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ABSTRACT 
Oilseed crops are greatly extended all over the world. Their high fat content can interfere during pesticide 
multiresidue analysis through liquid chromatography-tandem mass spectrometry (LC-MS/MS). This work 
aimed at overcoming this issue by developing and validating two QuEChERS-based methods for LC-MS/MS 
determination of 42 pesticides in two fatty food matrices: olives and sunflower seeds. Optimization of the 
extraction method was achieved following a 26-2 fractional factorial design in a highly cost-effective way. 
Validation of the multi-residue methods demonstrated improved limits of detection, below the established 
maximum residue levels (MRLs) for almost all compounds, good precision, and trueness, in compliance with 
SANTE guidelines. Application of these methods to the analysis of real samples from the Iberian Peninsula 
showed the presence of some pesticides of relevant environmental concern, including four compounds 
contained in the Pesticide Action Network International list of highly hazardous pesticides, found at levels 
between 0.03 ng/g and 104 ng/g. 
 
1. Introduction 

In the last decades, European policies have aimed to reduce the use of pesticides for the sake of a more 
sustainable agriculture. Firstly, through the Common Agricultural Policy raised in 1962, and more recently 
through the European Directive 2009/128/EC (European Commission, 2009), the European Commission (EC) 
has established an Integrated Pest Management System and recommended reducing pesticide dependence 
in agriculture. However, in practice, these policies have not achieved their goals. The fact that pesticide sales 
have not decreased since 2011 indicates that farmers are still strongly relying on these chemicals for growing 
their crops (Eurostat, 2020). A recent report from the EC explicitly stated that “pesticides are a cause of 
pollution and have a direct effect especially on the state of biodiversity, water bodies, and soils” (European 
Commission, 2017). Moreover, many environmentally stable pesticides can also be harmful to humans due to 
their bio- accumulative and toxic properties (Bernardes, Pazin, Pereira, & Dorta, 2015). Among the EU 
member states, Germany, Spain, France, and Italy represent over 66% of the total EU pesticide sales volume. 
Huge amounts of these chemicals are released into the environment and, due to their well-known ubiquity, the 
monitoring of their levels on the different environmental compartments has become essential. In food, the EC 
has fixed Maximum Residue Levels (MRLs, the highest level of a pesticide residue that is legally tolerated in 
or on food), which vary depending on the commodity and the specific pesticide toxicity and environmental 
occurrence (European Commision, 2005). When a 
 



 
Pesticide multiresidue analysis in food represents a challenging task due to the frequently low concentrations 
of these chemicals and the complexity of the different matrices (Abbaspour et al., 2019; Parrilla Vazquez et 
al., 2016; Romero-Gonzalez et al., 2014; Valverde et al., 2018). To overcome these difficulties, sample pre-
treatment remains as one of the most important steps to be considered during method opti- mization. For the 
extraction of pesticides from food, diverse methods have been reported in the last years, including solid phase 
extraction (SPE) (Huo et al., 2016; Shamsipur et al., 2016), solid phase micro- extraction (SPME) (Choi et al., 
2020; Kasperkiewicz & Pawliszyn, 2021; Liang et al., 2017; Pelit et al., 2015) and dispersive liquid-liquid micro-
extraction (DLLME) (Chu et al., 2015; Farajzadeh et al., 2017; Ghoraba et al., 2018). However, over these 
extractive procedures, the QuEChERS method (acronym of quick, easy, cheap, effective, rugged, and safe), 
a two-step procedure consisting of a salting-out solid-liquid extraction and a dispersive-SPE (d-SPE) clean-
up, has become the pre- treatment of choice for most laboratories worldwide (Barchanska et al., 2018). Two 
international standard organisations have in fact established two different versions of the original QuEChERS 
method as official methods for determination of pesticides in food: the European Committee for 
Standardisation CEN ((CEN) Standard Method EN 15662, n.d.) and the AOAC International (Lehotay & 
Collaborators, 2007). This responds to the broad applicability of the methodology to a wide range of organic 
compounds and food matrices. In addition, QuEChERS extraction, when combined with chromatographic 
techniques coupled to mass spectrometry (MS), allows multiresidue analysis without compromising the 



method sensitivity and selectivity. 
Oilseed crops are greatly extended all over the world as they play an important role in human nutrition. 

