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Human exposure to chemical contaminants in food has resulted into various health related problems. To prevent
and mitigate hazardous exposure to chemical contaminants in food, it is imperative to understand the sources
and resultant health problems when exposed. The article, therefore, brings to light the issue of chemical
contamination in food, which has become a growing concern due to its potential harm to human health. This is in
line with the United Nations’ sustainable development goal number three, which seeks a substantial reduction of
illnesses from chemical contamination by 2030.

It covers a range of topics, including the various sources of chemical contamination, the health problems that
can arise from exposure to these contaminants, and the presence of naturally occurring contaminants in food.
The article emphasizes that the food production process, including processing, packaging, transportation, and
storage, can greatly contribute to food contamination. The article suggests the appropriate legislative measures,
along with strong surveillance and enforcement, that can help to reduce the amount of chemical contamination
in food. To achieve this, the article advocates for the continued production of food with minimal chemical

contamination.

There is a need to consider the economic impact of diseases caused by toxic chemical exposure in food, in line
with global sustainability and best practices goals. Finally, the article suggests that by adopting best practices
from around the world, we can help to bridge knowledge gaps and provide benefits to developing countries.

1. Introduction

Preventing chemical contaminants in food has been a major chal-
lenge for the food industry and regulators, as they pose risks to human
health leading to a range of adverse effects, from mild symptoms such as
headaches and nausea to more serious conditions, including birth de-
fects, developmental disorders, and even cancer. Sources of these con-
taminants include the environment, food processing, storage, and
pesticides. Even with efforts to prevent contamination, the issue persists.
Factors such as climate change, globalization, and food manufacturing
contribute to the increasing prevalence of chemical contaminants in the
food supply. This highlights the need for a comprehensive approach to
prevent chemical contamination in food that incorporates the latest
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technological innovations, sustainable agricultural practices, and
effective regulations.

The documentation of food contamination dates back to around
8000 years ago, but with the advancements in agriculture and global-
ization, the rapid spread of contamination has become a major concern.
The food industry is facing a significant challenge in protecting con-
sumers from chemical toxicants in food. The complex food supply chain,
referred to as a “supply web,” makes it difficult to monitor and ensure
the safety of the food we consume (Markus, 2015). The global nature of
the food industry has made it imperative that strict legislative in-
terventions and monitoring standards are put in place to prevent the
spread of contamination. For instance, the European Food Safety Au-
thority (EFSA) has grouped these chemicals as Common Assessment
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Group (CAGs) based on their chemical structures, physiochemical
properties, hazard profiles and also assigned a lower tolerable daily
intake (TDI) for each of these chemicals (EFSA, 2013; EFSA Scientific
Committee et al., 2019) in food come from various sources including
soil, environment, personal care products, disinfection by-products,
water, air, packing material, and microbes. These toxicants can cause
a range of health problems, from mild gastroenteritis to fatal hepatic,
neurological, and renal problems (Rather et al., 2017). The presence of
chemical contaminants in food or in concentrations higher than what is
considered safe is a common cause of foodborne diseases and outbreaks
(Carter & Blizard, 2016). A high degree of safety needs to be followed
when there is substantial use of chemicals to meet the needs of com-
munities around the globe. Of note are the two main concerns, which are
the lack of scientific information to perform risk analysis and the lack of
assessment of chemicals for, which data is available, especially in
developing countries (United Nations, 2023).

The food and water we consume are both vulnerable to the infiltra-
tion of toxic chemicals. These chemicals can be both organic and inor-
ganic and come from a variety of sources including the environment (da
Aratijo et al., 2016; Thompson & Darwish, 2019). There is growing
recognition of the need to transition to a more sustainable food pro-
duction system that not only meets the demand for food but also safe-
guards the health of consumers and the environment. This requires a
collaborative effort between the food industry, government regulators,
and scientific community to implement effective strategies to prevent
chemical contamination in food. The prospects for safe and sustainable
food production are promising, as advancements in food technology,
risk assessment, and regulatory frameworks provide new avenues for
ensuring the safety of the food supply. To protect consumers from
chemical contamination in food, it is crucial that research continues to
investigate how toxicants are transferred from the farm to the fork,
particularly in underdeveloped countries.

The impact of chemical contaminants on human health is complex
and multifaceted. The toxic effects of these substances can vary based on
the dose of the contaminant and the individual’s immunity to its toxic
effects. Some pollutants, such as arsenic, mercury, and lead, have been
linked to increased risk of certain types of cancer, including skin, liver,
and stomach cancer, respectively (Lu et al., 2015; Zhao et al., 2014).
Chemical contamination has been documented in a wide range of food
products, including fish, vegetables, and seafood, and its potential
health impacts on human health are well documented (Thompson &
Darwish, 2019). There is no universally safe level of exposure to
chemical contaminants, but acceptable exposure levels have been
established for many contaminants, below which no toxic effects should
be observed. The nature of the contaminant, the dose ingested, and the
individual’s biology all contributes to determining the toxic effects of
exposure.

The increasing pollution of the environment as a result of industri-
alization has made chemical contamination of food an increasingly
serious concern in recent years. Consuming food contaminated with
pesticides or heavy metals can lead to gastrointestinal illnesses (Song
etal., 2017). For example, a lead poisoning outbreak in Nigeria in 2010
resulted in the deaths of 400-500 children due to exposure to
lead-contaminated food (Tirima et al., 2018).

Food scarcity in underdeveloped countries increases the risk of
chemical contamination and digestive disorders, particularly for those
reliant on aquatic food. Staple crops like wheat and maize are crucial for
national diets but can also expose vulnerable groups to chemical con-
taminants in developing countries. In underdeveloped countries, trans-
portation and logistics systems are inefficient in terms of reducing
distances while transporting food (Wang et al., 2019). Chemical
contamination of food has historically been connected to a lack of
management systems or weaker public health interventions, which are
associated with most areas in developing nations (Nerin et al., 2016). An
overview of the knowledge gaps and best practices was performed, and
these could lay the foundation for future studies. Accordingly, this
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review aims to provide a comprehensive summary of the existing
knowledge regarding various chemical contaminants that have been
historically and presently linked to food safety concerns. Its primary
objective is to identify the ongoing sources of persistent chemical
contamination in food and shed light on the potential health implica-
tions associated with exposure to such contaminants.

