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A  new  analytical  method  has  been  developed  and  successfully  evaluated  in  routine  application  for  the
quantitative  analysis  of  a selected  group  of  organophosphate  pesticides  (coumaphos,  chlorpyrifos  and
ethion) which  can  be  found  at trace  levels  in propolis  tinctures  (ethanolic  propolis  extracts);  a valuable
commodity  used  as  raw  material  in  the  food  and  pharmaceutical  industries  for which  there  have  been
few attempts  for pesticide  residue  analysis  reported  in  the  literature.  The  proposed  methodology  is based
on matrix  solid  phase  dispersion  (MSPD)  using  aluminum  sulfate  anh.  a  novel  dispersant  material  and
subsequent  column  chromatography  clean-up  in  silica  gel  prior  to gas  chromatography  (GC)  with  both
flame  photometric  detector  (FPD)  and  mass  spectrometry  (MS)  detection  used  for  the  routine  quantifica-
esticide residues
ropolis tinctures
as chromatography

tion  and  identification  of  the  residues,  respectively.  The  limits  of  detection,  for coumaphos,  chlorpyrifos
and  ethion  were  below  26.0  �g/kg  in  FPD  and  1.43  �g/kg  for MS  detection.  Mean  recoveries  were  in  the
range  of 85–123%  with  RSD  values  below  13%,  which  suggests  that  the  proposed  method  is fit  for  the
purpose  of  analyzing  pesticides  in  propolis  tinctures  containing  high  concentration  of  polyphenolics.  The
method has  been  successfully  applied  in our laboratory  for the  last  2  year  in  the  analysis  of  real  propolis
tinctures  samples.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Propolis is a valuable by-product from bees. Due to its well
nown biological activities such as antibacterial, antiviral, fungici-
al, anti-inflammatory and anticancer properties, it is widely used

n pharmaceutical and food industries. Propolis has been exten-
ively used in dermal pharmaceutical preparations and nowadays
t is increasingly being used as food or dietary supplement [1].  Pes-
icide residues in propolis arise from two main sources; either from
ontamination from agricultural practices or due to pesticide appli-
ation in hives, to prevent parasitic acaroids like Varroa destructor
2–5]. Nowadays, few data are available on the influence of con-
aminants in propolis quality. Acaricides that are widely employed
n apiculture are common propolis contaminants although nei-

her published multiresidue method for residue determination nor
esidue regulation is given for this product and apicultural prac-

∗ Corresponding author. Tel.: +598 29244068; fax: +598 29241060.
E-mail address: heinzen@fq.edu.uy (H. Heinzen).

021-9673/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2011.06.097
tices. Coumaphos is one of the preferred worldwide used acaricide
for Varroasis control [2,6,7].

Since propolis consumption increased, contaminants are now
considered of interest as described in recent publications for trace
analysis of tetracyclines [8],  chloramphenicol [9],  polycyclic aro-
matic hydrocarbons [10] and pesticide residues [11,12] in raw
propolis and processed propolis [13]. However, propolis tinctures
are the actual commodity used, that is obtained after raw propolis
processing which involves water washing and the removal of waxes
through resin dissolution in ethyl alcohol with further filtration
to separate insoluble waxes and remaining material [1].  Processed
propolis gives a highly pigmented sticky gum with different physic-
ochemical properties and composition from the raw material.
Residue determination in propolis presents an analytical challenge
because of the high polyphenolic composition of this matrix and
the chemical variability of the samples depending on different geo-
graphical or botanical origins [12,14]. In this sense, clean-up steps

must be exhaustive to yield purified extracts for proper routine
gas chromatographic (GC) analysis. To the best of our knowledge,
attempts for GC residue determination of pesticides in propolis
are performed using general methods in products from animal or

dx.doi.org/10.1016/j.chroma.2011.06.097
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:heinzen@fq.edu.uy
dx.doi.org/10.1016/j.chroma.2011.06.097
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otanical origin, which typically involves the use of gel perme-
tion chromatography (GPC) as also described in most important
harmacopeias [15–17].  To date, two recent methods were devel-
ped for trace determination of pesticide residues in raw propolis.
antana dos Santos et al. [11] applied MSPD (matrix solid-phase
ispersion) to analyze residues of bifenthrin, buprofezin, tetradifon
nd vinclozolin by GC–MS (gas chromatography–mass spectrom-
try), whereas Chen and co-workers [12] developed a method for
esidue determination of 17 organochlorine (OC) residues in raw
ropolis using a combination of tandem graphitized carbon and
orisil cartridges and analyzing by GC coupled to an electron cap-
ure detector (ECD). Recently, Acosta-Tejada et al. [17] applied

SPD with C18 as dispersive material and ethyl acetate as elu-
ion solvent, analyzing 5 organophosphates pesticides in propolis
inctures by GC–MS.

