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 This study evaluates cumulative chemical exposure in food 
systems and its implications for human health, focusing on 
combined exposure from environmental contaminants, 
food additives, and natural compounds. Using a qualitative 
Systematic Literature Review (SLR) approach, this study 
synthesizes recent evidence to examine how multiple 
chemical sources contribute to complex exposure patterns 
in modern diets. The findings indicate that human exposure 
occurs through mixtures of chemicals rather than isolated 
substances, leading to cumulative effects shaped by 
repeated intake and biological accumulation. Key processes 
such as bioaccumulation, oxidative stress, inflammation, 
and endocrine disruption are identified as central 
mechanisms influencing health outcomes. The results 
highlight that current risk assessment approaches may not 
fully capture the complexity of real-world exposure 
scenarios. This study emphasizes the need for integrative 
frameworks that consider mixture effects, cumulative 
exposure, and system-level interactions in evaluating food 
safety and protecting human health. 
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1. Introduction 

Human exposure to chemical substances through food systems is a complex 

and multifaceted process that extends beyond individual contaminants. Modern 

diets involve the simultaneous intake of multiple chemical agents, including heavy 

metals, food additives, environmental contaminants, and naturally occurring 

bioactive compounds, each contributing to overall exposure (Thompson & Darwish, 

2019). Traditional approaches to food safety and toxicology have largely focused on 

evaluating individual substances in isolation. However, real-world exposure 

conditions differ significantly from controlled experimental settings, as individuals 

are continuously exposed to mixtures of chemicals through diverse dietary sources 

(EFSA Scientific Committee, 2019). 

Recent research has emphasized that cumulative exposure to multiple 

chemicals may result in combined effects that cannot be predicted based on single-

compound assessments. Studies on dietary exposure patterns indicate that 

individuals are frequently exposed to complex mixtures of additives and 

contaminants within commonly consumed foods (Chazelas et al., 2021). The 

concept of mixture toxicity has gained increasing attention in toxicological research, 

highlighting that interactions between chemicals may lead to additive, synergistic, or 

antagonistic effects. Elcombe et al. (2022) demonstrate that low-dose exposure to 

chemical mixtures can produce biological responses that differ from those observed 

in single-substance studies. 

In addition to mixture effects, cumulative exposure is influenced by repeated 

intake over time, which may lead to the accumulation of chemicals within the human 
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body. This process is particularly relevant for persistent substances such as heavy 

metals and PFAS, which are known to accumulate and exert long-term effects (De 

Silva et al., 2021). Multiple sources contribute to cumulative exposure in food 

systems, including environmental contamination, industrial processing, and the use 

of additives in food production. These sources interact within complex food chains, 

creating diverse exposure pathways that are difficult to evaluate using conventional 

risk assessment models (Sarker et al., 2022). 

At the biological level, different classes of chemicals often share common 

mechanisms of action, such as oxidative stress, inflammation, and endocrine 

disruption. These shared pathways suggest that combined exposure may amplify 

biological responses and increase the risk of adverse health outcomes (Jomova et al., 

2023). The increasing complexity of chemical exposure in food systems has raised 

concerns regarding the adequacy of current risk assessment frameworks. Existing 

approaches are primarily designed to evaluate individual substances, which may not 

fully capture the combined and cumulative nature of real-world exposure (Gürtler, 

2021). 

Furthermore, dietary patterns and food system dynamics play a critical role in 

shaping exposure profiles. The widespread consumption of ultra-processed foods, 

environmental contamination of food sources, and the use of natural and synthetic 

compounds collectively contribute to the diversity of chemical intake (Lane et al., 

2024). Despite growing recognition of these challenges, many studies continue to 

address chemical exposure in a fragmented manner, focusing on specific substances 
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or isolated pathways. This lack of integration limits the ability to fully understand the 

complexity of cumulative exposure and its implications for human health. 

Therefore, there is a need for a comprehensive and integrative perspective 

that considers multiple chemical sources, combined exposure pathways, and shared 

biological mechanisms. Such an approach is essential for improving the evaluation 

of health risks associated with food systems. This study aims to assess cumulative 

chemical exposure in food systems and its implications for human health by 

synthesizing evidence on mixture toxicity, exposure pathways, and toxicological 

mechanisms. Using a qualitative Systematic Literature Review (SLR) approach, this 

study seeks to provide a unified framework for understanding how multiple chemical 

exposures interact within food systems and influence human health outcomes. 

