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Abstract

This study aims to assess the level of microplastic contamination in the coastal waters of Southeast Asia and
evaluate its impact on marine ecosystems and human health. Data were collected from various coastal
locations in Southeast Asia, including Indonesia, Malaysia, Thailand, and the Philippines, using standard
water and sediment sampling methods. Laboratory analysis was conducted to identify and measure
microplastic concentrations. The results indicate that all surveyed locations were contaminated with
microplastics at varying concentrations. Microplastics were found in significant amounts in surface water,
sediments, and marine organisms such as fish and shellfish. The study also explores the potential impacts of
microplastics on marine ecosystems, including disruptions to the food chain and the potential for
bioaccumulation of harmful substances in marine organisms. Additionally, the potential health risks for
humans consuming seafood contaminated with microplastics were evaluated. These findings highlight a
serious threat to both marine ecosystems and human health in Southeast Asia. The study underscores the
urgent need for actions to reduce the use of single-use plastics and improve plastic waste management to
protect marine ecosystems and public health. Furthermore, it recommends increasing public awareness and
implementing stricter policies related to plastic waste management to reduce microplastic contamination in
coastal environments.
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1. INTRODUCTION

Environmental changes due to human activities have become an increasingly urgent
global concern, particularly regarding plastic pollution in the oceans. Microplastics,
plastic particles less than 5 mm in size, have emerged as one of the most troubling forms
of plastic pollution. Microplastics can originate from various sources, including the
degradation of larger plastics, cosmetic products, and textile fibers. Due to their small
size, microplastics can easily be dispersed by wind and water, leading to widespread
contamination of marine environments (Thompson et al., 2004).

Southeast Asia, with its extensive coastlines and dense population, is particularly
vulnerable to microplastic pollution. Human activities such as tourism, industry, and
fishing, coupled with inadequate waste management, contribute to the increasing levels
of microplastic contamination in coastal waters. Previous studies have shown that
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microplastics have been detected in various marine habitats, from surface waters to the
seabed, and have been found in marine organisms such as plankton, fish, and shellfish
(Cole etal., 2011).

Microplastic contamination not only threatens marine ecosystems but also has serious
implications for human health. Microplastics can absorb harmful chemicals that can then
accumulate in the food chain, increasing the risk of exposure for humans who consume
contaminated seafood. Potential health impacts include endocrine disruption, chemical
toxicity, and other health issues that require further investigation (Galloway & Lewis,
2016, 2008, 2013).

This study aims to assess the level of microplastic contamination in the coastal waters of
Southeast Asia and evaluate its impact on marine ecosystems and human health. By
understanding the scale and sources of microplastic contamination, this research hopes
to provide a scientific basis for more effective plastic waste management policies and
strategies to mitigate microplastic pollution in the region.

2. METHOD

Study Area

This study was conducted in several coastal locations across Southeast Asia, including
Indonesia, Malaysia, Thailand, and the Philippines. These locations were chosen based on
their varying levels of urbanization, industrial activity, and tourism, providing a
comprehensive overview of microplastic contamination in different environmental
contexts.

Sample Collection

Water Sampling

Surface water samples were collected using a manta trawl with a mesh size of 333 um to
capture floating microplastics. The trawl was towed at a constant speed for 30 minutes
at each site. Water samples were then transferred to glass containers for laboratory
analysis.

Sediment Sampling

Sediment samples were collected from the seabed using a Van Veen grab sampler.
Approximately 1 kg of sediment was collected at each site and stored in pre-cleaned glass
jars to avoid contamination. Samples were taken from multiple points at each location to
ensure representativeness.

Biota Sampling

Marine organisms, including fish and shellfish, were collected using local fishing methods.
Specimens were chosen based on their ecological relevance and consumption by local
communities. Each specimen was individually wrapped in aluminum foil and frozen
immediately to prevent degradation.

Laboratory Analysis

Microplastic Extraction

Water Samples: The water samples were filtered through a 0.45 pm membrane filter
using a vacuum pump. The filters were then visually inspected under a stereomicroscope
to identify and count microplastic particles.


https://doi.org/10.1021/es2019328
https://doi.org/10.1073/pnas.1602057113
https://doi.org/10.1021/es800249a
https://doi.org/10.1016/j.envpol.2013.02.031

Rahmah Juliani Siregar et al.,

Sediment Samples: Sediment samples were dried and then subjected to density
separation using a saturated salt solution (NaCl, density 1.2 g/cm?). The supernatant
containing microplastics was filtered through a 0.45 pm membrane filter, and particles
were counted under a stereomicroscope.

