Food Anal. Methods (2015) 8:2194-2201
DOI 10.1007/s12161-015-0103-0

Determination of Pesticides and Transformation Products
in Ginkgo biloba Nutraceutical Products by Chromatographic
Techniques Coupled to Mass Spectrometry

Agnesa Palenikova - Gerardo Martinez-Dominguez -
Francisco Javier Arrebola - Roberto Romero-Gonzalez «
Svetlana Hrouzkova - Antonia Garrido Frenich

Received: 11 November 2014 / Accepted: 20 January 2015 /Published online: 6 February 2015

© Springer Science+Business Media New York 2015

Abstract A QuEChERS (quick, easy, cheap, effective, rugged
and safe) method combined with a clean-up step followed by
gas chromatography-tandem mass spectrometry was validated
for the determination of more than 150 pesticides in ginkgo
biloba nutraceutical products. Due to the complexity of the ma-
trix after QUEChERS extraction, the mixture of four sorbents
(primary secondary amine, C;g, Zr-Sep" and graphitized black
carbon) was used for the clean-up step. Matrix-matched stan-
dard solutions were utilized for calibration purposes. The meth-
od was validated and recoveries were evaluated at 10, 50 and
100 pg/kg, ranging between 73 and 107 %. The relative stan-
dard deviation for intra-day precision was always lower than
20 % and for inter-day precision lower than 25 %. Limits of
detection ranged from 0.1 to 10.0 pg/kg; whereas, limits of
quantification from 0.5 to 20.0 pg/kg. The validated method
was successfully applied to the analysis of ginkgo nutraceutical
samples. Nine samples were analysed and four samples
contained pesticide residues (deltamethrin, kresoxym-methyl,
myclobutanyl and procymidone). The highest concentration
was found for deltamethrin, 10.1 pg/kg. Putative transformation
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products of pesticides, 3-phenoxybenzoic acid and BF 490-2 or
BF 490-9, were also detected in the analysed samples using
liquid chromatography-high resolution mass spectrometry
analyaser (Exactive-Orbitrap).

Keywords Ginkgo biloba - QUEChERS - GC-MS/MS -
Transformation products - Zr-Sep”

Introduction

Ginkgo biloba is considered the oldest surviving tree species,
with geological records indicating this plant has been growing
on earth for 150—-200 million years. Ginkgo has a long medical
history with its use being recorded as early as 2800 BC in the
Chinese medical literature (Jager et al. 2006). Ginkgo has
been used in China as a traditional medicine for a range of
conditions, including asthma, bronchitis and heart dysfunction
(Birks and Evans 2009). Ginkgo biloba leaf extract is well
recognized as ingredient in various pharmaceutical and nutra-
ceutical products all over the world owing to the many types
of bioactive constituents that contains. Flavonol glycosides,
terpenetrilactones, gingkolides and proanthocyanidins are in-
cluded in the extract and they contribute to improve cognition
and memory (Lee et al. 2013).

Dietary supplements with botanical ingredients are often
perceived as being safe because of their “natural” origin, tra-
ditional use, historical evidence of safety, and over-the-
counter availability. However, on numerous occasions, they
have become a matter of concern owing to adulteration, con-
tamination, misidentification, their intrinsic or metabolism-
mediated toxicities, and unfavorable botanical-drug interac-
tions (Pawar et al. 2013). Despite the impression that these
botanicals or herbals are cultivated in the wild, many of these
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products are farmed using conventional agricultural practices,
including pesticide application to control insects, molds and
other pests. The increasing risks to human health generated by
the widespread use of pesticides in the environment and food
supply are well established (Chen et al. 2012b). Furthermore,
pesticides in the environment can be transformed into a large
number of degradation products, which may undergo various
reactions such as hydrolysis, photolysis or biodegradation. As
a result of these reactions, pesticide transformation products
are formed, which can sometimes be as toxic and as persistent
as the original pesticide (Tang et al. 2014). Consequently,
analyses of residual quantities of pesticides not only in raw
agricultural crops, but also in nutraceutical products are one of
the principal preventive measures employed to ensure public
health and safety. Therefore, it is necessary to develop a meth-
od for the rapid and sensitive determination of multiple pesti-
cide residues and the screening of transformation products in
nutraceuticals.