2. Chemicals contamination present in foods

The prevalence of chemical contamination in food continues to pose
a significant threat to human health, especially to children who are more
susceptible to its effects. This is due to the fact that they consume more
food in proportion to their body weight, as well as their developing
immune systems and limited dietary options (Environmental Protection
Authority, 2017).

The level of risk from food contamination varies with the amount of
food consumed and the chemical contaminant concentration in the food.
These contaminants have been linked to health problems like cancer,
developmental and neurological problems. To mitigate the health risks
associated with food contamination, it is essential to take appropriate
measures to minimize exposure to these chemicals through monitoring
and controlling the sources of contamination. The most reported
chemical contaminants in food include but are not limited to, heavy
metals, pesticides, and mycotoxins.

2.1. Chemical contaminants present in food

2.1.1. Methylmercury

Methylmercury, a toxic form of mercury, is produced through the
bacterial conversion of deposited mercury in water bodies (Guimaraes
et al., 2000). Fish is one of the common food sources of methylmercury.
According to the Environmental Protection Agency (EPA), methylmer-
cury is known to be neurotoxic and has detrimental effects on human
development (Karagas et al., 2012; Lynch et al., 2011). Despite its
negative effects, fish remains an important food source, particularly for
infants and children, due to its high levels of beneficial omega-3 fatty
acids. However, it is crucial to consider both the type of fish species and
portion size as these factors affect both the levels of methylmercury and
omega-3 fatty acids in the fish. To optimize the health benefits of fish
consumption, it is important to consider these factors and regulate the
rate of consumption.

2.1.2. Polychlorinated biphenyls (PCBs)

Polychlorinated biphenyls (PCBs) are chemicals commonly used in
industrial applications like electrical equipment, flame retardants, and
paints but they persist in the environment and can accumulate in animal
tissues, including food sources like fish and meat (Environmental Pro-
tection Agency, 2017). Studies have shown that exposure to PCBs is
associated with a range of negative health effects, particularly in rela-
tion to neurological development (Adamse, Schoss, Theelen, & Hoo-
genboom, 2017; Boucher et al., 2009; Schantz et al., 2003; Wigle et al.,
2008).

Although the levels of exposure to PCBs have declined in recent
years, children are still exposed to low levels of these chemicals (Axelrad
et al., 2009; Chmil et al., 2020; Patterson et al., 2009). More recently,
PCBs are associated with several different disease conditions. It has been
linked to endometriosis (Shirafkan et al., 2023) and Klimczak et al.
(2023) highlighted that historical occurrence of polychlorinated naph-
talenes still occur in humans from unintentional emissions obtained
from thermal processes. To explore how PCBs can be reduced in the
environment, Hassan et al. (2023) deduced from a review that the
concentrations of highly-chlorinated PCB can be substantially reduced
under the presence or absence of oxygen and that the decline was due to
the degradation of congeners with one or more chlorine atoms.

However, exposure to PCBs can have varying effects on individuals
and populations, influenced by factors like exposure dose and duration,
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as well as age and health. Other persistent chemicals, including dioxins,
dibenzofurans, and organochlorine pesticides, are also present in animal
foods and can increase overall exposure and associated health risks.

2.1.3. Polybrominated diphenyl ethers (PBDEs)

Polybrominated diphenyl ethers (PBDEs) are a group of persistent
organic pollutants (POPs) that are widely distributed in the environment
and can accumulate in the fat tissue of various food items, such as fish,
meats, poultry, dairy products, and even human breast milk (Rose et al.,
2010; Schecter et al., 2010). These contaminants pose a risk to people of
all ages, as exposure to PBDEs has been linked to several negative health
effects, including disruption of the nervous and endocrine systems
(Herbstman et al., 2010). Endocrine disruption has become an area of
growing concern due to the potential for long-term impacts on human
health, such as alterations in hormonal balances, developmental prob-
lems, and other serious health outcomes.

2.1.4. Bisphenol A (BPA)

The chemical bisphenol A (BPA) is a well-researched endocrine
disruptor that interferes with the normal functioning of hormones. Ac-
cording to the National institute of environmental health sciences
(2023), the primary source of exposure to BPA is through the diet and
occurs when the chemical migrates from food and drink containers,
especially when the containers are heated. The potential harm caused by
BPA has raised significant concerns. The National Toxicology Program
(2019) has reported that exposure to BPA during fetal development,
infancy, and childhood may lead to negative effects on the brain,
behaviour, and prostate gland.

Due to the uncertainty surrounding the safety of BPA, the US Food
and Drug Administration (FDA, 2021) introduced legislation aimed at
restricting or prohibiting the use of BPA in food containers and con-
sumer products. This move reflects the need to address the public’s
concerns about the potential harm caused by BPA. Additionally, ac-
cording to EFSA (2021) opinion regarding the re-evaluation of the risks
of BPA in food and accordingly, a significant lower tolerable daily intake
(TDI) of 0.04 ng/kg body weight/day has been recommended (Bisphe-
nol A). The findings of the studies on BPA and its impact on human
health (Diamanti-Kandarakis et al., 2009) highlight the importance of
continued research and monitoring in this area.

2.1.5. Phthalates

Phthalates are a group of toxic chemicals that are commonly found in
a variety of fatty foods, including dairy products, fish, seafood, and oils.
Additionally, exposure to these chemicals in infants occur through the
consumption of breast milk and infant formula, which can be contami-
nated with phthalates. The endocrine-disrupting properties of phtha-
lates on human health has been the subject of numerous studies, for
instance, studies by Main et al. (2006), Nassar et al. (2010), and Swan
(2008). The findings of these studies indicate that phthalates can cause a
range of reproductive and developmental effects in laboratory animals,
which suggests that they may have similar effects in humans. These
findings highlight the need for continued research into the effects of
phthalates on human health and the importance of reducing exposure to
these toxic chemicals, especially in vulnerable populations such as in-
fants. Based on these studies, the EFSA has developed a group of TDI for
low molecular weight phthalates such as diisononyl phthalate (DINP),
di-butylphthalate (DBP), butylbenzylphthalate (BBP) and di-(2-eth-
ylhexyl)phthalate (DEHP) due to their identical hazard profile with
possible identical mode of action (EFSA et al., 2019).