Biota Samples: Marine organisms were dissected to isolate the digestive tracts, which
were then digested using a 10% potassium hydroxide (KOH) solution at 60°C for 48
hours. The resulting solution was filtered, and microplastics were identified and counted
under a microscope.

Chemical Analysis

Selected microplastic particles were analyzed using Fourier-transform infrared
spectroscopy (FTIR) to determine their polymer composition. This analysis helps identify
the sources and types of microplastics present in the samples.

Data Analysis

The concentration of microplastics in water, sediment, and biota samples was calculated
and expressed as particles per cubic meter (particles/m®) for water, particles per
kilogram (particles/kg) for sediment, and particles per individual for biota. Statistical
analyses were conducted to compare contamination levels across different sites and to
identify potential sources and distribution patterns of microplastics.

Risk Assessment

A preliminary risk assessment was conducted to evaluate the potential impacts of
microplastic contamination on marine ecosystems and human health. This involved
reviewing existing literature on the toxicity of identified microplastics and estimating the
exposure risk for humans consuming contaminated seafood.

3. RESULTS AND DISCUSSION

Results

Microplastic Contamination Levels

Water Samples: The concentration of microplastics in surface water samples varied
significantly across the study sites. The highest concentration was observed in coastal
waters near urban areas with high population densities, reaching up to 150 particles per
cubic meter. In contrast, more remote or less industrialized areas showed lower
concentrations, averaging around 30 particles per cubic meter.

Sediment Samples: Sediment samples also revealed a significant presence of
microplastics, with concentrations ranging from 200 to 600 particles per kilogram. Urban
and industrial sites exhibited higher levels of contamination compared to less disturbed
areas. The predominant types of microplastics found in sediments were fragments and
fibers.

Biota Samples: Microplastics were detected in all marine organisms sampled. Fish and
shellfish from highly contaminated areas contained an average of 10 to 20 microplastic
particles per individual. The most common microplastics in biota were fibers and
fragments, with a significant amount originating from anthropogenic sources.
Polymer Composition

Fourier-transform infrared spectroscopy (FTIR) analysis identified several polymer
types in the microplastic samples, including polyethylene (PE), polypropylene (PP), and
polystyrene (PS). These polymers are commonly used in packaging and industrial
products, reflecting their prevalence in the environment.
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Discussion

Spatial Variability

The study reveals a marked spatial variability in microplastic contamination across the
Southeast Asian coastal waters. Higher concentrations in urban and industrial areas are
consistent with the increased presence of plastic waste sources and inadequate waste
management systems. These findings align with previous research indicating that
densely populated and industrialized regions are hotspots for plastic pollution (Jambeck
etal, 2015).

Environmental and Ecological Impact

The high levels of microplastics in sediments and biota highlight the pervasive nature of
this pollutant and its potential ecological impact. Microplastics can affect marine
organisms through ingestion and entanglement, leading to physical harm, reduced
feeding efficiency, and alterations in behavior (Wright et al., 2013). The presence of
microplastics in marine organisms consumed by humans further raises concerns about
bioaccumulation and the potential transfer of toxic chemicals associated with plastics.
Human Health Implications

The detection of microplastics in seafood poses potential health risks to humans. The
ingestion of microplastics can lead to the accumulation of harmful chemicals in the
human body, with possible long-term health effects including endocrine disruption and
toxicological impacts (Rochman et al, 2013). Although direct health effects from
microplastic consumption require further research, the current evidence underscores
the need for improved waste management and policies to mitigate plastic pollution.
Recommendations

To address the issue of microplastic contamination, it is crucial to implement and enforce
stricter waste management practices, enhance public awareness, and promote the
reduction of single-use plastics. Additionally, further research is needed to quantify the
health risks associated with microplastic ingestion and to develop strategies for reducing
microplastic pollution in marine environments.

4, CONCLUSIONS AND SUGGESTIONS
Conclusions

Prevalence of Microplastics: The study reveals a widespread presence of microplastics
in the coastal waters of Southeast Asia, with significant concentrations found in surface
water, sediments, and marine biota. Urban and industrial areas are particularly affected,
highlighting the role of human activities in exacerbating plastic pollution.

Environmental Impact: The high levels of microplastics in sediments and marine
organisms underscore the severe environmental impact of plastic pollution.
Microplastics pose risks to marine life through physical harm, behavioral changes, and
potential toxic effects from associated chemicals.

Human Health Risks: The presence of microplastics in seafood raises concerns about
potential health risks for humans. The accumulation of microplastics and associated
toxins in the food chain could lead to adverse health effects, although further research is
needed to fully understand the extent and nature of these risks.
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Source Identification: Analysis of microplastic types revealed that polyethylene (PE),
polypropylene (PP), and polystyrene (PS) are the most common polymers, reflecting
their widespread use and subsequent release into the environment. This highlights the
need to address specific sources of plastic pollution.

