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Abstract

The study investigates agrochemical residues in agricultural products and their potential impact on human health and the
environment. A total of 150 samples from fruits, vegetables, cereals, and legumes were analyzed for pesticide residues using
high-performance liquid chromatography (HPLC) and gas chromatography-mass spectrometry (GC-MS). Results indicated
that 42% of the samples contained detectable pesticide residues, with vegetables showing the highest contamination rates.
Chlorpyrifos was the most commonly detected pesticide, exceeding the maximum residue limits (MRLs) in 6% of the samples,
particularly in tomatoes and spinach. Additionally, environmental contamination was observed, with 30% of soil samples and
40% of water samples testing positive for pesticide residues. The study highlights the risk of agrochemical exposure to human
health, particularly through contaminated food and water, and underscores the need for stricter regulatory enforcement and the

adoption of safer agricultural practices.
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Introduction

The use of agrochemicals, including pesticides, herbicides,
and fertilizers, has significantly enhanced agricultural
productivity and contributed to global food security.
However, the indiscriminate and excessive application of
these substances has raised concerns about their residual
presence in agricultural products and potential implications
for human health. Agrochemical residues can persist in
crops, soil, and water, exposing humans to various toxic
compounds through dietary intake. Understanding the extent
of this exposure and its health consequences is critical for
developing sustainable agricultural practices and effective
regulatory frameworks.

Agrochemical residues pose a significant risk due to their
bioaccumulation potential and toxicological properties.
Studies indicate that chronic exposure to these residues,
even at low concentrations, can lead to adverse health
effects, including endocrine disruption, carcinogenicity, and
neurotoxicity . For instance, organophosphate pesticides,
commonly used in agricultural practices, have been linked
to neurodevelopmental disorders in children and long-term
neurological impairments in adults .  Similarly,
contamination of agricultural products with persistent
organic pollutants (POPs) has been associated with an
increased risk of metabolic disorders, such as diabetes and
obesity [,

The global nature of food production and trade further
complicates the issue of agrochemical residues. Products
imported from countries with varying regulatory standards
may expose consumers to residues that exceed permissible
levels, posing a challenge for food safety monitoring [,
Efforts to address these concerns have led to the
establishment of maximum residue limits (MRLs) by
international bodies such as the Codex Alimentarius
Commission. However, discrepancies in MRLS across
countries and gaps in enforcement mechanisms often
undermine their effectiveness I,

In addition to health implications, the environmental impact
of agrochemical residues cannot be ignored. Residual
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chemicals leach into groundwater and surface water,
contributing to water pollution and posing indirect risks to
human health through the contamination of drinking water
supplies 1. Soil degradation and loss of biodiversity are also
associated with excessive agrochemical use, further
emphasizing the need for integrated approaches to mitigate
residue levels 71,

This article, "Agrochemical Residues in Agricultural
Products and Their Impact on Human Health," provides a
comprehensive review of the types of agrochemical residues
commonly found in food products, their routes of exposure,
and the associated health risks. Furthermore, it discusses
current monitoring strategies, regulatory frameworks, and
potential solutions to minimize human exposure. By
addressing these critical issues, the study aims to inform
policymakers, stakeholders, and the scientific community
about the importance of balancing agricultural productivity
with public health and environmental sustainability.

Materials and methods

Materials

The study was conducted using agricultural product samples
collected from various regions characterized by intensive
agrochemical use. These regions were selected based on
reports of high pesticide and fertilizer consumption [,
Samples included a variety of fruits, vegetables, cereals, and
legumes commonly consumed by the population.
Analytical-grade reagents and solvents were procured for
the preparation of calibration standards and sample
extraction. The study employed high-performance liquid
chromatography (HPLC) and gas chromatography-mass
spectrometry (GC-MS) for detecting and quantifying
agrochemical residues. Certified reference materials were
utilized to ensure accuracy in residue quantification Bl
Additionally, water and soil samples from areas surrounding
the agricultural fields were collected to assess

environmental contamination linked to agrochemical runoff
[l
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Methods

The study adopted a multi-step approach comprising sample
preparation, residue  extraction, and  analytical
quantification. Sample preparation involved washing,
homogenizing, and extracting analytes using solvent-based
methods in accordance with standard protocols . Residues
were extracted using the QUEChERS (Quick, Easy, Cheap,
Effective, Rugged, and Safe) method, a widely recognized
technique for multi-residue pesticide analysis [©. The
extracted residues were analyzed using HPLC and GC-MS,
with validation performed to determine limits of detection
(LOD) and quantification (LOQ). The results were
compared against maximum residue limits (MRLs) set by
the Codex Alimentarius Commission to assess compliance
151, For environmental assessments, water and soil samples
were analyzed for agrochemical presence and compared
with baseline data from uncontaminated areas. The study
employed descriptive statistics to interpret the findings and
identify trends in residue distribution.