2.1.6. Perchlorate

Perchlorate is a widely present chemical contaminant that has been
found to exist in different forms of food and drinking sources in the
United States. The sources of perchlorate include surface and ground-
water (Kirk et al., 2007), human breast milk (Dasgupta et al., 2008),
dairy products, vegetables, and other produce. The major concern
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regarding perchlorate is its ability to disrupt the normal functioning of
the thyroid gland. The inhibition of iodide uptake by the thyroid glands
leads to a reduction in the production of thyroid hormone which affects
its function (Leung et al., 2014). This poses a significant health risk to
pregnant women who consume food contaminated with perchlorate.
The developing foetus is particularly vulnerable to the adverse effects of
perchlorate exposure, making it imperative to monitor and control the
presence of this chemical in the food supply. Given the serious impli-
cations of perchlorate exposure, it is important to be vigilant and take
necessary measures to protect public health.

2.2. The threat of chemical food contamination: an age-old concern with
contemporary implications

The food manufacturing industry is particularly vulnerable to
contamination, both intentional and unintentional. Intentional con-
taminants may come from sources such as active packaging, economi-
cally motivated adulterants, and dietary ingredients (Lipp & Chase,
2015) while unintentional contamination may occur during food pro-
cessing, storage, or due to the presence of contaminants in raw mate-
rials. With the potential for harmful effects on human health, it is crucial
to address this issue and monitor and control the presence of chemical
contaminants in the food supply. Fig. 1 visually represents the alarming
reality of chemical food contamination in certain regions around the
world.

Tables 1 and 2 in the report by Lipp and Chase (2015) illustrate past
and recent chemical food safety issues. In the past (as shown in Table 1),
arsenic was a major concern, while the current situation (as shown in
Table 2) is dominated by plastics. In 2013, the US Centers for Disease
Control and Prevention reported over 11,000 cases of foodborne ill-
nesses, with metals and other chemical substances being identified as
the primary contaminants (Callejon et al., 2015; Salter, 2014).

By examining historical and recent chemical food safety issues (Ta-
bles 1 and 2), we can gain insights into the geographical differences and
major contrasts that influence these contamination events.

Table 1 highlights past instances of chemical food safety issues,
revealing significant variations across different regions and time pe-
riods. Arsenic contamination was a prominent concern in the past, as
demonstrated by events such as the Esing Bakery incident in Hong Kong
(1857) and the arsenic-tainted sweets in Bradford, England (1858)
(Lowe & McLaughlin, 2015; Perkins, 2021). These instances occurred
during a time when food safety regulations were less stringent, and the
understanding of contaminants and their effects was limited.

However, as we shift to the current era, Table 2 illustrates a different
landscape of chemical food safety issues. Plastics have emerged as a
dominant concern, as exemplified by cases like ethylene oxide-
contaminated sesame seeds in Europe (2020) and plastic contamina-
tion in Butterball turkey products (2021) (Kowalska & Manning, 2022;
U.S Department for Agriculture, 2021). This shift reflects changes in
manufacturing processes, packaging materials, and the pervasive use of
plastics in food production and distribution.

The contrasts between developed and developing countries are
evident in these tables. Developed nations have made significant strides
in regulating and mitigating chemical contamination in food, leading to
a decline in certain historical issues. For instance, the Swill milk crisis in
New York (1850) and the Minamata illness caused by mercury poisoning
in Japan (1950) spurred stricter regulations and improved monitoring
practices (Kennedy, 2021, pp. 9-22; Knox & Mayer, 2013).

On the other hand, developing countries often face unique challenges
due to limited resources, inadequate infrastructure, and a lack of
comprehensive regulatory frameworks. The Delhi 1998 oil poisoning
incident in India, caused by edible mustard oil contaminated with
Argemone mexicana seed oil, resulted in numerous deaths and hospi-
talizations (Sitaraman & Rao, 2019). These cases highlight the need for
capacity-building efforts, knowledge transfer, and international collab-
oration to address chemical contamination in food effectively.
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@ Swill milk crisis in New York, USA (1850)
Esing bakery incident in Hong Kong (1857)

@ Arsenic contaminated beer sugar contaminatin in London, Egland (1900)

@ Bread poisoning with pyrrolizidine alkaloids in South Africa (1920)
Minamata illness caused by mercury poising in Japan (1950)

o Epidemic dropsy triggered by adultatrated mustard oil in Delhi, India (1998)
Dioxin contamination of eggs in Tropodo, Indonesia (2019)

Fig. 1. Food contamination and crisis caused in some parts of the world.

Table 1
Historical chemical food safety issues.
Issue Year Reference
The Swill milk crisis in New York 1850 Kennedy (2021)
The Esing Bakery incident in Hong Kong 1857 Lowe and McLaughlin
(2015)
Arsenic-contaminated beer sugar outbreak 1900 Montet and Dey (2018)
in London
Bread poisoning with pyrrolizidine 1920 Wiedenfeld (2011)

alkaloids in SA

Arsenic-tainted sweets in Bradford, England 1858 Perkins (2021)

Cadmium-contaminated rice irrigation 1910-45 Aoshima (2022)
water in Japan

Minamata illness caused by mercury 1950 Knox and Mayer (2013)
poisoning in Japan

Cooking oil contamination in Meknes, 1959 Segalla (2020)
Morocco

Sitaraman and Rao
(2019)
Wang and Zhang (2011)

Epidemic dropsy triggered by adulterated 1998
mustard oil

Clenbuterol-contaminated pork in 2009
Guangzhou, China

Table 2
Recent chemical food safety issues.

