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Abstract

Per- and polyfluoroalkyl substances (PFAS) have emerged as a critical food safety and public health concern due to their
persistence, bio accumulative nature, and widespread presence across the global food supply chain. This study
investigates PFAS contamination pathways from agricultural production to final consumption, emphasizing the
mechanisms through which these “forever chemicals” infiltrate soil, water, crops, livestock, and processed foods.
Industrial emissions, contaminated irrigation water, biosolids used as fertilizers, and food packaging materials are
identified as key contributors to PFAS entry into the food system. Once absorbed, PFAS compounds accumulate in edible
tissues and plant matter, leading to chronic human exposure through dietary intake. The paper evaluates recent findings
on PFAS concentration levels in various food categories, including seafood, dairy, meat, and grains, alongside their
toxicological implications such as endocrine disruption, immune suppression, and carcinogenicity. Analytical
techniques such as liquid chromatography-tandem mass spectrometry (LC-MS/MS) are discussed for accurate detection
and quantification of PFAS in complex food matrices. Furthermore, this study highlights the gaps in existing food safety
regulations, calling for harmonized global standards, improved monitoring frameworks, and sustainable agricultural
practices to limit PFAS contamination. Overall, the research underscores the urgent need for cross-sector collaboration
and policy reform to safeguard human health and maintain food system integrity in the face of persistent PFAS pollution.
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1. Introduction

Per- and polyfluoroalkyl substances (PFAS) are a large class of synthetic chemicals that have become a major
environmental and public health concern due to their extreme persistence, bio accumulative nature, and widespread
presence in everyday products [1]. Commonly referred to as “forever chemicals,” PFAS are used in numerous industrial
and consumer applications including non-stick cookware, waterproof textiles, firefighting foams, and food packaging
materials because of their resistance to heat, water, and oil [2]. However, this same chemical stability that makes PFAS
commercially valuable also renders them resistant to natural degradation, allowing them to accumulate in soil, water,
air, and living organisms over time [3].

In recent years, growing evidence has shown that PFAS can contaminate the food supply chain through multiple
pathways [4]. Agricultural activities that use contaminated irrigation water, biosolids, or fertilizers can introduce PFAS
into crops and livestock [5]. Similarly, industrial discharge and polluted groundwater can affect aquatic ecosystems,
leading to elevated PFAS levels in fish and seafood [6]. Beyond primary production, food-contact materials such as
packaging, coatings, and processing equipment serve as additional sources of contamination, as PFAS can migrate into
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food products during processing, storage, and distribution [7]. The cumulative effect of these exposures contributes to
the continuous ingestion of PFAS through daily diets, making food one of the most significant routes of human exposure.

The health implications of PFAS contamination are profound and far-reaching. Numerous studies have linked chronic
PFAS exposure to endocrine disruption, immune system suppression, developmental delays, reproductive issues, and
certain cancers [8]. Given their long biological half-lives and ability to accumulate in human tissues, even low-level
exposures pose potential long-term health risks [9]. These concerns have prompted international regulatory agencies,
including the U.S. Environmental Protection Agency (EPA), the European Food Safety Authority (EFSA), and the World
Health Organization (WHO), to intensify monitoring and establish safety thresholds for PFAS in food and drinking water
[10].

This paper aims to trace the occurrence, sources, and migration pathways of PFAS across the food supply chain from
agricultural production to final consumption while assessing the associated foodborne risks to human health. By
examining contamination mechanisms, analytical detection methods, and existing policy responses, this research
underscores the urgent need for coordinated global efforts to mitigate PFAS exposure. Ultimately, understanding how
PFAS move through the farm-to-fork continuum is essential for developing sustainable solutions that ensure food safety,
protect public health, and preserve environmental integrity.

2. Migration of Per- and Polyfluoroalkyl Substances (PFAS) from Food Packaging and Contact
Materials into Food Products

Food contact materials (FCMs) may transfer dangerous chemical compounds into food through a migration mechanism.
PFAS had been detected in several paperboards and food wrappers by total fluorine analysis as a PFAS surrogate [11].
Migration is an inevitable process influenced by several factors that adhere to Fick's diffusion laws. The release of PFAS
is contingent upon: (1) the material's capacity to emit PFAS, (2) the conditions of food contact, including temperature
and duration of exposure, (3) the characteristics of the material in contact with food, such as thickness, initial
concentration, and diffusion coefficient, and (4) the interaction between the material and the compound, quantified as
the distribution coefficient between the material and the food [12].

