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This study examines environmental pollutants in food
systems,  focusing ~on  contamination  pathways,
bioaccumulation processes, and associated human health
risks. Environmental pollutants, including heavy metals,
pesticides, persistent organic pollutants, and emerging
contaminants such as microplastics, are introduced into
ecosystems through industrial, agricultural, and urban
activities. Using a qualitative Systematic Literature Review
(SLR) approach, this study synthesizes recent research to
identify key patterns linking environmental contamination
to food system exposure. The findings indicate that
pollutants enter food systems through soil, water, and
biological pathways, and are further amplified by
bioaccumulation and biomagnification processes across
food chains. These processes lead to continuous and
cumulative human exposure through dietary intake. At the
biological level, mechanisms such as oxidative stress and
cellular disruption contribute to potential adverse health
outcomes. This study highlights the need for integrated
approaches that connect environmental management, food
safety, and toxicological risk assessment.
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1. Introduction

Environmental pollution has emerged as a critical global concern due to its
persistent impact on ecosystems and its ability to infiltrate food systems, ultimately
affecting human health. A wide range of environmental pollutants, including heavy
metals, pesticides, persistent organic pollutants (POPs), and emerging contaminants
such as microplastics, are continuously introduced into soil, water, and air through
industrial activities, agricultural practices, and urbanization. These contaminants are
not confined to environmental compartments but can enter the food chain, creating
indirect yet significant exposure pathways for humans (Thompson & Darwish, 2019;
Guo et al., 2019).

In agricultural systems, soil and water act as primary reservoirs of
contaminants, facilitating their transfer into crops and livestock. Pollutants such as
pesticides and heavy metals can accumulate in soil and be absorbed by plants, while
contaminated water used for irrigation further enhances this transfer process. Studies
have shown that such environmental inputs can lead to measurable levels of
contaminants in food products, highlighting the interconnected nature of
environmental quality and food safety (Sun et al., 2018; Zwolak et al., 2019). This
pathway underscores the role of environmental conditions as a foundational
determinant of food contamination.

Beyond initial contamination, pollutants undergo bioaccumulation and
biomagnification within food chains, increasing their concentration at higher trophic
levels. This process is particularly significant for persistent substances that resist

degradation and remain in biological systems over time. As a result, organisms higher



in the food chain, including humans, may experience elevated exposure levels even
when environmental concentrations appear relatively low (Ren et al., 2017; Ali &
Khan, 2019). The complexity of these transfer mechanisms highlights the need to
consider entire food webs rather than isolated exposure points.

Recent research has further expanded the scope of concern by identifying
emerging contaminants such as microplastics, which can enter food systems through
aquatic and terrestrial pathways. These contaminants not only accumulate in
organisms but may also act as carriers for other toxic substances, thereby amplifying
potential health risks. The presence of such pollutants in food systems reflects the
evolving nature of environmental contamination and the increasing difficulty of
controlling exposure pathways (Prata et al., 2020; Pironti et al., 2021).

From a toxicological perspective, environmental pollutants can induce
adverse biological effects through mechanisms such as oxidative stress, cellular
damage, and disruption of metabolic processes. These mechanisms provide a link
between environmental exposure and health outcomes, demonstrating that the
impact of pollutants extends beyond ecological systems to directly influence human
physiology (Genchi et al., 2020; Alengebawy et al., 2021). This connection reinforces
the importance of integrating environmental and toxicological perspectives in
assessing food-related risks.

Despite growing recognition of these issues, existing research often examines
environmental contamination, food safety, and human health as separate domains.
This fragmented approach limits the ability to fully understand how pollutants move

through environmental systems, enter food chains, and ultimately affect human
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health. Moreover, variations in environmental conditions, agricultural practices, and
regulatory frameworks contribute to inconsistencies in the assessment of
contamination risks across regions.

Accordingly, there is a need for an integrated analytical framework that
connects environmental pollution sources, food chain transfer mechanisms, and
toxicological outcomes. Such an approach is essential for developing a
comprehensive understanding of how environmental contaminants influence food
safety and public health in a systematic manner.

Therefore, this study aims to systematically review and synthesize recent
literature on environmental pollutants in food systems, focusing on pathways of
contamination, processes of bioaccumulation and biomagnification, and associated
human health risks. By employing a qualitative Systematic Literature Review (SLR)
approach, this study seeks to bridge the gap between environmental science and
toxicology, providing a holistic perspective on the relationship between

environmental contamination and food-related exposure.