The use of high resolution mass spectrometry (HRMS)
can overcome these challenges by studying parent com-
pounds and transformation products with and without ref-
erence standards based on accurate mass acquisition and
fragmentation patterns (Hernandez et al. 2012; Pico et al.
2007, 2010). In addition to the classical quantitative target
analysis approach (using reference standards), a qualita-
tive suspect screening approach (exact mass as a priori
information) or non-target screening (no previous infor-
mation of the chemical available) can be pursued with
high resolution mass spectrometers (Moschet et al. 2013;
Masia et al. 2014). Modern HRMS based on time-of-flight
(ToF) or Orbitrap technology provides accurate mass data
at satisfactory sensitivity, which opens up for comprehen-
sive non-target screening of a theoretically unlimited
number of polar organic compounds (Li et al. 2014;
Farré et al. 2014). Additionally, full-scan acquisition al-
lows retrospective analysis for emerging contaminants
years after the data has been acquired (Hernandez et al.
2012).

Recently a number of works related to the determination of
pesticide residues in herbals and herbal medicines have been
published (Chen etal. 2012a, b; Duetal. 2012, 2011; Dai etal.
2011; Wan et al. 2010; Xu et al. 2011; Harris et al. 2011;
Lozowicka et al. 2014; Mastovska and Wylie 2012; Ho et al.
2013; Hayward et al. 2013; Liu et al. 2012; Nguyen et al.
2010; Sadowska-Rociek et al. 2013). However, the determi-
nation of pesticide residues in nutraceutical products repre-
sents an analytical challenge, due to the broad physicochem-
ical properties of these pesticides and the complexity of the
matrixes (Mao et al. 2012).

Only a few analytical methods have recently been de-
scribed for the determination of pesticide residues in ginkgo
products (Sun et al. 2007; Zhang et al. 2009). In these studies,
pesticide residues have been analysed in the raw material but

not in the nutraceutical products, which are more complex
matrices, because contain high concentrations of flavonoids,
polysaccharide, saponin, alkaloids, essential oils, etc.

To the best of our knowledge, no analytical method has
been developed to the simultaneous determination of
multiclass pesticide residues in ginkgo nutraceuticals by GC-
MS/MS, and there is only one, which uses LC (Martinez-
Dominguez et al. 2015). In this study, a modified
QuEChERS (quick, easy, cheap, effective, rugged and safe)
extraction technique combined with gas chromatography-
tandem mass spectrometry has been used for multi-residual
determination of 177 pesticides from different chemical
groups in complex ginkgo nutraceuticals. The transformation
products of pesticides in real samples were identified by LC-
Orbitrap-MS.

Materials and Methods
Chemicals and Reagents

Anhydrous magnesium sulphate was obtained from Panreac
(Barcelona, Spain). Sodium acetate (NaOAc) was purchased
from J.T. Baker (Deventer, The Netherlands). Octadecyl silica
(C,g) was obtained from Agilent Technologies (Avondale, PA,
USA). Zirconia-coated silica (Zr-Sep") was obtained from
Supelco (Bellefonte, PA, USA). Primary secondary amine
(PSA) and graphitized black carbon (GBC) were obtained
from Scharlab (Barcelona, Spain). Acetonitrile and methanol
were also obtained from Scharlab. Ethyl acetate was received
from Sigma-Aldrich (Madrid, Spain). Acetone was obtained
from Carlo Erba (Milan, Italy). Every solvent used was pesti-
cide residue grade.