The aim of this study was to develop a methodology for rou-
ine analysis of coumaphos in propolis tinctures, which was further
xtended to ethion and chlorpyrifos. In this article, we  present val-
dation and analytical features of a new method based on MSPD
sing aluminum sulfate anh. as sorbent with subsequent clean-
p step by column chromatography followed by GC–FPD (flame
hotometric detector) determination and GC–MS confirmation.
oreover, the method was widely tested in real propolis tinctures

amples.

. Experimental

.1. Chemicals and materials

Solid phase used for dispersion, Al2(SO4)3·xH2O 98% purity,
as provided from Sigma–Aldrich (Milwaukee, USA) and dried

4 h at 350 ◦C to yield an anhydrous powder. Florisil as
ulk powder 0.15–0.25 mm/60–100 mesh and Silica gel 60,
.063–0.2 mm/70–230 mesh for column chromatography were
btained from Macherey-Nagel GmbH & Co. KG (Düren, Germany).
cetone, dichloromethane (CH2Cl2) and ethyl acetate (EtOAc) of
PLC grade were purchased from Mallinckrodt Baker Inc. (Phillips-
urg, USA). Technical 95% ethyl alcohol (EtOH) was  purchased from
NCAP (Montevideo, Uruguay). Coumaphos, chlorpyrifos, ethion,

riphenylphosphate (TPP) and bromophos-methyl analytical stan-
ards were purchased from Dr. Ehrenstorfer GmbH (Augsburg,
ermany). Individual pesticide stock solution of 2000 �g/mL were
repared in pure EtOAc and stored at −18 ◦C. Mixed pesticide stan-
ards were prepared at 100 �g/mL by diluting stock solutions in
tOAc. Appropriate levels of working standard solutions were pre-
ared by diluting the mixed standard solutions in acetone. TPP was
elected as surrogate compound (SC) and bromophos methyl as an
nternal standard (IS) for quality assurance and quantification pur-
oses, respectively. Stock solution of 2000 �g/mL in EtOAc, working
tandard solution of 4 �g/mL (SC) in acetone and 1 �g/mL (IS) in
tOAc were prepared and stored at −18 ◦C until analysis.

.2. Propolis samples

All raw propolis samples used in this study were supplied
y Laboratorio APITER Ltda. (Montevideo, Uruguay). Samples
ere collected in the southwest part of Uruguay in the Colonia
epartment (34◦28′11′′S; 57◦50′48′′O). Chemical characterization
f propolis samples from this area was previously described by
umazawa et al. [14].
All tinctures samples were prepared as defined in current United
tates (USP 30-NF25) and European Pharmacopeia (6th EP) mono-
raphs for extracts giving an standardized tincture of 20% (w/v) of
oluble animal matter in EtOH [16,17].
r. A 1218 (2011) 5852– 5857 5853

