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Abstract The purpose of the present study was to evalbhatertesence of five neonicotinoid pesticides, awgtad,
imidacloprid, clothianidin, thiacloprid, and thiathexam, in sheep and cow milk samples collectethfamimals bred
in the Jordan Valley. In this area, numerous ciplasitations are present, and these insecticides@nmonly used to
protect plants from pests and diseases. Thirtyrsskieep milk samples and thirty-one cow milk sasplere analysed.
The analytical method, based on a single cleantqaaion step with SPE cartridges packed with dr&oeous earth
material, together with analysis by LC-MS/MS, hasignteed average recoveries between 75.1% anth8i3its of
detection (LOD) and quantification (LOQ) of 0.5 ahdug/kg, respectively, for all the five neonicaiitls. LOQ was
much lower than the Codex Maximum Residues Limid&Ls) for these pesticides in milks. No residuedhsf five
neonicotinoids were found in any sample at a cotnaton level above LOD.

Keywords Neonicotinoids - Milk - Jordan Valley - Pestiaidsidues - Environment - LC-MS/MS

Neonicotinoid pesticides were introduced in thdye@®90s and since then their use globally has
expanded rapidly (Limay-Rios et al. 2016; Wood &uwdilson 2017). In fact, nowadays, they account
for approximately one third of the world insectieidnarket. Furthermore, they are an integral
component in numerous pest and integrated pestgearent (IPM) strategies (Jeschke et al. 2013;
Simon-Delso et al. 2015). They are used on ovemated different crops for the control of sucking
insect pests, but also to control fleas in comparaaimals and cattle, and to kill cockroaches,
houseflies and termites that infest buildings (Elle¢ al. 2008; Vo et al. 2010; Jeschke et al. 2011
This class of pesticides is highly versatile inrterof application methods. They can be used with a
lot of different application techniques as foliseed treatment, soil drench, soil and/or stemigjec
and stem application (Jeschke et al. 2011, 20&3jatticular, they are highly suitable for use agti
insects feeding on foliage or plant sap. This salise neonicotinoid pesticides can reach the fgedin
sites of insects after foliar application througanslaminar movement and after soil application
through systemic movement from roots to foliagen(Yanmeren et al. 2011). However, the systemic
nature and the long persistence increase the pitibpabenvironmental contamination and exposure
of non-target organisms. This contamination canuoaga spray drift from aerial spraying of
pesticides, contamination and accumulation in soil water runoff (Bonmatin et al. 2015).
Furthermore, also the leaf litter from treated pdaran be a source of contamination of soil anemvat
Because of the adverse effects of these pestiadgllinator species, from 2013 the European
Commission has imposed restrictions on the uskregtneonicotinoids, clothianidin, imidacloprid,
and thiamethoxam (De Belder 2018).
Since the climate of Jordan is of arid/semi-arfaktythe agricultural activities are largely concatetd
in the Jordan Valley, where an intensive irrigaagdculture has been developed. In these areas, tre
crop as citrus, olives, bananas, grapes, dateseasibnal crop as barley, wheat, and vegetables hav
been planted. Among these crops, citrus treesharenbst represented type of cultivation (Venot et
al. 2007). Neonicotinoid insecticides are commardgd to treat citrus orchards with foliar spray and
via trunk or soil injection for their translaminand systemic properties. The Valley is also a pastu
land, because the grass of the area is grazedrgdisanimals or used as feedingstuffs. In particula
sheep graze on it from spring to autumn, and conesl In the area of Al-Mafraq are fed with
harvested fresh grass. Considering the closendsgedme the citrus trees-growing areas and the
pastures, it is reasonable to suppose that shekpoavs can be exposed to neonicotinoid pesticides
through ingestion of the grass of the valley.
Humans are exposed to neonicotinoid pesticidesitfirconsumption of vegetables or food of animal
origin contaminated with the parent compounds eirtmetabolites (Simon-Delso et al. 201).
plants and environmental media, neonicotinoidsalgected to intense biotransformation leading to
the appearance of different metabolites which bamselves be toxic. These compounds can persist,
and possibly accumulate, for month or years. Tineltabolism may continue in the animal organisms
leading to a wide range of breakdown products (Batimret al. 2015).
It has been shown that neonicotinoid insecticides @oncentrate into the milk of food-producing
animals after oral intake (FAO 2006; FAO 2008; FA@. 0a, b; FAO 2011). Since milk is a possible
way of human exposure to neonicotinoids, maximusidtee levels (MRLsS) have been established
by the Codex Committee on Pesticide Residues (C@®Bafeguard consumer health. Jordan is a
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membership of the Codex Alimentarius Commissiogeih966 (Codex Alimentarius), and adopted
Codex MRLs as a reference (Khraishy 2017).

