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ABSTRACT

Marine microplastics are an emerging pollutant that has already shown adverse effects in fish, mice, and other lower-
order organisms. Based on the impact microplastics have on these organisms, human health will likely be affected,
especially in areas where fish and other marine life are a significant part of the diet. A wide range of previously
conducted research was used to study the effects and predict the dangers of microplastic consumption on human
health. The sources covered three general topics: the effects of microplastics on commonly consumed European and
Mediterranean fish, their effects on the gut microbiome of mice, and the transmission of microplastics across trophic
levels. A prediction was made using the presented data, stating that there will be and there is already a likely effect on
the human neuroendocrine and digestive systems. This assumption was drawn from the known health effects of mi-
croplastics on fish and mice and the processes of bioaccumulation and biomagnification. In conclusion, it was pre-
dicted that the regular consumption of contaminated fish is likely already affecting human health in the region. Fur-
thermore, the current policies and regulations focused on plastic pollution in India and Bangladesh are either not strong
enough or not enforced well enough to reduce the amount of plastic pollution in the bodies of water in the region.

Introduction

Few materials have been as important to humanity as plastics. First developed in the 1800s, plastics are now used in
almost every industry with various uses, ranging from food, medical, and industrial applications. However, this is not
without significant pollution issues, and in recent years the focus on plastic pollution has increased. Plastics make up
a significant amount of global pollution, and more specifically, marine pollution. One of the most significant issues
in marine pollution is microplastics. Microplastics are plastic particles that are less than Smm in sizel and occur in
two types. Primary microplastics are pieces that are already 5Smm or smaller when they enter the environment (mi-
crobeads, clothing microfibers, packaging, etc.)2, while secondary microplastics are plastic pieces that are eroded or
degraded from larger items such as plastic bags and other large items2. The microplastic particles can have physical
effects on sea life, such as blockage of digestive and airway passages and the potential to act as a pathogen vector.
Additionally, microplastic particles pose a chemical hazard to the fish that ingest them due to the compounds utilized
during synthesis. These particles can be hazardous to fish in these environments and to people who eat these fish (such
as sea bass and carp) due to the chemical and physical effects on the human body. For example, those who consume
fish caught from the Ganges River and the Bay of Bengal are eating organisms from one of the most plastic polluted
areas on the planet. Based on research into the effects of plastics on marine life and mice, there is a high likelihood
that microplastics will cause some manner of health effects on the human body, but at present, the actual damage is
unknown.
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Figure 1: Microplastic sediments recovered from the Pacific Ocean. Photo credit to Samuel Bollendorff

Microplastics can be dangerous in a few different ways. The two general methods of danger are physical and chemical.
The chemical dangers of microplastics can be shown when looking at the process of plastic creation/synthesis1,24. At
its core, plastics are just polymers, made up of thousands of carbon chains with other atoms; usually, oxygen, hydro-
gen, nitrogen, or sulfur, added to them. Each carbon unit (a carbon atom with bonds to other atoms) is known as a
monomer, and the whole chain is the polymer. While each type of plastic has unique requirements for synthesis, the
underlying process is the same throughout. The first precursor is refined from a crude hydrocarbon, further purified
into the desired monomer, and then polymerized to form the final product. The type of plastic is determined by looking
at the functional group's name after the poly-prefix, hence the names such as polyethylene, polycarbonate, polyamide.

For example, in the production of polyethylene, the precursor of this polymer is a hydrocarbon derived from
crude oil. Crude oil contains a mix of heavy and light hydrocarbons, which are separated during the refining process.
In this case, the terms "heavy" and "light" refer to the hydrocarbons' molecular weight. The refining process utilizes a
method known as fractional distillation, where the hydrocarbons are separated based on their respective boiling points,
which are determined by their molecular weight.
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Figure 2: Process of crude oil distillation. Credit to the U.S. Energy Information Administration

