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Abstract

The objective of this paper is to make a conceptual review on plastics in
human food chain and potential harms Plastics have become a ubiquitous part
of modern life, with widespread use in food packaging, production, and
consumption. However, the impact of plastics on the food chain is a growing
concern. Microplastics, in particular, have been found to contaminate food
sources, including seafood, fruits, and vegetables. The consumption of
microplastics has been linked to potential health risks, including toxicity and
physical harm. This review examines the presence of plastics in the food
chain, from production to consumption, and highlights the potential health
risks associated with microplastic consumption. Strategies to mitigate the
effects of plastics in the food chain are also discussed, including reducing
single-use plastics, increasing recycling and reuse, and promoting sustainable
food production and packaging. The findings of this review emphasize the
need for a comprehensive approach to address the issue of plastics in the food
chain. By understanding the impact of plastics on the food chain and taking
action to reduce plastic use and waste, we can help protect human health and

the environment.
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Introduction

The presence of plastics in the food chain has become a pressing concern in recent years. Plastics are
widely used in food packaging, production, and consumption, and their ubiquity has led to a significant
amount of plastic waste in the environment. Microplastics, in particular, have been found to contaminate
food sources, including seafood, fruits, and vegetables. The consumption of microplastics has been linked
to potential health risks, including toxicity and physical harm (Abubakar et al., 2018; Horton & Blissett,
2020).

The food chain is a complex system that involves the production, processing, distribution, and
consumption of food. Plastics can enter the food chain at various stages, including during food production,
processing, and packaging. Once in the food chain, plastics can be transferred from one trophic level to
another, potentially leading to bioaccumulation and biomagnification of toxic substances (Reza & Yousuf,
2016; Shamaki & Shehu, 2017; Soumiya et al., 2018; EPA, 2023; Sarkingobir et al., 2023).

The impact of plastics on the food chain is a multifaceted issue that requires a comprehensive approach to
address. It involves understanding the sources and pathways of plastic pollution, the effects of plastics on
human health and the environment, and the development of effective strategies to mitigate the problem
(Alabi et al., 2019; Ngeno et al., 2022).

This review aims to provide an overview of the presence of plastics in the food chain, the potential health
risks associated with microplastic consumption, and the strategies to mitigate the effects of plastics in the
food chain. By examining the current state of knowledge on this topic, we can better understand the
complexities of the issue and identify potential solutions to address it (Verma et al., 2016; Tait et al., 2020;
Takada & Bell, 2021; Sripada et al., 2022). By examining the impact of plastics on the food chain and
exploring potential solutions, we can work towards a more sustainable and healthier food system for future
generations. The objective of this paper is to make a conceptual review on plastics in human food chain
and potential harms.

Importance of food chain in human nutrition

The food chain plays a vital role in human nutrition by providing the necessary nutrients, vitamins, and
minerals for human health. Here are some key importance of the food chain in human nutrition:

1. Nutrient Transfer-The food chain transfers nutrients from one trophic level to another, allowing
humans to access essential nutrients through the consumption of plants and animals.

2. Food Security-A stable food chain ensures a consistent food supply, which is critical for food security
and human nutrition.

3. Diversity of Nutrients-The food chain provides a diverse range of nutrients, including macronutrients
(carbohydrates, proteins, and fats) and micronutrients (vitamins and minerals).

4. Supports Human Health-A well-functioning food chain supports human health by providing the
necessary nutrients for growth, development, and maintenance of bodily functions.

5. Influence on Food Quality-The food chain can impact food quality, with factors such as soil quality,
water quality, and farming practices influencing the nutritional content of food.

Key Components of a Healthy Food Chain
A healthy food chain involves:

1. Sustainable Agriculture-Sustainable agricultural practices that prioritize soil health, biodiversity, and
efficient water use.
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2. Responsible Fishing and Hunting-Responsible fishing and hunting practices that ensure the long-term
sustainability of fish and animal populations.

3. Safe Food Handling-Safe food handling practices that prevent contamination and ensure the quality
of food.

4. Nutrient-Rich Foods-Access to nutrient-rich foods, including fruits, vegetables, whole grains, lean
proteins, and healthy fats.

Challenges to the Food Chain
The food chain faces several challenges, including:

1. Climate Change-Climate change can impact food security and nutrition by altering growing

conditions, reducing crop yields, and changing the distribution of pests and diseases.