The pathways of exposure during processing and packaging reflect current PFAS production and usage. Fast food
wrappers and other grease- and water-resistant packaging contain PFAS, which can permeate food and elevate dietary
exposure. The predominant PFAS now employed in food packaging are short-chain variants and fluorotelomer-based
derivatives. The migration is affected by the concentration, mass fractions, type, and length of the PFAS chain, as well as
the type of food, even during a brief interaction between the material and the food. The chain length of PFAS influences
its bioaccumulation potential and toxicity.

Longer-chain PFAS, including perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid (PFOA), exhibit greater
persistence and enhanced bioaccumulation potential compared to shorter-chain PFAS. Longer-chain PFAS are more
likely to accumulate in the food chain and provide a heightened risk of negative health effects in humans. The
temperature and duration of contact can affect the migration of PFAS from food packaging materials into food [11].
Increased temperatures can expedite the transfer of PFAS, particularly from non-stick cookware and fast-food
packaging, into food. Extended contact durations with food further heighten the likelihood of PFAS migration into the
meal.

The particular impacts of these factors on food contamination may differ based on the type of food and the packaging
material utilized. A study indicated that cooking eggs in a non-stick pan at elevated temperatures led to increased PFAS
migration into the eggs compared to using a stainless-steel pan. A study indicated that fast food packaging materials
containing PFAS may contaminate meals, particularly when the food is hot and oily [13].

The initial stage involves the release of PFAS from the material's surface, contingent upon whether PFAS is absorbed
into the substance or merely resides on its surface. The surface must be moist to dissolve the bonds that adhere the
substance to the surface and facilitate the release of the chemicals [14], [15]. The second phase of PFAS migration
transpires when the chemicals solubilize in food. Due to their status as environmental contaminants, detecting PFAS in
food can be difficult, as they may be present in the product prior to processing or packaging. Due to their simpler
analytical matrices compared to food, it is recommended to employ food simulants for migration assays [16].
Furthermore, it is essential to verify that the materials employed by the laboratory were devoid of microbial
contamination. In several studies, a Teflon-free paper filter is employed as a replacement [11], [10].
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The subsequent factors were employed for migration assessments: For example, given the expectation of elevated
temperatures during food preparation, the migration conditions utilized for a dish intended for microwave heating were
70 °C for 2 h [17]. For samples incapable of retaining liquids, such as baking paper, a segment of the sample is positioned
under the lid of a stainless-steel cylinder, which is subsequently sealed with a solid food simulant, such as Tenax®, and
subjected to the appropriate temperature and duration in the oven [11], [10]. Before applying the simulant and
subjecting the samples to the appropriate temperature for the necessary length to facilitate migration [17], square cuts
of the samples, including muffin wrappers, pizza boxes, and hot beverage cups, are prepared. This complies with
Commission Regulation (EU) No 10/2011 [18].

2.1. Factors Influencing PFAS Migration in Food

2.1.1. Moisture Content

The transfer of PFAS into food is affected by the moisture level present in the meal. PFAS are characterized by their
hydrophobic nature, indicating a tendency to oppose water while exhibiting an affinity for fats and oils. This can lead to
their accumulation in the adipose tissues of animals and facilitate their migration from food packaging materials into
fatty foods. Fengler et al. [19] examined the movement of two samples of muffin masses in their investigation. The FTOH
measurements were observed to be lower for the sample with elevated moisture content compared to the muffin with
reduced moisture content. The authors assert that the FTOH evaporates, resulting in a decreased concentration in the
food, which explains this variance [19].

2.1.2. Lipid content

PFAS are predominantly found in protein-rich foods, such as liver, game meat, livestock, and fish, due to their propensity
to interact with proteins. In migration testing, fat content exerts a more significant influence than protein levels, as these
components are utilized to enhance the material's resistance to lipids and are commonly included in the packaging of
fast food and ultra-processed products. To illustrate that PFAS do not disperse uniformly across various food kinds, Choi
et al. [11], [10] analyzed 312 samples, encompassing pans, bakeware, electric rice cookers, grills, and baking papers.
PFODA and PFNA, the analytes predominantly detected in n-heptane and 50% ethanol, respectively, had the highest
proportions in this instance. PFODA exhibited a concentration of 3.05 pg L-1 in the n-heptane simulant, whereas PFNA
demonstrated a concentration of 2.12 pg L-1 in the same simulant. The data indicate that alcoholic beverages and fatty
foods are the primary dietary sources with a high likelihood of PFC migration [11], [10]. Elizalde et al. [20] shown that
the migration of perfluorinated chemicals, specifically PFHXA, PFHPA, PFOA, PFNA, PFDA, PFTRDA, and PFTEDA, from
paper bags to Tenax® and lyophilized milk was more pronounced in whole milk compared to low-fat milk. Low-fat milk
contained 50% less fat than whole milk, even though both varieties were freeze-dried [20].