Issue Year Reference

Fipronil contamination of eggs in Europe 2017
Dioxin contamination of eggs in Tropodo, 2019
Indonesia

Nayak et al. (2022)
Mihai et al. (2021)

Ethylene oxide-contaminated sesame 2020
seeds in Europe

Bongkrek acid-contaminated corn noodles 2020
in Jixi, China

Plastic contamination in Butterball turkey =~ 2021
products

Kowalska and Manning
(2022)
Yuan et al. (2020)

(U.S Department for
Agriculture, 2021)

In a broader context, it is essential to acknowledge the global nature
of the issue. Food supply chains are increasingly interconnected, making
contamination events in one region capable of impacting consumers
worldwide. Furthermore, the nature of chemical contaminants is

evolving, with emerging concerns such as plastic contamination posing
new challenges that require innovative solutions.

By considering the geographical differences and major contrasts
between developed and developing countries, we can gain a better un-
derstanding of the factors contributing to these food contamination
events. It underscores the importance of comprehensive regulations,
adequate surveillance systems, and knowledge-sharing initiatives to
prevent and mitigate chemical contamination in food.

3. Sources of food contamination

To fully comprehend the sources of chemical contaminants in food, it
is important to consider their origins. In some instances, the environ-
ment may play a role in the contamination of food (Smedley & Kinni-
burgh, 2002). Factors such as soil conditions, point sources and human
activities can lead to the build-up of metals in the environment, with
events such as mining potentially releasing chemicals like mercury and
arsenic into the environment (Bortey-Sam et al., 2015). Other chemical
toxicants such as lead, polychlorinated biphenyls (PCBs), and dioxins
may also enter food through environmental sources.

The use of pesticides in agriculture may also contribute to the
contamination of food (Lebelo et al., 2021). Additionally, the use of
medications in both humans and livestock may also pollute waterways
and pose a threat to human health through food consumption
(Thompson & Darwish, 2019). Food packaging procedures may also be a
source of food contamination, as chemicals from the packaging mate-
rials may “migrate” and contaminate the food. High-resolution mass
spectrometry (HR-MS) has identified oligomers in plastics, food, and
human blood (Schreier et al., 2023; Tsochatzis et al., 2021). It has been
observed that oligomers can transfer from both newly produced and
recycled plastic packaging materials into food (Tsochatzis et al., 2022).
The influence of recycling technologies on the production, migration,
and safety of oligomers in food and its packaging remains unclear as no
specific information is currently available. These pollutants in food have
the potential to cause both chronic and acute toxicity (Thompson &
Darwish, 2019). Urban farms and gardens may also pose additional
concerns due to the presence of metal pollutants (Kaiser et al., 2015).
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Drinking water can also become contaminated (Enault et al., 2015),
leading to the pollution of marine biota and the compromise of seafood
for human consumption (Nelms et al., 2018). Those who consume a high
amount of seafood may have elevated levels of these pollutants in their
system. Occupational exposure may also play a role in human exposure
to contaminants, such as lead, as workers in high-risk fields such as
vehicle repair may inadvertently ingest lead after hand-to-mouth con-
tact (Thompson & Darwish, 2019).

The presence of microplastics in food and its impact on ensuring food
safety and sustainable production is a matter of great significance. These
minuscule plastic particles, which come from different sources like
degraded plastics, microbeads, and synthetic textile fibers, can enter the
environment and eventually find their way into the food chain (Katare
etal., 2021). Marine organisms can ingest microplastics, leading to their
accumulation in seafood, while soil and crops can also become
contaminated. The ingestion of microplastics raises concerns about po-
tential health hazards due to their ability to carry other contaminants
along with them.

The health implications of these chemical contaminations are broad,
with findings from the literature indicating that mild gastroenteritis and
syndromes related to the liver, kidneys, and nervous system may occur
(Rather et al., 2017). The major sources of food contamination are found
to be naturally occurring toxins, environmental pollutants, processing,
packaging, preparation, storage, and transportation of raw food mate-
rials (Rather et al., 2017).

On the other hand, the way the foods are processed or cooked at high
temperature, may lead to the formation of Maillard reaction products
(MRPs) that could be toxic or beneficial to human health. MRPs are
produced by the interaction with the reducing sugars and amino acids,
which is a non-enzymatic browning reaction, leading to formation of
various odour and brown colour (Hodge, 1953; Tamanna & Mahmood,
2015). The MRPs especially carboxy methyl lysine (CML) may cause
diabetes and cardiovascular diseases while acrylamide acts as a carcin-
ogen (Knecht et al.,, 1991; Meng et al., 1998; Tareke et al., 2000).
Notably, MRPs such as melanoidins have been observed with anti-
oxidative (Natella et al., 2002) and antimicrobial effect (Hiramoto et al.,
2004). To circumvent this problem, there is an ever-increasing demand
for the use of instant meal rather than traditional cooking. Notably,
studies have shown that people consuming high amount of processed
meat, pizza or snacks develop insulin resistance and metabolic syn-
drome compared to people having high intake of fresh vegetables and
low processed food (Esmaillzadeh et al., 2007). Taking together, despite
several known sources of food contamination, many remain unidenti-
fied, however, advancements in technology have made it easier to detect
these sources, leading to the importance of continuous surveillance for
food safety.

3.1. Naturally occurring chemical contaminants in food

The presence of natural chemical contaminants in food is a common
occurrence. Raw food surfaces are naturally prone to contamination by a
range of bacteria, viruses, parasites, and other pathogens. Sources of
contamination can include soil, sewage, live animals, exterior surfaces,
internal organs of meat animals, and food derived from diseased animals
(Gallo et al., 2020; Rather et al., 2017). Although advancements in
medicine have reduced the risk of contamination from diseased animals,
other forms of chemical contamination, such as the accidental intro-
duction of chemical substances in food or the use of antibiotics or
chemicals in animal feed, continue to pose a threat to food safety (Martin
& Beutin, 2011).

