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ABSTRACT

This study presents a comprehensive analysis of pesticide residues in tomato fruits
from three major agricultural governorates in Egypt: Al-Hadrah (Alexandria), Rosetta
(El-Beheira), and Fuwwah (Kafr El Sheikh). Utilizing Gas Chromatography-Mass
Spectrometry (GC-MS), the analysis revealed a concerning prevalence of pesticide
contamination across all regions. Different pesticide compounds were identified,
encompassing organophosphates, pyrethroids, organochlorines, carbamates, triazoles,
and other chemical classes. The results indicate significant regional variation in pesticide
profiles. Al-Hadrah samples were dominated by organophosphates like chlorpyrifos
(16.53% relative abundance), Rosetta showed a high fungicide load led by carboxin
(12.46%), and Fuwwah exhibited an alarming profile composed entirely of pesticide
residues, heavily dominated by organophosphates such as ethion (19.02%). A critical
cross-regional finding was the ubiquitous presence and high relative abundance of
organophosphate insecticides, raising major public health concerns due to their acute
neurotoxicity. The study also detected several banned or highly hazardous pesticides,
including parathion-ethyl (in all regions) and the persistent organic pollutant endosulfan
(in Rosetta and Fuwwah), indicating potential regulatory non-compliance and the use of
obsolete stocks. The routine detection of complex pesticide "cocktails," along with the
use of synergists like piperonyl butoxide, underscores the potential for cumulative and
synergistic toxicological effects. These findings highlight widespread and intensive
agrochemical application practices, posing significant food safety risks and potential
health threats to consumers. The study underscores the urgent need for enhanced
regulatory enforcement, monitoring, and the promotion of sustainable integrated pest
management strategies in Egyptian tomato cultivation.
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INTRODUCTION

The tomato (Solanum lycopersicum L.)
is one of the most extensively cultivated
and consumed vegetable crops globally,
prized for its nutritional value and
economic importance (Leon-Garcia et al.,
2017). In Egypt, it represents a cornerstone
of agricultural production, serving as a vital

source of income for farmers and a key
component of the national diet (AbdAllah
et al.,, 2024; Hassan and Ahmed, 2018;
Siam and Abdelhakim, 2018). To meet the
high demands of local and international
markets, Egyptian farmers often rely on
intensive agricultural practices, which
include the widespread application of
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pesticides to control a broad spectrum of a
broad spectrum of pests and diseases, such
as Tuta absoluta, whiteflies, thrips, and
fungal pathogens, that threaten yield and
quality (Atia et al., 2024; Moussa et al.,
2013).

While the use of these agrochemicals is
crucial for securing harvests, their non-
judicious application raises significant
public health and environmental concerns
(Anwar, 2003; Mishra et al.,, 2021).
Pesticide residues can persist on and within
harvested produce, potentially leading to
human exposure through the diet. Chronic
intake of these residues, even at low
concentrations, has been associated with a
range of adverse health effects, including
carcinogenicity, endocrine disruption, and
neurological disorders (Mansour, 2008).
Consequently,  monitoring  pesticide
residues in food commodities is imperative
to ensure food safety and protect consumer
health. This has led to the establishment of
stringent Maximum Residue Limits
(MRLs) by international regulatory bodies,
such as the Codex Alimentarius, and
national authorities, which define the
highest legally tolerable levels of pesticide
residues in food and feed
(CodexAlimentarius, 2012; Fortin, 2023).

The residue profile of a crop is not static
but is influenced by a complex interplay of
factors, including the type and application
regime of the pesticide, the time between
the last application and harvest (pre-harvest
interval), and crucially, the environmental
conditions of the cultivation area (Fantke
and Juraske, 2013). In Egypt, tomato
cultivation is spread across diverse
geographical regions, from the fertile lands
of the Nile Delta to newly reclaimed desert
areas. These regions exhibit substantial
variations in climate, such as temperature,
humidity, and solar radiation, as well as soil

type and irrigation practices. These
differential agronomic and climatic
conditions can significantly affect the
dissipation kinetics and final residue levels
of pesticides in crops, leading to potential
variations in the residue burden of tomatoes
from different growing regions (Abdelfatah
et al., 2020; Ibrahim and Shalaby, 2023).