2.3. Instrumentation

Pesticides residue analysis was  conducted with a double-
channel Shimadzu GC-17A GC equipped with programmable
temperature vaporizer (PTV) injector, Shimadzu AOC-20i Autosam-
pler and FPD operating in phosphorus mode. Injector temperature
program was  from 60 to 270 ◦C at a rate of 500 ◦C/min and then held
for 15 min. Helium was used as carrier gas at a constant flow rate
of 1.7 mL/min. Injection volume 1.0 �L. Separation was performed
with a MEGA 68 (cyanophenyl-methylpolysiloxane) fused silica
capillary column (25 m × 0.32 mm i.d. × 0.25 �m film thickness).
The column oven was  temperature programmed from an initial
value of 150 ◦C (2 min  hold) to 230 ◦C at a rate of 10 ◦C/min, then
to 300 ◦C at 30 ◦C/min (10 min  hold). In this study, MS detection
was  used for confirmatory purposes of residues. GC–MS analy-
ses were performed using an HP 6890 GC coupled with an HP
5973 MS  supported by reference libraries, equipped with an HP-5
(5% diphenyl 95% dimethylsiloxane) bonded fused-silica capillary
column (30 m × 0.25 mm i.d. × 0.25 �m film thickness). Electron
impact (EI) mass spectra were obtained at 70 eV and monitored
from 50 to 550 m/z for full scan mode analysis. MS  system was
programmed in selected ion monitoring (SIM) mode for confirma-
tion. The working parameters were: injector temperature 290 ◦C;
interface temperature 300 ◦C; carrier gas He at 38 cm/s, oven condi-
tions; from 150 ◦C initial (3 min  hold), increased to 230 ◦C at a rate of
10◦ C/min, then to 295 at 30 ◦C min  (10 min  hold), injection mode:
splitless; injection volume: 1.0 �L. The identification of the com-
pounds was confirmed by injection of matrix matched standards
and comparison of their retention index and relevant MS ratios in
accordance to DG-SANCO guidelines [18].

2.4. Sample preparation

4.0 g of ethanolic propolis tincture (20%, w/v) were accurately
weighted into a 10 mL  volumetric flask. 1.00 mL  of SC solution at
4.0 �g/mL was  added and the final volume was adjusted to 10 mL
with acetone to yield 8% (w/v) tincture.

2.4.1. Spiking procedure
4.0 g of propolis tincture (20%, w/v) were accurately weighted

into a 10 mL  volumetric flask. This sample was spiked by the addi-
tion of 1.00 mL of appropriate mix  of standard solution and 1.00 mL
of SC at 4.0 �g/mL prepared in acetone. Volume was adjusted
to 10 mL  with acetone in all cases. Four levels of spiking were
assayed (0.1; 0.5; 1.0 and 5.0 �g/g). The 5.0 �g/g level was  assayed
because of the existence of real samples containing high levels of
coumaphos.

2.4.2. MSPD based clean-up
2 g Al2(SO4)3 anh. were weighed and blended in a mortar with

1.00 mL  of a fortified propolis solution. The mixture was placed into
a glass column (300 mm × 12 mm i.d.) packed with 2 g of water-
deactivated florisil at the bottom. A first aliquot (2 mL)  of the solvent
was  used to backwash both the mortar and the pestle. Elution was
performed with total 30 mL  of CH2Cl2:EtOAc (9:1; v/v) mixture at
a flow rate of 1–2 drops/s under gravity. Solvent was  collected and
evaporated to dryness with rotary evaporator at 40 ◦C. Extract was
redissolved in 2 mL  of CH2Cl2.

2.4.3. Column chromatography clean-up
Column chromatography was  performed in a glass column

(300 mm × 12 mm i.d.) packed with 7 g of wet silica gel in CH2Cl2

as further purification process. The redissolved extract was poured
over the column while solvent was  flushed to the solid phase, a total
of 40 mL  of CH2Cl2 were eluted and collected. The extract was  evap-
orated until near dryness in a rotary evaporator at 40 ◦C and finally
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o dryness with N2 stream. In each case, 1.00 mL  of IS 1 �g/mL in
tOAc was added and the final extracts were transferred to amber
utosampler vials for GC analysis.

.4.4. Calibration curves
Quantitation was performed in both neat solvent and matrix-

atched calibration. Matrix-matched standards were prepared by
dding 1.00 mL  of appropriate working standard solutions to yield
he concentrations assayed including IS at 1 �g/mL, to blank sam-
le extracts. Blank samples were previously analyzed in duplicate
o evaluate for not containing any of these OP pesticides with the
roposed method.

. Results and discussion

.1. Preliminary studies

Sample clean-up is the most important step in residue anal-
sis of propolis samples [12]. In contrast to published reports
ealing with raw propolis [11,12],  propolis tincture is a homoge-
eous substance, without debris or waxes which would represent

 major problem for sample preparation. MSPD showed very use-
ul performance when working with propolis thanks to the ability
f increased interactions between the sample and the dispersant
hase by mechanical blending. Due to the complexity of propo-

is tinctures, preliminary studies using MSPD were performed to
xhaustively remove polyphenolic compounds. Different sorbent
aterials were evaluated with this purpose such as neutral alu-
ina, silica gel and florisil for normal phase MSPD by eluting with