Pesticide standards were obtained from Dr. Ehrenstorfer
(Augsburg, Germany) and Riedel-de-Haén (Seelze-
Hannover, Germany) with purity >99 %. Stock standard solu-
tions of the pesticides (with concentration ranging from 200 to
300 mg/L) were prepared by weighing the pesticides and dis-
solving with 50 mL of methanol, acetone or acetonitrile. A
working standard solution (2 mg/L) was prepared in acetone
by dilution and stored at 4 °C. Internal standard (I.S.) isotopi-
cally labeled parathion ethyl-d10 (20 mg/L) solution was also
prepared.

Instrument and Apparatus

High-volume centrifuge equipped with a bucket rotor (4 x
250 mL) from Orto Alresa, Mod. Consul (Madrid, Spain)
was used for the centrifugation.

Scion GC system (Bruker Corporation, Freemont, CA,
USA) equipped with an autosampler from the same company
was used for chromatographic analyses. Capillary column GC
30 mx0.25 mm i.d.x0.25 pum film thickness VF-5MS
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(Varian) was utilized for GC separation. Helium was used as
carrier gas with a constant flow rate of 1 mL/min. The glass
liner was fitted with a carbofrit plug, from Restek (Bellefonte,
PA, USA). A fused silica untreated capillary column (2 mx
0.25 mm) from Supelco (Bellefonte, Pennsylvania, USA) was
used as a pre-column. Mass spectrometric detection was car-
ried out by the triple quadrupole Scion QqQ-MS/MS (Bruker)
operating in electron ionization mode (EI, 70 eV).

Positive samples were analysed by Transcend 600 LC
(Thermo Scientific TranscendTM, Thermo Fisher Scientific,
San Jose, CA, USA) coupled to a single stage Orbitrap mass
spectrometer (ExactiveTM, Thermo Fisher Scientific, Bremen,
Germany) operating with a heated electrospray interface
(HESI-II, Thermo Fisher Scientific, San Jose, CA, USA), in
positive (ESI+) and negative ionization mode (ESI-). A mix-
ture of an aqueous solution of ammonium formate 4 mM and
formic acid 0.01 % (v/v; eluent A) and methanol solution with
ammonium formate 4 mM and formic acid 0.01 % (v/v; eluent
B) were used as the mobile phase at a constant flow rate of
0.3 mL/min. The column used for the compounds separation
was a Hypersil GOLD aQ column (100%2.1 mm, 1.9 um
particle size) from Thermo Scientific (San Jose, CA, USA).
Column temperature was set at 30 °C and the injection volume
was 10 uL.

Data obtained from LC-Orbitrap-MS were processed with
the Xcalibur™ program version 2.2.1 from Thermo Fisher
Scientific (Les Ulis, France) with Qual and Quanbrowser.
Genesis peak detection was applied. The ToxID™ program
2.1.1, also from Thermo Scientific, was used for screening and
the LCQuan™?2.6 software from the same company was used
for quantification of the target compounds.

Samples

Pesticide free ginkgo nutraceutical products were used as
blank matrix to prepare matrix-matched standard solutions
for the calibration and fortified samples for recovery stud-
ies. The products were purchased from a local store
(Almeria, Spain), from Poland (Krakow) and from differ-
ent internet retailers (www.ebay.com). Several capsules
were chopped with a blender and they were stored at
5 °C until the analysis. Samples were analysed by GC-
MS/MS and by LC-Orbitrap-MS.

Sample Preparation

Certain changes in the original QUEChERS procedure
(Anastassiades et al. 2003) were made according to our needs
and possibilities. Two grams of homogenized sample was
weighed into a 50 mL centrifuge tube. Eight mL of water
was added to the sample and shaken 30 s by vortex, and the
sample was left to hydrate for 15 min. Then, 10 mL of ethyl
acetate was added to the mixture and shaken by vortex 1 min.
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After that, 4 g of MgSO,4 and 1 g of anhydrous NaOAc were
added, and the mixture was shaken vigorously by hand for
1 min. Subsequently, the mixture was centrifuged at
3700 rpm for 10 min.