Emulsified meals have elevated migration levels compared to non-emulsified fatty diets. In their research on the
migration of PFAS in emulsified foods, Begley et al. [5] found that the migration rate was up to 50 times higher in
emulsified foods such as butter compared to non-emulsified fats like oil. The migration of PFAS at 100 °C is anticipated
to increase when the proportion of ethanol to water escalates from 10% to 30%, consistent with the migration seen
using food simulants.

2.1.3. Acidity

PFAS exhibit greater stability in acidic settings, facilitating its release into acidic foods. Conversely, in simpler
environments, such as certain vegetables, PFAS are less prone to transfer into the meal. Research indicates that the pH
of food can affect the migration of PFAS into it [1]. The migration of PFAS into food was greater in acidic conditions (pH
4.0) than in neutral conditions (pH 7.0). Acidic beverages, such as orange juice, exhibit elevated levels of PFAS
contamination relative to other beverages with a more neutral ph.

2.1.4. Salt concentration

The WHO estimates daily salt consumption to be between 10 and 12 grams. This include both precooked meals and salt
incorporated during cooking and processing. It is thus intriguing to understand the impact of salt concentration on the
migration of perfluoro alkylated compounds in food [21]. Studies indicate that sodium chloride allegedly accelerates
the transfer of PFAS [1]. NaCl can disrupt the repulsive interactions between PFAS and surfaces, facilitating the
migration or transfer of PFAS onto food. Comparative analysis of PFOS and PFOA migration from non-stick utensils to
food revealed that migration rates were elevated in salt-added foods compared to salt-free diets.

280



World Journal of Advanced Research and Reviews, 2025, 28(02), 278-287

3. Analytical Approaches for Detecting and Quantifying PFAS in Food Products and Packaging
Materials

Humans are exposed to PFAS mostly through food consumption. Consequently, PFAS identified in food-contact
packaging materials have garnered significant attention in recent years. PFAS employed in food contact boards and
paper have demonstrated persistence, bioaccumulation, and significant toxicity. Analytical methods are necessary to
ascertain the origins of PFAS exposure through board and paper, and to assess their contaminant components and
degradation byproducts. Consequently, new fluorinated chemicals may arise, and a comprehensive approach for the
detection and identification of all PFAS is lacking [22]. Due to the complexity of polyfluorinated surfactants as mixtures,
they present an analytical challenge and necessitate advanced analytical techniques to identify all possible constituents
[23].

The total fluorine in samples can be quantified using several non-specific approaches, including some spectroscopic
techniques such as nuclear magnetic resonance (NMR) and sliding spark spectroscopy [24]. Moreover, experimental
neutron activation analysis is an excellent method for quantifying total fluorine [25]. Identifying PFAS is crucial, as
fluorine may be present in other fluorinated compounds or as inorganic fluorine. Due to their low quantities and the
presence of many other PFAS in these samples, identifying these chemicals is problematic [26]. Liquid chromatography
coupled with mass spectrometry (LC-MS or UPLC-MS), together with tandem mass spectrometry, has been employed to
quantify PFAS in food-contact materials [11], [10], [27].

Liquid chromatography linked to triple quadrupole mass spectrometry (LC-QqQ) and liquid chromatography connected
to quadrupole time-of-flight mass spectrometry (LC-QTOF) has recently been developed for the detection of trace
quantities of PFAS in food packaging materials [28]. Fluorine was identified in food packaging paper samples at a
concentration exceeding 16 nmol/cm? [29]. Liquid chromatography coupled with mass spectrometry (LC-MS) was
developed by researchers in Sweden and Denmark for the quantification of perfluoroalkyl acids (PFAA), some perfluoro
octane sulfonate (PFOS) derivatives, and total organic fluorine [30]. Thirteen of the 35 examined items, which included
muffin packaging, popcorn bags, fast-food packaging, and baking dishes, contained PFAS.

