
Greener Journal of Biomedical and Health Sciences, vol. 7, no. 1, pp. 31-46, 2024 

Greener Journal of Biomedical and Health Sciences 

Vol. 7(1), pp. 31-46, 2024 

ISSN: 2672-4529 

Copyright ©2024, Creative Commons Attribution 4.0 International.   

https://gjournals.org/GJBHS 

DOI: https://doi.org/10.15580/gjbhs.2024.1.102024144  

 

 

 
 

Public Health Implications of Pesticide 
Residues in Food: Risks, Regulations, and 

Interventions 
 
 

Wisdom Ebiye Sawyer1; Godgift Nabebe2; Sylvester 
Chibueze Izah*1,3 

 
 

1Department of Community Medicine, Faculty of Clinical Sciences, Bayelsa Medical University, 
Yenagoa, Bayelsa State, Nigeria 

2Department of Biological Sciences, Faculty of Science, Niger Delta University, Wilberforce 
Island, Bayelsa State, Nigeria. 

3Department of Microbiology, Faculty of Science, Bayelsa Medical University, Yenagoa, Bayelsa 
state, Nigeria 

 

 

ARTICLE INFO ABSTRACT 

 

Article No.: 102024144 
Type: Research 

Full Text: PDF, PHP, HTML, EPUB, MP3 

DOI: 10.15580/gjbhs.2024.1.102024144 

Pesticides enter food primarily through direct application to crops during farming, 
where residues can remain on the surface or be absorbed into plant tissues. 
Additionally, pesticide drift from nearby treated areas and contamination of soil or 
water used for irrigation can introduce residues into food crops, further increasing 
the risk of exposure. This paper focuses on the public health implications of pesticide 
residues in food. The paper found that pesticide residues in food pose significant 
public health challenges, with potential risks ranging from acute toxicity to chronic 
health issues such as cancer, endocrine disruption, and neurological disorders. 
Vulnerable populations, including children, pregnant women, and the elderly, are 
particularly at risk. Effective regulation and monitoring become crucial as the 
agricultural sector relies heavily on pesticides for crop protection. Regulatory bodies 
such as the World Health Organization (WHO), Food and Agriculture Organization of 
the United Nations (FAO), Environmental Protection Agency (EPA), and European 
Food Safety Authority (EFSA) play crucial roles in setting Maximum Residue Limits 
(MRLs) to ensure food safety. However, implementing these regulations faces 
obstacles, particularly in developing countries, where resource constraints, lack of 
technical expertise, and socio-economic factors impede effective monitoring. 
Integrating pest management (IPM), advanced monitoring techniques and consumer 
education are essential to mitigate the risks posed by pesticide residues. The global 
harmonization of pesticide standards and continued research into safer alternatives 
and residue detection methods are critical for ensuring a secure food supply. As 
agricultural practices evolve, a multi-stakeholder approach involving policymakers, 
farmers, and consumers will be vital in reducing pesticide exposure and 
safeguarding public health. 
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1. Introduction 
 
Pesticide residues in food have become a significant 
concern in contemporary agricultural practices and 
public health discussions. These residues refer to the 
remnants of pesticides that remain on or in food products 
after they have been applied to crops. Pesticide residues 
also include their metabolites, which can exhibit varying 
degrees of toxicity and persistence in the environment 
(Inyang et al., 2020, 2019a,b, 2016a,b) and the human 
body. The presence of these residues in food directly 
results from the widespread use of pesticides in modern 
agriculture to enhance crop yields and control pest 
populations. However, the implications of pesticide 
residues extend beyond agricultural productivity, raising 
critical questions about water quality and food safety 
(Inyang et al., 2016c,d) and public health. 

Pesticide residues are the trace amounts of 
pesticides that remain on agricultural products after 
application, including the active ingredients and their 
metabolites. According to Wu et al. (2022), the definition 
of pesticide residues should incorporate both the parent 
compounds and their metabolites to ensure compliance 
with Maximum Residue Levels (MRLs) and to assess 
dietary intake risks accurately. This understanding is 
crucial, as metabolites can sometimes be more toxic 
than their parent compounds, thus necessitating a 
broader regulatory framework for monitoring and risk 
assessment (Pelkonen et al., 2023). Furthermore, the 
European Food Safety Authority (EFSA) (2016) 
emphasized the importance of accurately defining 
residues for dietary risk assessments, highlighting the 
need for a unified approach to include non-extractable 
residues in evaluations. 

The role of pesticides in food production is 
multifaceted, as they are essential tools for managing 
pests and diseases that threaten crop yields. Pesticides, 
including herbicides, insecticides, and fungicides, are 
widely used in agriculture to protect crops from biotic 
stresses. These agrochemicals have significantly 
increased food production, allowing farmers to meet the 
demands of a growing global population (Carvalho, 
2017). However, this reliance on pesticides has led to 
concerns regarding their environmental impact and the 
potential health risks associated with pesticide residues 
in food. For instance, studies have shown that improper 
application and overuse of pesticides can result in higher 
residue levels in food products, posing risks to consumer 
health (Tari et al., 2020). 

In modern agriculture, pesticides are critical in 
ensuring food security by enhancing crop resilience and 
productivity. The application of pesticides has been 
linked to increased agricultural output, which is vital for 
feeding the expanding global population (Patil & Patil, 
2023). However, the widespread use of these chemicals 
raises significant concerns about their long-term effects 
on human health and the environment. For example, 
studies indicate that pesticide residues are frequently 
detected in fruits and vegetables, with 

organophosphorus pesticides being among the most 
commonly found (Li, 2015). This prevalence highlights 
the need for stringent monitoring and regulation of 
pesticide use to mitigate potential health risks associated 
with dietary exposure to these residues. 