2. Literature Review

2.1. Environmental Pollutants and Sources of Contamination

Environmental pollutants encompass a diverse group of chemical substances
introduced into ecosystems through industrial activities, agricultural practices, and
urban development. Early research highlights that contaminants such as heavy
metals and synthetic chemicals persist in environmental media, including soil and

water, where they accumulate over time and resist natural degradation processes (Li,



2017; Thompson & Darwish, 2019). These characteristics make environmental
pollutants particularly problematic, as they can remain in ecosystems for extended
periods and continuously contribute to contamination.

Subsequent studies expand the scope of environmental pollution by
identifying a broader range of contaminants, including pesticides, persistent organic
pollutants (POPs), and emerging contaminants. Agricultural intensification has been
recognized as a major contributor to environmental contamination, particularly
through the use of pesticides and chemical inputs that accumulate in soil and water
systems (Sun et al., 2018; Rad et al., 2022). In addition, global assessments have
documented the widespread presence of emerging contaminants in aquatic
environments, further complicating pollution dynamics and exposure pathways
(Morin-Crini et al., 2022).

More recent literature emphasizes that environmental pollution is not limited
to isolated sources but represents a complex and interconnected system.
Contaminants can originate from multiple sources and interact within environmental
compartments, leading to cumulative effects and increased difficulty in monitoring
and control. This complexity underscores the importance of adopting a system-level
perspective when assessing environmental contamination and its implications for

tood safety (Guo et al., 2019).

2.2. Transfer Pathways from Environment to Food Systems
The transfer of environmental pollutants into food systems occurs through
multiple pathways, with soil and water acting as primary conduits. Early studies

demonstrate that contaminants present in soil can be absorbed by plant roots and
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translocated to edible plant tissues, while contaminated water used for irrigation
turther enhances pollutant uptake (Noulas et al., 2018; Zwolak et al., 2019). These
processes establish the foundation for understanding how environmental conditions
directly influence food contamination.

Further research highlights the role of agricultural systems in mediating
pollutant transfer. The use of fertilizers, pesticides, and irrigation practices can
modify the mobility and bioavailability of contaminants, thereby affecting their
uptake by crops. Additionally, pollutants present in feed and water can enter animal-
based food products, extending contamination pathways beyond plant systems
(Alengebawy et al., 2021; Rad et al., 2022). These findings illustrate that food
contamination is often the result of interconnected environmental and agricultural
processes.

Recent studies also emphasize the contribution of aquatic systems to food
contamination. Pollutants in water bodies can accumulate in aquatic organisms,
which are subsequently consumed by humans. Emerging contaminants such as
microplastics have been shown to enter food systems through both aquatic and
terrestrial pathways, highlighting the expanding complexity of pollutant transfer
mechanisms (Miller et al., 2020; Pironti et al., 2021). This multifaceted transfer

underscores the need for integrated assessment approaches.

2.3. Bioaccumulation and Biomagnification in Food Chains
Bioaccumulation and biomagnification are key processes that determine how
environmental pollutants increase in concentration within biological systems. Early

theoretical and empirical studies establish that certain pollutants, particularly those
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that are persistent and lipophilic, can accumulate within organisms over time (Ali &
Khan, 2019). This accumulation occurs when the rate of pollutant intake exceeds
the rate of elimination, leading to progressively higher internal concentrations.

Further research demonstrates that biomagnification occurs across trophic
levels, resulting in higher pollutant concentrations in organisms at the top of the
food chain. Empirical evidence from aquatic ecosystems shows that persistent
organic pollutants can increase significantly in concentration from lower to higher
trophic levels, amplifying exposure risks for predators, including humans (Ren et al.,
2017). These findings highlight the importance of considering food chain dynamics
1n exposure assessment.

Recent studies extend this concept to emerging contaminants, including
microplastics, which have been observed to accumulate in marine organisms and
potentially transfer through food webs. Although the mechanisms of microplastic
biomagnification are still being explored, current evidence suggests that these
particles can act as vectors for other toxic substances, further increasing their impact
on biological systems (Miller et al., 2020; Prata et al., 2020). This evolving
understanding reinforces the significance of bioaccumulation processes in modern

toxicology.

2.4. Human Health Implications of Environmental Exposure through Food
The transfer of environmental pollutants into food systems ultimately leads

to human exposure, with potential implications for public health. Early conceptual

frameworks emphasize that environmental conditions play a critical role in

determining human health outcomes, particularly through indirect exposure
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pathways such as food consumption (Li, 2017). This perspective highlights the
interconnectedness of environmental quality and human well-being.

Subsequent toxicological studies provide evidence that exposure to
environmental pollutants can result in a range of adverse health effects, including
oxidative stress, cellular damage, and disruption of metabolic processes. These
mechanisms serve as a biological link between environmental contamination and
disease development, illustrating how pollutants can affect human health at multiple
levels of biological organization (Genchi et al., 2020; Alengebawy et al., 2021).

