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This paper describes a comparison of adaptations of the QuEChERS (quick, easy, cheap, effective, rugged and
safe) approach for the determination of 14 organochlorine pesticide (OCP) residues in strawberry jam by
concurrent use of pas chromatography (GC) coupled to electron capture detector (ECD) and GC tandem mass
spectrometry (GC-M5/MS). Three versions were tested based on the original QuEChERS method. The results
were good {overall average of 9% recoveries with 15% RSD) using the ultrasonic bath at five spiked levels.
Performance characteristics, such as accuracy, precision, linear range, limits of detection (LOD) and
quantification {LOQ), were determined for each pesticide. LOD ranged from 0.8 to 89 pgkg™" LOQ was in
the range of 2.5-29 8 g kg™ and calibration curves were linear (= 0.9970) in the whole range of the explored
concentrations (3100 pg kg™'). The LODs of these pesticides were much lower than the maximum residue levels
{MRLs) allowed in Europe for strawberries. The method was successfully applied to the quantification of OCP in
commercially available jams. The OCPs were detected lower than the LOD.

Keywords: chromatography - GC; extraction; GC/MS; pesticides - organochlorine; pesticide residues; processed

foods; organic foods; cooked foods; fruit

Introduction

Pesticides are used globally for the protection of food,
and more generally for human health. However, their
excessive use/misuse, especially in developing coun-
tries, volatiity and long-distance transport eventually
results in widespread environmental contamination
(Kaushik et al. 2009; Perez-Serradilla et al. 2010).
Organochlorme pesticides (OCP) are a larpe class of
very persistent pollutants. They stay in the environ-
ment after bemg applied for long penods. Many OCPs
are endocrine-disrupting chemicals, meaning they have
subtle toxic effects on the body’s hormonal systems,
contributing to adverse health effects (Mansilha
et al. 2010).

The use of OCPs has been highly restricted in
European countries, but they have been reported 1n
severdl food samples (Corraa et al. 2000; Barnada-
Pereira et al. 2003, 2007; Da Silva et al. 2010; Dubos
ot al. 2010; Rashid et al. 2010; Fernandes et al. 2011a)
in the last decade. It 15, therefore, not surprsing that
residues of OCP in food have mven nse to major
concerns. OCPs have been found mm both raw and
processed  [oodstufls (Kekotlhaile et al. 2010).
A reduction of pesticide residue levels oceurred due

to processing techniques in most of the food matenals
due to pesticide depradation. In the case of juicing
fruits and pressing or extraction of oil from vegetable
seeds, the [ood matenal was concentrated (Holland
et al. 1994; Kaushik et al. 2009; Dasgupta et al. 2010;
Kekotlhaile et al. 2010). Jam processing may be
considered a concentration given that water [rom
fruit 15 lost during the procedure.

The am of this study was the development of a
useful method for the determination of OCP m
strawberry jam. The major analybical problem was
due to the complexity of the matnx. The potential
nterferences from the complex matnx requires a
sample preparation step. The preparation of [rut
preserves (jams, jellies and marmalades) usually
nvolves the use of pectin as a gelling agent, although
sugar or honey may be used as well. Pectin 15 required
to provide thickeming or gel [ormation (Fogel et al
2005). The fact that the samples are strawberry jam
mereases the analybieal difficolties when compared
with the methods used for the determination of OCP
fresh strawbernes (Fernandes et al. 2011h).

There are a few studies of samples with processed
frut, with Sannmo (1995) reporting a study of



fungicides in jams. Furthermore, in 2004 an analytical
method was proposed for pesticide control in concen-
trated lemon juice {Sannino et al. 2004).

