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Abstract

A simple and high-throughput screening method for the analysis of pesticides in olive oil is presented. A modified QuEChERS sample preparation
method was developed to improve the extraction recovery of highly lipophilic pesticides. The acetonitrile extract of the olive oil was directly
injected to LC-MS/MS, while other GC-amenable compounds were treated with the modified QuEChERS procedure for GC-MS/MS analysis.
The method is an extension of the LIB 4517 to include olive oil. The average recoveries for 80 pesticides quantified by LC-MS/MS at 200,
500, and 1000 ng/g fortifying levels were 91% or better (RSD < 5.5%), while GC-MS/MS analysis demonstrated 81% or better (RSD < 7.2%)
for average recovery from 59 compounds at the same spike levels. This method showed an improved recovery of several challenging lipophilic
pesticides in olive oils.
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1. Introduction

Olive oil is a commodity of great economics importance for
the region along the Mediterranean Basin, Spain, Greece and
Italy. In order to avoid possible losses, due to insect attack, sev-
eral agrochemicals (pesticides) are applied to olive groves. Too
much residual pesticides in olive oil constitute an important pa-
rameter of its quality; they must be as low possible to ensure
consumer protection. Garcia-Reyes et al. wrote an extensive
review on analytical methods for pesticides in olive and olive
oil [1] . Amvrazi and Albanis developed a liquid-liquid extrac-
tion method to detect 35 pesticides in olive oil using GC/NPD
and GC/ECD [2]. A time-consuming solid-phase extraction
cleanup procedure was needed to eliminate interference in the
sample extract. Liquid- liquid (hexane and acetonitrile) extrac-
tion method coupled with GC/MS using has been used to de-
termine acephate and buprofezin in olive oil [3]. This method
provided high extraction yield for polar pesticides with low sol-
ubility in the fatty matrix, but it was not effective for non-polar
pesticides extraction. In order to cover a wider range of pesti-
cides in vegetable oil, Gillespie and co-workers used hexane to
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extract organochlorine (OC) and organophosphorus (OP) pes-
ticides from plant oils with three types of solid phase media
(Florisil, C18, and alumina) [4]. Supercritical extraction was
also explored as a sample preparation strategy [5]. Tetrahy-
drofuran was used to extract pesticides in olive oil along with
lipids [6]. Pesticides were separated from the oily matrix by gel
permeable chromatography (GPC) before the determination by
GC/MS and LC/MS. GPC cleaned hexane extracts of olive oil
were analyzed with GC-ECD and GC/MS in order to determine
32 pesticides in virgin olive oil [7]. These methods had good
sensitivity and recovery but they were time-consuming and did
not cover LC amendable pesticides.

A Quick, Easy, Cheap, Effective, Rugged and Safe (QuECh-
ERS) method, described by Anastassiades et al. [8] and based
on liquid-liquid partitioning with acetonitrile followed by a clean-
up step with dispersive SPE, was recently explored for the anal-
yses of pesticides in both olives and olive oil [9]. The ex-
tracts obtained were clean enough to be analyzed by GC-MS
and/or LC-MS. However, the OC pesticides had poor recov-
ery (below 70%) for this method. Lehotay et al. compared
the QuEChERS extraction with matrix solid-phase dispersion
(MSPD) technique for a wide range of pesticides in fatty food
matrices and experienced low recovery of non-polar pesticides [10].
A modified QuEChERS method using higher solvent/sample
ratio was developed to improve the recovery of the non-polar
pesticides from olive oil [11]. GC-MS and LC-MS/MS were
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used to cover a wide range of 16 pesticides in olive oil. To ob-
tain the detection limit of quantification of 10 ppb for GC/MS,
a special injector called Direct Sample Introduction (DSI) was
used. In the DSI, the sample extract (10 L) was added to a
disposable microvial that was placed inside an injection liner,
which was replaced in the inlet after every injection. The un-
volatilized matrix contaminants were removed along with the
microvial, and the system remains clean, with minimal instru-
ment maintenance. This injector must be operated in the auto-
matic mode and it is not widely available in most of the pes-
ticide lab. Recently, a modified QuEChERS extraction method
using high solvent/sample ratio along with GC-MS/MS and LC-
MS/MS was used to determine a wide range of pesticides in av-
ocado with good recovery of problematic non-polar pesticides
[12, 13]. The objective of this study was to combine the high
solvent/sample ratio QuEChERS extraction method with LC-
MS/MS and GC-MS/MS to determine a wide range of pesticide
classes (see Table 1) in olive oil.