Despite the prominence of tomato
cultivation in Egypt, comparative studies
investigating the geographical variation of
multi-pesticide residues are limited. Most
existing research focuses on monitoring
residues in a single location or market,
without systematically linking the findings
to the specific cultivation conditions of
different geographic zones. Therefore, a
comprehensive comparative assessment is
necessary to understand how regional
cultivation practices and environments
influence pesticide residue levels.

This study undertakes a comparative,
multi-residue analysis of pesticides in
tomato fruits collected from distinct
cultivation regions across Egypt, including
Alexandria, El-Beheira, and Kafr El Sheikh
Governorates. Utilizing validated
QuEChERS-based extraction method
followed by GC-MS/MS analysis, this
study aims to characterize the occurrence of
a wide spectrum of pesticide residues in
tomatoes and compare their profiles across
distinct  agroecological  zones  and
cultivation systems in Egypt. The findings
from this investigation will provide
valuable data for risk assessment, inform
regulatory decisions, and support the
development of targeted good agricultural
practices (GAPs) to enhance the safety of
Egyptian tomatoes.

MATERIALS AND METHODS
Sample collection
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Tomato fruit samples (Solanum
lycopersicum L.) were collected at the
commercial ripening stage from open-field
cultivation systems across three major
geographical regions in Egypt, including
Alexandria, El-Beheira, and Kafr El Sheikh
Governorates. A total of 12 samples (4
from each region) were obtained directly
from farms during the primary harvesting
season (April 2023). Sampling followed a
randomized strategy, where fruits were
harvested from multiple plants across
different parts of each farm to ensure a
representative sample. All samples were
immediately placed in sterile polyethylene
bags, stored in ice-cooled boxes, and
transported to the laboratory. Upon arrival,
each sample was homogenized using a
commercial food blender, and the resulting
homogenate was stored at -20°C until
analysis.

Chemicals and reagents

Pesticide analytical standards
(>98% purity) for 35 compounds, including
organophosphates, carbamates,
pyrethroids, and neonicotinoids, were
purchased from Dr. Ehrenstorfer GmbH

(Augsburg,  Germany). = HPLC-grade
acetonitrile, methanol and water were
purchased from Merck (Darmstadt,
Germany). Polyvinylidene fluoride

(PVDF) syringe filter (0.2 um) (Puradisc,
Whatman, USA). Primary secondary amine
(PSA, bonded silica, 40 um) was obtained
from Supelco, Sigma-Aldrich Co. (USA).
Anhydrous magnesium sulfate, sodium
chloride, sodium acetate and activated
charcoal were purchased from EI-Nasr
Pharmaceutical ~Chemicals Co. (El
Gombhoriya St., Abu Zaabal Area 491,
Qalyub, Egypt) and used without further
purification. Stock standard solutions
of individual pesticides (1000 pg/mL)
were prepared in acetonitrile and stored at -
20°C. Working standard mixtures were

prepared by appropriate dilution of the
stock solutions in acetonitrile on the day of
use.

Sample extraction and clean-up

The extraction and clean-up of tomato
samples were performed using a modified
QuEChERS  (Quick, Easy, Cheap,
Effective, Rugged, and Safe) method
(Anastassiades et al., 2007; Paya et al.,
2007). Briefly, a 2 g portion of
homogenized tomato sample was weighed
into a 50 mL centrifuge tube. Then, 10 mL
of acetonitrile (1% acetic acid) was added,
and the mixture was vigorously shaken for
1 minute. For liquid-liquid partitioning, a
buffered salt mixture comprising 0.5 g
anhydrous MgSOs4, 0.1 g NaCl, and 0.15 g
sodium acetate was added to the initial
slurry. The tube was vigorously shaken
manually for 1 minute and centrifuged at
2000 rpm for 1 minute. An aliquot of the
resulting acetonitrile layer was then
subjected to a dispersive solid-phase
extraction (d-SPE) clean-up by transferring
it to a tube containing 0.05 g primary-
secondary amine (PSA), 0.15 g MgSOs,
and 0.05 g activated charcoal per mL of
extract. This mixture was vortexed for 30
seconds and centrifuged at 3000 rpm for 5
minutes. The final supernatant was filtered
through a 0.2 um PVDF syringe filter prior
to analysis. Finally, the solvent was
completely evaporated under a nitrogen
stream, and the dry residue was dissolved
in a known volume of acetone for analysis
by GC-MS.

