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Linearita della risposta strumentale di un (huali caratteristiche deve avere, in base alla
metodo analitico: definizione, allestimento | normativa di riferimento, un metodo di

curva, scelta del tipo di retta, parametri screening per ricerca di sostanze anabolizzanti?

valutati.

La precisione di un metodo analitico; Significato del termine CCalfa, campo di

definizione, tipi di precisione, allestimento | applicazione, normativa di riferimento ¢

prove, parametri valutati. differenze nel calcolo tra sostanze di Cat A ¢
Cat B.

Standard degli analiti ricercati: Quali caratteristiche deve avere, in base alla

caratteristiche in base allo scopo del normativa di riferimento, un metodo di

metodo, certificazione degli standard. conferma per ricerca di farmaci non autorizzati?

Preparazione delle soluzioni madri di

standard e verifica della stabilitd,

Recupero di un metodo analitico: Significato del termine CCheta e campo di

definizione, allestimento prove, parametri | applicazione per farmaci di Cat A ¢ Cat B,
valutati.

Determinazione quantitativa di una Descrivere I'indice di prestazione pid importante
micotossina in alimenti: metodi di per la validazione dei metodi di screening e
quantificazione, criteri di identificazione ¢ | indicare le modalita di valutazione

di prestazione.

Approccei alla stima dell'incertezza di misura | Caratteristiche dello standard interno nei metodi

associata al risultato di una misura e suo di screening e differenze nella scelta quando
utilizzo nella valutazione della conformitd | invece esso si utilizza in metodi quantitativi in
di un campione per una micotossina spettrometria di massa.

Quali caratteristiche deve avere un Quali caratteristiche deve avere uno standard
materiale di riferimento e a cosa serve? intemno utilizzato per scopi quantitativi?




=

8 | Strumenti per assicurare la qualita dei Validazione secondaria di un metodo normato.
risultati nelle analisi di conferma per ricerca
di residui di sostanze vietate o contaminanti
in alimenti,
9 | Criteri di rendimento dei metodi analitici Costruzione della curva di taratura con il
destinati alla ricerca di residui di farmaci 0 | metodo dello standard interno
contaminanti in alimenti
10 | Modelli di stima dell'incertezza di misura Costruzione della curva di taratura con il
associata al risultato di una prova. metodo delle aggiunte standard
11 | Validazione primaria di un metodo intemno | Come si assicura la qualita di un risultato nelle
sviluppato dal laboratorio: pianificazione ¢ | analisi di routine di screening?
svolgimento
12 | Accuratezza di un metodo analitico: cosa Come si controlla il mantenimento delle
rappresenta e come si esprime, prestazioni di un metodo di analisi durante la
sua applicazione in routine?
13 | Come si assicura la qualitd di un risultato Rivelatori per HPLC: differenze nelle
nelle analisi di routine di conferma? caratteristiche ¢ applicazioni tra DAD, FLD E
MS/MS
14 | Sviluppo di un metodo interno di analisi per | Criteri di espressione del risultato e del giudizio

la ricerca di un analita nel muscolo:
pianificazione e svolgimento

di conformitd per residui di un metallo pesante
nel pesce.

(fo

Y #




15 | Criteri per I'identificazione di un analitain | La norma 17025: requisiti dell'operatore addetto
HPLC-DAD e FLD nei metodi di conferma | alle prove

16 | Criteri per l'identificazione di un analitain | La norma 17025: riferibilita delle misure e
cromatografia accoppiata alla spettrometria | materiali di riferimento
di massa,

17 | Analisi di conferma per determinazione Come si assicura la qualita del dato analitico in
della quantita di un residuo in alimenti: un laboratorio di analisi degli alimenti
metodi di quantificazione

18 | Vantagg: dell'TCP-MS rispetto alle tecniche | Piano Nazionale Residui: indicarme le
AAS, caratteristiche e le finalita

19 | Il campione ufficiale legale: definizionee | Come si costruisce una carta di controllo e a
caratteristiche. COSA Serve,

20 | Rivelatori per GC: differenze nelle Indici di prestazione da verificare duranie la
caratteristiche e applicazioni tra FID, ECD, | validazione di un metodo di screening per
NPID E MS/MS ricerca di micotossine in alimenti

21 | Proficiency test: utilitd per il laboratorio, Qruali caratteristiche deve avere un metodo di

caratteristiche, normativa di riferimento,
tipologia di report dei risultati

conferma per ricerca di micotossine in alimenti
in base alla normativa di riferimento?
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Varie tipologie di utilizzo degli standard
interni aggiunti all'inizio del processo di
preparazione del campione.

Approecio bottom-up alla stima dellincertezza
di misura: principali contributi da considerare e
modalita di espressione dell'inceriezza estesa,
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Large multiresidue analysis of pesticides in edible vegetable ails by
using efficient solid-phase extraction sorbents based on quick, easy,
cheap, effective, rugged and safe methodology followed by gas
chromatography-tandem mass spectrometry

P. Parrilla Vizquez, E. Hakme, 5. Uclés, V. Cutillas, M. Martinez Galera, A.R. Mughari,
AR. Fernindez-Alba*
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ARTICLE INFO ABSTRACT

AN
Elﬂ aim al thi= research was o sdape the QuECHERS method for routine peshicde multiresidue anal-
yds in edibde vegetable all samphes using gas Clromatography coupied fo andem mass speoieometry
[GL-MSIMS) Several clean-up approaches were fested: (a) D-5PE with Enhanced Matrix Bemoval-Lipsd
{EHR-I.WT""I: () D-5PE with PSA: [} D-5PE with £-5ep: (@) SPE with Z-5ep. Clean-uip metiods were
evaluated in rerms of Bt removal from the exoracts, recoveries and extraction precisian for 213 pesticides
in dlifferent matrices (soybean. sunflowes and extra-viegin olive ol The QUECKERS proteaced with EME-
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ﬂlh!-hﬂlumt Lipiel 0-5PE provided the best reduction of co-exmraced matrix chimpounsds with the highest number of
Edible vegetabie oils pesticides exhibiting mean recoverics in the 70=120% range, and the lowest relative standard deviations

values [4% on awerage & A simple and rapsd (only 5min | freeae-out srep with dry foe (0 ar - 76 C) peiar
1o d=5PE chean-up enfurad much better removal of co-extracted matrix compousds in compliance of the
necessiny in rmsting analysis, Procedural Stardand Calibration was esrablished in order to compensabe far
recovery losses of cerfain pestides and possible matrix effects. Limits of quantification were 10 jLg kg~?
o the rmajorily of the petticxled. The modifled methodology was spplicd Tof the anabnis of different
17 oil samiples. Fourfeen pesticides were detecbed with values hower than MELs and their concentration
ranged between 10,2 amd 15600 pig kg "

Plalsiresidue peiticide analyn
Prceduiral Seandand Calibearsss

EMR-Lipil

0 H 6 Elsevier BV, Adl rights reserved.

1. Introduction detected for pendimethalin (0.2%), terbuthylazine [ 1%, endosullan
(RO (0.2%), famoxadons (0.2%) and fenthion (0.5%). Since alive oil

O
..?‘ﬁ Mowadays, the olive crop as well a5 the soybean amd the was i included kn ofher EU-coordinated monitoring programs,

sunflower crops demand a wide range af insecticides forganaphos-
phams, carbamate, ofganachlorine, pyrethroid and ather chemical
classes) and lungicdes (phthalimides, triazoles, imiggzoles, sul-
Fammicles apd others chemical classes] consu Herhicides
(sulforyiurea and dipheny| ethers ) is another type of pesticide com-
mvindy wied in these groves Thus, pesticide residues may ocour in
the final vegetable odl products. According to rhe European Food
Safety Autharity (EF5A) |1 oul of the T4 samples of ofive oil
analysed in 2002, 175 samples [ 22%) contained one o seweral pesti-
cides in measurable concentrationsjResadues above the MRL were

* Cormespoading author,
- mal addrpis amadeoiulo | AR Fefnhndez-Alba).

e e Wy AREIRMEIREE ey B IR RE
02 T-8673H0 JOIG Eleevier BV, All rghit eederved.

N0 cormparisan of the 2002 results with recent years is possible,
However, pesticide residues wiere reported by different authors
bepvwmen 2003 and 2016 [2-4]. The resudrs showed that the -
dence and levels of pesticides were higher in virgin olive odl than in
reflned olive adl. Pesticide residses were also detected in soybean
|5.6] ang sunfloveer oil [7],

Regardless of the pesticide-residue determination in edible ails,
extraction and clean-up remains the main lmiting step. A com-
pilation of applications involving additional clean-up steps after
salvent extraction when deating with edible oil simples is glven in
several reviews [8-1 1], most of them retated to the sebective deter-
mination of pesticide residues in edible o, but only few of these
profocols were propased for 3 wide-scope multiressdue analysis of
pesticides in this complicated matrix [3.12-15]1
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Fhass spectrometric technigues [Le. tandem mass spectrometry
using mriple quadrapede or On-trap instrements ) in combination
with gay chromatography (GC) or liguid chromatography (LC) are
the technlques of chotce for pesticide residue analysks in'edible
ol due fo their high selectivity, sensitivity and throughput. The
developiment of madtiresidue methods lor the determination of
pesticiches in edibde il samples at bow lewels 5 yet a challenging
issue o which much effort in separation of lipid material from
exfracts has being applicdgAn exhaustive dean-up of the sample
exiract is necessary i onder 1o Jvaid high amount of fat residues
in the final extract. which would decrease the column lifetime
afdl the maintenance of the insrrument in working conditions.
since lpids deposis on the soarce, the analyte sensitivity §s highly
reduced oo due o on suppresson Difloudty it i focusing on
remaove interfering lipids withowt losing certain analytes consid-
ering thay many of e rarger pesticides are far-saluble non-paolar
compounds (&g, organochlorine, pyrethroids) and they tend ta
remain in the fat. Liguid partitioning between the oll matrix dis-
sabved in petrolewm ether o p-hexane saturated with acetanitrile
was one af the most reported methods for the {solation of pesti-
cides in edible oils [10,14,16-18], In these procedures pesticides
are partit:oned info the polar acetonitrile laer while the Hpids
are remoded 0 Che non-polar petraleum £ther of p-hekane pluass,
Usually, liquid partitioning has been wsed combined with GPC
[ 10,1617 ] or SPE purificarion using Morisil carridges [ 14.18]. How-
ever, these procedures are labarious, time-consuming and reguine
large amounis of polenrially hazardous salvents. MSPD | 14.18] has
often been combined with liquid partitioning overcoming these
pitfalls with satisfactory resulrs, Current developments involve the
use of extraction methods based on modifications to the QuEChERS
procedure [31.4.12,14.15,19] a5 originally reponted by Anastassi-
ades et al, [20], These methods résult in advantages such s bw
sodvent consumption, simplicity. flexible approach and high work-
flow. They involve indtial liqud-liguid partition with acetonitrile
and then cleaning up by dispersive-solid- phase extraction (d-5FE)
in wwhich the extract is mixed with different sorbents combenation
{P5A+C18+CCB) and anhydrous Mg50y. Addinonally, a reezing
ol step pricr fod-5PE has been used for further clean-up of the edi-
bl oil exTract. Amagnosiopoubis etal | 3] proposed a method for 102
pesticides im odive ofl and olives by gas and liguid chromatography
coupled bo tandem mass spectiometny [CO-MSMS and LC-MSMS)
using this simple combination. Although all analytical parameters
evaluated were excellent, the main drawback of this method was
the significant matrix effect for most compoanids,

Lirtil naver, apart from GPC, mo sample préparation has been abbe
to eliminate matrioceMect which is caused by co-eluting compounds
inflluencing ionization and, thus, signal intensity | 3,14, 15,18, 19] In
this sense, reported multiresidue methads for pesticides in edibbe
oils by gas and lguid chromatography/mass spectromeiry show
a significant or stromg matrix effect for mast compounds which
harnpers sensdrivity. Recently, the use of zirconia sorbent materials
{Z-5ep. I-5ep® and Yitria-stabilized zirconium dioxide nanopar-
tickes) far remaval of lipids from fatty samples improved matrix
clean-up compared o PSA C1E and GCB sosbents [21-24], bul
alse resulted in more analyte foss, espectally for hydroxyl amd
carboxylic ackd-containing compaunds, Preliminary results with
the novel sorbent material Agilent Bond Elsf Enhanced Matrix
Remaval-Lipid { EMR-Lipd] are promising for highly selective lipid
remval without umeanted analyte retention [ 25-29], Applicatéon
studies immolving (uECHERS extraction fallowed by EMR-Lipid dSPE
amd polish salts indicate that this new product delivers fast, effec-
tive and robust sample preparation with the most complete matrix
remaval available for multiresidue analysis of pesticides in avo-
cado by GC-MS/MS [27] and LC-M5/MS [2E]. The performance
of EMR-Lipid has alse béen tested for other representative high
Fipid content samples including bovine lwver [25] and salmon |29]

.EFhfnﬂJHl'qw:ﬁuli;Muu#.Armm}lﬁjm-il 2i

Effectivie clean-up of EMR-Lipid and berter precision resalts wene
obtalned compared to alternative (MECHERS procedunes.