2. Materials and methods

2.1. Chemicals and Materials

Pesticide standard mixtures, all 99% purity, were purchased
from AccuStandards, Inc. (New Haven, CT) consisting of 10
mixtures of analytes (total of 138 compounds) at 100 µg/mL
in methanol. A composite pesticide stock solution was pre-
pared in methanol at 10 µg/mL. Methanol, acetonitrile, and wa-
ter were of HPLC grade obtained from Fisher Scientific (Pitts-
burgh, PA) and they were used for HPLC mobile phase and ex-
tracting solvent. Formic acid was obtained as 98% solution for
mass spectrometry from Fluka (Buchs, Switzerland.). Glacial
acetic acid (reagent grade) was purchased from Fisher Scientific
(Pittsburgh, PA). Pre-packaged 50-mL centrifuge tubes contain-
ing 6 g of magnesium sulfate (MgSO4) and 1.5 g anhydrous
sodium acetate (NaOAc) were purchased from UCT, Inc. (Bris-
tol, PA). Dispersive cleanup tubes (2 mL) containing 150 mg
of anhydrous MgSO4, 50 mg of Primary and secondary amine
(PSA) sorbent and 50 mg endcapped C-18 sorbent were also
from UCT, Inc. Nitrogen and air from TriGas Generator (Parker
Hannifin Co., Haverhill, MA) were used for nebulizer and col-
lision gas in LC-MS/MS. Ultra-high purity helium and nitro-
gen from nexAir (Memphis, TN) were employed as the carrier
gas and collision gas in GC-MS/MS. EDP 3 electronic pipetters
at different capacity (0-10 µL, 10-100 µL, and 100-1000 µL)
were purchased from Rainin Instrument LLC (Oakland, CA)
and were used for standard fortification.

2.2. Sample Preparation and Extraction Procedure

Olive oil was obtained from a local market. The samples
were weighed at 0.5 g each in a 50-mL centrifuge tube (Fisher
Scientific, Pittsburgh, PA) and fortified with 10, 25, and 50 µL
of standard mix 10 µg/mL to obtain standard concentration of
200, 500, and 1000 ng/g, respectively. The samples were mixed
for 1 minute on a vortex mixer and allowed to stand for ap-
proximately 1 hour. A non-fortified sample (blank) was also
prepared and used as matrix matched standard. About 5 mL

of purified water and 30 mL of 1% acetic acid in acetonitrile
were added to the sample tube. The tube was capped tightly
and shaken for 10 min on a SPEX 2000 Geno grinder (SPEX
Sample Prep LLC., Metuchen, NJ) at 1000 stroke/min. About
1.5 g of NaOAc and 6 g MgSO4 were added into the tube and
mixture was shaken for another 10 min at same speed then cen-
trifuged at 3500 rpm for 10 min. Approximately 1 mL of ace-
tonitrile extract (top layer) was transferred into an autosampler
vial and 1 µL of the extract was injected to LC-MS/MS for LC-
amenable pesticides. For quantification, a calibration standard
of all pesticides was prepared in 1% acetic acid in acetonitrile
at the concentration of 2, 5, 10, 25, 50 and 100 ng/mL and used
to construct the calibration curve for external calibration stan-
dard method. For GC-MS/MS analysis, 1 mL of acetonitrile
extract was pipetted into a 2-mL dispersive tube containing 150
mg of anhydrous MgSO4, 50 mg of PSA sorbent and 50 mg
C18 sorbent, capped, spun for 1 min on a vortex mixer, then
centrifuged at 2000 rpm for 10 min . The sample extract was
transferred into an autosampler vial and injected (1 µL) on the
GC-MS/MS for GC-amenable pesticides. For quantification,
a matrix matched standard of olive oil extract was prepared at
200, 500, and 1000 ng/g spiking levels equivalent by adding ap-
propriate volumes of mixed fortification standard to the blank
sample extract (after PSA/C18 dispersive cleanup).