2. Literature Review 

2.1. Multiple Sources of Chemical Exposure in Food Systems 

Chemical exposure in food systems originates from diverse sources that 

collectively contribute to human intake. These include environmental contaminants 

such as heavy metals and PFAS, food additives used in processing, and naturally 

occurring bioactive compounds present in plant-based foods. Thompson and 

Darwish (2019) emphasize that contamination of food by environmental chemicals 

represents a global concern affecting multiple food categories. 

In addition to environmental sources, food processing and industrial practices 

introduce various additives that enhance shelf life, stability, and sensory 

characteristics. Lane et al. (2024) highlight that the widespread consumption of ultra-
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processed foods has significantly increased dietary exposure to multiple additives. 

Natural compounds also contribute to chemical exposure, as bioactive substances 

present in foods can exert both beneficial and adverse effects depending on dosage 

and context. Martirosyan et al. (2022) note that these compounds play a central role 

in functional foods, further increasing their presence in modern diets. 

2.2. Mixture Exposure and Combined Effects 

Human exposure to chemicals rarely occurs in isolation, but rather as 

mixtures of multiple substances consumed simultaneously. This has led to increasing 

attention on mixture toxicity as a critical factor in understanding health risks. 

Chazelas et al. (2021) demonstrate that dietary exposure often involves combinations 

of additives, reflecting real-world consumption patterns. The effects of chemical 

mixtures can vary depending on the nature of interactions between substances. 

Elcombe et al. (2022) describe that combined exposure may result in additive, 

synergistic, or antagonistic effects, which complicate the prediction of health 

outcomes. 

Mixture exposure is particularly relevant in food systems, where multiple 

contaminants and additives may coexist within the same product or dietary pattern. 

These interactions highlight the limitations of traditional approaches that assess 

chemicals individually without considering combined effects. 

2.3. Cumulative Exposure and Bioaccumulation 

Cumulative exposure refers to the total intake of chemicals over time from 

multiple sources and pathways. This concept is particularly important for substances 

that persist in the environment and accumulate within biological systems. De Silva 
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et al. (2021) emphasize that persistent chemicals such as PFAS can remain in the 

body for extended periods, contributing to long-term exposure. Bioaccumulation 

and biomagnification further increase the concentration of chemicals within food 

chains, leading to higher exposure levels in humans. Sarker et al. (2022) highlight 

that contaminants can accumulate across trophic levels, amplifying their presence in 

food systems. 

Repeated dietary intake also contributes to cumulative exposure, particularly 

in populations with consistent consumption patterns. This continuous exposure may 

result in the gradual buildup of chemicals, increasing the risk of adverse health effects 

over time. 

2.4. Shared Toxicological Mechanisms 

Different classes of chemicals often share common biological pathways that 

mediate their effects on human health. Oxidative stress is one of the most widely 

recognized mechanisms, as it plays a central role in cellular damage and disease 

development. Jomova et al. (2023) explain that reactive oxygen species can disrupt 

cellular function and contribute to chronic conditions. In addition to oxidative stress, 

inflammation and endocrine disruption are also key mechanisms associated with 

chemical exposure. These processes may be triggered by multiple substances 

simultaneously, suggesting that combined exposure could amplify biological 

responses. The convergence of these mechanisms indicates that cumulative 

exposure may have compounded effects on health, particularly when multiple 

chemicals interact within the same biological systems. 
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2.5. Limitations of Current Risk Assessment Approaches 

Current risk assessment frameworks are primarily based on evaluating 

individual substances under controlled conditions. While these approaches provide 

valuable insights, they may not adequately reflect real-world exposure scenarios 

involving multiple chemicals. Gürtler (2021) highlights that traditional toxicological 

models are limited in their ability to account for combined and cumulative exposure. 

Recent developments in regulatory science have emphasized the need for 

harmonized methodologies that consider multiple chemicals simultaneously. The 

EFSA Scientific Committee (2019) has proposed approaches for assessing combined 

exposure, but implementation remains challenging due to the complexity of 

interactions. 

Overall, the literature indicates that existing risk assessment approaches may 

underestimate the complexity of chemical exposure in food systems. This 

underscores the need for more integrative frameworks that incorporate mixture 

toxicity, cumulative exposure, and system-level interactions in evaluating human 

health risks. 

3. Methods 

This study employs a qualitative Systematic Literature Review (SLR) approach 

to evaluate cumulative chemical exposure in food systems and its implications for 

human health. The SLR method is used to systematically synthesize existing 

scientific evidence across multiple disciplines, including environmental toxicology, 

food safety, nutritional science, and public health, without generating new 
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experimental data. The literature search was conducted using academic databases 

and publisher platforms. The search strategy utilized combinations of keywords such 

as “chemical mixtures,” “cumulative exposure,” “food contaminants,” “food 

additives,” “bioaccumulation,” “oxidative stress,” and “risk assessment” to identify 

relevant studies addressing exposure sources, mixture effects, and toxicological 

mechanisms.  

