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ABSTRACT

Article History

The use of pesticides enhances crop productivity and quality by controlling insect pests. Still,
their excessive use negatively affects the environment, human health, groundwater quality,
and reduces biodiversity. Pesticides, including imidacloprid can persist in the environment for
a long time, affecting air, water, and soil, consequently negatively impacting human health.
This study evaluated imidacloprid residues in 390 samples of 13 types of fruits and vegetables,
sourced from 30 prominent wholesalers across southern Jordanian wholesale markets.
Imidacloprid was selected due to its frequent use as a systemic insecticide in agricultural
production, which increases the risks associated with residue accumulation. Residues were
detected in 77.7% of samples, with concentrations ranging from below the detection threshold
to 130mg.kg™. The highest mean concentrations were observed in eggplant, apple,
cauliflower, and cabbage (0.45, 0.41, 0.35, 0.30mg.kg™", respectively), while apricots, potatoes,
and grapes had the lowest concentrations. Imidacloprid was not detected in 32.3% of samples.
Overall, 14.4% of samples exceeded the maximum residue limit (MRL) set by Codex, and 5.9%
exceeded the Canadian PMRA standards. Furthermore, the results showed that eggplant and
apple samples recorded for pesticide residues significantly exceeded Codex and PMRA MRLs.
Despite some samples exceeding MRLs, the hazard index (HI) values for all samples were
below unity (<1), indicating low immediate risk to consumer’'s health. These findings
underscore the need for enhanced regulatory measures to mitigate potential health risks
posed by pesticide residues in fresh produce.

Keywords: Imidacloprid, Insecticide residues, Maximum residue limit, Hazard index

Article # 24-844
Received: 25-Sep-24
Revised: 01-Nov-24
Accepted: 19-Nov-24
Online First: 21-Dec-24

INTRODUCTION

The agricultural sector around the world faces many
obstacles that threaten production, particularly in
monoculture systems, such as abiotic and biotic factors, all
of which declines productivity (Al-Sayaydeh et al. 2021;
Samal et al., 2024; Zafar et al, 2024). These challenges
often result in stunted plant growth, product damage, and
additional complications (Bos & Parlevliet, 1995). Future
agricultural models predict that vegetable farms and
orchards will face increasing challenges due to pesticide
contamination, which will negatively affect soil and water
quality, and thus the health of plants and agricultural
products (Linhart et al., 2021). As pest populations grow
and species resistant to pesticides emerge, it is predicted
that agricultural practices that rely more heavily on
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pesticides will be implemented (Parsa et al. 2014; Joshua,
2023). Changing environmental conditions creates more
favorable conditions for notably insect and pests as well
(Skendzi¢ et al., 2021). Moreover, pest control methods in
organic farming and biological control tend to be less
effective under these conditions, further impacting
production (Parsa et al., 2014). Therefore, developing safe
pesticide usage schedules are crucial to ensure agricultural
production that supports food security, especially in
developing countries.

Insects are one of the largest groups in the animal
kingdom, accounting for 75% of all animal species (van der
Sluijs, 2020). Insects are distinguished by their exceptional
behavior and their ability to reproduce and survive in
striving environments, which explains their numbers that
exceeds the numbers of other animals in the animal

SETF R
i,

N

193-200. “USP>

A Publication of Unique
Scientific Publishers

AQLE ¢
P 5(

Biosciences 14(2):


https://doi.org/10.47278/journal.ijab/2024.209
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0003-1208-5294
https://orcid.org/0000-0002-2973-250X
https://orcid.org/0000-0002-7565-6886
https://orcid.org/0000-0001-6452-6042
mailto:habahbeh@bau.edu.jo
https://doi.org/10.47278/journal.ijab/2024.209

