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ABSTRACT
The occurrence of pesticide residues in representative samples collected from imported dates
palm fruits during 2020 to United Arab Emirates (UAE) was investigated to ensure compliance with
the standard specifications and requirements by the regulatory and supervisory authorities,
maintain the health and safety of consumers and improve food safety. An accurate, rapid, and
reliable method for the simultaneous determination of pesticide multi-residues in 230 samples
imported dates by liquid chromatography coupled with tandem mass spectrometry (LC–ESI (+)MS/MS) operating in multiple reaction monitoring (MRM) mode and modified quick, easy, cheap,
effective, rugged, safe (QuEChERS) method was used. The performance of the analytical method
was validated in accordance with EU SANCO guidelines (SANTE/12682/2019) for monitoring
pesticide multi-residues to check compliance with existing regulations, especially for European
Community. Residues level of 343 compounds were determined in 230 samples. Results indicated
that the percentage of samples with residues above the maximum residue levels (MRL) was 4.34%
in dates samples, whereas samples with residues within MRL were 7.39% in dates samples. A
total of 230 samples of 88.26% were free from detectable residues. Out of the 343 pesticides
tested, 11 pesticides were found above the limit of detection, according to UAE, Codex, and
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European regulations. The main purpose of this work is to inform citizens and traders who have
concerns about food safety on the capability of the MOCCAE on quality assurance regarding
pesticide residue in imported food.
Keywords: Determination; Dates; Multi residue; pesticides; liquid chromatography; tandem mass
spectrometry (MS/MS); QuEChERS; UAE.
The maximum permitted levels of pesticide
residues in foods are stipulated by regulatory
bodies in the UAE. National Laboratories
Department, MOCCAE has monitored the
residual effects of Pesticides in imported food
commodities which was accredited by the British
Commission for Accreditation (UKAS) [6].

1. INTRODUCTION
Dates are the fruit of the date palm tree(Phoenix
dactylifera L.), which is grown in many tropical
regions of the world. The importance of the date
palm for human nutrition is mainly due to its
health benefits of dates such as lowering
cholesterol, protein-rich, rich in vitamins,
improving bone health, strengthening the
nervous system, rich in iron, promoting digestion,
improving skin, fixing hangovers and assists in
weight gain [1]. Dates are considered as principal
food in the Arab peninsula.

To fulfill the rule of the central lab of the
MOCCAE, this study was carried out to ensure
that pesticide residues in imported dates are not
exceeding the maximum permissible limit of
pesticide residues in the country, which is
considered a safe limit for the consumer
approved by the local and international
specialized agencies. To enhance food safety in
the UAE and ensure that the highest-rated food
products are traded only, this monitoring program
was carried out.

The residual effect of pesticides in food
commodities has become a major cause of
concern all over the world. Food safety is crucial
and consumers have to be assured that they are
not exposed to an unacceptable level of pesticide
residues. After the establishment of the world
trade order (WTO) and other General
Agreements on Tariffs and Trade (GATT),
Sanitary and phytosanitary SPS, the presence of
the residues above the permissible level is also a
major bottleneck in the international trade of food
commodities.

2. MATERIALS AND METHODS
2.1 Chemicals and Standard Solutions
Certified analytical standards-tested pesticides
were
purchased
from
Dr.
EhrenstoferGmbH(Germany),
with
purity
between 92.0 and 99.5%, Acetonitrile (Merck,
Germany), methanol (LC-MS grade, Scharlab),
Formic acid (Honeywell, Germany).

In order to ensure food safety for consumers and
protect human health, many organizations and
countries around the world have established
maximum residue limits (MRLs) for pesticides in
food commodities [2, 3, 4]. The MRL is the
extreme level of a pesticide residue (expressed
−1
in mg·kg ) that is legally permitted in or on food
or animal feed [3]. Therefore, the pesticide
residues in food have been strictly regulated by
governments all over the world to determine
whether the concentration of pesticides used
exceeds their MRLs.

Ready-made QuECHERS kits were purchased
from Suplco; Supel™ QuE citrate extraction tube
(contains 4.0 g MgSO4, 1.0 g NaCl, 0.5 g sodium
Citrate dibasic sesquihydrate, 1.0 g NaCitrate
tribasic dehydrate), Supel™QuE PSA SPE clean
up Tube (contains 150.0 mg Supelclean PSA,
900.0 mg MgSO4.) The solutions were prepared
with Ultrapure demineralized water Milli-Q plus
system (Merck-Millipore Corporations, USA).

