
 
ABSTRACT
Microplastic pollution has become a major environmental concern due to its persistence, ubiquity, and complex impacts. Defined 
as plastic particles smaller than 5 mm, microplastics originate from primary sources such as microbeads and synthetic fibres, and 
secondary fragmentation of larger plastics. Their widespread presence in water, soil, and air raises serious risks for ecosystems, food 
safety, and human health. Traditional Environmental Management Systems (EMS), including ISO 14001, were not designed to address 
pollutants of such microscopic scale and diverse composition. This review synthesises current knowledge on microplastic sources, 
pathways, and impacts, while exploring how EMS can evolve to integrate microplastic specific strategies. Embedding microplastic 
management into EMS aligns with sustainability agendas such as circular economy practices and extended producer responsibility. 
Achieving this requires technological innovation, improved recycling, biodegradable alternatives, and governance mechanisms 
that harmonise standards. Interdisciplinary collaboration is essential to strengthening EMS frameworks and mitigating microplastic 
pollution effectively.

KEY WORDS: MICROPLASTICS, ENVIRONMENTAL MANAGEMENT 
SYSTEMS, POLLUTION MITIGATION, SUSTAINABILITY, HUMAN HEALTH.

 
INTRODUCTION

	 Plastic pollution has emerged as one of the 
most pressing environmental challenges of the 21st 
century, with microplastics, i.e., plastic particles smaller 
than 5 mm, representing a particularly insidious form of 
contamination [1]. Unlike larger plastic debris, microplastics 
are pervasive, persistent, and capable of infiltrating 
nearly every environmental compartment, including 
marine and freshwater systems, soils, and the atmosphere 
[2,3]. Their ubiquity is driven by both primary sources 
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(manufactured microbeads, industrial abrasives, synthetic 
fibres) and secondary sources (fragmentation of larger 
plastic items through weathering, mechanical abrasion, 
and photodegradation). As a result, microplastics are now 
recognised as an emerging pollutant with global relevance, 
raising concerns for ecological integrity, food safety, and 
human health [4].

The environmental management of microplastics presents 
unique challenges. Traditional Environmental Management 
Systems (EMS), such as those guided by ISO 14001 
standards, were designed to address broader categories of 
pollution and resource use. However, the microscopic scale, 
diverse polymer composition, and complex environmental 
behaviour of microplastics complicate monitoring, risk 
assessment, and mitigation within existing EMS frameworks, 
[5,6]. Unlike conventional pollutants, microplastics are not 
easily captured by standard treatment technologies, nor are 
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they consistently regulated across jurisdictions. This gap 
underscores the need to integrate microplastic-specific 
strategies into EMS, aligning scientific advances with policy 
and industry practices [7].

Microplastics also pose multifaceted risks. Ecologically, 
they can disrupt food webs, reduce biodiversity, and alter 
ecosystem functions. Chemically, they act as vectors for 
additives and persistent organic pollutants, potentially 
amplifying toxicity. Biologically, laboratory studies suggest 
that microplastics may induce oxidative stress, inflammation, 
and endocrine disruption in organisms, though human 
health implications remain under investigation [8,9]. These 
uncertainties demand precautionary approaches, particularly 
in regions such as Asia, where rapid industrialisation, high 
population density, and inadequate waste management 
systems exacerbate plastic leakage into the environment 
[10,11].

Figure 1: schematic overview of microplastic pathways, 
biomagnification and management strategies.

At the same time, microplastic pollution intersects with 
broader sustainability agendas, including the circular 
economy, extended producer responsibility, and corporate 
environmental accountability. Embedding microplastic 
management into EMS offers a pathway to operationalise 
these agendas, enabling organisations to systematically 
identify, monitor, and reduce microplastic emissions 
[12,13]. This integration requires not only technological 
innovation such as advanced filtration, biodegradable 
materials, and improved recycling but also governance 
mechanisms that harmonise standards, foster transparency, 
and encourage stakeholder participation (fig.1).