kingdom. (Ansari et al., 2014; van der Sluijs, 2020). Chitin
covers the bodies of most insects and forms an integrated
system that gives them protection, adaptability, and
success in surviving in the most challenging environments.
Insects also have a variety of mouthparts to suit the type of
food available, the most common being chewing and
sucking, which contributes to competition in ecosystems
(Adams et al, 2024; Tian et al, 2024). Most insects
reproduce by laying eggs, quickly increasing their numbers
and producing multiple generations yearly. For instance, a
mature locust female can lay 100 eggs in a single pod.
(Adams et al., 2024). In addition, insects cause direct and
indirect damage to plants, for instance, locusts and many
caterpillars larvae are so voracious that they can destroy
the entire vegetation (Khairov et al, 2024; Kumar et al,
2024). On the other hand, some insects are considered
vectors of dangerous viral diseases that affect plants,
causing great losses in agricultural production as they lead
to weakening plants and low productivity. The damage
done to farmers due to viral diseases is irreparable. (Ansari
et al,, 2014; Adams et al., 2024).

Pesticides, particularly insecticides, represent the
second-largest category of pesticide being used
worldwide, following herbicides (Tian et al., 2024). Global
reports indicate that pesticides consumption have reached
2.6 million tons annually, which raises concerns about their
negative impacts on human health and the environment.
(Guedes et al. 2024). In Jordan, the use of insecticides in
agricultural fields is estimated to be 27% of the total 1,370
tons of pesticides applied (JDOS, 2017). One of the most
widely used insecticides in the chloronicotinyl group is
imidacloprid (C9H10CIN502) (Almeida Silva et al., 2024).
Bayer Agro-product developed and commercialized it in
the mid-nineties of the last century (Leverkusen, Germany)
(Daraghmeh et al, 2007). Imidacloprid is a narrow-
spectrum systemic neonicotinoid primarily targeting
piercing-sucking pests. It is commonly applied to cereals,
corn, starchy crops, cotton, turf, vegetables and fruit
orchards (Kagabu, 2011; Al-Hawadi et al, 2023).
Insecticides containing imidacloprid as the active
ingredient are marketed under many trade names, such as
Alcador, Merit, Winner and Confidor (Alder et al., 2006;
Henriques Martins et al., 2024). It degrades in soil within
60-90 days and in plants within 30 days or less to various
derivatives (Akoijam & Singh, 2014; Yang et al, 2024).
However, A previous study reported that imidacloprid
concentrations did not decline after a long period in soil,
with residues of the pesticide being found to be nearly
constant after a year of application. Consequently,
repeated use of these pesticides will pose a great danger
to humans, as plants will absorb pesticides in larger
quantities than expected from the soil, leading to their
accumulation in edible parts (Cox, 2001). Moreover, due to
its high-water solubility and low rate of degradation and
dissipation, imidacloprid is a pesticide capable of reaching
groundwater (Cox, 2001; Yang et al, 2024). An earlier
investigation indicated that the solubility of imidacloprid
was 500 mg/L, and this value varies depending on the
concentration of the initial solution used and the type of
surrounding soil (Zhou et al.,, 2006).
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Restrictions on pesticide residues in agricultural
products in wholesale markets in Jordan are crucial due
to the widespread use by farmers in controlling insects
that feed on various plant parts (Al-Hawadi et al., 2023).
Furthermore, despite its effectiveness against many pests,
it is a long-lasting systemic insecticide with recognized
risks to humans, and studies have shown that many fresh
edible agricultural products contain contaminated
residues of imidacloprid. (Kagabu, 2011; Aralimarad et al,
2024). Therefore, recording high levels of imidacloprid
concentrations in agricultural commodities requires
monitoring and following up on these residues in fresh-
row products to preserve human health from the liability
associated with consuming products contaminated with
imidacloprid. (Philippe et al, 2021: Aralimarad et al.,
2024). Consequently, international agencies, particularly
FAO and WHO, have assessed pesticide residues, re-
evaluated the hazards of pesticide use, and developed
guidelines and regulations to reduce them and thus
determine safe thresholds of pesticide contaminants in
agricultural products (Jallow et al., 2017; Algharibeh &
AlFararjeh, 2019). Concerns have been raised about
reports that high concentrations of imidacloprid are toxic
to wild pollinators, including honey bees. It also has
direct toxicity and health effects in humans, where it can
cause chronic diseases when accumulated in food and
water. (DiBartolomeis et al, 2019). Symptoms of oral
exposure to the pesticide include headache, vomiting,
and diarrhea. High doses may affect the nervous and
immune systems and prolonged exposure can cause
tremors and thyroid damage. (DiBartolomeis et al., 2019;
Pang et al,, 2020).

