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A B S T R A C T

Aim: This study evaluated the pesticide residues in some fruits collected from different markets in Saudi Arabia 
(SA) and determined potential health risks associated with them.
Methods: Concentrations of pesticide residues in 12 types of fruits from local markets in SA from 2020 to 2022 
were collected and evaluated. Multiple residue extraction method QuEChERS followed by LC-MS/MS and 
GC–MS/MS, were used to analyze 161 samples.
Results: Only 10 out of 161 samples (6.2 %) were free of pesticides. A total of 132 (87.4 %) pesticide residues 
were below MRLs, with 19 (12 %) of samples exceeding MRLs. Detected pesticide residues belonged to different 
chemical classes of pesticides including organophosphates, pyrethroids, organochlorines, neonicotinoids and 
fungicides. Risk assessment of human exposure to pesticides via the intake of the fruit types was performed. 
Hazard index (HI) for most fruit types were found to be less than 1. Oranges, grapes and pomegranates were the 
most consumed fruit types (31.6 g/day,15.8 g/day,10.8 g/day) and were contaminated with pesticide residues. 
Fluopyram, imazalil, chlorpyrifos, finamiphos and indoxacarb had HIs (1.32, 2.76,3.6,3.6,1.5) showed high risk 
index suggesting risk for systemic toxicity in consumers dependent on the amount of consumption.
Conclusion: In summary, high detection rate of pesticide residues was found in different fruits sold in local 
markets in SA. Regular biomonitoring programs for food crops in SA markets should be enforced, particularly in 
identified crops with His >1 to increase food safety within the SA community.

1. Introduction

Fruits are one of the supplementary sources of carbohydrates, lipids, 
vitamins, minerals, antioxidants and other important nutrients. The 
consumption of these commodities with vegetables is almost 160 kg/per 
capita/year (OECD/EU 2010). High intake of fruits has been encouraged 
to prevent micronutrient deficiencies and reduce the incidence of major 
diseases such as cancer cardiovascular diseases and obesity (Qin, Chen 
et al. 2021). However, fresh fruit consumption can also be potential 
sources of harmful and toxic substances accumulated from its cultiva-
tion. Thus, food safety has become a major public concern worldwide 
(Radwan and Salama 2006).

Pesticides are defined as substances or mixtures of substances that 

are widely recognized to play an important role in agriculture, plant 
crops against pests, weeds, and disease (US-EPA 2018). Certainly, its use 
has increased the quantity and quality of crop yields as well as reduced 
harvest losses. More than a thousand pesticides are in active use glob-
ally, mostly manufactured to selectively destroy specific pests. They are 
generally classified as insecticides, herbicides, fungicides and rodenti-
cides, to name a few (Turinek, Grobelnik-Mlakar et al. 2009, Selim, El- 
Saeid et al. 2011, Sarkar, Gil et al. 2021). Currently, the use of pesticides 
has increased as they are less labor intensive than other pest control 
strategies, aside from the increased demand for food supply (Farha, Abd 
El-Aty et al. 2018). All pesticides are inherently toxic, and hence, are 
potentially hazardous to humans and animals through exposure or di-
etary intake. These issues led to widespread concern over the potential 
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adverse effects of these pesticides on human health when exposed 
through different routes, including skin contact, ingestion, or inhalation 
(Tudi, Li et al. 2022). Pesticide exposure through ingestion was found 
more harmful than skin contact (Juraske, Mutel et al. 2009), putting raw 
intake of fruits and vegetables from unknown sources potentially 
damaging (Kumari, Kumar et al. 2001). Pesticide contact even at low 
doses can cause acute detrimental side effects with symptoms such as 
headaches, rashes, dizziness, nausea, and long-term consequences, 
including malignancy, multi-system toxicity, birth and fertility issues, 
and disruption of the metabolic system (Alavanja, Ross et al. 2013). 
Globally, 385 million cases recorded in 2020 were attributed to inad-
vertent acute pesticide poisoning, 11,000 of which were fatal (Boedeker, 
Watts et al. 2020). Agricultural workers and pesticide applicators are 
more prone to pesticide exposure (Willenbockel, Prinz et al. 2022). 
Many countries have passed laws to limit pesticide residues exposure via 
the establishment of the maximum residue limits (MRLs) (Ramadan, 
Abdel-Hamid et al. 2020).

Pesticide exposure has increased rapidly in Saudi Arabia (SA) as the 
development of agriculture increased (Saggu, Rehman et al. 2016). 
Recently, many researches were carried out in several Saudi agriculture 
regions for pesticide analysis and reported the persistence of residual 
pesticides in different commodities (Osman, Al-Humaid et al. 2010, 
Selim, El-Saeid et al. 2011). Al-Wabel and others used simple micro- 
wave-assisted extraction (MAE) technique in monitored a residue of 
different chemical groups of pesticides in soil samples collected from 15 
regions in SA (Al-Wabel, El-Saeid et al. 2011). In a study conducted in 
the Al-Qassim region, pesticide residues were examined in 160 vege-
table samples. The results indicated that the most often discovered 
pesticide residues (carbaryl, biphenyl, and carbofuran) had MRL values 
that were surpassed mostly in cabbage, squash, green pepper, and car-
rots. (Osman, Al-Humaid et al. 2011). In this work, we used a developed, 
validated, sensitive and expeditious multiresidue “QuEChERS” method 
to evaluate residues of 412 pesticides residues including different 
chemical groups of pesticides which used in controlling the agricultural 
pests in various eleven vegetable and fruit types of the Saudi markets. It 
is worthy to note that several other techniques for agriculture products 
are available for assessing quality and safety including quantifying 
pesticide residues such as the matrix solid phase dispersion (MSPD) 
technique (Mujahid, Latif et al. 2022), near infrared (NIR) spectroscopy 
for quality inspection (Wang, Wang et al. 2023, Zhang, Wang et al. 
2024), in situ optical sensing system for monitoring (Wang, Zhang et al. 
2023) to name a few, most of which have arguably not been documented 
in SA.

There is limited data available on the levels of pesticide residues in 
fruits sold in local markets of SA. Therefore, this study’s goal was to 
evaluate contamination by pesticides residues in fruits collected from 
different local markets during 2020 to 2022 to provide useful contam-
ination data for relevant decision makers in SA to be used as a reference 
for the future monitoring.

