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ARTICLE INFO ABSTRACT

Keywords: Pesticide residues and persistent organic pollutants (POPs) are known hazardous chemicals that exhibits bio-
Pesticide residue accumulation in organisms and the ecosystem in general. There is limited evidence on the levels of these con-
Cypermethrin

taminants among common Saudi crops grown as well as the effects of season on their levels. Hence, the present
investigated the levels of pesticide residues in major fruit and vegetable crops collected during the winter and
summer seasons in Saudi Arabia (SA). A total of 392 samples taken from 28 locally produced vegetables and
fruits were purchased from local markets in Riyadh, SA during peak summer (N = 263) (June-August 2022) and
peak winter (N = 129) (December-February 2022). Food samples were extracted and cleaned up using the
modified Quick, Easy, Cheap, Effective, Rugged and Safe (QUEChERS) technique. Liquid chromatography with
tandem mass spectrometry (LC-MS/MS) and gas chromatography-tandem mass spectrometry (GC-MS/MS) in-
struments were used to determine pesticide residues. Crops that had the highest percentage exceeding the
maximum residue limit (MRL) include pepper (7.9 %) as well as apricot, fig and pomegranates (3.1 %).
Cypermethrin was the most prevalent pesticide residue in both winter and summer samples with detection rates
of 13.2 % and 14.1 % respectively (p = 0.33). Thiamethoxam detection rates was significantly higher in winter
(7.8 %) than summer (3.0 %) (p = 0.04). There is a high detection rate of pesticide residues in SA independent of
season, with cypermethrin being the most common. Thiamethoxam is more commonly detected in winter than
summer crops. The study should be extended to include other potential sources of pesticide residues such as
fishes grown in aqua farms and other poultry products.

Saudi Arabia
Maximum residue limit
Thiamethoxam

1. Introduction

Pesticides have been a common staple in modern agriculture set-
tings, intended to protect crops and increase yield to meet the growing
food demands of the ever rising global human population. As of 2020,
the world-wide use of pesticides has reached 3.5 million tons (Sharma
et al., 2019), making the global pesticide market an industry estimated
to be worth US$78.7 billion as of 2020 (S&P Global Commodity Insights,
2020). Pesticides are also one of the main sources of persistent organic
pollutants (POPs), hazardous contaminants that affect food safety due to
its bioaccumulation and persistence in the ecosystem (Guo et al., 2019).

Among the more widely known detrimental health effects secondary to
POPs exposure include endocrine disruption, immune and neurologic
disorders, cancer and reproductive issues (Rokni et al., 2023). Hence,
the widespread environmental scattering and over-all health problems
directly linked to POPs gave rise to the Stockholm Convention on
Persistent Organic Pollutants in May 2001, the purposes of which were
enforced on May 2004 (Stockholm Convention, 2023). The Stockholm
Convention is a legally binding international agreement which aims to
strictly regulate POPs production, use and release. A total of twelve
groups of substances under the categories of pesticides [aldrin, chlor-
dane, DDT, dieldrin, heptachlor, hexachlorobenzene (HCB), mirex,
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toxaphane], industrial chemicals [HCB and polychlorinated biphenyls
(PCBs)] and by-products [HCB, polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzofurans (PCDD/PCDF), and PCBs] colloquially
known as the dirty dozen, were initially included to be outlawed
because of its established adverse effects in the environment and more
importantly on humans (Olisa et al., 2022). It is worth mentioning that
risk of human exposure to POPs is not limited to food consumption as it
is also present in ambient air, water and soil (Rezania et al., 2022;
Aravind Kumar et al., 2022; Kumar et al., 2021).