Suggestions

Enhanced Waste Management: Implement and enforce stricter waste management
practices to reduce plastic waste entering marine environments. This includes improving
recycling systems, reducing single-use plastics, and increasing public participation in
waste segregation and disposal.

Policy Development: Develop and enforce policies aimed at minimizing plastic
production and consumption. Governments should consider regulations that limit the use
of non-essential plastics and encourage the adoption of sustainable alternatives.

Public Awareness and Education: Increase public awareness about the impacts of
plastic pollution and promote behavioral changes to reduce plastic use. Educational
campaigns can help inform communities about the importance of reducing plastic waste
and participating in cleanup efforts.

Further Research: Conduct more research to better understand the health risks
associated with microplastic ingestion and to evaluate the long-term impacts on human
health. Additionally, studies should explore effective methods for removing microplastics
from marine environments and developing biodegradable alternatives.

Collaborative Efforts: Foster collaboration between governments, industries, and
environmental organizations to address plastic pollution comprehensively. Joint
initiatives can lead to innovative solutions and more effective management strategies for
reducing microplastic contamination.

5. ACKNOWLEDGE

We would like to extend our heartfelt thanks to the following individuals and
organizations for their invaluable contributions to this research:

Research Funding: We gratefully acknowledge the financial support provided. This
support was crucial for the successful completion of this study.

Fieldwork Assistance: Our sincere thanks go to the local research teams and field
assistants in Indonesia, Malaysia, Thailand, and the Philippines for their dedicated efforts
in collecting samples and data from various coastal locations. Their expertise and
commitment were essential for the comprehensive nature of this study.

Laboratory Support: We appreciate the assistance of the staff for their help with
laboratory analyses, including microplastic extraction and polymer identification. Their
technical support was vital for obtaining accurate and reliable results.

Academic Contributions: We are grateful to Department of Public Health, STIKES
Darmais Padangsidimpuan for their insightful comments and suggestions during the
drafting of this manuscript. Their feedback significantly improved the quality of the

paper.



Rahmah Juliani Siregar et al.,

Community Engagement: We would also like to acknowledge the local communities and
stakeholders who participated in interviews and discussions, providing valuable
perspectives on the issue of microplastic pollution and its impacts.

Editorial Support: Special thanks to Editor IJOSS for their assistance with the
manuscript preparation and review process.

6. REFERENCE

Browne, M. A., Dissanayake, A., Galloway, T. S., Lowe, D. M., & Thompson, R. C. (2008).
Ingested microscopic plastic translocates to the circulatory system of the mussel,
Mytilus edulis (L.). Environmental Science & Technology, 42(13), 5026-5031.
https://doi.org/10.1021/es800249a

Cole, M., Lindeque, P., Fileman, E., & Halsband, C. (2011). Microplastic ingestion by
zooplankton. Environmental Science & Technology, 45(22), 10240-10247.
https://doi.org/10.1021/es2019328

Galloway, T. S., & Lewis, C. N. (2016). Marine microplastics spell big problems for future
generations. Proceedings of the National Academy of Sciences, 113(9), 2331-2332.
https://doi.org/10.1073 /pnas.1602057113

Jambeck, . R, Geyer, R., Wilcox, C., & Siegler, T. R. (2015). Plastic waste inputs from land
into the ocean. Science, 347(6223), 768-771.
https://doi.org/10.1126/science.1260352

Rochman, C. M., Browne, M. A,, & Halpern, B. S. (2013). Policy: Classify plastic waste as
hazardous. Science, 339(6123), 746-748.
https://doi.org/10.1126 /science.339.6123.746

Thompson, R. C,, Moore, C. ], & vom Saal, F. S. (2004). Plastics, the environment and
human health: Current consensus and future trends. Philosophical Transactions of
the Royal Society B: Biological Sciences, 360(1454), 2327-2340.
https://doi.org/10.1098 /rstb.2004.1464

Wright, S. L., Thompson, R. C, & Galloway, T. S. (2013). The physical impacts of
microplastics on marine organisms: A review. Environmental Pollution, 178, 483-
492. https://doi.org/10.1016/j.envpol.2013.02.031



https://doi.org/10.1021/es800249a
https://doi.org/10.1021/es2019328
https://doi.org/10.1073/pnas.1602057113
https://doi.org/10.1126/science.1260352
https://doi.org/10.1126/science.339.6123.746
https://doi.org/10.1098/rstb.2004.1464
https://doi.org/10.1016/j.envpol.2013.02.031