Their high fat content makes them a suitable energy source but, at the same time, represents a relevant source 
of interferences in the analysis of pesticide residues in these matrices. Therefore, great efforts have been 
made in the last years to improve clean-up procedures in such matrices (Madej et al., 2018). For instance, 
Cunha et al. evaluated different sorbents for the d-SPE of pesticides from olives, including MgSO4, primary 
secondary amine (PSA), graphitized carbon black (GCB), and octadecylsilane (C18), and concluded that the 
combination of all sorbents gave the cleanest extracts (Cunha et al., 2007). Another study showed better 
results with QuEChERS, as compared to matrix solid-phase dispersion, for the extraction of >100 pesticides 
from olives, using the aforementioned sorbents (Gilbert-Lopez et al., 2010). Also in olives, negligible 
advantages were observed with the use of advanced sorbents such as Z-Sep or the novel Enhanced Matrix 
Removal-Lipid (EMR), obtaining a superior removal efficiency of co-extracts with the combination of PSA + 
C18 (Lopez-Blanco et al., 2016). Freezing is also a common direct clean-up for fatty commodities, due to the 
different melting points of pesticides and fat. However, poor recoveries and the relatively long time of the 
procedure make this purification approach unsuitable for the analysis of low melting point pesticides 
(Kaczynski, 2017). Apart from this, most of the methods described in the literature for the analysis of pesticides 
in fatty food matrices, with few exceptions (Gilbert-Lopez et al., 2010; Kaczynski, 2017), cover only a limited 
number of pesticides and they often belong to the same chemical class. 

In this context, the objectives of this work were (1) to develop and validate a practical LC-MS/MS method 
for the multiresidue analysis of up to 42 moderately polar pesticides, including neonicotinoids, triazines, 
phenylureas, organophosphates or anilines, in two representative fatty commodities: olives and sunflower 
seeds, and (2) to apply the methodology developed to the analysis of various samples of different origin. 
 
2. Materials and methods 
2.1. Chemicals and reagents 

High purity (96-99.9%) standards of 42 pesticides and 34 isotopically-labelled analogues used as surrogate 
standards for quantification were purchased from Fluka (Sigma-Aldrich, Steinheim, Germany) or Dr. 
Ehrenstorfer (LGC Standards, Teddington, UK). Target analytes are shown in Table 1, whereas relevant 
physical-chemical properties (molecular mass, solubility, acid dissociation constant (pKa), and octanol water 
partition coefficient (log Kow), among others) are provided in Table S1 as Supporting information (SI). Stock 
standard solutions of the individual analytes were prepared in methanol (MeOH) (dimethyl sulfoxide in the 
case of simazine) and stored in amber glass bottles in the dark at — 20 °C. Working solutions at different 
concentrations (from 0.01 to 500 ng/mL) containing all analytes were prepared by appropriate dilution of the 
stock individual solutions in methanol. They were used to construct calibration curves and as spiking solutions 
during method development and in the validation study. A solution containing the surrogate standard mixture 
at a concentration of 2000 ng/mL was also prepared and used for method optimization, validation, and real 
sample quantification. Pesticide-grade solvents MeOH, aceto- nitrile (ACN), and LC-grade water were 
supplied by Merck (Darmstadt, Germany). 

 
2.2. Sample preparation and extraction procedure 

Olives were pitted and the edible part was milled in a coffee grinder. In the case of sunflower seeds, ultra-
freezing with liquid nitrogen was performed prior to the grinding to obtain a better specific surface area to work 
with after milling. Then, samples were stored in the dark frozen at —20 °C. At the time of analysis, 7.5 g of 
pitted olives and sunflower seeds (containing kernel and husk) was weighed in 50 mL polypropylene centrifuge 
tubes. Then, 375 gL of the surrogate standard mixture was added to the samples (final concentration of 50 
ng/g). In the case of sunflower seeds, 7.5 mL of deionized water was also added and manually shaken for 
matrix hydration (Kaczynski, 2017). The prepared samples were left under the hood for 60 min to allow the 
MeOH of the added surrogate standard solution evaporate. For extraction, 15 mL of ACN (with 1% formic acid) 
was added to the sample and vigorously mixed. Afterwards, the salting out step was performed with 6 g MgSO4 