Clean Up with a Mixture of Sorbents
(PSA+GCB+C s+ Zr-Sep”)

1.5 mL of the organic phase was transferred to an Eppendorf
vial, which contains 50 mg of each sorbent (PSA, GCB, Zr-
Sep” and C,g). The vial was shaken 1 min by vortex and
subsequently centrifuged at 3700 rpm for 10 min. Then,
975 uL of the organic phase was transferred to a vial and
25 uL of the solution of the IS was added for GC-QqQ-MS/
MS analysis. The final extract obtained after the cleaning step
was diluted with ethyl acetate (1:1, v/v) prior GC analysis.

For the LC-Orbitrap-MS analyses of samples, 1 mL of
extract was transferred to a glass tube and heated to dryness
under a nitrogen stream. One milliliter of acetonitrile with 1 %
of formic acid was added and transferred to a vial.

GC-QqQ-MS/MS Analysis

Three uL of the final extract was injected into the chromato-
graphic system at a syringe injection flow rate of 5 uL/s. The
injector temperature program started at 70 °C (hold for 5 min),
and then it was increased with a rate of 200 °C/min until
300 °C (hold for 20 min). The injector split ratio was initially
set at 20:1. Splitless mode was switched on at 0.5 min until
3.5 min. At the beginning of the injection, the column temper-
ature was set at 70 °C (hold for 3.5 min), and the temperature
was increased until 180 °C at a 25 °C/min rate, and then until
325 °C (hold 5 min) at a rate of 15 °C/min. A cryogenic
cooling with air was used when the injector temperature was
at 250 °C in order to reach the initial injector temperature as
fast as possible for the next injection. The total run time was
23 min.

The QqQ mass spectrometer was operated in the selected-
reaction monitoring (SRM) mode. The temperatures of the
transfer line, manifold, and ionization source were set at
280, 40 and 280 °C, respectively. The analysis was performed
with a filament-multiplier delay of 4.5 min in order to prevent
instrument damage. The electron multiplier voltage was set at
1600 V (+200 V offset above the value obtained in the auto-
tuning process). Mass peak widths set in the first and third
quadrupole were of 1.5 and 2.0m/z, respectively.

LC-Orbitrap-MS

For the identification of transformation products in contami-
nated samples by LC-MS, a gradient profile was applied as
follows: the analysis started with 95 % of eluent A; after
1 min, this percentage was linearly decreased to 0 % in
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7 min; this composition was held during 4 min and increased
again up to 95 % in 0.5 min, followed by a re-equilibration
time of 1.5 min. The total running time was 14 min.

The Orbitrap mass spectrometer parameters were: spray
voltage, 4 kV; sheath gas (N,, 99.999 %), 35 (adimensional);
auxiliary gas (N5, 99.999 %), 10 (adimensional); skimmer volt-
age, 18 V (=18 V in ESI-); capillary voltage, 35 V (35 Vin
ESI-); tube lens voltage, 95 V (=95 V in ESI-); heater temper-
ature, 305 °C and capillary temperature, 300 °C. Mass range in
the full scan experiments was set at m/z 100—1,000. All the
analyses were performed without lock mass. Mass accuracy
was carefully monitored as follows: checked every day with
multi-compound standard solution; evaluated (once a week)
and calibrated when necessary (every two weeks at least) with
mass accuracy standards. The automatic gain control (AGC)
was set at a target value of 1x10° The mass spectra were
acquired using four alternating acquisition functions: (1) full
MS, ESI+, without fragmentation (the higher collisional disso-
ciation (HCD) collision cell was switched off), mass resolving
power=25,000 FWHM; scan time=0.25 s; (2) full MS, ESI-
using the aforementioned settings; (3) all ion fragmentation
(AIF), ESI+, (HCD on, and collision energy=30 eV, mass re-
solving power=10,000 FWHM; scan time=0.10 s; and (4)
AIF, ESI- using the settings explained for (3).