Pollution-Pollution can contaminate food sources and impact human health.

3. Overfishing and Overhunting-Overfishing and overhunting can deplete fish and animal populations,
impacting food security and nutrition.

4. Food Waste-Food waste can reduce the availability of nutrient-rich foods and contribute to food
msecurity.

N

By understanding the importance of the food chain in human nutrition, we can work towards creating a
more sustainable and equitable food system that prioritizes human health and well-being.

Definition of Plastics

Plastics are a group of synthetic or semi-synthetic organic solids that can be molded or shaped into various
forms. They are typically made from petrochemicals, which are derived from oil and natural gas. Plastics
have several characteristics that make them useful in a wide range of applications:

1. Versatility: Plastics can be formulated to have a wide range of properties, such as flexibility, rigidity,
transparency, and durability.

2. Moldability: Plastics can be molded or shaped into various forms, making them suitable for a wide
range of applications.

3. Durability: Plastics are resistant to many environmental factors, such as moisture, chemicals, and
temperature fluctuations.

4. Lightweight: Plastics are often lighter than other materials, making them suitable for applications
where weight is a concern.

5. Cost-effective: Plastics are often less expensive to produce than other materials, making them a
popular choice for many applications.

Types of Plastics Resins

There are several types of plastics, each with its own unique characteristics and uses. Here are some
common types of plastics:

Polyethylene (PE)-Used in plastic bags, containers, and packaging materials.

Polypropylene (PP)-Used in packaging materials, automotive parts, and medical devices.

Polyvinyl Chloride (PVC)-Used in pipes, vinyl records, and medical equipment.

Polyethylene Terephthalate (PET)-Used in water bottles, food packaging, and clothing.

Polystyrene (PS)-Used in foam cups, packaging materials, and insulation.

Acrylonitrile Butadiene Styrene (ABS)-Used in electronic devices, automotive parts, and medical
equipment.
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7. Polycarbonate (PC)-Used in eyewear, medical devices, and electronic components.

8. Polyamide (PA)-Used in textiles, automotive parts, and industrial applications.

9. Polyurethane (PU)-Used in foams, coatings, and adhesives.

10. Bioplastics-Made from renewable resources, such as corn starch, sugarcane, or potato starch, and used
in packaging materials, disposable cutlery, and bags.

Plastic Identification Codes

Plastic products often have a resin identification code (RIC) that indicates the type of plastic used. The
RIC is a number (1-7) surrounded by a triangle. Here's what each number represents:

#1 PET (Polyethylene Terephthalate)

#2 HDPE (High-Density Polyethylene)

#3 PVC (Polyvinyl Chloride)

#4 LDPE (Low-Density Polyethylene)

#5 PP (Polypropylene)

#6 PS (Polystyrene

#7 Other (includes polycarbonate and bioplastics)

NN R W=

Understanding the different types of plastics and their uses can help individuals make informed choices
about plastic use and disposal.

Types of Plastics

There are many different types of plastics, each with its own unique properties and applications. Some
common types of plastics include:

1. Thermoplastics: These plastics can be melted and reformed multiple times without undergoing
significant chemical change.

2. Thermosetting plastics: These plastics undergo a chemical change when heated and cannot be melted
or reformed.

3. Bioplastics: These plastics are made from renewable resources, such as corn starch or sugarcane, and
are biodegradable.

Applications of Plastics
Plastics are used in a wide range of applications, including:

1. Packaging-Plastics are used in packaging materials, such as bottles, bags, and containers.

2. Consumer products-Plastics are used in a wide range of consumer products, such as electronics, toys,
and appliances.

3. Medical devices-Plastics are used in medical devices, such as syringes, implantable devices, and
diagnostic equipment.

4. Automotive-Plastics are used in automotive parts, such as bumpers, dashboards, and fuel tanks.

5. Construction-Plastics are used in construction materials, such as pipes, vinyl siding, and insulation.

Plastics in human food chain

Plastics have become a concerning contaminant in the human food chain. Microplastics and nanoplastics
(MNPs) are ingested through various food sources. Common Food Sources with microplastics include:

- Bottled Water: 93% of bottled water samples analyzed in 9 different countries contained microplastics.
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- Seafood: Fish and shellfish can contain microplastics, which are ingested by humans through
consumption.