The Ministry of Climate Change and Environment
(MCCE), United Arab Emirates(UAE)is keen to
ensure that all foodstuffs and products in the
country, both domestically produced and
imported, are safe for consumption and to
strengthen infrastructure at Quarantine stations
to prevent the entry of food commodities which
have pesticide residues above the MRLs,
Testing/Certification of pesticide residue in
export/import consignments [4,5].

2.1.1 Standard preparation
-1

Individual analytical stock solutions (1000 mg L )
of each pesticide were prepared in methanol,
considering the purity of each pesticide standard.
These analytical solutions were diluted in
-1
methanol to 100 mg L . All solutions were stored
in amber flasks at 18ºC. Afterward, a mixture
-1
with the concentration of 10 mg L containing all
2
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pesticides was prepared, which was diluted to 1
-1
mg L and was kept in the refrigerator at 4.0 ±
2.0ºC (Table 1). Internal standard solution: A
solution of Triphenylphosphate (TPP), analytical
grade, was used as an internal standard.

gradually extended for the analysis of pesticides
in several foodstuffs and compliance with the
document SANTE/12682/2019 [8]. A guidance
document on analytical quality control and
method validation procedures for pesticide
residue analysis in food and feed was issued by
the European Commission Directorate-General
for Health and Food Safety and became effective
on January 1, 2020. Samples were labeled and
crushed after seeds were discarded and then
stored at 4°C until analysis. Blank samples
(Pesticide free samples) were acquired from the
consumer
market
used
for
validation
experiments.

2.1.2 Apparatus
Analysis of final extracts Agilent 6460 triple
quadrupole, on a reversed-phase column and
detected by tandem mass spectrometry (MS/MS)
using electrospray ionization (ESI). The pesticide
residues were determined with positive ESI only.
The total chromatographic run time was 32
minutes. The injection volume was 2.0 μL and
the column temperature was set at 60⁰ C. The
Agilent Mass Hunter Workstation software
B.04.00 Features was used for data analysis. All
pesticides were detected in the multiple reaction
monitoring modes (MRM). Each pesticide has a
precursor ion there were two productions
determined. One production was used for
quantification and the other one was used for
qualification. Detected pesticides are shown in
Table 1.

2.3 Sample Preparation
The pesticide residues were analyzed using the
method approved by the European Union (EU) to
determine the level of Pesticides in food products
QuECheRS method reported by Anastassiadeset
al. [9] by using LCMSMS (liquid chromatographytandem mass spectrometry).
This method is validated to use at theNational
Laboratories, MOCCAE, UAE. It employs
dispersive solid-phase extraction (SPE) followed
by chromatographic analysis of the extracts.
Liquid Chromatography coupled with tandem
Mass Spectrometry was adopted to achieve
qualitative and quantitative analysis.

2.2 Sampling
The pesticide residue random monitoring
program aimed to collect samples from all
imported agricultural consignments at UAE
border ports according to plans based on
scientific foundations with the aim of laboratory
analysis, to assess the extent to contain
pesticide residues of pesticides in accordance
with the Technical Regulations issued by United
Arab Emirates Authority for Standardization and
Metrology No. «UAE.S MRL 1-2019» regarding
maximum limits [7]. A total of 230 date samples
were collected from January to December 2020
from imported consignments in all over UAE
ports.

The following sample extraction and clean-up
steps were conducted: A homogenate date
sample (5 g) in a 50-mL PTFE centrifuge tube
was extracted with 10 mL of water, shake then,
10 ml acetonitrile add and shaken for 1 min.
Following this step, a mixture of extraction salts
(4 g of magnesium sulfate; 1 g of sodium
chloride; 1 g of trisodium citrate dihydrate, and
0.5
g
of
disodium
hydrogen
citrate
sesquihydrate) were added to each sample. After
being shaken vigorously for 1 min, tubes were
centrifuged for 10 min at 4000 rpm to separate
solid from acetonitrile supernatant which was
ready to dispersive Solid Phase Extraction with
150.0 mg Supelclean PSA and 900.0 mg
MgSO4.The final extract was stabilized by 5%
formic acid in acetonitrile solution. The sample
was then injected into a liquid chromatography
coupled to tandem mass spectrometry (LCMS/MS). Recovery compliance with the
document SANTE/12682/2019 [8] representative
portions of the previously homogenized samples
were spiked homogenously with the appropriate
amount of the working standard solution in
-1
methanol (0.1 mg kg ).