It is therefore interesting and important to monttee milk produced by sheep and cows fed with the
grass of the Jordan River Valley to assess ifékels of these contaminants are below the MRLs or,
on the contrary, they represent a real risk forldleal population. Little information is still avable

on the possible neonicotinoid residues in food mfmal origin and subsequent oral exposure to
humans, despite these pesticides have been onatketnfior over twenty years. Moreover, several
scientific papers have been published regardingjtiamtitative analysis of neonicotinoids in fruit,
vegetables, and honey, but very few publicatiomsfacused on the quantitative determination of
these contaminants in milk.

The aim of this study was to assess the presentieeofeonicotinoids (acetamiprid, clothianidin,
imidacloprid, thiacloprid, and thiamethoxam) in she@and cow milk samples collected from animals
bred in the Jordan Valley area and feeding on coint@ed grass. The present study also evaluated
the efficiency of the analytical method used toed®ine these pesticides, which was based on a
single cleanup extraction step with SPE cartridgegether with analysis by LC-MS/MS.

Materials and methods

A total of 68 samples consisting of raw sheep’skni=37) and raw cow’s milk (n=31) were
analysed. Sheep milk samples were collected iddngan Valley in the period from April to May
2015 from livestock of five itinerant flocks. Cowillknsamples were collected in five farms located
in the area of Al-Mafraq in March 2015. Sheep wieckon the pastures of the Jordan River Valley,
and cattle were mainly fed with fresh grass haeckgt the Valley and with a small amount of straw
and silage. Aliquots of 100 ml of milk samples weddlected from each animal and kept at 4 °C.
The samples were then freeze-dried and storeddatGaintil analysis. The analytical standards of
neonicotinoid pesticides including acetamiprid, titianidin, imidacloprid, thiacloprid, and
thiamethoxam were purchased from Sigma-Aldrich(SoLouis, MO, USA). Acetonitrile and water
(HPLC grade) and dichloromethane (analytical grade)e supplied from Mallinckrodt Baker B.V.
(Deventer, The Netherlands). Formic acid (98-10@f#epwas obtained from Sigma-Aldrich Co. (St
Louis, MO, USA). Chem Elut SPE cartridges packedhwdiatomaceous earth material were
purchased from Agilent Technologies (Santa Clara, GSA). Standard stock solutions of each
neonicotinoid compound were prepared at 10§l by dissolving 10 mg of each standard in 10 m|
of acetonitrile. A 100ug/ml multicomponent stock solution was then pregdsg mixing equal
volumes of stock solutions of each compound, foldvey 1:2 dilution with acetonitrile. Finally, an
aliquot of this solution was further diluted (1:110) obtain a 1Qug/ml multicomponent solution.
Solutions at different concentration (0.25, 0.52.5, 5, 10, and 50 ng/ml) were obtained by dilytin
with methanol in order to prepare calibration cereéthe five neonicotinoids. The standard soligion
were stored at 5+3 °C and protected from light.

Analysis were performed by LC-MS/MS on an Alliarld& 2695 (Waters, Milford, MA, USA)
coupled to a Quattro Ultima Platinum triple-quadn@ mass spectrometer with electrospray
ionization source (Micromass, Manchester, UK). Enalytical column was a Luna C18(2) 100A
2x100 mm 3 um (Phenomenex, Torrance, CA, USA). @hatographic separation was achieved in
gradient conditions and at room temperature. Thieilmphase consisted of deionized water (solvent
A), and acetonitrile (solvent B), both containin@% formic acid. The elution gradient used was set
as follows: from 90% solvent A and 10% solvent B@®% solvent B in 10 min with linear increase.
The total run time was 12 min. The flow rate of thebile phase was 0.25 ml/min, and the injection
volume was 10 pl. Based on the structural propedi@nalytes, the positive ionization modes (ESI+)
was applied. The parameters were as follows: caftage, 50V; capillary voltage, 3.8 kV; source
temperature, 120 °C; and desolvation temperatude’35 Qualitative and quantitative data analysis
were performed using Mass Lynx TM 4.0 SP4 softweromass, Manchester, UK). The data
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acquisition was in multiple reactions monitoring RM) mode. The ion transitions and mass
parameters monitored for each analyte are report€dble 1.