2.3. LC-MS/MS Analysis

LC-MS/MS analysis was performed using a Shimadzu HPLC
system. The instrument is equipped with two LC-20AD Pumps,
a Sil-20AC autosampler, and a CTO-20AC column oven (Shi-
madzu, Kyoto, Japan), coupled with a 4000 Q-TRAP mass spec-
trometer from AB Sciex (Foster City, CA). The Analyst soft-
ware (version 1.4) was used for instrument control and data ac-
quisition. An Ultra Aqueous C18 column (3 µm, 100 x 2.1 mm)
and a guard column (10 x 2.1 mm) from Restek (Bellefonte, PA)
were used for HPLC separation at 50 oC with sample injection
volume of 1 µL. A binary mobile phase was composed of (A) 4
mM ammonium formate and 0.1% formic acid in water and (B)
4 mM ammonium formate and 0.1% formic acid in methanol.
A mobile phase gradient started at 5% B (0.0 - 0.4 min) at a
flow rate of 0.5 mL/min and went to 60% B at 5 min (curve
3), then 95% B at 12.5 min (curve 6), held until 14.5 min, and
concluded by column equilibration at initial condition for 3 min
for a total run time of 18 min. The MS determination was per-
formed in positive electrospray mode with monitoring of the
two most abundant MS/MS (precursor/product) ion transitions
using a scheduled MRM program for 60 seconds for each ana-
lyte. Analyte-specific MS/MS conditions and LC retention time
for the LC-amenable analytes were shown in Table 2. The MS
source conditions were as follows: curtain gas (CUR) of 30
psi, ion spray voltage (IS) of 4500 volts, collisionally activated
dissociation gas (CAD) is high, nebulizer gas (GS1) of 60 psi,
heater gas (GS2) of 60 psi, source temperature (TEM) of 350oC.

2.4. GC-MS/MS Analysis

GC-MS/MS analysis was performed using an Agilent 7890A
GC, coupled with a 7000 triple- quadrupole MS and a computer
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with MassHunter software (version B.05.00412) for data acqui-
sition and processing (Agilent Technologies, Palo Alto, CA).
The GC is equipped with a 7693 autosampler and an air cool
multimode inlet. The injector temperature was programmed to
start at 60oC for 0.2 min and ramped to 280oC at 600oC/min
with no hold time. The injection volume was 1.0 µL in split-
less mode. Analytes were separated with two HP-5ms Ultra
Inert capillary columns from Agilent (15m x 0.25 mm ID, 0.25
µm film thickness), connected at a back flush union. The col-
umn head pressure was set at 12.772 psi at a constant flow rate
of 1.335 mL/min, using helium as a carrier gas. The column
temperature was programmed as follows: the initial tempera-
ture was 60oC (for 1 min) and increased to 170oC at 40oC /min,
ramped to 310oC at 10oC/min, then held for 1.2 min. The to-
tal run time was about 19 minutes. The first column was back
flushed for 2.0 min at 310oC and a flow rate of 3.5 mL/min
after each run. The ion source and transfer line temperatures
were at 300oC. Electron multiplier voltage was set to 1400V
by automatic tuning and the multiplier voltage was 306V above
tune value. Nitrogen and helium (at 1.5 and 2.25 mTorr, re-
spectively) were used as the collision gases for all MS/MS ex-
periments. The optimal two ion transitions (primary and sec-
ondary transitions of a precursor to product ions) for MRM
of each pesticide were determined via collision tests (Table 3).
Quantitation by GC-MS/MS was based on an external standard
method with peak area of the primary transition of an analyte
product using the Agilent MassHunter software. Concentra-
tions were determined by comparing the peak area in the sam-

ple to peak areas of matrix-match standards prepared at known
concentration. Identification of pesticides in fortified and in-
curred samples by GC-MS/MS was determined by comparing
expected retention time and the ratio of the two transition (pri-
mary/secondary) results to matrix-matched standards, followed
the criteria for identification established by the FDA and Euro-
pean Union [14].