Newly produced paper fiber inherently lacks PFAS. To prevent packing from absorbing moisture and grease, a coating
is often applied to paper and cardboard. They may also be incorporated throughout the recycling process into the final
product. Various analytical approaches are utilized for the detection and quantification of PFAS in food packaging
materials, contingent upon the specific study type. Nonetheless, liquid chromatography coupled with triple quadrupole
mass spectrometry (LC-MS/MS) is the most sensitive and selective method available.

4. Dietary pathways on PFAS

The primary human exposure pathways to PFAS encompass several food sources, including: (1) Ingesting food
contaminated with PFAS, either via direct exposure to PFAS-laden materials during production, processing, packing,
and storage, or through the contamination of soil, water, and air utilized in food production; (2) Ingesting food from
animals that have been subjected to PFAS exposure, whether via contaminated feed or environmental factors; (3)
Ingesting seafood contaminated with PFAS, as these substances can bioaccumulate throughout the aquatic food chain;
(4) Utilizing cookware, food packaging, or other food contact materials (FCMs) that include per- and polyfluoroalkyl
substances (PFAS), which may leach into food during preparation or storage; (5) Consuming water polluted with PFAS
for culinary, drinking, or food processing purposes.

In the last 70 years, numerous businesses have employed PFAS, a category of synthetic organofluoride compounds that
remain persistent in the environment. Toxicological study indicates that exposure to certain PFAS, especially long-chain
variants, may jeopardize the reproductive, endocrine, and immunological systems in people. This discussion will focus
on a theoretical model of PFAS exposure, detailing the sources, transport processes, and human exposure pathways.
Point sources and non-point sources are the primary contributors to human PFAS exposure. Industrial activities,
including fire training and response sites, are associated with primary point sources, but non-point sources may
encompass food products, food packaging, and potable water. The transport paths of PFAS, contingent upon their
chemical composition, may encompass surface water runoff, long-range air deposition, and groundwater migration. All
of these procedures may taint agricultural products and ultimately expose humans to PFAS.

European research indicates that drinking water is the primary source of PFAS exposure to people, surpassed only by

point-source contamination. Lakes, groundwater, and rivers serve as drinking water sources that may be contaminated
with PFAS leaking from industrial origins. Specifically, because to their high solubility in water, PFAS have been
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identified in numerous water sources next to probable point sources, such as fire-fighting and manufacturing operations
[31]. The EPA has established far tougher warning levels, with updated Health warning Levels of 0.004 ng/L for PFOA
and 0.02 ng/L for PFOS. The revised standards demonstrate the EPA's dedication to safeguarding public health from the
possible hazards linked to exposure to these contaminants in drinking water. These health warnings are non-regulatory
and non-enforceable; yet, they provide essential health protection information for regulators and the public [32]. The
revised recommendations demonstrate the EPA's dedication to safeguarding public health from the hazards linked to
PFAS exposure in drinking water [32].

Moreover, there exists a significant danger of exposure to PFAS-contaminated sewage sludge (biosolids) and recycled
water from wastewater treatment plants, commonly employed in agriculture [33]. Nonetheless, comprehensive
research is required to comprehend the proportionate impact of various PFAS sources on the human diet. Owing to its
unique functional properties, PFAS are utilized in several consumer products globally. Grease-resistant paper, non-stick
cookware, fast food wrappers, and retail packaging are but a few potential exposure pathways for PFAS. In compliance
with FDA regulations, producers in the USA have voluntarily ceased the use of long-chain PFAS and do not intentionally
include them into food packaging. Short-chain PFAS and fluorinated acrylate polymers are permitted for usage in
packaging and several commercial applications.

Occupational exposure constitutes a significant avenue for PFAS exposure. Individuals employed in sectors where PFAS
is manufactured or utilized in food packaging materials are also at risk [34]. The bioaccumulation potential of PFAS has
been established, and it escalates with longer chain lengths. Specific PFAS chemicals have been shown to impact human
health by affecting thyroid and kidney function, causing immunosuppression, and producing detrimental effects on
reproduction and development. Chronic diseases associated with perfluoro octane sulfonate (PFOA) include renal and
testicular cancers, hypercholesterolemia, and ulcerative colitis [33].

Bioaccumulation at the source and exposure during processing and packing are the two primary mechanisms via which
PFAS infiltrate food. Long-term applications of PFAS are generally indicated by bioaccumulation pathways, which may
also encompass biosolids industrial ashes and sludges rich in nutrients that enhance agricultural and soil productivity.
PFAS in biosolids may leak into groundwater, hence contaminating drinking water [35]. They may be assimilated by
crops, so exposing humans to them via food [36].

