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Abstract: Microplastics-plastic particles smaller than 5 millimeters have
become ubiquitous contaminants across both terrestrial and aquatic
ecosystems. Growing research indicates that these particles are entering the
human food chain through multiple routes, including seafood, bottled water,
table salt, and even fruits and vegetables. This review examines the primary
sources, exposure pathways, and potential health risks associated with
microplastics in food. We explore their bioaccumulation potential,
toxicological effects, and the emerging epidemiological evidence linking
microplastic exposure to endocrine disruption, inflammation, and oxidative
stress. The paper concludes by offering recommendations for policy
development, public education, and future research priorities.
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1. Introduction:

Over the past few decades, plastic pollution has emerged as a global environmental crisis, with its reach
extending far beyond visible litter. Among the most insidious consequences of plastic degradation are
microplastics tiny plastic particles less than 5 millimeters in diameter that are now pervasive in marine,
terrestrial, and atmospheric environments. Once introduced into the ecosystem, these particles do not
simply remain inert; they enter the food chain, moving from plankton to fish, and eventually to human
consumers through seafood, water, salt, and other dietary sources.

The increasing presence of microplastics in human-consumed foods has sparked growing concern about
their bioavailability, persistence, and potential health effects. Studies have detected microplastics in
staple foods, drinking water, and even human feces, suggesting that no level of the food supply is
immune to contamination. These particles can carry toxic additives or adsorb environmental pollutants,
acting as carriers of harmful substances. Once ingested, they may accumulate in the gastrointestinal
tract, translocate to tissues, and elicit inflammatory, endocrine, or immune responses.

This paper explores the journey of microplastics from ocean environments into the human body,
examining key transfer pathways in the food chain, mechanisms of biological uptake, and the
implications for human health. By tracing their path from ocean to organ, we aim to provide a clearer
understanding of this emerging environmental and public health challenge and identify critical gaps in
current research that demand urgent attention.

2. Background Study:

The proliferation of plastic waste has become one of the most pressing environmental challenges of the
21st century. As larger plastic debris fragments under the influence of sunlight, mechanical abrasion,
and biological processes, it gives rise to microplastics—plastic particles less than 5 mm in diameter.
These particles are now pervasive in aquatic and terrestrial ecosystems, having been detected in oceans,
rivers, soil, and even atmospheric fallout.
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In marine environments, microplastics are ingested by a wide array of organisms at different trophic
levels—from plankton and small invertebrates to fish and shellfish. As these contaminated organisms
are consumed by larger predators, microplastics bioaccumulate and biomagnify, ultimately entering the
human food chain. Studies have confirmed the presence of microplastics in seafood, table salt, drinking
water, and even fruits and vegetables, highlighting the extent of human exposure through diet.

Once ingested, microplastics may translocate from the gastrointestinal tract into body tissues, as shown
in both animal studies and limited human samples. The particles themselves, along with the toxic
additives (e.g., bisphenol A, phthalates) and adsorbed environmental pollutants (e.g., heavy metals,
persistent organic pollutants), raise concerns about potential health impacts. These include
inflammation, oxidative stress, endocrine disruption, immune dysfunction, and possible links to
metabolic and carcinogenic outcomes.

Despite growing concern, scientific understanding of the fate, transport, and toxicological profile of
microplastics in the human body remains incomplete. The complexity of exposure routes and the
diversity of microplastic types complicate risk assessments. As research evolves, it becomes
increasingly clear that tracing the journey of microplastics—from ocean to organ—is crucial to
developing effective public health interventions and regulatory frameworks.

3. Literature Review:

The literature on microplastics has grown substantially over the past decade, reflecting global concern

over their widespread presence and potential risks to ecological and human health. This review

synthesizes findings across major domains: environmental presence, trophic transfer, human exposure

routes, biological impacts, and regulatory responses.

1. Environmental Ubiquity and Origins:

Microplastics originate from two main sources: primary microplastics, which are intentionally

manufactured at microscopic sizes (e.g., microbeads in cosmetics, industrial abrasives), and secondary

microplastics, formed through the degradation of larger plastic debris (Andrady, 2011). Studies have

documented microplastics in nearly every aquatic system, from remote Arctic ice to deep-sea sediments

(Coézaretal.,2014; Jambeck et al., 2015). Ocean currents facilitate their global transport, making marine

life across ecosystems vulnerable to contamination.

2. Trophic Transfer and Food Chain Contamination:

One of the earliest signs of biological exposure came from research on filter-feeding organisms like

mussels and zooplankton, which ingest microplastics due to their small size (Cole et al., 2013). From

here, the particles ascend the food web. Setdld et al. (2014) demonstrated that microplastics can be

transferred from zooplankton to fish larvae, and further up to larger predators. Studies on seafood sold

for human consumption, such as mussels, anchovies, and oysters, have confirmed microplastic presence

(Van Cauwenberghe & Janssen, 2014), suggesting direct human dietary exposure.