Validation Process

The method was validated according to the international
SANCO Guidelines 2013/12571 (SANCO 2013). The stock
solution containing 177 pesticides standards and the internal
standard were diluted to appropriate concentrations using ex-
tract from blank ginkgo nutraceuticals for the construction of
calibration curves. Linearity was studied at eight concentra-
tion levels (1, 2, 5, 10, 25, 50, 100 and 150 pg/L). Linear last
square regression analysis was applied using relative peak
area as analytical signal.

The matrix effect is usually caused by interfering ma-
trix components in the extract, eluting at the same reten-
tion time of the analyte and thereby competing in the
ionization process in the ion source. The number of ions
formed then can be decreased, also called ion suppres-
sion, or increased, resulting in a corresponding negative
or positive matrix effect, respectively. The matrix factors
(MF) were calculated for each studied pesticide by com-
paring analyte response in matrix-matched solution vs.
the pesticide response obtained in pure solvent, accord-
ing to the following equation:

mr—(

response in matrix—matched solution
response in solvent solution

x 100%

Exceeding the MF higher than 20 % or smaller than —20 %
indicates the peak signal suppressing or enhancing due to the
matrix effects in the calibration procedure.

The recovery was used to evaluate the trueness of the method
and it was studied at three concentration levels, 10, 50 and
100 pg/kg. Blank gingko nutraceuticals were fortified with pes-
ticides before the extraction. Spiked samples were left to stand
for 30 min prior to their extraction. Relative peak areas of pes-
ticides after the application of the modified QuEChERS method
to the spiked blank samples were compared with relative peak
areas of matrix-matched standards (Rgpiked/Rmatrix-matched)-

The precision of the developed method was studied by
intra- and inter-day precision. For intra-day precision, spiked
samples at 10, 50 and 100 pg/kg were analysed (five repli-
cates). Inter-day precision was studied at the same concentra-
tion levels by processing spiked samples in five different days.
Variations were indicated by relative standard deviation
(RSD) values.

Finally, limits of detection (LODs) and quantification
(LOQs) were calculated by injecting six fortified samples at
lower concentration levels, being 0.1, 0.5, 1, 2, 5 and 10 pg/
kg. The lower limits were determined for the quantification
transition by the signal-to-noise ratio (S/N) criteria. Lower
limits were defined as the lowest concentration of the analyte
yielding a S/N of 3 (LODs) or 10 (LOQs).

Results and Discussion

One hundred seventy-seven pesticides were investigated
using the modified QUEChERS procedure in this study.
These analytes represent various substance groups with differ-
ent physical and chemical properties. Therefore, the develop-
ment of a simple multi-residual analytical method for the de-
termination of pesticide residues in such complex matrix as
ginkgo nutraceuticals was a challenge. Table S1 (see
Electronic Supplementary Material) summarizes the studied
pesticides, including retention time, precursor ion, product
ions and the ion ratio (Martinez-Dominguez et al. 2014).
The QuEChERS-based extraction technique was devel-
oped for soy-based nutraceuticals in previous article
(Palenikova et al. 2015), observing that ethyl acetate provides
better results than acetonitrile. This extraction technique was
tested for this matrix and provided suitable results, despite the
differences observed between both matrices. Using this mod-
ified QUEChERS procedure with the mixture of sorbents
(PSA, Cys, Zr-Sep” and GCB), 86 % of 177 pesticides were
extracted with suitable recoveries (from 70 to 120 %).

Method Validation

The validation of the proposed method in this new matrix was
established in terms of precision, linearity, trueness, LOD and
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LOQ. Precision was evaluated as inter- and intra-day preci-
sion. On the basis of preliminary studies, we discarded some
of the pesticides before the validation process was applied.
Some of them were not considered due to low sensitivity or
low recoveries. Finally, the method was validated for 158
pesticides.