More recent research underscores the complexity of assessing health risks
associated with environmental exposure through food. Variability in dietary patterns,
environmental conditions, and individual susceptibility contributes to differences in
exposure levels and health outcomes across populations. Additionally, the combined
effects of multiple contaminants present in food systems pose challenges for
traditional risk assessment approaches, which often focus on single substances in
isolation. This complexity highlights the need for integrative frameworks that

consider cumulative exposure and system-level interactions (Morin-Crini et al.,

2022).

3. Methods

This study employs a qualitative Systematic Literature Review (SLR) approach
to examine environmental pollutants in food systems, focusing on contamination
pathways, bioaccumulation processes, and associated human health risks. The SLR

method is selected to provide a structured synthesis of existing scientific knowledge
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without generating new empirical data, which is appropriate given the
interdisciplinary nature of the topic involving environmental science, food safety,
and toxicology. The literature search was conducted systematically using academic
databases and publisher platforms. The search strategy utilized combinations of

2 ¢

keywords including “environmental pollutants,” “food contamination,” “soil and
water pollution,” “bioaccumulation,” “biomagnification,” “food chain,” and
“human health risk” to capture relevant studies addressing the transfer of
contaminants from environmental sources to food systems and their toxicological
implications. To ensure relevance and recency, the search was limited to publications
trom 2017 to 2022, with selective inclusion of highly cited foundational studies
where necessary to support conceptual understanding. The selection process
involved screening titles, abstracts, and full-text articles to identify studies directly
related to environmental contamination pathways and their linkage to food systems
and human exposure. Peer-reviewed journal articles and authoritative review papers
were prioritized to ensure scientific rigor, while studies focusing solely on non-food
exposure pathways or lacking clear relevance to environmental-food transfer
mechanisms were excluded. The selected literature was analyzed using qualitative
thematic synthesis, which involved identifying recurring patterns, conceptual
relationships, and convergent findings across studies. The analysis was structured
around key thematic dimensions, including sources of environmental pollution,
pathways of contaminant transfer into food systems, processes of bioaccumulation
and biomagnification, and implications for human health. Rather than applying

quantitative aggregation or statistical meta-analysis, the study emphasizes conceptual
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integration to develop a comprehensive understanding of how environmental

pollutants move through ecosystems and ultimately affect food safety and public
health.

4. Results

This section presents the synthesized findings from the systematic literature
review on environmental pollutants in food systems, focusing on contamination
sources, transfer pathways, bioaccumulation processes, and implications for human
health. The analysis integrates evidence across environmental science and toxicology
to identify consistent patterns linking pollutant origins to food contamination and
subsequent exposure risks. The findings demonstrate that environmental pollution
is not an isolated phenomenon but a dynamic process that interacts with agricultural

systems and food chains, ultimately influencing human health outcomes.

4.1. Environmental Pollutants and Food Contamination Pathways

The reviewed literature indicates that environmental pollutants originate from
multiple sources, including industrial emissions, agricultural inputs, and urban
activities, and are subsequently distributed across environmental media such as soil
and water. These pollutants enter food systems primarily through plant uptake, water
contamination, and food chain transfer. The complexity of these pathways highlights
the interconnected nature of environmental systems and food safety.

Table 1. Environmental Pollutants, Sources, and Pathways into Food

Systems
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Primary
Environmental
Source

Pollutant
Type

Pathway into Food
System

Key Implication

Industrial discharge,
Heavy metals mining, agricultural

Soil — plant uptake —
Ccrops

Persistent accumulation in
edible plants (Zwolak et al.,

inputs 2019; Noulas et al., 2018)
Agricultural Soil and water — cro Residue presence in food
Pesticides a & lication absorbtion p products (Sun et al., 2018; Rad
PP P et al., 2022)
Persistent .
. . . Air/water — . .
organic Industrial chemicals, | . . Long-term persistence in food
bioaccumulation in :
pollutants waste release OrEAMISITS chains (Guo et al., 2019)
(POPs) &

: Urban waste, . Complex and less-regulated
Emerging . Water systems — aquatic .
contaminants pharmaceuticals, oreamisms exposure pathways (Morin-

industrial runoff & Crini et al., 2022)
. . . . . Potential carrier of toxic
Microplastics Plastic degradation, -~ Water/soil — ingestion substances (Prata et al., 2020;

environmental waste

by organisms

Pironti et al., 2021)

4.2. Bioaccumulation, Biomagnification, and Human Exposure

Beyond initial contamination, the literature consistently shows that pollutants

undergo accumulation processes within biological systems, leading to increased

exposure risks at higher trophic levels. Bioaccumulation occurs within individual

organisms, while biomagnification amplifies pollutant concentrations along food

chains, ultimately affecting human exposure through dietary intake.

