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Abstract— The concept of microplastics as a persistent pollutant in water bodies is coming to
reality and it can be brought to the global focus due to their widespread occurrence and
potential environmental and health risks. These particles are largely defined as the pieces of
plastic less than 5 mm long and of either source in primary manufacturing processes or in the
disposal of larger plastic waste. It is a critical review of the current research on microplastics in
fresh and marine ecosystems, wastewater systems, sources, occurrence, environmental, and
health in specifics. Effects, mode of detection, fate, and treatment. It is dedicated to the issues
that environmental engineers face when monitoring the impact of the microplastic pollution
and minimizing it. Traditional and advanced techniques of analysis, including microscopy,
Fourier Transform Infrared. Fourier Transform Infrared. Raman spectroscopy and thermal
methods and spectroscopy (FTIR) are critically discussed. Besides, the ability of the existing
water and wastewater treatment technologies in the elimination of microplastics is also assessed.
The important research gaps, limitations and research directions are pointed out to help to
develop the effective mitigation measures and informed policy decisions.

Index Terms— Microplastics, Water pollution, Water pollution: Detection methods,
Wastewater Treatment, Environmental Engineering.

1. INTRODUCTION

Plastics are those materials that have become inspirational and relevant in the modern society due to their
resilience and flexibility and cost benefit. Nonetheless, extensive pollution of the environment has been caused
by the mass production and inadequate disposal of plastic wastes. Huge plastic debris is physically, chemically
and biologically decayed in the long run to create microplastics [1] [2]. These are chronic particles that have
been noted in practically all water bodies, and rivers, lakes, coastal waters, and even potable water sources. The
increase in the microplastics has emerged one of the main issues of environmental engineering due to its
complexity nature resistance to degradation and the recent studies have shown that leakage of microplastics
through water occurs through multiple pathways, which include effluents of wastewater treatment plants, urban
runoffs, industrial effluents and atmospheric deposition. Microplastics are offered in wide sizes, shapes,
densities, and polymer cores as compared to traditional pollutants, and this impacts their transportation, fate, and
when they interact with other contaminants.[3] These characteristics render such issues hard to observe and
manage, in the prism of environmental engineering.
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Microplastics can be ingested by aquatic organisms and cause physical damage, as well as, reduced
physiological stress, feeding efficiency and feeding efficiency. Also, microplastics may serve as vectors of toxic
facilitating their transmission through food webs, chemicals and pathogenic microorganisms. Human long-term
exposure by the consumption of drinking water and seafood has cast doubt. Scientific knowledge is still
incomplete though they pose health risks. Given the rapid expansion of the incompleteness of available findings
has contributed to the fact that research in this area is still incomplete, and a full synthesis of the results is still
required expertise in the present is needed.[4] [5] This review is a critical evaluation of the sources, occurrence,
Effects, monitoring, disposal, and elimination of microplastics in water, and aim to determine research gaps and
contribute to the creation of sustainable mitigation approaches.[6]

A. Types and Categories of Microplastics

Microplastics are traditionally categorized on the basis of its origin, size, shape, and polymer type. The most
commonly acknowledged categorization differentiates between primary and secondary microplastics. Primary
microplastics are microscopic sized particles that are intentionally manufactured and utilized in industrial and
consumer products, and secondary microplastics consist of the fragmentation of larger plastic products because
of weathering effects on the environment.[7] Large contributors of microplastics in water. There are wastewater
treatment plants, urban runoff, industrial activities and marine-based deposition in the atmosphere, and in oceans
and seas. Wastewater treatment plants are important since they serve a major purpose point sources because they
are fed with microplastics through domestic sewage, textile fibers, which are discharged during laundering and
industrial effluents. Despite the fact that a substantial part of these gets eliminated in the treatment plants
particles, a substantial part of which continues to find their way to water bodies. Urban runoffs are a source of
microplastics e.g. tire wear particles, packaging material, and road dust, particularly during rainfall. Tourism
causes significant sources of plastic that break down to become microplastics as a result of fishing operations,
shipping operations, and litter in the marine environment. Another developing route has been also mentioned to
be the atmospheric deposition to underscore the fact that microplastic pollution is transboundary. [6] [8]

B. Occurrence and Distribution in Aquatic Environments

Microplastics have been highly recorded in freshwater systems, rivers, lakes, etc reservoirs where they are
streamways between the land sources and the sea. Lakes and rivers play a significant role in the transportation of
microplastics to the reservoirs of the coastal area could be accumulated [9] . Microplastics are present in the
surface waters and water columns, sediment and deepsea waters. Hydrodynamic factors, polymer density and
biofouling influence their distribution. The nano-plastics of wastewater are discharged to treatment plants on a
regular basis, as they are of low removal efficiencies. The treated effluent released on daily basis is quite high
and this has made them spread widely.[10]