and 1.5 g sodium acetate provided by Bekolut® GmbH & Co. KG (Hauptstuhl, Germany) as SALT-Kit-AC2. 
The sample was then manually and vortex shaken for 1 min and, after that, tubes were centrifuged for 5 min 
at 3220 Relative Centrifugal Force (RFC). Then, 7 mL of the supernatant was transferred into a 15-mL 
centrifuge tube for clean-up. Two different clean-up sorbents were used for each matrix: a) Olives: 1200 mg 
MgSO4, 400 mg PSA, 400 mg GCB, 400 mg C18e (Bekolut® PSA-Kit-08A), b) Sunflower seeds: 900 mg 
MgSO4, 150 mg PSA, 150 mg C18e (Bekolut® PSA-Kit-04). After vigorous manual and vortex shaking during 
1 min, tubes were centrifuged for 5 min and 3220 RFC. Final extracts of olives and sunflower seeds, without 
any intermediate evap- oration step with nitrogen, were acidified with 0.7% and 0.5% of formic acid, 
respectively, and transferred into 2 mL vials for LC-MS/MS analysis. 
 



2.3. Analytical conditions 
Chromatographic separation was carried out with an LC system Aria Mx equipped with two Transcend 

quaternary pumps (max pressure 600 bars) connected in series with a triple quadrupole TSQ Quantiva mass 
spectrometer, and interfaced with a heated electrospray ionization (HESI) source (Thermo Fisher Scientific 
Inc.). A 10 gL volume of extract was injected into the chromatographic column (a Purospher STAR RP- 18e 
column, 150 x 2.1 mm, 2 ^m particle diameter from Merck (Darmstadt, Germany)) using a CTC Pal 
autosampler. Retained analytes were eluted using a mobile phase at a flow rate of 0.2 mL/min. Starting with 
10% of ACN (organic constituent of the mobile phase) in water (aqueous constituent of the mobile phase), a 
linear organic gradient was established as follows: after 1 min in isocratic organic conditions, the organic phase 
proportion increased to 50% in 2.5 min. Then, during the following 10 min, the ACN proportion achieved 80% 
and, finally, 100% in 1 min. Afterwards, isocratic conditions were maintained for 2.5 min and then initial 
conditions were restored in 2 min and kept for 7.5 min to ensure complete re-equilibration of the column 
sorbent. 

Selected reaction monitoring (SRM) was used for the MS/MS acquisition. Two SRM transitions were 
chosen for each target compound (one for quantification and another one for confirmation), and one SRM 
transition for each surrogate standard, based on the intensity and selectivity of the fragments. Positive and 
negative ionization modes were alternated, allowing the determination of all target pesticides in one single run. 
Optimum conditions of each transition, regarding collision energy, RF lens voltage, and m/z are summarized 
in Table 1. With respect to the MS general detection conditions, ion spray voltage was set to 3500 V in the 
positive ion mode, and —2500 V in the negative ion mode, ion transfer tube temperature was 350 °C, and 
vaporizer temperature was 280 °C. Nitrogen was used as sheath, sweep and auxiliary gas for the nebulization 
stage at the HESI, and argon was used as the collision gas at a pressure of 2.5 mTorr. Instrument setup and 
control, data acquisition and quantification were performed by Thermo Scientific Xcalibur v.4.1.31.9 software 
(Thermo Fisher Scientific Inc.). 