Saudi Arabia (SA) as well as most Middle-East nations are signatories
of the Stockholm Convention as well as other environmental conven-
tions (Basel Convention, Rotterdam Convention and Montreal Protocol),
yet majority of these Arab nations fail to implement existing legislation,
often exacerbated by lack of treatment, perilous transport, concentra-
tion in urbanized regions and insufficient management (Hajjar, 2012).
Studies on POPs and pesticide residues are also limited in SA. Among the
few studies, El-Mubarak and colleagues (2015) discovered a high con-
centration of POPs in the ambient air of Riyadh, the capital of SA, with
average concentrations of pesticides ranging from 2 to 8,216 ng/m°,
demonstrating heavy use within the capital and possibly long distance
transport (El-Mubarak et al., 2015). Traces of toxic endocrine disruptors
such as phthalate esters and bisphenol A were also found in treated
wastewater in SA, a major concern since treated waste waters are used
for agriculture (Al-Saleh et al., 2017). SA studies on humans were mostly
on polycyclic aromatic hydrocarbons (PAHs), another class of POPs.
These PAH studies were done in Saudi children with asthma, and found
that the most prevalent circulating PAHs were naphthalene, bezan-
thracene and benzoacephenanthrylene, among others, ranging from
54.5 to 90.9 % of the positive samples (Al-Daghri et al., 2014). These
PAHs were also found to be associated with respiratory disorders since
they correlated with biomarkers of asthma in Saudi children, including
IgE, interferon gamma and several interleukins (Al-Daghri et al., 2013).
Finally, and in a recent review by Wei and colleagues, pesticide residues
have been linked to gut dysbiosis and disruption of glucose homeostasis,
leading to diabetogenic effects and other chronic disorders as observed
in several epidemiologic studies (Wei et al., 2023a, 2023b). The serious
clinical effects stemming from accumulated pesticide residues exposure
and other contaminants therefore should be of public safety concern,
given that the general population of SA already has a myriad of chronic
disorders (Amer et al., 2021; Al-Othman et al., 2015; Al-Daghri et al.,
2011).

To the best of our knowledge, there is scarcity of data available on
the detection rates of POPs, particularly pesticide residues in SA vege-
tables and fruits. Furthermore, no study has been conducted as to
whether seasonal variations exist in the detection rates of these con-
taminants in SA crops. There is evidence to suggest that pesticide residue
bioaccumulation and variation are affected by season in several
geographic areas (Dumanoglu et al., 2017; Nguyen et al., 2019; Wang
et al., 2022), but most of these studies focused on the elements (air,
water or soil) and not on actual crops. We thus hypothesize that seasonal
variations exist in the detection rates of pesticide residues in fruits and
vegetables locally grown in a majority non-arable land such as SA. The
present study therefore aims to determine and compare the detection
rates of pesticide residues in vegetables and fruits collected during the 2
main seasons in SA (summer and winter). The study also aims to identify
which among the fruits and vegetables purchased in SA are more
commonly contaminated by pesticide residues.

2. Methods
2.1. Materials

Pesticide standards have been purchased from Dr. Ehrenstorfer
GmbH (Augsbug, Germany). Purities of the certified pesticide standards

were from 99.6 to 100 %. Acetonitrile, methanol (HPLC)-grade were
supplied by Sigma-Aldrich Company (St. Louis, MO, USA). Ammonium
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format, with 99 % of purity, was also purchased from Sigma-Aldrich
Company (Stenheim, Germany). The analytical reagent grade anhydrous
magnesium sulfate (anh MgS0O4), anhydrous sodium acetate (99.9 %,
anh CyH3NaO,), and glacial acetic acid were obtained from Merck
Company (Darmstadt, Germany). Primary-secondary amine (PSA) and
graphitized carbon black (GCB) sorbent were prepared from Supelco
Company (Bellefonte, PA, USA). Ultrapure water of 18.2X resistivity was
produced on a Milli Q purification system (Millipore, Molsheim,
France). A mixture of pesticide stock standard solutions (10 mg L — 1)
was prepared in acetonitrile and was stored at —18 °C. Working solu-
tions were prepared daily to avoid degradation of pesticides by dilution
of standard stock.

