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Review

Chemical food contaminants: a growing concern for public health
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ABSTRACT

Significant health hazards are posed by the startling increase in chemical pollutants in food, threatening both
public health and quality of life. Food contamination by chemicals is becoming a serious danger that needs to be
addressed right away. As per the third Sustainable Development Goal of the United Nations, it is imperative to
significantly decrease illnesses resulting from chemical exposure by 2030. In order to address chemical
contamination, it is necessary to promote sustainable farming practices, tighten food safety legislation and
comprehend the sources of contamination. Embracing international best practices is crucial to closing knowledge
gaps and advancing development faster. In underdeveloped nations, embracing global experience and creative
ideas can boost economic development, lower health risks and improve food safety. Global collaboration, information
exchange and technical support can guarantee that everyone has access to wholesome food. Government, private
sector, civil society and individuals must work together effectively to safeguard the food supply and advance a
healthy future. This review seeks to analyze the types and origins of chemical contaminants found in food, extent
of individual exposure and the subsequent health consequences, particularly within the Indian food system.
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INTRODUCTION

The threat of chemical contamination in food
poses a significant and persistent risk to human health
globally, with devastating consequences for individuals,
communities and nations (Naidu et al 2021). In India,
approximately 600 million people fell ill annually due to
food contamination, resulting in 115,000 hospitalizations
and 4,200 deaths (Anon 2017). Chemical contaminants
in food can trigger a range of adverse health effects,
from mild ailments to life-altering conditions such as
birth defects, developmental disorders and cancer
(Shittu et al 2023). The origins of these contaminants
are diverse, encompassing environmental pollutants,
food processing and storage practices, pesticide use,

climate change and globalization. India’s rapid
industrialization and environmental pollution have
exacerbated the issue, with inadequate agricultural
practices, poor food handling and insufficient regulatory
oversight contributing to widespread contamination
(Agrawal et al 2010).

To combat this critical public health concern,
a comprehensive and multifaceted approach is
imperative. This requires integrating cutting-edge
technologies, sustainable agricultural practices, stringent
regulations, collaborative research, public awareness
campaigns and education programmes. Effective
prevention of chemical contaminants in food demands
a proactive, holistic and science-driven strategy that
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prioritizes food safety, sustainability and human well-
being (Bachmann et al 2022). This review aims to
examine the types and sources of chemical
contaminants in food, individual exposure levels and
resulting health impacts, with a focus on the Indian
context. By understanding the scope of this issue,
effective strategies to mitigate food contamination can
be identified, sustainable practices can be promoted
and safer and healthier food for the Indian population
can be ensured.

Chemical contaminants present in food

The health of humans is significantly and
persistently threatened by chemical pollutants found in
food, which disproportionately harm disadvantaged
groups, especially children (Adeola 2021). In addition
to having developing immune systems, children eat
more food relative to their body weight, which makes
them more vulnerable to the negative effects of
chemical pollutants (Mastorci et al 2021). Serious and
protracted health concerns, such as cancer,
developmental difficulties, neurological impairments
and reproductive problems, can result from exposure
to these dangerous compounds (Leoci and Ruberti
2021). Chemical pollutants can also have an additive
and synergistic effect, which intensifies their negative
impacts on human health (Aziz et al 2022). There are
many different and extensive sources of chemical
contamination in food, which can occur at different
points in the food supply chain. Contaminants like
fertilizers, herbicides and pesticides can find their way
into the food chain during manufacturing (Mastorci et
al 2021). Contamination can also result from storage
and transportation circumstances, particularly in cases
where hygienic standards are inadequate. Chemical
pollutants have more potential to enter the food supply
during food processing and preparation, whether
through intentional addition to prolong shelf life or
unintentional introduction as a result of poor hygiene
procedures (Bachmann et al 2022). Moreover, raw
foods including chicken, pork, fish and vegetables can
introduce environmental diseases and naturally
occurring toxins into the food chain.

Various risk points of food contaminants
during production are given in Fig 1.

Methyl mercury: a neurotoxic contaminant
Through the metabolic processes of algae and
bacteria, mercury is converted into organic compounds,
such as methyl mercury (MeHg), which then
bioaccumulates up through trophic levels (Kolipinski

et al 2020). Fish is a common food source of methyl
mercury, which is known to be neurotoxic and
detrimental to human development. All fish contain
methyl mercury, a known neurotoxicant in sufficient
dosage (Clarkson et al 2003). Despite its negative
effects, dietary fish is a rich source of Omega-3 poly-
unsaturated fatty acids (Zibaeenezhad et al 2017).
However, consideration of fish species and portion size
is crucial to minimize methyl mercury exposure.

Polychlorinated biphenyls: industrial pollutants

Polychlorinated biphenyls (PCBs) are
industrial chemicals that persist in the environment and
accumulate in animal tissues, including fish and meat.
The main exposure route to PCBs for humans is the
consumption of contaminated food, mainly fish, seafood
and dairy products (Schecter et al 2010, Feinberg et al
2011). Both human and experimental animal studies of
early-life exposures to PCBs have documented adverse
neurodevelopmental outcomes across domains related
to cognition (eg IQ, language, memory, learning),
attention, behavioral regulation and executive function
and social behavior, including traits related to attention
deficit hyperactivity disorder and autism spectrum
disorders (Carlson et al 2023). Although PCB levels
have declined, children are still exposed to low levels.
Recent studies have linked PCBs to various disease
conditions, including endometriosis.