The need for further investigation across various
agricultural commodities and locations in Jordan is
heightened. A study by Al-Hawadi et al. (2023) tested 300
fresh products of fruits and vegetables in central parts of
Jordan, revealing contamination in 40% of the samples,
with the highest levels recorded in eggplant (0.40mg.kg™")
followed by apples (0.25mg.kg™"). Similarly, Algharibeh and
AlFararjeh (2019) reported residue levels in hot peppers,
sweet peppers, and zucchini that exceeded maximum
residue limits (MRLs). In another study, 16 different plant
products were analyzed and residues of 14 pesticides were
detected at concentrations above the recommended limits.
19 samples were contaminated with imidacloprid, with the
highest value recorded in cucumber at 1.2mg.kg™" (Philippe
et al, 2021).

Although imidacloprid is used in Jordanian fields and
farms against a wide range of insect pests, there is
insufficient information about the extent of its residual
effects in fruits and vegetables that are consumed fresh.
Accordingly, this study aimed to identify and analyze the
presence of imidacloprid residues in raw agricultural
products to assess the potential risks to consumer health.
Consequently, the study will help to accurately identify
cases of imidacloprid contamination and detect products
that contain concentrations exceeding safe limits,
ultimately contributing to overcoming the challenge of
managing unsafe agricultural practices, which will have
positive consequences on food safety.



MATERIALS & METHODS

Reagents and Standard

Table 1 lists the main chemicals and solvents used to
analyze imidacloprid residues in different vegetables and
fruits in this study.

Table 1: Chemicals and solutions used in analysis

Chemicals and reagents Chemical Source
formula
6-Chloronicotinic acid (99%) CeH4CIN;O,  Sigma-Aldrich, Germany

Sodium hydroxide (97 %) NaOH
Anhydrous sodium sulfate (99 %) Na,SO,4

Sigma-Aldrich, Germany
Sigma-Aldrich, Germany

Potassium permanganate (99 %) KMnO, Sigma-Aldrich, Germany
Sodium-bisulfite NaHSO; Sigma-Aldrich, Germany
t-butylmethyl ether (99 %) CsHq,0 Sigma-Aldrich, Germany

Amberlite XAD-4 (20-60mesh)
N-methyl-N-(trimethylsilyl)
trifluoroacetamide

Methanol (99.9 %)

acetonitrile (99.9 %)
imidacloprid Standard reference Bayer, Germany

Nitrogen and Helium gases (99.99 N,, and He LPG Filling Gas Station,
%) Jordan

organic-free deionized water DI. H.O Riedel de-Hean, Germany

Sigma-Aldrich, Germany
C6H12F3NOSi Sigma-Aldrich, Germany

CH;OH
CHsN

Sigma-Aldrich, Germany
Merck, Germany

Fresh Fruit and Vegetable Sampling

The analysis of imidacloprid traces in staple crops such
as apples, grapes, figs, watermelons, cantaloupes,
tomatoes, cucumbers, potatoes, eggplants, zucchinis,
cauliflowers, cabbages, and sweet peppers is of paramount
importance. This ensures the safety of agricultural products
and protects consumers from potential health risks
associated with pesticide concentrations exceeding
permissible levels while also meeting safety standards. To
achieve this goal, 390 samples of fresh fruits and
vegetables were randomly collected from 30 wholesale
vegetable markets in four governorates in the south
(Karak, Tafilah, Ma'an, and Agaba) during the period from
July to October 2023, as the demographic distribution and
food consumption patterns of the population of these
different cities are similar Fig. 1. Samples were collected in
polyethylene bags (1kg each) and transported to the
laboratory for analysis in refrigerated boxes (4°C) to
prevent deterioration and drying of the fruits.