2.2. Study design and sampling location

In the present cross-sectional study, locally produced vegetables and
fruits were purchased from leading produce markets in Riyadh, KSA
during peak summer (June-August 2022) and peak winter (December-
February 2022). The samples were collected according to international
monitoring protocols on the global monitoring plan for POPs (UNEP,
2007; Fiedler et al., 2023).

2.3. Food (vegetables and fruits) sample preparation

Food samples were extracted and cleaned up using modified
QuEChERS methodology (Quick, Easy, Cheap, Effective, Rugged, and
Safe) (Abd-Alrahman, 2013; Gonzalez-Curbelo et al., 2022; Alokail
etal., 2023). In brief, a 1 kg worth of newly purchased vegetable or fruit
samples were chopped and homogenized for 5 min at high speed in a
laboratory homogenizer. Homogenized sample (15 g) was placed into
50 mL polyethylene tube, then 15 mL of acetonitrile 1 % acetic acid was
added into each tube. The samples were well shaken using a vortex
mixer at maximum speed. Afterwards, 4 g of anhydrous magnesium
sulfate and 1.0 g of sodium chloride were added, then extract by shaking
vigorously on vortex for 5 min and centrifuged for 10 min at 5,000 rpm.
An aliquot of 4 mL was transferred from the supernatant to a new clean
15 mL centrifuge tube containing 100 mg PSA and 500 mg anhydrous
magnesium sulfate. The samples were again shacked using a vortex for 1
min and then centrifuged for 5 min at 6,000 rpm. An aliquot of 2 mL was
concentrated to dryness. All samples were prepared at the Chair for
Biomarkers of Chronic Diseases (CBCD) in King Saud University (KSU),
Riyadh, Saudi Arabia.

2.4. Pesticide residue analysis

Collected samples were analyzed using the modified EPA 1613 at the
Pesticides and Toxicology Unit Laboratory (PTUL), Plant protection
department at KSU, Riyadh, KSA. All samples were freeze dried. For the
extraction step, a proper solvent (dichloromethane: Hexane 1:1 v:v) was
used to extract residues and the Accelerated Solvent Extractor (ASE) was
used to minimize co-extraction of any substances that may interfere the
determination of POPs residues. Interfering materials was removed
(clean-up) from the extract to obtain a solution suitable for quantitative
examination by the selected method EPA 1613.

Mass spectrometer Agilent Ion Trap Series 240 connected with Agi-
lent 7890 gas chromatograph was used for the determination of pesti-
cide residues and results were confirmed with liquid chromatography
with tandem mass spectrometry (LC-MS/MS). A 2 uL of each sample was
injected to split-splitless injector and analytical capillary column was
HB-5MS for separation. A series of selected analytical standards (1.0, 5,
10, 25, 50 and 100 ng ml™1) were prepared in n-hexane. Calibration
curves were generated by plotting peak area versus concentration.
Excellent linearity, good separation and repeatability were observed.
Acceptable limit of detection (LOD) was obtained 1.0-5.0 ng ml~ L.
Samples in duplicates at five levels were spread equally within the
analytical range. The calibration curve and recovery validation studies
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were repeated three times. Rate of recovery for all was ranged from 80 to
120 % for pesticide residues, respectively.

2.5. QA/QC regime

Standard quality assurance protocol were used throughout the study.
For external quality control/quality assurance assessment, random
sample batches were sent the Central Agricultural Pesticides Laboratory,
Agricultural Research Center (ARC), Giza, Egypt. CAPL is an accredited
laboratory which has an ISO-17025 accreditation certificate from the
Egyptian accreditation council EGAC. The present results have been
confirmed by CAPL.