2. Materials and methods

2.1. Fruits food sample preparation

A total of 12 fruits consisting of apples, apricots, bananas, figs, 
grapes, kiwis, lemons, mandarins, oranges, peaches, pears and pome-
granates were purchased in random local markets in Riyadh, SA. Sam-
ples were prepared according to the modified QuEChERS technique 
(Quick, Easy, Cheap, Effective, Rugged, and Safe) (Abd-Alrahman 2013, 
González-Curbelo, Varela-Martínez et al. 2022). In brief, a 1 kg worth of 
samples were diced and homogenized for 5 min at high speed using a 
laboratory homogenizer. Homogenized samples (15 g) were placed in 
50 mL polyethylene tube, with 15 mL of acetonitrile 1 % acetic acid 
added per tube. The samples were vortexed at maximum speed. Around 
4 g of anhydrous magnesium sulfate with 1 g of sodium chloride was 
mixed, vortexed again for 5 min and centrifuged for 10 min at 5,000 

rpm. An aliquot of 4 mL from the supernatant was transferred to a new 
15 mL centrifuge tube containing 100 mg PSA and 500 mg anhydrous 
magnesium sulfate. The samples were again vortexed for 1 full minute 
and centrifuged for 6,000 rpm for 5 mins. 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, SA.

2.2. LC-MS/MS analysis

Liquid chromatograph Agilent Infinity 1290 was used for separation 
coupled to an API 6500 Qtrap tandem mass spectrometer from AB Sciex 
with electrospray ionisation (ESI) interface. Separation was performed 
on a C18 column ZORBAX Eclipse XDB-C18 4.6 × 150 mm, 5 μm particle 
size (Agilent, USA). The mobile phase was as follows: Solvent A: 10 mM 
ammonium format solution at pH 4 ± 0.1 in methanol–water (1:9); 
Solvent B: methanol. The linear gradient programme was: start at 100 % 
A; 0–13 min from 100 % to 5 % A; 13–21 min, 5 % A; 21–28 min, from 5 
% to 100 % A; 28–32 min 100 % A at a flow rate of 0.3 ml/min, the 
injection volume was 5 μl, column temperature was 40℃. The nitrogen 
nebulizer, curtain, and other gas characteristics were optimized in 
accordance with manufacturer instructions, and the source was set to 
the positive mode. Every analyte had the same source temperature of 
400 ◦C and ion spray potential of 5500 V. By directly introducing indi-
vidual pesticide solution injections into the MS detector, the cluster 
potential and collision energy were calibrated. Quantitation and 
confirmation were performed using the multiple reaction monitoring 
mode.

2.3. GC–MS/MS analysis

Pesticide analysis was performed using Agilent 7890A gas chro-
matograph coupled with 7000B triple quadrupole mass spectrometer 
(Agilent Technologies, USA) using Mass Hunter software. The mass 
ionization was carried out using electron ionization mode at + 70 eV, 
with a sample injection volume of 1 µL. The temperatures of the transfer 
line and ion source are 280 ◦C and 300 ◦C, respectively. The analysis was 
carried out with a solvent delay of 2 min with applying multiple reaction 
monitoring (MRM) for the studied pesticides. Most MRM parameters for 
the studied pesticides were obtained from previous studies (Shendy, Al- 
Ghobashy et al. 2016), exchanging between the selected quantifiers and 
qualifiers for many pesticides. In addition, few pesticides such as 
biphenyl, penconazole, and ethion have been optimized to get more 
sensitive and selective MRMs. Chromatographic separations carried out 
using HP-5 ms Ultra Inert column (30 m × 0.25 mm, 0.25 μm) were 
obtained from Agilent Technologies (USA). A pure Helium gas 
(>99.999 %) was used as carrier gas with a constant flow rate of 1.83 
mL/m. The optimized oven temperature program and back flushing 
were used to shorten the analysis time with reducing the times of system 
maintenance. Backflush parameters were installed as follow; holding for 
3 m; inlet pressure of 1 psi; three-way splitter pressure of 40 psi; at 
temperature of 280 ◦C.

2.4. Method validation

The analytical procedure was carried out in compliance with the 
SANTE/12682/2019 guidelines (SANTE 2021) (Abd-Alrahman 2016). 
The correlation coefficient (R2) for the peak regions against the con-
centrations were in the range of 0.1 to 500 μg/L and was used to assess 
the linearity of the calibration curve; R2 should be greater than 0.99. 
The response factor’s (RF, %) maximum percentage difference need to 
be less than 20 %. The standard solutions were injected at random in 
triplicates. The sensitivity was assessed by determining the limit of 
detection (LOD). The method’s lowest fortification level that yields a 
recovery percentage of 80–120 and a relative standard deviation (RSD) 
of less than 20 % was determined to be the method’s limit of 
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quantitation (LOQ). (Li, Liu et al. 2017). The accuracy was assessed at 
three fortification levels (10, 50, and 100 μg/kg) based on the % re-
covery. The LOQ level was used to measure 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).

2.5. Estimated daily intake

The type of food product and its pesticide content determine how 
much pesticides are consumed on a daily basis. In addition, a person’s 
body weight may have an impact on their pesticide tolerance. The 
following formula was used to determine the estimated daily intake 
(EDI) of pesticide residues in food samples for each combination: 

EDI = C × CR/BW (1) 

where BW is body weight (kg), which was fixed at 60 kg, and CR is the 
average daily consumption rate of each meal (g d-1); C is the mean 
concentration of the pesticide (mg kg-1) discovered in a certain com-
modity (Organization) 2010).

2.6. Evaluation of health risk assessment

Hazard quotient (HQ) and hazard index (HI) ratios were calculated 
to estimate the long-term risk assessment in vegetable samples. The 
customer was deemed to be sufficiently protected if the ratio was found 
to be less than unity (1). Eq. (2) was used to calculate the HQ by dividing 
the EDI by the appropriate acceptable daily intake.: 

HQ = EDI/ADI × 100 % (2) 

where acceptable daily intake (ADI) is defined. The hazard quotients 
(HQs) for each pesticide (p) in the specific commodity were added up to 
determine the HI for a given diet (Eq. (3)). 

HI =
∑

HQ (3) 

If HI was greater than 1, pesticide exposure may provide a health 
risk. It has been demonstrated that this assessment technique provides 
information about the commodities that raise health risks (EFSA 2007).

2.7. Data analysis

SPSS version 21.0 was used to analyze the data (Chicago, IL, USA). 
The parameters used to express residue concentrations were mean and 
standard error (SE). The presentation of detection rates included fre-
quencies and percentages (%). The concentration variations according 
to food type and region were assessed using the Mann-Whitney U test 
and the Kruskal-Wallis test, respectively. The significant differences in 

the detection rates by food type and region were found using chi-square 
tests of independence. A significance level of p < 0.05 was applied.