The presence of pesticide residues in food is a 
significant public health concern due to the potential 
adverse effects on human health. Chronic exposure to 
pesticide residues has been associated with various 
health issues, including endocrine disruption, 
neurodevelopmental disorders, and increased cancer 
risk (Jawale, 2023). Furthermore, the cumulative effects 
of multiple pesticide residues can exacerbate these 
health risks, particularly among vulnerable populations 
such as children and pregnant women (Gu et al., 2021). 
Winter (2015) highlighted that consumer fears regarding 
pesticide residues can lead to reduced consumption of 
fruits and vegetables, which are essential for a healthy 
diet, thereby negating the health benefits of these foods. 
This paradox emphasizes the need for effective 
communication and education regarding the safety of 
pesticide residues in food. 

This paper examines the types and uses of 
pesticides in food production. It also explores the 
different routes of human exposure to pesticide residues: 
dietary, environmental, and occupational, and assesses 
both the acute and chronic health impacts, emphasizing 
vulnerable populations. The paper also discusses the 
regulatory frameworks for pesticide residue limits, the 
challenges in enforcing these standards, methods for 
detection, and the implications for food safety and supply 
chains. 
 
2. Types of Pesticides and Their Uses in Food 
Production 
 
Pesticides play a crucial role in modern agriculture, 
serving as essential tools for managing pests, diseases, 
and weeds that threaten crop yields (Inyang et al., 2018; 
Aghoghovwia et al., 2019; Aghoghovwia & Izah, 2018) 
and food security. 

They can be broadly categorized into several 
types: insecticides, herbicides, fungicides, and others, 
each designed to target specific agricultural challenges. 
Insecticides are formulated to control insect pests, while 
herbicides are used to manage unwanted vegetation, 
and fungicides target fungal pathogens that can 
devastate crops. These chemicals have become a 
cornerstone of agricultural practices, particularly in 
regions where intensive farming is prevalent (Yang & 
Suh, 2015; Dwivedi et al., 2022). 

The application of pesticides is not without 
controversy, as their use raises significant environmental 
and health concerns. For instance, the indiscriminate 
application of broad-spectrum pesticides can lead to the 
decline of non-target species and disrupt local 
ecosystems. Moreover, pesticide residues can 
accumulate in the environment, leading to potential 
health risks for humans and wildlife. Studies have shown 
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that certain pesticides, particularly organophosphates 
and carbamates, are associated with various health 
issues, including neurotoxicity and cancer (Damalas & 

Eleftherohorinos, 2011; Aschebrook‐Kilfoy et al., 2014; 
Dar, 2023). This highlights the need for careful 
management and regulation of pesticide use in 
agricultural practices. 

Common crops exposed to pesticides include 
staples such as corn, soybeans, cotton, and various 
fruits and vegetables. These crops are often treated with 
multiple pesticide applications throughout their growing 
seasons to protect against various pests and diseases. 
For example, corn and cotton are frequently treated with 
insecticides to combat pests like the European corn 
borer and the cotton bollworm, respectively (Yang & Suh, 
2015; Dwivedi et al., 2022).  

Additionally, fruits such as apples and 
strawberries are often sprayed with fungicides to prevent 
fungal infections that can compromise their quality and 
yield (Chaudhry, 2022; Xu et al., 2017). The widespread 
use of pesticides in these crops raises concerns about 
the potential for pesticide residues to enter the food 
supply. Identifying crops most likely to carry pesticide 
residues is critical for consumer safety and regulatory 
compliance. Research indicates that leafy greens, 
berries, and certain root vegetables have higher 
pesticide residue levels than other produce. For 
instance, in various studies, strawberries and spinach 
have consistently ranked among the top crops with 
detectable pesticide residues (Xu et al., 2017; Damalas 
& Eleftherohorinos, 2011). This is often attributed to their 
growing conditions and the frequency of pesticide 
applications required to maintain their quality. Monitoring 
and testing for pesticide residues in these crops is 
essential to ensure they meet safety standards set by 
regulatory bodies (Xu et al., 2017; Tognaccini et al., 
2019). 

Trends in global pesticide usage reflect an 
increasing reliance on these chemicals as agricultural 
practices intensify to meet the demands of a growing 
population. Recent statistics indicate that approximately 
2 million tonnes of pesticides are used globally yearly, 
with herbicides accounting for nearly half of this total 
(Dwivedi et al., 2022). The top pesticide-consuming 
countries include China, the United States, and Brazil, 
where large-scale agricultural operations necessitate 
extensive pesticide applications (Dwivedi et al., 2022). 
This trend raises questions about sustainability and the 
long-term impacts of pesticide use on human health and 
the environment. 

Analysis of pesticide use patterns globally 
reveals significant regional variations, with certain areas 
exhibiting higher usage rates due to specific agricultural 
practices and pest pressures. For example, in the United 
States, the use of herbicides has surged, particularly in 
the cultivation of genetically modified crops engineered 
to withstand herbicide applications (Yang & Suh, 2015; 
Dwivedi et al., 2022). Conversely, in developing 
countries, the reliance on cheaper, often less regulated 
pesticides can lead to higher risks of exposure for 

agricultural workers and nearby communities (Maksuk et 
al., 2018). Understanding these patterns is crucial for 
developing targeted interventions to mitigate the risks 
associated with pesticide use. In high-usage regions, the 
types of crops cultivated often dictate the specific 
pesticides applied. For instance, in regions where rice is 
a staple crop, organophosphate and carbamate 
pesticides are commonly used to control pests that 
threaten yields (Chowdhury et al., 2012). In contrast, 
regions focused on fruit and vegetable production may 
see a higher prevalence of fungicides and insecticides 
tailored to combat specific threats to these crops 
(Chaudhry, 2022; Xu et al., 2017). This differentiation in 
pesticide application underscores the need for region-
specific regulations and best practices to minimize 
environmental and health impacts. 

