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Abstract 

The widespread and urgent problem of plastic pollution has become a major environmental 

concern in the modern era, endangering marine habitats and the species that depend on them. 

Mismanagement of municipal garbage, industrial discharge, and an inadequate recycling 

infrastructure are the main land-based sources of the 8-12 million metric tons of plastic waste 

that ends up in the oceans every year. When plastics enter the ocean, they break down into 

smaller pieces called microplastics and nano plastics. These tiny particles are resistant to 

degradation and end up in every part of the marine food chain. Ingestion, entanglement, habitat 

modification, exposure to harmful chemicals, and absorbed pollution all have negative effects 

on marine animals, from tiny plankton to huge mammals. Disruptions to ecological balance 

and population decreases result from interactions that hinder eating, reproduction, and survival. 

Plastic pollution has far-reaching social and economic effects; it endangers human health and 

food security due to the bioaccumulation of microplastics in seafood and destroys coastal 

economies, fisheries, and aquaculture. The issue is still not fully addressed owing to rising 

plastic production, insufficient enforcement, and disparities in global capacity to handle it. 

Efforts to address it have focused on better waste management, international agreements, 

circular economy models, and public awareness campaigns. the causes, distribution, and effects 

of marine plastic pollution; the domino effect it has on marine life and human health; and the 

critical need for concerted, evidence-based policymaking and global collaboration to preserve 

marine ecosystems for the benefit of generations to come. 
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Introduction 

Marine ecosystems are vital to human life, climate regulation, and biodiversity on a global 

scale, but they are under increasing threat from plastic waste, which has quickly become one 

of the most pressing and pervasive environmental catastrophes of our day. Thanks to their 

cheap cost, durability, and versatility, plastic materials have been widespread since large-scale 

manufacture of them began in the mid-20th century. They have extensive applications across 

industries such as packaging, textiles, medicine, and transportation. The very qualities that 

made plastics useful in technology—their resistance to disintegration, light weight, and lengthy 

persistence—have also made them harmful to the environment. Around 8–12 million metric 

tons of plastic trash makes its way into the world's seas every year. Of this, about 80% comes 

from land-based sources like poorly recycled materials, industrial discharges, stormwater 

runoff, and riverine transport; the rest comes from sea-based sources like fishing gear, 



The Sankalpa: International Journal of Management Decisions 
ISSN: 2454-7425  
Volume 12, Issue 1 (January – June 2026) 
 

1864 
 

aquaculture waste, and marine activities. Microplastics (<5 mm) and nanoplastics permeate all 

parts of the marine ecosystem, from surface waters and sediments to deep-sea trenches and 

polar regions, after being introduced to marine environments, where they accumulate and 

remain for decades to centuries. Microplastics are broken down by UV radiation, wave action, 

and mechanical abrasion. Plastics have spread so far and wide that they have been found in 

unexpected places, such as the digestive systems of deep-sea creatures and Arctic ice cores, 

demonstrating how widespread the problem is. 

Plastic pollution disrupts ecological processes that support marine biodiversity and has far-

reaching, diversified, and severe ecological repercussions. Plankton, invertebrates, fish, 

seabirds, turtles, and marine mammals are only some of the marine animals that are directly 

impacted by ingestion, entanglement, suffocation, and habitat change. Because they look so 

similar to real food, many animals, like jellyfish and zooplankton, swallow plastics. This can 

cause a host of problems, including gastrointestinal obstructions, decreased feeding efficiency, 

internal injuries, and exposure to harmful additives and absorbed contaminants, such as heavy 

metals and persistent organic pollutants (POPs). Marine mammals, turtles, and seabirds are 

vulnerable to physical harm, drowning, and restricted mobility due to entanglements in 

abandoned fishing gear and other plastic waste. At the habitat level, plastics suffocate coral 

reefs, block sunlight that photosynthetic creatures need, and change benthic populations as 

trash builds up on the ocean floor. To make matters worse, plastics can act as vectors for 

harmful microbes and exotic species, making it easier for them to spread across ocean basins 

and further disrupt natural ecosystems. 