3. Results

Based on analytical studies of pesticides residues for 161 samples of 
different types of fruits (Table 1 & Fig. 1), pesticides residues were not 
detected in only 10 (6.2 %) analyzed samples. The rest of the 151 (93.8 
%) samples were overwhelmingly contaminated. In most of the analyzed 
samples, 132 (87.4 %) pesticide residues were below the MRLs. whereas, 
19 samples (11.8 %) contain pesticide residues above safety limits. 
Pesticide residue levels were compared to EU-MRLs (Osman, Al-Humaid 
et al. 2011).

Results in Table 2 revealed that the 44 compounds detected in 151 
contaminated samples belonged to different pesticides groups (organo-
phosphates, pyrethroids, organochlorines, neonicotinoid, fungicides 
etc.). Using the WHO (2019) classification, 23 pesticides were moder-
ately hazardous (class-II), 10 pesticides belonged to class III (slightly 
hazardous), 8 compounds were in class U (unlikely to pose an acute 
hazard with normal use), while 3 highly toxic compounds (class Ib and 
Ia) were detected. 40.91 % of the detected pesticides were fungicides. 
Likewise, 40.91 % were insecticides. Acaricide and nematicides repre-
sent 9.09 % and 6.82 % respectively, while 2.72 % belonged to herbi-
cides (Fig. 2).

Table 3 and Fig. 3 showed the frequency and concentration of 
pesticide residues in the analyzed samples. The fruits contaminated with 
44 types of pesticides are shown below with different percentages:

3.1. Apple (Malus pumila)

96 % of apple samples were contaminated with highly toxic pesti-
cides (class II), about 12.5 % of samples contaminated with moderately 
toxic pesticides (Class III). Others were contaminated with compounds 
that unlikely to pose an acute hazard with normal use. Fortunately, only 
4 % of contaminated samples exceeded the MRL established by EU [1].

3.2. Apricot (Prunus armeniaca)

All apricot samples were contaminated with 18 compounds and 
about 66.7 % (12) of these compounds were highly toxic pesticides 
(class II) like Acetamiprid, chlorpyrifos, deltamethrin lambda- 
cyhalothrin represent different chemical groups. Two pesticides were 
moderately toxic (class II) and the other two compounds were unlikely 
to pose an acute hazard with normal use. Residue levels of each of 
chlorpyrefos, deltamethrin, imazalil, imidacloprid and triadimenol 
exceeded in 22.7 % of samples.

Table 1 
The number of analyzed fruits samples, free, contaminated and pesticides found.

Commodity N Free Contaminated Pesticides found N samples > MRL

No. % No. % No. % No. %

Apple 25 1 0.62 24 14.91 10 23.81 1 0.62
Apricot 22 0 0 22 13.66 18 42.86 5 3.11
Banana 8 3 1.86 5 3.11 5 11.90 0 0
Fig 10 0 0 10 6.21 10 23.81 5 3.11
Grape 5 1 0.62 4 2.48 2 4.76 0 0
Kiwi 5 0 0 5 3.11 4 9.52 2 1.24
Lemon 21 2 1.24 19 11.80 9 21.43 0 0
Mandarin 9 1 0.62 8 4.97 6 14.29 0 0
Orange 20 0 0 20 12.42 6 14.29 0 0
Peach 9 0 0 9 5.59 9 21.43 0 0
Pear 14 0 0 14 8.70 10 23.81 1 0.62
Pomegranate 13 2 1.24 11 6.83 11 26.19 5 3.11
Total 161 10 6.21 151 93.79 100 100.00 19 11.80

Note: Data presented as N(%).
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Fig. 1. Percentage of fruits according to contamination and MRL status.

Table 2 
Pesticides detected in fruits collected.

Pesticide N % Uses WHO classification* Chemical Group

2-phenylphenol 5 3.11 F III hydroxybiphenyls
Abamectin 1 0.62 A II avermectin
Acetamiprid 6 3.73 I II neonicotinoid
Azoxystrobin 4 2.48 F U aryloxypyrimidine
Bifenazate 2 1.24 A U carboxylic ester
Bifenthrin 1 0.62 I II pyrethroid
Boscalid 5 3.11 F U pyridinecarboxamide
Bupirimate 4 2.48 F III aminopyrimidines
Chlorantraniliprole 1 0.62 I U anthranilic diamides
Chlorpyrifos 7 4.35 I II organophosphate
Cypermethrin 7 4.35 I II pyrethroid
Deltamethrin 4 2.48 I II pyrethroid
Diazinon 1 0.62 I II organophosphate
Difenoconazole 4 2.48 F II triazole
Emamectin benzoate 1 0.62 I II avermectin
Ethoprophos 1 0.62 N Ia organophosphate
Fenamiphos 1 0.62 N Ib organophosphate
Fenbuconazole 2 1.24 F II triazole
fenpropimorph 1 0.62 I III a morpholine-derived
Fenpyroximate 1 0.62 A II benzoate
Fludioxonil 14 8.70 F U benzodioxoles
Fluopyram 2 1.24 N III benzamides
Imazalil 17 10.56 F II imidazole
Imidacloprid 3 1.86 I II neonicotinoid
Indoxacarb 1 0.62 I II oxadiazine
Lambda-Cyhalothrin 4 2.48 I II pyrethroid
Malathion 1 0.62 I III organophosphate
Methomyl 1 0.62 I Ib carbamate
Myclobutanil 2 1.24 F II triazole
Pendimethalin 1 0.62 H III dinitroaniline
Phosmet 1 0.62 I II phthalimide-derived
Pirimicarb 3 1.86 F II aminopyrimidine
Pyraclostrobin 1 0.62 F III a carbamate ester
Pyridaben 1 0.62 I II pyridazinone
Pyrimethanil 16 9.94 I III aminopyrimidines
Pyriproxyfen 1 0.62 A U pyridine
Spirodiclofen 1 0.62 F III organochlorine
Tebuconazole 1 0.62 F II triazole
Tetraconazole 3 1.86 F II triazole
Thiabendazole 12 7.45 F II triazole
Thiamethoxam 4 2.48 I III neonicotinoid
Thiophanate-methyl 1 0.62 F U thioureas
Triadimenol 1 0.62 F II triazole
Trifloxystrobin 1 0.62 F U triazole

LOQ limit of quantification; *WHO (2019) classification: Ib highly hazardous, II moderately hazardous, III slightly hazardous, U unlikely to pose as an acute hazard 
with normal use.
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3.3. Banana (Musa paradisiaca Linn)

5 Out of 8 (62 %) banana samples were contaminated with 5 
different types of pesticides, 3 of which were thiabendazol, triadmenol 
and myclobutanil, considered highly toxic (class-II). While thiame-
thaoxam and fenpropimorph were moderately toxic compounds (class- 
III). All residue levels did not exceed the MRLs

3.4. Fig (Ficus Carica)

All collected fig samples were contaminated with 10 different types 
of pesticides, 8 of which was highly toxic (Class-II) while the other 2 
were unlikely to pose an acute hazard with normal intake. Bifenthrin, 
fenpyroximate, fludioxonil, imidacloprid and pyridaben exceed the 
MRLs in 50 % of samples.