3. Human Exposure Pathways:

Microplastics have been found in not only seafood but also drinking water, sea salt, beer, fruits, and

vegetables (Kosuth et al., 2018; Zhang et al., 2020). A landmark study by Schwabl et al. (2018) reported

microplastics in human stool samples, confirming ingestion and gut transit. Inhalation of airborne

microplastics, especially in urban environments, is emerging as another significant pathway (Prata,

2018), while dermal absorption remains less studied but potentially relevant in cosmetic use.

4. Biological and Health Impacts:

Animal and in vitro studies have provided early insights into the toxicological mechanisms of

microplastics. Potential effects include:

o QGastrointestinal Damage: Ingested microplastics can lead to physical abrasion, gut microbiota
disruption, and intestinal inflammation (Lu et al., 2016).

e Oxidative Stress and Inflammation: Exposure to microplastics triggers the production of reactive
oxygen species (ROS), leading to oxidative stress in liver and intestinal tissues (Jin et al., 2019).

e FEndocrine Disruption: Many plastics contain or absorb endocrine-disrupting chemicals like
bisphenol A (BPA) and phthalates, which may alter hormonal pathways (Rochman et al., 2013).

e Translocation and Bioaccumulation: Micro- and nanoplastics have shown the ability to cross
epithelial barriers and accumulate in organs such as the liver, spleen, and kidneys in rodents (Deng
et al., 2017).
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Though evidence in humans remains limited, the plausibility of systemic exposure and adverse effects
has been established in preclinical models.

5. Regulatory and Public Health Response:

International bodies such as the World Health Organization (WHO) and European Food Safety Agency
(EFSA) have acknowledged microplastics as an emerging contaminant. However, both have noted the
paucity of data needed to perform comprehensive human health risk assessments (WHO, 2019). The
lack of standardized detection methods, especially for nanoplastics, hinders regulatory progress.

In the meantime, several countries have enacted bans on microbeads and are investing in wastewater
treatment upgrades to reduce microplastic release. Nevertheless, long-term solutions require a lifecycle
approach, targeting plastic production, usage, disposal, and environmental management.

Microplastics have been detected in a broad range of food items, revealing multiple pathways through
which these particles can enter the human diet. The contamination originates from various
environmental and anthropogenic sources, each contributing uniquely to the problem.

a) Marine Life:

Marine organisms such as fish, mollusks (e.g., mussels, clams), and crustaceans (e.g., shrimp, crabs)
often ingest microplastics due to their small size and resemblance to food particles. Filter feeders are
especially vulnerable, as they strain large volumes of water containing suspended microplastics. Once
ingested, these particles can accumulate in digestive tracts, muscle tissue, and even organs, depending
on particle size and organism physiology. Humans consuming whole seafood, like small fish or
shellfish, are at higher risk of ingesting microplastics along with the edible tissues. Studies have shown
the presence of microplastics in up to 100% of certain seafood samples from retail markets, especially
in regions with heavy marine pollution.

b) Packaging and Processing:

Food packaging materials—especially single-use plastics like polyethylene (PE), polypropylene (PP),
and polyethylene terephthalate (PET)—can release microplastics into food during handling,
transportation, and storage. This leaching may occur due to heat, friction, or mechanical stress, such as
when plastic containers are microwaved or reused. Additionally, the plastic-based components in food
processing equipment, conveyor belts, or cutting surfaces can introduce particles during industrial food
production. Microplastic contamination has been reported in bottled water, tea bags sealed with plastic
adhesives, and food-grade salt stored in plastic containers, emphasizing the need for stricter packaging
standards.

¢) Agricultural Practices:

Modern agriculture frequently relies on plastic materials that can degrade into microplastics and
contaminate crops. Plastic mulch films, used to suppress weeds and retain soil moisture, gradually
fragment under environmental conditions. Similarly, sewage sludge and composts used as fertilizers
may contain microplastic residues from household and industrial waste streams. These contaminants
can enter the soil and potentially be absorbed by plant roots or adhere to plant surfaces. Recent studies
have detected microplastics in vegetables like lettuce and carrots, suggesting their ability to translocate
through plant tissues or persist on external surfaces during harvesting and distribution.

d) Commonly Contaminated Foods

Empirical research has revealed microplastic contamination in a wide array of food and beverage
products. Examples include:

Sea Salt: Derived from evaporated seawater, sea salt has been consistently found to contain microplastic
fibers and fragments.

Beer: Especially those brewed with water sources near urban or coastal areas.

Honey: Microplastics may enter honey through environmental dust, beekeeping equipment, or air
deposition during production.

e) Bottled Water
Among the most studied products, bottled water often contains hundreds to thousands of microplastic
particles per liter, primarily from the bottle caps and plastic containers themselves.
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These findings illustrate the pervasive nature of microplastic pollution and raise concerns about the
cumulative exposure levels that humans face through daily consumption of food and beverages.

i. Real-world risks of plastic & microplastic
The Hidden Threat: Microplastics in Food and Human Health

Elaboration of Real-World Risk:

Microplastics, defined as plastic particles smaller than Smm, have infiltrated virtually every corner of

the ecosystem—from the deepest ocean trenches to the human body. These particles often go

undetected, earning them the name "hidden threat." The danger lies not only in their size and ubiquity

but in their ability to act as Trojan horses for toxic chemicals.