Samples were taken by the Ministry'inspectors;
each sample was approximately 1 Kg weight was
placed in sterile polythene bags in an ice chess
box to avoid contamination, deterioration, and
labeled and transferred to the laboratory under
appropriate transport conditions within 24 hours
for analysis.
The used method was developed at the National
Laboratories Department, Ministry of Climate
Change and Environment (MOCCAE), which is
accredited by UKAS (The United Kingdom
Accreditation Service) according to ISO
17025:2017 (International Organization for
Standardization, 2017), and accreditation was
3
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Table 1. List of active ingredients tested for their residues
Abamectin
Acenaphthene
Acephate
Acetamiprid
Acibenzolar S methyl
Acrinathrin
Alachlor
Alanycarb
Aldicarb
Aldicarb sulfone
Aldicarb sulfoxide
Ametryn
Aminocarb
Amitraz
Atrazine
Azaconazole
Azinphos ethyl
Azinphos methyl
Azoxystrobin
Beflubutamid
Benalaxyl
Bendiocarb
Benfuracarb
Benomyl
Benzoximate
Bifenazate
Bifenthrin
Bitertanol
Boscalid
Bromacil
Bromopropylate
Bromoxynil
Bromuconazole
Bupirimate
Buprofezin (Z-isomer)
Butafenacil
Butocarboxim
Butoxycarboxim
Buturon
Cadusafos
Cafentrazone ethyl

Carbaryl
Carbendazim
Carbetamide
Carbofuran
Carbofuran-3-Hydroxy
Carboxin
Chlorantraniliprole
Chlorfenapyr
Chlorfenvinphos
Chlorfluazuron
Chloridazon
Chlorobenzilate
Chlorothalonil
Chlorotoluron
Chloroxuron
Chlorpropham
Chlorpyrifos
Chlorpyrifos-methyl
Chlorthal-dimethyl
Clethodim
Clodinafop-propargylester
Clofentezine
Clomazone
Clothianidin
Coumaphos
Cyanazine
Cyazofamid
Cycloxydim
Cycluron
Cyfluthrin I
Cyhalothrin (lambda)
Cymoxanil
Cypermethrin
Cyproconazole
Cyprodinil
Cyromazine
DDD-p,p'
DDE-p,p'
DDT-o,p'
DDT-p,p'
Deltamethrin

Demeton S methyl sulfone
Demeton-S-methyl
Desmedipham
Diazinon
Dichlofluanid
Dichlorvos
Diclobutrazol
Dicloran
Dicrotofos (Dicrotophos)
Dicrotophos
Diethofencarb
Difenoconazole
Diflubenzuron
Diflufenician
Dimethenamid
Dimethoate
Dimethomorph
Dimoxystrobin
Diniconazole
Dinotefuran
Dioxacarb
Dioxathion
Diphenylamine
Diuron
DMST
Doramectin
Emamectin
Endosulfan -beta isomer
Endosulfan sulfate
Endosulfan-alpha isomer
EPN
Epoxiconazole
EPTC
Ethiofencarb
Ethion
Ethiprole
Ethirimol
Ethofenprox
Ethofumesate
Ethoprophos
Ethoxyquin

Etoxazole
Etrimfos
Famoxadone
Fenamidone
Fenamiphos
Fenamiphos sulfone
Fenarimol
Fenazaquin
Fenbuconazole
Fenhexamid
Fenitrothion
Fenoxycarb
Fenpiclonil
Fenpropathrin
Fenpropimorph
Fenpyroximate
Fenthion
Fenthion sulfoxide
Fenuron
Fenvalerate
Fipronil
Flamprop-methyl
Flonicamid
Fluazifop-butyl
Fluazifop-p-butyl
Fluazinam
Flubendimide
Fludioxonil
Flufenacet
Flufenoxuron
Fluometuron
Fluoxastrobin
Fluquinconazole
Flusilazole
Flutolanil
Flutriafol
Folpet
Foramsulfuron
Forchlorfenuron
Formetanate
Fosthiazate