 
2.4. Method optimization and validation 

The extraction procedure was optimized through a 26-2 fractional factorial design of experiments (DOE). 
This DOE was used to accommodate two 3-levels continuous factors with two 2-levels categorical factors 
(Table S2). A total of 16 randomized elemental experiments were performed. The regression model adjusted 
for each compound included lineal effects of all factors, quadratic effects of continuous factors and also their 
interaction (Table S2). Statistical evaluation of the optimization results was carried out with the software JMP 
12.1.0 (SAS Institute Inc., Cary). Validation of the optimized analytical methods was per- formed in terms of 
compound recoveries, matrix effects, linearity, precision, and limits of detection and quantification (LOD and 
LOQ, respectively) following the guidelines described in Document No. SANTE/12682/2019 (European 
Commission, 2019). A representative (pool of various samples) matrix of olives and sunflower seeds was 
employed for the multiresidue method validation and, as no blank matrices were available, the background 
concentration of the target analytes, if present, was taken into consideration in the calculations. Quantification 
was performed by the internal standard method, in which surrogate standards are added at the beginning of 
the analytical method to account for all possible sources of errors throughout the method (analyte losses, poor 
recoveries and matrix effects). Surrogate com- pounds were the deuterated analogues of the target pesticides 
in most cases (Table 1). Method linearity was determined by the coefficient of determination (r2) of the weighed 
(1/x) linear regression model obtained through the 11-point calibration curves built for each compound within 
the linearity range 0.01 ng/mL — 500 ng/mL (equivalent to 0.02 ng/g-1000 ng/g, respectively). 

Analyte recoveries and precision of the method were calculated through the analysis of n = 6 replicate 
samples fortified at two different concentration levels (10 ng/g, as the default minimum MRL, and 100 ng/g). 
Absolute recoveries were obtained by comparing analyte peak areas in spiked samples and methanolic 
solutions at equivalent con- centrations. Relative recoveries were calculated by comparing the ab- solute 
recovery of the analyte and that of the isotopically-labelled compound used as surrogate standard. The relative 
standard deviation (RSD %) of the n = 6 replicates analysed at both concentration levels (10 ng/g and 100 
ng/g) was used to assess method precision. 

Matrix effects were obtained by comparing analyte peak areas of the samples spiked after extraction, prior 
to LC-MS analysis, and methanolic standards at the same concentration (50 ng/mL, equivalent to 100 ng/ g). 
Method LODs and LOQs were calculated through the signal to noise (S/N) method. A matrix-matched 
calibration curve in the low linearity range (0.1-10 ng/g) was generated for each compound and the S/N 
obtained in these solutions was used for LOD and LOQ calculation. Moreover, each integrated peak was 
visually checked for an extra confirmation. A S/N ratio of 3 was used for the LOD, and a S/N ratio of 10 was 
used for the LOQ. Then, the limit of determination (LDet) was established as the LOD of the SRM2 when 
higher than the LOQ of SRM1, and indicates the minimum concentration that can be quantified (SRM1) and 
confirmed (SRM2). 



 
2.5. Real samples determination 

After validation, the analytical method was applied and evaluated for the determination of the target 
pesticides in olives and sunflower seeds harvested from different sites of the Iberian Peninsula during 2018, 
2019 and 2020. MCMG, SBG and JMG codes correspond to sun- flower seed samples, whereas JMO 
(Cordovil variety), JMC (Cordovil variety), LBO (Verdeal variety), Farga, Sevillenc, Mor, and Sossis correspond 
to olive samples. 

 

 
 

3. Results and discussion 
3.1. Method optimization 

For the extraction optimization, a fractional factorial design of experiments was performed. Two 3-levels 
continuous factors and two 2- levels categorical factors were studied, conforming a 26-2 fractional factorial 
design. For each continuous factor, a central point was established to evaluate possible quadratic effects. To 
accommodate factors with 3 levels, two artificial factors with 2 levels were used for each of them. Having a 
total of 6 factors with 2 levels each, a fraction of the complete 26 design was selected conforming the definitive 
26-2 fractional factorial design (Kuehl, 2000; Montgomery, 2001). During the extraction, different factors can 
affect the process efficiency and, considering the wide range of physical-chemical parameters of the target 
pesticides, optimum values for each factor should be adopted with an overall vision. Firstly, for the extractive 
salts, two buffered variants of 



 

 
 