Sample Preparation and Analytical Method

Gas chromatography/mass spectrometry (GC/MS) was
employed to detect imidacloprid. This approach is widely
used for the identification and quantification of pesticides
and is ideal for detecting volatile or semi-volatile
substances that evaporate easily and have high sensitivity
and selectivity for different compounds. (Radevski, 2024;
Tufan-Cetin & Cetin, 2024).

As previously described, Subsamples of fruits and
vegetables were prepared by cutting with a knife,
homogenized, and weighed before immersing them in a
solvent combination of methanol: water (75% v/v, 300mL)
(Hu et al, 2019). Solvent extraction and phase separation
were performed according to the method of Al-Hawadi et
al. (2023), followed by centrifugation to obtain the extract,
and ended with clean-up and filtration. After that,
concentrated aliquot was used to increase the amount of
pesticide residues to increase the detection sensitivity.

Int J Agri Biosci, 2025, 14(2): 193-200.

Fig. 1: Locations of vegetable and fruit markets from which samples of
vegetables and fruits were collected in four governorates (Karak, Tafilah,
Ma'an, and Agaba).

Imidacloprid residues (Particularly, 6-chloropicolyl
moiety) were obtained in TmL of metabolite extract and
oxidized to 6-chloronicotinic acid as per the steps
mentioned by Placke and Weber (1993). The imidacloprid
residues (Particularly, 6-chlorobic group) were isolated in
TmL of the metabolite concentrate and oxidized to 6-
chloronicotinic acid following Placke & Weber (1993)
procedure. After that, 100mL of water was used to dilute
the concentrate. followed by the addition of an oxidizing
agent incorporating 32% NaOH and KMnO,. The solution
was refluxed and stirred for 5 minutes, then 50mL of water
was added to the samples. The samples were cooled for 10
minutes to 15°C with continuous agitation in an ice bath.

50mL 10% sulfuric acid and 3g of solid sodium
bisulfite were added under cooling and continuous stirring
conditions to keep the pH around <1. Additional sulfuric
acid was added as needed. To obtain the final extract
150mL of t-butyl ether was used, and was dried in an
evaporator after filtration of the organic phase applying
30g of anhydrous sodium sulfate, after which the extract
was dissolved in 2mL of acetonitrile 250uL aliquot of the
solution to derivatize to trimethylsilyl ester of 6-
chloronicotinic acid by mixing it vigorously with N-methyl
trimethyl silyl trifluoroacetamide (MSTFA). Then, 1uL of the
aliquot was injected into the GC/MS instrument in non-
splitting mode.

Standard solutions of 6-chloronicotinic acid and their
aliquots were created and injected as described by Al-
Hawadi et al., (2023). The analytical method was validated
according to Al-Hawadi et al. (2023), with findings that
align with those stated by Placke and Weber (1993). The
standard method detection limit (MDL) Was revealed to be
in the range of 0.015 and 0.030mg.kg™, as determined
through various dilution levels (using the same method as



described above, with the triple standard deviation of the
blank sample generated). Additionally, spike recovery was
observed to be within the 74-106% range.

To detect imidacloprid residues in the samples
selected for the study, an Agilent 6890 Series Il GC was
used, supplied with an auto-sampler injector (7683 Series)
and a mass-selective quadrupole detector, along with a
DB-5 capillary column. Helium gas (99.999%) was used as
the carrier gas, at a flowing rate of TmLmin™. Samples of
1L volume were prepared for sample injection and
analyzed in the splitless mode at 260°C. The oven
temperature cycles were performed as described by Al-
Hawadi et al. (2023). For the estimation of 6-
chloronicotinic acid trimethylsilyl ester, the monitored ion
was set to 214, and the qualifying ion to 170.