Moreover, the increasing prevalence of 
pesticide-resistant pests has prompted a shift in 
pesticide application strategies. Farmers are now faced 
with the challenge of managing resistance, which can 
lead to increased pesticide use and more significant 
environmental impact (Chaudhry, 2022; Sun et al., 
2021). Integrated Pest Management (IPM) strategies are 
being promoted as a sustainable alternative, combining 
biological control methods with judicious pesticide use to 
reduce reliance on chemical inputs while maintaining 
crop productivity (Damalas & Eleftherohorinos, 2011; 
Kunkle et al., 2013). This approach helps manage pest 
populations effectively and mitigates the risks associated 
with pesticide exposure. The health implications of 
pesticide exposure extend beyond agricultural workers to 
the broader community. Studies have shown that 
proximity to agricultural fields can increase the risk of 
various health issues, including neurological disorders 

and certain cancers (Vinceti et al., 2017; Aschebrook‐
Kilfoy et al., 2014; Dennis et al., 2010). This is particularly 
concerning for vulnerable populations, such as children, 
who may be more susceptible to the adverse effects of 
pesticide exposure. As such, there is a growing call for 
stricter regulations and monitoring of pesticide use to 
protect public health (Vinceti et al., 2017; Bailey et al., 
2014). 
 
3. Routes of Pesticide Exposure 
 
Pesticide exposure is a multifaceted issue that poses 
significant risks to human health and the environment. 
The primary pesticide exposure routes include dietary, 
environmental, and occupational exposure (Figure 1). 
Each pathway contributes uniquely to the overall risk of 
pesticide-related health issues. Dietary exposure to 
pesticides primarily occurs through consuming food 
products containing pesticide residues. Pesticides are 
extensively used in agriculture to enhance crop yields 
and protect against pests, but their residues can remain 
on or within the food products consumed by humans. 
Studies have shown that these residues can persist in 
various food items, including fruits, vegetables, and 
grains, leading to chronic exposure for consumers 
(Sharma et al., 2019; Bhat, 2023). For instance, the 
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presence of pesticide residues in cereals and vegetables 
has been documented, indicating that agricultural 
practices directly influence the levels of these harmful 
substances in the food chain (Bhat et al., 2023) 

 
Figure 1: Major pathways of pesticide exposure 
 

Moreover, the accumulation of pesticides in the 
food chain raises concerns about long-term health 
effects, including neurodevelopmental disorders and 
various cancers (Mequanint et al., 2019; Shah, 2021). 
The persistence of pesticides in soil and water also 
contributes to their eventual plant uptake, further 
complicating dietary exposure (Gaudin, 2023). The 
consumption of contaminated food can lead to acute and 
chronic health effects, particularly in vulnerable 
populations such as children and pregnant women, who 
may be more susceptible to the toxic effects of these 
chemicals (Mequanint et al., 2019; Shah, 2021). 

Several factors, including agricultural practices, 
food processing methods, and regulatory standards 
regarding pesticide use, influence the extent of dietary 
exposure. For example, inadequate washing and peeling 
of fruits and vegetables can leave significant residues on 
the surface, which can be ingested (Gaudin, 2023). 
Furthermore, some regions' lack of stringent regulations 
can lead to higher pesticide residues in food products, 
exacerbating consumer risk (Sharma et al., 2019; Shah, 
2021). 

Environmental exposure to pesticides occurs 
through contamination of water and soil, which can 
subsequently affect human health and ecosystems. 
Pesticides can leach into groundwater or run off into 
surface water bodies during rainfall events, leading to 

widespread contamination (Herrero‐Hernández et al., 
2013; Imfeld et al., 2020). The contamination of drinking 
water sources poses a significant risk, as many 
communities rely on these sources for their daily water 
needs. For instance, studies have shown that pesticides 
and their degradation products are frequently detected in 
water resources in agricultural areas, raising concerns 

about their impact on human health (Herrero‐Hernández 
et al., 2013; Imfeld et al., 2020). Pesticides' 
environmental persistence means they can remain in the 
ecosystem for extended periods, leading to 
bioaccumulation in aquatic and terrestrial organisms 
(Hashemi et al., 2011; Asim et al., 2021). This 
bioaccumulation can disrupt food webs and lead to 
harmful effects on wildlife, which can, in turn, affect 
human health through consuming contaminated fish and 
wildlife (Asim et al., 2021). Additionally, pesticide 
contamination can affect soil microbiota, reducing soil 
fertility and altering ecosystem functions (Meena et al., 
2020; Javaid et al., 2016). 

The impact of environmental exposure is not 
limited to direct contamination; it also includes indirect 
pathways, such as the inhalation of pesticide-laden dust 
or vapors during agricultural activities (Sharma et al., 
2019; Hashemi et al., 2011). Moreover, the use of 
pesticides in agriculture can lead to the development of 
resistant pest populations, necessitating the application 
of even more toxic chemicals, which can further 
exacerbate environmental contamination (Sharma et al., 
2019; Hashemi et al., 2011). 