QuEChERS methodology were studied: AOAC 2007 method, which uses sodium acetate as buffer (Lehotay 
& Collaborators, 2007), and CEN method, which uses citrate buffer instead ((CEN) Standard Method EN 
15662, n.d.). Acid dissociation constant (pka) and log P are important parameters that can influence the salting 
out partitioning of pesticides between aqueous and organic phases, and, thus, pH adjustment could affect their 
extraction. Moreover, formic acid has been used for the stabilization of some pH-labile compounds during 
sample extraction (i.e. alachlor) (Kaczynski, 2017; Mastovska & Lehotay, 2004). Therefore, the proportion of 
formic acid in the extraction solvent (ACN) was investigated (levels: 0% — 1%, with a central point at 0.5%). 
Due to the complex composition of both matrices, i.e., medium-high proportion of fat (10-25% in the case of 
olives and 51% in the case of sunflower seeds (Garrido-Fernandez et al., 1997; Madej et al., 2018)), and a 
high pres- ence of pigments (chlorophyll and carotenoids in the case of olives (Minguez-Mosquera & Garrido-
Fernandez, 1989)), the selection of the clean-up sorbents could be determinant in the extraction efficiency. 
PSA is frequently used for the removal of fatty components, among others; non-polar compounds are 
effectively cleaned-up by C18e sorbent, while GCB remove planar compounds such as pigments (Madej et 
al., 2018). Thus, two different combinations of these sorbents were tested to cover both commodity matrices: 
Bekolut® PSA-Kit-08A, containing 1200 mg MgSO4, 400 mg PSA, 400 mg GCB and 400 mg C18e in each 
tube and Bekolut® PSA-Kit-04, with 900 mg MgSO4, 150 mg PSA, 150 mg C18e. In the end, the pH of the 
final extract could affect the ionization efficiency of the target pesticides at the HESI probe in the mass 
spectrometer. Consequently, the addition or not of 1% of formic acid to the final extract was also evaluated 
(levels: 0% — 1%, with a central point at 0.5%). A summary of the experimental design is shown in Table 2. 

In sunflower seeds, the acetate buffer showed a clearly higher extraction efficiency than the citrate buffer 
and was thereby selected as optimum. Particularly, the acidic herbicide 4-chloro-2-methylphenoxy- acetic acid 
(MCPA), which usually represents an analytical challenge, showed a higher response with the acetate buffer 
than with the citrate buffer. In olives, given the overall similar performance obtained with both buffered salts, 



the acetate buffer was also selected. The use of formic acid in ACN during the extraction step favoured the 
process for almost all compounds, with a few negligible exceptions (bentazone, bromoxynil and malaoxon in 
olives; and MCPA, thiametoxam, and desethyl-atrazine (DEA) in sunflower seeds) and, so, 1% of formic acid 
in ACN was established as the optimum in both matrices. Regarding the clean-up, no significant differences 
were observed between both sorbent mixtures in the case of olives. Thus, Bekolut® PSA-Kit-08A was selected 
for the method according to the matrix components (high content of fats and pigments). Besides, clean-up 
optimization in sunflower seeds led to the use of Bekolut® PSA-Kit-04, as it showed comparatively better 
 

 
 
performance for pesticides such as 2,4-dichlorophenoxyacetic acid (2,4D), bromoxynil, diflufenican and 
quinoxyfen, among others. Finally, the acidification of extracts presented quadratic effects and, considering 
the overall desirability results, maximum effects were set at 0.7% and 0.5% of formic acid for olives and 
sunflower seeds, respectively. These conditions only affected negatively to bromoxynil, for which the presence 
of protons in the medium could probably hinder the ionization of its hydroxyl group. Prediction profiles for each 
compound and desirability plots are shown in Figs. S1-S2. 
 
3.2. Method validation 

Method performance for the different target compounds under the optimum conditions is shown in Table 3 
and Table 4 in terms of trueness (recoveries), sensitivity, repeatability and linearity. As described in the 
guideline SANTE/12682/2019 (European Commission, 2019), a line- arity range was established from the 
LOQ to 500 ng/mL (1000 ng/g) for each analyte, through the methanolic solutions used to construct calibration 
curves that did not deviate ± 20% from the theoretical values. The coefficient of determination (r2) was used 
for linearity evaluation, showing values above 0.99 for every pesticide analysed, except for DEA (0.983 in 



olives and 0.976 in sunflower seeds). 
As shown in Table 3, absolute recoveries were calculated for both matrices, showing good agreement at 