As shown in Figure 2, simpler compounds such as propane and butane are derived from the lightest fractions,
while more complex compounds such as tar and wax are synthesized from the heavier hydrocarbons. The compounds
in the middle of the weight range become fuels such as petroleum, jet fuel, and kerosene. The petrochemical feedstocks
used to synthesize plastics originate from these compounds. One such feedstock is a compound known as naphtha®,
which is broken down further in a process known as steam cracking. Steam cracking breaks down saturated hydrocar-
bons into smaller unsaturated forms. In naphtha's case, these are the light alkenes, ethylene, or propylene. While this
process has fallen out of use in the U.S., it is still widely used in Europe and Asia. Once purified, the ethylene will be
polymerized® using a combination of high heat and high pressure with a free radical catalyst and is used to create a
very low density and flexible form of plastic known as low-density polyethylene (LDPE)'. The creation of stronger
compounds such as high-density polyethylene (HDPE) is achieved by utilizing titanium or chromium catalysts under
low temperature and pressure. This finished product is the plastic resin, which still needs to be shaped and molded
into the final product. The molding process involves another group of compounds known as plasticizers. Plasticizers
are compounds such as Bis(2-ethylhexyl) phthalate (DEHP), and they are used to decrease the plasticity (the ability
for a material to be deformed) and viscosity (the "thickness" of a liquid). They are an integral part of the plastic
production process as they allow the finished product to be physically reshaped into the desired shape. The chemicals
mentioned above are known hazardous organic pollutants and animal carcinogens which have a known effect on
human health by acting as endocrine disruptors.

The human endocrine system contains several endocrine glands such as the pituitary gland, thyroid, and
adrenal glands that secrete signaling molecules, known as hormones, that travel throughout the body to affect the
target organ's function. Compounds such as DEHP and Bisphenol-A (BPA) are known as endocrine disruptors, and
they work by acting as a chemical antagonist/analog for the hormones in the endocrine system. By mimicking the
structure of hormones such as estrogen or testosterone, they can inhibit normal function when at a high enough
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concentration. BPA is one of the most notorious chemicals in this regard; it is a known competitive estrogen inhibitor
while also causing tissue damage to the nervous, immune, and reproductive systems. Regulations to end BPA usage
have been implemented in the past few decades, but a recent study has found that most plastic products release some
form of an estrogen analog39. From the above information, a significant number of chemicals utilized in plastic pro-
duction can disrupt the normal function of the endocrine system. Given how interconnected human body systems are,
the effects will likely reach beyond just endocrine issues. The microplastics that contaminate the water sources will
contain some of these toxic compounds from the production process. Over time, one of two things will occur, either
the compound will leech from a plastic particle and enter the water supply, or a fish will consume the plastic containing
the compound. As the fish tries to digest the particle, the compound will be absorbed into its body, and when eaten by
a human, the compound will be absorbed by epithelial tissue in the digestive system.

The entry into the water supply and effects on the food web:
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Figure 3 Map of the Ganges River and delta. All credit to Encyclopedia Britannica

Plastic disposal and pollution of coastlines and feeder sources is the primary way that plastics enter the water
supply. The plastics that enter this way will be broken down into smaller particles (a secondary microplastic) via U.V.
radiation or erosion via water or wind. The breakdown of plastics is a significant problem in the Ganges River, which
flows through India and Bangladesh and into the Bay of Bengal. It is one of the most polluted rivers in the world due
to two significant factors; the lack of a proper waste management system for the populated areas along the river and
the river's significance to Hinduism, where millions make a pilgrimage to it every year.

In these regions, the abundance of low-cost plastics and lack of a proper waste management system has led
to the disposal of a significant quantity of plastic waste into open sewers, feeder sources, and the river shores. That
combination allows millions of bottles, bags, food packaging, clothing fibers, and other plastic waste forms to enter
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the river and start getting broken down. The other concern is the river's role in Hinduism, where it is viewed as sacred
and represents the physical manifestation of the goddess Ganga. Hindus believe that the river's water is purifying, so
bathing in the river has a spiritual cleansing effect and forgives them of all their sins. For this reason, millions not only
bathe but also offer tributes to the river, with many of these offerings being some plastic artifact. These artifacts are
single-use items and will inevitably start breaking down into secondary microplastics. A recent National Geographic
study found that around 110,000 tons of plastic are carried by the Ganges river into the Bay of Bengal each year. This
amount of plastic poses an immediate health risk to the over 400 million people who rely on the river as a source of
drinking water30. Furthermore, the fish in the river will consume the broken-down plastics, which will inevitably be
consumed by humans since fish are a dietary staple in the region.