In this context, lignid-liquid extraction {LLE})
(Mavickiene et al. 19" Fontcuberta et al. 2008),
solid-phase extraction (SPE) {Di Muoccio et al. 2006),
and solid-phase micro-extraction (SPME) (Wennrich
et al. 2001; Beltran et al. 2003; Lambropoulon and
Albanis 2003; Sanusi et al. 2004} have frequently been
applied in steawhberry analysis. Anastassiades et al.
{2003} introduced a new method described as ‘quick,
easy, cheap, effective. rugged and safe’ (QuEChERS)
for the quantification of pesticide residues in fruit and
vegetables. In a follow-up study, Koesukwiwat et al.
(2010} conducted  validation experiments of the
COQuEChERS method for 150 pesticides in several
matrixes.

Considering the assay of OCP. gas chromatopra-
phy {GC) can be coupled to an electron capure
detector {ECD) {Barriada-Pereira et al. 20035, 2007:
Berrada et al. 20010), a mass spectrometer (M%) and a
tandem mass spectrometer (MS/MS) (Colume et al.
2004 Bolanos et al. 2007: Medina et al. 2008: Wong
et al. 2000). GC-M5MS has been recommended for
use to minimise interference effects in complex sample
maltrices {Cortes-Agnado et al. 2008). Tao et al. {200%)
used GC ion-trap mass spectrometry {(1T/MS) 1o detect
multi-residues of pesticides in vegetables. IT/MS is
good for qualitative analysis, bot not efficient for
quantitative analysis. A two-dimensional GC coupled
with time-of-flight M5 (GCxGC-ToF-MS) method is
generally recommended for nulti-residue analysis of a
larpe number of compounds, as it resolves many co-
elution problems and provides a much improved
chromatographic separation of target compounds
from each other as well as from the matrix back ground
{Feo et al. 2010).

In this work two alternative methodologies using
GC-ECD and GO-MSMS were performed for the
sensitive and selective determination of 14 OCP resi-
dues in strawberey jam after an optimisation of the
preparation  process,  with  different  approaches
involving QuEChERS methods.

Materiaks and methods
Reapents and samples

A total of 14 OCPs was selected for this stusdy: a-,
A-. v~ and Shexachlorocyclohexanes {HCHs), hexa-
chlorobenzene (HCB), op-DDT {[L.1.1 trichloro-2,
2ebiz<{ p-chlorophenyl)  ethape]), pp-DDE {[2.2-
big( pchlorophenyl)-1.1-dichloroethylene]), pp-DDD
{dichlorodiphenyidichloro-ethane).  aldrin,  dieldrin,
endrin, w f-endosulfan,  and methoxvehlor.
Pesticide standards {purity =97.0%)} were obtained
fromm Chemservice {West Chester. PA. USA)L

Dr. Ehrenstorfer GmbH {Augsburg, Germany), and
Sipma-Aldrich Co (Steinheim, Germany). Standard
solutions of OCP were prepared in s-hexane {HPLC
grade} supplied by Merck (Darmstadt, Germany).
Acetonitrile {Merck) were also HPLC prade. 4.4
Dichlorobenzophenone was purchased from Sipgnus-
Aldrich and wsed as an intermal standard (15} for
chromatopraphic analysis. The selected (QuEChERS
(EUMIVSCT-VP) from UCT (Bristol, PA. USA)
were 30ml extraction tubes containing 6g anhydrons
magnesinm sulfate {MgS50y4), 1.5g sodiom chloride,
1.5g trisodinm citrate dehydeate and 0.75 g disodium
hydrogencitrate sesquibvdreate. Clean-up  was  per-
formed  with  micro-centrifuge  clean-up  tubes
(CUMPS1SCISCT) from UCT containing 150mg of
anhydrous MgS0y, 150 mg of PSA and 50mg of CI4.

Samples

Mine commercially available strawberry jams from
different types of production were obtained from loeal
shops and supermarkets in Porto, Portugal. One of
them was produced by organic farming strawberries
and the other eight from conventional farming {five
jams were produced by traditional methods and the
other four by industrial procedure).

