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Abstract: Chlorpyrifos pesticides have been linked to neurodevelopmental issues in children and
potential carcinogenic properties in adults and the excessive use of both chlorpyrifos and urea
fertilizers may result in soil acidification, which lowers soil fertility and affects crop yields,
threatening global food security. Sustainable agricultural practices are crucial to address these
concerns. This systematic review aims to comprehensively analyze the chemistry of urea fertilizers
(CO(NH2)2) and chlorpyrifos pesticides (CoH11:CIsNO3PS) in the context of agricultural education.
The study covers various aspects including their chemical properties, synthesis, formulation,
application, environmental impact, and regulatory considerations. Molecular structures,
composition, synthesis methods, and physical-chemical properties such as solubility and stability
were examined alongside their effects on the environment and the regulatory guidelines for safe
use in agriculture. This study emphasizes the urgent requirement for remedial measures, including
proper use of Chlorpyrifos herbicide, urea fertilizers, and their roles in sustainable agricultural
practices.

Keywords: urea fertilizers, chlorpyrifos pesticides, agriculture, chemistry, synthesis,
environmental impact

INTRODUCTION

Urea fertilisers (CO(NH-2)2) and chlorpyrifos pesticides (CoH1:CIsNOsPS) are critical components
of modern agriculture due to their efficiency in increasing crop yields and controlling pest
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populations. Urea, a nitrogen-based fertiliser, is highly regarded for its high nitrogen content and
low cost, making it a popular choice for farmers around the world (Naz, 2023 &Vaia, 2024). It is
produced by reacting ammonia (NH3) with carbon dioxide (CO2) at high pressure and
temperature, resulting in a product that is a quickly available source of nitrogen for plants. Urea's
chemical features, such as its high solubility and stability, help to explain its widespread
application in diverse agricultural systems (Swify, 2022). Chlorpyrifos, on the other hand, is an
organophosphate insecticide that is widely used in agricultural production to control a variety of
pests, including insects and mites (EPA, 2024). Its efficacy originates from its mechanism of
action, which involves blocking acetylcholinesterase, an enzyme required for nerve function in
insects, resulting in their death. Chlorpyrifos is noted for its broad-spectrum activity and
inexpensive cost, making it a popular pest control option in agriculture. Chlorpyrifos' chemical
features, such as moderate water solubility and stability, ensure its persistence in the environment,
offering long-term protection against pests (Echa, 2023). The value of urea fertilisers and
chlorpyrifos herbicides in agriculture cannot be emphasized. Urea fertilisers perform an important
function in providing plants with necessary nitrogen, a nutrient required for growth and
development. Nitrogen is an essential component of chlorophyll, the photosynthesis molecule, as
well as the creation of amino acids, proteins, and nucleic acids (Mosaic, 2024). As a result, the use
of urea fertilisers can greatly increase crop yields and improve agricultural product quality.
However, excessive urea use can cause environmental difficulties such as soil acidification,
nitrogen leaching, and greenhouse gas emissions such as nitrous oxide (N20), all of which
contribute to global warming (Guo et al, 2024 & Hassan et al. 2022). Similarly, chlorpyrifos
insecticides are critical for controlling pest populations and protecting crop health. By effectively
eliminating pests, chlorpyrifos helps to reduce crop losses and preserve high yields. This is
especially significant in areas where insect infestations can have a severe impact on agricultural
productivity (Tudi et al., 2021). Despite its benefits, chlorpyrifos use raises a number of
environmental and health problems. Chlorpyrifos has been associated to neurodevelopmental
problems in children and possible carcinogenic qualities in adults (Gama et al., 2022).
Furthermore, its persistence in the ecosystem can contaminate soil and water, endangering non-
target creatures such as beneficial insects, wildlife, and humans (Wolejko et al., 2022 & PAN,
2024). The environmental impact of urea fertiliser and chlorpyrifos pesticides is a major source of
worry. Excessive use of urea fertilisers can cause soil acidification, reducing soil fertility and
lowering crop yields (Naz, 2023). Furthermore, nitrogen leaking from urea can contaminate
groundwater and surface water, causing eutrophication and destroying aquatic ecosystems. The
volatilisation of ammonia from urea produces nitrous oxide, a strong greenhouse gas that
contributes to climate change (Wang et al. 2023).