From the calculated matrix effect results, it can be conclud-
ed, that only 24 % of the pesticide residues did not present
matrix effect (MF values were between —20 up to 20 %),
whereas matrix effect was significant for the other com-
pounds, and most of the pesticides showed matrix
suppression.

Matrix-matched standard solutions were used to eliminate
the matrix effect. Linearity was studied at 8§ concentration
levels, 1, 2, 5, 10, 25, 50,100 and 150 pg/L. The obtained
determination coefficient (R%) was higher than 0.98 for most
of the pesticides at a concentration range from 1 to 100 pug/L.
It was observed that the calibration curves were not linear in
the whole concentration range, and at 150 pg/L the calibration
curves started to be not linear. For two pesticides, acephate
and azinphos methyl, the calibration curve was linear in the
range 10-100 pg/L, and for folpet, the calibration curve was
linear from 5 to 100 pg/L.

Trueness was evaluated in terms of recoveries and the av-
erage recoveries are given in Table S2 (see Supplementary
Information), showing a summary of the results in Table 1.
Recoveries were between 73 and 107 % at 10 pg/kg. Some of
the pesticides had recoveries higher than 67 %, but lower than
70 % (azinphos ethyl, diazinon and tetradifon) and one of the
pesticides, metamidophos, presented a recovery value higher
than 120 % (125 %) at this concentration level. For 50 ug/kg,
the recoveries ranged from 75 to 102 %, and for 100 pg/kg,
between 87 and 103 %.

Table 1  Summary of the validation results showing the percentage of
analytes with acceptable recoveries, precision and lower limits

Number of compounds

10 pg/kg 50 ug/kg 100 pg/kg

Recovery (%)

50<R<70 3 - -

70<R<120 150 158 158

R>120 1 - -
Precision®

RSD<10 70 115 109

10<RSD<25 84 43 49
Limit of quantification (ng/kg)

LOQ<S 149

5<LOQ<10 5

LOQ>10 4

“ Interday precision expressed as relative standard deviation (n=5)
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Precision was studied in terms of repeatability (intra-day
precision) and intermediate precision (inter-day precision).
The obtained values were expressed by RSD % (see
Table S2). Repeatability values ranged between 1 and 20 %.
In the case of inter-day precision, the RSD values were lower
than 25 % for all pesticides as it can be observed in Table 1.
Only few compounds showed inter-day precision higher than
20 %, but this could be explained considering the complexity
of the assayed matrix.

The obtained LODs were in the range 0.1-10 pg/kg and
LOQ 0.5-20 pg/kg, as it can be seen in Table S2 (see
Supplementary Information), and most of the compounds
have LOQs lower or equal than 5 pg/kg (see Table 1). The
obtained LODs are lower than maximal residual limits
(MRLs) in raw herbals. Therefore, the method is useful for
pesticide residue analysis in nutraceutical products.

Pesticide Residue Determination and HRMS Screening
of Transformation Products

The validated analytical method was applied to monitor more
than 150 pesticide residues in nine samples. Four pesticides
were detected in four samples. In these samples, deltamethrin
with a concentration of 10.1 pg/kg, kresoxim-methyl at 9.4 pg/
kg, myclobutanil at 2.1 pg/kg and procymidone at 1.2 pg/kg
were detected. Three of them are fungicides (procymidone,
kresoxim methyl and myclobutanil), which could be used
against Phytophthora root rot, and one is insecticide (deltameth-
rin). The MRLs for nutraceutical products are not defined by
the European Union (EU), although they are set in the raw
material, ginkgo leaves. The detected concentrations in ginkgo
nutraceuticals do not exceed these limits. MRL of deltamethrin
and myclobutanyl in ginkgo leaves is 0.05 mg/kg and the
MRL of kresoxim-methyl and procymidone is 0.1 mg/kg
(EU pesticide databases, Eurpean Commission).