Preparation of standard solutions

The IS solution of 4.4-dichlorobenzophenone was
prepared at 350pgl™" in m-hexane. Using the same
solvent, a stock standard mixture solution with a
concentration of 350pgl™! for each of the 14 OCPs
was prepared. Calibeation matrix-matched standard
solutions, with concentration levels ranging from 3 to
100 g kg™!, were prepared by an appropriate dilution
of the more concenteated mixture (350 pg ="} in blank
exteacts of the matrix. All solutions were stored under
refrigeration {2-6°C).

Sample preparation

Mine bottles of strawberry jam were directly blended
and stored in a deep freezer {— 20°C). The samples were
homogenised in a geinder (Krups) A modified
QuEChERS extraction based on Standard Method
EN 15662 {Anastassiades 2008) citrate buffering was
developed. The homogenised jam samples {10 g} were
weighed into 30ml polvpropylene centrifuge tubes.
A known pesticide concentration mixture and the IS
were spiked into the samples, which were allowed to
stand for 1Th at room temperature to allow solvent
evaporation and then shaken vigorously. A total of
10ml of acetonitrile {ACN) was added to the samples
and mixed using an antomatic vortex for 3 min to swell
the matrix and extract the samples. The citrate



buffering salts were added to each tube. which was
shaken for 1 min, ensuring that the powders did not
applomerate. A total of 1ml aliquots of the ACN
extracts {upper laver) were transferred to 2ml mini
centrifnge clean-up tubes, which were shaken for 30s.
The dispersive solid-phase (d-SPE} exteaction tubes
were centrifuged at 4000 rpm For Smin and an aliquot
of LOml was transferred into a vial and put under a
mild stream of nitrogen to dryness. Finally, 1ml of
hexane was added to redissolve the extract and then
2pl of this solotion were injected into the gas
chromatogeaphy.

Three versions were studied. {1} Only the vortex
was used {described above). (2} After adding 10ml of
ACHN, the sample was introduced into a homopeniser
{Thomas Teflon homogeniser} for 2min. The extract
was then homogenised at high rpm wsing a hono-
geniser with a Teflon tip. {3} The 50ml tubes with
ACHN extracts were placed into oltrasonic bath for
Smin {Figure 1}.

Gas chromatography-electron captare defeclor
(GC-ECD)

OCPs were analysed using a Shimadzo GC-2010 with
an ECD apparatus, equipped with a capillary column
of 30m, TRB-3MS (0.25mm id.. 025 pm film thick-
ness, Teknokroma). The oven temperature was pro-
grammed starting at 63°C and held for 2min, followed
by increases of 8°C min~" to 160°C, then 2°C min~" 1o
235°C, and then 15°Cmin~' to 250°C. The injection

port was at 250°C in splitless mode, and the detection
was carried out at 300°C. Heliom (Linde Sogas) was
wsed as carrier pas at a constant flow rate of
Limlmin™': while nitropen (Linde Sopas
purity = 99.000%) was emploved as a make-up pas at
the flow of 30mlmin~'. The system was operated by
GC solution Shimaden software.

GO-MSIMS analysis

A Trece GC Ultra pas chromatograph Polaris O
coupled with an ion-trap mass spectrometer {Thermo
Fisher Scientific) operated in electron impact ionisa-
tion {EI} mode at 70eV controlled by Xcalibur 1.3
software was used for the determination of residues.
Confirmation of residues was earried out by GC-MS/
MS using a Supelco column fitted with a SLBTM-3MS
{30m = 025 o, 025 pm film thickness) The injector
operating in the splitless mode and an ulteapure prade
heliom (Linde Sogas: purity = %92.999%) were used as
the carrier pas at 13mlmin™ fow. The GC oven
temperature  was programmed  from  an  initial
temperature of 40°C (Zmin  hold), ramped at
WO min~' o 220°C {3min hold} and [inally a
10°C min~' to 270°C with holding for 1min. This
programme resulted in a total run time of 21 min
The other optimised parameters included a transfer
line temperature of 230°C and an ion sowrce of 230°C.
The MS/MS conditions were fixed for each compound,
trving to select as the precursor ion the one with the
highest m/z ratio and abundance (Table 1).
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Figure |. Flowchart of the analysis of OCP in steawberry jams.