Chlorpyrifos insecticides represent significant environmental concerns due to their persistence and
bioaccumulation. Their leftovers can remain in soil and water for long periods of time,
contaminating natural resources. The influence on non-target species, such as beneficial insects
like pollinators and natural pest predators, has the potential to disturb ecological balances and
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diminish biodiversity. Furthermore, chlorpyrifos' propensity to produce neurodevelopmental
difficulties and carcinogenic effects raises serious public health concerns (Juntarawijit, 2020). This
review seeks to answer the following research issues and objectives: What are the chemical
qualities, molecular structures, compositions, synthesis processes, and physical-chemical
characteristics of urea fertilisers and chlorpyrifos pesticides? What is the environmental impact of
urea fertilizers and chlorpyrifos pesticides, including their effects on soil fertility, crop yields, and
potential links to neurodevelopmental issues? What are the regulatory considerations and
guidelines for the safe use of urea fertilizers and chlorpyrifos pesticides in agriculture, and identify
areas for improvement? How can remedial measures and sustainable agricultural practices,
including proper use of urea fertilizers and chlorpyrifos pesticides, be addressed to ease the threats
to global food security and environmental sustainability? The primary goals are to thoroughly
examine the chemical properties of urea fertilisers and chlorpyrifos pesticides, assess their
environmental impact, investigate regulatory considerations, and emphasise the importance of
corrective measures and sustainable agricultural practices (Smith & Brown, 2020; Silva & Lima,
2020). This review will provide a thorough understanding of the chemistry and environmental
implications of urea fertilisers and chlorpyrifos pesticides, as well as information on regulatory
frameworks and sustainable agriculture practices. The findings will be critical in guiding future
research, policymaking, and practical applications in agricultural education and practice.

Structure of Urea

Urea maintains a planar geometry, meaning all of its atoms lie in the same plane. It is characterized
by covalent bonds, where electrons are shared between atoms, resulting in nonpolar bonds between
carbon and oxygen, as well as carbon and nitrogen (Kumar, 2023). The International Union of
Pure and Applied Chemistry (IUPAC) name for urea is diamidomethanal or carbonyldiamide.

O

W

H,oN NH.

Source: Kumar (2023)
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Physical Properties of Urea

Property Value |

Chemical/Molecular formula C2NH40

Molar mass: 60.06 g/mol.

Appearance: Colorless to white crystalline solid.
Density: 1.32 g/lcmé.

Melting point: 134°C.

Solubility: Easily soluble in water and alcohol.
Odor: Odorless.

Solubility Insoluble in ethane.

Basicity Weak base.

(Kumar, 2023)

Chemical Properties of Urea

The molecular structure of urea features a central carbon atom double-bonded to an oxygen atom
and single-bonded to two amine groups (NH>). Urea is typically synthesized through the Haber-
Bosch process, which involves the reaction of ammonia (NH3) and carbon dioxide (CO2) under
high temperatures and pressures. The chemical equation for this synthesis is:

2NH3 + CO2 ---> (NH2).CO + H20

This method is favored for its efficiency and cost-effectiveness in producing large quantities of
urea for agricultural applications (Sellars, 2021 & Czarnobai et al., 2021). Urea's physicochemical
properties include high solubility in water, allowing for rapid dissolution and availability to plants.
It is relatively stable, with a melting point of 133°C and decomposition beginning around 135°C.
Upon application to soil, urea undergoes hydrolysis catalyzed by the enzyme urease, resulting in
the formation of ammonia (NHs) and carbon dioxide (CO2), which are then converted to
ammonium ions (NHa+) and bicarbonate (HCO?), readily absorbed by plants (Daisi et al., 2024).
Urea fertilizers (CoNH4O) are renowned for their high nitrogen content, approximately 46%
nitrogen, which is essential for promoting plant growth. This high nitrogen content is critical for
plant growth, as nitrogen is an essential component of amino acids, proteins, and nucleic acids.
Efficient nitrogen absorption from urea promotes vegetative growth and crop yields, which is
crucial for meeting the food demands of a growing global population (Mustafa et al., 2022). High
solubility of urea in water, facilitates rapid nutrient availability but also raises concerns about
nitrogen leaching and volatilization (Swify et al., 2024). The industrial synthesis of urea involves
the reaction of ammonia with carbon dioxide, a process that produces a highly effective nitrogen
source but is also associated with environmental issues such as soil acidification and nitrogen loss
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(Swify et al., 2024). Innovations in slow-release formulations aim to mitigate these concerns by
controlling the release of nitrogen, thereby enhancing nutrient use efficiency and reducing
environmental impacts (Rajan et al., 2021).

Properties of Chlorpyrifos

Structure of Chlorpyrifos: Chlorpyrifos has a phosphorus atom bonded to two ethoxy groups
(C2Hs0) and one oxygen atom which is in turn bonded to a pyridyl ring substituted with chlorine
atoms at the 3rd, 5th, and 6th positions. Chemical Name: O,O-Diethyl O-(3,5,6-trichloro-2-
pyridyl) phosphorothioate

Cl Cl
/
OHsC, S
I N
\P—O N Cl
/
OH;sC,

Source: Njewa et al., (2023).

Physical Properties of Chlorpyrifos

Property Value |

Chemical formula CoH11CIsNOsPS

Molar mass: 350.6 g/moL

Appearance: Colorless to light brown liquid

Density: 1.42 g/lcm3

Melting point: 42-43°C (107-109°F)

Boiling point 153-155°C (307-311°F)

Solubility: Easily soluble in water and alcohol.

Odor: Mild, ester-like odor

Solubility Insoluble in water but Soluble in organic
solvents

Vapour Pressure 2.3 x 107(-5) mmHg at 25°C

Source: Njewa et al., (2023).

Chemical Properties of Chlorpyrifos

chlorpyrifos (CoH1:CIsNO3PS) is an organophosphorus insecticide noted for its stability and fat
solubility, which contribute to its persistence in the environment (National Centre for
Biotechnology Information, 2024). Chlorpyrifos exhibits several chemical properties that
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influence its environmental fate and toxicological profile. It has low water solubility (1.4 mg/L at
25°C), high partition coefficient (log Kow = 4.7), and moderate vapor pressure (1.87 x 10° mm
Hg at 25°C), indicating its potential for bioaccumulation and persistence in the environment
(National Library of Medicine, 2024).The synthesis of chlorpyrifos involves the reaction of 3,5,6-
trichloro-2-pyridinol with diethyl phosphorochloridothioate, producing a compound with high
purity and yield under controlled conditions (European Chemicals Agency, 2024). Advances in
synthetic methods have improved production efficiency, although the core chemical processes
remain consistent. Chlorpyrifos is used in various formulations, including emulsifiable
concentrates, but its chemical stability raises concerns about its long-term environmental impact
and potential harm to non-target organisms (Njewaa et al., 2023; European Chemicals Agency,
2024). Njewaa et al. (2023) emphasize that the presence of chlorine atoms enhances its
lipophilicity, facilitating its absorption through insect cuticles and increasing its insecticidal
activity. O'Connor et al. (2023) discuss the role of the phosphorothioate group in its biological
activity, noting that it undergoes bioactivation to form chlorpyrifos-oxon, a potent inhibitor of
acetylcholinesterase. In addition, there is need for safer alternatives due to chlorpyrifos's
association with neurodevelopmental abnormalities and its persistence in soil and water (Saraiva
etal., 2024; Yang et al., 2023).