It is well known that pesticides could be degraded in
the environment. These degradation products can be even
more hazardous and persistent than the original com-
pound. The major degradation product of deltamethrin
is 3-phenoxybenzoic acid (Ding et al. 2004), the residues
of kresoxim-methyl are BF-490-2 and BF-490-9
(Rahman et al. 2013), myclobutanyl is able to transform
to hydroxyl- and keto-myclobutanyl (Athanasopoulos
et al. 2003) and the main transformation product of
procymidone is 3,5-dichloroanilin (Vanni et al. 2000).
These degradation products were screened by LC-
Orbitrap-MS in order to check if the parent compounds
were also degraded into their corresponding transforma-
tion products, applying a generic chromatographic meth-
od developed previously (Martinez-Dominguez et al.
2015). Although these compounds were not included in
the original method, they were monitored as post-target
compounds, knowing their molecular formula and
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Table 2 Main characteristics of transformation products

Parent compound Transformation product

Molecular formula

Monitored ion (m/z) Mass accuracy (ppm)*

Deltamethrin 3-phenoxybenzoic acid Cy3H005 [M+H]" (215.07027) 2.14
Procymidone 3,5-dichloroanilin CsHs5CILN [M+H]" (161.98718) Not detected
Kresoxim-methyl BF 490-2 C;7H;7NOs [M+H]" (316.11795) 3.01
BF 490-9 Cy7H7NOs [M+H]" (316.11795)
Myclobutanil Hydroxy-myclobutanil Cy5H7,CIN4,O [M+HT" (304.10909) Not detected
Keto-myclobutanil C;5H;5CIN,O [M+HT" (302.09344) Not detected

#Mass accuracy of the detected transformation products

molecular weight (see Table 2). According to the differ-
ent levels of identification established by Sumner et al.
(2007), the identification of transformation products has
been reported as “putative identification” in this study,
bearing in mind that this can be considered a preliminary
and tentative study. Two transformation products were
“putative identified”, with mass error lower than 5 ppm
in all the cases. 3-phenoxybenzoic acid was detected, as
a transformation product of deltamethrin (see Fig. 1). In
relation to kresoxim-methyl, both transformation prod-
ucts, BF 490-2 and BF 490-9 are isobaric compounds
(see Table 2) with the same MS spectra, and it is not

Fig. 1 GC-MS/MS 60!
chromatogram of deltamethrin in 2 A
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calibration point at 10 ug/kg (b),
and LC-MS chromatogram of 3- 20.
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possible to distinguish between each other. Although the
characteristic ions were adequate monitored, the sensitiv-
ity of the potential fragments was not enough when AIF
was carried out, and therefore, MS/MS data cannot be
compared with literature MS/MS spectra, to distinguish
between both compounds.

The putative identified compounds endorse the idea
that a deeper and continuous investigation of pesticide
residues in nutraceutical products is necessary in order
to guaranty consumers safety. The validated methodology
provides a sufficient sensitivity to test ginkgo nutraceu-
tical samples in compliance with MRL established for
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raw materials by EU, and is adequate for routine deter-
mination since a large number of samples can be
analysed within a working day.

Conclusions

Simple, rapid and inexpensive modified QUEChERS extrac-
tion was applied for the determination of more than 150 pes-
ticides by GC-MS/MS in complex ginkgo nutraceuticals prod-
ucts. The developed method was completely validated. The
quantification limits achieved were below the MRL
established in EU regulation for the raw materials of ginkgo.
The developed methodology was applied to the analysis of
samples for testing the applicability of the method. Positive
samples were also analysed by LC-Orbitrap-MS in order to
investigate the presence of transformation products of the de-
tected pesticides in the analysed samples. The proposed meth-
od is fast and simple and the presence of transformation prod-
ucts in these products indicated the need of further investiga-
tions in this topic (identification of potential transformation
products of pesticides not identified in the samples) in order
to assure the harmlessness of nutraceuticals.
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