Parasites in food can also pose a significant risk to human health.
These parasites can enter food products such as fruits, vegetables, and
meat through irrigation water, excreta, soil, sewage, poor handling
practices, or human handling (Rather et al., 2017). Food-producing
livestock can also play a role in spreading parasites, as they can
become infected and spread the parasites to the food they produce. Most
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of the living organisms present in food can produce toxins that are
classified as natural toxins. Foodborne illnesses and outbreaks can be
caused by several of these natural contaminants, with enteric diseases
being transmitted via the fecal-oral route because of consuming
contaminated food or ingesting free-living parasites from the environ-
ment (Rather et al.,, 2017). In conclusion, the presence of natural
chemical contaminants in food poses a significant threat to human
health and highlights the need for effective food safety measures and
proper handling practices.

3.1.1. Mycotoxins

Mycotoxins are secondary metabolites (Li et al., 2023) and are
naturally occurring harmful compounds that are produced by various
fungi, particularly those belonging to the genera Penicillium, Fusarium,
and Aspergillus (Zeidan et al., 2018). These toxins are produced when
environmental factors such as moisture and temperature of the food
become optimal for fungal growth. With the recent changes in weather
patterns caused by climate change, the prevalence of mycotoxins in food
crops has become a growing concern. As the environment becomes
increasingly favourable for fungal growth, the risk of food contamina-
tion by mycotoxins also increases. This highlights the need for contin-
uous monitoring and regulation of food crops to ensure that they remain
free from these harmful compounds.

3.1.2. Marine biotoxins

Marine biotoxins are naturally occurring toxic substances produced
by certain types of phytoplankton in the sea. According to a study by
Peteva et al. (2018), the presence of these toxins is higher during the
summer months. These toxins can cause a range of health problems in
individuals who consume contaminated seafood. Example, domoic acid
and its derivatives, which are neurotoxins, can cause amnesic shellfish
poisoning, leading to digestive disorders and more severe neurological
issues in elderly people. Another group of lipophilic toxins known as
Diarrhetic Shellfish Poisoning, including azaspiracid, okadaic acid, and
dinophysistoxins, can cause minor gastrointestinal symptoms like
nausea, vomiting, diarrhoea, abdominal discomfort, chills, headaches,
and fever. These symptoms can last for a few days (Peteva et al., 2018).

3.2. Food allergens

Food allergens are proteins or their derivatives that can cause
abnormal immune system reactions. Egg and milk are common aller-
gens, but allergies to shellfish, peanuts, and tree nuts can develop later in
life and persist (Onyimba et al., 2021). Most foods can potentially cause
an allergic reaction, with around 90% of reactions being triggered by
peanuts, tree nuts, milk, soy, wheat, egg, crustaceans, fish, sesame,
lupin, or molluscs (Durban et al., 2021). Food allergies range from minor
gastrointestinal discomfort, skin rashes to life-threatening anaphylaxis
and asthma. On the other hand, actual food allergies account for a small
portion of the wide range of individualized allergic events to foods,
which also includes food intolerances (Schussler et al., 2018). Vegeta-
bles and fruits such as apples, kiwi, and melons can also cause moderate
allergic reactions (Vanga et al., 2018). Pollen-food syndrome, also
known as oral allergy syndrome, is linked to primary allergies to pollen
or latex (Kim et al., 2008) and causes symptoms usually restricted to the
throat and mouth (Mastrorilli et al., 2019).

There is no cure for food allergies, and avoidance of allergenic foods
is the only way to manage them effectively (Turnbull et al., 2015).
Emergency treatments are available to address allergic reactions.

3.3. Unusual chemical contamination in food

The occurrence of unusual chemical contamination in food can be a
result of both accidental and intentional causes. Intentional contami-
nation can arise from sources such as economic adulterants or malicious
intent. Food can also be used as a vector for delivering biological or
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chemical weapons, in which chemical agents are deliberately added to
adulterate food matrices (Bruemmer, 2003; Shabani et al., 2022). The
September 11, 2001, terrorist attack in the United States, for example,
raised concerns about the safety of the country’s food supply (Sobel
et al., 2002; Spink & Moyer, 2011). In response to these concerns, new
and sophisticated techniques have been developed both in the US and
internationally to detect chemical agents that may contaminate food,
including natural toxins, agrochemicals, heavy metals, and non-metallic
ions (Khan et al.,, 2001; Meadows, 2004). The risk of chemical
contamination in food is a widespread public health concern that affects
individuals of all ages, races, genders, and income levels globally.
Numerous studies have reported the presence of harmful chemical
substances, such as mycotoxins, pesticides, antimicrobials, poly-
chlorinated biphenyls and dioxins, polycyclic aromatic hydrocarbons,
and metals in food and animal feed, leading to a range of health issues
(Priiss-Ustiin et al., 2011).

Similarly, the presence of chemical contaminants, such as melamine,
in imported food is also a cause of consumer concern. Melamine is a
nitrogen-based industrial chemical used in the production of melamine
resins, and its presence in human foods and animal feed has raised alarm
among consumers (Vail et al., 2007). Studies have reported that
melamine-related compounds (cyanuric acid, ammeline, and ammelide)
in animal feed caused animal illness and death, and high and continuous
dietary exposure to melamine, in combination with cyanuric acid, can
cause the formation of insoluble melamine cyanurate crystals in the
kidneys of cats and dogs, resulting in renal failure (Andersen et al., 2008;
Chan et al., 2008). Furthermore, the presence of melamine in meats
consumed by humans can also pose a potential risk (Vail et al., 2007). In
some cases, melamine contamination in infant formula milk has resulted
in renal complications and death (Chan et al., 2008; Ingelfinger, 2008).
In response to these incidents, regulatory agencies, such as the Food and
Drug Administration (FDA), have developed and implemented moni-
toring methods, such as infrared spectroscopy, liquid and gas
chromatography-mass spectrometry, to detect melamine and cyanuric
acid in both domestic and imported milk-derived products (Andersen
et al., 2008; Vail et al., 2007).3.6 Use of genetically modified crops.

The concept of “genetically modified” refers to the process of
transferring genes across species using laboratory techniques such as
gene insertion, DNA splicing, and cloning (Byrne, 2014). These tech-
niques, collectively known as recombinant DNA technology, result in the
creation of genetically modified organisms (GMOs), which are also
referred to as bioengineered, genetically engineered, and transgenic
crops or foods. Although the term “genetically modified” is sometimes
perceived as ambiguous or confusing, it is important to note that many
foods we consume have been genetically modified over generations
through human selection for desirable qualities and domestication from
wild species. However, crops or products produced through recombi-
nant DNA technology are not allowed in organic production according
to USDA standards for organic agriculture (Nandwani & Nwosisi, 2016,
pp- 1-35).