Estimation of Residue Levels Hazard Index

Risk assessment comprises monitoring exposure to
pesticides in edible goods and comparing samples to
estimated amounts of those pesticides permitted for daily
content in consumed foods. This method is important in
determining the amount of plant products that a human
can consume without endangering their health referred to
as the acceptable daily intake (ADI), Which was agreed
upon as 60pg.kg™ bw™ day™ for imidacloprid according to
Codex (2005). To determine the concentrations of
imidacloprid residues in the studied samples, the
arithmetic mean of all results was employed. In addition,
according to the principles of the relevant international
institutions, the estimated daily intake (EDI) of imidacloprid
residues was determined using the following equation:
(WHO, 1997; Nazeehet al., 2024):

XCXF
DxW

Where C Stands for the Imidacloprid mean level in each
commodity (ug kg™), A expresses the average annual
consumption of each product for each individual (kg), D
represents the number of days in a year (365) and W
Signifies the average body mass used according to
international guidelines, which is 60kg.

A hazard index (HI) was calculated to obtain a long-
term assessment of the risks associated with imidacloprid
residues as described previously (Al-Hawadi et al.,, 2023):

EDI =

Hl:A_DiX100%
EDI expresses Estimated Daily Intake and ADI represents

Acceptable Daily Intake.

RESULTS AND DISCUSSION

Imidacloprid Residues in Raw Produce

The concentrations of imidacloprid residues in the
analyzed fruits and vegetables are presented in Table 2.
The detection frequencies showed wide variation among
the 390 tested samples, ranging from 0-100 %,
throughout the 30 analyzed samples for each commodity.
Imidacloprid concentrations in the studied raw product
samples ranged from the Lower Limit of Quantification to
1.30mg.kg™".

The highest mean concentrations were in eggplant,
apples, cauliflower, and cabbage (0.045, 0.41, 0.35, and
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0.30mg.kg™", respectively). In contrast, the lowest values
were found in apricots, potatoes, and grapes (0.04, 0.06,
and 0.10mg.kg™", respectively). Although imidacloprid
residues were detected in most of the samples, they
were not detected in several samples, particularly in
potatoes (60%), apricots (50%), and grapes (40%) of the
analyzed products.

Table 2: Mean residues of imidacloprid, range values, and percentage of
samples detected in 13 raw fruit and vegetable products

Fruit/vegetable Mean+SD  Range Samples with % of samples
(mg™) (Min-Max) detectable  with detectable
residues residues
Eggplant 0.45+0.32  0.04-1.30 30 100.0
Apple 0.41+0.25 0.00-0.83 24 80.0
Grape 0.10+0.10  0.00-0.32 18 60.0
Apricot 0.04+0.06  0.00-0.23 15 50.0
Watermelon 0.17+0.17  0.00-0.56 20 66.7
Muskmelon 0.19+0.16  0.00-0.61 24 80.0
Tomato 0.19+0.20  0.00-0.63 20 66.7
Pepper 0.15+0.13  0.00-0.42 21 70.0
Potato 0.06+0.10  0.00-0.34 12 40.0
Cucumber 0.24+0.15  0.05-0.62 30 100.0
Zucchini 0.20+0.15  0.00-0.57 27 90.0
Cauliflower 0.35+0.15  0.10-0.62 30 100.0
Cabbage 0.30+0.06  0.16-0.42 30 100.0
Total 301 77.2

LOD of imidacloprid (0.03mg.kg™). Values (mean+SD) are of n=30/fruit.
Total samples=390.