" The objective of this study was the evaluation and development
of a sensktive, reliable and robust multiresidue analytical metisod,
based on QUECKERS mathadalogy followed by GC-MSIMS for the
simultansoas analysis of an extended list of 203 pesticides inedi-
bl mils, Severd chean-up methods were evaluated condentrating on
efficient chedn-up angd ihe highest member of pesticides satisfinng
the recowery and precision criteria. The tested methads were: mod.-
iffed QUEChERS using d-SPE with EMR-Lipid (2], PSA (b), Z-Sep (c)
as weldl as modified QuECHERS wsing SPE with Z-5ep (d) and EMR-
Liped (&), A simpie and rapid freeze-out step with dry fce {C0; at
—T6 Tl i & preyious remeval of ipids were done befone the d-5ME

I e 5 ey

2. Experimental
&1, Reagenrs ond moferials

All pesticide standards of high purity were oblained from
0. Ehrenstorfer (Augsburg. Germany' ) and Riedel-de Hakn (Salze,
GCermani) and were stofed 30 -30°C. Stock standard solutions of
cach pesticide were prepared in acetonitribe and ethyl acetate ar
concenirations of IM—IMIJm;L'l and were stored in amber
screw-capped glass wials in the dark at -20°C, Individual stan-
dard solutiens for optimisation and theee standard-mix selutions
far calibration were prepared (rom the stock standards,

Uktra-gradient HPLC-grade acefonitrile was obtained from
Sigma-Aldrich [Steinheim, Cermany). Trisodium citrate dibydrate
wias purchased from Fluka [Steinheim. Germanyl Sodium chlo-
ride was purchised from |.T. Baker (Deventer, The Metherlinds)
Disodium  hydrogencitrate sesuilydrate was obfained from
sigma-Aldrich (Steinheim, Germany L Anhydnous magnesiam suls
phate whas supplied by Panreac (Barcelona, Spain ) EMR-Lipid was
purchased from Agllent Technologies (Santa Clara, CA, USA) PSA
and Z-Sep were obiained from Supelco [Bellefonte, FAL A Milli-
Q-PMus ulira-pure water system from Milli-pore (Milford, M, BSAY
was used throughout the study 1o obiain the ulira-pure grads waler
used during the analyses. Formic acid [95% purity | was purchased
from Fluka {Buchs, Swiarzerland \. Dry sce was supplied from techni-
cal services { LUniversity of Almerdal.

2.2 Equipsent

For GC analysis, an Agilent T000CC (Agilent Technologies, Palo
Alto, CA USA) equipped with an Agilent 7R3 Jutosampler, 78004
GC syetern, and an Agilent 7000 series GO=-MEMS triphe quadruepale
systern (Agilent Technologies] were used. Data acquisktion and
prcessing were developed using Agitent MassHunter QO Quan-
tiative Analysis B.O0500 software. Analyses on GC-M5MS were
performed on an Agilent Llra Ingrt GC column HP-585 U1 (15m
long « 0.25 mm Ld, =025 pwm film thickness) The samples were
injected using a mullimode injector inket in cold Splitless mode
through an ulita-inert inket liner with a glass wool frit from Agi-
lene: the injection volume was 2 pL. The injecior (emperatung was
kept at BO°C during the solvent evaporation stage (0.1 min) and
then ramped up (o 300°C at 600-C min-', This temperature was
maintained for 20min. Helium (S9999% purity] was used as the
carrier angd guenching gas, and nitrogen [ 99,9999 purity) as the cal-
fision gas, The oven temperature program whas of follows: T0°C for
1 min, up to 150°C at 50“Cmin-!, then up to 200°C at 6 “Cmin-!
and finally up ve 280°C ar 16°Cmin=!, and then maintained for
A07 min The tofal run time was 20min with 3 additional min-
wies for hackiheshing at 280°C; the préssure was maintained at
60 psl. The system worked at constant pressure (141 psi) with

¥ sy
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the seqting of the refention time lock employing trafluralin as the
locking compound at 582 min, Bath the transfer line and the ion
SOUFCe Were kept at 280 °C. The bon source and quadrupole analyser
femperatures wene fxed at 280°Cand 150°C, respectively. The col-
lision gas Aow was 1.5mLmin-" and the quenching gas low was
225 mLmin"",

For the prior screening. an Agilent T830A gas chromatograph
was used. The samples were injected using a multimode injector
inbet in a splitless mode with an ultra-inert inbet liner, with a glass
wod frit obtained [rom Agilent. The injection volume was 2pl
and was carrsed gul af Z80°C, Heliom [S9.999% purily) was used
as the carrier gas. The GC separation was performed using two
fuzed silica HP-5MS U capillary column af 15 m -« 0.25mm inner
diameter and a film thickness of 0.25 wm { from Agilent ) connected
by a capillary flow technology (CFT) union. The oven [empera-
ture was programmed a5 follows: 60°C for 1 miin; 40°Cmin-! to
120°C, and Nnally up oo 310°C a5 “Cmin~!. The rotal ren rime was
40.5 min with two additional minuies for backilushing at 310-C.
The gas chromalography sysiem was connecied (o 4 quadripale
time-of-flight [QTOF) mass spectrometer Agilent 7200 (Agilent
Technologies, Santa Clara, USA), operating in electron-impact ion-
ization (EI) mode (70 eY), The b source and guradnupole analyser
[BMmperatures were serat 280 and 150°C, respectively. TOF-M5 was
aperated at 4 GHz (12 000 PWHMY, with acquisition over the mass
range of mjz 45-550.

2.3 Opdmirerien of GC-MYMS parameters
r Caraln
For the optimisation of the M5 parameters, all pesticides were
ranitared in full dcam mods in the S0-550 82 range, selecting the
precursar lon [PLL In the Pl experiment, the P was fragmented dnd
the best product ions were selecied. Finally, the CE wias optimized
for each transitwn in an SRM experiment. For the identification of
analytes, the EU gukdelines for GC-MS/MS analysis wene considered
[Documeant M- SAMTE(1 1945/2015) [10]. The rransitions oblainsd
and codlision energies chasen ane slovwm in Table 51 (in the Supple-
ALY e rial Laction ). The most Frense Irans on was selected
as the guantifier transithon and the second mosEintense.as the qual-
ifler ransition, A thitty-nine time-segment method was created (o
obfain gdeqguate sensitivity and S/N raticc The solvent delay was
2 min,
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For recovery siudies, the organic exera virgin olive, sunflower
and soybean oil samples obtained from a green store rom Almeria
[South of Spain) were spiked with the standard solution at the
appropriate levels A prior anabysis of the samples was performead
i arder 10 ensure that they did not condain any ol the. target
compounds, and thal samples were selected a: blank for spiking,
calibration curves and recovery studies. The spiked sample was
Atirred for 60min o bet the ethyl acerate evaporate before sam-
ple extraction and d-5PE clean-up. The final spiking concentration
Tevels inthe recovery study samples were 10 and 20 pg kg™’

TRLER™

l-ﬁn' he extraction, 155 of samphe was weighed in a 50mL
FTFE centrifuge twbe. Then 15ml of acetonitrde and 15l of a
mix of susrogate standards with 10mgL-! = tripheny! phosphate
[(TPF) dichlorves-di, malathion-di0 and carbendazim-d3- were
achded amd the samiples were shakedt e an aulomatic axial extractor
(AGYTAX®, Cirta Lat. 5.L. Spain) for 4 min, Afterwards, 4 g of mag-
pesium sukphate, 18 of sodam chionde, 1g of irisodium cifrate
dehydrate and 0.5g of disodium hdrogencitrate sesquihydrate
were added and the sampies were again shaken in the aulo-

2.5, Sample preporarion procedun

matic axial extractor for 4 min. The extract was then ceptrifuged
| 2860 = g for 5 min, For the freezing-out clean-up.an 10 mL aliquot
of £ Superpafant was transfermed 1o.a 15 mL FTFE centrifuge tule
and pl in a pohysiyrens baX flked with dry ice (O at —76-C)
IurSl%ml of fhee extract were then separsted froin the precip-
itale whing a Pasteur piperie sl thess wene used for the [ollowing
clean-up methodaologies: [a) D-SPE with EMR-Lipid. 5 mL of warer
Iead Been ddded to the EME-Lipid d-59E tube prior to addition af
the freezing-out extract, Subsaquently, the mixtune was vigorously
shaken by vorrex for 60 s (o disperse sample and then centrifuged
(2560 = g) far 5 min. After that, a Sml aliguot of the above extract
wias transferred mo a 15ml EMR-Lipid polish tube conraining 2 g
salts (1:4, MaCEMgS0y L. The contents in the ube were voriexed
for 605 and centrifuged at 2860 « g for Smin: (b) D-SPE with PSA
[125mg ]+ Mg50y (750 mgh The conients in fhe rubs were vortesed
for 605 and centrifieged at 2860 « g for 5 min; (o) D-5PE with Z-5ep
{125 mig]+ ME50y (750 mg ) The conrents in ihe rebe were vartexed
for 605 and centrifuged at 2860 = g for 5 min: (d) 5FE with Z-5ep
{45 mg} 1 mL alequar of the exIract was percolated through a SPE
cartridge containing 45 mg of Z-Sep at a Mow rate of 0.8 mLmin-!
in rhe extracteon manifold system ar a pressure of 109 psig for the
vatuum system (the SPE cartridge had been presonditioned prior i
percolation with 1 mL of acetanitrile). Finally, 2 2 mL aliguet (1 mL
for approach (o 1] was transferred into a glass test bube and acidified
by adding 20 L of 5% formic acid in acetonstrile (viv) o stabilize
base-sensitive pesticides. In (b)=(d] strategiss. 10g of sample and
ImL of acetonitrile were used for the extraction. In these caies,
anly 2.5 ml of the extract were obtained aftes using 3 5 ml aliguot
of acetonitrile extract in the freezing-out step. Prior to injection
inta the GC-MSM5 system, & 50 pl aliquol was evaporated umder
a genthe nitrogen stream and reconstituted with 50 wL ethyl acetate
and 2l lindane-dé (1.25 mg L), wihich were added 1o each vial
as the injectbon contral standard, With this treatmment, 1 mL of sam-
ple exiract represents | g of samphe, The detailed workfllow for rhe
best pracedune (appraach a is shawn in Fig. 1.

26, Method walidarian

[ Avalidation mﬂrwuwﬂnmdanmﬂmmtnmmg
linearity, limit of quantitation, matrix effects, a5 well as intra-day
anel inter-day preciion.

The recoveries and precision afl the extraction method were
determined 33 (he average of five spiked matnix blanks analyzed
At cancentration levels of 10 and 20 pg kg1,

The LOG was set as the lowest spiking level thar can be quan-
tified sath acceptable acuracy and . s described in
Document M. S.W'Eilll!ﬂﬁfmli.fmﬁ
rTI'I arder to demonstrate Gnearty, Ave sets of calibration curves
Wil 58X concentrathon points (from 10 to 500 pe ke~ in the sam-
ple) wiere prepared by spiking the analytes before the extraction
procedure o obtain 0 more reaglistic concentration in the final
extracts, Procedural Standard Calibration [ 20 was applied to com-
pensare analyte bosses during sample preparation and variability i@
e matrii elecs,

The repeatability of the method was estimated by determin-
ing the inter- and intra-day relative standard deviation | RSD, ) by
the repeated analysis (n=5] of a spiked ol sample ar the 10
20 Ml:l‘" bewrels, From run-to-nin over | and 5 days, mmwﬂ

2.7, Studied pesticides

The pesticides included in this stedy wene selected baded on
their relevance in terms of high probability of being found in edible
oil samples. Mostof thie studied compounds are low- and meadium-
polarity pesticices {pKow =3) which facilitates the contamination
of edible oil matrices, Various studiés revealed the présence of

[}‘5)..1 X
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Fag. 1, Schemans Jagras of he propesed sample prepacifion stralegy based on QuECHERS metfod {appeoach al

many of these pesticides in edible vegetable oils |1-7] at levels.
in certain cases, above MRLs |11 :

1. Result and discussion
3.1, Method selection

The new clean-up sorbent, Agilent Bond Elut EME-Lipid, was
applied in soylean, sunflower and extra virgin odive oil extracts and
effickency of the dispersive-solbd-phase extraction (d-5PE | chean-up
fMep & well as pesticides extraction effectveness wepe evaluated
by comparisan with ather sorbents | Le. PSA and 2-Sep) previously
used fior d-5PE or SPE of this marrix [2.3.9.11,12,15.22],

