones in Brgy. Baybay Sur indicates that laundry wastewater and inadequate waste management substantially contribute, 259 

since synthetic fabrics are a primary source of microfibers (Sudheshna et al. 2022; Santonicola et al. 2023). 260 

A proxy based on morphology for size distribution indicated that fibers constituted approximately 65.1% of 261 

the microplastic community, while fragments represented 34.9%. At all collection sites, fibers were consistently more 262 

prevalent, ranging from 54.5% to 70.0%. This indicates that smaller, thread-like particles predominate and possess a 263 

significant potential for transport within the estuarine ecosystem. In contrast, fragments, which tend to be larger and 264 

more irregularly shaped, were less frequently observed. Although this provides indirect insight into the characteristics 265 

of particle sizes, a formal analysis of size distribution could not be conducted due to the absence of quantitative 266 

measurements of particle sizes, which poses a limitation to the study. 267 

Several studies in Philippine waters also support this trend of fiber prevalence. For instance, Cabansag et al. 268 

(2021b) discovered that semi-synthetic microfibers, primarily rayon, predominate in subtidal sediments and the 269 

rabbitfish Siganus fuscescens (Houttuyn, 1782) in Negros Oriental (WoRMS Editorial Board 2026). Carballeira Braña 270 

et al. (2021) also found that most MPs in commercial oysters Crassostrea iredalei (Faustino, 1932) (Froese and Pauly 271 

2025) obtained from markets in Capiz were fibers. This may be caused by the use of ropes and fishing nets that 272 

disintegrate into microfibers as they age.  Ray et al. (2022) noted fibers and fragments as the primary elements in the 273 

coastal sediments of Anilao, Iloilo. The regular identification of fibers in these studies underscores a local pollution 274 

pattern associated with wastewater and maritime operations. The reduced quantity of fragments in our samples might 275 

result from larger macroplastic materials in the estuary, which require more time to break down into MPs. 276 

Nile Red Staining Efficiency and Limitations in Microplastic Detection   277 

The Nile Red staining was beneficial in the visualization and detection of MPs from the samples. The detected 278 

fluorescence patterns, particularly blue fluorescence for fiber-like particles and yellow/yellow-green fluorescence for 279 

fragments, enable certain deductions regarding polymer types. The blue fluorescence is characteristic of polymers such 280 

as polyester (PET), which is frequently utilized in textiles and fishing equipment (Santonicola et al. 2024). The 281 

fluorescence ranging from yellow to yellow-green is frequently associated with polyethylene (PE), with UV light-282 

induced degradation potentially leading to yellowing via the creation of nano-sized supramolecular structures (Elmer-283 

Dixon et al. 2022). 284 

Results from the spiked sample experiment, however, revealed a notable limitation of the Nile Red method: 285 

its staining efficiency varied based on polymer type. Under our staining conditions (10 µg/mL Nile Red), only PET and 286 

nylon fibers exhibited distinct fluorescence, whereas other prevalent plastics such as PP, HDPE, LDPE, PVC, and PS 287 

did not exhibit any fluorescence. Sargadillos et al. (2025) observed fluorescence solely in PET and PS at this level, 288 

while Maslov and Dulin (2020) identified unique fluorescence in PET, PP, and HDPE, but not in other materials. This 289 
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variation is related to the solvatochromic properties of Nile Red. The fluorescence emission is affected by the polarity 290 

of the polymer environment (Maes et al. 2017b). Polycarbonate, PVC, polyurethane, and PET showed reduced or no 291 

fluorescence due to their lower hydrophobicity. The lower hydrophobicity of these materials reduces the fluorophore’s 292 

mobility. The decrease in movement results in fewer interactions with solvent molecules and potential quenchers, such 293 

as oxygen, which ultimately facilitates non-radiative decay (Erni-Cassola et al. 2017; Tirkey and Upadhyay 2021). 294 

Elements such as dye-to-surfactant ratios, duration of staining, and temperature can also affect the effectiveness of 295 

staining (Park et al. 2022). Fluorescence quenching may diminish the observed intensity, which could explain why 296 

fragments appeared less fluorescent than fibers in this study. 297 

Nile Red staining serves as an efficient and cost-effective method for rapid evaluation and quantification, 298 

particularly useful in resource-limited environments, although it does not provide a definitive approach for polymer 299 

identification. The insights made here about polymer classifications based on the color of fluorescence remain 300 

speculative. The lower recovery rate for nylon (73.3%) indicates a limitation of the staining methods for certain 301 

polymers. These findings underline the importance of using spectroscopic techniques, such as FTIR spectroscopy, for 302 

accurate identification of polymers and to avoid misclassification or the underestimation of non-fluorescent polymers 303 

(Song et al. 2015). The considerable error margins linked to visual identification alone (20-70%, particularly for 304 

particles smaller than 1 mm) underscore the need for additional analytical techniques (Löder and Gerdts 2015). 305 

This study provides the initial evaluation of MP contamination in the estuarine waters of Brgy. Baybay Sur, 306 

Miagao, Iloilo. It shows major contamination levels, with as much as 33.8 particles L-1. The prevalence of fibrous MPs 307 

underscores an immediate necessity to tackle sources from municipal wastewater and the breakdown of fishing 308 

equipment in coastal management plans. While the Nile Red staining technique was successful for rapid quantification 309 

and morphological evaluation, its shortcomings in polymer identification highlight the need for spectroscopic methods 310 

for precise risk assessment. This research offers a core dataset for upcoming studies and policy initiatives focused on 311 

decreasing plastic pollution in tropical estuarine settings. For future studies, it is recommended to increase the sampling 312 

area for a better correlational analysis. The larger sampling area will improve representativeness, reduce sampling error, 313 

and increase the statistical accuracy of the results. Seasonal sampling is also recommended to determine the effects of 314 

weather on the microplastics distribution. Analysis of the samples using FTIR or Raman spectroscopy is also 315 

recommended to further characterize the microplastic samples. A thorough size distribution analysis should also be 316 

added to support the data for further studies. 317 
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