Fuberidazole
Furalaxyl
Furathiocarb
Halfenprox
Halofenozide
Heptenophos
Hexaconazole
Hexaflumuron
Hexazinone
Hexythiazox
Hydramethylnon
Imazalil
Imidacloprid
Indoxacarb
Ipconazole
Iprobenfos
Iprodione
Iprovalicarb
Isocarbophos
Isofenphos
Isoprocarb
Isoproturon
Isoxadifen-ethyl
Ivermectin
Kresoxim-methyl
Lenacil
Linuron
Lufenuron
Malaoxon
Malathion
Mandipropamid
Mecarbam
Mefenacet
Mefenpyr-diethyl
Mepanipyrim
Mepronil
Mesotrione
Metaflumizone
Metalaxyl
Metamitron
Metazachlor

4

Metconazole
Methabenzthiazuron
Methidithion
Methiocarb
Methiocarb sulfone
Methomyl
Methoprotryne
Methoxychlor, o,p'Methoxychlor, p,p'Methoxyfenozide
Metobromuron
Metribuzin
Mevinphos
Mexacarbate
Molinate
Monocrotophos
Monolinuron
Monuron
Moxidectin
Myclobutanil
Napropamide
Neburon
Nitenpyram
Norflurazon
Novaluron
Nuarimol
Ofurace
Omethoate
Oxadiazon
Oxadixyl
Oxamyl
Oxyfluorfen
Paclobutrazol
Paraoxon ethyl
Paraoxon methyl
Parathion-methyl
Penconazole
Pencycuron
Pencyuron
Pendimethalin
Permethrin

Phenmedipham
Phenthoate
Phosalone
Phosmet
Phosphamidon
Picolinafen
Picoxystrobin
Piperonylbutoxide
Pirimicarb
Pirimiphos-ethyl
Pirimiphos-Methyl
Prochloraz
Procymidone
Profenofos
Promecarb
Prometon
Prometryne
Propachlor
Propamocarb
Propanil
Propaquizafop
Propargite
Propazine
Propetamphos
Propham
Propiconazole
Propoxur
Propyzamide
Proquinazid
Prosulfocarb
Prothiofos
Pymetrozine
Pyracarbolid
Pyraclostrobin
Pyraflufen-ethyl
Pyrazophos
Pyridaben
Pyrifenox
Pyrimethanil
Pyriproxyfen
Pyrudaphenthion

Quinoxyfen
Quizalofop-ethyl
Rotenone
Secbumeton
Siduron
Silthiofam
Simazine
Simetryn
Spinetoram
Spinosad
Spiromesifen
Spirotetramat
Spiroxamine
Sulfentrazone
Sulfotep
Tebuconazole
Tebufenozide
Tebufenpyrad
Tebutam
Tebuthiuron
Tecnazene
Teflubenzuron
Tefluthrin, cisTemephos
Terbumeton
Terbutryne
Tetrachlorvinphos
Tetraconazole
Tetradifon
Tetramethrin
Thiabendazole
Thiacloprid
Thiamethaoxam
Thidiazuron
Thiobencarb
Thiodicarb
Thiophanate-methyl
Tolclofos-methyl
Tolylfluanid
Triadimefon
Triadimenol

Tri-allate
Triazamate
Triazophos
Trichlorfon
Tricyclazole
Tridemorph
Trifloxystrobin
Triflumizole
Triflumuron
Trifluralin
Triticonazole
Uniconazole
Vamidothion
Vinclozolin
Zoxamide

El-Mageed et al.; EJNFS, 13(8): 1-9, 2021; Article no.EJNFS.76778

the specifications, total88.26%samples were free
of pesticide residues, while the percentage of
samples that contain pesticide residues
exceeded the permissible limits (MRL) was were
4.34% (10 samples) of the total number of
samples (Table 2) and considered as noncompliant with CODEX and EU legislation on
pesticide residues [11].

3. RESULTS AND DISCUSSION
3.1 Monitoring the Presence of Pesticides
Residues
Work here is a statistical representation of the
situation of pesticide residues in imported date
fruits to UAE market, considering dates as the
most widely consumed fruit in many Arab Gulf
and Arab countries.