While this paper focuses specifically on plastic pollution in the Ganges, this is a broader critical issue in
rivers and coastlines around the world. Regardless of the source, plastics will inevitably get broken down into smaller
and smaller pieces and start to contaminate the lowest levels of the food web. While this paper is focused on one
geographical region, the general pathway of plastics entering the water supply is similar throughout the world. Im-
properly disposed plastic waste near bodies of water will slowly be eroded into smaller pieces and, over time, will
enter the marine environment. Once here, the effects on the food web begin to take hold. A significant part of how
microplastics affect organisms is how these particles move up the food web.

The food web is an ecological representation of how various food chains interact in an environment. The
food chain is an organization of species, starting with the lowest organism and ending with an apex predator, where
each species preys on the one below it. The major terms that need to be understood here are trophic levels, biomagni-
fication, and bioaccumulation. The trophic level refers to the position an organism has on the food web. The first
trophic level contains autotrophic organisms such as plants and algae, commonly referred to as producers. The second
levels concern organisms that eat those from the first, the third level organism eats the second, and so on. Organisms
at the top of the web are known as apex predators.
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Figure 4: Simplified view of the marine food pyramid. Humans (not depicted) are a level 4 predator from this diagram.
[lustration by Tim Gunthe.

For this paper, assume that algae are the first level, organisms such as plankton are the second, fish are the
third, and humans are the fourth level. At this point, the process of bioaccumulation and biomagnification comes into
play. Bioaccumulation refers to the build-up of a substance within a single trophic level, such as a fish consistently
consuming contaminated prey, allowing a build of toxins in its body. Biomagnification refers to the increasing con-
centration of toxins in organisms higher on the food chain. An example of this is humans regularly consuming con-
taminated fish that ate contaminated plankton which fed on plastic-contaminated algae. These basic ecological prin-
ciples begin to show the magnitude of the problem that microplastics can create. As soon as plastics contaminate the
first trophic level, the damage is done. The contaminants will build-up, and the effects will amplify as the resources
move up the food chain, which poses a significant risk for humans.

Human consumption of fish

Modern archeological and anthropological studies have shown that early groups of humans followed the coasts while
leaving Africa. Studies have shown that humans have been consuming fish for at least the past 40,000 years. These
studies have found artifacts thought to be early forms of fishhooks and fishing nets worldwide. Ever since, seafood
has featured prominently in ancient Israeli, Roman, Chinese, Japanese, and Indigenous American diets. Since this
paper focuses on the effects of marine microplastics on Bengali populations, one needs to understand the cultural
reasons behind fish consumption in the region. The region contains the Indian State of West Bengal (majority Hindu)
and the nation of Bangladesh (majority Muslim). Due to the region's location on the Bay of Bengal and containing the
two major branches of the Ganges River, as well as the Ganges Delta in Bangladesh, both fresh and saltwater fish are
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highly abundant in the region. While fish do not have a significant religious connection to Hinduism or Islam, fish
plays a prominent role in both Bengali Hindu and Muslim traditions, such as weddings, the birth of a child, and in
orthodox Hinduism, a symbol of a mourning widow. Additionally, fish is a critical part of the region's diet, with fish
consumed daily during one meal and served as the main protein source. Fish only make up a small part of the meal,
but a nutritionally important one, nonetheless.

Dietary fish provide a significant source of lean protein and is a significant source of omega-3 fatty acids,
which studies have shown to provide cardiovascular and brain health benefits. Additionally, fish consumption is ben-
eficial in the acquisition of Vitamins D and B240, essential amino acids, and minerals such as zinc, iron, magnesium,
potassium, and iodine. All the vitamins and minerals mentioned have a critical role in essential biological functions
such as cellular respiration, maintaining red blood cell count, mineral absorption, and bone health. The nutritional
benefits mentioned above show the need for fish to be included in any balanced diet and highlight the potential issues
to humans caused by consumption of fish with a build-up of microplastics. The effects of bioaccumulation and bio-
magnification can cause serious health issues in humans, especially in areas such as West Bengal and Bangladesh,
where fish make up a critical part of the diet.

All of the topics explored here help to explain how microplastics have adverse physical and chemical effects
on the organisms that inadvertently consume them. A model can now be created using the understanding of the phys-
ical, chemical, and ecological effects of plastics and cultural aspects of humans who rely on fish as a dietary staple,
specifically those in the Bay of Bengal, demonstrating humans in regions of water contaminated plastics will likely
suffer from health effects due to the consumption of microplastic-contaminated fish.