Environmental Impacts of Urea

The environmental impact of urea fertilizers is profound, with excessive use leading to soil
acidification, alteration of soil microbial populations, and water contamination. The use of urea
fertilizers presents environmental challenges. Excessive application can lead to nitrogen leaching
into water bodies, causing eutrophication and diminishing oxygen levels, which harm aquatic life.
Additionally, ammonia volatilization from urea contributes to air pollution and particulate matter
formation, posing health risks to humans and animals. Rapid hydrolysis of urea in soil can reduce
soil fertility and structure (Skorupka & Nosalewicz, 2021; Ramalingappa et al., 2023). Barreras-
Urbina et al. (2023) found that high nitrogen levels diminish microbial health. This issue is
exacerbated by nitrogen leaching and runoff, leading to water pollution (Ayiti & Babalola, 2022).
Best management practices, such as precision application techniques and nitrification inhibitors,
are recommended to prevent nitrogen losses and minimize environmental impact (Banger et al.,
2020). Given these environmental concerns, there is an increasing focus on adopting more
sustainable agricultural practices. Controlled-release urea fertilizers, such as those coated with
polymers or sulfur, are being developed to reduce nitrogen losses and improve nitrogen use
efficiency. These technologies aim to release nitrogen gradually, aligning with crop nutrient uptake
patterns while minimizing environmental contamination (Mansouri et al., 2023).

Effects of Urea Fertilizers on Soil Chemistry and Fertility

Urea fertilizers significantly impact soil chemistry and fertility due to their high nitrogen content.
Upon application, urea undergoes hydrolysis catalyzed by urease, producing ammonia (NH3) and
carbon dioxide (CO2), temporarily elevating soil pH before ammonia converts to ammonium
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(NH4+) (Fisher et al., 2017). This increases soil nitrogen, vital for plant growth and enhancing
crop yields, particularly in nitrogen-deficient soils (Mustafa et al., 2022). However, rapid urea
hydrolysis can result in nitrogen losses through ammonia volatilization, reducing fertilizer
efficiency and contributing to environmental issues such as acid rain (Sigurdarson et al., 2018).
Continuous urea use may also lead to soil acidification due to ammonium oxidation during
nitrification, lowering soil pH and nutrient availability while increasing toxic metal solubility
(Huang et al., 2023). Excessive urea can cause nitrogen leaching, contaminating water bodies and
leading to eutrophication (Lockhart & Wiseman, 2023). To mitigate these effects, controlled-
release urea fertilizers release nitrogen slowly, reducing losses and synchronizing with crop uptake
(Mustafa et al., 2022). Integrating urea with sustainable practices like crop rotation and organic
amendments can further enhance soil fertility and minimize environmental impact (Koudahe et al.,
2022).

Environmental Impacts of Chlorpyrifos

Chlorpyrifos poses significant environmental hazards, including soil and water contamination. Its
persistence in the environment adversely affects aquatic organisms and soil microbiota. Njewaa et
al., (2023) demonstrated that chlorpyrifos exposure can harm non-target species and impair
ecosystem services. Nguyen et al., (2023) argue that reducing chlorpyrifos use and developing
safer alternatives are critical to addressing these environmental risks. These findings emphasize
the necessity of comprehensive environmental policies related to pesticide use.

Effects of Chlorpyrifos Pesticides on Environmental Health and Safety

Environmental Persistence and Degradation

Chlorpyrifos is well-known for its environmental persistence, which is attributed in large part to
its chemical stability and low water solubility. Wang et al. (2022) found that chlorpyrifos can
remain in soil and sediments for long periods of time, with half-lives ranging from weeks to
months, depending on environmental conditions. Its persistence is affected by pH, temperature,
and microbial activity. Chlorpyrifos breakdown occurs primarily by photolysis, hydrolysis, and
microbial degradation. In alkaline circumstances, hydrolysis is more rapid, yielding 3,5,6-
trichloro-2-pyridinol, which is hazardous and persistent in the environment (Wang et al., 2022).
Photolysis, aided by sunshine, destroys chlorpyrifos on exposed surfaces, whereas microbiological
degradation requires specialised bacteria capable of metabolising organophosphates, lowering
their environmental impact (Tudi et al., 2023).