Results show the percentage of samples that
exceeded the permissible limits decreased, as
the percentage in the first quarter of the year was
8.21%, while in the fourth quarter of the year it
amounted to 2.56%.On the contrary, no MRL
exceedance was reported in the second quarter
for pesticides that were found to exceed the legal
limit in the first quarter e. g. Carbendazim,
Deltamethrin, Ethion, Fipronil, Diflubenzuron,
Indoxacarb and Triflumuron.

This study analyzed the presence of 343
pesticide residues using the LC–ESI (+)-MS/MS
method, which combines LC chromatography
with tandem mass spectrometry. In (Table 1) 230
samples accessible from UAE entry ports were
tested using the multi-residue method in
imported dates to the UAE throughout the year
2020. After optimization of the analytical
conditions, a total of 343 pesticides were
detected with good sensitivity by the multiresidue analysis method. According to the
European Commission's (SANTE/12682/2019)
requirements for validation parameters, the
following
parameters
were
investigated:
recovery, linearity, and accuracy of peak regions.
Under replicated conditions, good linearity was
obtained with regression coefficients (R2 > 0.99),
recovery results ranged from 70% to 120%, and
precision based on relative standard deviations
(RSD) ranged from 2 to 20%; these values are
considered acceptable according to the
European Commission's requirements (2019).
No residues were detected in the blank date
palm fruits samples at the LOD of the method.

In summary; the year2020 was slightly lower in
the first quarter, percentage of samples
exceeding the limits allowed in the program
4.34% (Table 2). For pesticides with MRL,
exceedances during 2020 the year a significant
decrease of MRL the highest rate was observed
within the fourth quarter 2020. Continuous
consumption of food products even with
moderate pesticide contamination may have
negative consequences on human health in the
long term [12].
Several countries have relied on applications of
the broad spectrum of synthetic pesticides, such
as Amitraz, Fenpropythrine, Finperochemate,
Finazakuen, Propargate, Ttradyphon, and
Hexithiasoxy[13], Studies have detected
pesticide residues in dates marketed, in Saudi
Arabia within 2018 [14] Pesticide residues were
detected in 36 (18%)within the MRL allowed but
15 samples (7.5%) exceeded the maximum
residue levels, in Tunisia monitor pesticide
residues in dates sampled from Tunisian oasis
during the agricultural season 2017-2018 and to
check compliance with existing regulations
especially for European Community [15].

Maximum amounts of certain pollutants in food
are specified by a European Commission
regulation. This regulation is often updated,
regardless of the specific limits of general
foodstuffs, and there are a number of specific
limits for pollutants for specific products,
including dates. Pesticide residues are the most
frequent requirements for date pollutants [10].
Herein the results showed that 95.65% of the
samples (220 samples) were in conformity with

Table 2. The percentage of samples that are compatible and exceed the permissible limits
during the year 2020
Year/quarter

Free from pesticide residues limits

Quarter 1 2020
Quarter 2 2020
Quarter 3 2020
Quarter 4 2020
Total

80.82
82.35
88.63
93.59
88.26

5

Within pesticide
residues limits
10.95
17.64
6.81
3.84
7.39

Exceed pesticides
residues limits
8.21
0.00
4.54
2.56
4.34
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MRLs are based on good agricultural practices
and examined to ensure that acceptable daily
intake or acute reference dose is not exceeded.
In the light of these results, action has been
taken on samples containing MRL overrun in
accordance with approved standards requiring
the importer to re-export or destroy the product.to
maintain food safety in imported date palm fruits.

exceeded the permissible limits samples had
multiple residues from more than one insecticide
present in the same sample, while 17.64% (3 out
of 17) within MRL. More than one residue has
been detected in date samples, and in recent
years, indicating the mixed-use of pesticides due
to pest resistance, multiple pesticides have been
widely applied.

3.2 Residues Measured above the MRL

For the Prohibition of Pesticides toxic to humans,
as well as pesticides that remain for the longest
period in the environment and protect public
health by setting limits on pesticide residues in
food. All pesticides that have a significant threat
to human health and the environment are
banned in the UAE.