Analysis

Utilizing the aforementioned research and information, a prediction can be made that the populations that consume
fish from the Ganges River and its tributaries and from the Bay of Bengal will have a higher incidence of digestive
and endocrine issues from microplastic toxicity. Research conducted over the past ten years has shown how micro-
plastics have detrimental effects on brain health, behavior, gut flora composition, and how microplastics build up in
the tissues of the organisms that consume them. Using the previously published research about the accumulation of
plastics in marine life will aid in the creation of the model to show how build-up will have an effect on human health.
Additionally, all fish have the same basic underlying body systems and biochemical pathways, many of which have
analogs in the human body that will further aid in creating the model.

Research into the effects of microplastics on European sea bass (Dicentrarchus labrax)4 and Mediterranean
rabbitfish (Siganus rivulatus)14 have shown several physiological effects, including but not limited to plastic build-
up in soft tissue, altered behavior, as well as brain and muscle damage in D. labrax. While the biological effects will
differ due to the specifics of each species, the general pathway of toxin and particulate accumulation will be across all
species. A toxicology study conducted in European sea bass, a popular dietary fish, showed conclusive results that
microplastic accumulation resulted in neurotoxicity, oxidative-damage, and interfered with the organism's energy pro-
duction. While this study was specifically looking at how mercury bioaccumulation occurs through microplastics,
results were also shown from what happened when just microplastics were consumed during normal feeding. The
study found that ingestion microplastics inhibited the normal function of acetylcholinesterase (AChE). The primary
function of AChE is to break down the neurotransmitter acetylcholine, which has several critical functions, including
muscle contraction, vasodilation, and functions of the autonomic nervous system. Additional biochemical effects on
D. Labrax included lipid oxidation in muscle and brain tissue. Oxidation of these tissues is a sign that the tissues are
starting to break down. Furthermore, a drop in levels of isocitrate dehydrogenase (IDH) activity and a rise in lactate
dehydrogenase (LDH) levels were detected. The function of LDH is to convert NAD+ into NADH and back, which
catalyzes the conversion of pyruvate to lactate and the reverse. It is expressed in many human body tissues and ex-
pressed in elevated levels in damaged tissue. IDH catalyzes the oxidative decarboxylation of isocitrate into alpha-
ketoglutarate in the TCA cycle, a crucial step in cellular respiration and generation of ATP in the mitochondria. In
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short, when looking at a high microplastic concentration, the study showed a steep increase in LDH activity, a sharp
drop in IDH activity, and a sharp decrease in AChE activity in the brain of the fish that consumed the microplastics at
a sufficiently high concentration3. The effect on these enzymes in fish has implications for human health as all of the
enzymes mentioned above are present in the human body. These results have been backed up by similar findings from
wild fish consumed by humans from the North-East Atlantic Ocean3. Similarly, a study of rabbitfish in the Mediter-
ranean Sea confirmed that polychlorinated biphenyls (PCBs), a type of plasticizer, were delivered via a microplastic
vector. Further research found PCBs in the muscles14. The muscles make up a large part of the fish meat consumed
by humans, and given that microplastics, mercury, and PCBs were found in some consumed fish via the microplastic
vector, an assumption can be made that the compounds mentioned above would be absorbed into the human body
after consumption. It was speculated that this would result in long-term harm to the fish and possibly predators and
humans that consume them. This prediction can be made since PCBs were a commonly used plasticizer until the late
1970s, when research into the environmental effects became apparent. Like many plasticizers, PCBs have been shown
to be endocrine disruptors, animal carcinogens, and probable human carcinogens36. Based on the research done so
far in the European, Mediterranean, and North Atlantic fish, an assumption can be made that a similar process is
occurring in common Bengali dietary fish such as Rohu (Labeo rohita) and Ilish (Tenualosa ilisha). Like most fish,
they feed on plankton; if the plankton is contaminated with plastic, the plastics will begin accumulating in the fish.
Over time this will cause damage to the brain and affect the behavior of the fish.