2.6. Method validation

The analytical method was performed in accordance with the
SANTE/12682/2019 guidelines of the EU Reference Laboratories for
Residues of Pesticides (EURL) (EURL, SANTE/12862/2019). The line-
arity of the calibration curve was evaluated using the correlation coef-
ficient (R2) for the peak areas against the concentrations in the range of
0.1 to 500 pg/L; R2 should greater than 0.99. The percentage maximum
difference in the response factor (RF, %) should be lower than 20 %. The
standard solutions were randomly injected in triplicate. The limit of
detection (LOD) was determined to evaluate the sensitivity. The limit of
quantitation (LOQ) of the method was established as the lowest fortifi-
cation level that achieves a recovery percentage of 80-120 with a
relative standard deviation (RSD) lower than 20 % (Li et al., 2017).
Accuracy in terms of percentage recovery was evaluated at three forti-
fication levels, of 10, 50 and 100 pg/kg. Precision in terms of intra-day
repeatability (n = 6 on the same day) and inter-day repeatability (n =
18, on three different days at 7-day intervals) was estimated at the LOQ
level.

2.7. Data analysis

Data was analyzed using SPSS version 21.0 (Chicago, IL, USA). POPs
concentration was expressed as mean and standard error (SE). Detection
rates were presented as frequencies and percentages (%). Mann-Whitney
U test was used to determine differences in concentration according to
season. Chi-square tests of independence was used to determine signif-
icant differences in detection rates according to season. A p-value of <
0.05 was considered statistically significant.

3. Results

Table 1 shows the lists of fruits and vegetables included in the study,
the percentage of contamination and those that exceeded the maximum
residue limit (MRL), the maximum legal level of concentration of pes-
ticides or feed additives that a country will accept on the surfaces of food
products (Joint FAO/WHO, 2023). Produce that had the highest per-
centage exceeding MRL include pepper (7.9 %) as well as apricot, fig and
pomegranates (3.1 %).

Out of 392 samples obtained, N = 129 were taken in winter and N =
263 were taken in summer. Detection rates of pesticide residues was
86.8 % and 85.9 % in winter and summer, respectively (Table 2). No
significant statistical differences in overall pesticide residues detection
rates were found according to season (p = 0.81). Cypermethrin was the
most commonly found pesticide residue in both winter and summer
samples with detection rates of 13.2 % and 14.1 % respectively (p =
0.33).

Thiamethoxam detection rates was significantly higher in winter
(7.8 %) than summer (3.0 %) (p = 0.04) as shown in Fig. 1. Nevertheless,
the concentration of thiamethoxam was higher in summer samples with
0.03 + 0.01 mg/kg versus 0.02 £+ 0.01 mg/kg in winter. However, no
statistically significant differences in concentration of thiamethoxam
was found between summer and winter samples (p = 0.50).
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Table 1
Percentage (%) of contamination, pesticides and > MRL found in analyzed fruits
and vegetables.

Produce Contamination Pesticides >MRL
Absent Present

Apple 0.6 14.9 23.8 0.6
Apricot 0 13.7 42.9 31
Arugula 1.1 2.8 12.8 0.6
Banana 1.9 3.1 11.9 0
Cabbage 1.1 0.6 2.6 0
Cantaloupe 1.1 0.6 2.6 0
Carrot 0.6 5.6 23.1 1.1
Cucumber 0.6 10.1 30.8 0
Eggplant 1.7 2.2 10.2 0.6
Fig 0 6.2 23.8 3.1
Grapes 0.6 2.5 4.8 0
Green Bean 0.7 1.7 2.6 0.6
Kiwi 0 3.1 9.5 1.2
Lemon 1.2 11.8 21.4 0
Lettuce 1.7 1.7 5.1 0
Mandarin 0.6 5.0 14.3 0
Okra 0.6 2.2 10.2 0.6
Onion 3.9 3.9 17.9 1.7
Orange 0 12.4 14.3 0
Peach 0 5.6 21.4 0
Pear 0 8.7 23.8 0.6
Pepper 1.7 22.5 64.1 7.9
Potato 1.7 2.8 12.8 0
Pomegranate 1.2 6.8 26.2 3.1
Squash 0 9.0 30.8 0.6
Strawberry 0 3.4 15.4 0
Tomato 2.2 11.8 33.3 0.6
Water Melon 0.6 0 0 0

Note: MRL (maximum residue limit).

Absent: free sample of pesticides contamination
Present: contaminated samples.

(0): not detected.