The extraction/clean-up procedures were based on the QuECh-
ERS methodology lollowed by analysis with a GC-EL-TOF-MS and
GC-MSMS, The extraction step involved liquid-liguid extraction
af 10 edilse oil with 10 ml of acetodmiteile followed by salting-out
with citrate bulffer, magnesium sulphate and sodium chloride. The
followring step was [o discard in the extract an amount of matrx
comstituents with limited solubility in acetonitrile by precipita-
tion at low-temperaiure {freezing-out clean-upl. Hereater, [a)={d)
clean-up stralegies were checked,

For the freezing-out chean-up with dry ice (CO2 ar ~76°C), an
aliquot of the atetonitrile phase [5mL) was transferred into a cen-
rifige rube and placed in a polystyrene box Alled with 1.5 kg ol dry
ice, The freezing time study revealed that a homogenous fat pre-
cipitate in the bottom of the tube was achieved within 5min and
lnnger fréczing rimes resulted in the freazing of the whale extrac.
Then, an aliguot of the supernatant solution {2.5mlL) was frans-
ferred inbd 3 centrafugation Mube for urther chean-up by d-SPE ar
SPE In the case of d-5PE with EMR-Lipad [a), it was necessary 1o

increase the amount of edibde ofl sample and acetonitrile 1o 15 g and
15 ml respectively, because manufacturer recammends 3 volume
of SmL for the EMR-Lipid d5PE tube which could be obrained afver
usinga 10mL aliguot of soelonitrile extract in the reezing-out step.
Highly lipaphilic compounds in edible olls such as erighyeerides,
diglyoerides, monceivcerides and free QLY acids are expected fw
b remarved G0 @ large extent by [reezing-out. The effectiveness of
Ireezing-out clean-up as an additional step o the d-5PF can be
assessed by evaluating the amounts of matrix compounds i e
final extract using a GC-EI-TOF-MS warking in full-4can mode, As
cafh b teen in Fig. 2, the Total lon Chromatograms { TICs ) obtained
for the same extra virgin olive odl sample showed that freezing-owt
plus d-5PE with EMR-Lipid ensured better clean-up (615 cheaner )
than d-5PE {EMR-Lipid ]} only, especialy in the case of compounds
elutinig from 23 (o 40 min dwe ta the presence of highly non-polar
comgpounds in this part of the chromatogram.

Regarding the evaluation of clean-up sorbents, our main ori-
tevion was 1o find one that gives an efficient clean-up of the oil
extract with the major number of pesticides having recoveries in
the T0=-120% range as well as giving the bowest average RSO values.
SFE with Z-Sep (d) and d-5PE with EMR-Lipid {a) wers the most
effective clean-up procedures [Fp 1 L obtaining 43% and 34% reduc-
tlon, respectively, in the amoents of matris compaands iy the final
extract counpared lo d-SPE with £-5ep (c) The advantage of these
two procedures over d-5PE with 2-Sep (¢ and d-SPE with F3A (b)
is chearly visibde from 34 to 40 min [(Fig. 38} Although Agilent Tech-
noboghes recommends EMEB-Lipéd sorbent for d-5PE procedires (a],
wie tried SPE with 45 mg EMR-Lipid and, in this case. it was rech-
nically impossible to pass the acetonitrele phase (5mb) through
the cartridge even when the sorbent was previously hydraced with
SmL of ultrapure water. Since no available information ram Agi-
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=== A] Freeze-out + dEMR TIC 2.08 E+10
== B) dEMR TIC 7.36E+10
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Fig. L. GC-ERTOF-815 fall-scam chromatograms of Bank ofive of extracts obtsined vesg el ChERS methodelogy with reezing-out Tollowed by o-5PE (EME-Lipid) (&) and
-5 {EMR-Lipidd ) wthout freeding-our (B

=== a) D-SPE with EMR-Lipid TIC 2.08 E+10
=== b) D-SPE with P5A TIC 3.04E+10
=== ¢) D-SPE with Z-Sep TIC3.15E+10
wes d) SPE with Z-Sep TIC1.79 E+10
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Fig-4. Peroeatage ol the [stal masnber ol evalusded peificiles with recoveries foom
different ranges and mean® RSO (m=50 in olive ofl samples. Modified QuECRERS
wilh Ireezing-out Eollewnnd bry - 50 (EME-Lipid ) (AL o-SPE(PSAN (DL d-5PE (2-Sep]
{C) and SPE[Z-S=p) (DL

lent about characteristics of this new material, we cannor conclude
the reason for the difficulty (o be used i conventional SPE
Recovery and precisson studbes carmsed out a0 a conceniration
leved of 50ug I‘.ﬁ'1 gave condiderably better results for extracts
cleaned with d-5PE {EMB-Lipdd) than in the case of cleaning by SPE
with Z-5ep (s Fig. 4], Out of the 213 pesticides, QUEChHERS with
dl-SPE [EME-Lipid) ensured recoverses in the 70-120% range and
miexn RS equal to 400 for 177 pesticides whereas extracts cleaned
with SPE (Z-5ep) resulted in 19 pesticides and a mean RS0 eqisal
[0 0.7 (see Fig 44 and D) A similar trend can be also observed
the case of d-5PE (Z-Sep], although extraction efficlency was better
than that exhibited by the SPE (Z-Sep) alternative methoed tested,
It was noticed gpenerally that acode pestichdes {fAusilazole,
myclobutanil, penconazole, propiconazole, (efracopazole, fenbu-
conagole, epoxiconazole, cyproconaiobe, diclobutrazole, tebucona-
zole, paclobutrazol, metconazole, exaconapole and flutriafol) did
not show recovery values at the studied concentration level when
SPE clean-up with I-5ep was used, while they are complately
recovered wiing d-5PE (EMR-Lipid) protocal, Z-Sep sorbent |5 a
mixture of two sorbents, C18 and silica coated with Zrds, with
a ZrlpfC18 e of 275 (211 Zr Moms have vacant 3d orbirals
50 they are electron dcceptors (Lewis acsds) This fact explains
adsorption afl azale pesticides which are nitrogen heterocyclic
compounds with two deuble bonds and one beteroatom i pet
part afl a doubke bond, thus contain atoms donors of electroms
that could intevact with the £rds sorbent [21]. The strength of
the interaction between the azole pesicides and this sorbent
can be increased for cyprodonazole, diclobutrazole, tebuconazole,
paclabutrazal, metconazale, exacenazole and futriafol due o the
presence of a hydroxyl functional group in their molecules. &na-

Eytes with hydrosy] [Fenhexamiid, nuariniol, orto-phienyl phenal and
femarimed ), hydroxyacefate {chiorobenzitate and Bromapropylate],
phesphate ( paraoxan-methyl and dichlorvos ), phosphorodithioas
[disulfoton and disulfoton-sulfoxide and methoxy [meralaxyd,
terbumeton, prometon, pyrifenok and sechumeton) substifvenis
could not be tecovered, possibly due to thedr capacity 1o inleract
stromgly with the 20 sorbent according to Lewas theory | 21], The
same cccurred for other pedicides also have Lewis base sites in
their structure such as piperidine {fenpropiding, marpheline [fen-
propimsosph] and diamine [ametryn) groups. A similar behavior
based on the electrostatic interaction between rhie abave eléctnon
donors functional groups and the amphotenc Ziconim dioxide
was found by Turimski et al |2] for the &-5FE clean-up with
Z-Sep ceveloped for pesticide analysis in edible oils, For other
pesticides faving planar structures with chloride stoms, such as
chiorothalonil, 3 very low reécovery was also abtaipned, Table 52 in
the Supplementary data presents the recoveries and RSO values
obtained in extra virgin oil with the tested clean-up procedures
[expeniments [a}={d]],

Based on the results of our experiments, it was found that
CuEChERS with d-SPE [EMR-Lipid) would ensure efficlent and
robust clean-up while maintaining guantitative recovery o maost
of the target pesticides (835 of pesticides), In sddition, compared
with 5PE procedure, other advantages of d-5PE are its simplicity,
lesser disposable materizls and volume af organic solvent con-
sumed and, the Large number of samples that can be processed per
hepair. Fof this reason, validarion expefiments were carried out with
d-5PE (EMR-Lipid ) procedure.

1.2 Mrthod validation

12]. Recovery sfudie

For recovery studies, two fortification bevels were selected:
10pgkg! and 20pgkg~". All recovery experiments were per-
formeed fve times af each level, & suggested by SANTE |20 In
olive oil {extra wirgin quality], at the 20pgkg=¥ level, 171 pes-
mecides had récoveries in the 70-1390% range; 23 had recoveries
bebow B0% and the recovery of 3 analyte {fenitrothion, fpromil,
meevinplos ) was above 1200 (Table 1), Arthe 10 pg ke ! lovel, 162
pesticides had recoveries in the 70-120% range, 23 were exiracied
with bow recoveries of were ot detected and, likewise at this
level, mevinphos had an recovery higher than 120%. Low recow.
eries for ethoxyquin were obtained as a result of their degradation
[ &3], In the case of gquinogyfen. 4.4-DOE, endosulfan 4 endosul-
fan b, heptachior, disldrin, quintozens, 4,4-D00, 2.4-D0E, 2.4-DOT
and 4.4-DDT recoveries within the 40-60% range were obtained
at both concentration levels. Different aurhors have 1o reported
poar recaveries when several extraction and clean-up methods
were used in high fat content matrices for these pesticides with-
aul an unambigueus reason of this fact 21,3132 ] With respect to
the sunfiower oit matrix, 3 similar situaton oocurred when com-
pared wwith the extra virgin olive oil matrix, Results obtamed in
sovbean ofl matrix showed that at 20 pg ke, 160 pesticides had
recoveries within the 70- 120 range and 2t 10 g kg, there were
136 pesticides (Table 1) The pesticides with the lowes! recovers
s wene aldrin, flonicamid, HCE, packebutrazel, paraoxon methyl
pentachioroanifine and 3-chioroaniline,

Hence, th propased modified QUECHERS method using a freeze-
ot step followed by EMB-Lipid d-SPE sorbent prosided recoveries
ranging from 70 fo 1205 for 76X of studied pesticides in exira
virginolive and sunflower oil; and 64% of studied pesticides in soy-
bean ol far the 10pgke' spiking level). At this peint we have
o consider the large scope of pestickdes presented and therefore,
the difficulties to get good recoverss for all compournds by Matrix
Marched Standard Calibration. To compensate this loss of analyte,
we decided to use Procedwral Standard Calibration providing the
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Table 1

Recuverses il pelative scandard deviathn of 1B progosed st kn lehean-gp met hod i e loer munrices, consiting of Freene-o loBowed by d-51% wirk EMR-Liprial.
Cuifi vt Reorery |5 AS0)

{3 il B4 EHive el 2 Sunflower oil Soyan el
1Wpgky ! pgky ! Hijegkg ! Hpgky " i0pgky ! 2l gl " WOpgky ' Hiugky '