The idea of plastics moving up the food chain and harming the fish that consumed them was explored in a
paper by Mattsson et al.22 in 2017. That study showed that plastics delivered through the food chain could cause brain
damage and behavioral changes in fish. The study looked at the transmission of nanoplastics (smaller plastic particles,
lum or less in size) through the food chain and found that plastic concentration in Daphina magna (zooplankton)
affected both the survival of the organism, as well as effects in the fish that consume them. The study first looked at
the effect of increasing concentrations of polystyrene nanoparticles on the plankton. By studying the effect on plankton
from plastic concentrations ranging from 0.025g/L to greater than 0.075 g/L, they determined that the particle con-
centration was the crucial factor in the level of toxicity. The link between the two was demonstrated by showing that
plankton exposed to plastic concentrations greater than 0.075g/L were dead in less than a day. Based on these findings,
a study of the effects on the food chain was done, which found a direct connection between the plastics and damage
to brain tissue in fish. Specifically, the plastics were shown to penetrate the blood-brain barrier in fish and cause
behavioral changes. These changes include their overall activity levels and feeding time. More importantly, the study
showed proof that plastic particles can move up the food chain and cause physiological damage at every level. This
idea can be extended to edible bivalves as well. A 2014 study over microplastic accumulation in edible bivalves6
analyzed the ingestion of microplastics into two types of edible shellfish, Mytilus edulis and Crassostrea gigas. The
results of the experiment showed a small amount of microplastic in the soft tissue of these organisms. Bivalves are a
popular food source for coastal populations and have many predators, such as the common carp (Cyprinus carpio) that
are popular human food sources, especially in Asia. This brings back the idea of the contamination of the food web
discussed earlier.

While this paper's primary focus is on marine microplastics, information from a parallel study about the
potential effects of microplastics on the gut microbiome, especially in overexposed species, can help to back up the
model being generated. The human gut microbiome refers to the millions of microorganisms that reside in the digestive
tract. These bacteria are highly beneficial and maintain a mutualistic relationship with their human host. They have
been shown to assist in digestion, immune response, and pathogenesis. Studies into gut dysbiosis (microbial imbalance
of gut bacteria) have a connection between changes in gut flora and an increased risk of chronic diseases and infec-
tions8. In Western countries, modern diets and antibiotic use have been implicated in the extinction of certain strains
of gut flora. Additionally, the ingestion of microplastics has been theorized as another cause of this extinction. The
theory has been backed up by several recent studies of microplastics' effect in mice and the resulting changes in their
gut microbiomes. This study exposed male mice to Spum polystyrene microplastics for six weeks and studied the effects
on the gut barrier, flora, and metabolism. The results from plastic accumulation showed that the plastics caused amino
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acid and bile metabolism disorders, induced gut bacteria dysbiosis, and intestinal barrier dysfunction in relation to the
control group. Another study concerning polystyrene microplastics in mice produced similar results, where lipid me-
tabolism and intestinal mucous secretion were decreased and gut bacteria dysbiosis was increased. These results are
alarming as mice share a number of biological similarities to humans. It begs the question, if this has already been
shown to happen in mice, what is happening to humans? The mechanical disruptions to the digestive system are a
particularly troubling thought. The intestinal epithelium is joined together by a complex set of desmosomes, tight,
gap, and adherens junctions. Their function is to absorb nutrients while preventing pathogens, foreign particles, and
other unwanted molecules from entering the bloodstream. This lining is one of the first defenses against pathogens
and bacterial translocation into the bloodstream, so any tears, abrasions, or cuts in this lining open up the bloodstream
to the pathogens or toxic compounds in/on them. Once they have entered the bloodstream, the endocrine-disrupting
compounds involved in the production process can begin their disruptive functions.

Since pollution levels in the Mediterranean Sea and North Atlantic are lower than the pollution levels in the
Bay of Bengal, it raises the focus of the effect microplastics are having, the severity of the issue, and human health in
the Bay of Bengal. Based on the biomagnification principle as well as studying pollution levels in the Bay of Bengal
and Ganges River, it can be assumed that those who eat a diet primarily consisting of fish, especially from heavily
polluted areas, will be at high risk for issues caused by the build-up of these toxins in the food web. At this point, this
is only a prediction since very little research has been conducted on the effects of microplastic ingestion on human
health. Most of the research has been conducted on mice and marine life, such as fish, plankton, and bivalves. How-
ever, based on the research conducted, it is clear that the question of microplastic contamination of marine food sources
will affect human health. The question is a matter of when, not if. The studies on the North Atlantic fish have shown
the effects of the particles on AChE, LHD, and IDH, all of which are critical enzymes in human biochemistry. Plastic
sediment was also found in shellfish cultivated for humans, and research has shown that microplastic build-up can
cause mechanical, chemical, and pathogenic disruptions in the organisms that consume them, as well as the gut mi-
crobes of those organisms. While the magnitude of damage to humans cannot be measured yet, it can be said with
certainty that at the current rate of microplastic exposure, damage to the human body will occur. Further studies in
coastal areas, particularly the Ganges and Bay of Bengal region, need to be conducted to understand the levels of
microplastic contamination along with mechanical, chemical, and pathogenic effects of microplastics in the region.