Marine plastic pollution has far-reaching social and economic ramifications, damaging 

businesses and people's ability to make a living that rely on clean waterways. Plastic 

consumption has a negative impact on fish populations and seafood contamination with 

microplastics, which poses health hazards to humans due to bioaccumulation and 

biomagnification. This has repercussions for aquaculture and fisheries. The financial burden of 

plastic cleanup and management falls heavily on governments and municipalities, while coastal 

tourism is negatively impacted by litter-strewn beaches and deteriorated natural habitats. 

Plastic pollution is a social as well as an environmental problem, with consequences that reach 

far beyond the environment. It is associated with concerns about human health, food security, 

and sustainable development. 
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Global plastic output is expected to triple by 2060 if current trends continue, further burdening 

marine ecosystems, despite increasing awareness of the problem. Global campaigns by the UN 

Environment Programme, plastics regulations by the EU, and frameworks like the Basel 

Convention amendments that target the trade in plastic trash are all part of the international 

effort to solve this problem. Disparities in governance, infrastructure, and economic capacity 

cause countries to implement innovative approaches unevenly, despite the fact that they offer 

promising pathways to reduce plastic inputs into the environment. These approaches include 

biodegradable plastics, enhanced recycling technologies, extended producer responsibility 

(EPR), and circular economy models. Inadequate incentives for sustainable alternatives, 

consumer reliance on single-use plastics, and a lack of understanding are cultural and 

behavioral factors that further impede progress. 

Types of Plastics in Marine Environments 

To comprehend the ecological effects and longevity of marine plastics, it is necessary to 

categorize them according to their size, composition, and chemical characteristics. The four 

main types of plastics found in the ocean are macroplastics, mesoplastics, microplastics, and 

nanoplastics; more classifications are possible according to the chemicals they contain and the 

contaminants they soak up. Discarded fishing nets, plastic bags, water bottles, and other 

packaging materials, as well as other types of plastic trash (usually defined as particles bigger 

than 25 mm), are among the most obvious types of pollution that end up in the ocean or on 

beaches. Innumerable marine mammals, birds, and turtles get entangled in fishing lines or 

mistake plastic bags for jellyfish, among other huge objects that injure marine life directly 

through ingesting or becoming entangled. Photodegradation, wave action, and mechanical 

abrasion break macroplastics into smaller pieces, which then become mesoplastics (5-25 

millimeters) and microplastics. Although mesoplastics are less obvious than macroplastics, 

they are just as common in both nearshore and offshore areas. Medium-sized marine creatures, 

like fish and invertebratePlastic pollution has emerged as one of the most pressing 

environmental challenges affecting marine ecosystems worldwide. Millions of tons of plastic 

waste enter oceans each year from land-based sources such as improper waste disposal, 

industrial activities, and urban runoff. Due to its non-biodegradable nature, plastic persists in 

the marine environment for decades, fragmenting into smaller particles known as microplastics 

that further exacerbate ecological damage. 

One of the most visible impacts of plastic pollution is physical harm to marine organisms. 

Animals such as sea turtles, seabirds, and fish often ingest plastic debris, mistaking it for food. 

This can lead to internal injuries, blockages, malnutrition, and even death. Additionally, marine 

species frequently become entangled in plastic waste like fishing nets and packaging materials, 

restricting movement and causing injury or drowning. Another critical issue is the 

accumulation of microplastics in the food chain. As larger plastic items break down, they are 

consumed by small marine organisms, which are then eaten by larger predators. This results in 

the bioaccumulation of plastic particles and associated toxic chemicals across trophic levels, 

ultimately reaching humans through seafood consumption. Plastic pollution also affects marine 

habitats, including coral reefs, seagrass beds, and mangroves. Plastics can smother coral reefs, 