3.5. Grapes (Vitis vinifera)

Four out of 5 (80 %) grapes samples were contaminated with only 
two types of pesticides; 2 samples were contaminated with boscalid 
which is unlikely to pose an acute hazard. However, the other 2 samples 
were contaminated with fluopyram (class-III). Both pesticides residue 
levels did not exceed the MRLs [1].

3.6. Kiwi (Actinidia deliciosa)

Four types of pesticides were detected in the kiwi collected samples, 
two of which were pyrimethanil (class-III), while each of cypermethrin 
(class-II) thiabendazole (class II) and thiamethoxam (class-III) were 
present in the other 3 samples. The last two pesticides exceed the MRLs 
[1].

3.7. Lemon (Citrus limon)

90.5 % of collected lemon samples were contaminated with 9 types 
of pesticides, four of which were highly toxic (class II), three were 
moderately toxic (class III), one lemon sample had an extremely toxic 
methomyl residue (class Ib). Pyreiproxyfen pesticide was detected in one 
lemon sample. The recorded results showed that all detected pesticides 
limits were less than the MRLs [1].

3.8. Mandarin (Citrus reticulate)

As regards to mandarin, 88.9 % of samples had varying degrees of 
pesticide residues; imazalil, cypermethrin and thiabendazole were 
highly toxic compounds (class II). 2phenylphenol and pyrimethanil 
were moderately toxic (class-III) in addition to fludioxonil were unlikely 
to pose an acute hazard with normal use. The residues limit of all 

pesticide was less than MRLs.

3.9. Orange (Citrus)

All collected samples contained detectable residues of 6 different 
pesticides related to different chemical groups with limits below the 
MRLs. Four types of pesticides were highly toxic (class II) and two other 
pesticides were moderately toxic (class III).

3.10. Peach (Prunus persica)

All peach samples were contaminated with different pesticides. 6 
samples contained highly toxic (class II) compounds and one sample 
contained moderately toxic compound (class III). The remaining 2 
samples were unlikely to pose an acute hazard with normal use. The 
limits of the detected pesticide residues limit below the MRLs.

3.11. Pear (genus Pyrus)

All pear samples were contaminated with 10 types of pesticides. Six 
samples contained six highly toxic (class-II) compounds. Residue limit of 
chlorpyrifos (class-II) exceeds MRLs. Pyrimethanil and pyraclostrobin 
(class-III) residues were detected in 3 samples. Moreover, 3 samples 
contained boscalid and fludioxonil compounds that were unlikely to 
pose an acute hazard with normal use.

3.12. Pomegrenate (Punica granatum)

Eleven out of 13 pomegranate samples (84.62 %) contained pesti-
cides residues. Seven samples contained highly toxic compounds (class- 
II), 3 of which (abamectin, chlorpyrifos and indoxacarb) exceeded 
MRLs. Extremely toxic compounds (ethoprophos and finamiphos) class 
Ia & Ib were detected in 2 samples with limits exceeding MRLs. The 
other 2 samples contained pendimethalin (class-III) and fludioxonil 
which were unlikely to pose an acute hazard.

Descriptive data in Table 4 revealed that pesticide residues detected 
in each fruit sample had an EDI less than ADI and consequently HI less 
than 1 which meant there were no hazard risk. However, fluopyram 
pesticide detected in 50 % of collected grapes samples had HIs above 1 
(1.324), an indicator for hazard risk on human health especially with the 
increase the consumption of grapes (15.8 g/day) as demonstrated in 
Table 4. Furthermore, Imazalil was the most frequently detected pesti-
cide in orange samples present in 40 % (8 samples) the health HIs were 
2.76 > 1 thus human health was vulnerable to hazards risk due to in-
crease consumption (31.5 g/day). The health HI of highly toxic pesticide 
malathion residue (class II) was detected in one sample of peach. 
Chlorpyrifos, finamiphos and indoxacarb were detected in three pome-
granate samples with health hazard indices were >1 (10.5 g/day). 
Lastly, to assess the risk of exposure of human health to the pesticide 
residues, the individual components of dietary intakes were presented in 
supplementary Table 1 for each type of collected fruits according to 13 
GEMS/Food Consumption Cluster Diets based on FAO Food Balance 
Sheet data from 183 countries.

4. Discussion

In this study, 161 samples of 12 different types of locally purchased 
fruits in SA were analyzed for pesticide residues and concomitant health 
risk. Pesticide residues were found in 151 (94 %) samples. While most 
analyzed samples (87.4 %) had pesticide residues below MRLs, around 
12 % contained pesticide residues above safety limits. Our study 
revealed that 44 pesticides belonged to different chemical groups were 
detected in 151 contaminated fruit samples. 40.91 % of the detected 
pesticides belong to fungicides pesticides. 40.91 % belong to in-
secticides. 2.72 % belong to herbicides. However, acaricide and nema-
ticides represented 9.09 % and 6.82 % respectively. The findings 

Fig. 2. Classification of the detected pesticide residues and their percentage.
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Table 3 
The number of analyzed fruits samples, free, contaminated and violated samples.