Recent studies have detected microplastics in human lung tissue, placental tissue, and even

bloodstreams, suggesting that these particles can breach biological barriers once thought impermeable.

Once inside the body, they may accumulate in tissues and organs, potentially triggering chronic

inflammation, oxidative stress, and immune responses.

Moreover, microplastics are often laced with or adsorb harmful additives and pollutants such as:

e Bisphenol A (BPA) — linked to hormonal imbalances and cancer,

o Phthalates — known endocrine disruptors,

e Polychlorinated biphenyls (PCBs) and heavy metals — associated with liver damage, neurotoxicity,
and developmental defects.

The insidious nature of this contamination is particularly concerning because microplastics do not

degrade easily and may persist in the human body for long periods. Over time, such exposure could

increase the risk of chronic diseases, including cancer, infertility, metabolic disorders, and

cardiovascular complications. Their effect is especially concerning for vulnerable groups such as

infants, pregnant women, and immunocompromised individuals.

The Plastic Plate: Microplastics in Food and Their Health Risks

Elaboration of Real-World Risk: Our dinner plates are increasingly contaminated with microplastics,
making food a primary route of exposure. These particles have been found in:

v" Seafood (especially filter-feeders like mussels and oysters),

v' Table salt (with studies showing up to 600 particles/kg in some brands),

v" Bottled water (often containing more microplastics than tap water),

v" Processed foods and sugar (due to contamination during production or packaging).

Once consumed, microplastics can interact with digestive enzymes and the gut microbiota, potentially
disrupting gut barrier function and nutrient absorption. The gastrointestinal tract, being the body’s first
line of contact, may become inflamed and vulnerable to secondary health issues, including:

v' Leaky gut syndrome,

v' Altered microbiome balance (dysbiosis),

v" Increased susceptibility to toxins and pathogens.

In addition to physical damage, microplastics can leach hazardous chemicals or act as carriers for
environmental pollutants, effectively delivering a cocktail of toxins directly into human cells.

The socioeconomic impact is also severe. Countries that rely heavily on seafood exports, such as India,
Vietnam, and Indonesia, face growing international scrutiny, while public fear may reduce local
consumption, affecting livelihoods. On the consumer level, food safety is at risk, and there is no current
global standard for regulating microplastic content in food. Fig. 1 has been shown the Microplastics in
Food Risks over the Years

T hver Hiialade
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Fig. 1. Microplastics in Food Risks over the Years
4. Proposed Works:

A. Sea Salt (Asia, Europe, and the Americas) Study: Karami et al. (2017), Environmental Science &
Technology as discussed the microplastic were found in various salts in different countries
Findings:
v" Microplastics were detected in 17 brands of salt from 8 different countries.
v" The highest contamination was found in sea salt, followed by rock and lake salts.
v' Average concentrations ranged from 0 to 13,000 particles/kg of salt.

B. Mussels and Oysters (Europe) Study: Van Cauwenberghe & Janssen (2014), Environmental
Pollution
Findings:
v Microplastics were found in mussels and oysters sold for human consumption in European
markets.
v An average portion of mussels (225 g) could contain up to 90 microplastic particles.

C. Fruits and Vegetables (Italy) Study: Conti et al. (2020), Environmental Research
Findings:
v Microplastics were detected in apples, carrots, pears, lettuce, and broccoli.
v Apples were the most contaminated fruit; carrots were the most contaminated vegetable.
v Concentrations ranged from 1 to 2.5 microplastic particles per gram.

Based on a study by Conti et al. (2020) in Environmental Research, these fruits and vegetables were
found to contain microplastics. Apples were the most contaminated fruit, and carrots were the most
contaminated vegetable. The concentrations of microplastics ranged from 1 to 2.5 particles per gram.

D. Human Stool (Europe, Japan, Russia) Study: Schwabl et. al. (2018), presented at United European
Gastroenterology Week

Findings:

v Microplastics were found in the feces of all 8 participants from different countries.

v Up to 9 different plastic types were detected, including polyethylene and polypropylene.

v The study suggests widespread human ingestion of microplastics.

E. Beer (Germany) Study: Liebezeit & Liebezeit (2014), Food Additives & Contaminants

Findings:

v' 24 beer brands tested; all contained microplastic fibers and fragments.

v The contamination was traced back to the water sources used in brewing
5. Conclusion
In conclusion, the pervasive presence of microplastics in marine environments and their subsequent
infiltration into the human food chain pose a significant and growing threat to public health. As these
microscopic particles accumulate in seafood and other dietary sources, they bring with them not only
physical hazards but also a cocktail of toxic chemicals that can disrupt biological systems. Although the
long-term health impacts of microplastic exposure remain under active investigation, existing evidence
already suggests links to inflammation, oxidative stress, and even endocrine disruption. Addressing this
challenge requires an interdisciplinary approach: enhanced regulations on plastic production and waste
management, advancements in detection and mitigation technologies, and increased public awareness.
Only through collective global action can we hope to stem the tide of microplastics from the ocean to
the organ.
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