Genetically modified crops were cultivated on 179.7 million hectares
in 28 different countries in 2015, representing more than 10% of the
world’s arable land and seven times the size of the United Kingdom.
United States, Argentina and Brazil are the leading producers of genet-
ically modified crops. Although scientists are conducting controlled
trials, no genetically modified crops are currently being produced
commercially in the United Kingdom (The Royal Society, 2016). Only a
few varieties of GMO crops are cultivated in the US, yet some of these
GMOs represent a significant portion of the crop grown (e.g., corn,
soybeans, canola, cotton, and sugar beets) (U.S. FDA, 2020). GMO
soybeans ac-counted for 94% of all soybeans planted in 2018, while
GMO corn and cotton accounted for 92% and 94%, respectively of all
plants planted. GMO canola accounted for 95% of all planted canola in
2013, while GMO sugar beets accounted for 99.9% of all sugar beets
produced in the same year. The majority of GMO plants are used in
generating ingredients that are then used in many other food products,
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such as corn starch or sugar made from genetically modified sugar beets.
The benefits of genetic modification (GM) in agriculture are numerous
and well documented in the literature. Perez-Torrado et al. (2015)
highlight that GM technology has the potential to increase agricultural
yields, reduce pesticide use, improve the nutritional content and quality
of food, lower the cost of food and drug production, enhance food se-
curity, provide resistance to pests and diseases, and offer medicinal
benefits to a growing global population. Furthermore, crops have been
engineered to mature faster and withstand environmental stresses such
as salt, boron, aluminum, frost, drought, and others, allowing for their
growth in otherwise inhospitable conditions. This technology has also
been applied in the production of non-industrial (ornamental plants)
and non-protein (bioplastic) products, as demonstrated by Mickelbart
et al. (2015).

However, the consequences of altering a crop’s natural state by the
introduction of foreign genes are not fully understood. Phillips (2008)
highlights the potential implications such as changes in the crop’s
growth rate, changes in its metabolism, and the crop’s response to
external environmental stimuli. These implications can affect both the
genetically modified crop and the natural habitat in which they can
survive. Additionally, there is concern about the transfer of
antibiotic-resistant genes to gut flora and the potential for new allergens
to be introduced in genetically modified crops, both of which are
considered significant health risks to humans (Craig et al., 2008).

The presence of chemical contaminants in food poses a serious and
ongoing threat to public health. People of all ages, races, genders, and
income levels are vulnerable to the effects of chemical contamination,
regardless of their location in the world. This issue has been well-
documented by various authors who have studied the health implica-
tions of consuming chemical contaminants in food, including myco-
toxins, pesticides, antimicrobials, polychlorinated biphenyls and
dioxins, polycyclic aromatic hydrocarbons, and metals.

Table 3 provides an overview of various chemical contaminants
found in food, the corresponding foods in which they are commonly
present, and the potential health issues associated with their consump-
tion. It serves as a reference for understanding the relationship between
chemical contaminants, food sources, and their impact on human
health.

3.4. Storage and packaging contaminants

Food packaging offers several advantages, from physical protection,
barrier protection, and enhanced food preservation, which prolongs the
shelf life of food products. Various additives (including stabilizers, an-
tioxidants, slip agents or plasticizers) are often introduced to polymers
during the manufacturing of food packaging to improve material qual-
ities (Nerin et al., 2016, pp. 81-93), which can migrate from direct or
indirect contact with the packaging material to the food, and potentially
endanger consumers’ health (Diamantidou et al., 2022). For this reason,
there is a need for appropriate and reliable frequent analytical control
for the detection and quantitative analysis of all these targeted analytes
(Alberto & Tsochatzis, 2023; Tsochatzis & Begou, 2022).

Metallic cans used in food packaging may allow metallic ions such as
iron or tin to migrate into the food due to corrosion on the can’s metallic
surface (Buculei et al., 2012). A review (Udovicki et al., 2022) of the
occurrence of microplastics and its effects on the health of human after
exposure found that there is widespread occurrence and a large amount
appears to be consumed yearly. Another review of global trends and
concentrations of microplastics in foods and beverages (Sewwandi et al.,
) found that even To overcome the challenges, Kwon et al. (2020) sug-
gested that more research on human microplastic consumption should
be carried out. The detection of plastic oligomers in food contact ma-
terials requires analytical strategies which may be demanding (Alberto
Lopes & Tsochatzis, 2023), hence, a worldwide collaborative research
will be beneficial especially to developing countries. The consensus in
the literature is the inability of plastics to degrade, hence it is believed
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Table 3
Chemical contaminants, foods present, and possible health issues.
Category Chemical Foods Present Possible Health Issues Reference
Contaminant
Mycotoxins Aflatoxin Ground nut oil Immunodeficiency, Liver damage, Acute toxicity, Carcinogenicity,  (Darwish et al., 2014; Gong et al.,
Impaired growth effect 2016)
Deoxynivalenol Wheat, barley Impaired intestinal integrity, Impaired gut-associated immune Robert et al. (2017)
system
Ochratoxin Wheat flour Nephropathy Khlifa et al. (2012)
Fumonisins Maize Esophageal cancer and birth defects Park et al. (2017)
Zearalenone Wheat and Hyperestrogenism and reproductive dysfunction Chang et al. (2017)
barley
Antimicrobials Sulfonamides - Kidney damage and nephropathy Darwish, Atia, Khedr, and Eldin
(2018)
Macrolides - Hypersensitivity and anaphylactic shock Bayomi et al. (2016)
Pesticides DDTs Edible offal, Neurological symptoms Thompson et al. (2017)
milk, chicken
Polychlorinated biphenyls - Baby food Language delay Caspersen et al. (2016)
and Dioxins
Metals Lead Grains and Death among children, Complications in the red blood cells and (Darwish, Atia, Reda, et al., 2018;
vegetables nervous system Yabe et al., 2015)
Mercury Grains and Associated with reproductive, neurotoxicity and cardiovascular, Genchi et al. (2017)
vegetables developmental toxicity, immunotoxicity, carcinogenicity, and

Polycyclic aromatic
hydrocarbons (PAHs)

Benzo [a]pyrene

Barbecued food

nephrotoxicity

Cognitive dysfunction among children, Impaired male fertility,
DNA damage and oxidative stress, Mutagenicity and
carcinogenicity

(Dai et al., 2015; Darwish et al.,
2015, 2018a; Jedrychowski et al.,
2015)

that biodegradable polymers may be a way out in the future (Samir
et al., 2022).