Fruit (N) Free Contaminated a.i Freq. Min.-Max.(mg/kg) Mean (mg/kg) EU(MRL) N samples > EU MRL

Apple 
(25)

1 24 Acetamiprid 3 (0.018–0.057) 0.037 0.4 1
Boscalid 1 (0.081) 0.081 2 0
Bupirimate 4 (0.003–0.05) 0.019 0.3 0
Fludioxonil 5 (0.005–0.458) 0.204 5 0
Phosmet 1 (0.014) 0.014 0.5 0
Pirimicarb 3 (0.018–0.268) 0.102 0.5 0
Pyrimethanil 3 (0.019–4) 1.623 15 0
Tetraconazole 2 (0.01–0.013) 0.011 0.3 0
Thiabendazole 1 0.011 0.011 4 0
Trifloxystrobin 1 0.004 0.004 0.7 0

Total (%) (4 %) (96 %) 10 1 (4 %)
Apricot 

(22)
0 22 Acetamiprid 1 0.015 0.015 0.8 0

Azoxystrobin 2 (0.003–0.146) 0.0745 2 0
Bifenazate 1 0.013 0.013 2 0
Boscalid 1 0.047 0.047 5 0
Chlorpyrifos 2 (0.002–0.02) 0.011 0.01 1
Deltamethrin 1 0.017 0.017 0.015 1
Difenoconazole 1 0.048 0.048 0.7 0
Fenbuconazole 1 0.071 0.071 0.6 0
Fludioxonil 1 0.965 0.965 5 0
Imazalil 1 0.027 0.027 0.01 1
Imidacloprid 1 0.239 0.239 0.01 1
Lambda-Cyhalothrin 2 (0.007–0.033) 0.02 0.15 0
Myclobutanil 1 0.037 0.037 3 0
Pyrimethanil 2 (0.005–0.244) 0.125 10 0
Spirodiclofen 1 0.147 0.147 2 0
Tebuconazole 1 0.005 0.005 0.6 0
Thiabendazole 1 0.006 0.006 0.01 0
Triadimenol 1 0.042 0.042 0.01 1

Total 0 (100 %) 18 5(22.72 %)
Banana 

(8)
3 5 Chlorpyrifos 1 0.003 0.003 0.01 0

Fenpropimorph 1 0.002 0.002 0.6 0
Myclobutanil 1 0.006 0.006 3 0
Thiabendazole 1 0.004 0.004 6 0
Thiamethoxam 1 0.011 0.011 0.02 0

Total (37.5 %) (62.5 %) 5 0
Fig 

(10)
0 10 Azoxystrobin 1 0.006 0.006 0.01 0

Bifenthrin 1 0.168 0.168 0.01 1
Cypermethrin 1 0.022 0.022 0.05 0
Difenoconazole 1 0.006 0.006 0.1 0
Deltamethrin 1 0.009 0.009 0.01 0
Fenpyroximate 1 0.028 0.028 0.01 1
Fludioxonil 1 0.019 0.019 0.01 1
Imidacloprid 1 0.035 0.035 0.01 1
Pyridaben 1 0.029 0.029 0.01 1
Thiophanate-methyl 1 0.012 0.012 0.1 0

Total 0 % (100 %) 10 5 (50 %)
Grape 

(5)
1 4 Boscalid 2 (0.009–0.012) 0.01 5 0

Fluopyram 2 (0.267–0.352) 0.331 2 0
Total 20 % 80 % 2 0
Kiwi(5) 0 5 Cypermethrin 1 0.011 0.011 0.05 0

Pyrimethanil 2 (0.006–0.007) 0.006 0.01 0
Thiabendazole 1 0.015 0.015 0.01 1
Thiamethoxam 1 0.094 0.094 0.01 1

Total 0 % 100 % 4 2 (40 %)
Lemon 

(21)
2 19 2-phenylphenol 2 (0.006–0.014) 0.01 10 0

Cypermethrin 1 0.005 0.005 2 0
Imazalil 6 (0.04–0.542) 0.140 5 0
Imidacloprid 1 0.083 0.083 0.9 0
Methomyl 1 0.005 0.005 0.01 0
Pyrimethanil 2 (0.057–0.078) 0.082 8 0
Pyriproxyfen 1 0.006 0.006 0.6 0
Thiabendazole 3 (0.014–0.05) 0.04 7 0
Thiamethoxam 2 (0.007–0.009) 0.008 0.15 0

Total 9.52 % 90.48 % 9 0 %
Mandarin (9) 1 8 2-phenylphenol 1 0.006 0.006 10 0

Cypermethrin 1 0.002 0.002 2 0
Fludioxonil 2 (0.004–0.011) 0.007 10 0
Imazalil 2 (0.009–0.034) 0.021 5 0
Pyrimethanil 1 0.008 0.008 8 0
Thiabendazole 1 0.048 0.048 7 0

Total 11.11 % 88.89 % 6 0 %

(continued on next page)
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indicated that eight chemicals were in class U, ten pesticides were in 
class III (slightly hazardous), twenty-three pesticides were classified as 
moderately harmful (class II), and three very toxic compounds (class Ib 
and Ia) were also found. The use of different types of pesticides to 

protect fruits against pests may accumulate multiple residues in samples 
(Łozowicka, Kaczyński et al. 2012). Several pesticide residues were 
found in 1,146 samples of fruits and vegetables in Incheon, Korea 
belonged to different types of pesticides [15 fungicides (46.9 %), 14 

Table 3 (continued )

Fruit (N) Free Contaminated a.i Freq. Min.-Max.(mg/kg) Mean (mg/kg) EU(MRL) N samples > EU MRL

Orange 
(20)

0 20 2-phenylphenol 2 (0.012–0.014) 0.013 10 0
Chlorpyrifos 1 0.002 0.002 0.01 0
Cypermethrin 2 (0.003–0.005) 0.004 2 0
Imazalil 8 (0.044–0.619) 0.192 4 0
Pyrimethanil 3 (0.052–0.090) 0.07 8 0
Thiabendazole 4 (0.027–0.043) 0.034 7 00

Total 0 % 100 % 6 0 %
Peach 

(9)
0 9 Acetamiprid 1 0.008 0.008 0.01 0

Azoxystrobin 1 0.01 0.01 2 0
Chlorpyrifos 1 0.002 0.002 0.01 0
Difenoconazole 1 0.007 0.007 0.5 0
Fenbuconazole 1 0.174 0.174 0.6 0
Fludioxonil 1 0.036 0.036 10 0
Lambda-Cyhalothrin 1 0.019 0.019 0.15 0
Malathion 1 0.003 0.003 0.02 0
Pyrimethanil 1 2.233 2.233 10 0

Total 0 % 100 % 9 0 %
Pear 

(14)
0 14 Acetamiprid 1 0.011 0.011 0.4 0

Boscalid 1 0.159 0.159 1.5 0
Chlorantraniliprole 1 0.038 0.038 0.4 0
Chlorpyrifos 1 0.124 0.124 0.01 1
Deltamethrin 1 0.039 0.039 0.1 0
Difenoconazole 1 0.005 0.005 0.8 0
Fludioxonil 3 (0.142–1.807) 1.1 5 0
Lambda-Cyhalothrin 1 0.023 0.023 0.08 0
Pyraclostrobin 1 0.019 0.019 0.5 0
Pyrimethanil 2 (0.007–0.055) 0.031 0.3 0
Tebuconazole 1 0.028 0.028 0.3 0