This review therefore aims to synthesise current knowledge 
on microplastic pollution and critically examine how 
Environmental Management Systems can evolve to address 
this emerging challenge. By exploring sources, pathways, 
impacts, and management responses, it highlights both the 
scientific complexities and the institutional opportunities 
for embedding microplastic risk into EMS frameworks. 
Ultimately, the paper seeks to chart future directions for 

research, policy, and practice, emphasising the importance 
of interdisciplinary collaboration in mitigating microplastic 
pollution and safeguarding environmental and human 
health.

Sources and Pathways of Microplastics: Microplastics are 
divided into two types: primary and secondary microplastics. 
Primary microplastic is synthetic microbeads developed for 
domestic and industrial purposes. Microbeads are used 
as raw materials in the plastic industry for cosmetics, 
detergents, and other hygiene and personal care products 
[14]. About 93% of the microplastics used as microbeads 
in personal-care products and cosmetics were composed 
of microplastics. These tiny microbeads can be transported 
to wastewater treatment plants, released into rivers from 
water treatment plants, and enter into the oxidation ponds 
and sewage sludge or eventually into the sea on a global 
scale [15,16]. These microplastic particles can also pass-
through filtration systems into the water bodies and affect 
aquatic habitats [17]. 

Secondary microplastics are plastic particles which get 
fragmented by photo-degradation, mechanical abrasions, 
and physical and biochemical reactions. It includes fishing 
nets, industrial resin pellets, domestic items, and other 
discarded plastic debris [18]. Other sources of secondary 
microplastic include effluent treatment plants, landfills, 
irrigation, industrial wastewater and domestic usage [19].
 Microplastics in the environment appear in different shapes 
and sizes in the form of spheres, beads, pellets, foam, fibres, 
fragments, films, and flakes. 

The morphology and texture of microplastic particles 
depend on the type of polymer used to make its original 
form as the manufacturers aim to develop plastics with 
certain features (e.g., flexibility, roughness, resistance, 
and durability) [20]. For example, polyurethane (PU) 
is a polymer used to make flexible foams. Polyethene 
terephthalate (PET) in textile fibres and drink bottles, and 
Polystyrene (PS) in packaging and building insulation. 
However, these polymers are composed of diverse 
monomers, which might be detrimental to the environment 
[21].   The shape of secondary microplastic particles is also 
influenced by the fragmentation process and the retention 
time in the environment [22].
 
The colour of microplastic particles helps identify the 
sources of plastic fragments and potential pollutants 
during sample preparation [23]. Colour can also enable the 
separation of distributed microplastic among large quantities 
from other debris. In previous studies, microplastics have 
been evident in different colours including red, orange, 
yellow, brown, tan, off-white, white, grey, blue, green, and 
so on [24].

The animals always tend to ingest MPs similar in colour 
to their prey. The colour can also affect the intake of 
microplastics by aquatic organisms. In a study, Schuyler et 
al. reported that sea turtles often die due to the accidental 
intake of transparent and white plastic fragments [25,26]. 
These diverse types of microplastics in the environment, 
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which differ in shape, colour, and size, have different 
likelihoods of ingestion by aquatic biota has become the 
growing problem of plastic pollution [27].

Environmental Distribution and Impacts

Microplastics in aquatic ecosystems: Aquatic ecosystems 
are major sinks for global plastic pollution, with 
microplastics now pervasive in marine and freshwater 
systems. Their persistence and interactions with biota 
make them key targets for environmental management. 
Understanding their sources, distribution, and impacts 
is vital for effective monitoring and mitigation [28,29]. 
Over the past two decades, research has documented 
microplastics as widespread and ecologically significant. 
Rivers and coastal runoff are primary sources, fragmenting 
into microplastics that accumulate in ocean gyres and 
sediments [30,31]. Fishing gear, aquaculture, and shipping 
further contribute to marine microplastic loads. Biofouling 
and vertical transport facilitate sinking, contaminating 
benthic habitats and sediments [32]. Marine studies show 
plankton ingest microplastics, reducing feeding efficiency 
and disrupting energy transfer [33,34]. Microplastics also 
affect microbial communities, potentially altering nutrient 
cycling and ecosystem resilience [35,36,37]