3. Results and discussion

3.1. Optimization of Sample Extraction Procedure

Olive oil is not very soluble in acetonitrile. Cunha et al. did
an experiment by shaking olive oil with acetonitrile/water mix-
ture and estimated that only approximately 1.8% of olive oil
was partitioned into acetonitrile and only half of it remained in
the acetonitrile after the dispersive SPE cleanup with PSA/C18/

GCB) [11]. It is very important to minimize the amounts of fat
residue in the final extract to reduce the matrix enhancement
effect in the GC injector port and keep the injector port clean.
The sample size of olive oil used in the sample preparation also
affected the recovery of lipophilic pesticides in olive oil. They
found that the recovery of p,p′ DDE decreased as the amount
of oil increased. Therefore, the sample size of 0.5 g of olive
oil was chosen in this proposed method to minimize the detri-
mental effect to the GC system. The modified version of the
AOAC Official Method 2009.01 (also called, buffered QuECh-
ERS method) utilizing acidic acetonitrile and NaOAc was se-
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lected for the method in order to improve recovery for base
sensitive pesticides (e.g. chlorothalonil and tolyfluanid) [10].

An extraction experiment with different solvent/sample ra-
tios was evaluated. Five olive oil samples (0.5 g each in 50 µL
solution of 10 µg/mL containing 26 selected lipophilic OC pes-
ticides. Different amounts of acetonitrile with 1% acetic acid
(10, 15, 20, 25, and 30 mL) were added to the sample to rep-
resent the solvent/sample ratios of 20, 30, 40, 50, and 60 to 1,
respectively. Five milliliters of purified water was added to the
tubes and they were shaken on the SPEX 2000 Geno Grinder
at 1000 stroke/min for 10 min. A salt packet containing 6 g of
MgSO4 and 1.5 g of NaOAc was added to the tube followed
by another 10 min shake. The samples were then centrifuged
at 3000 rpm for 10 min. Two milliliters of acetonitrile extract
was pipetted into a 15-mL centrifuge tube and the appropriate
amount of acetonitrile was added to adjust the matrix concentra-
tion to 0.0167 g sample/mL solvent. The samples were injected
onto the GC-MS/MS. The responses of the selected OC pesti-
cides extracted from 0.5 g of olive oil using different amounts
of 1% acetic acid in acetonitrile are presented in Figure 1. It
demonstrates that the extraction efficiency of the lipophilic OC
pesticides can be significantly enhanced by increasing the sol-
vent/sample ratio from 10:1 to 60:1. The recovery of highly
lipophilic pesticides increased as the amount of extraction sol-
vent increased. Recovery of hexachlorobenzene was improved
from 53 to 95% when the extraction solvent was increased from
10 to 30 mL. This pesticide was difficult to extract from fatty
food using the QuEChERS approach with 4:1 solvent/sample
ratio [15]. In order to maximize the recovery of lipophilic pes-
ticides and minimize the amount of fat residue in the final sam-
ple extract, the 30 mL of acetonitrile was selected to extract
pesticide from 0.5 g of olive oil sample in this method.