on-polar mixtures of CH2Cl2:EtOAc as previously described [11].
eversed phase MSPD in C18 was also tested eluting with EtOAc
nd acetonitrile but the procedure recently described in the lit-
rature [13] was not suitable for the high polyphenolic content
f Uruguayan propolis. As stated above, MSPD allows the use of
ombinations of matrix/dispersant that ensures minimal coelution
f interfering compounds. Since tinctures are prepared in EtOH
e experienced problems when blending the mixture with typical

orbents because of the water content and affinity to the disper-
ant surface. The selected dispersant phase, Al2(SO4)3 anh. not only
as high affinity for phenols, but also due to its high hygroscopic
roperties eliminates the residual water present in the tincture,
llowing a better interaction between the sample and the solid
hase for fast dispersion step. Complexation of flavonoids with Al
III) ion is a well known property [19] which was used to selectively
emove polyphenols and aromatic compounds even in wastewater
20]. Al (III) has great affinity for hydroxyls, particularly the pheno-
ic ones, changing dramatically the sample polarity. Also aluminum
alts of carboxylic acids either aromatic or aliphatic are formed.
llustration of complexation of a typical flavonoid such as quercetin

ith Al (III) is depicted in Fig. S1.  The complexation of phenols and
cids with Al (III) does not allow their solubilization with common
rganic solvents like CH2Cl2 and EtOAc. During the elution step,
ost complexed polyphenols are not eluted by the relatively low

olarity of the organic solvents employed. On the other hand, ace-
one was selected as diluting solvent for being a good solvent for
ropolis tincture and its increased volatility in the dispersion step
hen performing MSPD with this sorbent giving a homogeneous
ry powder.

Investigations were performed to choose the extraction solvent
nd co-sorbent material. In agreement to Santana dos Santos et al.
11] florisil co-sorbent with subsequent CH2Cl2 and CH2Cl2:EtOAc

luting mixtures provides extraction of pesticides and reduction
f polyphenolic co-extractives. Different solvent mixtures were
ested but finally CH2Cl2:EtOAc (9:1) was selected as a com-
romise between quantitatively eluting pesticides and matrix
Fig. 1. (a) Optimization of CH2Cl2 volume on preliminary silica gel column chro-
matography at 500 �g/kg; (b) calibration curves evidencing the matrix effect for
the selected pesticides.

co-extractives. However, a subsequent clean-up step was  manda-
tory for adequate performance in routine analysis, ensuring further
removal of co-eluted compounds by adding the commonly used
silica gel column chromatography [15].

Fig. 1(a) shows a preliminary investigation performed at a
level of 500 �g/kg to determine the optimum CH2Cl2 volume in
the quantitative extraction of pesticides from the column chro-
matography step. In accordance to widely accepted requirements
(recoveries between 70 and 120%) [18], 40 mL  of CH2Cl2 was
employed for quantitative determination. Note that the dead vol-
ume  at the selected conditions was approximately 10 mL.

3.2. Method development

The optimization of GC parameters (initial oven temperature,
temperature gradient programme, PTV programme, etc.) was done
to achieve high sample throughput but maintaining resolution
between chlorpyrifos and bromophos methyl. GC–FPD was pre-
ferred to GC–MS for routine screening and quantification because
of its higher robustness, wider dynamic range and lower main-
tenance when working in the phosphorous mode. Although the
obtained extracts can be analyzed routinely in GC–MS, this tech-
nique was used for confirmatory presence or absence of pesticides
since increased sensitivity was  obtained compared to FPD. Table 1
shows the limits of detection and quantification (LODs and LOQs) of
the analyzed pesticides along with their dynamic range and deter-
mination coefficient under the selected conditions.

Three SIM ions were used for the identification of the posi-
tive findings. The confirmation criteria of positives consider the
retention time matching in GC–FPD and GC–MS analysis plus 3
SIM ions with their corresponding relative ion abundance match-
ing. However, when analyzing real samples the matrix usually
presented some co-eluting isobaric interferences for the most
intensive ions of chlorpyrifos (m/z 197) and ethion (m/z 231). The

selected ions along with their relative abundances are summa-
rized in Table 2 which also reports both retention times for FPD
and MS  analysis. Response factors were calculated for FPD analysis
using matrix-matched and solvent-only calibration. LODs values
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Table  1
Detection and quantitation limits (LODs and LOQs) and linear regression parameters in matrix-matched calibration.