Glass jars are commonly used for packing marmalades, jams, beans,
sauces, and vegetables and copper lids used to seal them cause migration
in this case. To ensure a good seal, these lids normally feature a poly-
vinyl chloride gasket (PVC) (Nerin et al., 2016, pp. 81-93). Epoxidized
soybean oil is one of the plasticizers used in PVC, and it has been found
in food by a number of authors (Choi et al., 2018). Polyethylene, poly-
ethylene terephthalate, high-density polyethylene, PVC, polycarbonate
and polystyrene (PS), are some of the most commonly used polymers in
food packaging. All these ingredients can migrate.

Dry foods like sugar and flour and items like frozen food and cereals
are typically packaged with paper and board (Nerin et al., 2016, pp.
81-93). Contaminants can migrate from printing inks or paperboard
additives to the food. It is worth noting that paper is by far the most
recyclable packaging material, and therefore, using recyclable materials
could expose food to contaminants such as plasticizers or mineral oils
contained in adhesives or printing inks. Set-off transference has been
documented more recently because of migrations from components
produced from printing inks (Aznar et al., 2015).

Recyclying material such as polyethylene terephthalate for food
packaging to avoid the use of virgin resources may be difficult to be
proven safe (Tsochatzis et al., 2022).

3.5. Food contaminants during processing and transportation

The prevention of contamination during food processing and trans-
portation is critical for ensuring the safety and quality of food products.
Proper cleaning and disinfection procedures can help eliminate harmful
microorganisms and reduce the risk of contamination. However, the use
of disinfectants during the processing of minimally processed fruits and
vegetables can result in residual concentrations of these chemicals on
the processed food products, which can cause potential health risks
(Villanueva et al., 2018). The use of non-ionic surfactants such as stearyl
alcohol ethoxylate and quaternary ammonium compounds in cleaning
food products can also result in the transfer of these chemicals to food,
due to remnants of these surfactants left on food handling equipment
(Rather et al., 2017; Tuladhar et al., 2012).

Sustainability goals, particularly the recycling of food contact ma-
terials (FCMs), are essential for preventing chemical contaminants in
food and promoting safe and sustainable food production (De Tandt

et al., 2021). Recycling FCMs reduces the environmental impact of their
disposal by decreasing the need for raw materials extraction and
reducing energy consumption and greenhouse gas emissions. It also
contributes to resource conservation by extending the lifespan of ma-
terials, aligning with the principles of sustainable food production.
Focusing on FCM recycling fosters a circular economy, ensuring mate-
rials are reused and recycled rather than being wasted in landfills.
Moreover, by properly managing and recycling FCMs, the risk of
chemical contaminants entering the food supply chain is minimized,
enhancing food safety and supporting sustainable practices in the food
industry (Briassoulis, 2023).

New (bio)plastic polymers (polyhydroxyalkanoates, polylactic acid,
polybutylene succinate, polyhydroxyurethane, and polyethylene fur-
anoate) are being introduced, and this is important for reducing chem-
ical contamination of food and ensuring safe, sustainable food
production (Omerovic et al., 2021; Zhao et al., 2023). These materials
provide substitute packaging choices with lowered contamination haz-
ards. They are designed to reduce dangerous ingredient migration,
ensuring food safety. Many (bio)plastic polymers are also compostable
or biodegradable, minimising their negative effects on the environment
and the danger of microplastic contamination. Regulations and stan-
dards, however, are required to guarantee their safety and fitness for
interaction with food.

Contamination of food can also occur during transportation, through
gasoline and diesel vehicle emissions or cross-contamination within
vehicles. Cross-contamination poses a significant threat to food safety
and has been responsible for foodborne outbreaks in the past, such as a
pandemic in the European Economic Community in 1999 that was
attributed to pallets contaminated with fungicide used to transport food
packaging materials (Kamboj et al., 2020).

The production process itself can also result in the formation of
chemical contaminants in food. High cooking temperatures, commonly
used in both home and industrial food processing, can produce toxic
compounds such as chloropropanols, nitrosamines, furanes, PAHs, and
acrylamide, which can negatively impact food quality and safety (Nerin
etal., 2016, pp. 81-93). Frying is a major contributor to the formation of
hazardous chemicals during the food manufacturing process (Roccato
et al., 2015).

The heating treatment employed in the production process is another
source of chemical contaminants. High cooking temperatures are typical
food processing activities in both homes and industries. Cooking at a
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high temperature, combined with environmental factors, can produce
toxic compounds that jeopardize food quality and safety. Toxic com-
pounds such as chloropropanols, nitrosamines, furanes, PAHs or acryl-
amide are produced during food processing operations such as roasting,
heating, grilling, canning, baking, fermentation, or hydrolysis (Nerin
et al., 2016, pp. 81-93). In the food manufacturing process, frying is a
major producer of a variety of hazardous chemicals (Roccato et al.,
2015). Fig. 2 gives a comprehensive view of how chemical contamina-
tion enters the food production process through various sources and
pathways.

3.6. Monitoring and surveillance

Monitoring and surveillance are essential for safeguarding con-
sumers from chemical contaminants and preserving the security of the
food supply chain. To find, evaluate, and manage chemical hazards in
food, numerous governmental and non-governmental organisations
worldwide are engaged in monitoring and surveillance programmes
(Connolly et al., 2016). These initiatives seek to determine and quantify
the contaminants present, evaluate the hazards they may provide, and
put in place the safety measures required.