Total 0 % 100 % 10 1 (7.14 %)
Pomegranate 

(13)
2 11 Abamectin 1 0.014 0.014 0.01 1

Chlorpyrifos 1 0.231 0.231 0.01 1
Cypermethrin 1 0.005 0.005 0.05 0
Deltamethrin 1 0.064 0.064 0.01 0
Diazinon 1 0.006 0.006 0.01 0
Emamectin 1 0.025 0.025 0.002 0
Ethoprophos 1 0.011 0.011 0.01 1
Fenamiphos 1 0.185 0.185 0.01 1
Fludioxonil 1 0.006 0.006 3 0
Indoxacarb 1 0.578 0.578 0.02 1
Pendimethalin 1 0.027 0.027 0.05 0

Total 15.38 % 84.62 % 11 5(38.46 %)

Note: Data presented as N(%).
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Fig. 3. Frequency of presence of pesticide residues in different types of collected fruit samples.
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Table 4 
Residue amounts, MRL, ADIs, EDIs of detected pesticides and their HI associated with the consumption of fruits samples collected from the study area.

Fruit 
(No)

a.i N Min.-Max.(mg/kg) Mean (mg/kg) EU(MRL) EDI ADI HI% HR 
(Yes-No)

Apple 
(25)

Acetamiprid 3 (0.018–0.057) 0.037 0.4 1.2E-05 0.025 4.8E-02 No
Boscalid 1 (0.081) 0.081 2 8.7E-06 0.04 2.2E-02 No
Bupirimate 4 (0.003–0.05) 0.019 0.3 8.1E-06 0.05 1.6E-02 No
Fludioxonil 5 (0.005–0.458) 0.204 5 1.1E-04 0.37 3.0E-02 No
Phosmet 1 (0.014) 0.014 0.5 1.5E-06 0.01 1.5E-02 No
Pirimicarb 3 (0.018–0.268) 0.102 0.5 3.3E-05 0.035 9.4E-02 No
Pyrimethanil 3 (0.019–4) 1.623 15 5.2E-04 0.125 4.2E-01 No
Tetraconazole 2 (0.01–0.013) 0.011 0.3 2.4E-06 NA NA No
Thiabendazole 1 0.011 0.011 4 1.2E-06 0.1 1.2E-03 No
Trifloxystrobin 1 0.004 0.004 0.7 4.3E-07 0.1 4.3E-04 No

Apricot 
(22)

Acetamiprid 1 0.015 0.015 0.8 6.4E-07 0.025 2.6E-03 No
Azoxystrobin 2 (0.003–0.146) 0.0745 2 6.4E-06 0.2 3.2E-03 No
Bifenazate 1 0.013 0.013 2 5.6E-07 0.01 5.6E-03 No
Boscalid 1 0.047 0.047 5 2.0E-06 0.04 5.0E-03 No
Chlorpyrifos 2 (0.002–0.02) 0.011 0.01 9.4E-07 0.001 9.4E-02 No
Deltamethrin 1 0.017 0.017 0.015 7.3E-07 0.01 7.3E-03 No
Difenoconazole 1 0.048 0.048 0.7 2.1E-06 0.01 2.1E-02 No
Fenbuconazole 1 0.071 0.071 0.6 3.0E-06 0.006 5.1E-02 No
Fludioxonil 1 0.965 0.965 5 4.1E-05 0.37 1.1E-02 No
Imazalil 1 0.027 0.027 0.01 1.2E-06 0.025 4.6E-03 No
Imidacloprid 1 0.239 0.239 0.01 1.0E-05 0.06 1.7E-02 No
Lambda-Cyhalothrin 2 (0.007–0.033) 0.02 0.15 1.7E-06 0.0025 6.9E-02 No
Myclobutanil 1 0.037 0.037 3 1.6E-06 0.025 6.3E-03 No
Pyrimethanil 2 (0.005–0.244) 0.125 10 1.1E-05 NA NA No
Spirodiclofen 1 0.147 0.147 2 6.3E-06 NA NA No
Tebuconazole 1 0.005 0.005 0.6 2.1E-07 NA NA No
Thiabendazole 1 0.006 0.006 0.01 2.6E-07 0.1 2.6E-04 No
Triadimenol 1 0.042 0.042 0.01 1.8E-06 0.05 3.6E-03 No

Banana 
(8)

Chlorpyrifos 1 0.003 0.003 0.01 3.6E-07 0.001 3.6E-02 No
Fenpropimorph 1 0.002 0.002 0.6 2.4E-07 0.003 7.9E-03 No
Myclobutanil 1 0.006 0.006 3 7.1E-07 0.025 2.8E-03 No
Thiabendazole 1 0.004 0.004 6 4.7E-07 0.1 4.7E-04 No
Thiamethoxam 1 0.011 0.011 0.02 1.3E-06 0.026 5.0E-03 No

Fig 
(10)

Azoxystrobin 1 0.006 0.006 0.01 2.0E-07 0.025 7.9E-04 No
Bifenthrin 1 0.168 0.168 0.01 5.5E-06 0.015 3.7E-02 No
Cypermethrin 1 0.022 0.022 0.05 7.2E-07 0.05 1.4E-03 No
Difenoconazole 1 0.006 0.006 0.1 2.0E-07 0.01 2.0E-03 No
Deltamethrin 1 0.009 0.009 0.01 3.0E-07 0.01 3.0E-03 No
Fenpyroximate 1 0.028 0.028 0.01 9.2E-07 0.01 9.2E-03 No
Fludioxonil 1 0.019 0.019 0.01 6.2E-07 0.37 1.7E-04 No
Imidacloprid 1 0.035 0.035 0.01 1.2E-06 0.06 1.9E-03 No
Pyridaben 1 0.029 0.029 0.01 9.5E-07 NA NA No
Thiophanate-methyl 1 0.012 0.012 0.1 3.9E-07 0.08 4.9E-04 No

Grape 
(5)

Boscalid 2 (0.009–0.012) 0.01 5 4.5E-06 0.04 1.1E-02 No
Fluopyram 2 (0.267–0.352) 0.331 2 1.6E-04 0.012 1.3E+00 yes