block sunlight, and introduce harmful pathogens, reducing reef resilience and biodiversity. 
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Furthermore, plastics can act as carriers for invasive species, facilitating their spread across 

ocean regions and disrupting native ecosystems 

The ubiquitous, persistent, and infiltratable nature of microplastics—particles smaller than 5 

millimeters—has made them a big cause for alarm in marine ecosystems. Secondary 

microplastics are byproducts of the decomposition of bigger plastic items, while primary 

microplastics are produced at smaller sizes for use in consumer goods like industrial abrasives, 

cosmetic microbeads, and resin pellets (nurdles). Plankton, filter feeders, and other lower 

trophic species rapidly consume these particles due to their small size, enabling them to 

penetrate the marine food web from its very base. This makes them extremely sinister. When 

consumed, microplastics can lead to a variety of health problems, including gastrointestinal 

abrasion, false satiety, and obstructions; chemical damage from additive leaching (e.g., 

phthalates, bisphenol A, and flame retardants); and hydrophobic pollutant sorption and 

subsequent release (e.g., PCBs, PAHs, and heavy metals). Their ability to transport harmful 

compounds increases their ecological footprint, which in turn increases the risk of 

bioaccumulation and biomagnification at different trophic levels, which could affect the health 

of us and the seafood we eat. 

Marine scientists are increasingly worried about nanoplastics—the tiniest kind of plastic 

pollution—because of their large surface area relative to their volume, high chemical reactivity 

potential, and capacity to penetrate biological barriers on a cellular and even subcellular level. 

Although there has been less investigation into nanoplastics than into bigger categories, what 

little there is suggests that these tiny man-made substances can enter living things's tissues, 

cause oxidative stress, disrupt cellular activities, and even influence gene expression. 

Nanoplastics may be among the most pervasive and harmful types of plastic pollution, but it is 

difficult to assess their prevalence and ecological consequences due to their invisibility and the 

limitations of current monitoring technologies. 

In maritime environments, plastics can be categorized not only by size, but also by the chemical 

additives and polymer composition that affect their buoyancy, breakdown processes, and 

ecological consequences. Polyethylene (PE), polypropylene (PP), and polystyrene (PS) are 

common polymers that are widely used in packaging and one-time use items; they also 

dominate global production and are commonly found in marine trash. Denser plastics like 

polyvinyl chloride (PVC) and polyethylene terephthalate (PET) sink to the seabed, causing 

pollution hotspots in benthic habitats, while less dense polyethylene and polypropylene float 

and build up at the ocean surface or along coastlines. Plasticizers, stabilizers, flame retardants, 

and colorants are just a few of the additives used in plastic production. When plastic breaks 

down, these substances seep into the environment, adding to chemical pollution and making 

the ecological risk profile of marine plastics even more complex. 

The fact that plastics can facilitate microbial colonization and therefore form what is known as 

the "plastisphere" adds another layer of pollution to this problem. In addition to changing the 

breakdown process, this biofilm-coated plastic introduces additional biological hazards to 

marine ecosystems by making it easier for invasive species and harmful microbes to travel 

across ocean basins. Thus, plastics, whether floating or submerged, act as ecological rafts, 
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facilitating the spread of non-native species and thereby disrupting native biodiversity and, 

ultimately, the balance of ecosystems. 

There are many different kinds of plastics in the ocean, from the larger, more obvious 

macroplastics to the smaller, less noticeable particles that make up this pollution problem. The 

ecological impact, entry point, and persistence of each type of debris is different; bigger debris 

causes more obvious damage right away, while tiny particles pose more subtle, long-term 

threats to marine food webs and ecosystem processes. The ecological impact of plastics is 

magnified by their chemical diversity and their capacity to transport contaminants and 

organisms. In order to create monitoring, mitigation, and policy strategies that effectively 

address marine ecosystems, it is crucial to understand these categories and how they behave 

differently. This is because interventions need to take into consideration not only the obvious 

problem of visible litter but also the invisible, ubiquitous, and harmful legacy of micro- and 

nanoplastics. 