Furthermore, the number of pesticide residues only found in summer
samples include emamectin (N = 4), dinotefuran (N = 3), fenbuconazole
(N = 3), pyraclostrobin (N = 3), bifenthrin (N = 2), pendimethalin (N =
2), chlorfenapyr (N = 1), cyprodinil (N = 1), diazinon (N = 1), etho-
prophos (N = 1), etofenprox (N = 1), fenamiphos (N = 1), fenhexamid
(N = 1), fenpyroximate (N = 1), flutriafol (N = 1), methomyl (N = 1),
metribuzin (N = 1), penconazole (N = 1), propamocarb (N = 1), pro-
piconazole (N = 1), pyridaben (N = 1), pyriproxyfen (N = 1), spi-
rodiclofen (N = 1), tetramethrin (N = 1), and triadimenol (N = 1). In
contrast, clothianidin (N = 2), fenpropimorph (N = 1), phosmet (N = 1),
pirimicarb desmethyl (N = 1) and propargite (N = 1) were only detected
in winter samples.

Aggregate concentration of pesticide residues according to season
are shown in Table 3. The average aggregate concentration was 0.09 +
0.02 in winter versus 0.18 + 0.03 in summer. No statistical differences
was found as indicated by insignificant p-value reported in Fig. 2 (p =
0.38). Furthermore, none of the pesticide residues showed any signifi-
cant differences in concentration between winter and summer samples.
Aggregate concentration of pesticide residues found only in one season
are presented in supplementary Table S1 and no comparisons were done
since they were not present in both seasons.

4. Discussion

While the detection rates of pesticide residues in Saudi vegetative
crops are not influenced by season as demonstrated by the present
findings, certain compounds such as thiamethoxam were observed to
have a significantly higher detection rate in samples taken during the
summer than winter, although concentrations were comparable. The
present study also showed that irrespective of the season, detection rates
in SA vegetables and fruits were high (>85 %) with cypermethrin being
the most commonly detected. Finally, certain crops such as pepper,
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Table 2