Bioaccumulation and Ecotoxicity

The high partition coefficient of chlorpyrifos indicates a large potential for bioaccumulation in
aquatic organisms. According to Njewaa et al. (2023), chlorpyrifos can accumulate in the tissues
of fish and other aquatic species, posing a risk to higher trophic levels via biomagnification. The
compound's intermediate vapour pressure allows for volatilisation and atmospheric transport,
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resulting in widespread environmental distribution and potential non-target exposure. The
ecotoxicological effects of chlorpyrifos are widely known. O'Connor et al. (2023) emphasise its
acute toxicity to non-target animals, such as beneficial insects, birds, and aquatic life. Chlorpyrifos
disturbs the neurological system by inhibiting acetylcholinesterase, which causes neurotoxic
effects that can be lethal at large doses. Chronic exposure, even at low levels, can have sub-lethal
consequences for wildlife, such as reproductive and developmental abnormalities.

Human Health Implications

Chlorpyrifos poses significant human health risks, particularly its neurotoxic effects. Sass (2022)
highlights its potential to cause developmental neurotoxicity in children, linking prenatal and
early-life exposures to cognitive impairments and behavioral issues. This has led to increased
regulatory scrutiny and restrictions in many countries. The US Environmental Protection Agency
(EPA) has banned chlorpyrifos on food crops due to health risks (Sass, 2022), while the European
Union has implemented strict regulations to protect human health and the environment (European
Chemicals Agency, 2024). Research by Njewaa et al. (2023) and O'Connor et al. (2023)
underscores the importance of chlorpyrifos' chemical properties, such as hydrophobicity and
phosphorothioate group, in its insecticidal efficacy and environmental persistence. Wang et al.
(2022) and Tudi et al. (2023) discuss its environmental degradation and bioaccumulation,
emphasizing the need for effective mitigation strategies.

The safe use of urea fertilizers and chlorpyrifos pesticides in Agricultural education

As pointed out in sustainable practices in agricultural applications. Despotovi¢ et al. (2019)
advocate for the adoption of Integrated Pest Management (IPM) and precision agriculture to
optimize input use and reduce environmental impact. Rashwin and Sanjeeth (2023) stress the
importance of farmer education and training programs to promote the effective use of fertilizers
and pesticides, thereby enhancing sustainability and minimizing negative outcomes.

Standard Appropriate Use of Urea and Chlorpyrifos

The proper and safe use of urea fertilisers and chlorpyrifos pesticides is essential for increasing
agricultural output while reducing environmental and health concerns. Both chemicals have
important functions in contemporary agriculture, but their misuse can have serious effects. This
section describes the conventional techniques for their implementation based on recent research
and regulatory recommendations.

Urea Fertilizers

Urea, with a nitrogen content of roughly 46%, is the most commonly used nitrogen fertiliser
worldwide (Zhang et al., 2020). To avoid environmental difficulties such as soil acidification and
nitrogen loss, it must be used properly. Proper application time is critical, as urea should be
administered while crops are actively developing and can use nitrogen efficiently (Bremner, 2019).
Avoiding application during heavy rainfall or on frozen soil reduces nitrogen runoff and
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volatilisation, which can pollute the ecosystem (Guo et al., 2022). Incorporating urea into the soil
or utilising urease inhibitors can reduce nitrogen loss and improve fertiliser efficiency (Guo et al.,
2022). Soil testing is critical for identifying the appropriate amount of urea depending on soil
nutrient levels and crop needs. This method helps to prevent over-fertilization, which can induce
soil acidity and reduce soil fertility (Li et al., 2020). Furthermore, split applications, in which urea
is administered in various doses throughout the growing season, can boost plant nitrogen uptake
while reducing environmental concerns (Sweeney et al., 2023).