Ecological Impacts on Marine Biodiversity 

Marine biodiversity is severely and diversely impacted by plastic pollution, which affects all 

marine habitats, from coastal zones and surface waters to deep-sea ecosystems, and all trophic 

levels of marine life. Some of the most well-documented instances of damage to marine 

wildlife occur as a result of ingestion and entanglement, the two most obvious and immediate 

effects. For example, seabirds often eat floating pieces that look like fish or squid, sea turtles 

often eat plastic bags that look like jellyfish, and filter-feeding creatures like baleen whales, 

mussels, and zooplankton unknowingly consume microplastics floating in the water column. 

The buildup of indigestible plastics in the digestive tracts can lead to internal obstructions, 

wounds, ulcerations, and an inflated feeling of fullness that hinders development, reproduction, 

and eating. Research conducted in both labs and in the wild has revealed that when creatures 

consume microplastics, they put themselves at risk of exposure to harmful chemicals. These 

chemicals can come from the plastic itself, which contains additives like bisphenol A and flame 

retardants, or from persistent organic pollutants (POPs) like polychlorinated biphenyls (PCBs) 

and heavy metals that have been adsorbed onto plastic surfaces. These chemicals have a 

domino impact on populations and ecosystems because they alter endocrine systems, which in 

turn hinders the ability to reproduce, grow, and fight off infections in fish, invertebrates, and 

larger vertebrates. 

The entanglement of large marine animals, including seabirds, seals, dolphins, and whales, is 

another significant ecological stressor. This is especially true when it comes to macroplastics 

such abandoned fishing gear, packing straps, and ropes. Injuries including lacerations, 

amputations, and infections can occur from becoming entangled, and the inability to move, 

feed, or dive can lead to malnutrition or drowning. Another issue that hinders fisheries 

management is the occurrence known as "ghost fishing," when abandoned nets keep catching 

fish and invertebrates forever. Even smaller animals, like baby fish or crabs, have a harder time 

surviving and reproducing when they get stuck in bottle caps or six-pack rings. Especially in 

ecosystems that are already struggling due to overfishing, habitat degradation, and climate 

change, these losses disrupt food webs and modify the dynamics between predators and prey, 

which affects more than just individuals. 
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Additionally, plastics change natural processes and decrease biodiversity by destroying marine 

ecosystems. For example, coral reefs are especially at risk because plastic trash can suffocate 

corals, prevent light from reaching the reef, and introduce illness-causing microbes like Vibrio 

to the ecosystem. Research has revealed that coral illness is more common on reefs that are 

subject to heavy plastic pollution, which endangers not only coral species but also the many 

other creatures that rely on reefs as a home and food source. The accumulation of plastics in 

sediments poses a threat to seagrass meadows and mangroves in the same way as it does to fish 

nurseries, mollusks, and crustaceans; this, in turn, hinders root development and oxygen 

exchange. Turtle hatching is one example of a natural process disrupted by plastic waste on 

beaches and nesting sites; changes in sand temperature and physical impediments impact the 

hatchlings' chances of survival and dispersal. The buildup of plastic on the ocean floor changes 

the make-up of benthic organisms in a number of ways, including the substrate conditions, the 

biodiversity, and the prevalence of invasive or opportunistic species. 

Ecological interactions and community structures are also disturbed by the introduction of 

plastics into marine systems. Plankton and other small invertebrates eat microplastics, which 

hinder primary and secondary production at the base of the food chain by reducing their feeding 

efficiency and energy transfer. The disruption has a domino effect that threatens the food 

supply for humans by influencing fish populations, seabird populations, and marine animals. 

Furthermore, plastics serve as carriers for infectious diseases and invasive species, since they 

may be used as rafts to move creatures across ocean basins. This allows these animals to 

outcompete native species or transfer diseases to new areas. This "plastisphere" effect is 

especially worrisome because some invasive species are resilient, and ecosystems are already 

under a lot of stress. 