The inclusion criteria were limited to peer-reviewed articles published 

between 2019 and 2024 to ensure alignment with recent developments in risk 

assessment and food system dynamics. Studies were selected based on their 

relevance to cumulative chemical exposure in food systems, including those 

examining environmental contaminants, food additives, natural compounds, and 

combined exposure pathways. Studies focusing solely on isolated substances without 

relevance to cumulative or mixture exposure 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 

areas, including multiple exposure sources, mixture toxicity, cumulative exposure, 

shared biological mechanisms, and limitations of current risk assessment 

frameworks. Rather than applying quantitative meta-analysis, this study emphasizes 

conceptual integration to provide a comprehensive understanding of how 

cumulative chemical exposure influences human health within modern food 

systems. 
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4. Results 

This section presents the synthesized findings on cumulative chemical 

exposure in food systems, focusing on multiple exposure sources, mixture effects, 

shared biological mechanisms, and implications for human health. The results 

indicate that human exposure to chemicals is driven by complex interactions among 

diverse sources and pathways, resulting in cumulative and combined effects that are 

not adequately captured by traditional risk assessment approaches. 

4.1. Multiple Sources and Pathways of Chemical Exposure 

The findings show that chemical exposure in food systems originates from 

multiple sources, including environmental contaminants, food additives, and 

naturally occurring compounds. These sources collectively contribute to the 

diversity of chemical intake in modern diets. Thompson and Darwish (2019) 

highlight that environmental contamination remains a major contributor to chemical 

presence in food systems. 

In addition to environmental inputs, food processing and industrial practices 

introduce various additives that increase the complexity of dietary exposure. Lane et 

al. (2024) emphasize that ultra-processed foods significantly contribute to the intake 

of multiple additives in daily diets. Natural bioactive compounds also play a role in 

overall exposure, as they are widely consumed through plant-based foods and 

functional products. Martirosyan et al. (2022) note that these compounds can 

influence physiological processes while contributing to cumulative chemical intake. 

Table 1. Sources and Pathways of Cumulative Chemical Exposure in Food 

Systems 
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Source Category Chemical Type Pathway to Food Exposure Pattern 

Environmental 
contamination 

Heavy metals, PFAS 
Soil, water, food 
chain 

Persistent and long-term 
exposure 

Food processing 
Additives, 
preservatives 

Ultra-processed 
foods 

Continuous dietary intake 

Natural compounds Phytochemicals Plant-based foods 
Variable dose-dependent 
exposure 

Combined dietary intake 
Multiple chemical 
types 

Mixed food 
consumption 

Cumulative exposure 

 

4.2. Mixture Effects and Combined Exposure 

The results indicate that human exposure involves mixtures of multiple 

chemicals rather than isolated substances. This mixture exposure reflects real-world 

dietary patterns, where individuals consume combinations of contaminants and 

additives simultaneously. Chazelas et al. (2021) demonstrate that dietary exposure 

frequently includes complex mixtures of food additives. The interaction between 

chemicals within mixtures can produce a range of effects, including additive, 

synergistic, or antagonistic responses. Elcombe et al. (2022) highlight that low-dose 

exposure to chemical mixtures may lead to biological outcomes that differ from 

those observed in single-substance studies. These findings suggest that mixture 

effects play a critical role in determining health risks and should be considered in 

evaluating the safety of food systems. 

4.3. Cumulative Exposure and Biological Accumulation 

Cumulative exposure is driven by repeated intake of chemicals over time, 

leading to the accumulation of substances within the human body. This process is 

particularly significant for persistent chemicals that resist degradation and remain in 
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biological systems. De Silva et al. (2021) emphasize that substances such as PFAS 

can accumulate and persist in the body over extended periods. 

Bioaccumulation and biomagnification further contribute to increased 

exposure levels by concentrating chemicals within food chains. Sarker et al. (2022) 

explain that these processes amplify contaminant levels at higher trophic levels, 

increasing the risk of human exposure. The combined effects of repeated intake and 

biological accumulation highlight the importance of considering long-term exposure 

in assessing health risks. 

4.4. Shared Mechanisms and Health Risk Implications 

The findings show that different chemical classes often act through common 

biological mechanisms that influence health outcomes. Oxidative stress is identified 

as a central mechanism, as it plays a key role in cellular damage and disease 

development. Jomova et al. (2023) describe how reactive oxygen species contribute 

to toxicity across multiple chemical exposures. 