Chlorpyrifos Pesticides

Chlorpyrifos, an organophosphate pesticide, is widely used to control pests in many crops.
However, its use must be carefully monitored due to concerns about potential health effects and
environmental damage. To avoid overuse and environmental pollution, chlorpyrifos should be
used according to prescribed rates and timings (Rodriguez-Liébana et al., 2021). Proper calibration
of spraying equipment guarantees accurate dosing and reduces pesticide drift and runoff (Peshin
etal., 2022). The use of chlorpyrifos should be consistent with Integrated Pest Management (IPM)
strategies that emphasise minimising reliance on chemical pesticides through biological control,
crop rotation, and resistant crop types (Peshin et al., 2022). This strategy promotes long-term pest
population management and lowers the risk of chemical resistance. Recent research has
highlighted the need for strict controls to govern chlorpyrifos use due to its potential
neurodevelopmental and carcinogenic impacts (Rauh et al., 2021). Many regions have imposed
limitations or bans on chlorpyrifos, emphasising the necessity of maintaining up to date on current
rules and investigating safer alternatives (EFSA, 2019. Biopesticides and organic farming, for
example, can provide effective pest management while reducing health and environmental
concerns (FAO, 2022).

Agricultural Applications and Impacts of Urea Fertilizers

Urea fertilizers play a critical role in modern agriculture, significantly increasing crop yields due
to their high nitrogen content, solubility, and affordability. Urea is the most widely used nitrogen
fertilizer globally, accounting for over half of all nitrogen fertilizers in agriculture (Jiang et al.,
2024). With a high nitrogen concentration of about 46%, urea effectively provides essential
nutrients to crops. It can be applied directly to the soil or as a foliar feed, timed to match specific
crop growth stages, thereby maximizing nitrogen uptake and promoting healthy plant
development. The effectiveness of urea application depends on soil pH, temperature, and moisture
content. Urea hydrolysis in the soil, catalyzed by the enzyme urease, produces ammonia and
carbon dioxide. If not managed properly, this can result in nitrogen losses through volatilization.
Hence, agricultural education emphasizes proper management practices, such as incorporating
urea into the soil or using urease inhibitors to reduce nitrogen losses (da Fonseca et al., 2023).
Urea hydrolyzes to form ammonium carbonate, which soil microorganisms convert to nitrate,
making nitrogen available to plants and enhancing growth in various cropping systems (Ma et al.,
2019; Mustafa et al., 2022). However, significant nitrogen losses can occur through volatilization,
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leaching, and denitrification. Ammonia volatilization contributes to air pollution and poor air
quality, while nitrogen leaching into groundwater can cause eutrophication, leading to algal
blooms and ecosystem disruptions (Wyer et al., 2022; EPA, 2024). These challenges necessitate
the need for effective nitrogen management strategies to mitigate the adverse impacts of urea use.

Agricultural Applications and Impacts of Chlorpyrifos Pesticides

Chlorpyrifos' broad-spectrum efficacy makes it popular in various crops, including fruits,
vegetables, and grains. Its application methods for soil treatment, foliar spraying, and seed
treatment offer flexible pest management (Dittmar et al., 2023). Agricultural education emphasizes
proper application rates and timing to maximize efficacy while minimizing risks. However,
chlorpyrifos poses significant health risks. Exposure is linked to neurodevelopmental issues in
children and possible carcinogenic effects in adults (EarthJustice, 2024). Regulatory scrutiny has
led to restrictions, such as the European Union's 2020 ban (ECHA, 2020). Education stresses
integrated pest management (IPM) to reduce chemical dependency (Tudi et al., 2021).
Additionally, chlorpyrifos affects non-target species, including pollinators, disrupting pollination
and biodiversity (Leska et al., 2021). Chronic exposure is linked to cognitive and behavioral
deficits in children (Khan et al., 2019 & Cancino et al., 2023). Residues in the environment and
food chain further heighten human health risks (Njewaa et al., 2023).