Instrumental analysis

The extraction and clean-up of tomato
samples were performed using a modified
QuEChERS The analysis of pesticide
residues was carried out using gas
chromatography coupled with mass
spectrometry (GC-MS). The analysis was
performed on a Thermo Scientific TRACE



J. Pest. Control & Environ. Sci. 24: 1-14 (2024)

1300 series GC equipped with a TG-5MS
capillary column (30 m x 0.25 mm i.d. x
0.25 pum film thickness) with a (5%-
phenyl)-methylpolysiloxane stationary
phase. The carrier gas was helium
(99.999% purity) at a constant flow rate of
1.0 mL/min. The temperature program for
the GC oven was as follows: initial
temperature 60°C (held for 1 min),
increased to 180°C at a rate of 25°C/min,
then to 280°C at a rate of 5°C/min (held for
5 min). The injection volume was 1 uL in a
split mode with a high split ratio of 50:1
and, with an injector temperature of 250°C.
Mass  spectrometric  detection  was
performed using a Thermo Scientific ISQ
QD single quadrupole mass spectrometer.
The transfer line and ion source
temperatures were maintained at 280°C and
250°C, respectively. Electron ionization
(EI) was conducted at 70 eV. The mass
spectrometer was set to scan mode,
acquiring data over a mass-to-charge (m/z)
range of 50 to 550 atomic mass units (amu).
The mass spectra of the eluted compounds
were compared with reference spectra in
the NIST and Wiley mass spectral libraries
(Shellie et al., 2002). The system was tuned
and calibrated according to the
manufacturer's specifications prior to
analysis. Identification was achieved by
comparing the retention times and mass
spectra of the samples with those of the
reference standards using Xcalibur 2.0
software (Thermo Scientific).

RESULTS AND DISCUSSION

Pesticide residue profiling in tomato
fruit and regional variation

This study utilized Gas
Chromatography-Mass Spectrometry (GC-
MS) to determine the pesticide residue
profile in tomato fruits from three major
agricultural governorates in Egypt: Al-

Hadrah (Alexandria), Rosetta (El-Beheira),
and Fuwwah (Kafr El Sheikh). The analysis
revealed a concerning presence of multiple
pesticide residues in all samples, indicating
widespread and complex application
practices. The GC-MS analysis identified a
total of 28 distinct pesticide compounds
across the three locations, encompassing

various chemical classes including
organophosphate, pyrethroid,
organochlorine, carbamate, avermectin,

triazole, phthalimide, and carboxanilide
classes, alongside the synergist piperonyl
butoxide (Tables 1-3). While GC-MS area
percentages are semi-quantitative and do

not equate to concentrations without
calibration, they  provide  relative
abundance insights within each

chromatogram (Lehotay et al, 2010).
Figures 1-3 show the total ion
chromatogram (TIC) from GC-MS analysis
of the organic compounds identified in a
tomato fruit extract from the three
agricultural ~ governorates. The three
regions shared several high-prevalence
organophosphates (malathion, parathion-
ethyl, ethion, carbophenothion) and triazole
fungicide propiconazole, but differed
notably in the prominence of specific
actives and the presence of legacy
organochlorines (endosulfan) and
fungicides (carboxin, captafol, and captan).

Al-Hadrah, Alexandria profile

Based on the data presented in Table 1
and Figure 1, the GC-MS analysis of an
extract from tomato fruit samples collected
in Al-Hadrah, Alexandria Governorate,
revealed a complex profile of pesticide
residues. A total of 16 distinct chemical
compounds were identified, comprising a
mixture of insecticides, acaricides,
fungicides, and one synergist. The results
indicate a significant pesticide load on the
analyzed tomato samples, with the
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compounds eluting over a wide retention

of the seventeen identified substances. This

time range from 7.29 to 51.01 minutes. The class includes diazinon, acephate,
most prevalent compound detected was malathion, chlorpyrifos, profenofos,
chlorpyrifos, an organophosphate parathion-ethyl, ethion, and