the two concentrations tested in the validation study. Extraction recoveries were considerably better in 
sunflower seeds than in olives: 88% and 57% of the target pesticides presented absolute recoveries above 
50% after sunflower seed and olives extraction, respectively. Many matrix components from olives co-elute 
with the target pesticides (Cunha et al., 2007; Lopez-Blanco et al., 2016) diminishing the extraction efficiency 
rates and subsequent MS response. In sunflower seeds, MCPA is the only pesticide with a highly affected 
recovery (9%), while in olives low recoveries were obtained for all neonicotinoids (from 9 to 25%), diuron 
(24%), and dimethoate (17%). Nevertheless, as shown in Table 4, LOQs for these compounds were below the 
MRLs established by the EC. Moreover, the use of isotopically labelled compounds as surrogates 
compensates for the los- ses occurred during extraction and analysis, and thus average relative recoveries (n 
= 6) obtained for both commodities are in compliance with the SANTE guidance (European Commission, 
2019). As shown in Table 3, relative recoveries were between 70 and 120% for all com- pounds with the 
exception of azinphos ethyl, fenthion oxon sulfoxide, fenthion sulfoxide, malathion and malaoxon in sunflower 
seeds (67, 133, 134, 131 and 145%, respectively), and desisopropylatrazine (DIA) and diazinon in olives (132 
and 133%, respectively). However, precision 
 

 
was consistent for these compounds with RSD values below 8% (except diazinon, RSD 13.5%). In general, 
RSD values were below 20% for all analytes, with a 90% of the target pesticides below 10% RSD. 

In terms of sensitivity, LDets in olives ranged from 0.03 to 59 ng/g, whereas in sunflower seeds LDets 
oscillated from 0.08 to 42 ng/g. LDets below the European MRLs established for each commodity were 
obtained for 37 (olives) and 38 (sunflower seeds) out of the 42 target pesticides (Table 4). Higher LDets were 
obtained for fenthion and fenthion sulfone (in both matrices), azinphos ethyl, DIA, and dichlorvos in the case 
of olives, and 2,4D and is oproturon in sunflower seeds. On the other hand, the lowest LODs were achieved 
for bentazone, cyanazine, metolachlor, and terbuthylazine (in olives), and acetamiprid, atrazine, 
chlorfenvinphos, cyanazine, diazinon, fenthion oxon, malaoxon, metolachlor, quinoxyfen, terbuthylazine, 
terbutryn, and thiacloprid (in sun- flower seeds), reaching values below 0.1 ng/g. In general, this responds to 
an appropriate extraction procedure, which led to good recoveries, and lower matrix interferences enhancing 
the ionization efficiency in the ESI probe. Moreover, improved LODs were obtained for most of the 
compounds studied in previously developed methods (Table S3) (Ana-gnostopoulos & Miliadis, 2013; Gilbert-
Lopez et al., 2010; Gomez- Almenar & García-Mesa, 2015; Kaczynski, 2017; Lopez-Blanco et al., 2016; 
Sanchez-Hernández et al., 2016). 

As expected, comparatively lower matrix effects were obtained for sunflower seeds due to the matrix 
complexity of olives. Fig. 1 shows the distribution of matrix effects in both commodities, where, in olives, 
suppression effects affected to 74% of the compounds and only 18% had a soft matrix effect (±20%). In the 
case of sunflower seeds, 53% of the pesticides had no significant matrix effects. In this matrix, half of the target 
compounds presented a signal ionization enhancement, being propanil the most affected (120%). In contrast, 



malathion was the pesticide that suffered from highest suppression (-66%). In olives, the maximum ionization 
suppression was determined for acetamiprid (-85%), imidacloprid (-76%), thiacloprid (-80%) or dimethoate (-
74%), which is in accordance with the results of absolute recoveries obtained previously, while dichlorvos, 
propanil and linuron presented ionization enhancement effects above 100%. As shown in Fig. 1, the use of 
clean-up sorbents such as C18e, focused on the removal of fatty components, resulted on a higher 
suppression effect for the most polar compounds (lower RT). 