14-00E Hin 21 A5 (4} 44 ) kTR [Ty 5] m{5
FA-DIDT+4,4- Ol 4E(R] 51§2] 43 [T} 5074} B9 435} Hig) e
3.5-Dachloroaniline 5] 7143} 67 [3) 1303 =(1) e i 5| 5) (5]
- Chloroaniline 540205 Sa(iay 555} 52 (5} 4 (5) a7 [4) {5 &7 (5]
AA4-DIE 44114} 45(7] 415} 42(86} 55(7) 5713 (5] Rt ]
L4-DDT ADRY d2(1) 54 (B} #0105 S615] 6115} =i 5
Aczinaghrin B8(5) HOE (3 LR 4] B5(5] BO &) TRE 103 15)
Alschior BT R} ain B (&) TR (5] L HE] T[4} Th{4] Tuiwl
Adrin |1y IR b F Tk 1 ELELY HI(5] L EIL 71351 LEEF
A Ty 7504 Y BhiA) T2(%) =4l TST) AL ] &) B9 E]
Anthe s 623} L] (&) 75l AG(4) BaTH 7] L= T
Arrazine w7y TE4) BT 75 4] L Gh (&) T413) 5 (6]
Amayatrobin 11& {3} TI& 3} 178 10543) (5] BE 5} w7i4] THBES)
Benabusyl 104 (4] 107 (2] LR 10iki4) AT (E) 103{5) 104 (5 &7(4)
Blenox T4 (&) 1 EET] T (] E143] L5 Tir | T} TR 85.04]
Lo 65 4} BE (1) 65 (5] E12] TI([5] 56 (2] 7] 65 (4]
Eodemd L8] (&) B Tl T[T a4 T 14{23)
EExafen 113 107 (3] o £5] Sa{4] 053] 103 6] & 18} 1ipa)
Bascald TR 5 {1) 235 -+ Tl ] G2 (A} TR L= 3] LT
Bromopropylite T2 TN LT Tai5) 0] LT &215) S(A)
Bupirimae ] 7 {5] L TE] (5] 45(5) 100 {5 i Ta(8]
Buproderin 32 {1 (5] LTI o[ 5 izl L r L LT
Burralin TEG] a5 Tri5] a1 (8] 103 (&) £ (% 4715] 57(5)
Butylate & (4] & {d] (2] LT ] 77 (4} i 7w L2 1T
Cadgzalos T4(3] T = (1) 53 &R {5} 7 -] 68 (5)
Capaany T T2iE] 0] BN 4406} T3] - G3(1TY
Carbofuran PR (21 IS 5) ] TR{5) 4] 05 (5] @5 (6)
Cawrbyplvenia oo 63(3) B3 75(2) T34y HI [T} 55(5) TSy Fh(5)
Carbosatlan TA(3) T TA(d) EFIE )] R5{5} 103 15) - 6627}
Chinoanethissar (3] 2402 470(49) SGL15) 15} 3519 GG 8 ()
Chiorbromurao I ] i ] Eil ] T4l Bas) i (4] 7] b Bl
Chiesdane 61 (0] 620100 4 (B) BA[5} B a} &5(5] - 55 (@)
Chicefenagyr B () L% b BO (&) BO (&} 1{F) i1 W18} 1106)
Chie T LETEN 100 (35 a7 (3} 4 715} Bt (4} B404) o (R}
Thiorpbenailaie b2k AL B (5 BS (3 THE 51(5] EaLh) THT
Chierul halorsd T3 TR{1) 2} a0 4} w7 204) a204) B (R}
(hbarpireglanm a7 (4} TI(2H T4 4} Ty &5} &7(3] 53 (20} 0 [4)
(hdorpyrifos Td{5] TN BRI Ml T T ] BE (B}
(hdarprywifos Methd T2} THEH T[4} 105} 654} 7431 B2 (7 3 ap
Cbori bl DHmetiyl L7 T 1| TI{2} B8} 1[5 T45] (21 T4 (4} i {6}
Cbagolinae ] T ) 10243 118 {4] e (4] 47 (8) 102 &}
Couamiplaic a5 (2] wm{i} a7 %) 104 15 TS 0205} S IREH 117133
Cyflutiain TE(5] -alp ] T 4] TS (3 TRII5) 10 (6} T2L5) TR 6}
I.'wl‘ﬂ'lﬂ 573 LrdFd] EI{5} ST 17 @1 (5] T8 (6} o[£}
Cyproconarole 53] T5{d} TS 65 (5] TE(5) (T )[4y M8}
Cypradinil 3%(3) 4347} |5} 40 19) 53(%) 47 {19} di (5} 69}
ST LRy LTI L-1EE ] #5141 7 T (4] 73] 105 5]
[eeftamaeibirin 4] R3] E4 () TaE] TIiE) B2 (7) 62 6} B {5]
Desmethyl-pitinsicach . . 45105 41150) 1(5) 5417 48 (19) 2(5)
Crasiman TR{A] /(1) TiiE] 53 (5] (5] 102 (4} 77 [4) T3
e kol BF(5) 12 (3) 53(2] 163 (6] LR VI (&) 51 (4} B8 (5|
[ hiborves A8 ] 4R (4] #05) o i4] A5(5) a1l () 65 [4) iR
[hiclobutrasale 713 rE L] a7 in E3{4] (7] 02 (5} 746} Ki{4]
‘Dachoran &1 (4} ra k] #4 (3] L =215 L] a4} 2 (5 s
[l EE R H 4003} 21(5) (6] IR[E) 36 (5} iz} %
Dl A7 [6) 43 (4) 44(a] A 23] 5504) S0(F) Felf 2418
Meetholencirh 75 (6} ] 72T 65 (5] B4 [3) T[4} - 5
D1 Bar Tidimiad B2 (4} oy 14133 Tai8) BE[4) TR 55 TEi4]
DaereBdpan 1144 2) 1189 [3) 10 [ Ba (2] WM [ 103{T) 112§ 104{3)
Wpbemydamine LTk T[4 15 (3} Ta[d] BT [5} EETR N B1i5} = 11|
[Ksulfodon TH {5 i BG(R) Tan) LE TS BE(T) &) Taid)
(Rsulfonioa-sulfoxide LLETEN] 118 {3) & (7Y 1006 [ ) BR{5) e [} 105 (3] 4]
Dodemrph & T5} h13) MG 56D LT RF ] B3 (T} T6i1)
EPH ki T FA] BT} TR B8O BR[TH ok 4 w5 TRE)
Ertdosalian Alpia 4014] &5 (3} 35 (6} 465 ah 545} &1 [} 6]
Endosuifan Beta 40 (5] k] kLT (gl a0 5} Bu{1%) 40 09) EE TE ]
Endomailan Sulflare &1 (5 (5} B4 a5 [4) B 4} T35} 1515) T
Endrin 41431 401 %) 3(23) 4% @) 8714} 15 bt ]
Epriconatoke 5.1 (8] W[5} o TEH 104.(7) o7 TR (&) #(5)
Erbisn 843) B3 4) B9 0 6} BE{T} DE (T} T34] T3]
Eltofumesate A B 14 1245 T 05 {6} nn 10 {2 SBi(5)
Etiapreghos (3 #502] &4 855} 0 {4} B8} B9 TG
Erfvyguin - 24(5) - 18124) - - = 4i15)
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Ereimbos I AN ] Bhid) B5[T) Ba () (% TE{d] TI{g]
Fenamidone 1] g1y T0i5I 0 [4) [ mein EXig] L e ]
Ferarimal T2EY BS (1) 0[6a) a1 (&) ET(5) Ti4] BT T5103)
Fenazagein 67 (3 o8 (2 T3(a) BT (5} M M Ta{E] 4[4}
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Fluiedand 08 3 11 (¥ 0 (4} a5 103 (5] BTis Lo EEN] 107 [4f
FlursiaSel 7503} TR Taidl 00T 4] gl {5 71 (4)
Fluvalinare-rau 3z T\ 58.{4] THiE) Lo TN B8 E3{4) LT
Falpeat ey ] E7{3) &0 (8) 2043 E5(5] 1165] B (T
Farradien B5{TH 68 (1) B {32} T (5] Eraty FrHad 515 44
Formethion 118 (AR I L e H] 41 HEH aad) 20431 BETL] V2004
Fosthiazarne 110 {4} 181} 107 i3) | i) BT (55 {4 118 {5}
R 1760 17(H) 26 (4] 22 (8) 32(8) a0i4] & [45) 33
HCB-alpha BE3) G2 [4) TR{T] G5 4) T9¢3] L= 1 0 &3{5 BB (&)
HCH-bera G} il e t] 08 () Ta(4) 79(d] A9{5] 63id) 57 (4
Hepshilor 435} 48[4} 45{3]) 50(4) B3(3) £5(25) 5T 43 (&)
Heptachinnepoockie-cis T 4[5 B2 (5] &5 (%) T4(T) TRiRE Th{%] 725}
Heptachiorepaxide-rrans a7l Mo B4(3) a3 (5} T BT 85 (4) 74 (&Y
Hegtesophas 15 1153 0O (5 1[5 H0(8) 57T 5 (8] BB 5}
Hexaoomazoke Th{&) MM S TULSE) Bh5]) 853 H5(5] aELE
Iridgragach 11343) 167 {21 110 ) 95{3) 1033 G2 1348} 114191
|proafiane 58] a1 a1y 4 (4] 03 (6] a5(5] TE (W) 10 {5
|prgreslicant ] 14 00 [ Z) 94 (3} 97 (6] 58 (3) ThiE ar iz
|samods a8 1081079 LLE ] B3 () 1o (T 24 B1i5] o
Isocachophos &1 (5] b TE] Q41 TEIE) BA[1) o 23 =4 N7
Isnlenfios Echiyd W) 53] 04[5} o [ 5) 4E (45 LLERS K 17 BE (4]
Isolfenfos Methyl &1 (53 b TR O &8} 86 [ 5) Wiz 5} ¥ (33 18] 4[5
Inaipot hilane (53 L 754} LT H 117 (&) BS (1 E4(5] B5 (T}
|%opyTLIam 6 L5) e TR L ERLH R2{4) BE{5) I3 E4(5] 1043
Kpesimcsy Methiyl A7 (R} LRETE B o0 4] 13T nE[3) By (3 (7 a7 %]
Lasnata-Cyhalotin BE (1) 5413) 503 LR FLAREH WER (1} TE 4] a1 &)
Lindane TR{E) T3] TR (4] a7 &} L] TR 2) TET T E]
L1 FIESEY 112 (&) 114 (21 LER L] TS 4) sy B[R] a4y 119
LLETE T 1136} T 023} 11915} B33} B4 (4} 1o {¥] 11815)
Merarbam 104 (&} i (&) 14 B {g) B (E) Tk 1n#{5] Mg
LB PLI T {8} Ta(5) &0 a5i{¥ a1(5) 80 5) B0 104(4)
Merphoa &[Ty ) 55 (4] 45{3] 58({3) N = 57 (&)
Meralaxyl 10315} M ) o (4] o (%) 1005 (AFRE 62207 RG]
el pachior 100 (%] a1l 10 (E] 1G4 B3(7) 92 (63 a1 4] E5{F]
1 =T P i T TS i ] Ti 5] T BT} AN L-TE ] a1{m
Merisidathion (=245} WFEEH [T LR BE (¥ #7021 TEH{E] THiN
Mlarthancarh Ta{T) RS (2} 37 mi7) ER(T) 1 (3} 40T 1058}
Methmirh sulfone 115293 HL2 [ T ] G54 169 (&) BT T 301 BB
Mlethaxychlar T (6] nE 52(5) B4(7] T[S} T E) B9 TH(E]
Mbenachlor L] BE(%) a7 (5} 133 853 o0 (55 TET Thia)
Mewngphou 121im NEZ 4Urg & ] 122{7) a5{5) A5 (3} TH{T (5]
Malinaty TTid] TR 78 (h] Th{5) (5} a3i3) L e &147)
Mpchotatanil 5215) aE (I} T 505 1058 (LHE 67 (4] TRG
Mapropamide 85 ERE N BE (/) ahis] E7{a} 0483 =7 bk 1]
Huarimad T35} gk P0G Taid) 205 TE(1) TR{S) i

L
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Tabks 1 [Lantmied)

Comgammid Reanery (% RED ¥

Hive mif 14 Diee 0l 2° Sundflower oil Sarybean oil

10 gy Mggky! 0 kg 20 gy 10 pghg- Mg kg pgky 20 kg
Huzsce 1165} LS w3 B3 LX) 1104} 26G(3) Ly 173
Orraphesy phenod (A A5 (4] Ti{l) THE) TGy LEd] T (&) (FRREY
Creadisgd 11E{E 12 0 TED (B 12015} 0 [ i3(3) 108 [T T 5]
Fatlebuytratol ™6} 85151 553 BT i) 933} i - =
Paraconon mrerhyl 114 {4 1188} e BS[1) THLS) AR5} - -
Fazsthion Dbyt 2 [8) 1 5) S id) 103{3] B5[3) 23 #7071 B (1)
Paraahion Metyl 1055 (RERE }] 157 102141 B& (5 T34 83031 BT L3
Pebulate 06 [6) 61 (3} 67 (6] 15(5) 0 (4] in (5] 8105
Perwoaazole TH &} TELSH T BRI} BE[E) &1 () 73(5] B&[E|
Pendimeialin LECRR LN 3 (6 TH(S] 56 (9] THE T B5006] TH{3]
Mentachloradniline 55 (4] 51[02% 551(3) G40} G4 w5 FEIR 17 15)
Permethrin Xz 65 (3} 124 LERRY G54} BT [E) 3B (3
Pheviotbsin 76 8] 142N ™3 s BT} 9713 168 B5(5)
Phenthoaie 10843] 12 IE &2 iy 05 (&) TH(Z) 163} 2 {7)
Phosate T 44} B33 B2 003} 7544) B2(8) o3
Preese sulfone 106 (6] 11242} gi11) 1031 1023 (5 0 (4] 1124
Phoaneei 104(4) 1 (3 07 (50 o5 {4) ne{s) 10 ) a5
Phaliafrrice 87 101 (5] 164 [3) B () B (4} 1R [3) A4 T 6]
Mradimalen T 4] TR1] ELE b TI{4) 2 (%) ML) i & (1)
Piceaywirotin 7 A 1an3j 1M [ ) a3 {&) o {6 WIR (T} IR 2) 15T
Pariimicars o (4] 15 93 (5 E1{7] BTN e [2) B5(7) B [5)
Pirimi phas -Wethyl FF TR{A] 9202y T1iF) B4 %) 9 () B8] il
Peocimidane H1(5) 7] G (2 &) BE{3) LR T41(3) TE (6]
Profenciio T4 T2 97 [5h TRid) el ] a0 1) G (5] BE 3
Proimetad TH (0 TE{d] TG &3{1) Taid] a7(5) TA(7] T4
Frometrym . PHLEY T5{3] M7 TI5] TR 07 35(3) HE{T]
Propapha BE (4] £93) B202) THi) o515 B3 (6 1[4 B (3]
Fropargite 106y Taii] T8 &7{3) B4 TB(0) T163) 76 (8]
Fropagine TS Ti 4] TH6} 5 (6] 3 B4 (5] 6 (5] 34
Propaceaazole T2 Tl T2 (&} Taidl BT b 78] B {Z
Frepyramide RO [E} #313) 48] THid THiS 43 (1 T1i4] 131
Preniadfiscart 65 3] Ta14) B5(8) T .14 A8 (1) 5513 LLEL]
Prochiophos B ) 63 (4] T5(3 B44H] 67 (5] (3 BLiS) 62 (4]
Pyraclonaretin 035} BO2 (3) o (5 4] BTG B (5] (5] 118%)
Fyrapuios {5 W5 (3] LR Lo LET] {5} 8715 T1{1ah 17 {d]
Pyriddaben 61 |5} T2z 44 18] i (1) Tais) B (4] 64(7) ik (8]
Pyrifenon Ta£) - 602 LT Tdid) T5{6] 57 (1) =4 (8] T1{3]
Poyrimed uamil T [F) B5L11 a7 4] alid4) 57 84 (B} Al (4] b T