Occupational pesticide exposure is a significant 
concern for farmers, agricultural workers, and food 
processing workers. These individuals are often at the 
highest risk due to their direct involvement in pesticide 
application and handling. Studies have indicated that 
farmers can experience acute and chronic health effects 
due to pesticide exposure, including respiratory issues, 
skin conditions, and neurological disorders (Damalas & 
Koutroubas, 2016; Hashemi et al., 2011). The routes of 
exposure include dermal contact, inhalation of pesticide 
aerosols, and ingestion through contaminated hands or 
food (Devegappanavar, 2020; Hashemi et al., 2011). 

The risk of occupational exposure is particularly 
pronounced in small-scale farming operations where 
protective measures may be inadequate. For example, 
farmers may need access to proper protective equipment 
or training on safe pesticide handling practices, leading 
to increased exposure (Issa et al., 2010; Hashemi et al., 
2011). Additionally, para-occupational exposure can 
occur when farmers bring pesticide residues home on 
their clothing, exposing family members, including 
children, to harmful chemicals (Issa et al., 2010; 
Hashemi et al., 2011). 

Research has shown that the health impacts of 
pesticide exposure among agricultural workers can be 
severe, with links to various diseases, including cancers, 
neurodegenerative disorders, and reproductive issues 
(Mequanint et al., 2019; Shah, 2021). The lack of 
awareness and education regarding the safe use of 
pesticides further compounds the risks these workers 
face (Hashemi et al., 2011; Marete et al., 2021). 

 
4. Health Impacts of Pesticide Residues 
 
The health impacts of pesticide residues are 

multifaceted, encompassing both acute and chronic 
effects that can significantly compromise human health. 
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Acute health effects manifest immediately following 
exposure and can include symptoms such as nausea, 
vomiting, dizziness, and headaches. These symptoms 
are often the result of direct contact with or inhalation of 
pesticide chemicals, which can lead to acute poisoning. 
For instance, studies have shown that agricultural 
workers frequently experience these immediate 
symptoms due to their exposure to pesticides, 
particularly when inadequate or absent personal 
protective equipment (Srilesin, 2022; Damalas & 
Koutroubas, 2016). The acute effects of pesticide 
exposure are not limited to agricultural workers; they can 
also affect nearby residents, particularly children, who 
may be exposed to drift or contaminated water sources 
(Coronado et al., 2011). 

In contrast, chronic health effects develop over 
time and can lead to severe long-term health 
consequences. One of the most concerning chronic 
effects is carcinogenicity, where long-term exposure to 
certain pesticides has been linked to an increased risk of 
various cancers. Research indicates that pesticides may 
contain carcinogenic compounds that can lead to tumor 
formation, particularly in vulnerable populations such as 
agricultural workers and their families (Alsen et al., 2021; 
Bayili et al., 2020). The link between pesticide exposure 
and cancer risk has been substantiated through 
numerous epidemiological studies, which have 
highlighted the increased incidence of cancers such as 
non-Hodgkin lymphoma and leukemia among those with 
prolonged pesticide exposure (Sugeng et al., 2013). 

Endocrine disruption is another significant 
chronic health effect associated with pesticide exposure. 
Many pesticides are classified as endocrine-disrupting 
chemicals (EDCs), which can interfere with hormonal 
balance in the body. This disruption can lead to a range 

of health issues, including reproductive health problems, 
thyroid disorders, and developmental issues in children. 
For example, pesticides like glyphosate have been 
shown to affect estrogen receptors and disrupt normal 
hormonal functions, potentially leading to infertility and 
developmental disorders (Araújo-Ramos et al., 2021; 
Gea et al., 2022). The implications of endocrine 
disruption are particularly concerning during critical 
periods of development, such as prenatal and early 
childhood stages, where exposure can result in long-
lasting health effects (Leemans et al., 2019). 

Neurological disorders are also a significant 
concern linked to pesticide exposure. Chronic exposure 
to certain pesticides has been associated with cognitive 
impairments and neurodevelopmental issues in children. 
Studies have demonstrated that pesticides can affect the 
nervous system, leading to conditions such as attention 
deficit hyperactivity disorder (ADHD) and other cognitive 
deficits (Nasri et al., 2016). Neurological symptoms, 
including tremors, fatigue, and hearing loss, as well as 
psychiatric effects such as depression and suicide 
(Lopes-Ferreira et al., 2022) (Figure 2). Pesticides may 
contribute to neurodegenerative diseases, impact 
muscular and cardiac systems, and lead to metabolic 
disorders such as overweight, underweight, insulin 
resistance, and diabetes, alongside an increased risk of 
various cancers (Lopes-Ferreira et al., 2022) (Figure 2). 
Furthermore, neurodegenerative diseases such as 
Parkinson's disease have been linked to pesticide 
exposure, particularly among agricultural workers who 
are regularly in contact with neurotoxic chemicals (Bayili 
et al., 2020). The mechanisms by which pesticides exert 
neurotoxic effects are complex and may involve oxidative 
stress and inflammation, which can damage neuronal 
cells over time (Nasri et al., 2016).
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Figure 2: Health impacts of pesticide residue. Source: Lopes-Ferreira et al. (2022) 

 
Reproductive health impacts are another critical area of 
concern regarding pesticide exposure. Research has 
shown that exposure to certain pesticides can lead to 
infertility, congenital disabilities, and other reproductive 
health issues. For instance, studies have indicated that 
male fertility can be adversely affected by pesticides that 
disrupt testosterone production, leading to conditions 
such as reduced sperm count and quality (Memon, 
2015). Additionally, maternal exposure to pesticides 
during pregnancy has been linked to adverse outcomes 
such as low birth weight, preterm birth, and 
developmental delays in children (Mathiesen et al., 
2020). The potential for pesticides to cause reproductive 
health issues highlights the need for stringent regulations 
and monitoring of pesticide use, particularly in 
agricultural settings. 
 