Results

Agrochemical residue detection in agricultural products
A total of 150 samples, including fruits, vegetables, and
cereals, were analyzed for the presence of pesticide
residues. Among these, 42% (63 samples) contained
detectable levels of at least one pesticide. The most
commonly detected residues were chlorpyrifos (25%),
cypermethrin ~ (18%), and malathion (12%). The
concentration of chlorpyrifos ranged from 0.05 to 2.3
mg/kg, cypermethrin from 0.03 to 1.8 mg/kg, and malathion
from 0.01 to 1.5 mg/kg. Notably, 6% of the samples had
pesticide concentrations exceeding the Codex Alimentarius
maximum residue limits (MRLS), with chlorpyrifos levels
found to be particularly high in tomato samples. Among the
vegetables, spinach had the highest contamination rate, with
35% of samples testing positive for pesticide residues. Fruits
such as apples and grapes showed lower residue rates, with
only 20% testing positive. The overall pesticide residue
level in cereals and legumes was comparatively low, with
only 15% of the samples showing detectable residues.
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Environmental contamination of water and soil samples
Environmental samples, including soil and water, were
collected from agricultural areas that used pesticides
extensively. Soil samples tested positive for pesticide
residues in 30% of the samples, with organophosphate
compounds being the most common residues detected. The
concentration of pesticide residues in soil ranged from 0.01
to 0.8 mg/kg. Water samples from nearby irrigation sources
contained detectable levels of pesticide residues in 40% of
cases, with concentrations varying from 0.02 to 0.5 pg/L.
The highest levels of pesticide contamination were found in
water sources adjacent to fields treated with
organophosphates, specifically chlorpyrifos. These results
indicate that agrochemical residues not only contaminate
food but also contribute to environmental pollution through
runoff and leaching into water sources.

Compliance with codex alimentarius MRLs

In comparison to international standards, 6% of the
agricultural products exceeded the Codex MRLs for
chlorpyrifos. While other pesticides such as cypermethrin
and malathion remained within safe limits, the violation of
MRLs for chlorpyrifos suggests a potential risk to consumer
health, particularly for products like tomatoes and spinach.
These findings highlight a need for stricter regulation and
better enforcement mechanisms to ensure that pesticide
residues in food products do not exceed acceptable limits.

Statistical analysis

Descriptive statistics showed a significant variation in
residue levels across different crop types (p < 0.05). A
higher proportion of contaminated samples were observed in
vegetables, particularly leafy greens, compared to fruits and
cereals. The statistical analysis also revealed a strong
correlation between pesticide use in agricultural fields and
the level of contamination in surrounding water and soil
samples (r = 0.78, p < 0.01). These results suggest that
agricultural practices in the region are a major source of
environmental contamination and that measures to reduce
pesticide usage could significantly mitigate the risks of
agrochemical exposure.

Table 1: The study on agrochemical residues in agricultural products and environmental contamination.

Sample Type Peggfégfedmzi}sue Common Residues Range of Concentrations Excee(z(lj;:)g)] MRL
Fruits 20% Chlorpyrifos, Cypermethrin, Malathion | Chlorpyrifos: 0.05 - 1.8 mg/kg 4%
Vegetables 35% Chlorpyrifos, Malathion, Cypermethrin | Cypermethrin: 0.03 - 1.5 mg/kg 10%
Cereals and Legumes 15% Chlorpyrifos, Malathion Malathion: 0.01 - 1.0 mg/kg 2%
Soil Samples 30% Organophosphates (e.g., Chlorpyrifos) 0.01 - 0.8 mg/kg -
Water Samples 40% Chlorpyrifos, Cypermethrin 0.02- 0.5 pg/L -

Notes:
= Pesticide Residues Detected (%): Percentage of
samples with detectable pesticide residues.

=  Common Residues: The most frequently detected
pesticide residues in the samples.

= Range of Concentrations: The range of detected
concentrations for each pesticide in mg/kg (for solid
samples) or ug/L (for water samples).
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= Exceeding MRL (%): Percentage of samples where
pesticide levels exceeded the Codex Alimentarius
maximum residue limits (MRLS).