5 (%) BO(2) w05 B12) TT (8 [T B £5] B {1
Qusiraalphios 73} RI[3) T1{B] TTE5) Ta 6] 0[5 7N e Ird

402 A6 [4) 5405 5507 5T 1R 51(2) 5804) M5
rcengens 47 {3 50[3) 4t 4] 48{3) 53151 57 (9) 47 (i (5
Sechumeton 7743 504) 75151 7216 Ta8) B0 (6] (3] TN
Spirodickefen 7 {5 BE (%) 23 BE(H] 857 7558 a3(5] L= Tk
Spiromeiilen TRI5] B3 [Z) a5104) T714) &3] (3} ELILH Tai%

o (5] 141 (X 505 103 6} 543 103 (1] Epl {7
Sulprofion TAL8) TT LB} T3 TE (4] 85id) 135 31 LR Lo
Teturosazole Tii3 ey TEiN O (B iG] B5TE) T4} &3]
Tebotenpyrad 0L TN 758 S 83(4] 00 {6} 67(3) E}5],
Tecnanene B0 (3) 632} 615 B2(6) 7503 8T 5O4) K1)
Tedluthrin TR T (4] 7] 64 06 ) #pi5] THIh T0(5] TH(3)
Testuifion M[5) 752 &7 () T16) Taia) TG [N 58 (6] B3
Tesbumeton i b T4 %) 6 (2] Gl [4) TI(2) BRL3F - ey o 51 {3)
Terhubryn RE (5] THIE! BRI} TSN T5(5] T3 G4 (H] TS
Tetrachlnrvinghos 100 |5}  [er g 98 (5) 1408 {9} B2 (G} BT [4) 55(5] (T
Tetracnnarale 105 (8] 1622 101 (%) LETE T 97 (5] I [5) 81(2) 107 (4]
Tetradifon 6] T35 Ta[5) 9112 B4 T[4} (4] 100 (5]
Tesrahydmphitalimide 0 &Y LR 1021} 101 {1} 95 (6] 423 48(5) a5(5])
Tetramethrin B0[4) 203 B (4) B 4] fai () BE[T) e &7
Tasbeladai Methyl Td [} T2{1) um[Eh BT} W) &1 [E) Bl (4] i {IE)
Tioly! Nuanide T WG (T] 103 (X} 13 [4] 885} s} 2601 a5(6]
Tiisdimefan w7y %5{2) a1} LT B (5 118 (4] #2(2) &5 (5]
Triazophos 1056 {8] Bgn LLERE 3 L e 08 (6] B4 (T} 83(3) 8503)
Teifleyenabin 1087 F4(3) 1127} LT (T P L )] el (1000 11306]
Teiflsrakiny 59{6] 8503) 12 (4} EX {4} a7 (5 i3 103 107 (63
Vinciomolin B4 (7] 1 (4] M) TEILL) 15T £ Tt T35 a4
Avriige B1§5] H4(3) Bak) B1{%} RIS} EE{5) -1 T
* Deganic Fxtra wirgie olive oif (Type 11
&' e ganic extra vingie olive ol (Type 2),

e QM o



P Parnilla Vémquez e ol /| Chrommizgr, A 1453 (2016} 20= 31 4

guantitative delermination af pesticides with eXtrcnon recover-
Fes below TOY, Procedural standards were prepared by spiking a
serics of blank samples with different amounts af analyres, priog
to extraction and these procedural standards were then analysed
in axactly rhe same way as the samples. Thus, Procedural Standard
Calibration enables a correction of recoveries for all pesticides, A
number of requirements were fulfiled for a successiul application
of this approach: i} Good linear redation in che 10=-500 g kg~ con-
centration range [ 2 = (L84 in all instances for all target analytes) i)
Precise guantification (RS0 = 5% for approximately S0 of the tar-
geted compoundds) of pesticicdes in 0dl famplés were obtained: and
i AL 10 g kg~ bevel, even in cases with low recoveries, detector
signals of analyte were within the lisearity range and the signal-
to-naise of the quantitative transition was equal to, or higher than,
10,

Taking into account the good precision. the proposed method
can be reganded a5 4 strong alternative methad 1o perform the
determination of a large number of pestickdes in routine analysis.

322 Limits of quaniiation

Dacument M° SANTE 194520015 | 30 describes the LOG as the
minimum ooncentration which meets the critéria ol 3 msin recov-
ary within the 70-120% range and an RS0 = X% Due the spiking
levels evaluated by the authars, the LOOs have valoes of 10 or
20 pg kg~ in olive il 162 pesticides had limits of quantitatson
equal 1o 10 pgkg"; whilst 50 pesticides had recoveries ourside
the T0-120% range. In sunflower oil, 184 pesticides had LOQs at
10 g kg~" and 3 pesticides had LOOS a0 20 g kg~ The rermaining
26 pesticides had recoveries that were low or were not detected,
In soybean oil, 136 pesticides had LOGsS of tl.'lp.glq" dand 3 had
20 pgkg-!. The remaining 47 pesticides were g detected or their
recoveries were below T0%. Detailed limits of quantitation values
are shown in Tabie 53 [in (he Supplementany datal

However, the wse of Procedural Standard Calibration and the
good repeatability of the proposed merthod ensure the applecahiliy
of the proposed method for analytes with mean recoveries ougside
the above mentioned 70-120% rarge. Thus, in cases where a LDO
value of 20 pg kg~ were obtained, it may be practicable to include

hese comgroundds as a LOQ ol [0 pg ke~

171, Lineority

Linear calibration was checked in the range from 10 ug kg~ up
o 500 g kg~'. Ol samples were spiked at different anabyte con-
centrations in quinfuplicale then, extractions were performed and
wieighted linear regressions {1/x) were calculated for each pesti-
cide. Residuals were calculared and showed a deviation by kess than
+20% from the calibration curee for each calibration fevel. Good
linearity was achieved inall cases with correlation coefficients bet-
ter than 0990 (Table 53] The lowest calibrated level always had
a qualilying transition with 5/ =6. In all studied matrices, detec-
tor saturation was not a problem due o the very effective cleaning
procedure proposed.

124, Mater- and dnmra-day precision

Repeatability {intra-day precision) and reproducibibity {inter-
day precition) wefe evaluared through recovery studiss using
spiked blank oll samples at two concentration levels (10 and
20pgkeg1), Intra-day precision was assessed by five determina-
thoms at each spiking level in the same day. Inter-day precision
wias Jssessed by one determination at each spiking level for five
days. RSD values were generally below 10% (5% on average] and
newer excesded 15% for the intra-day precision, except for aldrin,
hiphenyl and carbosulfan in soybean oil. RS0 values were also gen-
erally below 10% (6% on average) and never exceed 19% for the

inter-day precision, except for biphenyl and carbosulfan in soybean
oil (Tahle 53],

5. Muifrix effects Eﬂhm

As consegeence of cocluting sample componenis, the analyte
signal may beenhanced or suppressed compared o the signal of the
samee analyte when ingected in salvent. In most multiresdos proce-
dures employing diffesent clean-up rechnigees and M3 detection
meethipds, matrix elfect has been described For the determination
of pesticide: residues in edible odls [3.14,15,08.19) Thes® meth-
ot suffered medium (suppression or enhancement of 30-50%)
[3.18,19] or stromg {suppression of enhancement >S0%] [14.15]
matrii efects far 27-60% of compaunds. This drawback, however,
may be overcome by applying Procedural Standard Calibration
since this procedure of quantification corrects for matrix mbpé',!

The assessment of ME was carried out by comparing the s
analyte calibration plats in the oils Mudied, including two organic
ewtra virgln olive oils samples from different trademarks (Type 1
amd Type 2}, one organic sunflower oil and one arganic soybean
ail, Thus, the variabalkty of the response when calsbrating olive ails
from different sources was checked since it is likely that for example
signal value may be affected by differences in the varieny of ofives,

To caloulate, the marrix e value squation vw.as used consid-
ering Type 1 alive il as reference oil:

Stoge of calibration curve in studied matrix
Slope of calibration curve In Type 1 olive il }

= 100

ME(®) = (

Im sunflonwer and Type 2 olive alls. caloulated ME was pegligi-
bl indicating sicnilar behavior of analytes in these matrices with
respect (o Type 1 olive oil. However, differences in the analyrical
signals were observed for soybean il Medium signal suppression
was found for most compounds. Since mean recoveries and RS0
values of pesticides in soybean oil were quite similar compared to
e ather studied oils, the proposed explanation for this was sup-
ported by the endogenous malrix compounds of soybean ail that
could suppress the signals, This signal suppression for soybean oil
can & compensated by using Procedural Standard Callbration,

13, Analysis of real oil samples

The validlated method was applied for the analysis of 17 ol sam-
phes collected bocally from Almeria markers. The samples (seven
extra virgin alive odl, twe virgin olive oil, two refined olive ol threg
sunflower ofl and three soybean oil samples] were analyped the
same as e madified validated method for the analysis of 213 pes-
ticides, The results of the detected pesticides ane shown i Tahle 2,

Chlarpyrifos, chlorpyrifos methyl. deltamethrin, endosulfan
sulfate, phosmet, tetraconazole and fluopyram pesticides were
detected wiath values higher than the LOQ, Chlorpyrifos was
dietected inthree extravirginoil sample [ Type 1, 3 and 4) with 4 cod-
centration of 26.6, 23,0 and 32.4 pg kg, respectively. Chiorpyrifos
methyl was detected in one extra virgin olive odl sample (Type 5)
wilh a concentration of 2.2 HIH'& Deframietrin was defected
in ope refined olive ofl sample (Type 2) with a concentration of
17.7 pa kg, Endodulfan sulfae was detected in one exira virgin
olive oil samples [Type 4) with a concentration of 102 pglkg™".
Phosmet was fourd in two extra virgin olive ail (Type 3 and 7)
with a concentration of 156.0 and 26.7 g kg, respectively, Tetra-
copazoke was found [n one extra virgin olive oil sampie (Type 3)
with a cancentration af 31.0 ug kg-". Fluopyram was determined
i one extra virgin odive odl sample [Type 3) with a conceatration of
210 g k=1, All the detected pesticides in the oll samphes were
with walues lower than the MRLs ones (chlorpyrifos S0pgkg='.

e N
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Talde 2
bean concentrations of pesticides found s e edible vegetable oils.

darmple Pesticades detecial (gig "]
Olive oil
Exctia wingln | Chiles pyrifiun | J6.6}
Exira virgind -
Exira viigind Chibor prywifios {2700 Mhessmiet [ 15600}, Tetraconancde [11.0% Pluopyram {2101 Tebuomnagobe {2.2° | Lambda cyhalothrin (1.5
) Chilor propiiam (4.3°)
Extra visgind Chiorpropham (6.9 ), Chlorpyrifos (324}, Chforpyrifos metbal (1471 Cypermethein {67 ), Endosadlan sulare [ 10.2)
Eﬁ “ﬂm Chiorpyeifios (5.0¢ L Chlerprywifos ety (2121 Esshequilan anlfate [ 18*)
T4 =
EIH wirgaa? Chiorpyrifos (7.4° 1 Lambda pybalothein (3.9¢ L Proamer | 26.7)
rginl -
Virgind -
R | Cypermethrin [40°)
Eefaed? Cygermethnin [1.57 L Defcameshrin [17.7)
Sunflower oil
Sunfloererl =
Sanllower: Tyriiabses (4.74)
Sunflowerd Pyridaben (4,75}
Sewybean wil
Savrbeant Fenithiom (1.3
Soybeand (Sopa «Walnut} -

Soybeand (Soya « Dowegad) =

* Wik value i3 lower chan the validased L0,

chiorpyrifos methyl 50 pg kg=", deltamethrin 1000 ug kg~ endo-
sullan sulfate 50pgke-", phosmet 3000 kgkg=!, tetraconazole
20pgkz-' and fMuopyram 10pgke-") These MRELs values were
estableshed for the olives used for oil production, where, the exact
BARLs walizes for ol processing should be 5 times of magnitude of
these values assigned above except for delamethinin (1.5 factor].