insecticide, which constituted the highest
relative abundance at 16.53% of the total
area. This was followed by diazinon,
another organophosphate insecticide, at
7.66%. Other notable constituents included
profenofos (6.93%), malathion (6.89%),
ethion (6.69%), and cypermethrin (5.79%).
The analysis also confirmed the presence of
multiple isomers or variants of certain
pesticides, specifically malathion, which
was detected at two different retention
times (10.98 min and 30.94 min) with a
combined area percentage of 8.68%.
Organophosphate compounds were the
dominant chemical class, representing nine
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carbophenothion. Pyrethroid insecticides
were  also  well-represented,  with
cypermethrin, lambda-cyhalothrin, and
deltamethrin identified. Furthermore, the
analysis detected  the fungicides
chlorothalonil and propiconazole, the
synergist piperonyl butoxide (often used to
enhance the potency of insecticides), and
the potent avermectin  compound,
abamectin. The presence of this diverse
array of pesticide residues suggests a
history of intensive application of various
agrochemicals for pest and disease control
in the tomato cultivation practices of this
region.
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Figure 1. Total ion chromatogram (TIC) from GC-MS analysis of the organic compounds identified
in a tomato fruit extract from Al-Hadrah, Alexandria Governorate.
Table 1. GC-MS analysis of the chemical constituents of extract from the tomato fruit samples from

Al-Hadrah, Alexandria Governorate

Molecular
Bt Area Compound Chemical class Molecular weight
(min) (%) name formula
(g/mol)
7.29 2.70 Chlorothalonil Fungicide CsCLN: 265.91
873 7.6 Diazinon Organophosphate Ci:HaN20:PS 304.35
Insecticide
9.18 156 Acephate Organophosphate CsH1NO:PS 183.16
Insecticide
1098 1.79 Malathlon Organpphosphate CieH15OPS, 33036
(isomer) Insecticide
. Avermectin CassH722014 (Bla) / 873.09 (Bla
.32 3.19 Abamectin Acaricide/Insecticide Ca7HO14a (B1b) avg.)
2836 1653  Chlorpyrifos Organophosphate CsHiClNOsPS 350.59
Insecticide
3026  6.93 Profenofos Organophosphate CuHisBrCIO:PS 373.63
Insecticide
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Molecular
.Rt ?rea Compound Chemical class Molecular weight
(min) (%) name formula
(g/mol)
30.94  6.89 Malathion Organophosphate CioHi1s0PS: 330.36
Insecticide
3149 3.84 Parathion-cthyl ~ Organophosphate C1oH1:NOsPS 291.26
Insecticide
3538 5.79 Cypermethrin Pyrethroid Insecticide C2Hi1sClaNO:s 416.30
42.08  6.69 Ethion Organophosphate CoH204P2S4 384.48
Acaricide/Insecticide
42,92 598 Carbophenothion ~ Organophosphate C1H1eCIO:PSs 342.86
Acaricide/Insecticide
4640 3.58 Lambda- Pyrethroid Insecticide ~ CasHisCIFsNOs 449 85
cyhalothrin
Piperonyl .
48.52  2.09 Butoxide Synergist CisH300s 338.44
49.38 3.58 Deltamethrin Pyrethroid Insecticide C2Hi19Br2NOs 505.20
51.01 4.75 Propiconazole Triazole Fungicide CisH17CLN;0O2 342.22

Rosetta, El-Beheira profile

Based on the GC-MS analysis of an
extract from tomato fruit samples
collected in  Rosetta, El-Beheira
Governorate, the chemical profile was
found to be complex and dominated by a
variety of pesticide residues (Table 2 and
Figure 2). A total of 19 distinct
compounds were identified, with the
fungicide carboxin being the most
predominant constituent, representing
12.46% of the total detected area. The
triazole fungicide propiconazole was also
a major component, detected at a
significant level of 11.68%. Other notable
compounds included malathion (5.31%),
ethion (4.76%), carbophenothion (4.20%),
and cycloheximide (3.63%), indicating a
substantial pesticide load on the analyzed
fruit samples. Organophosphates like
malathion (5.31%) and ethion (4.76%)
were also present but at lower relative

abundances compared to Al-Hadrah. The
chemical classes of the identified
compounds reveal a heavy reliance on
synthetic pesticides in the cultivation of
these tomatoes. Organophosphate
insecticides and acaricides were the most
frequently detected class, with six
representatives:  phoxim,  malathion,
parathion-ethyl, dimethoate, ethion, and
carbophenothion. Fungicides were also
highly prevalent and diverse,
encompassing phthalimides (captan and
captafol), triazoles (propiconazole and
triadimefon), a carboxanilide (carboxin),
and others like chlorothalonil and
cycloheximide. Furthermore, the presence
of older, more persistent chemicals was
confirmed by the detection of
organochlorine  insecticides  (alpha-
endosulfan and endosulfan), along with a
pyrethroid insecticide (permethrin) and
the common synergist piperonyl butoxide.
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Figure 2. Total ion chromatogram (TIC) from GC-MS analysis of the organic compounds identified
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in a tomato fruit extract from Rosetta, El-Beheira Governorate.