Table 1. Optimised MS/MS conditions of the analysed pesticides.
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Method validarion

The analytical method was validated as per the single-
laboratory validation approach. The performance of
the method was evaluated considering the following
validation parameters.

The calibration curves of the compounds in the
matrix were obtained by plotting the peak area apainst
the concentration at seven calibration levels ranging
from 5 to 100 pgkg ™"

Limits of detection (LOD)} and quantification
{LON)) were determined by considering the slope of
the calibeation line and the residual standard deviation
of a regression line (ICH 1996). The recovery experi-
ments were carried out on strawberry jam by fortifving
the samples {10 g} in three replicates with the pesticide
mixture separately at five concentration levels of 0.005,
0010, 0030, 0090 and 0. 180 mg kg™, extracting by the
method described above. The quantification of recovery
samples was done by using the peak area of the analyte
and calculating the concentration by preparing a
calibration curve. The optimised method was applied
to the screening of nine strawberry jams samples.

Results and discussion

The major analytical problem was doe to the com-
plexity of the matrix (Fogel et al. 2005) combined with
potential  interferences from  the presence of co-
extractives such as pigments and added pectin in the
jams. Consequently, the determination of pesticides in
jams must involve a sample preparation step including
an extraction process followed by a clean-up.

Optimisation of extraction and clean-up

The QuEChERS method is commonly vsed for froit
and vegetables, but it can be applied to the analysis of

other different types of food samples. This present
method has been conceived and is presented as a
versatile tool, which can be easily adapted to accom-
plish the legislation. The QuEChERS extraction fol-
lowed by a d-SPE clean-up pave very clean exiracts,
with good results and short clean-up times. The sample
preparation required, before the extraction, an addi-
tional step based on the wse of an ultrasonic bath in
order to release analytes from the pectin gel which
severely affect the accurate identification and quanti-
fication of the analytes, in this case OCP. IS was added
to the strawberry jam at the beginning of the analytical
procedure in order to monitor critical stages of the
extraction clean-up process.

The QuEChERS extractions followed by the clean-
up step were evaluated by measuring the recoveries.
The results (Figure 2} proved that the inclusion of a
homogenisation {version 2} or an ultrasonic bath
{version 3} in the pre-treatment increased the recove-
ries. The range obtained was 43-132%, which implies
that some values are not in compliance with the
reference range { 70-120%) defined by SANCO (2009).
The HCH isomers and HCB had lowest recoveries in
all versions of the procedure. Although there was an
increase of 10% in version 3. the result was not
sufficient to reach 70%. However, aldrin, dieldrin,
endrin, ¢ f-endosulfan and pp-DDE achieved accept-
able values as defined by the SANCO {2009} criteria.
The OCP, py/-DDD. op-DDT and methoxychlor
with the version 3 procedure appear to be affected by
matrix effects because the recovery results were greater
than 120%. In these cases. the matrix indoced chro-
matographic response enhancement, which causes
higher analyte teansfer efficiency. thus a pgreater
signal in the presence of the matrix {Lehotay et al.
2010; Mansilha et al. 2010).