Table 2. Conceptual Framework of Environmental Pollutant Transfer and

H

11 | Food and Chemical Toxicology

uman Health Risk.



Almas Nadifa

Process Stage

Environmental
Perspective

Biological Process

Human Health
Implication

Environmental
contamination

Pollutants introduced

into soil, water, and
air

Distribution across

environmental media

Widespread and persistent
exposure sources

Transfer to food
systems

Uptake by plants and

animals

Absorption and
incorporation into
biological tissues

Entry of pollutants into
food supply

Retention within

Concentration

Bioaccumulation . . increases within Chronic internal exposure
organisms over time .
tissues
Increasing
. . . Transfer across concentration in Elevated exposure
Biomagnification

trophic levels

higher-level
organisms

through diet

Human exposure

Consumption of
contaminated food

Intake of multiple
pollutants

Potential cumulative
health effects

Toxicological
response

Interaction with
biological systems

Oxidative stress,
cellular disruption

Increased risk of chronic
diseases (Genchi et al.,
2020; Alengebawy et al.,
2021)

4.3. Interpretation of Key Findings

The synthesis reveals that environmental pollutants enter food systems

through interconnected pathways that involve environmental media, agricultural

processes, and biological systems. These pathways operate simultaneously and

contribute to continuous contamination of food sources, making exposure difficult

to control at a single stage. The findings emphasize that food safety is closely linked

to environmental conditions, reinforcing the need for integrated approaches to

pollution management.
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A key insight is that bioaccumulation and biomagnification significantly
amplify exposure risks beyond initial environmental concentrations. This indicates
that even low-level environmental contamination can lead to substantial human
exposure when pollutants move through food chains. Additionally, the presence of
emerging contaminants such as microplastics introduces new dimensions of risk, as
these substances may interact with other pollutants and alter their behavior within
biological systems.

Furthermore, the results highlight that human exposure to environmental
pollutants through food is inherently cumulative and influenced by multiple factors,
including dietary habits, environmental variability, and pollutant characteristics. This
complexity challenges traditional approaches to risk assessment, which often rely on
simplified models and isolated exposure scenarios. The findings therefore
underscore the importance of adopting system-level perspectives that integrate
environmental, biological, and toxicological dimensions in evaluating food-related

risks.

5. Discussion

The findings indicate that environmental pollution should be understood as a
system-level process that extends beyond ecological boundaries and directly
influences food safety and human health. Rather than isolated contamination events,
pollutants move continuously through environmental media, agricultural systems,
and food chains, creating interconnected exposure pathways. This perspective

highlights that food contamination is fundamentally linked to environmental
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conditions, and controlling risks at the final stage of consumption alone is
insufficient to address the broader problem.

A key implication of the analysis is that bioaccumulation and biomagnification
significantly intensify exposure risks, transforming relatively low environmental
concentrations into higher levels within food chains and ultimately within the human
body. This amplification effect, combined with the presence of multiple pollutants
and varying exposure patterns, introduces complexity that is not fully captured by
conventional assessment approaches. Consequently, there is a need to adopt more
integrated frameworks that consider the entire pathway from environmental
contamination to human exposure, ensuring that food safety strategies are aligned

with the dynamic nature of environmental toxicology.

6. Conclusion

This study demonstrates that environmental pollutants represent a critical
pathway through which contamination enters food systems and ultimately affects
human health. The findings show that pollutants originating from industrial,
agricultural, and urban sources are transferred through soil, water, and biological
systems, leading to continuous and indirect human exposure via food consumption.
This interconnected process highlights that food safety cannot be separated from
environmental quality.

From a conceptual perspective, this study integrates environmental
contamination pathways, bioaccumulation processes, and toxicological effects into

a unified framework that explains how pollutants move from ecosystems into the
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human body. The analysis emphasizes that processes such as bioaccumulation and
biomagnification significantly amplify exposure risks, while emerging contaminants
introduce additional complexity to food safety assessment. This integrated
understanding provides a clearer basis for evaluating the systemic nature of
environmental toxicological risks.

In practical terms, the findings underscore the importance of adopting a
comprehensive approach to risk management that addresses pollution at its source
rather than solely at the point of food consumption. Future research may focus on
improving monitoring systems, developing more advanced models of contaminant
transfer, and examining the combined effects of multiple pollutants across food
chains. Such efforts are essential to strengthen the alignment between environmental

protection, food safety, and public health strategies.
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