- Fruits and Vegetables: Crops irrigated with contaminated water or grown in soil treated with urban
waste-derived fertilizers may contain microplastics.

- Processed Foods: Take-out meals, table salt, rice, beer, and soft drinks have also been found to contain
microplastics.

Nevertheless, microplastics can enter the food chain through:

- Direct Ingestion: Marine life ingests microplastics, which are then consumed by humans through
seafood.

- Trophic Transfer: Microplastics are transferred from prey to predator, accumulating toxins in the
process.

- Habitat Disruption: Plastic pollution alters ecosystems, affecting the food chain and potentially leading
to bioaccumulation and biomagnification of toxins (Wagner et al., 2014; UNEP, 2018; Veil & Cook,
2021; Umar et al., 2022).

Harmful effects of plastics in humans

Plastics have become a ubiquitous part of modern life, but their impact on human health is a growing
concern. The harmful effects of plastics in humans can be categorized into several areas:

Physical Harm

Microplastic Ingestion-Microplastics can cause physical damage to organs, such as the gastrointestinal
tract, leading to symptoms like diarrhea, rectal bleeding, and abdominal cramps.

Inflammation-Microplastics can induce inflammation in the body, potentially leading to chronic diseases
like cardiovascular disease, cancer, and autoimmune disorders.

Chemical Toxicity

Endocrine Disruption-Chemicals like BPA and phthalates in plastics can mimic or block hormones,
leading to reproductive issues, developmental problems, and metabolic disorders.

Carcinogenic Effects-Some plastics release cancer-causing chemicals, increasing the risk of cancers like
breast, colon, and lung cancer.

Neurotoxicity-Exposure to styrene, a chemical found in polystyrene, has been linked to headaches, fatigue,
and cognitive impairments

Reproductive and Developmental Issues

Reproductive Problems-Exposure to plastic chemicals has been linked to reduced fertility, birth defects,
and pregnancy complications.

Developmental Delays-Children are particularly vulnerable to the toxic effects of plastic chemicals, which
can disrupt growth and brain development.

Respiratory Problems

Asthma and Allergies-Inhaled microplastics can trigger respiratory problems, including asthma and lung
inflammation.
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Lung Damage-Long-term exposure to airborne microplastics may lead to chronic lung diseases.
Other Health Risk

Immune System Suppression-Microplastics can weaken the immune system, making the body more
vulnerable to diseases.

Gut Microbiome Disruption-Exposure to microplastics has been linked to changes in the gut microbiome,
potentially leading to negative effects on health (Ryan, 2015; Patel et al., 2016; Singh & Raj,
2018;sarkingobir et al., 2020; Sidi & Yahaya, 2022; Umar et al., 2022).

Vulnerable Populations
Some part of the population may be more affected than others. Some of the more affected are as follows:

Children-Children are more susceptible to the harmful effects of plastics due to their developing bodies
and brains.

Pregnant Women-Exposure to plastic chemicals during pregnancy can harm fetal development, leading to
long-term health problems for the child.

Low-Income Communities-Communities with limited access to healthcare and environmental justice are
disproportionately affected by plastic pollution (UNEP, 2018).

Dangerous chemicals in plastics
Dangerous Chemicals in Plastics

Plastics can contain a variety of chemicals that pose health risks to humans and the environment. Some of
the most concerning chemicals include:

1. Bisphenol A (BPA)-A chemical used in polycarbonate plastics and epoxy resins, BPA is known to
disrupt hormones, particularly estrogen, and has been linked to various health problems, including
cancer, reproductive issues, and neurological disorders.

2. Phthalates-Used to make plastics more flexible, phthalates are known endocrine disruptors and have
been linked to reproductive problems, birth defects, and developmental issues.

3. Styrene-A chemical used in polystyrene plastics, styrene is a possible human carcinogen and has been
linked to respiratory problems, cancer, ad neurological effects.

4. Per- and Polyfluoroalkyl Substances (PFAS)-Used in non-stick coatings and food packaging, PFAS
are known to persist in the environment and human body, and have been linked to various health
problems, including cancer, reproductive issues, and immune system dysfunction.

5. Brominated Flame Retardants (BFRs)-Used to reduce flammability in plastics, BFRs have been linked
to thyroid problems, reproductive issues, and neurological effects (Park et al., 2013; Obebe & Adamu,
2020; Lovo & Rawlings, 2021; Sidi & Yahaya, 2022).