Compound GC–FPD GC–MS

LOD (�g/kg) LOQ (�g/kg) Dynamic range
(�g/g)

Calibration
curve

Determination
coefficient r2

LOD (�g/kg)

Chlorpyrifos 9.1 30.0 0.03–5.00 y = 1.0606x + 0.0672 0.994 0.56
Coumaphos 26.0 88.0 0.09–20.00 y = 0.7862x − 0.1452 0.999 0.43
Ethion 4.7 15.0 0.05–5.00 y = 1.6073x − 0.1152 0.999 1.43

Table 2
Retention times tR (min) for GC–FPD and MS analysis. Recoveries, average overall recoveries and RSDs (%), matrix effect (ME), and inter-day reproducibility (%) for each
analyte  under study (n = 5) for GC–FPD and selected quantifier and qualifier ions used for confirmation. Ion ratios obtained in matrix matched standards (n = 3).

Compound tR (min) GC–FPD GC−MS

Recovery ± RSD (%) Spiking level (�g/g) Avg. overall
recovery ± RSD
(%)

ME (%) Inter-day
precision (RSD,
%)

tR (min) Selected
ions

Ion ratio
(%)

0.1 0.5 1.0 5.0

Chlorpyrifos 8.6 88 ± 10 87 ± 1 123 ± 4 112 ± 3 102 ± 17 −41 6.8 9.2 316
314
258
197

64
86
52
100

Coumaphos 13.5 102 ± 13 85 ± 3 106 ± 12 111 ± 4 101 ± 11 +14 7.2 12.2 364
362
334

42
100
12

Ethion  11.2 98 ± 6 92 ± 1 115 ± 6 110 ± 3 104 ± 11 −49 3.8 11.8 384
231
233
153

16
100
15
39

Bromophos methyl 9.0 – – – – – – 2.3 9.5 333
331
329

68
100
31

TPP  11.8 92 ± 12 88 ± 9 92 ± 8 89 ± 10 90 ± 2 +22 5.2 12.6 327 81
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Coumaphos and chlorpyrifos residues were identified in the vast
majority of samples analyzed, whereas in few cases ethion residues
were also identified. Detection rates and levels found for such pes-
ticides in Uruguayan propolis tinctures are in agreement to those
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ig. 3. Typical GC–FPD chromatograms of (a) real sample containing 86 �g/kg of chl
 bromophos methyl (IS); 3 ethion; 4 TPP (SC); and 5 coumaphos.

ere determined using the graphic approach at an S/N of 3 for
ach pesticide in spiked samples, whereas the LOQs values were
btained with S/N of 10. LOD for coumaphos in FPD analysis was
6 �g/kg while in MS  it was  0.43 �g/kg referred to m/z  334. As seen

n Fig. S2,  an exhaustive clean-up is performed as evidenced by liq-
id chromatography–diode array detector (LC–DAD) monitoring of
olyphenols during each step (see Supplementary Information for
onditions).

Matrix effect (ME) was evaluated in the dynamic range stated in
able 1. Comparison of the calibration slopes for solvent standards
nd standards prepared in matrix indicated large matrix effects for
hese pesticides, as seen in Fig. 1(b). The presence of matrix co-
xtractives suppressed the response of chlorpyrifos by −49% and
oumaphos by −41%. By contrast the response for coumaphos was
nhanced by +14% and for TPP by +22%. Therefore, matrix-matched
alibration solutions were employed for quantification. As reported
n Table 2, recovery study showed recoveries between 70 and
20% and relative standard deviation (RSD) lower than 13%, show-

ng good accuracy and repeatability complying with the analytical
equirements stated in DG-SANCO [18]. In agreement with recent
eports showing high levels of acaricides in bees by-products due to
nadequate beekeeping practices and Varroa resistance [21,22],  the
000 �g/kg level was evaluated for a wide extent of the method
erformance due to findings in real samples contaminated with
igh levels of coumaphos.