Freshwater systems have received less attention, but recent 
research highlights rivers as key pathways transporting 
microplastics from land to sea. Major sources include urban 
wastewater, stormwater runoff, and industrial discharges, 
with inadequate treatment in many Asian cities worsening 
contamination [38,39]

Freshwater studies report microplastic ingestion by 
zooplankton, invertebrates, and fish, impacting growth 
and survival. Microplastics can carry heavy metals and 
pollutants, increase chemical risks, and alter sediment 
quality, potentially disrupting ecological processes [40,41].
Marine systems show greater diversity of microplastics due 
to multiple sources and currents, while freshwater systems 
reflect localized urban and industrial inputs. Various Asian 
studies report high microplastic concentrations in rivers 
and coasts, linked to poor waste management and industry 
[42,43]. Aquaculture faces increasing risks, and monsoons 
accelerate plastic transport, compounding management 
challenges [44,45] The significant gaps remain, including 
inconsistent methods and limited understanding of long-
term ecological impacts. Translating laboratory findings to 
natural populations is challenging [46]. The literature calls 
for standardized monitoring, interdisciplinary research, and 
integration of microplastic indicators into environmental 
management Systems.

Microplastics in Terrestrial  Environments and their 
Contamination: Microplastic contamination in terrestrial 
environments has received increasing scholarly attention, 
as soils and land-based systems are now recognized as 
significant reservoirs and pathways for plastic pollution. 
Although initial research focused on marine ecosystems, 
subsequent studies have shown that terrestrial environments 
may contain higher concentrations of microplastics, 

primarily due to direct inputs from agriculture, waste 
management, and urban activities [47,48].

Several studies have documented the presence of 
microplastics in agricultural soils, especially in regions 
where plastic mulch films are widely used. These films, 
used to conserve moisture and control weeds, degrade over 
time and fragment into microplastic particles that are found 
in soil matrices [49,50]. The application of sewage sludge 
as fertiliser constitutes another major source, introducing 
microplastics originating from wastewater effluents and 
household products. Evidence indicates that microplastics 
in soils can alter soil structure, reduce porosity, and impact 
microbial communities, with potential consequences for 
nutrient cycling and crop productivity [51,52] Experimental 
studies further suggest that microplastics may indirectly 
influence plant growth by modifying soil physicochemical 
properties, although findings remain inconsistent across 
species and soil types [53].

Landfills and open dumping sites are critical sources 
of terrestrial microplastic contamination. Inadequately 
managed landfills permit plastics to fragment under 
mechanical stress and ultraviolet exposure, releasing 
microplastics into adjacent soils and leachates. These 
particles may migrate into groundwater or be transported 
by surface runoff into rivers and lakes. Research in Asia 
demonstrates that informal waste disposal practices, 
such as open burning and unregulated dumping, intensify 
microplastic leakage into terrestrial systems [54,55]. 
The absence of engineered control structures in many 
developing regions further elevates the risk of widespread 
contamination.

Urban dust, tire wear particles, and synthetic textile 
fibres contribute substantially to terrestrial microplastic 
loads. Road runoff and atmospheric deposition introduce 
microplastics into soils, primarily in densely populated 
and industrialized areas. Industrial zones, including 
plastic manufacturing and recycling facilities, have been 
identified as hotspots for soil contamination, with elevated 
concentrations of microplastics detected in surrounding 
areas [56,57]. These observations emphasize the role of 
urbanization and industrial activity in molding terrestrial 
microplastic profiles.

Microplastics in soils interact with biota at various levels. 
Earthworms and other soil invertebrates ingest microplastics, 
which can disrupt growth, reproduction, and survival [58]. 
Reported alterations in soil microbial communities raise 
concerns regarding long-term impacts on soil fertility and 
ecosystem services. Additionally, microplastics can adsorb 
heavy metals and organic pollutants, serving as vectors 
for chemical co-contaminants [59]. This dual role as both 
physical and chemical stressors complicates risk assessment 
and management strategies.