PFAS can accumulate in various plants and animals consumed as food, exhibiting distinct methods and patterns of
accumulation. In plants, PFAS can accumulate via absorption from polluted soil and water, as well as through air
deposition. Upon absorption by the plant, PFAS can be transported to many plant sections, including consumable
components like leaves, fruits, and seeds. The deposition of PFAS in vegetation is affected by variables like plant species,
soil composition, pH levels, and moisture content. In animals, PFAS can accumulate via nutritional consumption, as well
as through inhalation or cutaneous contact with polluted water, soil, or air. PFAS can bioaccumulate in several animal
tissues, such as muscle, liver, and adipose tissue. Long-chain PFAS, particularly PFOS, exhibit a significant propensity to
bioaccumulate in beef and fish, in contrast to the accumulation of short-chain PFAS in crops [37]. Moreover, in contrast
to other persistent chemicals, PFAS preferentially accumulate in proteins rather than lipids inside muscle, kidney, and
liver tissues. The buildup of PFAS in animals is affected by species, age, sex, and food. The accumulation patterns of PFAS
in various plants and animals can change based on the individual kinds of PFAS and their physicochemical
characteristics. Long-chain PFAS are more prone to bioaccumulation in animal tissues compared to short-chain PFAS,
although specific PFAS types, such PFOS, exhibit greater accumulation in particular fish species, including tuna and
salmon.

In 2016, the National Toxicology Program (NTP) performed an extensive assessment of human, animal, and laboratory
research examining the immunotoxin effects of PFOA and PFOS. This comprehensive evaluation revealed that both
PFOA and PFOS are considered to have possible immune-related hazards to humans. The research identified substantial
evidence connecting both drugs to the inhibition of the antibody response. Furthermore, there was insufficient data
indicating that PFOA may result in diminished resistance to infectious infections, exacerbated hypersensitivity-related
consequences, and a higher prevalence of autoimmune diseases.

Likewise, PFOS was linked to the inhibition of natural killer cell function. Likewise, perfluoroalkyl compounds have
shown the capacity to influence thyroid hormone levels in rats, and research has established associations between blood
perfluoroalkyl concentrations and thyroid hormone levels in human epidemiological investigations. Although research
on the mechanisms of thyroid hormone disruption by perfluoroalkyls is sparse, existing information indicates that these
compounds may influence thyroid function by binding to the thyroid hormone receptor or altering the expression of
genes pertinent to thyroid function and regulation. Studies indicate that several perfluoroalkyls can associate with the
human thyroid hormone receptor in cultivated GH2 cancer cells, as demonstrated by molecular docking tests [38].
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5. Effects on Human Health

Upon exposure, PFAS may persistently accumulate in many regions of the human body. The health effects linked to this
exposure can only be assessed if these levels reach toxicity [14]. Given the prevalence of PFAS in human blood, it is the
predominant sample matrix utilized for screening PFAS toxicity in human serum globally. Numerous studies have
examined PFAS concentrations in human blood, revealing that persons with occupational or other forms of exposure
have greater PFAS levels than the general population, which comprises individuals with no known exposure. Jian et al.
[39] evaluated 87 studies and determined that the concentration of PFAS in human blood ranges from 0.01 to 10,400
ng/ml, with fisherman in China exhibiting the highest levels. Silva et al. [40] evaluated various publications and noted
that the concentration of PFAS in occupationally exposed persons was 1-4 times more in magnitude than that of the
general population. Piekarski et al. [41] analyzed 35 articles and concluded that the worldwide concentrations of
perfluoroalkyl acids (PFAAs) in adult serum of the general population ranged from 0.5 to 35.5 ng/ml, whereas levels in
occupationally exposed individuals varied from 12.7 to 2190 ng/ml.

Recent peer-reviewed research indicates that exposure to PFAS might adversely affect human health. These findings
indicate that PFAS can directly induce disease or compromise the immune system, hence exacerbating the pathogenicity
of pre-existing conditions. The prevalent human health effects encompass reproductive issues such as diminished
fertility and elevated blood pressure in pregnant women [42], [43], heightened cancer risk (e.g., renal and testicular
malignancies) [44], hormonal dysregulation [45], [46], increased cholesterol levels contributing to obesity [4], and
raised blood pressure and hypertension in significantly exposed young adults [47].