3.2. LC-MS/MS Analysis

In the previous work [16], olive oil samples were extracted
with acetonitrile using a solvent-to- sample ratio of 3:1 (5 g
olive oil in 5 mL of water to 15 mL of acetonitrile), and it
worked well with polar and moderately non-polar pesticides.
The sample extract was processed with dispersive cleanup and
diluted with water at a 1:1 ratio prior to LC-MS/MS analy-
sis. For the proposed method, higher solvent to sample ratio
of 60:1 (0.5 g olive oil in 5 mL of water to 30 mL of 1% acetic
acid in acetonitrile) was used to improve the recovery of highly
lipophilic pesticides and minimize amount of fat in the sample
extract. The concentration of sample/solvent was much lower
than those from the previous method (0.0167 g/mL vs. 0.33
g/mL). The instrument for LC-MS/MS analysis for the study
(QTRAP4000 from AB Sciex) had sufficient sensitivity, thus 1
L of the final extract was more than enough to obtain adequate
sensitivity and signal-to-noise (S/N) level at the 200 ng/g for-
tification or even lower. The matrix effects were examined by
comparing the response obtained from olive oil blank and ace-
tonitrile samples fortified with 50 ng/ml of the standard mix.
Table 4 shows that the recovery of analytes in matrix are within
91- 115% of those from acetonitrile; therefore, matrix is not the
si gnificant issue in the LC-MS/MS analysis. This modification
improved overall recovery for multiresidue screening purposes,
while shortened the sample preparation steps by bypassing the
dispersive cleanup. It also eliminates the need of using matrix-
matched standard. This result suggested that the sample size
may be increased to lower the limit of quantification. However,
for this method, it was decided to keep the overall fat content in
the sample to approximately 0.5 g.

LC-MS/MS is suitable for the determination of heat-labile
pesticides (carbamate) and polar pesticides (neonicotinoids and
OPs) that are challenging if not impossible to analyze with GC-
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Figure 1. The response of pesticide extraction from 0.5 g of olive oil using different amount of acetonitrile and analyzed by GC-MS/MS (after matrix concentration
adjustment).

MS/MS. Some of OP pesticides (for example, methamidophos,
acephate , omethoate, and thiabendazole) tend to show peak
tailing via interaction with or adsorption onto active sites of the
injector port or stationary phase during the GC separation This
can impede the accurate quantitation of these compounds par-
ticularly at the trace levels. Therefore, a separate injection using
a more polar GC column is required in order to overcome this
tailing problem [17, 18]. The representative chromatograms
of thiabendazole, tolyfluanid, omethoate, and acephate in olive
oil blank fortified at 200 ng/g levels analyzed by LC-MS/MS
are shown in Figure 2 show good peak shapes and sensitivi-
ties for all compounds and revealed little or no interference.
Most of the compounds analyzed by LC-MS/MS demonstrated
the excellent recoveries (Table 5), partly because the sample
extracts were subjected to a relatively shorter extraction proce-
dure with no sample cleanup. The chromatogram from olive
oil blank crude extract has very few interference peaks when it
is compared with olive oil blanks spiked with 200 ng/g (Figure
3). Standard mix at 10 ng/mL in acetonitrile is also plotted in
the Figure 3 to demonstrate the sample matrix (with minimal
cleanup) did not affect the peak shapes of the analytes.

3.3. GC-MS/MS Analysis

LC-MS/MS analysis with electrospray ionization (ESI) in-
terface is suitable for polar and moderately non-polar pesticides
containing labile functional groups. To screen a broad spectrum
of pesticides including more lipophilic OC pesticides such as
DDT, hexachlorobenzene, and dieldrin, a complementary tech-
nique such as GC-MS/SIM is required. Recently, GC-MS/MS
instrumentation has been used by some pesticide laboratories
for multiresidue targeted screening of pesticides in food sam-
ples [18, 19]. In MS/MS, target masses are selected in the first
quadrupole and fragmented in a collision chamber. Depending
on the analyte, unique product ions are generated from the col-
lision chamber and only selected product ions are allowed to
pass through the second quadrupole in order to be monitored
and detected. The fragmentation patterns and resulting prod-