Table 2. GC-MS analysis of the chemical constituents of extract from the tomato fruit samples from

Rosetta, El-Beheira Governorate

L e Ly e e
45

e T
3 38 40 a7 4

)

50

Molecul
.Rt Are Compound Chemical class Molecular ar weight
(min) a (%) name formula
(g/mol)
7.29 2.96 Chlorothalonil Fungicide CsClaN2 26591
Alpha- Organochlorine

8.11 221 Endosulfan Insecticide CsHeCleO-S 406.92

1027 130 Captan Phthalimide CHCLNO:S 30059
Fungicide

1132 277 Abamectin Avermectin 0 b6 872.09
Acaricide/Insecticide

2259 140 Phoxim Organophosphate ¢ by \,0,pS 298,30
Insecticide

2838 1246  Carboxin Carboxanilide CuHoNOS 23531
Fungicide

3095 531 Malathion Organophosphate ¢ by o ps, 33036
Insecticide

3149 3.05 Parathion-cthyl ~ Organophosphate o by Nops 29126
Insecticide

35.39 3.63 Cycloheximide Antibiotic/Fungicide =~ CisH2sNOa 281.35

3645 169  Dimethoate Organophosphate CHLNOPS: 22926
Insecticide

3852 2.76 Captafol Phthalimide CoHsCLNO:S  349.06
Fungicide

4200 476 Ethion Organophosphate oy b, 38448
Acaricide/Insecticide

4293 420 Carbophenothion ~ Organophosphate * . b 0 bs 342 86
Acaricide/Insecticide

461 185 Pyrazophos Organophosphate o by \LOPS 37337
Fungicide

46.40 1.45 Triadimefon Triazole Fungicide C1aHi6CIN:O2 293.75

4833 172 Permethrin Pyrethroid CoHuCLOs 39129
Insecticide

Piperonyl .

48.53 2.62 Butoxide Synergist CisH3005 338.44

5038 1.30 Endosulfan Organochlorine CHCLOsS  406.92
Insecticide

51.05 11.68 Propiconazole Triazole Fungicide CisHi7CLN:O2  342.22
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Fuwwah, Kafr El Sheikh profile

The GC-MS analysis of the sample
from Fuwwah, Kafr El Sheikh
governorate, revealed a concerning
profile, as the tomato fruit extract was
composed entirely of pesticide residues
along with the antibiotic cycloheximide,
indicating a significant and extensive
history of agrochemical application (Table
3 and Figure 3). The major chemical
classes identified were dominated by
organophosphates, with eight different
compounds detected that constituted the
majority of the total residue by relative
abundance. Other classes included two
carbamates (carbaryl and carbofuran), two
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avermectin  (abamectin), and the
aforementioned antibiotic. The most
prevalent individual compounds were all
organophosphates, namely Ethion
(19.02%), carbophenothion (18.42%),
malathion (11.60%), and parathion-ethyl
(9.18%), which together account for over
half (58.22%) of the total detected
constituents. Alarmingly, the analysis
detected several high-hazard pesticides,
including parathion-ethyl, carbofuran, and
endosulfan, which are known for their
high toxicity and are restricted or banned
in many countries due to environmental
persistence and serious health risks. This
geographical location also contained
carbamate insecticides (carbaryl and
carbofuran), which were not detected in
the other two locations.

C-AL NL. & 54E7
| anms i
Tomato-¥afr-
aryness-aetone-
200uL -eane

A00uL-3u
Infemalst- 10l

£t

gz
49,39
sz e |29

" " a133

Y

pyrethroids  (lambda-cyhalothrin  and
deltamethrin), as well as one
organochlorine (endosulfan), one
Y. 0.00 - 51.82

100

L

B0

4 o

f:ltc-

%1:

4 a4

20

2013
‘:- 147 7““1‘
; 2 : & & 10 t2 4 & 18 ;2 M %

Time {minj

T T T T T
28 o 32 34 k3 kL &® a2 4 &5 43 50

Figure 3. Total ion chromatogram (TIC) from GC-MS analysis of the organic compounds identified
in a tomato fruit extract from Fuwwah, Kafr El Sheikh Governorate.