The combination of intensive agriculture, widespread use 
of plastic mulching, and inadequate waste management 
infrastructure renders terrestrial microplastic contamination 
particularly acute in Asian countries. Studies conducted in 
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China, India, and Southeast Asia have documented high 
concentrations of microplastics in agricultural soils, often 
linked to sludge application and the use of plastic film 
[60,61,62]. Informal recycling and landfill practices have 
contributed to extensive contamination. Seasonal monsoons 
and flooding events further facilitate the transport of 
microplastics from terrestrial to aquatic systems, reinforcing 
the connection between environmental compartments.

Although evidence is increasing, research on terrestrial 
microplastics remains less developed than studies focused 
on aquatic environments. Variations in sampling and 
extraction methodologies hinder comparability across 
studies. Long-term ecological impacts on soil health 
and crop yields are poorly understood, and few studies 
have examined human exposure pathways via terrestrial 
contamination (e.g., crops grown in contaminated soils). 
The literature emphasizes the need for standardized 
protocols, interdisciplinary approaches, and integration 
of terrestrial monitoring into environmental management 
systems.

Human Health Implications: Microplastics have been 
detected across multiple trophic levels, raising concerns 
about their transfer through food chains and eventual human 
exposure. The literature consistently highlights ingestion of 
microplastics by aquatic organisms, accumulation in edible 
tissues, and the potential for biomagnification, though the 
extent of human health risks remains under investigation 
[63,64]. Early studies demonstrated that plankton readily 
ingest microplastics, mistaking them for food particles. 
This ingestion reduces feeding efficiency and alters energy 
assimilation, weakening the base of aquatic food webs 
[14]. Subsequent research confirmed that fish and shellfish 
accumulate microplastics in gastrointestinal tracts, with 
evidence of trophic transfer to higher predators [65].

Microplastics have been detected in commercially important 
seafood species, including fish, bivalves, and crustaceans, 
raising concerns about dietary exposure [66]. Studies report 
microplastics in table salt, bottled water, and even staple 
foods, suggesting that ingestion is not limited to seafood 
consumption [67]. Human stool samples analysed in pilot 
studies have confirmed the presence of microplastics, 
providing direct evidence of exposure [68]. While the 
toxicological implications remain uncertain, ingestion of 
microplastics and associated chemicals (e.g., additives, 
persistent organic pollutants) is considered a plausible risk 
factor for gastrointestinal and systemic health effects.

In addition to ingestion, inhalation of airborne microplastics 
represents another exposure route. Indoor environments, 
particularly those with synthetic textiles, show elevated 
concentrations of airborne fibres [69]. Occupational studies 
in textile and plastic industries report respiratory symptoms 
linked to microplastic exposure, though general population 
data remain limited. Dermal exposure through personal care 
products containing microbeads has been suggested, but 
current evidence indicates this pathway is less significant 
compared to ingestion and inhalation. Microplastics may 
interact with skin microbiota or penetrate through wounds, 
though these pathways remain poorly studied [70]
.

Experimental studies demonstrate that small microplastics 
and nano plastics can cross biological barriers under certain 
conditions, potentially reaching systemic circulation. 
In vitro research shows cytotoxicity, genotoxicity, and 
endocrine-disrupting effects, raising concerns about long-
term systemic impacts [71]. The role of microplastics 
as vectors for chemical additives and sorbed pollutants 
further complicates risk assessment, as these compounds 
may contribute to endocrine, metabolic, or carcinogenic 
outcomes independent of the particle itself.

The dependence on seafood and aquaculture in Asian 
countries increases dietary exposure risks. Research 
conducted in China, India, and Southeast Asia has identified 
microplastics in fish and shellfish available in local markets, 
frequently associated with polluted rivers and coastal waters 
[72,73]. Additionally, the extensive consumption of bottled 
water and salt derived from contaminated sources further 
elevates exposure. Informal recycling practices and the open 
burning of plastics intensify atmospheric contamination, 
thereby raising inhalation risks among urban populations. 
However, only a few studies have actually quantified human 
intake levels or assess long-term health outcomes which 
emphasises the need for standardised exposure assessment, 
longitudinal epidemiological studies, and integration of 
human biomonitoring into environmental management 
systems.