Health Risks Associated with Plastic Chemicals
Exposure to plastic chemicals has been linked to a range of health problems, including:

1. Cancer-Certain plastic chemicals, such as BPA and styrene, have been linked to an increased risk of
cancer.

2. Reproductive Problems-Exposure to plastic chemicals, such as phthalates and BPA, has been linked
to reproductive issues, including birth defects and infertility.
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3. Neurological Effects-Exposure to plastic chemicals, such as styrene and BFRs, has been linked to
neurological effects, including cognitive impairment and behavioral problems.

4. Endocrine Disruption-Many plastic chemicals, including BPA and phthalates, are known endocrine
disruptors, which can lead to a range of health problems.

Reducing Exposure to Plastic Chemicals is possible by taking major steps. To reduce exposure to plastic
chemicals, individuals can take steps such as:

1. Avoiding Plastic Containers-Using glass or stainless steel containers instead of plastic ones.

2. Choosing BPA-Free Products-Opting for products labeled as BPA-free or phthalate-free.

3. Reducing Plastic Use-Minimizing the use of single-use plastics and choosing products with minimal
packaging.

4. Avoiding Heating Food in Plastic-Avoiding heating food in plastic containers, as this can cause
chemicals to leach into food.

By understanding the risks associated with plastic chemicals and taking steps to reduce exposure,
individuals can help protect their health and the environment (Libroin, 2015; Ibrahim et al., 2019; Ibrahim
et al., 2021).

How to prevent effects of plastics in food chain?
To prevent the effects of plastics in the food chain, consider these strategies:
Individual Actions

- Reduce single-use plastics-Refuse plastic bags, straws, bottles, utensils, and packaging materials.

- Increase recycling and reuse-Collect used plastic bags or containers and recycle them or reuse jars at
home.

- Switch to sustainable alternatives-Use reusable bags, stainless steel water bottles, and biodegradable
packaging materials.

- Choose products with minimal packaging-Opt for products with less plastic packaging or those that
use biodegradable materials.

- -Support sustainable brands-Buy from brands committed to eco-friendly practices and sustainable
packaging.

Food Choices- Reduce intake of highly processed foods*: Highly processed foods often contain a lot of
plastic packaging, which can contribute to plastic pollution if not recycled properly.

- Buy imperfect produce-Support farmers who use sustainable methods and purchase "imperfect"
produce that may not meet strict cosmetic standards.

Policy and Community-Level Actions

- Implement policies to reduce plastic waste-Governments can introduce policies to reduce single-use
plastic consumption and encourage recycling.

- Develop robust recycling infrastructure-Improving recycling systems and technologies can divert
plastic waste from landfills and prevent it from entering food chains.

- Promote sustainable food production practices-Encourage organic farming methods, sustainable
fishing practices, and reduced use of plastic mulch and irrigation systems in agriculture (Fikri et al.,
2017; Bas & Nzewi, 2018; Alabi et al., 2019; Doyan et al., 2024).
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Environmental Impact of Plastics

While plastics have many benefits, they also have a significant environmental impact. Some of the
environmental concerns associated with plastics include:

1. Plastic pollution-Plastics can pollute oceans and other waterways, harming marine life and
ecosystems.

2. Waste management-Plastics can be difficult to recycle and dispose of, leading to waste management
challenges.

3. Resource extraction-The production of plastics requires the extraction of fossil fuels, which can have
negative environmental impacts.

Overall, plastics are a versatile and widely used material that can have both benefits and drawbacks. By
understanding the properties and applications of plastics, individuals can make informed choices about
plastic use and disposal (Avio et al., 2016; Abubakar et al., 2018; de Souza et al., 2019).

Uses of plastics in food industry

Plastics are widely used in the food industry for various applications due to their versatility, durability,
and cost-effectiveness. Some common uses of plastics in the food industry include:

1. Food Packaging-Plastics are used in packaging materials, such as bottles, containers, and bags, to
protect and preserve food products.

2. Food Storage-Plastics are used in food storage containers, such as tubs and trays, to store and transport
food products.

3. Food Service-Plastics are used in food service applications, such as disposable cutlery, plates, and
cups.

4. Food Processing-Plastics are used in food processing equipment, such as conveyor belts and piping,
to facilitate food production.