A total of 10 samples with residues exceeding
the legal limit (above MRL) of one or several
pesticides were detected as shown in Table 3.
In this study residues exceeding the legal limits
were related to 11 different pesticides in date
samples as shown in the above table were
Acetamiprid,
Carbendazim,
Deltamethrin,
Diflubenzuron, Ethion, Fipronil, Imidacloprid,
Indoxacarb, Pyriproxyfen, Spirodiclofen, and
Triflumuron, accounted 47.8% (11/23) and out of
11 pesticides that exceeded the MRLs, banned
pesticides for use in agriculture were detected in
3 (27.27%) namingCarbendazim, Ethion, and
Fipronil. The most frequently detected pesticides
exceeded MRLswere Acetamiprid, Deltamethrin
and Indoxacarb. The fact that 4.34% of samples
exceeded the MRLs and contained 3 banned
pesticides, suggested that banned pesticides
might still be frequently used in date for exported
countries. These results reflect that a certain
proportion of farmers may not follow good
agricultural practices (GAP).

Of the pesticide residues detected above EU
residue limits (MRLs), according to the MOCCAE
list of pesticides (MOCCAE), a total of 11
pesticides are incompatible with regulations
exceeding the legal limit, including 6 pesticides
permitted in the UAE, two restricted pesticides,
and 3 unapproved substances (banned
pesticides) (Table 4).
Although WHO classified fipronil and Ethionby
hazard as moderately hazardous (Class II) [16].
Fipronil has been associated with human
Possible Human Carcinogen according to EPA
classified.
According to UAE food regulations Carbendazim,
Ethion and Fipronil are not allowed to be used,
they have banned compounds (Table 4)
according to Ministerial Decree No. (36) of 2018
regarding banned and restricted pesticides in the
United Arab Emirates.

3.3 Residues of more than One Pesticide
(Multiple residues)
In this study, some samples contained only one
pesticide residue, but 40% (4 out of 10)

Table 3. List of detected pesticides above the MRL
Sample
no
1
2

4
5
6
7
8
9
10

Pesticide Detected
Carbendazim
Spirodiclofen
Deltamethrin
Ethion
Fipronil
Diflubenzuron
Indoxacarb
Deltamethrin
Triflumuron
Indoxicarb
Imidacloprid
Acetamiprid
Pyriproxyfen
Acetamiprid

Residue Detected
(mg/kg)
1.016
0.13
0.166
0.134
0.037
0.64
0.01
0.04
0.1
0.29
0.477
0.12
0.14
0.489

*MRL maximum residue level

MRL*
(mg/kg)
0.1
.0.0
0.01
0.01
0.005
0.01
.0.0
0.01
0.01
0.02
0.05
0.01
0.05
0.01

EU Pesticides Database**
Reg. (EU) No 559/2011
Reg. (EU) 2016/1902
Reg. (EU) 2018/832
Reg. (EU) No 310/2011
Reg. (EU) 2019/1792
Reg. (EU) 2019/91
Reg. (EU) 2015/845
Reg. (EU) 2018/832
Reg. (EU) 2018/1516
Reg. (EU) 2015/845
Reg. (EU) No 491/2014
Reg. (EU) 2019/88
Reg. (EU) 2020/856
Reg. (EU) 2019/88

** EU Pesticides Database

6
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Table 4. Distribution of pesticides residues above MRL in samples monitored
Pesticides
Deltamethrin
Acetamiprid
Triflumuron
Indoxacarb
Diflubenzuron
Pyriproxyfen

Maximum value detected (mg/kg)

Status of
Pesticides
Allowed
Allowed
Allowed
Allowed
Allowed
Allowed

Pesticides
Imidacloprid
Spirodiclofen

Maximum value detected
(mg/kg)

Status of
Pesticides
Restricted
Restricted

*According to List of Registered Pesticides in the Ministry (MOCCAE) Last update 13 August 2021

7

Pesticides
Carbendazim
Ethion
Fipronil

Status of
Pesticides
Banned
Banned
Banned
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Carbendazim is classified as a pesticide unlikely
to present acute hazard in normal use is also
detected in some of the samples. Fipronil (0.037
-1
mg kg ) to be detected above the upper limit of
the maximum (MRLs level) allowed residue set
-1
by Reg. (EU) 2019/1792 (0.005 mg kg ) for date
palm fruits, these results give an indication of
possible misuses of non-approved active
substances, should follow-up on these national
monitoring programs and take corrective
measures where appropriate.
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