Table 1 Mass spectrometric parameters for the simultanéetesrmination of 5 neonicotinoids using an elesgray
interface (ESI) in positive ionization mode

Analvte MW Retention time  Precursor Product ions CE
y (g/mol) (min) ion (M/z) (m/z) (eV)
. . 175,72 16
Imidacloprid 255.66 6.86+0.09 256.2
209,1 14
. 132,0 18
Thiamethoxam 291.72 5.87+0.13 292.2
211,72 13
. . 126,F 18
Thiacloprid 252.72 7.68+0.07 253.2
186,1 12
o 132,1 14
+
Clothianidin 249.68 6.78+0.08 250.2 1692 10
56,3 15
Acetamiprid 222.68 7.1610.11 223.2
126,F 18

aQuantification ion

The extraction and clean-up procedure was carnugdotiowing the method described by Seccia et
al. (2008) with some modifications. Freeze-driedkn{0.5 g) was transferred in test tubes and
solubilized with water (4.8 mL) to obtain a finablume of 5 mL. The test tubes were mixed on a
vortex shaker for 10 seconds and the reconstitmildwas loaded onto a dry ChemElut. After the
liquid has drained into the cartridge under gravityvas necessary to wait for 15 minutes in otder
obtain an even distribution on the filling materi@he cartridge was then eluted with three 5 mL
portions of dichloromethane. The eluate was cadlédh a glass centrifuge tube and reduced to
dryness using a Univapo (Martinsried, Germany). @heresidue was then reconstituted with 1.0
mL of methanol, briefly sonicated and mixed on &ew shaker for 10 seconds. The samples were
finally centrifuged at 15000xg for 15 seconds irp&pdorf microtest tubes before being transferred
to glass vials for LC-MS/MS analysis.

For the validation of the analytical method for MS/MS detection of five neonicotinoids in cow
and sheep milk samples, the parameters considenexliwearity and range, selectivity, repeatabhility
reproducibility, recovery, limit of detection (LODPand limit of quantification (LOQ). The evaluation
of linearity and range was assessed in matrix-neatcbalibration curves, which included 6
concentration levels in the range 1-100 pg/kg.leation standards were prepared by fortifying blank
milk samples with multicomponent solutions contagnithe 5 neonicotinoids at appropriate
concentration levels. Matrix matched calibratiorswaed to compensate for potential matrix effects
occurring during sample preparation and analyseéec@vity and matrix effects were checked by
analysis of blank samples and spiked samples ity ¥iee possible presence of interfering substances
at the retention times of the compounds of interEisé repeatability was calculated as the relative
standard deviation (RSD %) of results obtainedrdtigifying 6 blank samples at 3 concentration
levels (1, 5, 10 pg/kg) for a total of 18 deterntioras. The spiked samples were prepared and
analyzed with the same instruments, on the sameadi@yby the same operators. For the evaluation
of the within-laboratory reproducibility, 6 blankmples fortified at 3 concentration levels (1, 6, 1
pna/kg) were prepared and analyzed under the sarenatographic conditions on 3 different days
by different operators (54 determinations in totaf)d the relative standard deviation (RSD %) ef th
replicate measurements was calculated. The recoatryvas evaluated at 3 concentration levels (1,
5, 10 pg/kg) in 6 replicates and on 3 differentsdlhy comparing the mean measured concentration
in spiked samples with pure standard solutionshat game concentration levels. The limit of
guantification (LOQ) was determined as the lowesticentration of analyte in sample, which has
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been demonstrated to be accurately quantified byntbethod. The limit of detection (LOD) was
estimated as the concentration level resultingpeak area of 3 times the baseline noise measuired i
blank milk extracts at the retention times of thalgtes.