Table 3. GC-MS analysis of the chemical constituents of extract from the tomato fruit samples from

Al- Fuwwah, Kafr El Sheikh Governorate

Rt Area Compound Chemical class Molecular Molecular
(min) (%) name formula weight (g/mol)
872 173  Diazinon Organophosphate CoHaN:OPS  304.35

Insecticide
9.25 0.49 Carbaryl Carbamate Insecticide Ci2HiNO:2 201.22
1115 055  Azinphos-methyl Creanophosphate CioHuN:OsPS: 31732

Insecticide

. Avermectin

11.30 0.72 Abamectin Acaricide/Insecticide CasH72014 872.09
20.13 3.32 Cycloheximide Antibiotic/Fungicide CisH23NO4 281.35
2428 0.78 Carbofuran Carbamate Insecticide Ci2HisNOs 221.25
3098 11.60 Malathion Organophosphate CioHisOPS:  330.36

Insecticide
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Rt Area Compound Chemical class Molecular Molecular
(min) (%) name formula weight (g/mol)
3152 918  Parathion-ethyl ~ Oreanophosphate CioHuNOsPS 29126
Insecticide

3643 1.00  Dimethoate Organophosphate CsHuNOsPS:  229.26
Insecticide

4211 1902 Ethion Organophosphate CoHnO:PsSs 38448
Acaricide/Insecticide

4295 1842 Carbophenothion Crganophosphate. CuHisCIOPS; 34286
Acaricide/Insecticide

4433 144  Pyrazophos Organophosphate CiHoNsOsPS 37337
Fungicide

4639 187 Lambda- Pyrethroid Insecticide ~ CosHwCIEsNOs  449.85

cyhalothrin

4926 0.65  Endosulfan Organochlorine CoHsCl0sS 406.92
Insecticide

49.39 2.79  Deltamethrin Pyrethroid Insecticide C22H1sBr2NO:s 505.21

Cross-regional analysis and chemical
class prevalence

A critical observation across all
samples was the detection of multiple
compounds from the same class, indicating
the application of pesticide cocktails. A
unifying feature across all three regions
was the ubiquitous presence and high
relative abundance of organophosphate
pesticides (OPs). Compounds such as
chlorpyrifos, diazinon, malathion,
parathion-ethyl, and ethion were detected
in all or most of the samples. OPs are
broad-spectrum insecticides that act by
inhibiting acetylcholinesterase, a crucial
enzyme for nerve function in both insects
and humans, leading to acute neurotoxicity
(Eaton et al., 2008). The prevalence of OPs
reflects their cost-effectiveness and
widespread availability in developing
countries, but it also raises significant
public health concerns due to their high
acute toxicity and potential for chronic
neurological  effects, especially in
agricultural workers (Perry et al., 2020).

Pyrethroid insecticides were detected
in Al-Hadrah and Fuwwah, contributing to
the chemical load. While generally
considered less acutely toxic to mammals

than OPs, some pyrethroids are suspected
endocrine disruptors and are highly toxic to
aquatic organisms and beneficial insects
like bees (Brander et al., 2016; Liu et al.,
2022). The co-occurrence of OPs and
pyrethroids can also lead to complex
toxicological interactions.

The detection of organochlorines
(endosulfan) in Rosetta and Fuwwah is a
critical finding. Their extreme persistence
in the environment means they can
continue to contaminate crops long after
their use has ceased, representing a long-
term source of exposure (Kumar and
Mukherji, 2018). Similarly, the detection of
carbamate insecticides (carbaryl,
carbofuran) in Fuwwah adds to the
toxicological burden, as carbamates also
inhibit acetylcholinesterase, though with a

shorter ~ duration of action than
organophosphates.
Implications for food safety and

regulatory compliance

The detection of multiple pesticide
residues, including several with strict
regulatory limits, raises significant food
safety concerns. Compounds such as
chlorpyrifos, diazinon, and malathion were
found in all regions, and their residues are
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subject to Maximum Residue Limits
(MRLs) established by the Codex
Alimentarius Commission and importing
regions like the European Union (EU). The
use of chlorpyrifos, in particular, has been
severely restricted or banned in the EU and
other countries due to concerns about its
potential neurodevelopmental  toxicity
(EFSA et al, 2019). The detection of
parathion-ethyl, a highly toxic
organophosphate that is banned in many
countries, is especially alarming.