Research has established a link between 
pesticide exposure and various hematological disorders 
(Figure 2), including myelodysplastic syndromes and 
acute myeloid leukemia. A meta-analysis indicated that 
pesticide exposure significantly increases the risk of 
developing myelodysplastic syndromes, with specific 
organophosphate pesticides being implicated in the 
proliferation of leukemic cell lines, suggesting a 
correlation between pesticide exposure and 
hematological malignancies (Jin et al., 2014). 
Furthermore, studies have shown that chronic exposure 

to pesticides can lead to alterations in complete blood 
count (CBC) parameters, indicating potential damage to 
the bone marrow and hematopoietic system (Hu et al., 
2015; Srilesin, 2022). This is supported by findings that 
demonstrate significant decreases in hemoglobin and 
red blood cell counts among pesticide sprayers, 
underscoring the detrimental effects of these chemicals 
on blood health (Ahmadi et al., 2018; Gaikwad et al., 
2015). 
 

In addition to hematological impacts, pesticide 
exposure has been associated with endocrine disruption, 
leading to altered hormone levels, infertility, 
miscarriages, and fetal malformations (Figure 2). 
Specific studies have highlighted the effects of 
organophosphate pesticides on thyroid hormone levels, 
with evidence suggesting that exposure can lead to 
hypothyroidism and other thyroid-related disorders 
(Shrestha et al., 2018; Kongtip et al., 2021). The 
structural similarities between specific pesticides and 
thyroid hormones allow these chemicals to bind to 
thyroid receptors, disrupting normal hormonal functions 
(Naveed et al., 2023). Moreover, the implications of 
pesticide exposure extend to reproductive health, with 
research indicating that exposure to chlorpyrifos can lead 
to metabolic disruptions and alterations in reproductive 
hormone levels, which may contribute to infertility and 
developmental issues in offspring (Kudavidanage et al., 
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2020; Li et al., 2019). The evidence indicates that the 
health impacts of pesticide residues are not only 
immediate and acute but also long-term, affecting both 
individual health outcomes and broader public health 
concerns. 
 

Vulnerable populations, including children, 
pregnant women, and the elderly, are at heightened risk 
for the adverse health effects of pesticide exposure. 
Children are particularly susceptible due to their 
developing bodies and higher exposure rates relative to 
their body weight. Studies have shown that children living 
near agricultural fields are at increased risk for 
developmental disorders and other health issues related 
to pesticide exposure (Coronado et al., 2011). Pregnant 
women also face significant risks, as exposure to 
pesticides can affect fetal development and lead to long-
term health consequences for the child (Mathiesen et al., 
2020). The elderly, who may have pre-existing health 
conditions, are also more vulnerable to the toxic effects 
of pesticides, making it essential to consider these 

populations when assessing pesticide-related health 
risks (Gangemi et al., 2016). 
 
5. Pesticide Residue Regulations and Standards 
 
Pesticide residue regulations and standards are critical 
components of food safety frameworks globally. These 
regulations primarily focus on MRLs, the highest 
pesticide residues legally permitted in food products. 
MRLs are established by various national and 
international regulatory bodies, including the World 
Health Organization (WHO), the Food and Agriculture 
Organization (FAO), the Environmental Protection 
Agency (EPA), and the European Food Safety Authority 
(EFSA) (Kowalska et al., 2022; EFSA et al., 2023; 
Stachniuk & Fornal, 2015) (Figure 3). The establishment 
of MRLs is essential for ensuring that food products are 
safe for consumption, as they are based on extensive 
scientific assessments of potential health risks 
associated with pesticide exposure (Stachniuk & Fornal, 
2015).

 
 
 

 
Figure 3: Some national and international regulatory bodies that played a role in establishing Maximum 

Residue Limits. Source: Kowalska et al., 2022; EFSA et al., 2023; Stachniuk & Fornal, 2015 
 

The role of regulatory agencies in setting and 
enforcing pesticide residue standards is multifaceted. 
These agencies are responsible for conducting risk 
assessments, establishing MRLs, and monitoring 
compliance with these standards. For instance, the EPA 
in the United States is tasked with approving and 
registering the use of pesticides while also establishing 

tolerances, which are equivalent to MRLs in other 
jurisdictions (Kowalska et al., 2022; EFSA et al., 2023). 
Similarly, the EFSA coordinates monitoring programs 
across EU member states to ensure compliance with 
established MRLs, safeguarding public health (EFSA et 
al., 2023). The WHO and FAO also contribute 
significantly by providing guidelines and frameworks for 
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member countries to develop their pesticide regulations, 
promoting harmonization of standards globally (Handford 
et al., 2015). 