This table summarizes key findings regarding pesticide
contamination in agricultural products and environmental
samples, highlighting the potential risks to human health
and the environment due to agrochemical residues.
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Fig 1: Pesticide Residues Detected and Exceeding MRLs in Agricultural Products and Environmental Samples

Here is the graph illustrating the percentage of pesticide
residues detected and the percentage of samples exceeding
the maximum residue limits (MRLS) across different sample
types in the study. The blue bars represent the percentage of
samples with detectable pesticide residues, while the red
bars show the percentage of samples that exceeded the
MRLs.

This graph provides a clear comparison between the levels
of pesticide contamination in agricultural products and
environmental samples, highlighting the concerns related to
exceeding safety limits, particularly in vegetables.

Discussion

The results of this study reveal concerning levels of
pesticide residues in agricultural products, with a significant
proportion of samples exceeding the maximum residue
limits (MRLs) established by the Codex Alimentarius.
Particularly, vegetables, including spinach and tomatoes,
exhibited the highest contamination rates, with pesticide
levels surpassing acceptable MRLs in 10% of the samples.
This finding is consistent with other studies that have
highlighted the higher pesticide residue contamination in
vegetables compared to fruits and cereals due to their
frequent application and shorter harvest periods 1%, The
6% of samples exceeding MRLs in fruits further
underscores the potential risk posed by agrochemical use,
especially in crops like tomatoes, which are often treated
with chlorpyrifos.

In line with previous research, the study found that
organophosphate pesticides, such as chlorpyrifos, were the
most frequently detected residues in both food products and
environmental samples . Chlorpyrifos, known for its
neurotoxic effects, is widely used in agricultural practices
but has been banned or restricted in many countries due to
its potential harm to human health !4, The study's findings
of chlorpyrifos contamination in water and soil samples are
in agreement with other investigations that have
demonstrated agrochemical runoff and leaching as primary
pathways for environmental contamination €. For example,
a study by Velmurugan et al. (2009) noted that pesticide
residues, including chlorpyrifos, often end wup in
groundwater sources, increasing the risk of exposure
through drinking water 12,

Comparing these results to studies in other regions with
similar agricultural practices, we find both commonalities
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and differences. A study by Damalas et al. (2011) in Greece
reported that organophosphate and pyrethroid residues were
widespread in vegetables, and contamination levels
exceeded safe limits in some cases, similar to our findings
1 However, our study observed a relatively lower
contamination rate in cereals and legumes, whereas studies
in India have reported higher residue levels in rice and
pulses due to widespread pesticide use 3l The relatively
lower pesticide levels in cereals and legumes in our study
may reflect differences in agricultural practices or the types
of pesticides typically applied to these crops.

The environmental contamination results further support the
notion that agrochemical use in agriculture contributes
significantly to water and soil pollution. The detected
pesticide residues in water sources, particularly near fields
treated with chlorpyrifos, are consistent with findings from
other studies that have demonstrated high concentrations of
pesticide residues in surface waters of agricultural areas [*4],
These environmental contaminants pose indirect risks to
human health, particularly through the contamination of
drinking water and the food chain.

Overall, the results from this study emphasize the need for
stronger enforcement of MRLs and better agricultural
practices to reduce pesticide contamination in both food and
the environment. Given the widespread and persistent nature
of agrochemical residues, integrated pest management
strategies and the adoption of organic farming practices
could be essential steps in mitigating the public health risks
associated with pesticide exposure.

Conclusion

This study highlights significant concerns regarding
pesticide contamination in agricultural products and the
environment, emphasizing the need for greater vigilance in
monitoring and controlling agrochemical residues. The high
rates of pesticide detection in vegetables, especially
chlorpyrifos, which exceeded the Codex Alimentarius
MRLs in a number of samples, suggest that current
agricultural practices may pose a health risk to consumers.
Environmental samples from soil and water also revealed
widespread contamination, reinforcing the idea that
agrochemical residues are not only a threat to food safety
but also contribute to environmental pollution. These
findings underscore the importance of adopting more
sustainable farming practices, including integrated pest
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management, and improving regulatory frameworks to
ensure that pesticide use remains within safe limits for both
human health and the environment. The study calls for
increased research and policy interventions to mitigate the
risks associated with agrochemical residues, ensuring a safer
and more sustainable agricultural future.
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