In addition to oxidative stress, mechanisms such as inflammation and 

endocrine disruption are also associated with cumulative exposure. These shared 

pathways suggest that combined exposure may amplify biological effects and 

increase the likelihood of adverse health outcomes. The convergence of multiple 

mechanisms highlights the complexity of predicting health risks associated with 

cumulative chemical exposure. 

Table 2. Integrated Framework of Cumulative Chemical Exposure and 

Health Risks 
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Process Stage Description Mechanism 
Health Risk 

Outcome 

Multiple exposure 
sources 

Intake from diverse 
chemical types 

Combined exposure 
pathways 

Increased exposure 
complexity 

Mixture interaction 
Simultaneous presence 
of chemicals 

Additive/synergistic effects 
Altered biological 
response 

Biological 
accumulation 

Retention within the 
body 

Bioaccumulation and 
persistence 

Elevated internal 
dose 

Cellular response 
Interaction with 
biological systems 

Oxidative stress and 
inflammation 

Functional 
impairment 

Long-term 
exposure 

Continuous intake over 
time 

Cumulative effects Chronic disease risk 

 

4.5. Interpretation of Key Findings 

The synthesis demonstrates that cumulative chemical exposure in food 

systems is a complex process driven by the interaction of multiple sources, pathways, 

and biological mechanisms. This complexity reflects real-world conditions where 

individuals are exposed to diverse chemical mixtures through everyday dietary 

practices. A key insight is that the combined effects of multiple chemicals may differ 

significantly from the effects of individual substances, highlighting the limitations of 

traditional risk assessment approaches. This suggests that evaluating chemicals in 

isolation may underestimate the potential health risks associated with cumulative 

exposure. 

Furthermore, the findings emphasize that shared biological mechanisms play 

a critical role in mediating the effects of cumulative exposure. This underscores the 

importance of adopting integrative frameworks that consider both exposure patterns 

and biological responses in assessing health risks. 
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5. Discussion 

The findings highlight that chemical exposure in food systems is inherently 

cumulative and driven by the simultaneous intake of multiple substances from 

diverse sources. This reality contrasts with traditional toxicological approaches that 

evaluate individual chemicals in isolation, potentially underestimating the complexity 

of real-world exposure. The integration of environmental contaminants, food 

additives, and natural compounds within daily diets creates overlapping exposure 

pathways, suggesting that health risks are shaped by combined rather than singular 

effects. This complexity emphasizes the need to shift from reductionist perspectives 

toward system-level understanding in evaluating food safety. 

Another key implication is the importance of considering both mixture 

interactions and long-term accumulation in assessing health outcomes. The presence 

of shared biological mechanisms, such as oxidative stress and inflammation, 

indicates that different chemicals may converge to amplify physiological responses. 

In addition, repeated dietary intake contributes to cumulative exposure that may not 

produce immediate effects but can influence long-term health risks. These findings 

suggest that existing risk assessment frameworks may not fully capture the dynamic 

nature of chemical exposure in food systems, reinforcing the need for more 

integrative approaches that account for combined exposure, biological interaction, 

and temporal accumulation. 
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6. Conclusion 

This study demonstrates that chemical exposure in food systems is 

fundamentally cumulative, arising from the combined intake of multiple substances 

originating from environmental contamination, food processing, and naturally 

occurring compounds. The findings show that human exposure is not limited to 

individual chemicals but involves complex mixtures that interact within biological 

systems, influencing health outcomes in ways that cannot be fully understood 

through single-substance assessments. 

From an analytical perspective, the study integrates evidence on multiple 

exposure sources, mixture effects, cumulative intake, and shared toxicological 

mechanisms to provide a comprehensive understanding of health risks. The results 

indicate that processes such as bioaccumulation, oxidative stress, inflammation, and 

endocrine disruption play central roles in mediating the effects of combined 

exposure. This integrated framework highlights that cumulative exposure is shaped 

by both environmental factors and dietary patterns, reinforcing the need for a 

broader perspective in evaluating food safety. 

In practical terms, the findings emphasize the need to advance current risk 

assessment approaches to better reflect real-world exposure conditions. Future 

research should focus on improving methodologies for assessing chemical mixtures, 

incorporating cumulative exposure into safety evaluations, and developing more 

integrative frameworks that connect environmental, dietary, and biological factors. 

Strengthening these approaches is essential for enhancing food safety management 

and protecting human health in increasingly complex food systems. 
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