Detection Rates of Pesticide Residues according to season.
POPs All Winter Summer P-values
N 392 129 263
Absent 54 (13.8) 17 (13.2) 37 (14.1) 0.81
Cypermethrin 32(8.2) 13 (10.1) 19 (7.2) 0.33
Pyrimethanil 22 (5.6) 5(3.9) 17 (6.5) 0.29
Indoxacarb 20 (5.1) 7 (5.4) 13 (4.9) 0.83
Imazalil 18 (4.6) 8(6.2) 10 (3.8) 0.29
Acetamiprid 17 (4.3) 7 (5.4) 10 (3.8) 0.48
Fludioxonil 17 (4.3) 431 13 (4.9) 0.4
Imidacloprid 15 (3.8) 3(2.3) 12 (4.6) 0.27
Chlorpyrifos 12 (3.1) 3(2.3) 9(3.49) 0.55
Thiabendazole 12 (3.1) 5(3.9 7 (2.7) 0.51
Azoxystrobin 10 (2.6) 4 (3.1) 6 (2.3) 0.63
Difenoconazole 10 (2.6) 3(2.3) 7 (2.7) 0.84
Boscalid 9(2.3) 3(2.3) 6 (2.3) 0.98
Deltamethrin 9(2.3) 2(1.6) 7 (2.7) 0.49
Metalaxyl 9(2.3) 2(1.6) 7 (2.7) 0.49
Tebuconazole 9(2.3) 3(2.3) 6(2.3) 0.98
Lambda-Cyhalothrin 8 (2.0) 2(1.6) 6 (2.3) 0.63
Abamectin 6 (1.5) 2(1.6) 4(1.5) 0.98
Bifenazate 6 (1.5) 1(0.8) 5(1.9) 0.39
Fluopyram 5(1.3) 1(0.8) 4 (1.5) 0.53
2-phenylphenol 5(1.3) 2(1.6) 3(1.1) 0.73
Bupirimate 4(1.0) 3(2.3) 1 (0.4) 0.11
Emamectin 4(1.0) 0 4(1.5) 0.32
Chlorantraniliprole 3(0.8) 2(1.6) 1(0.4) 0.25
Dinotefuran 3(0.8) 0(0.0) 3(1.1) 0.41
Fenbuconazole 3(0.8) 0(0.0) 3(1.1) 0.41
Fipronil 3(0.8) 2(1.6) 1(0.4) 0.25
Malathion 3(0.8) 1 (0.8) 2(0.8) 0.99
Myclobutanil 3(0.8) 2(1.6) 1(0.4) 0.25
Pyraclostrobin 3(0.8) 0 3(1.1) 0.41
Trifloxystrobin 3(0.8) 2(1.6) 1(0.4) 0.25
Bifenthrin 2(0.5) 0 2(0.8) 0.56
Carbendazim 2(0.5) 1(0.8) 1(0.4) 0.61
Clothianidin 2(0.5) 2(1.6) 0 0.13
Pendimethalin 2(0.5) 0 2(0.8) 0.56
Pirimicarb 2(0.5) 1(0.8) 1 (0.4) 0.61
Tetraconazole 2 (0.5) 1(0.8) 1(0.4) 0.61
Thiophanate-methyl 2 (0.5) 1(0.8) 1(0.4) 0.61
Chlorfenapyr 1(0.3) 0 1(0.4) 0.81
Cyprodinil 1(0.3) 0 1(0.4) 0.81
Diazinon 1(0.3) 0 1 (0.4) 0.81
Ethoprophos 1(0.3) 0 1(0.49) 0.81
Etofenprox 1(0.3) 0 1(0.4) 0.81
Fenamiphos 1(0.3) 0 1(0.4) 0.81
Fenhexamid 1(0.3) 0 1 (0.4) 0.81
fenpropimorph 1(0.3) 1 (0.8) 0 0.27
Fenpyroximate 1(0.3) 0 1(0.4) 0.81
Flutriafol 1(0.3) 0 1 (0.4) 0.81
Methomyl 1(0.3) 0 1(0.4) 0.81
Metribuzin 1(0.3) 0 1(0.4) 0.81
Penconazole 1(0.3) 0 1(0.4) 0.81
Phosmet 1(0.3) 1(0.8) 0 0.27
Pirimicarb desmethyl 1(0.3) 1 (0.8) 0 0.27
Propamocarb 1(0.3) 0 1(0.4) 0.81
Propargite 1(0.3) 1(0.8) 0 0.27
Propiconazole 1(0.3) 0 1(0.4) 0.81
Pyridaben 1(0.3) 0 1(0.4) 0.81
Pyriproxyfen 1(0.3) 0 1(0.4) 0.81
Spirodiclofen 1(0.3) 0 1(0.49) 0.81
Tetramethrin 1(0.3) 0 1(0.4) 0.81
Triadimenol 1(0.3) 0 1(0.4) 0.81

Note: Data presented as N (%).

apricot, fig and pomegranates have the highest amount samples that
exceeded MRL. Several studies done elsewhere have also compared
seasonal effects in the detection rates of pesticide residues in other
samples. In Ghana, higher pesticide residues were found in water and
sediment samples on rainy season than dry season, with permethrin and
profenofos in particular, having higher concentrations in sediment
samples during the dry season (Nyantakyi et al., 2022). In Poland,
pesticide concentrations were lowest during winter in surface and
ground water, and highest during spring season with 15 of the 25
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pesticide residues analyzed detected (Kruc-Fijatkowska et al., 2022).
Lastly, in Vietnam, where dry and wet seasons are also the norm, higher
concentrations of pesticide contamination were also found during wet
season, with cypermethrin, difenoconazole, and fenobucarb having the
highest frequencies in vegetables (Nguyen Dang Giang et al., 2022).