Safety Precautions for Urea and Chlorpyrifos in Agriculture

Urea fertilizers and chlorpyrifos pesticides are crucial for agriculture but pose environmental and
health risks if not managed properly. Urea fertilizers enhance crop yields but can lead to pollution
and degradation, while chlorpyrifos is effective for pest control but threatens non-target species
and human health (FAO, 2022). Regulatory systems like those from the EPA and FAO are essential
for safe application. Agricultural education should cover these regulations, ensuring compliance
and promoting safer practices (EPA, 2023). Sustainable approaches like precision farming, organic
farming, and biopesticides offer viable alternatives. Precision farming optimizes input use,
reducing waste and environmental impact (ES, 2022). Therefore, integrating these methods into
education equips future professionals with the skills for sustainable practices. Proper management
and education on urea and chlorpyrifos use can mitigate their adverse effects, promoting both
productivity and safety.

The need for remedial measures and sustainable agricultural practices

The study's findings on urea fertilisers and chlorpyrifos insecticides have important implications
for sustainable agricultural practices in line with the Sustainable Development Goals (SDGs),
notably those connected to poverty eradication (SDG 1) and food security (SDG 2). Sustainable
agriculture methods are critical for reducing the negative environmental and health effects of toxic
chemicals while supporting economic stability and food security.
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Environmental Sustainability and Food Security

Excessive use of urea fertilizers can cause soil acidification and nutrient imbalances, reducing soil
health and crop production. Promoting balanced fertilizer application and soil amendments can
ensure long-term crop production (Ayamba et al., 2023). Sustainable soil health management is
critical for food security as it directly impacts crop yields. Chlorpyrifos' environmental persistence
threatens water supplies, non-target species, and biodiversity (Tudi et al., 2021). Adopting
integrated pest management (IPM) strategies reduces chemical pesticide dependence, mitigating
environmental contamination and boosting biodiversity (EPA, 2023). IPM practices like biological
control and crop rotation are vital for sustainable pest management and ecological balance.

Economic Sustainability and Poverty Eradication

The SDG agenda emphasizes economic sustainability and poverty reduction through increased
agricultural productivity and profitability (UNDP, 2024; Gil et al., 2019). Efficient use of urea
fertilizers and chlorpyrifos pesticides can boost crop yields and lower production costs, enhancing
farm incomes and economic stability. However, overreliance on these inputs can raise costs and
cause environmental harm. Agricultural extension services and educational programs can teach
best management practices and sustainable alternatives, optimizing input use and reducing costs.
Precision agriculture technologies enhance efficiency, reducing waste and increasing profits
(Brandon, 2024). These practices boost agricultural profitability and contribute to rural economic
development, reducing poverty.

Health Implications and Social Sustainability

Health hazards linked to chlorpyrifos include neurodevelopmental difficulties in children and
potential carcinogenic effects in adults (EarthJustice, 2024). Reducing exposure to toxic pesticides
through safer alternatives and regulations is crucial for human health and social sustainability.
Educating farmers on pesticide safety can decrease health risks and improve community well-
being. Increasing the use of organic and biopesticides aligns with the SDGs by promoting safer
farming practices (FAO, 2024; Fanibo et al., 2021). Organic practices not only protect human
health but also support environmental sustainability and biodiversity.

Regulatory and Policy Implications

Effective regulatory frameworks are essential for guiding the safe use of agricultural inputs and
promoting sustainable practices. The study unravel the need for robust regulations to control the
use of urea fertilizers and chlorpyrifos pesticides, ensuring compliance with safety standards and
minimizing environmental and health risks (EFSA, 2019). Policymakers must develop and enforce
regulations that balance agricultural productivity with environmental protection and public health.
Furthermore, policies that encourage research and development of sustainable farming
technologies and practices are critical. Investment in agricultural research can result in advances
in fertiliser and pesticide use, improving sustainability and resilience in the face of climate change
and other issues (Guo et al., 2022). Collaboration among governments, research institutions, and
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the private sector can accelerate the adoption of sustainable practices and technology, thereby
advancing the SDG goal.