Different nations and areas have different levels of monitoring and
surveillance for chemical contaminants in food. Developed nations
typically have more well-established systems with thorough monitoring
programmes and strict laws (Wahidin & Purnhagen, 2018). To assess the
safety of the food supply, these systems frequently include routine
sampling of food products, laboratory testing, and risk assessment
techniques.

Despite current monitoring and surveillance efforts, a number of
possible gaps and challenges need to be resolved.

1. Analytical Methods: There is ongoing challenge in the development
of precise, sensitive, and quick analytical techniques to identify and
measure chemical contaminants in various food matrices (Hird et al.,
2014). Advancements in analytical technique can improve detection
abilities and lower the possibility of false-positive or false-negative
results.

2. Emerging Contaminants: Due to the constantly changing nature of
developing chemical pollutants, such as new pesticide residues or
innovative food additives, identification and monitoring can be
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difficult (Umapathi et al., 2022). To stay up with new threats,
ongoing research and observation are required.

3. Global Harmonization: It is crucial to achieve global harmonization
in the methodology, regulatory standards, and practises for chemical
contamination monitoring and surveillance. Different laws and
standards in different nations can complicate international trade and
jeopardize consumer protection.

4. Resource Limitations: Strong monitoring and surveillance pro-
grammes require adequate finance, infrastructure, and personnel
with the necessary skills. The effectiveness and reach of monitoring
operations might be hampered by a lack of resources, particularly in
developing nations.

5. Data Sharing and Collaboration: The efficiency of monitoring and
surveillance operations can be increased by increased collaboration
and data sharing across nations, regulatory agencies, and scientific
groups (WHO, 2020). Sharing data on emerging risks, analytical
techniques, and best practises can help close gaps and advance food
safety.

6. Rapid Alert Systems: Rapid alert systems must be established and
improved to enable prompt communication and response to food
safety situations involving chemical pollutants (Savelli et al., 2019).
Effective channels of communication can speed up the recall of
contaminated products and minimize any potential health hazards.

4. Knowledge gaps and prospects

The monitoring of chemical contaminants in food products is a
critical aspect of ensuring food safety and quality. However, in many
developing countries, there are significant gaps in the process of
chemical contaminant monitoring and control. For example, there is
lack of clear guidance and legislation outlining the relevant limits for
different types of food contaminants. Furthermore, even where legisla-
tion exists, there is often a lack of a robust monitoring program to verify
the presence and quantity of chemical contaminants in different food
products. This makes it difficult to ensure that the food we consume is
free from harmful chemicals.

Moreover, there is need for more research into the toxicological
consequences of food contamination, particularly in developing coun-
tries. This involve investigating how chemicals toxicants are transmitted
from farms to plates and understanding the impact of environmental
factors on food contamination. Threshold limits for toxicants at low
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Fig. 2. Sources and pathways of chemical contamination in food production.
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concentrations must be established, and national food safety manage-
ment systems evaluated. There is a particular need for increased over-
sight and promotion of compliance with chemical control in agriculture-
intensive countries.

There are also significant gaps in the process of risk assessment in
most developing countries. Due to scarce resources, a lack of infra-
structure and experience, poor data availability and quality, obsolete
regulatory frameworks, and competing agendas, risk assessment pro-
cedures for chemical contaminants in food differ greatly between na-
tions, especially in developing countries (Morse et al., 2018). Effective
risk evaluations are further hindered by insufficient data and inconsis-
tent legislation (Alfei et al., 2020). Risk assessment will play a crucial
role in ensuring food safety by evaluating the potential hazards associ-
ated with chemical contaminants in food products (Ng et al., 2022). By
conducting risk assessments, policymakers and regulatory bodies can
make informed decisions about food safety standards and develop
appropriate control measures to protect public health.

In the context of chemical contaminant monitoring in food, harmo-
nization plays a vital role in setting uniform limits and guidelines for
contaminants across borders (King et al., 2017). It helps prevent dis-
crepancies in safety standards and facilitates a smoother exchange of
food products between nations. Globally, there are significant chal-
lenges to harmonising enforcement and surveillance operations for
chemical contamination in food. It is important to understand how
consistency is hampered by various regulatory frameworks, limited ca-
pacity, different priorities, complicated global trade, and inadequate
information exchange. It is also key to understand how to address these
issues through global cooperation, which includes enhancing partner-
ships, creating global standards, boosting capacity building, promoting
cutting-edge technology, and strengthening regulatory frameworks to
improve global food safety and public health.

The gaps in current legislation regarding chemical contaminant
monitoring in food, particularly in developing countries include the
absence of clear guidance and legislation regarding limits for different
contaminants. Such inconsistencies create challenges in ensuring food
safety and can lead to variations in safety standards among different
countries.

Government action is needed to reduce chemical contamination in
food, methods must be developed to capture the economic impact of
these illnesses, and this information must be linked to global sustainable
best practices and goals. Understanding the concerns of food producers
about systems for producing food with minimal contamination is also
crucial for food safety and quality.

5. Conclusion

Over the years, there has been a growing concern on the presence of
chemical contaminants in food due to the potential harm to human
health that these chemical contaminants can cause. Chemical contami-
nants get into along the food supply chain which when consumed with
food could harm the consumers. Residual chemicals from disinfectants
and surfactants such as stearyl alcohol ethoxylate and quaternary
ammonium compounds in cleaning food products can pose health risks.
Rather than using chemicals to eliminate food borne pathogens that can
leave harmful residues in food, safer methods, such as natural cleaning
solutions and thorough equipment cleaning, like the use of natural or
organic cleaning solutions, such as vinegar or baking soda, can effec-
tively eliminate harmful microorganisms without leaving harmful resi-
dues in the food. The use of lower cooking temperatures and alternative
cooking methods such as steaming or boiling are encouraged instead of
using high cooking temperatures that can produce toxic compounds
such as chloropropanols, nitrosamines, furanes, PAHs, and acrylamide
which are harmful to human health. There is need for Governments to
increase oversight and promote compliance in industries like agriculture
to prevent chemical contamination and ensure food products are safe for
consumption.
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