Environmental Management Systems (EMS) Framework
Environmental Management Systems (EMS) provide 
structured approaches for organizations to monitor, 
evaluate, and mitigate environmental impacts. Traditionally 
guided by frameworks such as ISO 14001, EMS have 
been applied to issues including air pollution, wastewater 
management, and resource efficiency [5]. However, the 
emergence of microplastics as a pervasive pollutant has 
prompted scholars and policymakers to consider how EMS 
can adapt to address this new challenge.

Recent literature suggests that EMS can incorporate 
microplastic indicators into water quality assessments, 
waste audits, and product life-cycle analyses. For example, 
wastewater treatment plants could integrate microplastic 
monitoring into EMS reporting, enabling organizations 
to track emissions and evaluate treatment efficiency [74]. 
Similarly, industries dependent on synthetic textiles or 
plastics could adopt EMS-based monitoring of fiber release 
during production and use [75].  

EMS frameworks align closely with circular economy 
principles, which aim to minimize waste and maximize 
resource efficiency. Scholars argue that integrating 
microplastic management into EMS can support extended 
producer responsibility (EPR), encouraging industries to 
design products that shed fewer fibres or use biodegradable 
alternatives [76]. This integration also facilitates compliance 
with emerging regulations targeting single-use plastics and 
microplastic emissions. It also have been reported that EMS 
can serve as a bridge between scientific evidence and policy 
implementation, translating microplastic research into 
actionable management practices [77]. Regional studies 
in Asia highlight the need for harmonized standards and 
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intergovernmental cooperation, given the transboundary 
nature of plastic pollution. Incorporating microplastic 
indicators into EMS audits could strengthen accountability 
and foster regional collaboration [78,79].

Microplastic pollution has emerged as a global governance 
challenge, requiring coordinated policy responses across 
local, national, and international levels. The literature 
highlights the complexity of regulating microplastics 
due to their diverse sources, microscopic size, and 
transboundary movement, while also emphasizing the 
role of environmental management systems (EMS) in 
operationalizing policy frameworks [80,81].

Global institutions have increasingly recognized 
microplastics as a priority pollutant. The United Nations 
Environment Programme (UNEP) has called for urgent 
action to address marine litter and microplastics, framing 
them as threats to ecosystems, food security, and human 
health [77]. The Basel Convention has expanded its scope 
to include plastic waste, promoting transboundary control 
and environmentally sound management [82]. Regional 
initiatives, particularly in the European Union (EU), have 
advanced regulatory frameworks targeting microplastics. 
The EU has restricted the use of microbeads in cosmetics 
and proposed measures to reduce microplastic emissions 
from textiles, tires, and paints [83]

In Asia, national responses vary: China has banned 
microbeads in personal care products, while India and 
Southeast Asian countries are strengthening plastic waste 
management policies. However, enforcement challenges and 
infrastructural limitations hinder effective implementation 
in many developing economies [84].

These evidences emphasizing several governance challenges, 
such as lack of harmonized definitions and monitoring 
protocols complicates regulation and compliance; Rivers 
and ocean currents transport microplastics across borders, 
requiring regional cooperation; Extended producer 
responsibility (EPR) frameworks are unevenly applied, 
limiting incentives for product redesign; Limited risk 
communication hampers consumer engagement and 
behavioural change.

Preventive Strategies & Innovations: The growing 
recognition of microplastics as an emerging pollutant 
has prompted research into technological innovations 
and management strategies aimed at reducing emissions, 
enhancing removal, and preventing environmental leakage. 
Studies consistently identify inadequate waste management 
as a major driver of microplastic pollution. Mechanical and 
chemical recycling technologies have advanced, though 
challenges remain in maintaining polymer quality and 
preventing secondary microplastic generation [85,86]. 
Biodegradation approaches, including microbial and 
enzymatic breakdown of plastics, are being explored as 
sustainable alternatives, though scalability and efficiency 
are still limited [87].