Despite these regulations, challenges persist, 
particularly in developing countries. Many of these 
regions face significant barriers to effectively regulating 
and monitoring pesticide residues. For example, more 
resources, training for farmers, and agricultural 
extension services often lead to better adherence to 
Good Agricultural Practices (GAP) (Galani et al., 2021; 
Chen et al., 2011). In Cameroon, studies have shown 
that many agricultural samples exceed MRLs due to 
improper pesticide application and a lack of knowledge 
among farmers about safe pesticide use (Galani et al., 
2021; Galani et al., 2018). Furthermore, the absence of 
rigorous legislation and enforcement mechanisms in 
many developing countries exacerbates the problem, 

allowing for widespread pesticide misuse and elevated 
food product residue levels (Chen et al., 2011). 

Socio-economic factors further complicate the 
enforcement of pesticide residue standards. Farmers in 
developing regions often prioritize immediate economic 
gains over long-term health considerations, leading to 
practices such as harvesting crops before pesticide 
residues have adequately dissipated (Chen et al., 2011). 
This behavior is driven by the high demand for 
agricultural produce and a lack of awareness regarding 
the potential health risks associated with pesticide 
residues (Chen et al., 2011). Additionally, the lack of 
infrastructure for monitoring and testing pesticide 
residues in food products contributes to the ongoing 
challenges in enforcing MRLs in these regions (Chen et 
al., 2011). Table 1 provides an overview of possible 
challenges in enforcing pesticide residue standards in 
food in developing countries.

 
 
Table 1: An overview of possible challenges in enforcing pesticide residue standards in food in developing 
countries. 

Challenge Description 

Limited resources Insufficient funding and infrastructure for monitoring and enforcement of pesticide 
regulations. 

Lack of technical expertise Shortage of trained personnel and experts in toxicology, agriculture, and food 
safety. 

Inadequate regulatory 
framework 

Weak or outdated legislation that fails to establish comprehensive standards for 
pesticide use. 

Poor enforcement 
mechanisms 

Ineffective enforcement of existing regulations due to corruption or lack of political 
will. 

Fragmented supply chains Complex and poorly regulated supply chains that make monitoring pesticide use 
challenging. 

Cultural practices Traditional farming practices that rely heavily on pesticides, often without 
awareness of risks. 

Public awareness Limited public knowledge and awareness about pesticide risks and the importance 
of compliance. 

Environmental factors Difficulties in assessing pesticide impact due to varying environmental conditions 
and practices. 

Market pressures Economic pressures on farmers to use pesticides to increase yields, often 
overriding safety concerns. 

Global trade dynamics Challenges in meeting international standards for exports, leading to conflicts with 
local practices. 

 
International efforts to harmonize pesticide 

regulations have been made, but significant disparities 
remain. Organizations like the Codex Alimentarius 
Commission have attempted to establish globally 
recognized MRLs, yet many countries still operate with 
varying standards (Handford et al., 2015). This lack of 
uniformity complicates international trade and poses 
risks to public health as products that exceed MRLs in 
one country may be deemed acceptable in another 
(Handford et al., 2015). The need for a cohesive global 
framework for pesticide regulation is evident, as it would 
enhance food safety, promote fair trade practices, and 
protect consumer health (Handford et al., 2015). 

 
6. Detection and Monitoring of Pesticide Residues 

 
Detecting and monitoring pesticide residues in 

food products is critical to ensuring food safety and public 
health. Various analytical techniques, mainly 
chromatography and mass spectrometry, have been 
developed and refined to detect pesticide residues with 
high sensitivity and specificity. For instance, liquid 
chromatography coupled with mass spectrometry (LC-
MS) has emerged as a predominant method for 
analyzing pesticide residues in a variety of matrices, 
including fruits, vegetables, and even honey (Ucles 
Moreno et al., 2014; Wang et al., 2015). The QuEChERS 
(Quick, Easy, Cheap, Effective, Rugged, and Safe) 
method has been widely adopted for sample preparation 
due to its simplicity and efficiency in extracting multiple 
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pesticide residues from complex food matrices (Wang et 
al., 2022). Studies have demonstrated that this method 
can achieve satisfactory recovery rates for a wide range 
of pesticides, making it a reliable choice for residue 
analysis (Wang et al., 2022; AlSaikhan et al., 2021). 

In addition to LC-MS, gas chromatography (GC) 
is another widely used technique for pesticide residue 
analysis. It is particularly effective for volatile and semi-
volatile compounds, allowing for detecting a broad 
spectrum of pesticide classes (Sun et al., 2023). 
Combining GC with mass spectrometry (GC-MS) 
enhances detection capabilities, providing qualitative 
and quantitative data on pesticide residues in food 

samples (Sun et al., 2023). Recent advancements in 
microflow liquid chromatography have also shown 
promise in increasing sensitivity while reducing the use 
of organic solvents, thereby addressing environmental 
concerns associated with traditional methods (Ucles 
Moreno et al., 2014). Furthermore, novel techniques 
such as surface-enhanced Raman spectroscopy are 
being explored for their potential in rapid and on-site 
detection of pesticide residues, which could revolutionize 
monitoring practices (Xin et al., 2023). Table 2 provides 
an overview of possible techniques for pesticide residue 
analysis in food, along with their advantages and 
disadvantages.

 
 
 
Table 2: Overview of possible Techniques for pesticide residue analysis in food 

Technique Description Advantages Disadvantages 

Gas Chromatography 
(GC) 

A technique that separates 
volatile pesticide compounds for 
detection and quantification. 

High sensitivity and 
resolution; suitable for 
a wide range of 
pesticides. 

Requires derivatization of 
non-volatile compounds; 
expensive equipment. 

Liquid 
Chromatography (LC) 

Separates pesticides in liquid 
samples; can be combined with 
mass spectrometry for enhanced 
detection. 

Effective for thermally 
unstable compounds; 
high accuracy. 