Results and Discussion

The calibration curves generated for the five neatmoids were linear and reflect a high correlatio
between analytical signal and concentration ofaii@ytes. In fact, the coefficients of determinatio
(R? were always >0.999 over the range LOQ-100 pgMKuee selectivity of the method was
satisfactory with no interfering peaks from endagehcompounds at the retention time of the tested
pesticides in milk samples. The analytical resals® showed that the matrix effect is negligible in
determining the target compounds.

Possible carry-over effects were tested with blam&ctions after analysis of spiked blank milk
samples, but no effects were observed. Averagentietetimes for acetamiprid, imidacloprid,
clothianidin, thiacloprid, and thiamethoxam wer&640.11, 6.86+0.09, 6.78+0.08, 7.68+0.07, and
5.87+0.13 minutes, respectively. The repeatabditgd reproducibility tests, based on intraday and
interday measurements, showed relative standardtaes (RSDs) ranging from 4.3% to 31.2% and
from 11.6% to 30.0%, respectively (Table 2).

Recovery was checked at 3 spike levels, and theageerecovery percentages were found to be
between 75.1% and 88.3%. The data about the pementeries and the mean recoveries for each
fortification level of the 5 pesticides are showriliable 3. The LOQ and the LOD were the same for
all the 5 neonicotinoids, and were calculated t0.Beand 1 pg/kg, respectively. Finally, in thigdst

68 milk samples were analysed and none of therfe@nicotinoid pesticides was found above the
LOD.

Table 2 Results of repeatability and reproducibility te@spressed as RSD%) calculated for each neonaidtat 3
spiked levels

Spiking Repeatability Reproducibility
Analyte level Mean SO RSP Mean SO RSP
(ng/kg) (ugkg) (ugkg) (%) (ugkg) (hglkg) (%)
1 0,8 0.10 125 0,8 0.19 23.8
Imidacloprid 5 4.2 0.33 7.8 4.5 0.68 15.1
10 8.3 2.40 28.8 7.8 1.57 20.1
1 1.3 0.12 9.1 1.0 0.25 24.0
Thiamethoxam 5 4.0 0.44 11.0 4.2 1.28 30.0
10 8.1 2.52 31.2 7.4 1.88 25.1
1 0.9 0.04 4.3 0.9 0.10 11.6
Thiacloprid 5 3.2 0.48 15.1 4.3 1.00 23.1
10 6.3 1.39 22.1 7.4 1.70 22.9
1 0.7 0.19 255 0.8 0.19 24.7
Clothianidin 5 3.4 0.66 19.6 4.1 0.94 23.1
10 55 0.43 7.9 6.7 1.11 16.7
1 0.8 0.11 135 0.8 0.17 20.5
Acetamiprid 5 3.6 0.45 12.5 4.1 0.74 17.6
10 7.1 1.37 19.3 7.4 1.49 20.1

a Standard deviation
b Relative SD



Table 3 Recovery data of the method for analysis of neatimioids in blank milk samples spiked with 3 cortcation
levels for each analyte

Recovery (%)
Analyte 1Sp|k|ng IeE\)/eI (pg/kgl)0 MP
Imidacloprid 81.6 90.1 78.3 83.3
Thiamethoxam 105.3 85.0 74.8 88.4
Thiacloprid 87.8 86.4 74.5 82.9
Clothianidin 77.5 81.3 66.6 75.1
Acetamiprid 80.3 83.3 74.0 79.2

@ Average of 18 replicates at 3 concentrations
b Average recoveries of the 3 spiking levels

In pesticide residues analysis, satisfactory vafoed OQ should be below or equal to Maximum
Residues Levels (MRLs) (SANTE, 2017). Based ondhtsrion, we can consider that the analytical
method adopted in this study showed good sensitsiice the lowest Codex MRL for these
neonicotinoids in milks is 0.05 mg/kg (Codex Padiis Residues in Food Online Database), as
shown in Table 4.