5. Food Preservation-Plastics are used in food preservation applications, such as vacuum packaging and
modified atmosphere packaging, to extend the shelf life of food products (de Souza et al., 2019; Hayes,
2019; Bucci et al., 2020).

Benefits of Plastics in the Food Industry
The use of plastics in the food industry offers several benefits, including:

1. Convenience-Plastics provide a convenient and lightweight packaging solution for food products.

2. Protection-Plastics protect food products from contamination, damage, and spoilage.

3. Cost-effectiveness-Plastics are often less expensive than other packaging materials, making them a
cost-effective solution for food manufacturers.

4. Versatility-Plastics can be formulated to have various properties, such as flexibility, rigidity, and
transparency, making them suitable for a wide range of food packaging applications.

Challenges and Concerns

While plastics are widely used in the food industry, there are also challenges and concerns associated with
their use, including:

1. Food Safety-Plastics can potentially contaminate food products with chemicals, such as BPA and
phthalates.
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2. Environmental Impact-Plastics can contribute to environmental pollution and waste management
challenges.

3. Sustainability-The use of plastics in the food industry can be unsustainable, particularly if plastics are
not recycled or disposed of properly (Jambek, 2015; Ademakoya, 2020; Alabi et al., 2019).

Harmful effects of plastics in human food chain

Plastics have become an integral part of modern life, but their impact on the human food chain is alarming.
Microplastics, tiny plastic particles less than Smm in size, have been found to contaminate food sources,
including seafood, fruits, and vegetables. The consumption of microplastics has been linked to potential
health risks, including:

- Physical Harm-Microplastics can cause physical irritation to the gastrointestinal tract, leading to
inflammation and symptoms such as abdominal pain, bloating, and changes in bowel habits.

- Chemical Toxicity-Microplastics can absorb and carry toxic chemicals, such as heavy metals and
polycyclic aromatic hydrocarbons, which can lead to adverse health effects.

- Endocrine Disruption-Microplastics can interfere with hormone production, release, transport,
metabolism, and elimination, potentially leading to endocrine disorders, including metabolic and
developmental issues, and reproductive problems.

- Immune System Dysfunction-Accumulated exposure to microplastics has been linked to chronic
inflammation and homeostasis changes, potentially activating the innate immune system.

- Oxidative Stress-Microplastics may cause oxidative stress, leading to inflammation and potentially
harming human health.

The presence of microplastics in the food chain is a growing concern, with studies detecting them in
various food items, including:

- -Seafood-Microplastics have been found in fish and shellfish, which can accumulate toxic compounds
and potentially harm human health.

- Fruits and Vegetables-Microplastics have been detected in fruits and vegetables, particularly those
irrigated with contaminated water or grown in soil treated with fertilizers derived from urban waste.

- Bottled Water-Microplastics have been found in bottled water samples, raising concerns about human
exposure (Verma et al., 2016; Kaoje et al., 2017; Magami et al., 2017; Prakash, 2017; Rasul et al.,
2021; Sabo et al., 2022; Nnebue & Abubakar, 2023; Pathak et al., 2024).

Future Directions
The food industry is exploring new and innovative ways to use plastics, including:

1. Biodegradable Plastics-Biodegradable plastics are being developed to reduce the environmental
impact of plastic waste.

2. Sustainable Packaging-Food manufacturers are exploring sustainable packaging solutions, such as
compostable packaging and reusable containers.

3. Circular Economy-The food industry is adopting circular economy principles to reduce waste and
promote the recycling and reuse of plastics (Patel et al., 2016; Velis & Cook, 2021).

Conclusion

In conclusion, plastics are a ubiquitous part of modern life, with a wide range of applications and benefits.
However, the environmental impact of plastics, particularly in the food chain, is a growing concern. The
use of plastics in food packaging and production can lead to plastic pollution, which can harm marine life
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and ecosystems. To mitigate the effects of plastics in the food chain, it is essential to adopt sustainable
practices, such as reducing single-use plastics, increasing recycling and reuse, and promoting sustainable
food production and packaging. Individuals, governments, and industries must work together to address
the plastic pollution problem and ensure a healthier and more sustainable food system for future
generations. By understanding the impact of plastics on the food chain and taking action to reduce plastic
use and waste, we can help protect the environment, conserve natural resources, and promote a healthier
and more sustainable food system.
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