After the optimisation method, five spiking levels
{0,005, 0.010, 0.030, 0.090, 0.180 mg kg™") were studied
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and the recovery of each compound at each concen-
tration was replicated three times (Table 3). The
recoveries were in the range of 62-129%. Precision
was expressed as relative standard deviation {RSD).
The precision was very similar for all OCP with RSD
{n=3) varving from 3% to 15%. The recovery results
have some variation in the three different samples:
commercial, traditional and organic jams. In commer-
cial jam, the recovery values obtained from op/-DDT,
pi-DOD and methoxychlor for the fve spiked levels
were similar and higher than 120%. In the case of
traditional jams, recoveries were less than 120% for the
o -DOT and pp/-DDD for samples spiked with
0.005, 0.010 and 0.180mpkg™. The recoveries
obtained from methoxvehlor were lower than 120%
for all spiking levels in traditional jam exteact.
In organic jam. all the recovery resulis were within
the limits set. Therefore, the spiking levels as well as the
way the sample is prodoced and its processing influ-
ence the results of recoveries.

Some of the OCP tarpets are easily affected by
matrix-induced enhancement. These compounds may
be overestimated and increase chromatogeaphic
response {Figure 3).

p-DDD, op-DDT and metoxvehlor showed
recoveries above 120% when uwsing an ultrasonic
bath. The matrix effects are most evident in version
3, in OCPs with higher retention times. The OCPs with
shorter retention times and higher solubility in water
showed a nepative matrix effect because they had
recoveries below T0%.

¥ alidarion
The mest common way to avold matrix effects is to use
matrix-matched calibration standards, which was done

in this study for both GC-ECD and GC-MS/MS
techniques. Jam samples spiked with OCP were used
for the preparation of the calibration curves. They
were obtained by using three replicate injections of the
mix standard solution in each matrix at seven calibra-
tion levels, from 5 to 100pgkg™!, all containing
S0pgkg™' of dichlorobenzophenone as the IS,
Calibration corves were linear over the whole range
of concenteations tested for all pesticides, as indicated
by the very pood values of the determination coeffi-
clents {Rz} which were between 09970 and 0.0, as
shiown in Table 2. LOD and OO were determined as
33 and 10 times 5./, respectively, where b and 5.,
are the slope of the regression line and the standard
deviation of the intercept (ICH 1996}, LODs were in
the range of 0.8-89pgke™', while LOQs were from
25 t0 205 pgke™" . Generally, the lower LOD values
are obtained by wing GC-ECD. although some
pesticides have similar LOD values with the two
techniques. There is no legislation regolating the
maximum residoe limits (MRL) of OCPs in jams;
nevertheless, the MRL of OCPs in strawberries ranges
from 0.01 to 0.05mgke™", depending on the specific
OCP {European Union Database). The LOD values of
the method are low enough to determine the target
pesticides in steawberry jam samples with concentea-
tions far lower than the MRL of OCPs in strawberries.

Chromatographic analysis

The GC-ECD demonsteated high performance com-
pared with GO-MS/MS for the detection and quanti-
fication of OCP (Table 2). The chromatograms
obtained by these two different techniques show
a better chromatogeaphic resolution by GC-ECD at
a concentration of iﬂpgl'] when compared with the
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chromatogeam obtained by MS5/MS at a concentration
of 100 g 1™ (Figures 3 and 4). In the case of GC-MS;/
MS analysis, the identifications criteria are the accepta-
ble valoes of the relative ion abundances in the sample
spectra versus the reference spectrum. In MS/MS
analysis, the identification of pesticide peaks was
confirmed by matching retention times and by the
presence of major ions and precursor ion with highest
itz ratio {preater selectivity) and abundance {greater
sensitivity).

GO-MS/MS is generally acknowledged to provide
preater selectivity in the analysis of complex extracts.
The samples were analysed by GC-MS/MS becamse
multiple ion monitoring is more prone to interferences
and typically gives higher LODs, especially in compli-
cated  matrces  {Lehotay  and  Gates  2009)
Optimisation of the GC-MS/MS conditions, such as
the selection of both precursor and product ions, and
optimisation of collision energies were required for
each target compound in order to achieve the identi-
fication of the chromatographic peaks, and the best
commitment between sensitivity {the highest signal-to-
noise ratio} and selectivity {characteristic mjz).