uct ions are dependent on the chemical structures of the tar-
get analytes, thus GC-MS/MS mode is more selective than GC-
MS/SIM [20] . Recent study by Okihashi et al. [18] identified
and confirmed the presence of about 260 pesticides in fresh pro-
duce by MS/MS with the improved limits of detection (LOD,
at 0.01 µg/g) over GC-element selective detection (e.g., flame
photometric detection) and GC-MS/SIM. In conventional pesti-
cide analysis using the QuEChERS extraction method via GC-
MS/SIM, the sample extracts must be concentrated (to approxi-
mately 2-4 g sample/mL solvent) in order to detect pesticides at
the low ng/g range in produce [8].The monitoring of lipophilic
pesticides at a trace level can be challenging, especially for ma-
trices with abundant fats, such as olive oil (> 95% fat content).
The QuEChERS approach with acetonitrile extraction has al-
ready shown to be effective in minimizing coextraction of lipids
from fatty foods due to low solubility of the lipids in acetoni-
trile, while maintaining high recoveries of a wide range of rel-
atively polar LC and semi-polar GC-amenable pesticides [14].
After the extraction, MgSO4 and NaOAc are added toenhance
the pesticides partitioning into acetonitrile. This is critical espe-
cially for polar pesticidessuch as methamidophos and acephate
that tend to retain in the aqueous phase [8]. The dispersive SPE
with MgSO4-PSA-C18 sample cleanup technique is used with
QuEChERS extraction in flaxseed [15]. The role of magne-
sium sulfate (MgSO4) is to absorb the trace amount of water in
the acetonitrile extract. PSA retains fatty acids from the ace-
tonitrile extract with a weak anion exchange mechanism. The
non-polar sorbent C-18 retains trace amounts of lipophilic in-
terference and/or fat residue from the extract. Graphitized car-
bon is not used in the current method because it may result in
a lower recovery of planar pesticides (e.g. thiabendazole and
hexachlorobenzene) with acetonitrile without the addition of
toluene [19]. The method presented here uses 0.5 g of olive
oil with 30 mL of extracting solvent. If only 1% of olive oil is
transferred to the acetonitrile extract, the fat content in the ex-
tract would be approximately 0.167 µg/µL. This small amount
of oil should not have any effect on the injector port or col-
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Figure 2. LC-MS/MS Chromatogram (MRM) of thiabendazole (A), tolyfluanid (B), omethoate (C), and acephate (D) spiked in blank olive oil at 200 ng/g. The
sample concentration is 0.0167 g sample/mL solvent with 1 µL injection volume.
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Figure 3. Reconstructed LC-MS/MS chromatogram of olive oil blank (A), olive oil blank fortified with standard mix at 200 ng/g (B), and 10 ng/mL standard mix
in acetonitrile (C).The sample concentration is 0.0167 g sample/mL solvent with 1 µL injection volume. Peak a and b are compounds found in olive oil. Peak c is
d10-chlorpyrifos (internal standard).

Figure 4. GC-MS/MS chromatogram (MRM) of hexachlorobenzene (A), dacthal (B), and o,p DDE (C) spiked in olive oil blank at 200 ng/g. The extract concentration
is 0.0167 g/mL with 1 µL injection volume.
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Figure 5. Reconstructed GC-MS/MS chromatograrns of olive oil blank (A), olive oil blank fortified with standard mix at 200 ng/g (B), and at 1000 ng/g (C). The
sample concentration is 0.0167 g/mL with 1 µL injection volume. Peak ”a” is d10-chlorpyrifos (internal standard). Peak ”b” is an unknown compound found in
olive oil.

umn inlet performance. The sample extract in acetonitrile is
directly injected into GC- MS/MS after the dispersive cleanup
with column back flush after each run. This procedure signif-
icantly minimizes the matrix effect due to the trace amount of
fatty matrix in the injector port and reduces matrix residue at
the front portion of the GC column. As expected, OC com-
pounds exhibit good response on GC-MS/MS with minimum
interference at the baseline. Figure 4 shows the chromatograms
(in the multiple reaction monitoring mode) of hexachloroben-
zene, dacthal, and o,p-DDE spiked in olive oil blank at 200
ng/g fortifying level. The peak relative response for each an-
alyte is different depending upon the molecular structure and
fragmentation. The sensitivity of the proposed GC-MS/MS is
adequate to screen GC amenable pesticides at 200 ng/g fortify-
ing level using 0.0167 g sample/mL solvent for extraction with
minimum interference. Figure 5 shows the comparison of to-
tal ion chromatograms between olive oil blank and those from
the blank fortified at 200 and 1000 ng/g. GC-MS/MS has a
few draw backs over the LC-MS/MS method due to matrix ef-
fect. It is known that matrix matched standard is necessary for
quantification in GC to correct for matrix effect in the GC in-
jector port. It is not always possible to obtain pesticide-free
sample matrices to match with the samples. In order to solve
this problem, we used standards in matrix that is similar to the
sample to screen the type of pesticide found and estimate the
concentration from the calibration curve. The standard addi-
tion method of the particular sample should be used in order to
accurately determine the concentration for regulatory purposes.