Empirical Reviews

Kkimczyk et al. (2021) report that using urease inhibitors like NBPT significantly reduces nitrogen
losses from urea fertilizers, enhancing nitrogen use efficiency and promoting sustainable nutrient
management. Bartog et al. (2022) highlight that improper urea fertilizer management can lead to
soil acidification and reduced fertility, emphasizing the need for precision agriculture techniques
to optimize application rates and minimize environmental impact. According to Kaviyarasan et al.
(2024), precision agriculture technologies, such as GPS-guided spreaders and remote sensing,
allow for precise urea delivery, preventing over-application and improving crop yields while
promoting sustainability. Torres and Bueno (2018) demonstrated that integrated pest management
(IPM) tactics, combining biological control, crop rotation, and resistant crop varieties, effectively
manage pest populations while reducing chemical pesticide use, including chlorpyrifos. Birolli et
al. (2024) highlight severe health effects of chlorpyrifos, such as neurodevelopmental difficulties,
prompting stronger regulations and a shift towards biopesticides and organic alternatives. Tudi et
al. (2021) examine the environmental persistence of chlorpyrifos, noting significant risks to non-
target species and ecosystems, which sustainable practices aim to mitigate by reducing runoff and
implementing IPM techniques. Klein et al. (2023) emphasize establishing buffer zones and proper
application procedures to protect soil and water resources from chlorpyrifos. They advocate
conservation methods like cover crops and reduced tillage to minimize pesticide runoff. Juncal et
al. (2023) show that these conservation actions greatly reduce pesticide discharge, underscoring
their role in environmental sustainability. Ahmad et al. (2024) stresses the importance of
agricultural education programs in teaching farmers about the safe use of urea and chlorpyrifos
and alternative pest management measures, which are crucial for sustainable practices. Cakmakg1
et al. (2020) note a global shift towards sustainable agriculture due to increased environmental
awareness and regulatory pressures, with policy improvements supporting safer practices. Finco
et al. (2023) argue that precision agriculture not only enhances environmental sustainability by
reducing input waste but also boosts farm profitability, aligning economic and sustainable goals.
Finally, Wani et al. (2021) highlight global trends in nitrogen fertilizer efficiency, advocating
advanced modeling techniques and sensor-based nutrient management to optimize urea application
and reduce environmental impact.

CONCLUSION AND FUTURE OUTLOOK

This review unveil study on the chemistry of urea fertilizers (CO(NH)2) and chlorpyrifos
pesticides (CoH11CIsNOsPS) in agricultural education highlights the dual nature of urea fertilizers
and chlorpyrifos pesticides in modern agriculture. While they enhance agricultural output, their
environmental and health consequences necessitate cautious control and further investigation.
Urea's widespread use raises concerns about ammonia volatilization and nitrogen leaching,
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contributing to air and water pollution. Chlorpyrifos, despite its effectiveness, poses severe risks
to non-target animals, human health, and the environment. Understanding the chemistry,
implications, and hazards of these compounds is crucial in agricultural education, enabling
informed decisions and promoting sustainable agriculture methods. Integrating this knowledge
into educational curricula can mitigate negative consequences and encourage responsible farming
practices, driving innovation towards a more sustainable future. Sequel to the above, the future
outlook for this study should foster more on studies on the combined effects of urea fertilizers and
chlorpyrifos pesticides are poorly understood, particularly their interactions and synergistic
impacts (De Souza et al., 2020). Many studies are context-specific, with regional variations
influencing their applicability. Socioeconomic factors affect the adoption of sustainable practices,
yet there is a paucity of comprehensive data on the effectiveness of regulatory frameworks
(Tripathy et al., 2019; Alvarez et al., 2021; United Nations Environment Programme, 2022).
Additionally, research on novel alternatives to conventional fertilizers and pesticides is limited,
and integrated approaches combining multiple strategies have not been thoroughly explored
(Kalfas et al., 2024). Addressing these gaps requires broader, interdisciplinary research to enhance
understanding and develop effective solutions for managing urea fertilizers and chlorpyrifos
pesticides in agriculture. Therefore, it is highly recommended that development of instructional
programs in educating agricultural experts and the public about the chemistry and effects of urea
and chlorpyrifos for informed decision-making is germane and thorough Investigation should be
conducted to provide alternative pest control approaches to reduce reliance on toxic chemicals like
most especially chlorpyrifos and promote safer pest management practices.
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