It was moticed that the detected pesticides were only in olive
oil sampbes with no detection of any in soyvbean or sunflower ones,
It wexs noticed alss that the higher concentrations of chlorpyrifos
and chiorpyrifos methyl were found in two of extra wirgin olive oil
samples, On the ofher hamd, phosmet wis found with higher value
in extra virgin olive oil (Type 3] than value found in extra wirgin
olive ol one (Type 7). Regarding the different analyged matrices,
clearly results show' a major occurrence of pesticide residues in
exira virgin olive oil comparing with the “few” residued found in
wirgin and refined ofl sampdes. The proposed explanation for this
wits supported by the pesticide degradation during rhe manufac-
turing process [onky coldh pressure for extra virgin olive oil and hot
pressune for refined ol

4. Conclusions

The combination of free2e-our with dry ice (C0y a1 76 °C) and
d-5PE with EME-Lipidd for the chean-up of edible oil samples led to
a development of a simple, efMicient, selective, robust and sensi-
tive method for the determination of 213 pesticides by GC-35/M5.
In general, beter recoveries were achieved using QuECRERS with
d-5PE [EMR-Lipid} method for the target pesticides. Using this
extraction protecsl, 83% of the analytes were mcoversd in the
range T0-120%, while using the d-5PE (PSA), d-5SPE (Z-5ep) and
SPE (Z-Sep) extraction procedures, the percentage of analytes was
2% 49 and 9% respectively (see Table 52 in Material Supple-
mentary for detailed datal An advantage is the low RSD achieved
(between | and 15%) that allows the application of Procedural 5Tan-
card appoach (o compensiie the o recoverses oblaimed i some
cages. A3 a resull of selective extraction and effective remaval of
coexiractives, negligible matrix effect was observed in extra virgin
alive and sunflawer ails. Saybean il is the more complex matris:
med bum matrix effect resulting in suppression of the response was
foaend in this malrix,

The analysis of real oil samples showesd that values of pesticides
chiorpyrifos, chlorpyrifos methyl, deltamethrin, endosulfan sulfate,
phosmet, tetraconazale and Mfuopyram were detected with values
higher than the LOGQ but still below the MRELS puidelines values
established by ELL
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| The goal of this wark was ta evaluate the effickency of several sorbents on remival (1S (rom edible oils
[oinee. 504 and ssnflewer) during the dean-up sep for posterior determination of 165 pesricsdes by
LHPLC -0 (-M5 (M5 system, The extraction procedure employed in this work was the citrate version of
QuECHERS muethsod Folloveed by 3 step of freezing owt with dry ice and clean-up evalusrion usiag i) PSA
with magnesium salface (d-5PE); 1) magnesium slfite and 2-5ep worbent (d-5PE]; iid) 2-sep (oolemn
SPE} and iv) Agilent Bond Elut QuECRERS Enhanced Marrix Remowal-Lipid { EMRE-Lipld L. &fer evaluation
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m of the recovery results at 10, 20 and 50 g kg, the EMR-Ligid stawed impantant advantages comparing
Pessicides to the other sorbents evalwated, such as beroer pecevery ranes and B3R The methesd swas validated at
Mot rekichad et bt the three concentrations described above. Anahytical curves Bnearity was evaluated by spiking Blank oil
LIHPLC M55 samiples at 10, 20, 50, 100 ard 500 pg kg-". The method demonsisaced gosd recoverios walues between
1he acoeprabile rarge of 10=1200% and BS0K < 20 for most of evaloated pesticides. En order o evaluate the
performance of the method, this same procedure was emiployed 1o odher oils such as soya and sunflower

rd!hwrypuudmdﬂ
© 2016 Elsevier BY. Al rights resenned.
1. Introduction pesticides is intended bo prevent the destraction of foed crops by

I_ﬂll'i"! ol i the principal source of lipids in the Meditérranean
diet, and its consumiption in the ‘waorld is increasing due o related
potential health benefits, such as 3 lower incidence of cardiovas-
cular diseases, nevrological disorders, breast and cobon cancers, as
well a5 its hypolipidemic and antioxidant properfies |1]. Accond-
ing to the data published in Movember 2015 by Infernational Olive
Ol Council. Spain ks the main producer of alive oil i Europe with
about B40 rhausand toens during 20014/2085 production. Related
to consumption in Europe. Italy ks the main consumer with circa
520 thowsand tons in 2014/2015 and in tecond place Spain with

approximabely 490 thousand tons 2], !
Pedticides are chemscal sulbita pplied to crops at various
stages of cultivation and post-hanvest storage of crops. The use of

TR Vs,
* Cornezponding sthor,

E-moadl fdrega: amadeofuad o (AR Ferndndez-Albal

HEp: [ et ooy B O 1D G chnowna 0§ GOy 0Tl
02 [-DETI0 M6 Elsevier BV, Al rights federved.

contradling agriculfural pests or unvwanted plants and to improve
plant quality. The widespread use of pesticides for improving agri-
culbteral productivity has raised public concern about the possibie
presence of residues in crops and Iis byproducts) In agricultural
practice for olive groves, the ule of insecticides and herbicides
provides an unguestionable benefit for crop protectsn. However,
these pesticides can persist up Lo the harvest and processing stage,
ruaking the cantamination of olives. and consequently of olive oil,
possibie |3.4].

e Large number of pesticides to be monitored associated with
low concentration of the maximum residue limits (MRL) estab-
lished apd pon-registered residues in food require sensitive and
selective methods for their identification and quantifearion. How-
aver, olive ail conlains kigh level of lipid substances which can
case provdems during pesticide residwe analysis because they are
soluble in many organic solvents used for extraction. The lipeds
must be removed from the extracts prior (o analysis or the chro-
matagraphic and detection system can be damaged |5 LI

Moo




r;1 the last fese years many studies wiere published aiming
the development of sensitive and accurate methods for pesticide
residues determination inhigh Gt content matrices. The most com-
min sorbent employed in these works during clean-up step was
PSA |&-10] which was also evaluated in combination with other
sorbents such as C18 [6.7] and GCB [8.9], due to the well know
power of F5A in removing lipid cont & methods employ-
ing Ciasis Hydrophilic-Lipophilic Balanc® THLE) were also reported
[11] Most recently, a new sorbent based on zirconium dioxsde has
been employed instead ol P5A due to its higher ability on removing
fat content from olive ofl [12.13].

These clean-up methods were applied, in most of the cases,
in combination with QuECHERS methodobogies and (s wartathons
16,7, 00,13, 14). Mind-Luke wad al4o evaluated in combination with
UPLC-MS!MS In order bo determdne nesidues of 169 pestichdes in
soya grain [ 15].

Taking all these points into account and considering the impor-
tance of olive oil in Europe, the goal of this sudy was o develop
and validate an analytical method for pesticides residue determina-
teo in olive oil by UHPLC-QqQ-MS/MS employing new sorbents for
clean-up step, Four different methods osing different sorbents were
emphoyed: i} PSA with magnesium sulfate (d-5PE]; i) Z-5ep so7-
bent with magnesinm sulfate (d-5PE i} 2-5ep {cantridge SPE] and
iv] Azilent Bond Elut QUEChERS Enhanced Matrix Remaonal-Lipid
{EMR-Lipid . Furthermore, 4 step of low lemperalure precipilation
i freezing-out) was evaluated before SPE clean-up. The method was
Tully validated in alive oil and applied for sunfower oil and soya ail
inorder to compare the resalts and check the possibility of employ-
ing only one kind of oil ro quantify all of tem. The methad was
applied in oil real famples of olive, sunflower and soya collected in
lecal supermarkets of Almeria cify, in (e southeasieim of Spain

2. Experimental
2.1, Chemicals and reagents

Acetonitrile, HPLC grade (99.9%), formic ackd, analytical grade
(=96%) and magnesium sulfare [98%) were purchased from Signa
Abdrich (Steinheim, Germany ). Water, Optima®, HPLC grade was
supplied by Fisher Scientific (New Jersey, USA) Sedium chio-
rde was obtained from | T. Baker (Dewenter, Metherlands)
sodivm citrare rribasic divydrate [ =595%) and dissdiuem hydrogenci-
trate sesquilydrate (898 were obtained from Fluka (Steinheim,
Germany ). P5A and Z-5Sep were purchased (rom Supelco {Befle-
fonte, USa], Bond Elur Enhanced Matrix Remostal d-5PE and Bond
Elwit Final Polish from Agibent Technologies { Sanca Clara, USA ), Pes-
ticides standards were obdained from Dr. Ehrenstorfer (Augsburg,
Germany), from Reedel-de-Haén { Seelze, Germany ) and from Sigma
dddrich [Steinheim. Germany L

22 Pesticides stondords soduddans

Individual pesticide standard stock solulions were prepared in
acetoniiribe and stored in amber screw-capped glass vials ot —20°C.
A standard mixture sofution of the pesticides was prepared in ace-
tonitrile at 10 mg L=, This selution was wsed as spike solution for
fecovery eXperiments and also to prepare the analytical curves
solution for linearily studies.

&3, Fiool extracrion procedure

The fimal extraction procedure employed was the citrae ver-
sion of QuEChERS method | 16] using the EMR-Lipid from Agilent
Techinologies, An amount of 158 of alive oil was weighed in a
S0mL PTFE centrifuge tube and 15mL of acetonitrile was added
plus 15 pL of procedure internal standard solution at 10mgL~" in

V. Dy ot . | L Chirommarogr, A §53 (006} §- 1§ ]

acetonitrite contalning triphenyl phosphate (TPPL, dichhorvos=di,
rmalarhion-d10 and carbendazin-d3. The mbes were shaken inan
automatic axkal extractor (ACYTAX®, Cirta Lab. 5.L., Spain) during
4 min. Thereafter, 5 g ol magnesium sulfane, 1.5 g olodiumchioride,
1.5 ¢ of sodium citrate tribasic ditnpdrate and 075 g of disodium
hydrogencitrate sesquinydrate were added and the samples were
again shaken during 4 min in the auomatic axial extractor. The
extracts were centrifuged at 3500rpm (or 5 min and 8 mL wene
transferred 0o & 15 ml FTFE céntrafige tube. The tubes containing
thie extract were allowed to stand in dry ice during approximatety
& min in ofder o precipitate tee fat content. The upper acetonitrile
extract [(5ml) was collected and transferred to an EMR-Lipid d-
SPE 15 mL tube already containing the adsorbent for clean-up step
[1g) and 5ml af water, The mixture weré hmogenized in vos-
by during 1 min, centrifuged (3500 rpm. 5 min ) and 5 mL of extract
was transferred (o an EMR-Lipid polish tube containing 2g of a
milxture of sodium chloride and magnesium sulface [ 124, wiwl The
mixture wis homagenied during | min in vorex and centrifuged.
Hereafter, 2 mL of extract were transferred to a wial and acidifled
with 20 p L of formic acid (5% in acetonirrile). Before UHPLE-MS/MS
analysis, the extracts {100 L were diluted S-lfold with water HPLC
gradeand 10 pLofinjection internal standard solulionat 2.5 mg L-t
containing dimethoate-d6 was added be the vials,

24 Instrumentation

An Agilent UHPLC 1290 Seried (Agilent Technologies, Palo Albo,
CA, USA) coupled to an Agilent Technologies G490 TripleQuad
LC/ME was used for this stucy, Data acquisition and processing
were developed by using Agilent MassHunter Q00 Acqguisition
and Quantitarive Analyids BO7,00 software using Dynamic MEM
sofftware features with a retention time window of 0.8 min. The
imjection wolume was Spl. and the chromatographic scparation
wias carried our with a Jorbax Eclipse Plus €8 column (Agi-
ent) 1B pm « 21 mm = 100 mm, maintained at 35C. The mobile
phases employed was 2 solution of Feemic 2cid 0,1% in milliQ water
{miphile phase A) and 0L1% formic acid and 5% water in aceroni-
trile {mabibe phase B) at a constant Aow rate of 0,3 ml min-?, with
the fdlowing gradient: 20% of B for 2 min, a linear gradient up
to 100X of B in 13min and finally an isocratic mode at 100% of
B for 2 min. Alterwards, an equilibration step coming back (o 20%
of B [2.5min} was performed. The system was provided with a [et-
Stream electrospray ion source, employing nitrogen a5 nebalizer
gas. This ion source was configured as foblows: 1207C for drving gas
temperature, 13Lmin~" for drying gas flow, 45 psi for pressure of
thie mebulizer, 375 °C for sheath gas temiperature and 100 min~" for
e sheath gas Now, The M5 uted nitrogen a3 collision gas (99.999%
purity], 380V for the fragmentor and 3000Y for the capillary valg-
age bath in positive and negalive mode,

For the optimization of the M5 parameters, all pesticides at
100pgL~" (acetonitrile:water, 1:1, vjv) were injected directly in
the MS system in full scan mode with a mass range of 50-800 m)z,
From this injectson the précurior ion was selected and one more
imjeotion in product lon mode was needed to chocse Do fragment
ions and the optimum collision enengy (CE) for each transition.
Retention times. transitlons and CEs for each compound are col-
lected in Table 1, The most inléense ransil:on was sehected as the
quantifier transition (SRM 1L while the second most intense wai
chirsien as the qualifer transition [SEMI].