Asia faces unique challenges due to rapid industrialisation, 
high plastic consumption, and limited waste infrastructure. 

Industrial sectors such as textiles, packaging, and fisheries 
are significant contributors to microplastic emissions. 
Previous literature have been suggested that adopting best 
practices—such as reducing microfibre shedding in textiles, 
redesigning packaging to minimise fragmentation, and 
implementing gear recovery programs in fisheries—can 
substantially reduce emissions [88]. The research also 
highlights innovations in biodegradable polymers, green 
chemistry, and product redesign to minimise fragmentation 
and fibre release [89].

Consumer-level interventions, such as washing machine 
filters to capture textile fibres, also contribute to emission 
reduction. EMS frameworks can support preventive 
strategies by embedding microplastic indicators into product 
audits and sustainability reporting. Studies have been 
showed the importance of scaling up waste management 
innovations, improving wastewater treatment capacity, and 
promoting industry accountability in textile and packaging 
sectors [90,91].

Also, wastewater treatment plants (WWTPs) are recognized 
as critical nodes for microplastic removal. Advanced 
technologies, including membrane bioreactors, rapid sand 
filtration, and dissolved air flotation, have demonstrated 
improved removal efficiencies. Integration of microplastic 
monitoring into WWTP EMS frameworks is recommended 
to track performance and guide upgrades [92].

However, Few studies evaluate the long-term effectiveness 
and scalability of technologies in diverse contexts. 
Economic feasibility and social acceptance of interventions 
remain underexplored. The integration of microplastic 
management into EMS frameworks is still nascent, 
requiring interdisciplinary research to operationalize 
monitoring, reporting, and continuous improvement.

Future Perspectives: The significant advances in 
understanding microplastic pollution, the literature 
consistently underscore that research remains fragmented 
and incomplete. Current studies provide strong evidence of 
microplastic ubiquity and plausible ecological and health 
risks, yet translating these findings into comprehensive 
management strategies and policy frameworks is still a 
work in progress [93,94].

One of the most frequently cited limitations is the lack 
of standardised methodologies for sampling, extraction, 
and identification of microplastics. Studies vary widely in 
particle size thresholds, polymer identification techniques, 
and contamination control measures, making cross-
comparison difficult [95]. The absence of harmonized 
protocols hampers meta-analyses and global assessments, 
underscoring the need for international consensus on 
methodological standards.

While biomonitoring studies have detected microplastics in 
human stool, blood, and respiratory samples, quantitative 
exposure data remain scarce. Few studies have established 
dose–response relationships or long-term health outcomes 
in humans [68,71]. Risk assessment frameworks are 
challenged by the dual role of microplastics as physical 
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particles and chemical vectors, complicating toxicological 
evaluations. Future research must integrate particle 
characteristics, co-contaminants, and biological responses 
to develop robust risk models.

Most ecological studies focus on individual organisms 
or laboratory exposures, with limited data on population-
level or ecosystem-scale consequences [96]. Long-term 
monitoring of biodiversity, food webs, and ecosystem 
services is needed to assess cumulative impacts. This also 
highlights the importance interdisciplinary approaches 
that link ecotoxicology, ecology, and socioeconomics to 
evaluate microplastic pollution alters ecosystem functioning 
and service provision. Also, Collaborative networks across 
Asian countries could harmonise methodologies, share data, 
and foster coordinated policy responses to microplastic 
pollution.

CONCLUSION

Microplastics have emerged as ubiquitous and persistent 
contaminants across environmental compartments, 
posing significant ecological and human health risks 
through multiple exposure pathways. While policy 
initiatives and technological interventions are advancing, 
their impact is limited by enforcement gaps, lack of 
standardized methodologies, and insufficient integration into 
Environmental Management Systems (EMS). The literature 
underscores the need for harmonized monitoring, long-
term ecological and health studies, and interdisciplinary 
collaboration. Embedding microplastic indicators within 
EMS, strengthening extended producer responsibility, and 
enhancing regional cooperation, particularly in Asia, where 
rapid industrialisation and inadequate waste infrastructure 
intensify risks.
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