The high frequency and abundance of
OPs across all three locations is the most
alarming  finding. OPs, such as
chlorpyrifos, diazinon, and malathion,
function by inhibiting the enzyme
acetylcholinesterase, leading to the
accumulation of acetylcholine and resulting
in neurotoxicity (Aroniadou-Anderjaska et
al., 2023). Chronic exposure to low levels
of OPs has been associated with
neurological developmental deficits in
children, endocrine disruption, and an
increased risk of certain cancers (Mufloz-
Quezada et al., 2013). The detection of
Parathion-ethyl in all three governorates is
particularly concerning. This compound is
classified as highly hazardous by the WHO
and is banned or severely restricted in many
countries due to its high acute toxicity to
humans (WHO, 2018). Similarly, the
presence of carbamates (carbofuran,
carbaryl) in Fuwwah adds to the neurotoxic
risk, as they share a similar mechanism of
action with OPs.

The identification of endosulfan (and its
isomer alpha-endosulfan) in the Rosetta
and Fuwwah samples represents a major
regulatory and environmental concern.
Endosulfan is a persistent organic pollutant
(POP) listed for elimination under the
Stockholm Convention due to its toxicity,
persistence in the environment, and ability
to bioaccumulate in the food chain (Weber
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et al., 2010). Its detection indicates the
possible use of obsolete stockpiles or a
clear violation of international and national
bans, posing long-term ecological and
health risks.

The high relative abundance of
fungicides, particularly in  Rosetta
(propiconazole, Carboxin), points to

significant challenges with fungal diseases.
The coexistence of fungicides from
different chemical groups (e.g., triazoles,
carboxanilides, phthalimides like captan
and captafol) could be a strategy to manage
fungicide resistance. = However, the
application of such a complex mixture,
especially with compounds like
propiconazole = which  has  specific
restrictions due to its environmental
persistence, indicates a heavy reliance on
chemical control, which is unsustainable in
the long term (Brent and Hollomon, 1995).

The use of pyrethroid insecticides (e.g.,
cypermethrin,  deltamethrin,  lambda-
cyhalothrin) is evident, particularly in Al-
Hadrah and Fuwwah. Pyrethroids are
generally less acutely toxic to mammals
than OPs. However, their co-detection with
the synergist piperonyl butoxide (PBO) is a

significant  practice. =~ PBO  inhibits
cytochrome P450 enzymes, which are
responsible ~ for  metabolizing  and

detoxifying pyrethroids in both pests and
non-target organisms, thereby increasing
the insecticides' potency (Basak et al.,
2021). This practice raises questions about
the potential for increased residual toxicity
and the impact on non-target organisms,
including humans.

While the present study provides a
comprehensive qualitative and semi-
quantitative (area %) profile, a full risk
assessment requires the quantification of
residues in units of mg/kg to enable direct
comparison with established MRLs
(Pihlstrom et al., 2021). The co-occurrence
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of multiple residues, a phenomenon known
as the "pesticide cocktail," also necessitates
the consideration of potential cumulative
and synergistic effects, which are not
typically addressed in single-chemical risk
assessments (Badder, 2023). The high
prevalence of residues in a staple food like
tomatoes, which are consumed fresh and in
large quantities, underscores the potential
for significant dietary exposure among the
Egyptian population.

CONCLUSION

This study reveals a critical public
health and regulatory issue, demonstrating
that tomatoes from three major Egyptian
regions are pervasively contaminated with
complex mixtures of pesticide residues.
The residue analysis was performed by GC-
MD and the most alarming findings are the

ubiquitous  presence of  neurotoxic
organophosphate insecticides, including
the banned parathion-ethyl, and the

detection of the banned persistent organic
pollutant endosulfan, indicating a severe
breach of international standards. While
regional variations exist, such as a
dominance of insecticides in Al-Hadrah,
fungicides in Rosetta, and acaricides in
Fuwwah, all areas exhibit a hazardous
reliance on "pesticide cocktails." This
practice, combined with the use of
synergists, raises serious concerns about
unknown cumulative toxicological effects.
Urgent actions are required, including
stringent regulatory enforcement to remove
banned substances, a fundamental shift
towards Integrated Pest Management
(IPM) protocol. Promoting IPM can reduce
reliance on hazardous chemicals, mitigate
risks to human health and the environment,
and ensure the safety and competitiveness
of Egypt's agricultural exports in the global
market. Ultimately, addressing this
pervasive contamination demands a
concerted effort to transition towards safer,

11

sustainable agricultural practices that
protect both consumer health and
environmental integrity.
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