2.5, Voliderion of the analyiical procedure
l Validation study was performed in order to evaluate accu-
racy [Pecovery ) precision, linearty, limit of quantification, matix

cffects and repeatability In acoordance with the Document Mo,
SANTE(1 194572015 [ 17| Recovery and precision were determined

T o (Lo —
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Coampeomnd Retention rime [mia} Precurics kon 181 (ramikion Zowd bt it Polatiy
Progluct ion (- Procliet iom CE*

24D 78 FUEBET G fEE=E ] % 15288 15 Hegaror
Acephate 11 18400 143,00 5 12500 I5 Foaitive
Asetasnpaid 44 10 130600 a0 Sk 1" Positive
Aldicarh 57 213,00 1 1600 411 #9000 15 Pusilivr
Aldicarb-vuliooe 1.7 FrEN ] 144,00 5 F6.00 16 Triiive
Abdicarh- salioaite 12 20700 13200 5 GO0 1@ Pusitive
Azinphos st al J1A00 IO ] 13210 E Pouiiive
Areorysirobin 06 40400 WL (17 T m Fosifive
Bifenazate 6.2 011 19820 ] Vi m Frosiiive
Ritertanad [ 3020 i 5 L] 1] Fuitive
Boecalid Ll 34300 T (11 72 n Positive
Bromaxonaznle L] I7E00 15000 20 000 m Pusitive
Bupirimare Eb 31700 172 b {ENL] n Porsative
Boprofezin 101 30,00 20100 18 11600 15 Postive
Carhargd 74 Farl L] 145 M 14 12700 n eyt jiver
Cartendazim b 1200 I G0 15 FERDD ] Pomigive
Cartwiudarim-a3 (15} 12 195,10 154,80 0 13150 1] Peris 2w
Chioramraniliprod LTS £571.00 45200 16 RSO0 1 Poiive
Chlorfervinghos Ing KA 15500 8 820 a3 Periitfe
Chinrpyifos-meshyl 17 3x1.90 ZRAO 14 12500 i Poticive
Chlorpyriphos 129 35334050 200,00 n 14, 0 20 Poaibive
Clofenrezin 14 IEER s k] 1 00 12 [erdis) 40 Pertirnvn
Clomarome &b LD 137,80 TV 12400 n oAl
Ciotinmnapleg 114 J63 0 arfia] ) frrii ] 28 Pii v
Cvamfamid 11 12500 6B 1 10810 15 Traitive
Cymamanil 50 1510 138,00 4 11050 12 Tyifvwe
21 20110 135,00 n pietie) I Pasilive

Cyproadinil & 22020 w10 40 00 a0 Toative
Cyromazine L) a7 13500 [E] Saa0 20 Posinye
Demeton-5-methyhalions 1% 26102 15500 (] 104043 24 Positive
Demeton-S-methybuifouide 14 247,00 160,00 i 100 00 4 Pusitive
[Hazinon 114 30500 0 0 15 153000 20 Positive
Dl 65 2B 10880 15 TH.80 30 Posalive
Hclorves-df [L5) T8 Irs00 11250 0 1500 20 Positive
DHerilophn k11 FalT ) NFRT] | T = Pastive
Metholencarh 03 TEHID0 226,00 5 EB0.0 1% Posative
PHlenecoaamle an 4000 3700 15 251.00 20 Porsctive
[Hlubserinm 1@ 3000 158 8 141,040 kv Persitive
Bimethoate | o 1900 5 17100 1o Moutive
Dt e -6 [15) 432 23000 20500 4 18100 & Periitiwe
Bimechomorph &7 JAH.OD 301,00 2 16500 m Peichve
Derrsarurele ks 2600 15500 e e = Periieiue
Dodine ah 22820 LR m ST.20 ] Pestirive
[enamectin Ba T HEESD 155,10 ] E1.80 i Penitive
EFN [F2e) 05 o L m 1560 an Pesiive
Epaxiconarale 3 110 12800 & 101,20 52 Tt
Erhinn 1313 ELLN 155000 5 17100 H Pertiive
Erhirimal 15 21016 140,10 Fli] 4310 52 Traiboe
Erhepuujthos s 243,10 13090 (] 7,00 El] Tosilive
Fenamidone: oy 100 8200 i 6510 56 Pasiitve
Farniami phis us 010 134000 i2 bl Al ) 0 Toaitive
fone 6O F1510 0600 I 184,00 24 Posithve
Fenasniphos-sulfoxide 5 a1 WL 8 108,10 44 Pusitive
Fenainssd a3 I30.00 268 00 20 patile ] n Posiltve
Fenazamuin 125 W7 16130 15 1470 i5 Positive
Fenbucnnagole L[LR] 13700 F25. HF 40 T 33 Prskslive
Fenhexamid 5T 0200 07 i 5 550 ] Pasifive
Fenaxycarts BLY klirk. ] 11620 5 280 2n Prisstive
Fenpropimorph 16 : 30230 147,10 ] 101 00K 25 Prosiive
Feagarazamine 1o 33230 ITEI0 L] 130,20 0 Posaive
Feagrriale ] d2rm S 20 12 FOHT 0 L Posaive
Feachion 1z A0 4710 ] 100 12 Possive
Fenthion -usifoxide ES | 2a502 280,00 15 [§iH] I Pt iwe
Fipronil 112 4340 reen 12 240,00 ¥y ] Megarive
Fhuazdop L I 21 30 15 25430 = Porstive
Flatwnudiamlie 1.1 BE0.00) e 15 25400 m Hegarim
Flastioomnil a3 24700 TE500 k3 153040 |+ Negarve
Fdemace 160 #a10 154,10 15 15200 15 Peditive
Flafenosursn 1240 45010 158,00 0 10,0 55 Positive
Flapyram 11 EL-E A 1] 20800 n 1710 I Pesstire
Pluquirssesapols a7 Y00 070 24 10800 55 Pl
Flusilazol ([18] 306,10 247,00 F] 16500 Fel Posiiive
Flutralol TE plie [} G500 56 nan 15 Peiilyr
Formetanae La 123213 FES B0 4 6510 5 Tositive
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Protliict b CE Priduce axn CE*
Foathiazate 16 Ta400 Z¥7. B0 j[e] (LIER 0 Frsitive
Halioaoydop 103 R0 e ix 2BE 10 i Positive
Hexaconazole a2 Ti4.00 155000 £ ] TLLG 20 Positive
Hexyrhiazox 120 15500 b h[:] 120 i Pouitive
Imazaisd 4 U7 o 5500 15 15000 n Prostive
I laprad IR 255100 E D0 % 1700 15 Poritive
Indoocacarty 132 SRR T80 a0 20300 45 Positive
beannil 54 F60.30 4B Ei ] 1.35.R0 I Hegative
Iprovalicart a5 JTLM0 LS a 11800 16 Posiive
hfpridi- it fiyr k6 23000 10O 15 121,00 IS Pt v
eogencaily 832 TiE k0 152000 5 0510 I5 Pariative
lsoxalhuiole ar JRO. Pl 15 2870 50 Panitive
Ensoxin-methyl () E] 31410 26700 o 2210 L) Peridi v
Linures LY | 2002 L[E 08 1 F o 1E300 £l Pnitive
LTS R 126 1S ) 33000 ¥ IFL 00 o Megativr
Mlalahion (1T ] 17100 12700 L[] LT 1] Peaitive
Blalathion-210 (L5} 3 I 13200 12 100 249 Penifive
Pl i prsgsaimiid oz 41213 IS5 4 XL 10 B P
MRS % 19200 L5450 5 140,70 o Megattir
Mepasyprim a7 2400 206 80 1] L= 1] . Peairive
Pelepiyldinodag 13A Za5E10 Fa3L00 42 15300 50 Megatie
Metalazyl 3 FEOB0 22000 5 15220 £ Periitioe
Mlfoomaznle jLik] XHn 12500 An TN 4 Poainree
Metlimidaphe 1.0 14210 12500 111 a4 1n 14k Periilrve
Mesthidathion al jlert ] 14500 o ®EAD 15 Praitree
Mt hiocarls an ¥ 0 L21.30 12 155200 5 Pemiitive
Wbt o i B s i 28 24300 LA5.00 {11 17000 20 Pasiireie
Methomyl Lo 16310 100 4 20 o Poaitiwe
Methagyfenazide 102 130 148,00 (1] 13300 0 Posirewe
Metohmmasan &1 356,00 1D 15 143,00 L1} Positves
Monss oophoa 1.7 141 19310 5 12700 il Posjrise
Mychobagaul 9k i 1E510 o TO 15 Postivee
Ndempyram IS 37100 Er5.00 I 00 o Fusitiee
Onmethoane 12 1450 18300 5 12500 ¥ i Pogitive
ekl 6.2 T 21820 5 132,30 2 Pusitive
eyl .7 Pl | 0 5 TIin 14 Positive
Packobsatrapsl L1 204 kD 13520 £ Toia 1% Persitive
Pasami-meshyl 0l 24T Bl s 15 od. o 1] Positive
Penconarole 103 18400 156000 20 T 15 Positive
PracyCunm 1T 12010 13510 o 2910 B0 Pl
Perdamethalin 1A IRE 1D Fi2aa 4 1500 14 Positive
Pheshadie 1.4 321000 47,10 5 79,180 L] Fokilive
Phasalone 118 SR O 18200 B ERTULE e 44 Prsttive
Phosmet a4 T 16000 E 133,000 ke Positive
Phiiits 1% 20500 12910 | ErA ] 24 Prstive
Finemicart 15 13920 Az 15 7300 ] Fowtive
mmhﬂ 14 22510 [ B[] B 7210 A0 Poitive:
Parimphos-methy] 1z POEDD 1640 ] 0 0 a0 Prostive
Pt il 2z 28 &0 I h[=] 2B0.00 15 Prostive
Profendos 10 I 34700 ] 30w 50 15 Prative
Fropaencgarh 1.1 1559,.20 L4 0 14 PORZHDY 15, Penétive
Propaguizalop 112 EYERT: EEa ] L] ] m Pasirive
Fropargite 115 B0 1120 a 17520 E Paridtve
Propiconazoss o ] Mg 15600 n CR [ % Periitive
Projponr 10 i TR B0 5 111 G Penirive
Fropyraninds o8 I5h.00 TEHLOO L[] 17300 pan Periderie
Progusinazid 133 700 13100 H LU bt} Pawicive
Prevthinennireds 0 RTI 30610 5 HLED m Megarer
Prashiolns 142 45 00 4100 Hy 16100 40 Peririve
Pymiet o 0 RN 10500 e ] 510 = Pesithoe
Pyraclosirolen 14 JBENT 19ZB0 - TEA Y a0 Peniree
Pyrethrin 1 g 146100 5 4500 o Peaitive
Pyl b 138 I652M foL ] (113 14730 an Perirsv
Pyridae 146 a0 ¥Lid 5 HOHLB0 L[] Peainree
Pyrimaettuanil 63 20000 1E300 n 1o7.0a m Pedireve
Pyripromylen 12h I22.00 12500 Hy B [} Pezrii i
Quiresclamine i 2800 109510 15 .00 40 Positeee
Criseonyles 117 e 0 7o 25 154600 5 Pessii e
Daizofop-etind 1L IT0n T R 255,10 16 Positive
Rotercss 4 30500 21314 1 19210 i | Peainee
Spinosyn & &y THLSD 1420 20 08 Wy i Posiltiee
Spinosyn [ @1 T4, 50 jEFLL] 20 BE M) ¥ Posilive
Spiradalafen 2 41110 313 5 T2 15 Posi s
Spiromesifen ([N ] LD I 5 2E5IM n Pasiiiwe
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ST ie 75 200 JEE N ] i HELON M Perdzive
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Tehiilafarids (1] 35320 o L] 5 LIX10 15 Poririve
Tebulengyrad 3] 34,20 14510 m 1300 &7 Peucive
Teflubemrumn 1.7 Fran T 00 ] 330,00 4 Megatrvi
Tertnathylagiog a0 230,00 17400 % 186,00 o) Pesibive
Tetracomaznke oo FFLOD 15000 5 L0 20 Periibrie
T bt acped 1.3 20100 175,00 30 130,00 a0 Posicive
Teiackoprd 55 2EH IAG.O 1 | 2600 0 Pemitiie
Thiamet hoxam 14 00 PR N L[} 181,00 o) Pedire
Thasbeacar 115 255000 124 15 G4 60 14 I'esibive
Thindicark (] 506 loaan ] E&.10 ] Peairsve
Tob lofos-meiind 1.7 poneliel 268 6y 14} 12500 15 Posibree
Fridfirmenal an 00 13700 5 LD L=} Peainres
Trisgophns 104 JI4,10 2630 1] (Erde ] m Posirive
Trichiomisn 3o batiL e PR 4 LLTie] 13 Praifiree
Triflonysirobis 1332 A0k 0 2062 {11} 18520 k] Posirive
Triflumiiren 1 5500 1 5.1 L] (T 13 Poaitive
Trithknianais S0 FIA A0 12520 41 7020 13 Posirive
Toxambde 13 1380 1l 16 15500 44 Poditive
4 CE: collivion Foecgy (V)
ORlToe 00

a5 average peak areas of five replicates of spiked blank olive oil
samples at 10, 20 and 50 pgkg". The mixture solution contain-
ing all the pesticides was added to the blank olive ol sample and
shaken during 30min in order to obtaln a homogeneous sample
due to insolubility of the acetonitrile in the ai linearity was
evaluated by assessing signal responses of the analbyies from
procedural standard calibrafion by spiking blank samples of olve
oil at five concentration levels frorm 10 to 500 g kg=!, Matrix elfect
was caleulated by comparison of the slopes obtained frem analyt-
ical curves prepared in acetonitrile and in blank olive odl using the
following equarion;