Thiamethoxam is a second-generation neonicotinoid compound, a
family of acetylcholine receptor inhibitors found in insecticides and is
widely used as a seed dressing (Coulon et al., 2019). Despite the sub-
stantial crop protection it provides, contemporary issues from recent
evidence suggest that thiamethoxam are harmful to beneficial insect
species such as caged honeybees, even at sub-lethal levels (Cakici et al.,
2023; Afza et al., 2023). The extent of potential risks in humans are less
well understood, but residues of neonicotenoids including thiame-
thoxam have been detected in high percentages in dairy products such as
cow’s milk (Wei et al., 2023a, 2023b). Thiamethoxam is also the most
frequently detected neonics in breast milk (Ying et al., 2023). The sea-
sonal variation in thiamethoxam levels may be attributed to the crops
itself, as the highest detection rates of pesticide residues (with the
exception of pomegranate) were found in summer crops (pepper, fig and
apricot). It is worthy to note that thiamethoxam is not the only neon-
icotinoid detected in the present study, the other 2 being acetamiprid
and imidacloprid, both of which are considered as first-generation
neonicotinoids (Selvam and Srinivasan, 2019). Thiamethoxam has an
acceptable daily intake (ADI) of 0.02 mg/kg bodyweight/day (ADI,
2023).

Another compound of interest in the present study is cypermethrin,
the most common pesticide residue detected in the vegetables and fruits
analyzed. It has been previously documented as one of the most
frequently detected pesticides among fresh fruits imported in the United
Arab Emirates (Osaili et al., 2022). Cypermethrin is the most widely
used pyrethroid as pest control (Ayad et al., 2011). Pyrethroids have
relatively low toxicity and persistence as than other insecticides, but it
remains highly lipophilic and therefore can penetrate the blood-brain
barrier easily which can immediately affect the central nervous system
(Hao et al., 2023). In South Brazil, cypermethrin and permethrin
accounted for 95 % of the sum pyrethroids assessed in ambient air but
showed no clear seasonal trend, making exposure not limited to oral but
inhalational as well (Guida et al., 2021). However, emerging evidence
suggests that cypermethrin toxicity can be mitigated by antioxidants
such as glutathione (He et al., 2023), ascorbic acid and tea polyphenols
(Xie et al., 2023), serving as promising antidotes to cypermethrin
exposure. A study conducted in SA demonstrated that overuse of
cypermethrin as insecticide has led to cypermethrin resistance in some
pests, the common housefly (Musca domestica) in particular (Hafez and
Abbas, 2023). It is worthy to note that in the present study, cyper-
methrin (including Z-cypermethrin and Alfa-cypermethrin) is classified
as a restricted pesticide in KSA as determined by the Saudi Food and
Drug Administration (SFDA), and its dangerous use is only authorized to
certified individuals (SFDA, https://www.sfda.gov.sa/). Cypermethrin
has a tolerable daily intake of 0.01 mg/kg/day (US EPA, 2023).

In the present study, some samples from several crops including
pepper, apricot, figs and pomegranates exceeded MRL levels, suggesting
that these vegetables and fruits should be monitored more closely for
risk assessment. A smaller study conducted in 2019 found that some
leafy vegetables purchased from Alkharj (part of central SA) also had
levels of pesticides exceeding MRLs, particularly spinach, corchorus and
parsley (Faraj, 2019). Residues of pesticides in fruits and vegetables vary
widely across countries and cannot be compared mostly because the
demand for crops are different as well as the geographic-appropriateness
for certain crop varieties (Shen et al., 2013; Arshad et al., 2022). It is
important to mention that MRLs are intended primarily to determine
whether Good Agricultural Practice (GAP) is being implemented and to
guide international trade in agricultural products treated with pesti-
cides. MRLs are primarily assessed based on the protocols of GAP for
standardization. This implies that MRLs are not necessarily safety limits,
and consumption of vegetables and fruits with residues in excess of
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Fig. 1. Prevalence of Thiamethoxam according to Season.

Table 3
Concentration of POPs according to Season.