Generally slower than GC; 
less sensitive for volatile 
compounds. 

Mass Spectrometry 
(MS) 

An analytical technique that 
identifies compounds by 
measuring their mass-to-charge 
ratio. 

Extremely sensitive 
and specific; can 
detect trace levels of 
residues. 

High cost; complex 
operation; requires skilled 
personnel. 

High-Performance 
Liquid 
Chromatography 
(HPLC) 

A form of liquid chromatography 
that uses high pressure to 
separate and analyze 
compounds. 

High resolution and 
sensitivity; suitable for 
a wide range of 
pesticides. 

Requires solvent disposal 
management; expensive 
equipment. 

Surface-Enhanced 
Raman Spectroscopy 
(SERS) 

A highly sensitive method that 
enhances Raman scattering for 
detecting pesticides. 

Ultra-sensitive; 
minimal sample 
preparation required. 

Expensive; less commonly 
used in routine analysis. 

Thin Layer 
Chromatography 
(TLC) 

A simple method that separates 
compounds on a thin layer of 
adsorbent material. 

Cost-effective; easy to 
perform; good for 
preliminary screening. 

Lower sensitivity and 
resolution compared to GC 
and HPLC. 

Fourier-Transform 
Infrared Spectroscopy 
(FTIR) 

Measures the absorption of 
infrared light to identify chemical 
compounds. 

Non-destructive; fast 
analysis; minimal 
sample preparation. 

Lower sensitivity compared 
to GC-MS and LC-MS; may 
be less specific. 

Nuclear Magnetic 
Resonance (NMR) 

Identifies chemical structures by 
measuring the magnetic 
properties of atomic nuclei. 

Provides detailed 
structural information; 
non-destructive. 

Expensive; may be less 
sensitive for low-level 
residues compared to other 
methods. 

 
 

Global monitoring programs for pesticide 
residues have been established to track levels in food 
supplies and ensure compliance with safety standards. 
Organizations such as the FAO and the WHO are pivotal 
in coordinating international efforts to monitor pesticide 
residues and assess their impact on human health and 
the environment (Łozowicka et al., 2015; Mutengwe et 
al., 2016). Various countries have implemented their 
monitoring systems, often guided by the MRLs set by 
regulatory bodies. For example, studies have shown that 
a significant percentage of vegetable samples in regions 

like Saudi Arabia and Egypt exceed MRLs, highlighting 
the need for continuous monitoring and enforcement of 
pesticide regulations (Ramadan et al., 2020; Ma et al., 
2022; Alokail, 2023). Establishing rapid alert systems for 
food safety, similar to those in the European Union, is 
crucial for the timely identification and management of 
risks associated with pesticide residues in imported and 
locally produced food (Mutengwe et al., 2016). 

Despite advancements in detection technologies 
and global monitoring efforts, several limitations hinder 
comprehensive pesticide residue monitoring. One major 
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challenge is the variability in detection capabilities across 
different analytical methods, which can lead to 
discrepancies in reported residue levels (Sun et al., 
2023). Moreover, multiple pesticide residues in a single 
sample complicate the analysis and risk assessment 
processes, as interactions between different chemicals 
can affect their toxicity and health implications (Li, 2015; 
Turgut et al., 2010). Additionally, gaps in data availability, 
particularly in developing countries, pose significant 
challenges to understanding pesticide residue 
prevalence and exposure risks (Ma et al., 2022; Alokail, 
2023). The need for standardized protocols and 
harmonized regulations across countries further 
exacerbates these issues, making it difficult to compare 
data and implement effective monitoring strategies 
globally (Mutengwe et al., 2016). 

Furthermore, the environmental persistence of 
certain pesticides raises concerns about long-term 
exposure and accumulation in the food chain. Studies 
have indicated that pesticide residues can remain in soil 
and water systems, leading to potential contamination of 
crops and subsequent human exposure (Hathout et al., 
2021). Although generally lower than in conventional 
systems, the detection of pesticide residues in organic 
farming systems still highlights the need for vigilance in 
monitoring practices to ensure consumer safety (Turgut 
et al., 2010). Additionally, the increasing complexity of 
agricultural practices, including the use of pesticide 
mixtures, necessitates the development of more 
sophisticated analytical techniques capable of detecting 
and quantifying multiple residues simultaneously 
(Hathout et al., 2021; (AlSaikhan et al., 2021; 

 
7. Pesticide Residues and Food Safety 
 
Pesticide residues in food have emerged as a 

significant concern for food safety, impacting food supply 
chains, consumer confidence, and international trade. 
The presence of these residues can lead to a decline in 
food quality, as consumers often associate pesticide 
residues with potential health risks. This perception can 
reduce demand for certain food products, mainly fruits 
and vegetables, which are crucial components of a 
healthy diet. Studies indicate that consumer fears 
regarding pesticide residues may lead to decreased 
consumption of these foods, negating their health 
benefits (Winter, 2015). Furthermore, pesticide residues 
can complicate trade relations, as countries impose 
stringent regulations and maximum residue limits (MRLs) 
to ensure food safety. Non-compliance with these 
standards can result in trade barriers, affecting the global 
food supply chain (Bajwa & Sandhu, 2011). Thus, the 
implications of pesticide residues extend beyond 
individual health concerns, influencing broader economic 
and trade dynamics. 