This variation in imidacloprid values between samples
of the same product or between different fruits and
vegetables may be explained by differing agricultural
practices, including insecticide application methods or the
accumulation of imidacloprid in the soil over consecutive
seasons (Al-Hawadi et al, 2023; Wang et al, 2023).
Previously, studies have reported high concentrations of
imidacloprid residues in several agricultural products such
as eggplant, watermelon, apple, and tomato, which are
consistent with the results of the current study (Algharibeh
& AlFararjeh 2019; Philippe et al,, 2021). On the contrary, a
recent study on apples showed that the use of safe
pesticide applications, including imidacloprid, ensured that
harmful residues remained below regulatory limits,
underscoring the importance of adopting best practices to
mitigate health risks and maintain environmental safety
(Wang et al.,, 2023). In Jordan, some farmers prefer to use
imidacloprid repeatedly during the same agricultural
season to control many pests such as the flat-headed
codling moth and the whitefly to ensure the quality of
agricultural products. This explains the presence of high
concentrations in some products while they are not
detected in other products of the same type (Algharibeh &
AlFararjeh 2019; Al-Hawadi et al., 2023). Furthermore, it has
been reported that imidacloprid has a degradation period
that varies from one crop to another depending on the
concentration at the time of application and requires 10 to
30 days after application to be within the safe range (Wang
et al., 2023; Khalil et al, 2024). On the other hand,
imidacloprid residues were found to have a greater
environmental impact on soil and were reported to be
more stable in soil than agricultural products, with a half-
life range from 40-174 days (Isildak et al, 2024;
Thekkumpurath et al., 2024).



Imidacloprid Maximum Residual Limits in Fruits and
Vegetables

Rising temperatures associated with climate change,
coupled with intensive agriculture, have disrupted
ecosystems and made environmental conditions more
conducive to pest infestation. Although irrigation and
fertilization are essential to boost productivity, over-
irrigation can increase plants’ susceptibility to pests and
diseases (Chen & Liu, 2023). As a result, there has been an
increased focus on the use of pesticides to control the
huge numbers of harmful endemic pests, as a result,
excessive use has played a fundamental role in
environmental pollution and the subsequent serious health
risks to humans (Islam et al., 2017). In the 1960s, the Food
and Agriculture Organization (FAO) and the World Health
Organization (WHO) jointly established the Codex
Alimentarius  Commission to formulate standards
governing maximum residue limits for food products at
the global level. (Codex, 2005; Kabbashi, 2024). In addition
to the efforts of international institutions, some countries
have taken up the same mission such as the Canadian Pest
Control Regulatory Agency (PMRA) implements these
standards (2005). This study shows Imidacloprid maximum
residue limits in 13 different fruits and vegetables crops
following Codex (2005) and Canadian Pest Management
Regulatory Agency (PMRA, 2005) Table 3.

Table 3: Number of samples with levels exceeding the maximum residue
limit for imidacloprid in 13 different fruit and vegetable products

Fruit/vegetables Codex Samples with Canadian  Samples with
MRL residue < Codex MRL residue <
MRL Canadian MRL
Eggplant 0.2 7 1.0 28
Apple 0.5 19 0.6 22
Grape 1.0 30 15 30
Apricot 0.5 30 3.0 30
Watermelon 0.2 17 0.5 29
Muskmelon 1.0 30 0.5 28
Tomato 0.5 26 1.0 30
Bell Pepper 1.0 30 1.0 30
Potato 0.5 30 0.4 30
Cucumber 1.0 30 0.5 28
Zucchini 0.7 30 1.0 30
Cauliflower 0.5 25 0.5 25
Cabbage 0.5 30 0.3 17

* MRL (Maximum Residue Limits) in mg.kg™ according to Codex standards
(2005) and Canadian regulations.

Of the 390 samples analyzed, 56 (14.4%) exceeded the
Codex maximum residue limit for imidacloprid, while the
number of samples exceeding the PMRA maximum residue
limit was less, with 23 (5.9%) (Table 3). As shown in Table 3,
the fruit and vegetable samples showed a significant
variation in imidacloprid residue concentrations, with the
highest concentrations recorded in eggplant, apple,
cauliflower, and watermelon (1.20, 0.76, 0.62 and 0.61
mg.kg™', respectively). Based on the Codex and Parma
standards, the imidacloprid concentration in eggplant was
significantly above the permissible limits. In contrast, the
concentrations in grapes, apricots, potatoes, zucchini, and
sweet pepper were around or below the recommended
limits, meaning that they were below the hazardous levels.
In the case of watermelon, cucumber, and cabbage, all
samples were within the safe levels according to the
Codex; however, 13 cabbage samples exceeded the
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maximum residue limits set by the Canadian Pest Control
Regulatory Agency (PMRA).