This will correct for the matrix effect without the need to obtain
pesticide-free matrix of the same kind.

3.4. Method validation

The proposed modified QuEChERS procedure was used to
evaluate 138 pesticides listed in Tables 5 and 6 (chlorpyrifos
was in both Tables). A wide range of polarity from very polar
pesticides such as methamidophos and OP to highly lipophilic
pesticides such as OC and pyrethroid were represented. These
compounds were chosen to represent the wide range of chal-
lenging issues encountered routinely in the analysis of pesti-
cides, e.g. poor extractability, poor LC/MS and/or GC/MS re-
sponses, selectivity, and instability in extraction and/or cleanup
procedure. The proposed method has major advantages such
as the following: a) utilizes the simplicity of acetonitrile ex-
traction /salting-out to minimize extractable lipid interference
transferring from fatty matrix to the final extract, b) saves time
by eliminating the solvent evaporation step, c) injects minimum
amount of sample extract to LC-MS/MS which minimizes ma-
trix effect, d) no need for matrix matched standard for LC/MS
analysis, e) uses quick dispersive SPE to remove lipid residue
from sample extract prior to GC analysis, and f) uses GC col-
umn back flush program to maintain system integrity and re-
duces instrument downtime. LC-MS/MS was used not only for
LC amenable pesticides, but also for some of the GC amenable
compounds that exhibited acceptable responses to LC-MS/MS
(about 60% of the entire list). The LC-MS/MS procedure is se-
lective/sensitive, quick (shake-and-shoot), does not need matrix
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Figure 6. GC-MS/MS chromatogram (MRM) of chlorothalonil fortified in olive oil blank at 200 ng/g (A), at 500 ng/g (B), and at 1000 ng/g (C). The sample
concentration is 0.0167 g/mL with 1 µL injection volume.

Figure 7. Average recovery of all pesticides spiked in blank olive oil at 200, 500, and 1000 ng/g.
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matched standard, and requires minimal sample cleanup (im-
proved recovery). This method is also suitable for base sensi-
tive pesticides including dichlorfluanid and tolyfluanid which
tend to have stability issues when PSA is used for dispersive
SPE [8].

By using the shake-and-shoot method with LC-MS/MS with-
out using PSA, the recovery of dichlorfluanid and tolyfluanid
are at least 98% at all levels, a significant improvement.

The recoveries and RSDs for all analytes quantified by LC-
MS/MS method at 200, 500, and 1000 ng/g (three replicates per
each level) are excellent at 108 ± 5.5, 114 ± 3.6, and 100 ± 3.8,
respectively (Table 5). It has been demonstrated that more than
200 LC amenable pesticides in high fat samples including olive
oil, olive oil, fish, milk, and almond nuts can be determined by
using LC-MS/MS with acceptable results [16]. The lowest for-
tification level in this method was 200 ng/g. The signal/noise
data obtained from Figure 2 suggest that lowest fortification
level of close to one third of 200 ng/g can be achieved. No sig-
nificant interference from sample matrix that may cause peak
identification or quantification problem was observed. The ma-
jority of pesticides were determined by LC-MS/MS, while GC-
MS/MS was used to cover the rest of pesticides that give poor
response and retention by LC-MS/MS. For GC-MS/MS method,
acetonitrile extraction with salting-out procedure alone is not
sufficient to eliminate lipid interference that may be harmful to
the GC injector port and analytical column. Dispersive SPE
cleanup technique with MgSO4-PSA-C18 is a suitable mean to
trap fatty acids, water and lipid residue remaining in acetoni-
trile without the loss of planar structure pesticides [19]. The
final concentration of matrix in sample extract at 0.0167 g sam-
ple/mL solvent is relative lower than the conventional QuECh-
ERS method with GC-MS/SIM (about 2-4 g sample/mL sol-
vent). This method relies on the more sensitive instrument of
GC-MS/MS to detect low level pesticide residue in such a di-
luted sample. The ability to inject diluted sample with column
back flush is the key element that makes the GC-MS/MS anal-
ysis of high fat sample a rugged method. At least 50 injections
of olive oil extract were analyzed on the GC-MS/MS with no
significant peak deterioration or sensitivity. The recoveries and
RSDs for 59 analytes quantified by GC-MS/MS method at 200,
500, and 1000 ng/g (n = 3) are 108 ± 6.6, 111 ± 7.2, and 106
± 6.5%, respectively (Table 6). The accuracy and precision of
GC-MS/MS is not as good as the LC-MS/MS method for a few
reasons. The Table 6 has included some difficult compounds in-
cluding amitraz [20] and L- cyhalothrin that are well known for
stability issue in solvent [21] and matrix effect in the GC injec-
tor port [22]. A few compounds such as iprodione, fenvalerate,
endosulfan, and chlorothalonil have poor sensitivity at 200 ng/g
fortifying level, which resulted in unreliable data at this level.
Figure 6 shows the chromatograms of chlorothalonil in olive
oil fortified at 200, 500, and 1000 ng/g. The signal/noise ratio
at 200 ng/g fortifying level is approximately 10:1 representing
the limit of quantification level for chlorothalonil. In order to
improve the LOQ of some these compounds detected by GC-
MS/MS, one may choose to increase sample size from 0.5 g to
2 g and take a risk of contaminating injector insert or analytical
column.