In addition to inducing sickness and other health repercussions in adults, maternal, newborn, and prenatal exposure to
PFAS has been recorded worldwide [48]. PFAS have been identified in infant serum, cord serum, mother serum, and
breast milk, indicating placental transfer of PFAS during pre- and postnatal care [49], [50]. In a study, the exposure
levels of PFAS were ranked as follows: maternal serum > cord serum > breast milk [50]. Breast milk has been
determined to constitute 83-99% of the total PFAS intake by babies. Nonetheless, according to current scientific
understanding, the advantages of nursing surpass the risks associated with PFAS exposure from contaminated milk
[51]. One should see a physician to accurately assess the hazards if apprehensive. In addition to maternal transfers,
newborns are at an elevated risk of PFAS exposure because to their increased consumption of water, food, and air
relative to their body weight compared to adults [52].

Finally, it is crucial to acknowledge that the health effects associated with PFAS exposure are challenging to categorize
for several reasons: a limited number of PFAS compounds have been studied despite the existence of thousands, each
with unique toxicity levels; individual exposure to PFAS can differ across various life stages; and the usage and types of
PFAS evolve over time, complicating the assessment of the impact of a singular PFAS exposure on human health.
Notwithstanding these constraints, scientific data and ongoing surveillance are essential for determining the causes and
effects of both novel and current PFAS, as well as safeguarding public health from associated risks.

6. Future Perspective

PFAS are artificial chemicals, and novel compounds are consistently being developed and incorporated into the existing
category. This presents a possible health hazard, as most of these novel PFAS are developed as alternatives to those now
in use. Exposure to PFAS can lead to numerous health consequences, including cancer, thyroid hormone alteration,
immune system impairment, and developmental and reproductive damage. The primary mode of exposure is via
contaminated food and water sources. Nonetheless, the toxicity and characteristics of these alternative PFAS and their
precursors remain little comprehended, hence requiring additional investigation to formulate efficient remediation
strategies. Thus, the identification, characterization, and description of these novel PFAS in the environment pose
significant challenges.

Human exposure to PFAS is influenced by factors such as lifestyle and dietary habits, resulting in diverse exposure
pathways across different locations. Consequently, comprehensive investigations on exposure pathways and associated
health risks should be undertaken across various worldwide regions. To mitigate the impact of PFAS, a comprehensive
approach for identifying its sources and pathways is essential. The minimal amounts at which PFAS commonly exist in
the environment present a considerable obstacle to its removal, necessitating precise and effective sampling, analytical,
and determination methodologies. Gas and liquid chromatographic techniques are the most dependable methods for
laboratory-scale analysis. The existing techniques for detecting, treating, and evaluating PFAS are ineffective and
unsustainable, and there is insufficient understanding of their environmental elimination.
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Regulating the use of PFAS in food production and minimizing its environmental emission is essential for ensuring food
safety. This necessitates rigorous oversight and examination of food products to identify any PFAS contamination. The
food business bears the need to implement sustainable procedures that reduce the utilization of PFAS in food
production and processing. The utilization of PFAS in food production is an increasing issue for public health experts
worldwide. Prioritizing food safety necessitates the regulation of PFAS and the implementation of sustainable strategies
to mitigate their environmental release. This will mitigate the incidence of foodborne illnesses and guarantee that folks
have access to secure and nutritious food supply.

7. Conclusion

Tracing PFAS contamination across the food supply chain reveals a complex and persistent challenge that extends from
environmental sources to the consumer’s plate. The widespread use of PFAS in industrial processes, agricultural inputs,
and food packaging materials has led to their infiltration into multiple stages of food production and distribution. Once
released, these “forever chemicals” persist in soil, water, crops, and animal tissues, ultimately entering human diets
through bioaccumulation and long-term exposure. The cumulative effect poses significant public health risks, including
endocrine disruption, immune dysfunction, developmental toxicity, and potential carcinogenicity. Addressing this issue
requires a coordinated and multidisciplinary approach that bridges environmental science, food safety regulation, and
public health policy. Strengthening monitoring systems, improving analytical capabilities (such as LC-MS/MS
detection), and enforcing stricter contamination limits are critical steps toward minimizing PFAS exposure. Moreover,
promoting safer alternatives in manufacturing, improving waste management, and encouraging transparent labeling of
PFAS-free products can reduce contamination at its source. Ultimately, safeguarding the integrity of the food system
depends on proactive collaboration between researchers, policymakers, industry stakeholders, and consumers. By
integrating science-driven decision-making with sustainable practices, society can reduce PFAS burdens across the food
chain—ensuring safer food, cleaner environments, and healthier communities for generations to come.
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