Few studies have been conducted on the
contamination of fresh fruits and vegetables with
imidacloprid in the Middle East, despite its widespread use
in many countries in the region it has not been included in
concrete monitoring programs to determine its impact on
life on Earth (Gaber & Ali, 2023; Rasool et al., 2024). A
previous study of 200 samples of fruits and vegetables
analyzed for residues of various pesticides showed that 25-
53% of samples were identified as contaminated with at
least one pesticide, and imidacloprid is among the
common pesticides in many of these crops (Contreras &
Garrido, 2000). In a comparison of the results of the
current study with previous research, pesticide residues are
substantially present in agricultural products, which rings
the alarm bell for increasing awareness in understanding
maximum residue limits (MRLs) and their role in
determining pesticide levels that products (Keikotlhaile &
Spanoghe, 2011; Sun et al., 2023).

The interest of organizations in adopting maximum
residue limits for pesticides in food indicates their
importance in preserving human health by ensuring their
safety for consumers and reducing them to a minimum
(Rosa et al., 2024). However, the results of many studies on
pesticide residues in some products, such as imidacloprid,
have shown high concentrations of residues. For example,
some studies have recorded worrying results for eggplant
and apples, which recorded concentrations higher than
those recommended by Codex and PMRA standards (Al-
Hawadi et al., 2023).

The presence of residues above the maximum residue
limits in several samples suggests possible overuse or
improper application of imidacloprid, which necessitates
stricter control of agricultural practices among some
farmers. Furthermore, excessive use of imidacloprid, like
other pesticides, can lead to pest tolerance and will make it
difficult to control some insect pests in the future.
(Damalas & Eleftherohorinos, 2011; Alvarez et al., 2024).

Risk Estimation for Imidacloprid Intake

Monitoring pesticide residues in food requires
adherence to approved hazardous levels to protect
consumer health (Aralimarad et al., 2024). Therefore, the
potential serious impact of exposure to imidacloprid residues
on human health was evaluated, as presented in Table 4.
Acceptable Daily Intakes (ADIs) established by the FAO/WHO
were compared to the Estimated Daily Intake (EDI) according
to the Jordanian Department of Statistics to estimate the
harmful effects of imidacloprid residues resulting from the
consumption of various fruits and vegetables.

The results indicate that imidacloprid concentrations
in fruit and vegetable samples were below the ADIs,
demonstrating that exposure levels remain within safe
limits for humans (Table 4). Eggplant and apple samples
showed the highest exposure values (448 and 409 pg.kg™,
respectively), followed by cauliflower, cabbage, cucumber,
and zucchini (350, 297, 241, and 200 pg.kg™, respectively).
Muskmelon, tomato, watermelon, bell pepper, and grape
recorded lower levels (191, 185, 171, 146, and 101 pg.kg™,
respectively). Notably, potatoes and apricots had exposure



Table 4: Mean imidacloprid exposure values, annual fruit intake (F), estimated
daily intakes (EDI), and hazard index (HI) of imidacloprid in different analyzed
samples

Fruit/vegetables Mean  exposure F (kg person EDI (ug.kg™ Hazard

values (ug.kg™") Tyr! bw day™") index (%)
Eggplant 448 6.58 0.135 0.157
Apple 409 737 0.138 0.161
Grape 101 2.87 0.013 0.015
Apricot 41 1.7 0.003 0.004
Watermelon 171 7.94 0.062 0.072
Muskmelon 191 244 0.021 0.025
Tomato 185 28.69 0.242 0.283
Bell Pepper 146 3.20 0.021 0.025
Potato 64 18.24 0.053 0.062
Cucumber 241 14.42 0.159 0.185
Zucchini 200 4.64 0.042 0.049
Cauliflower 350 4.26 0.068 0.079
Cabbage 297 1.73 0.023 0.027

*F = Average annual per capita consumption of a comodity; EDI (ug.kg™ bw
daily) Based on (Jordanian Department of Statistics; ADI (60pug.kg™" body
weight day-1) As stated by Codex Alimentarius Commission (FAO/WHO,
2004).

levels below 65 pg.kg™. Without exception, imidacloprid
residues were lower than the ADI based on the Codex
Alimentarius Commission (FAO/WHO, 2004).