C. Environmental and Human Health Impacts

Microplastics have an ecological effect, such as ingestion by a broad variety of aquatic species. from plankton to
fish. Consumption may lead to physical obstruction, diminished energy consumption as well as retarded growth
and reproduction [13][14]. Moreover, microplastics have an adsorption capacity of dangerous chemicals
microorganisms, and making them more dangerous to the ecology [15]. Exposure of microplastics to humans
happens mostly by means of drinking water and eating food. Although the overall effect of health is still unclear
possibly, there may be inflammation, oxidative stress, and the delivery of toxic substances. These ambiguities
underline the necessity of all-inclusive risk assessment research, [12][13].
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Figure 1. Ranges of surface plastic concentrations by ocean. [17]
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D. Detection and Characterization Techniques

Microplastics detection is done through sampling, separation, and identification. Visual preliminary analysis is
normally done by inspection and microscopy, with advanced techniques as FTIR and Raman spectroscopy give a
comprehensive identification of polymer. Thermal analysis methodologies provide further information about the
composition of polymers. Nevertheless, there is a shortage of standardized remaining a major problem of
comparative studies is protocols. [16][17]

E. Fate and Transport of Microplastics

Particle properties such as microplastics fate and transport in aquatic environments depend on particle properties
as size, density and shape, and environmental conditions.[8] The forces of hydrodynamics act transport,
biofouling and aggregation influence settling behavior. Sediments often act as microplastics sinks on long-term,
and they may be remobilized under varying conditions.

F. Removal and Treatment Strategies

Microplastics can to some extent be removed through conventional water and wastewater treatment procedures
by sedimentation, filtration and biological treatment. High-technology treatment methods they are membrane
filtration, advanced oxidation processes, and nature-based solutions to be investigated to make it more efficient
in removal. In spite of these developments, there is still total removal strenuous, especially to smaller particles

(91 [15].

11. CHALLENGES, RESEARCH GAPS, AND FUTURE DIRECTIONS

The absence of standardized detection techniques, a lack of knowledge about the same, are some of the major
challenges long-term health effects, and lack of data of environmental fate. Research in future should be based
on the formulation of harmonized methodologies, advancement of improvement of treatment technologies, and
implementation. Source control to help eliminate microplastic emission.

III. CONCLUSIONS

The issue of microplastic contamination has already turned out to be one of the most significant environmental
concerns due to its wide spread Ness, ubiquity, and its potential threat to aquatic organisms and human
wellness.In an environmental engineering perspective, the review has critically examined the existing body of
information on microplastics within the water systems with particular attention given to their source, abundance,
environmental and health impacts, measurement, transportation and fate, and management in aquatic systems.
The review has pointed out that the primary and secondary sources and wastewater treatment units, urban runoff,
industry, and atmospheric deposition are the major sources of microplastics into the waterways. Fresh water
sources include rivers and lakes that only amass micro plastics, but also transport them to the ocean. The
physical and chemical properties of microplastics such as size, shape, density, and polymer type influence
significantly the behavior in the environment and distribution and persistence.

Studies reveal that micro plastics are quite harmful to the ecology. They are consumed by aquatic organisms in
the various trophic levels leading to physical injuries, physiological stress, change in feeding behavior, and toxic
chemical and microorganism dissemination. Even though the research on human health implications is still in its
infancy, the presence of microplastics in drinking water, food, and human biological samples is an indication that
there is a need to carry out the overall risk assessment.
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Figure 2. Graphical representation of treated water (Glimpse from previous research) [4]
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Regarding monitoring and analytical, the review mentions the success in the detection and characterization
techniques, such as FTIR, Raman spectroscopy, and thermal analysis. Nevertheless, the absence of standardized
protocols can be described as a significant disadvantage. The lack of consistency in sampling, analysis
procedures and units of reporting make it difficult to compare the results among studies and make valid global
assessments. Standardized procedures should also be used to enhance the comparability of data and enhance the
validity of research in the future.

The analysis of the removal and treatment alternatives makes it possible to comprehend that applying traditional
water and wastewater treatment can partially remove microplastics, yet it is hard to remove the majority of them,
particularly the smaller ones. The positive side is the developed nature-based treatment technologies, and
solutions, only that their wide applicability, cost-efficiency and ecological efficiency should be researched. The
importance of source-controlling measures and enhanced waste management practice also need to be mentioned
so as to reduce the release of microplastic at the source.

In general, this review shows that an interdisciplinary approach to the issue of microplastic pollution is required.
This kind of strategy should encompass engineering solutions to the environment, scientific studies, policy
intervention and awareness. The future research should be based on standardized monitoring systems, the
ecological and human health risks in the long term, the development of effective and sustainable treatment
technologies. The enhancement of the control mechanisms and the advancement of the prevention policies will
be the most important component of the process of decreasing the levels of the microplastic contamination and
safeguarding the aquatic environment and the human health in the long-run.
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