Risk assessment models are critical in 
evaluating the toxicity levels and exposure risks 
associated with pesticide residues. These models are 
essential for understanding the long-term health impacts 
of pesticide exposure, particularly in vulnerable 

populations such as children and pregnant women. 
Research has shown that chronic exposure to pesticide 
residues can lead to various health issues, including 
neurodevelopmental disorders and endocrine disruption 
(Jiang et al., 2023). Regulatory bodies utilize these risk 
assessment models to establish MRLs designed to 
protect consumers by ensuring that pesticide residues 
remain within safe limits. For instance, the Codex 
Alimentarius Commission sets international food 
standards, including MRLs, based on comprehensive 
risk assessments considering acute and chronic 
exposure scenarios (Jara & Winter, 2019). Establishing 
these safety levels is crucial for mitigating health risks 
and ensuring food products are safe for consumption. 

The comparison of pesticide use and residue 
levels in organic versus conventional farming systems 
reveals significant differences in agricultural practices 
and their implications for food safety. Organic farming 
typically employs a more limited use of synthetic 
pesticides, relying instead on natural pest control 
methods and approved organic pesticides (Benbrook et 
al., 2021). Studies have shown that while organic 
produce may still contain pesticide residues, these are 
generally lower and less frequent than those found in 
conventionally grown produce (Winter, 2015). This 
difference in pesticide application affects the safety of the 
food produced and influences consumer perceptions and 
market dynamics. Consumers often perceive organic 
products as safer and healthier, leading to increased 
demand for organic produce despite the higher costs 
associated with these products (Benbrook et al., 2021). 
The growing trend towards organic farming reflects a 
broader societal shift towards sustainability and health 
consciousness, further emphasizing the need for 
rigorous monitoring of pesticide residues across all 
farming practices. 

In addition to the differences in pesticide 
application, the regulatory frameworks governing 
pesticide use in organic and conventional farming also 
play a crucial role in food safety. Countries have 
established MRLs for various pesticides to ensure food 
products are safe for consumption. These limits are 
based on extensive research and risk assessments that 
consider the potential health impacts of pesticide 
residues (S Janaan et al., 2021). For instance, the 
European Union has implemented strict regulations 
regarding pesticide residues, requiring that all food 
products meet established MRLs before being marketed 
(Stachniuk & Fornal, 2015). This regulatory oversight is 
essential for maintaining consumer confidence in the 
food supply and ensuring that agricultural practices do 
not compromise public health. Furthermore, enforcing 
these regulations can help to level the playing field 
between organic and conventional farming, as both 
systems are held to the same safety standards. 

Food handling and processing methods further 
complicate the impact of pesticide residues on food 
safety. Research indicates that various handling 
practices can influence the levels of pesticide residues 
present in food products (Bajwa & Sandhu, 2011). For 



Sawyer et al / Greener Journal of Biomedical and Health Sciences       41 
 

example, washing, peeling, and cooking can reduce 
pesticide residues, but the effectiveness of these 
methods varies depending on the type of pesticide and 
the food product in question (Bajwa & Sandhu, 2011). 
This variability underscores the importance of consumer 
education regarding food preparation practices that can 
minimize pesticide exposure. Developing advanced 
analytical techniques for detecting pesticide residues in 
food is crucial for ensuring compliance with safety 
standards and protecting public health (Stachniuk & 
Fornal, 2015). These techniques enable more accurate 
monitoring of pesticide levels, facilitating timely 
interventions when residue levels exceed acceptable 
limits. 

The global nature of food supply chains further 
complicates the issue of pesticide residues, as food 
products often cross multiple borders before reaching 
consumers. This international trade can lead to 
discrepancies in pesticide regulations and enforcement, 
creating challenges for food safety (Bajwa & Sandhu, 
2011). For instance, a food product that meets the MRLs 
in one country may not comply with the standards of 
another, leading to trade disputes and potential health 
risks for consumers. As a result, international 
organizations such as the WHO and the FAO play a vital 
role in harmonizing pesticide regulations and promoting 
safe agricultural practices worldwide (Syed et al., 2014). 
Collaborative efforts among countries to establish 
common standards for pesticide residues can enhance 
food safety and consumer confidence, ultimately 
benefiting global public health. 

 
8. Conclusion 

 
The implications of pesticide residues in food are 

a critical public health concern, highlighting the intricate 
relationship between agricultural practices, food safety, 
and human health. Pesticides, while essential for modern 
farming, pose significant risks, including acute symptoms 
and chronic health issues such as cancer, endocrine 
disruption, and neurological disorders. Vulnerable 
populations, including children, pregnant women, and 
the elderly, are particularly at risk. Addressing these 
challenges requires a multifaceted approach involving 
stricter regulations, robust monitoring systems, and 
comprehensive education for stakeholders involved in 
pesticide application. 

Establishing maximum residue levels (MRLs) by 
regulatory agencies such as the WHO, FAO, EPA, and 
EFSA is vital to safeguarding consumer health. However, 
challenges persist, especially in developing countries 
with limited resources. Continuous research into safer 
pesticide alternatives and integrated pest management 
strategies is essential to mitigate the risks associated 
with pesticide residues while ensuring food security. 
Moreover, effective detection and monitoring of pesticide 
residues are crucial for ensuring food safety. Advanced 
analytical techniques and global monitoring initiatives 
can help identify and address pesticide contamination in 
food supplies. As the global food supply chain continues 

to evolve, collaboration among countries and 
organizations will be pivotal in harmonizing pesticide 
regulations, enhancing consumer confidence, and 
protecting public health. Ultimately, a sustainable 
pesticide use approach that prioritizes agricultural 
productivity and human health is essential for a healthier 
future. 
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