Kiwi(5) Cypermethrin 1 0.011 0.011 0.05 1.6E-08 0.05 3.1E-05 No
Pyrimethanil 2 (0.006–0.007) 0.006 0.01 1.7E-08 No
Thiabendazole 1 0.015 0.015 0.01 2.1E-08 0.1 2.1E-05 No
Thiamethoxam 1 0.094 0.094 0.01 1.3E-07 0.026 5.2E-04 No

Lemon 
(21)

2-phenylphenol 2 (0.006–0.014) 0.01 10 5.4E-07 0.4 1.4E-04 No
Cypermethrin 1 0.005 0.005 2 1.4E-07 0.05 2.7E-04 No
Imazalil 6 (0.04–0.542) 0.140 5 2.3E-05 0.025 9.1E-02 No
Imidacloprid 1 0.083 0.9 2.3E-06 0.06 3.8E-03 No
Methomyl 1 0.005 0.01 1.4E-07 0.0025 5.4E-03 No
Pyrimethanil 2 (0.057–0.078) 0.082 8 4.5E-06 NA NA No
Pyriproxyfen 1 0.006 0.006 0.6 1.6E-07 NA NA No
Thiabendazole 3 (0.014–0.05) 0.04 7 3.3E-06 0.1 3.3E-03 No
Thiamethoxam 2 (0.007–0.009) 0.008 0.15 4.3E-07 0.026 1.7E-03 No

Mandarin (9) 2-phenylphenol 1 0.006 0.006 10 7.4E-07 0.4 1.8E-04 No
Cypermethrin 1 0.002 0.002 2 2.5E-07 0.05 4.9E-04 No
Fludioxonil 2 (0.004–0.011) 0.007 10 1.7E-06 0.37 4.7E-04 No
Imazalil 2 (0.009–0.034) 0.021 5 5.2E-06 0.025 2.1E-02 No
Pyrimethanil 1 0.008 0.008 8 9.8E-07 NA NA No
Thiabendazole 1 0.048 0.048 7 5.9E-06 0.1 5.9E-03 No

Orange 
(20)

2-phenylphenol 2 (0.012–0.014) 0.013 10 1.2E-05 0.4 2.9E-03 No
Chlorpyrifos 1 0.002 0.002 0.01 9.0E-07 0.001 9.0E-02 No
Cypermethrin 2 (0.003–0.005) 0.004 2 3.6E-06 0.05 7.2E-03 No
Imazalil 8 (0.044–0.619) 0.192 4 6.9E-04 0.025 2.8E+00 yes
Pyrimethanil 3 (0.052–0.090) 0.07 8 9.5E-05 NA NA No
Thiabendazole 4 (0.027–0.043) 0.034 7 6.1E-05 0.1 6.1E-02 No

Peach 
(9)

Acetamiprid 1 0.008 0.008 0.01 1.4E-08 0.025 5.7E-05 No
Azoxystrobin 1 0.01 0.01 2 1.8E-08 0.2 8.9E-06 No
Chlorpyrifos 1 0.002 0.002 0.01 3.6E-09 0.001 3.6E-04 No

(continued on next page)

M.S. Alokail et al.                                                                                                                                                                                                                              Arabian Journal of Chemistry 17 (2024) 105993 

8 



insecticides (43.7 %), 2 herbicides (6.3 %) and 1 growth regulator (3.1 
%)] that had different toxicity levels (Park, Kwon et al. 2022). In Egypt, 
reported pesticide residues were estimated in 176 samples of the most 
popularly consumed vegetables collected from markets in Dakahlia, 
Egypt, and revealed that 111 (63.1 %) samples were contaminated with 
pesticide residues of which 29 samples (16.5 %) had higher than the 
maximum residue limits (MRL) (Shalaby, Abdou et al. 2021). Moreover, 
our results revealed that each of 11 types of analyzed samples had 
multiple of pesticides residues some of these residues exceeds MRLs 
established by EU may result from misinformed farmers on the proper 
methods, and pre-harvest intervals for pesticide application. Inadequate 
supervision by relevant departments, a lack of proper guidance 
regarding the application of pesticides, and non-compliance with best 
agricultural practices can also result in contaminated fruit and vegeta-
bles, which are thought to pose a risk to consumer health (Li, Nie et al. 
2018, Yu, Hu et al. 2018). To assess risk of human exposure to the 
pesticide residues, individual components of dietary intakes were taken 
according to 13 GEMS/Food Consumption Cluster Diets based on FAO 
Food Balance Sheet data from 183 countries (Vandevijvere, Monteiro 
et al. 2013). Results of the present study showed that the consumption of 
orange > grapes > pomegranate > banana > mandarin > apple > pear 
> apricot > fig > lemon > peach > kiwi. Risk assessment was calculated 
separately for individual pesticides detected positively in each type of 
collected fruit. The well-developed assessment method considers the 
average exposure levels in comparison to the ADI values set for specific 
pesticides. Consumers exposed to persistently harmful pesticide residues 
would only be at risk for health problems if they consumed more food 
than the ADI on a daily basis for an extended period of time. The esti-
mated daily intake (EDI) was compared with ADI to calculate hazard 
Index (HI) and Hazard Risk (HR) if the EDI was less than ADI then HI is 
less than one that mean there was no hazard risk on consumers (Akoto, 
Azuure et al. 2016). Our results revealed that most of the investigated 
samples had hazard index below one so there was no risk dangerous on 
human health these findings were in consistence within (Liu, Bei et al. 
2023). The dietary risk assessment of pesticide residues in analyzed fruit 
samples revealed that HQa for all pesticides did not exceed the unit 
value (HQa < 1). Therefore, the pesticide residues in these fruits can be 