Application to the analysis of real samples

The new methodology was applied to nine steawberry
jams and the analyses of pesticide residues were
determined. The elimination of interfering substances
and background noise, obtained by the efficient clean-
up step, pave a high precision and accuracy in the
determination of each compound. One strawberry jam
sample from conventional farming and traditional

production showed the presence of HCB and aldein.
Quantification of pesticides was carvied out through
the matrix-matched calibration curves by GC-ECD,
obtained in terms of pg kg™ of sample according to the
recovery value (Table 3). The highest concentration
found was 1.3pgke™" of S-HCH in a sample from
conventional farming and industrial production. The
other results were always lower than the LOD
presented in Table 2. No OCP contamination was
achieved in the organic farming jams. Nevertheless, all
the pesticides detected have been hanned for several
vears in countries of the European Union. Some of
them are still present in the environment because of
their resistance to degradation. The results emphasise
the need for the maintenance of continuous monitoring
of pesticide OCP residues.

Conclushons

The proposed multi-residue methodology for  the
determination of 14 OCPs in steawberry jam samples
by GC-ECD and GC-MS/MS uwsing QuEChERS
coupled with a clean-up process is considered appro-
priate, except for e-, f-. &HCH. HCB and §-HCH.
The use of an ulteasonic bath achieved better results
compared with the two versions previously tested. The
uwse of matrix-matched calibration standards avoids
matrix interference effects. The method vields recove-
ties between 62% and 129%., and the LOOQs were, in all
cases, significantly lower than the MRL established for
strawberries (10 or 50 pgkg™! depending on the OCP)
in the European Union. The presence of organochlo-
rines in several samples has been frequently reported in

Table 2. Analytical parameters of both chromatographic methods,

Linearity (&7} LOD {peke™) LOQ (peke™)

Or ganochlorine

presticide ECD hS WS ECD S/ MS ECD M5/ WS
a-HCH* 0.%84 0. 9989 0.8 0g 29 25
BFHOH (1.9994 (1.9991 1.1 09 15 29
SHCH* (. 9%98a (.9503 1.5 09 5.1 10
HCB" 0.9970 01.9994 T4 6.1 254 24
Lindane® (1. 59086 (19995 1.5 LT 5.1 184
Aldrin® (1.94972 (1. 9389 73 749 M4 243
a-Endosulfan? 0.9974 (19985 710 73 4 245
pp-DDE" 0. 9980 .91 6.2 g9 .6 45
Dreldr in® 0.9974 (1.9986 71 67 n3 23
Endrin® 0977 0.%8] 6.7 E] 23 281
ﬁ-En.duﬁulEﬂnﬂ (1.9988 (1.9992 47 63 15.7 21
pp-DDDF (1.5987 01.9994 51 a1 6.9 M
o p-DDTe 0.%84 0.9540 29 6.3 9.4 211
Methoxyehlodt (1.9995 (1.9989 31 77 10.3 257

Motes: *“HCH (sum of isomers, except the mmma isomer) = 10 peke ="

MR L for each pesticide in Europe in strawberries = 10 pe ket

€ Aldrin and dieldrin combined = 10 pgke—".

4%um of o- and f-isomers and endosulfan-sulphate= 50 peke ="

5um of pp'-DDT, o -DDT. pp-DDE and pp'-DDD =50 e ke~
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Figure 4. GC-MS/MS chromatogram of a mixture of OCP (100 pzl™" ) Peak identification in order of inceasing retention time
is as follows: |, e-HCH; 2, HCB; 3, -HCH; 4, 3-HCH; 5, &-HCH; &, aldrin; 7. 15; & s-endosulfan; 9, dieldrin; 10, pg/-DDE,
11, endrin; 12, fendosulfan; 13, pp/-DDD; 14, o0 -DDT, and 15, methoxychlor.

previous studies (Fernandes et al. 200 1a, 2001b, 2012).
Considering the good results, this method has great
potential in the field of OCP monitoring in strawhberry
jams.
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