 

 
 
3.3. Method application to real samples 

Olive and sunflower crops from Serpa (South of Portugal) harvested during 2018 and 2019, together with 
samples taken from different fields of Tarragona (NE Spain) during 2020 were analysed as a part of the method 
evaluation. For the positive identification of the target pesticides in a sample, both SRM transitions should 
completely overlap regarding retention time (RT) and peak shape, and RT of the extract should correspond to 
that of the calibration standard in the same batch within ± 0.1 min. If longer RT shift occurred among samples 
in the same sequence, the corresponding isotopically-labelled compound should have been affected with the 
same shift to be accepted. Furthermore, the ratio between both SRM transitions in the sample should be within 
± 30% of that observed in calibration standards from the same sequence (SANTE/12682/2019). 

With these premises, a few pesticides were detected (Fig. 2). For these kinds of oilseed crops, the use of 
pesticides is predominantly covered by herbicides, insecticides and, to a lesser extent, fungicides (Amvrazi & 
Albanis, 2009; Debaeke et al., 2017). The neonicotinoid imidacloprid was the pesticide found at the highest 
concentration in the investigated samples, surpassing 100 ng/g in one olive sample, the “sevillenc” variety. 
This compound, together with DIA and terbutryn, were the most frequently detected pesticides in olives. 
Besides, acet amiprid and irgarol were also found at concentrations over the LOQ of their SRM1 but below the 
LOD of their SRM2, thus preventing quantification. In the case of sunflower seeds, the organophosphorus 
insecticide dimethoate was present in 4 out of 10 samples, showing the highest concentration at 1.42 ng/g in 
one of the Portuguese samples from the 2019 campaign. Moreover, terbuthylazine was also detected at very 
low concentrations in 6 out of 10 sunflower seed samples and the insecticide thiacloprid in one sample. 

Thiacloprid, imidacloprid, dimethoate, and terbutryn are included in the Pesticide Action Network (PAN) 
International list of Highly Hazardous Pesticides (Pesticide Action Network International, 2019). High 
honeybee toxicity is attributed to dimethoate and imidacloprid, together with a moderate acute human toxicity. 
Moreover, ecotoxicity of dimethoate includes moderate poisoning of mammals and moderate to very high 
toxicity to birds. Regarding the neonicotinoid thiacloprid, it represents a well-known moderate hazard to 
humans and it has been classified as a carcinogen (Pesticide Action Network International, 2019). 



 
4. Conclusions 

Two QuEChERS-based analytical methods have been developed and validated for the determination of 
42 pesticides, including triazines, organophosphates, phenylureas, anilines, neonicotinoids and others, in 
two representative food fatty matrices: olives and sunflower seeds. Method extraction was optimized through 
a fractional factorial design of experiments, which allowed optimizing the method conditions in a cost- 
effective way. Four different factors were evaluated, including the acidification of the extraction solvent, the 
type of extractive salts, the type of clean-up salts, and the acidification of the final extract. The optimized 
methods were successfully validated in terms of linearity, repeatability (with RSD values below 20%) and 
trueness (with average relative recoveries between 70 and 120% for almost all analytes), in compliance with 
SANTE guidelines. The sensitivity achieved with the methods, with LOQs in the range of pg/g or low ng/g, 
allowed deter- mining concentrations below the established MRLs for>90% of the target compounds. 
Although the use of isotopically-labelled surrogates for the quantification of the target pesticides represents a 
high initial economical cost, numerous advantages, such as control of the well performance of the analytical 
method throughout the sequence, compensation of matrix effect regardless of its variability between 
samples, accuracy of results, and easier quantification (without the need to use recovery factors) are 
obtained. Thus, the use of this kind of surrogate compounds in the analysis of complex matrices, such as 
olives and sunflower seeds, are extremely useful to obtain highly reliable results. Furthermore, the 
advantages of using QuEChERS over other conventional extraction methods are well-known: fast, cheap 
and safe method performance, beside the wide applicability for multiresidue analysis. 

These methods were applied to the analysis of a few real samples from different locations across the 
Iberian Peninsula. Their application showed the presence of some herbicides and insecticides of relevant 
environmental concern, including four pesticides from the Highly Hazardous Pesticides list from the PAN 
International. 
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