considered safe for human consumption (Hossain, Fakhruddin et al. 
2015), and that while the individual and cumulative health risk as-
sessments linked to pesticide exposure in vegetables revealed minimal 
effects on consumers, the intake of vegetables and fruits can raise con-
cerns due to the consumption of uncooked foods that may be unwashed. 
As observed in the present study, the most consumed fruits (orange, 
grapes and pomegranate) were contaminated with fluopyram, imazalil, 
chlorpyrifos, finamiphos and indoxacarb respectively. In addition to 
malathion detected in peach with limits exceeding MRLs. Typically, a 
scientific risk assessment is used to set MRLs (Torres, Picó et al. 1996) 
and control pesticide residue regulations, which vary among nations 
because of various agricultural circumstances that directly affect pesti-
cide application rate (Wang, Wang et al. 2013). Exceeding MRLs may be 
due to non-compliance, contamination from a prior use of persistent 
pesticides, cross-contamination or spray drift, and/or unexpectedly slow 
pesticide residue degradation (Wang, Wang et al. 2013). In addition, the 
calculated HI of the previous detected pesticides in the present study 
were more than one. These findings suggested that pesticide residues in 
samples may accumulate over time and could be the root cause of 
harmful long-term impacts on human health. Health risk would be done 
if dietary intake exceeded the ADI every day for an extended period of 
time (Gad Alla, Thabet et al. 2013). As the detected pesticides belongs to 
different chemical classes long exposure period may elicit cancer 
development (Araoud, Gazzah et al. 2012). Meanwhile, long-term 
pesticide exposure to parents or kids can cause a variety of cancers in 
kids, including brain tumors, lymphomas, leukemia, neurological dis-
orders, colorectal cancer, germ cell cancer, Hodgkin’s disease, eye 
cancer, kidney, liver, thyroid, and skin cancer. However, pesticides are 
linked to a number of malignancies, including adult leukemia. Cancers 
of the brain, testicles, lungs, ovary, pancreas, prostate, bladder, kidney, 
stomach, colon, rectal, lip, and connective tissue (Watts 2012).

The authors acknowledge some limitations. While the fruits were 
purchased locally, it was difficult to confirm whether they were har-
vested within or imported elsewhere, since SA imports most of its pro-
duce. Further investigations targeting only locally grown crops could 
provide a clearer picture of the pesticide residue status within the do-
mestic sphere. Lastly, while the use of QuEChERS, LC-MS/MS and 

Table 4 (continued )

Fruit 
(No)

a.i N Min.-Max.(mg/kg) Mean (mg/kg) EU(MRL) EDI ADI HI% HR 
(Yes-No)

Difenoconazole 1 0.007 0.007 0.5 1.3E-08 0.01 1.3E-04 No
Fenbuconazole 1 0.174 0.174 0.6 3.1E-07 0.006 5.2E-03 No
Fludioxonil 1 0.036 0.036 10 6.4E-08 0.37 1.7E-05 No
Lambda-Cyhalothrin 1 0.019 0.019 0.15 3.4E-08 0.0025 1.4E-03 No
Malathion 1 0.003 0.003 0.02 5.4E-09 0.03 1.8E-05 yes
Pyrimethanil 1 2.233 2.233 10 4.0E-06 NA NA No

Pear 
(14)

Acetamiprid 1 0.011 0.011 0.4 5.2E-07 0.025 2.1E-03 No
Boscalid 1 0.159 0.159 1.5 7.5E-06 0.04 1.9E-02 No
Chlorantraniliprole 1 0.038 0.038 0.4 1.8E-06 1.56 1.2E-04 No
Chlorpyrifos 1 0.124 0.124 0.01 5.8E-06 0.001 5.8E-01 No
Deltamethrin 1 0.039 0.039 0.1 1.8E-06 0.01 1.8E-02 No
Difenoconazole 1 0.005 0.005 0.8 2.4E-07 0.01 2.4E-03 No
Fludioxonil 3 (0.142–1.807) 1.1 5 1.6E-04 0.37 4.2E-02 No
Lambda-Cyhalothrin 1 0.023 0.023 0.08 1.1E-06 0.0025 4.3E-02 No
Pyraclostrobin 1 0.019 0.019 0.5 9.0E-07 NA NA No
Pyrimethanil 2 (0.007–0.055) 0.031 0.3 2.9E-06 NA NA No
Tebuconazole 1 0.028 0.028 0.3 1.3E-06 NA NA No

Pomegranate 
(13)

Abamectin 1 0.014 0.014 0.01 2.2E-06 0.0025 8.6E-02 No
Chlorpyrifos 1 0.231 0.231 0.01 3.6E-05 0.001 3.6E+00 yes
Cypermethrin 1 0.005 0.005 0.05 7.7E-07 0.05 1.5E-03 No
Deltamethrin 1 0.064 0.064 0.01 9.9E-06 0.01 9.9E-02 No
Diazinon 1 0.006 0.006 0.01 9.3E-07 0.0002 4.6E-01 No
Emamectin 1 0.025 0.025 0.002 3.9E-06 0.0005 7.7E-01 No
Ethoprophos 1 0.011 0.011 0.01 1.7E-06 0.0004 4.2E-01 No
Fenamiphos 1 0.185 0.185 0.01 2.9E-05 0.0008 3.6E+00 yes
Fludioxonil 1 0.006 0.006 3 9.3E-07 0.37 2.5E-04 No
Indoxacarb 1 0.578 0.578 0.02 8.9E-05 0.006 1.5E+00 yes
Pendimethalin 1 0.027 0.027 0.05 4.2E-06 0.125 3.3E-03 No

Note: NA not available, ADI acceptable daily intake, EDI estimated daily intake, HI hazard index, HR health risk, MRL maximum residue limit.
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GC–MS/MS was chosen for low cost accuracy, the authors do 
acknowledge emerging techniques for enhanced detection and moni-
toring of agriculture products such as plasmon enhanced sensors (Singh, 
Pombeiro et al. 2024), metal organic frameworks (MOFs) based lumi-
nescent and electrochemical sensors (Mohan, Singh et al. 2023), nano-
composite platforms(Mohan, Virender et al. 2024) and metal organic 
framework (MOF) materials (Mohan, Kamboj et al. 2023) should be 
considered in future studies, in collaboration with experts, to reinforce 
findings and transfer technology in SA.

5. Conclusions

In conclusion, 161 samples of 12 different types of locally purchased 
fruits in SA different markets were analyzed for pesticide residues. 44 
Pesticide residues were found in 151 (94 %) samples. While most 
analyzed samples (87.4 %) had pesticide residues below MRLs, around 
12 % contained pesticide residues above safety limits. HIs of detected 
pesticides indicate that majority were less than one and therefore pose 
no risk. Orange, grapes and pomegranate were the most consumed fruit 
types contaminated with pesticide residues fluopyram, imazalil, chlor-
pyrifos, finamiphos and indoxacarb with level exceeds MRLs having HIs 
> 1. Fruits purchased from SA markets might still be harmful to people’s 
health; thus, care should be taken. Regular monitoring of local agri-
cultural products, as well as using good agricultural practices, is 
necessary to eventually reduce the usage of highly toxic pesticides. The 
results provide important information about the current state of pollu-
tion in marketed fruits in different Saudimarkets. The obtained data can 
be used to develop strategies and improve pesticide MRLs for the safe 
management of vegetables in SA.
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