Polybrominated diphenyl ethers (PBDEs):
endocrine disruptors

Several investigators have identified PBDEs
in meat, fish and dairy products (Domingo 2004,
Domingo et al 2006, Harrad et al 2004, Manchester-
Neesvig et al 2001, Schecter et al 2006). Numerous
studies have shown that exposure to PBDEs is
associated with endocrine dysfunction, developmental
neurotoxicity and reproductive disorders (Costa et al
2014, Gao et al 2016, Jiang et al 2018). Endocrine
disruptors have effects on male and female
reproduction, breast development and cancer, prostate
cancer, neuroendocrinology, thyroid, metabolism and
obesity and cardiovascular endocrinology.

Bisphenol A: a well-researched endocrine
disruptor

Bisphenol A (BPA) interferes with normal
hormone functioning, primarily through dietary exposure
from food and drink containers. The National
Toxicology Programme has reported negative effects
on the brain, behaviour and prostate gland due to BPA
exposure during fetal development, infancy and
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Fig 1. Various risk points of food contaminants during production

childhood. Regulatory measures have been taken to
restrict BPA use in food containers and consumer
products. There are some concerns associated with
BPA exposure that have led developed countries to
take practical measures to minimize exposure of the
public to BPA through diet. The use of BPA in
developed countries has been reduced due to a
combination of consumer pressure and government
regulations (Baluka and Rumbeiha 2016).

Phthalates: toxic chemicals in food

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 occurs through
the consumption of breast milk and infant formula,
which can be contaminated with phthalates (Onyeaka
et al 2024). Phthalates cause hormonal imbalance by
interacting with nuclear receptors, hormonal receptors,
signaling pathways and modulate gene expression
linked with reproduction, thereby, disrupting the HPG
axis that affects fertility (Hlisnikova et al 2020, Li et al
2020). The European Food Safety Authority (EFSA)
has established tolerable daily intake levels for low
molecular weight phthalates.

Source: Lietal (2021)

Perchlorate: a thyroid disruptor

There are many exposure sources such as
drinking water, foodstuffs and indoor dust, among which
foodstuffs make the predominant contribution to human
intake of perchlorate (Huber et al 2011, Zhang et al
2015a, 2015Db).

Perchlorate competitively inhibits the uptake
of'iodide into the thyroid gland, where iodine is essential
for the synthesis of thyroid hormones triiodothyronine
(T3) and thyroxine (T4). In fetuses and infants, thyroid
hormones are critical for normal growth and
development of the central nervous system. Pregnant
women and their fetuses and newborns have the
greatest potential for risk of adverse health effects
following exposure to perchlorate (Trumbo 2010).
Monitoring and controlling perchlorate presence in the
food supply is crucial to protect public health.

Prevention and control

Ensuring the safety and quality of food requires
a comprehensive and multifaceted approach to prevent
and control chemical food contaminants (Bachmann
et al 2022). This begins with implementing good
agricultural practices (GAPs) that minimize chemical



Khushbu et al

residues, such as restricting fertilizer and pesticide use,
ensuring safe irrigation water and controlling harvesting
conditions (Naidu et al 2021). Effective food processing
methods, including cleaning, peeling and stewing, can
reduce contaminant levels. Optimizing heating
conditions and pH levels prevents harmful substance
formation and microbial growth. Temperature is the
most important environmental factor to delay microbial
spoilage, as it directly affects the duration of lag phase
and the growth rate (Jay et al 2005, Adams and Moss
2008). Where environmental pH deviates from optimal
pH levels, microbial growth rates decrease (Rosso et
al 1995).

Rigorous monitoring of raw material quality,
coupled with regular testing and inspection, ensures
compliance with food safety standards. Enforcement
of stringent regulations and standards by regulatory
agencies is critical. Promoting consumer awareness
and education empowers individuals to make informed
choices. Responsible food manufacturing and packaging
practices, such as using non-toxic materials and
minimizing waste, also play a vital role.

Investing in research and development in food
safety technology enables the identification of
innovative solutions (McCarthy et al 2018).
Collaboration between governments, industries and
stakeholders facilitates knowledge sharing and best
practices adoption. Regular training and capacity-
building programmes for food handlers and producers
enhance their understanding of food safety protocols
(Insfran-Rivarola et al 2020). By adopting this
comprehensive strategy, the risk of chemical food
contamination can be significantly minimized, ensuring
safer and healthier food for consumers, protecting
public health and preventing economic losses. Effective
prevention and control measures safeguard the well-
being of communities worldwide.

CONCLUSION

Due to the possible harm that chemical
pollutants may do to human health, there has been an
increase in concern over the years regarding their
presence in food. Along the food supply chain, chemical
pollutants are introduced that, if taken with food, could
be harmful to consumers. The majority of food
contamination is caused by naturally occurring poisons,
environmental contaminants or food that has been
processed, packaged, prepared, stored or transported.

Such pollutants are becoming easier to identify
as technology develops. Research is still being done in
this area; however, there are still a number of pollutants
that are unknown. There are still efforts that need to
be made to lower the health risks and diseases
associated with chemical food contamination, even
though the government has taken sufficient action to
minimize individual exposure to food pollutants.
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