Increasing solvent/sample ratio has improved the recovery
of very lipophilic over the previous QuEChERS method for
high fat samples [10, 15]. These troublesome pesticides in-
clude hexachlorobenzene, chlorpyrifos, dieldrin, endrin, DDT,
DDE, and BHC. Recovery of hexachlorobenzene has been be-
low 50% from fatty sample using QuEChERS extraction using
1:1 or 1:2 sample/solvent ratio. After acetonitrile extraction
and salting-out step, for high fat sample, fat layer is formed
between the bottom aqueous layer and top acetonitrile layer.
Hexachlorobenzene is very lipophilic and tends to partition be-
tween the fat layer and the acetonitrile layer. By increasing the
solvent/sample ratio, the phase ratio of fat layer/acetonitrile is
increased, hence partitioning of hexachlorobenzene to acetoni-
trile layer in increased. In this method, average recoveries of
hexachlorobenzene at 200, 500, and 1000 ng/g (n=3) are 88,
89, and 85% with RSDs of 11.7, 2.0 and 12.7%, respectively.
Recovery of dieldrin, endrin, o,p′DDT, and BHC are consis-
tently higher than 97% across the board. These compounds
demonstrate poor responses by LC-MS/MS due to their poor
ionization under the positive ESI. The average recoveries for
all pesticides analyzed by both LC-MS/MS and GC-MS/MS at
200, 500, and 1000 ng/g are plotted against the number of pes-
ticides ranked by average recovery (%) (Figure 7). It shows
excellent recovery at the level of 1000 ng/g fortification, when
a compound out of 138 has its recovery outside of 70-120%
range. The recoveries of all 138 compounds are within 70-
120% range. At 500 ng/g fortifying level, 12 out of 138 com-
pounds have recovery that are outside 70-120% range with a
much tighter standard deviation than the 200 ng/g fortifying
levels which has 5 out of 138 compounds have recovery falls
outside 70-120% range. GC-MS/MS should only be used to de-
termine pesticides that cannot be analyzed by LC-MS/MS such
as hexachlorobenzene and other OC compounds. LC- MS/MS
should be used to analyze the rest of the pesticides for its sim-
plicity and reliability. Ultimately, the method was designed as
a screening tool to cover a wide range of pesticides in fatty
matrix with reasonable limit of quantification in a very short
time. It requires minimal sample preparation as compared with
other previous methods such as PAM [23] and yields improved
recovery of very lipophilic pesticides which were problematic
with regular or buffered QuEChERS methods [15]. The current
method will be further evaluated to cover different fatty matri-
ces samples such as egg, salmon, and milk.
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