Exposure to plastic has affected the behavior of several animals, decreased their reproductive 

success, and decreased their survival rates, all of which have consequences at the population 

level. One example is the decline in seabird populations around the world. Studies have shown 

that more than 90% of seabird species have consumed some sort of plastic. Similarly, turtles 

and cetaceans are frequently discovered with plastic trash in their bellies, which causes 

mortality events that jeopardize populations that are already in danger. At the community level, 

plastic exposure may cause a drop in specialized species, leading to biodiversity homogeneity 

and diminished ecological resilience, while selected pressures may favor generalist species that 

can tolerate damaged environments or eat a wide variety of foods. 

 

Conclusion 

Marine ecosystems, biodiversity, and human societies rely on the oceans for life, economic 

prosperity, and cultural identity are all negatively affected by plastic pollution, which is one of 

the most widespread and long-lasting environmental issues of the Anthropocene. Microplastics 

and nanoplastics have seeped into sediments, plankton, and even the deepest ocean trenches, 

while the biggest pieces of plastic waste are entangling seabirds, turtles, and whales. Plastics 

have invaded every marine environment and every level of the food chain. They are particularly 

dangerous because they are persistent, resistant to destruction, and can absorb and release 

harmful substances. They cause physical and chemical stresses that weaken the health and 
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resilience of marine creatures. Various taxa are negatively impacted by ingestion and 

entanglement, which hinders their feeding, growth, reproduction, and survival. Coral reefs, 

mangroves, seagrasses, and benthic communities are degraded by habitat alteration, and fragile 

ecosystems are destabilized by the spread of invasive species and pathogens via plastic rafts. 

Some of the effects include dwindling populations, extinction of some species, and 

disturbances to the natural processes that keep biodiversity and productivity high. Critical 

habitats like coral reefs and coastal nurseries are already at risk of irreversible collapse due to 

other human-caused stresses, and plastics make those problems worse. Other human-caused 

stresses include overfishing, climate change, and ocean acidification. There are far-reaching 

consequences for human health, society, and the economy in addition to environmental 

concerns. Declining stocks and polluted catches undermine aquaculture and fishing, 

endangering food security and livelihoods; beaches and seascapes degrade tourism-dependent 

economies; and human health is on the rise due to the bioaccumulation and biomagnification 

of microplastics and related toxins in seafood, which poses an increasing risk with unknown 

but potentially severe long-term consequences. Because ecological and social health are 

interdependent, the yearly cost of plastic cleanup, ecosystem service loss, and harm to sectors 

dependent on healthy oceans is in the billions. A concerted, multi-faceted effort is necessary to 

tackle this challenge. To reduce plastic pollution in the oceans, policymakers must move 

toward stronger international agreements, more standardized rules, and more robust producer 

accountability frameworks. Developing regions continue to have the highest concentrations of 

marine plastics due to poorly managed trash, thus it is crucial that technological advancements 

in biodegradable materials, waste management infrastructure, and recycling systems be scaled 

up and made available to these areas. To transform production and consumption habits at the 

societal level, we must lessen our dependence on single-use plastics, promote the concepts of 

the circular economy, and educate and raise awareness to encourage behavioral change. 

Researchers need to keep digging into the causes, distribution, and effects of plastics—

especially micro- and nanoplastics—so that policymakers and governors can make informed 

decisions based on solid facts. In the end, plastic pollution is a complex problem that affects 

human health, equality, and sustainability, in addition to the environment. Ultimately, the fact 

that plastics are still floating around in our oceans should serve as a wake-up call and a rallying 

cry: the damage that plastic pollution has done to our oceans, our biodiversity, and the health 

of future generations will be impossible to reverse without swift, concerted, and ongoing action 

on all fronts. On the flip side, we can reclaim marine ecosystems and the vital services they 

offer to Earth's inhabitants by embracing innovation, standing together as a global community, 

and reevaluating our relationship with plastic. 
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