POPs (mg/kg) Winter Summer P-value
2-phenylphenol 0.01 + 0.00 0.01 + 0.00 0.36
Abamectin 0.01 +0.01 0.02 + 0.00 0.34
Acetamiprid 0.33 + 0.24 0.40 £+ 0.23 0.20
Azoxystrobin 0.01 + 0.00 0.03 £+ 0.02 0.75
Bifenazate 0.02 0.08 + 0.06 0.77
Boscalid 0.03 + 0.02 0.08 + 0.04 0.61
Bupirimate 0.02 + 0.02 0.02 0.64
Carbendazim 0.01 0.02 0.32
Chlorantraniliprole 0.04 + 0.03 0.04 1.0
Chlorpyrifos 0.46 + 0.45 0.07 + 0.03 0.40
Cypermethrin 0.02 +0.01 0.30 £ 0.16 0.48
Deltamethrin 0.02 + 0.01 0.07 + 0.03 0.24
Difenoconazole 0.01 + 0.00 0.06 + 0.05 1.0
Fipronil 0.43 £ 0.41 0.02 1.0
Fludioxonil 0.11 + 0.08 0.40 + 0.15 0.23
Fluopyram 0.02 0.21 + 0.06 0.16
Imazalil 0.15 + 0.06 0.13 + 0.06 0.56
Imidacloprid 0.02 + 0.01 0.08 + 0.03 0.88
Indoxacarb 0.04 + 0.02 0.79 + 0.31 0.06
Lambda-Cyhalothrin 0.05 + 0.04 0.03 + 0.01 0.74
Malathion 0.41 0.01 + 0.00 0.22
Metalaxyl 0.03 + 0.02 0.01 + 0.00 0.24
Myeclobutanil 0.03 + 0.02 0.04 1.0
Pirimicarb 0.02 0.02 0.32
Pyrimethanil 0.47 + 0.40 0.46 + 0.26 0.22
Tebuconazole 0.03 + 0.02 0.02 + 0.01 0.90
Tetraconazole 0.01 0.01 0.32
Thiabendazole 0.02 +0.01 0.03 + 0.01 0.87
Thiamethoxam 0.02 + 0.01 0.03 + 0.01 0.50
Thiophanate-methyl 0.02 0.01 0.32
Trifloxystrobin 0.01 + 0.00 0.00 0.48

Note Data presented as Mean + SE; P-values are obtained from Mann-Whitney
U-Test; p-value < 0.05 considered significant.

MRLs does not automatically indicate a threat to health.

The authors acknowledge some limitations. The study was limited to
the determination of pesticide residue detection rates in fruits and
vegetables during summer and winter seasons only, and in both in-
stances health risk assessment was not included. As such, health risk due
to consumption cannot be ascertained. Nevertheless, the omnipresence
of pesticide residues is not limited to agricultural products, and other
food sources such as aquatic meat, poultry and dairy products should

also be assessed in future investigations. The present study’s strengths
include the documentation of an extensive list of pesticide residues that
were previously not investigated in KSA, filling the needed gap that will
help policy makers in satisfying its requirements in the Stockholm
convention and its responsibilities in the food safety of the Saudi com-
munity. An added strength of the study is the robustness of the methods
used to determine pesticide residues that were confirmed externally by
collaborating laboratories outside SA.

5. Conclusion

In conclusion, detection rates of pesticide residues in various local
produce were analyzed and compared according to season using the
QuEChERS technique for extraction and LC-MS/MS with GC-MS/MS for
determination. There is a high detection rate of pesticide residues in SA
independent of season, with cypermethrin being the most common
pesticide residues detected. Thiamethoxam levels are more concentrated
in summer crops, but are more frequently detected in winter. The study
should be extended to include other potential sources of pesticide resi-
dues such as fishes grown in aqua farms, other poultry products and
ambient air. These additional sources of will be able to provide a bigger
picture of the extent of pesticide residue contamination in Saudi set-
tings. In the meantime, closer monitoring of local agricultural products
as well as its practices are needed to ultimately lessen the health risks
linked to pesticide residue exposure.
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