Table 4 Codex Maximum Residue Levels (MRLs) for imidacidprthiamethoxam thiacloprid, clothianidin, and
acetamiprid in milks

Neonicotinoid MRLs in milks (mg/kg)
Imidacloprid 0.10
Thiamethoxam 0.05
Thiacloprid 0.05
Clothianidin 0.20
Acetamiprid 0.20

Despite the importance of milk as a food sourcéy tew studies have reported on the analysis of
neonicotinoids (and other pesticides) in this fdddgnac et al. (2009) developed an original multi-
residue method based on dispersive solid-phasactxin (DSPE) with octadecyl (C18) DSPE
sorbents followed by LC-MS/MS analysis for the det@ation of 44 pesticides, including
imidacloprid, in milk. LOQ and LOD for imidaclopridiere 0.199 and 0.06 pg/L, respectively. An
analytical method for quantification of 7 neonicwiids in different foods was reported by Liu et al
(2010). The protocol included acetonitrile extranticleanup procedures using SPE HLB cartridges
and analysis by UPLC-MS/MS. The LOQs of the neamoads in milk ranged from 0.37 to 2.0
ug/kg. Tian (2011) reports an analytical method tbe determination of chloramphenicol,
enrofloxacin and 29 pesticides residues, includhmdacloprid, in milk. Residues of the targets were
extracted with acetonitrile, cleaned up by C18-8&ffidge, and then determined by HPLC-MS/MS.
LOQ and LOD for imidacloprid were 1.9 and 0.6 pg/kepspectively. A very sensitive
UHPLC-MS/MS method for the quantitation of 5 neanigoids in milk was developed by Lachat
and Glauser (2018). Using liquid-liquid extracti®hE) starting from 0.5 mL of milk, lowest limits
of quantitation (LLOQ) equal or lower than 10 nddr all analytes were achieved. In the analytical
procedure applied in the present study, compar#dtivose cited above, extraction and purification
of the neonicotinoids is made in only one stepdading diluted milk directly onto Chem Elut SPE
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cartridges. The process is thus rather simple ast] Wwhile in terms of analytical performance, the
method applied, while not being the most sensiiweatisfactory in consideration of the MRL for
milk.

The results of the present survey show that thk amalyzed is safe for human consumption, at least
as regards the presence the five neonicotinoidehwhave been investigated. Milk and dairy
products, which constitute essential componenthendiet of many communities in Jordan, are a
possible source of human exposure to pesticiddsr(Set al. 2009; Sait et al. 2010). Several studies
have been carried out in Jordan to monitor speciéisses of pesticides in agricultural products and
in food of animal origin. The presence of Organoadhk pesticides (OCPs) in animal products was
reported by Ahmad et al. (2010), Antary et al. @0&nd Alawi et al. (2016). Other studies have
also documented their presence in mother milk (Ngtsal. 1998; Al Antary et al. 2015). Jordan has
banned the use of OCPs in 1980 and these compdwawis been replaced with relatively safe
pesticides from different groups, mainly organopthades, carbamates, pyrethroids, insect growth
regulators, and neonicotinoids (Alawi et al. 201Rhwever, the above-mentioned surveys have
shown that although most of OCPs are no more usédrdan, they can still be detected as residues
in agricultural and animal products, probably agsult of environmental contamination. Batarseh
and Tarawneh (2013) assessed the presence of 1fi6idess (organochlorine, organophosphate,
triazol, pyrethroid and dicarboximide pesticides)4i0 soil samples collected from the southern
Jordan Valley region during the period 2011-201#)veing that undesirable amounts of certain
pesticides can still be found in environmental raedi recent survey focuses on the determination
of three pesticides (abamectin, imidacloprid, armyfRithrin) in groundwater samples collected from
water boreholes of the shallow aquifer systemseiiclio and Jeftlik areas, lower Jordan Valley.
Imidacloprid was the pesticide detected most fratjy@nd in the highest concentration. In fact, of
the 25 wells sampled, it was found in 24 wellsan@entrations ranging between 1.6 and 32§/Rg.
This study shows that these pesticides, and incpé&t imidacloprid, have been used heavily and in
an improper way, increasing the risk of adversarenmental and public health effects (Marei et al.
2017).

In conclusion, in the present study the analyfi@formance results proved that the method adopted
was fit for the quantitative determination of fimeonicotinoids in milk samples, and generated
reliable results. The absence of measurable residube analyzed samples might be due to fact that
these pesticides were used properly, not in a masgay and/or not during the grazing period. Of
course, this assumption should be confirmed byhéursurveys conducted on other milk samples
collected in different periods of the year.

Conflict of interest The authors declare that they have no conflichiafrest.
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