To enhance the assessment of the safety of the
analyzed samples, the Hazard Index (HI) was calculated.
The (HI) analysis of pesticide residues highlights the
potential health risks associated with long-term
consumption (Aralimarad et al., 2024). HI values ranged
from 0.004 to 0.283% (Table 3). Tomatoes are the
most commonly used vegetable in Jordanian cuisine, with
an EDI of 0.242ug.kg™ bw day™, which is reflected in its Hl
value of 0.283, considerably higher than those of other
fruits and vegetables. Similarly, cucumber, apple, and
eggplant are frequently used in Jordanian meals and
showed high levels of EDIs (>0.150pg.kg™ bw day™) and
equivalent HI values (>0.135%). Although the present
results do not indicate a human health risk associated
with the concentrations of imidacloprid residues in the
studied products, the high HI values suggest caution, as
risks may arise from long-term use or larger quantities
(Bonnecheére et al., 2012; Li et al., 2024). Previous studies
have shown that high Hazard Index (HI) values of
pesticides in fresh agricultural products may pose
cumulative risks when consumed regularly, and these
findings underscore the need for continuous monitoring
and regulation to ensure that pesticide residue levels
remain within safe consumption limits (Trenteseaux et al.,
2024; Zondo & Mahlambi, 2024). Pan et al. (2024)
highlighted the growing need for further research into
Hazard Index (HI) values of pesticides, which could inform
more effective strategies for managing pesticide
contaminants in fresh agricultural products.

Middle Eastern cuisine heavily relies on fresh fruits
and vegetables, making these products indispensable in
daily consumption. This study seeks to raise awareness of
the potential risks posed by elevated imidacloprid
residues in these agricultural products. Consequently, it
has become essential to guide farmers toward correcting
improper agricultural practices to produce safe food (Al-
Hawadi et al, 2023). However, the lack of accurate
practical information on the optimal safe harvesting
periods after application of the pesticide raises questions
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about its effect on residue levels. (Darko & Akoto, 2008;
Wang et al, 2023). The limitations of intensive
imidacloprid pesticide use emphasize the need for more
comprehensive and accurate research to obtain a more
effective and representative assessment of its residues in
vegetables and fruits.

Conclusion

The present study aimed to evaluate the presence of
imidacloprid residues in selected samples of raw fruits and
vegetables collected from the southern part of Jordan. The
results showed that most values were within safe limits,
although some significantly exceeded them. The results
showed that 77.7% of them were contaminated with
residues with varying levels from 0.0-0.120ug.kg™" and
several samples exceeded the maximum residue limit. It is
of great importance to monitor the concentrations of this
pesticide since many of these products are consumed
fresh. The potential risks associated with the consumption
of fruits and vegetables that have been repeatedly found
to be contaminated with this pesticide raise concerns
about cumulative effects as these agricultural products are
almost always present in diets.

This calls for more stringent regulatory rules to
establish reliable and sustainable technologies to predict
potential risks of imidacloprid residues in agricultural
commodities; the importance of taking care of fruit and
vegetable preparation before consumption and adopting
proper cleaning, peeling, and, boiling practices before
consumption should be highlighted. Additionally,
monitoring of imidacloprid residues in soil and water
should be done in addition to agricultural products.
Furthermore, farmers should be encouraged and guided to
implement good agricultural practices (GAP) in the use of
pesticides to mitigate potential risks to human health.
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