The total ion chromatogram (TIC) depicted in Fig. 2(a) illustrates
he complex volatile profile obtained in the injected extract even
f exhaustive clean-up is employed to remove most polyphenols.
n Fig. 2(b) is shown the SIM confirmation of incurred coumaphos
m/z 334, 362, 364) at a level of 100 �g/kg. The inter-day RSD (n = 5)
alues were between 3.8 and 7.2% as can be seen in Table 2 which
as been a major drawback reported in the literature for GC analysis
f pesticides in propolis [11] demonstrating its effectiveness for
outine quantitative purposes.

Another key point is the SiO2 column chromatography clean-
p. This step is limiting for multiresidue analysis of more polar
esticides since recoveries are affected by the CH2Cl2 eluting vol-

me  as seen in Fig. 1(a) and need to be optimized. Moreover, as
ropolis tinctures showed very variable composition, the amount
f co-eluted material was different for each sample. The selected
H2Cl2 volume was the best compromise between recoveries and
fos and 960 �g/kg of coumaphos and (b) matrix-matched standards; 1 chlorpyrifos;

an overloading of ME,  ensuring good recoveries and reproducibility
for the pesticides under study. The removal of this step or the use of
increased volumes of eluting solvent is related with increased co-
extractives elution, GC maintenance, ME  and lower sensitivity. It
should be emphasized that, since propolis extracts are commercial-
ized in a variety of concentrations the method can be easily applied
to the referred total solids content in the sample by performing
dilution of solid extracts.

3.3. Application to real samples

The proposed method was  applied to the analysis of over 1800
real samples from diverse apiaries in the last 2 years. As an example,
Fig. 3 shows a typical GC–FPD chromatogram showing the pesticide
residue findings in a real sample and comparing retention time of
standards by the proposed approach.
1009080706050403020100

Sample number

Fig. 4. Quality control chart for TPP surrogate compound at 1000 �g/kg in 83 real
samples tested during 10 days period.
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Under the proposed analytical strategy, the need for GC
aintenance is evidenced after ∼300 injected samples through
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eal samples, and it is actually employed in routine analysis in our
aboratory. Validation of the method was carried out following EU
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Rodríguez, Anal. Bioanal. Chem. 400 (2011) 885.
14] S. Kumazawa, K. Hayhashi, K. Kajiya, T. Ishii, T. Hamasaka, T. Nakayama, J. Agric.

Food Chem. 50 (2002) 4777.
15] W.  Specht, M.  Tillkes, Fresenius Z. Anal. Chem. 322 (1985) 443.
16] United States Pharmacopeia (USP 30-NF 25), Pharmacopeial Convention, Inc.,

Rockville, MD, 2007, pp. 232–233.
17] European Pharmacopeia, 6th ed., Monograph 0765, Council of Europe, Stras-

bourg, France, 2008, pp. 682–684.
18] DG-SANCO, Method Validation and Quality Control Procedures for Pesticide

Residue Analysis in Food and Feed, Document No. SANCO/10684/2009, 2009.
19]  H. Heinzen, R. Martínez, S. García, P. Moyna, Chomatographia 35 (1993) 430.
20] J.R. Domínguez, T. González, H.M. García, F. Sánchez-Lavado, J. Beltrán de Here-

dia, J. Hazard. Mater. 148 (2007) 15.

21] J. Serra-Bonvehí, J. Orantes-Bermejo, Pest Manage. Sci. 66 (2010) 1230.
22] C.A. Mullin, M.  Frazier, J.L. Frazier, S. Ashcraft, R. Simonds, D.  van Engelsdorp,

J.S. Pettis, PLoS One 5 (2010) e9754.
23] C.D.S. Tomlin, The Pesticide Manual, 15th ed., BCPC Publications, Hampshire,

2009, p. 203.

http://dx.doi.org/10.1016/j.chroma.2011.06.097

	Determination of coumaphos, chlorpyrifos and ethion residues in propolis tinctures by matrix solid-phase dispersion and ga...
	1 Introduction
	2 Experimental
	2.1 Chemicals and materials
	2.2 Propolis samples
	2.3 Instrumentation
	2.4 Sample preparation
	2.4.1 Spiking procedure
	2.4.2 MSPD based clean-up
	2.4.3 Column chromatography clean-up
	2.4.4 Calibration curves


	3 Results and discussion
	3.1 Preliminary studies
	3.2 Method development
	3.3 Application to real samples

	4 Conclusions
	Acknowledgments
	Appendix A Supplementary data
	Appendix A Supplementary data