A hypothetical pathway can now be formed, where a single-use plastic bottle is produced, sold, used, and
then trashed. However, due to the lack of proper plastic waste disposal infrastructure in the region, the bottle ends up
in the Ganges, broken down by a mixture of tidal currents, U.V. radiation, and wind erosion. The particles from the
broken-down bottle can now contaminate the algae, plankton, and other food sources for mid-level prey. The plastic
will affect the prey and begin to affect the predators, as shown in previously published research. The effects are exac-
erbated as the fish eats during its lifespan until it is caught by a fisherman and sold. It is now eaten as part of a standard
Bengali meal, something that is eaten on most days. The plastic and chemical toxins from it the fish will then be
transferred to the human as it is digested and absorbed into the human’s intestinal epithelial lining. Given the known
biological effects of fish and looking at the similarities between fish and human biochemistry, the toxins in plastics
will begin to take their toll on the region's human population, especially as more and more fish is consumed.

Conclusion

Regulations on plastic production and waste management in the United States and European Union have been in place
for a few decades but developing nations such as India and Bangladesh still lags behind in the regulation of toxic
compounds such as BPA, DEHP have been catching up to cut fight the effects of plastic pollution, it may be too little,
too late. While both India and Bangladesh have attempted to regulate single-use plastics in recent years, there have
been issues with enforcement. In Bangladesh, the nation's High Court ordered the government to implement a ban on
single-use plastics. This step has the potential to decrease plastic pollution, but the enforcement of the court ruling
needs to be watched, as a 2002 ban on plastic bags was not widely enforced. Similarly, in India, the fight against
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plastic pollution is facing mixed results. A proposed ban on single-use plastics in India in August 2019 was scrapped
just a few months later, after pushback from the plastics industry. With the lack of a national strategy for plastic
pollution mitigation, the various Indian states and major cities have taken up the mantle of combating plastic pollution
with varied results. Cities like Mumbai have imposed strict penalties on single-use plastics, while in the state of Assam,
the ban goes unenforced. Meanwhile, plastics manufacturing lobbying groups across India have been claiming lost
jobs, wages, and profit and are suing to have the bans overturned.

Failures like the ones mentioned above make up a significant issue in the fight to curb plastic pollution. Once
the plastic is in the ecosystem, removing them is an arduous process as the plastics being breaking down into secondary
microplastics. The best mitigation strategy at this point would involve a multi-step approach with continued studies
on human health, clean-up operations continuing and policy changes taking in the latest data from the research con-
ducted. Mitigation efforts to prevent plastics from entering bodies of water should be step one, as it would be the
easiest to accomplish first, with relatively quick results. Achieving this would require shifting to bio-degradable prod-
ucts, ending the reliance on single-use plastics where possible, filtering sewage to stop plastics that make it in, and
implementing a robust plastic waste disposal infrastructure. Implementing a waste disposal infrastructure would re-
quire public education campaigns to teach those in affected areas about the possible health hazards of uncontrolled
plastic pollution and making sure the new infrastructure is easy to understand and accessible. At the same time, studies
of the direct effects of microplastic ingestion need to be conducted in further detail, focusing on the effects on human
health. Studies that could be conducted involve studying the rate of digestive epithelial tissue damage among various
population groups living in coastal areas with and without strong plastic production regulations and looking at inland
areas with the same conditions. Another study could look at the effect of land-based or airborne microplastics on farm
animals such as cattle, chickens, and pigs. An extension of this study could be to look at the effect of soil-based
microplastics on staple grains such as wheat and rice. These are just a few examples but given how new the field of
microplastic effects on humans is, the avenues for further study are wide open. The final part of the mitigation strategy
would fall upon governments and regulators to minimize or outright ban the use of certain compounds in the produc-
tion process that leads to the toxins seeping into the water supply and affecting marine life. The effects of marine
microplastics on populations that consist of a heavily fish-based diet is an important but relatively poorly studied topic.
Further research needs to be conducted, and a significant shift in humanity's attitude towards plastic needs to occur to
understand and treat the likely health effects from the constant ingestion of microplastics.
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