Blatite e X) [{Eaﬁtﬁfwﬁ:ﬁmx:ﬂﬁhj ‘J =1

Thie linearity was acoessed alsa for ofher twa oils, sunflower and
sonra, and compared with the results obraimed from olive oil. This
procedure was done (o verily the behavior of analytes in dilferent
rypes of ail in onder to evaluate if it is possible to quantify residues
of different cils with the same calibration owrve,

Thee limit of quantification (LOQ) for each pesticide was set-
thed as the lowest fortified concentration in blank olive oil samples
that could be quantified with acceptable accuracy and precision as
preconized by Document Bo, SANTE/1 1945/2015 [17],

*. Results and disoussion

3.1, Clean-up evihration y
v Pae LA
m this study a procedure of low temperature precipitation
[ freering-out) was evaluated before clean-up employing various
sorbenis and combination of sorbents,
Primary-secondary amine | PSA} is 2 well kknow clean-up sorbent
employed when remaovil of fat content is necessary, The chemical
srruciure of PSA provides high retention of [ree farry acids and arher
polar matrix compounds | 18], Z-5ep is a mixture of twe sorbents
C18 and silica, coated with zirconium dioxide, Distinet classes of
active sites make the lipld removal efficient when this sorbents is
used [ 19], Agilent Bond Elut QUEChERS Enhanced Matrix Removal
Lipid (EMR-Lipid] is the new generartion of sample preparation
products for dispersive solid phase extraction {d-5PE lemployed for
highly selective matrix remioval withoul impacting analyie reco-
ey, especially for high-fat samples E?.'I

Blank samples of olive ofl were spiked with the mixture of ana-
Iytes at S0 pg ke, eatracted, allowed to freezing out proced ure
and submitted (o clean-up step. For clean-up using PSA, 2 ml of
the extract was purified using 300 mg of magnedium sulfate and
50 mgal P5A: for clean-up employing 2-sep|d-5'E), 2 mL of extract
were mixed with 500 mg of magnesivm sullave and 50 mg of £-3ep
sarbent; for clean-up wsing Z-sep (cartridge SPE), 1 ml of exiract
was passed throagh a cartridge containing 40mg of Z-wep udid
and the collected fraction in acetoniirile was analyzed: for clean-
up emplaying EMR-Lipid, the purification wss dons as described in
section 2.0 Fig. | shows the recoveries and mean relatne stan-
dard deviation obtained for all clean-up methods evaluated at
50pg kg1, In terms of recovery Z-sep using cartridges SPE showed
the warst resulcs with almost 405 of the pesticides no recovered
praoperly followed by Z-sep using dispersive clean-up. YWhen PS4
and EMR were employed the best results were obtained, but PSA
showed a mean RSO af 15E, For the EME method none of the pesti-
citles was completely lost and more compounds showed recowery
percentage between 70 and 12306 and mean RSD of TE,

T s¥aluate the elfectivensss of clean-up procedure the blank
samiple of olive il was extracted emplaying EMR-Lipid clean-up
and analyzed in a LC-QToF system (6530 Acourate Mass QTOF-
S, Agilent Technobogies, Santa Clara, USA] in full scan mode, To
obtain the number of co-extractives present in the matri the data
were processed employing MatsHunter solbware, The results can
be accessed by wisual comparisen of full scan chromatograms in
Fig. 2, where i5 pagsible 10 s8¢ the differences between the full
scan chromatograms for each clean-up procedure. Fig 3 shows
the matrix companeénts preent in alive ol sxirect related to its
retention times when evaluated the different clean-up procedures
employed. As can be seen in Fig 3, the EMR is the clean-up pro-
cedure where more co-gxtractives are present, But with the hest
recoveries resulfs as well as accepiable levels fof routine analysis.
Taking these resulls into account, the EMR methiod was chosen as
clean-up procedurs for pesticide determination in olive ail.

12 Validation

32,0, Accurecy {recovery), precison and repeatablfity

Inorder to assess accuracy and precision, blank samples of olne
oil were spiked with the pesticide mixture at 10, 20and 50 pg kg~
with five replicates of each concentration, Table 2 shows the

b gl
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Tabke 2 [Toniinued]

Ciimpamiiial Spin bl gl '] LA pghg="]
(£1] 20 50
R %) | KR Rer %) RSN (=) Re (3] RSN}
Spiuramine &8 g 45 16 68 10 18
Tebuconaole 51 1] 57 L] h I ji[E]
Tebulenoele 103 5 £ 1 a2 & (5]
Tehifenpyrad +h 13 S0 & 4L H h[E]
Tieflushermrurmm 5] 1i 5 T ] i jilr]
Tertanhylanine &0 4 B2 i 5B § h[E]
Tetrmiadole il 5 a3 5 " i L[]
Triahendareol I i 33 ] i ] L [F]
Thise lupuriad 10 H 8 1 LT 2 10
Thsa Mt iz T Lt ] i ke 1 i ik
Thicrhencarks 49 ] 51 ] = 5 1]
Thindicash 11 5 1 5§ [ 4 {1
Tolclolos-methyl 5] T GB 7 oG 1 1]
Trislirmersd BT ] i 7 (1] ] 111]
Triazophas 1405 5 BT 5 =) 7 i
Trichleton 10 i i & a3 5 1]
Tralbeayeiradsn 100 - os H o0 5 1
Treflumumn n rd T B T 5 (1]
Tralcondise &R 5 a5 7 55 i (i}
Lomamide =] fi g 1 m 1 (]

recavery, RSDE and method LOG resulls foc the pesticides quanti-
fied by matrix matched calibration. As can be seen in the Table 2, the
mdan recovery for all spdke levels was abiout & with mean RSDE
of 11, 10 and 7 for the kevels 10, 20 and 50 pg kg~ respectively.
The majority of compouisds that did nor fulfill the requitements
for recovery demonstrated good RSD values, most af them bower
flean 0%, Taking these resulls into aocount, the linearity studies a5
well as evaleation of real samples were done applying procedura]
standard calibration approach (PSC), an aliernative Dype of calibra-
tion that can compensate for low extraction recoveries and matrix
edfects [E7L

Repeatability was evaluated by preparing standards solutions
im olive oil blank extract at 10, 20 and 50 pgkg-', and injected 5
times, As can be obdenved in Table 51 (see in the online version
at DO hitp: ) fdx.dol.org/ 10,100 6/ L.chroma2 01607 072}, il pesti-
cides showed a RS0 <20% for the three evaluated concentrations
and excellent reproducibility making the wse of procedural stan-
dlard calibration feasibde,

322, Colibrotion cienves, linsarity and matnx &ffect
T Linearicy of analytical curves was evaluated via procedural stan-
dard calibration (PSC) by spiking blank olive oil portions at 10,
20, 50, 100 and 500 g kg~ From the 165 evaluated pesticides,
154 (93%) showed correlation coefficient (r2) = 099 for analytical
curees svaluated using procedural standard calibration approach,
Howewver, the other 11 compounds showed ¥ = 0.98 demonstrat-
ing the good linearity of the method in the ramge from 10
S0 MH‘.'] . For analytical curves salutions inacegonitrile, just pro-
thiocenazole and pymetrozine showed r? <i0.99, both had r* =0.95.
The same procedure [P5C) was applied lor sunflower and sova
ail in order to check the behavior of the analytes in different oils,
For soya oil only six compounds showed r? < 0.99 but higher than
0.98. For sunflower oil, six compounds showed r between 0.97 and
0,54 and all arher compaund deranstraled cormelation coefficient
*(.99. For all analytical curves evaluated tn all oils the residuals
wene <
For matrix effect cvaluation, results obdalned for analytical
curves prepared in matrix extract by PSC for all oils studied wene
compared, As expected, the matrix effect wias very similar among
all ails studied as can be seen i Fig. 4 and i Table 51 (50 in the
anline wersion at DOL: hetpefidedoborg 100016/ chrmoma. 201607,
072).1n the Tabbe 51 (see in che onlire version ar DO8: hotp:) o),

org/ 101016/ Lchroma 2016.07.071), the pesticides wers grouped
according to vheir chemical group in order o demonsirate the
behavior of the different pesticides classes when evaluated
different oils. Taking the results obfained is possible o see the
sirmilarities of signals among all different oils and. with this, the
guantification of pesticides is possibile o be done with he same
analyfical ourve for amy ail,

123 Amofysis of renl sompies Pt

Min order to apply the developed methad in real samples, 15
samples {9 of olive ofl, 3 of soya odl and 3 of sunfloveer oil ) were purs
chased (rom bacal markets in Almera city, southeastern of Spain,
Two samples of alive oll came from fanmers that produce their awn
oil. Fram 9 alive oil Lamples lrom supermarket [exira virgin odl),
foiar showed no contamination by any evaluated pesticide. In the
ather five ol least one pesticide was found being dimethoate found
in five samples] With exception of one sample that was concam-
imated with chlorpyrifos ar 11 pgkg" il the other five olive ol
samples showed contamination bebow the method Hmit of quan-
tificacion [10pgkg=' )L From the domestic alive oil samples, ane
of them showed contamination by phosmet at 194 pgke ', tetra-
conazol at 31 pgkg!, chiorpyrifos af 23 pgkg~"' and fluopyran
ar 22 pg kg, besides rebuconazol where the résidus was found
behow the limir of quantification of 10 jug kg-'. The other domestic

. olive oil was contaminaned with chlorpyrifios methyl ar 25 ugkg—!

140 4
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Fig- 4. Aaivix efieot evaluased by comparing slopes obained (rom anadytical curves
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g 5. SRM rransitions peas for dimerhoate foemd in samples showing D) quaseifcstion frangimon amd (B) idestification cransition as well a4 o ratia,

besubes diazinon, dimetboate and pyriproxyien below the LOG,
Dimetheate was the rmost ound compoaund in olive ol samples but
betow the LOQ. Desplte of that, in Fig. 5 is possible tosee that despite
the signal was bBelow the L0 the peak thape, quantification and
confirmation transitions, retentdoen time and fon ratho matched the
criteria for quantification, demanstrating the good performance of
the method. .

Far sunflower ail {three samples] no contamination was regis-
tered by any of the evaluated pesticides. On the other hand for soya
adl, frarm three evaluldted samples o af them showed contani-
nation by aroxystiobin below the L0, For the other sample, o
COnAmMinaron Wwas observed.

4. Conclusions

r-; multiresidwe methed for the determination of 165 pestecides
in edibile oils {olive oil, sunfiower oil and soya oil) emploving low
temperature precipitation procedure and clean-up wsing Agilent
Bond Elut QUECKERS Enhamsced Matrix Removal-Lipid {EMR-Lipid)
waas developed and walidated allowing quantification levels of
10 pgkeg? for 91% of studied compounds. The use of EMR-Liped
in combination with freezing-oul showed impartant advanrtages
such as more pesticides with recovery between 70 and 120% range
and no pesticide losses when compared with ather clean-up pro-
cedures evaluated In this study such as PSA amd Z-sep sorbent.
The EMR-Lipid showed as the anly drawback the wse of more
extract {5 mL} for clean-up procedure when compared to the other
approaches, Validation was done using procedural standard cal-
ihratton approach (FSC) an alternative type of calibration that
compensare for recovery losses, showing good resulrs, The method
was emiploved fo analyze 15 samples of olls sold In supermarkets
as well as wo damestic ofive oil samples. |
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