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a b s t r a c t

Coacervative microextraction ultrasound-assisted back-extraction technique (CME-UABE) is proposed
for the first time for extracting and preconcentrating organophosphates pesticides (OPPs) from
honey samples prior to gas chromatography–mass spectrometry (GC–MS) analysis. The extrac-
tion/preconcentration technique is supported on the micellar organized medium based on non-ionic
surfactant. To enable coupling the proposed technique with GC, it was required to back extract the
analytes into hexane. Several variables including, surfactant type and concentration, equilibration tem-
perature and time, matrix modifiers, pH and buffers nature were studied and optimized over the relative
response of the analytes. The best working conditions were as follows: an aliquot of 10 mL 50 g L−1

honey blend solution was conditioned by adding 100 �L 0.1 mol L−1 hydrochloric acid (pH 2) and finally
extracted with 100 �L Triton X-114 100 g L−1 at 85 ◦C for 5 min using CME technique. Under optimal
experimental conditions, the enrichment factor (EF) was 167 and limits of detection (LODs), calculated
as three times the signal-to-noise ratio (S/N = 3), ranged between 0.03 and 0.47 ng g−1. The method pre-

−1
cision was evaluated over five replicates at 1 ng g with RSDs ≤9.5%. The calibration graphs were linear
within the concentration range of 0.3–1000 ng g−1 for chlorpirifos; and 1–1000 ng g−1 for fenitrothion,
parathion and methidathion, respectively. The coefficients of correlation were ≥0.9992. Validation of the
methodology was performed by standard addition method at two concentration levels (2 and 20 ng g−1).
The recoveries were ≥90%, indicating satisfactory robustness of the methodology, which could be suc-
cessfully applied for determination of OPPs in honey samples of different Argentinean regions. Two of

wed
the analyzed samples sho

. Introduction

Organophosphates pesticides (OPPs) are widely used in agri-
ultural practices for pests and diseases control. Slow degradation
f pesticides in the environment and extensive or inappropriate
se by farmers can lead to environmental contamination [1]. The
idespread distribution of pesticides caused several problems to
piculture industry including residues in hive products (honey, wax
nd propolis, etc.) [1]. Honey bees are greatly affected by pesti-
ides and transport them to the colony as contaminated nectar
hich ends as a contaminated honey. These residues finally get

∗ Corresponding author at: Grupo de Investigación y Desarrollo en Química
nalítica (QUIANID) (LISAMEN, CCT CONICET-Mendoza), P.O. Box 131, 5500 Men-
oza, Argentina. Tel.: +54 261 5244064; fax: +54 261 5244001.

E-mail address: jaltamirano@mendoza-conicet.gob.ar (J.C. Altamirano).

021-9673/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2010.08.021
levels of methidathion ranged between 1.2 and 2.3 ng g−1.
© 2010 Elsevier B.V. All rights reserved.

to the consumers [2,3]. This constitutes a potential risk for human
health, because of their sub acute and chronic toxicity [4]. Argentina
is one of the main honey producers and exporters in the world,
occupying the second place after China, with an exportation rate of
73,159 tons [5]. Therefore, its quality is of great concern for internal
and external market. One of the quality control parameters in honey
is the pesticides residues content. The European Union (EU) regula-
tions establish a maximum permissible concentration of pesticide
residues for honey, expressed as the Maximum Residues Limits
(MRLs), of 10 ng g−1 [6].

As a consequence of the control of pesticides in honey, there is
a growing interest in developing analytical methodologies specif-

ically designed for this type of analysis. Sample preparation is
an important stage in the determination of OPPs because of the
complexity of honey matrix and the low concentration at which
the OPPs are permitted by legislation (≤10 ng g−1). Current meth-
ods for the extraction of pesticides in honey typically involve

dx.doi.org/10.1016/j.chroma.2010.08.021
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:jaltamirano@mendoza-conicet.gob.ar
dx.doi.org/10.1016/j.chroma.2010.08.021
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everal sample preparation steps such as extraction, clean-up
nd concentration before instrumental analysis. The extraction of
esticides from honey samples has been carried out using conven-
ional extraction techniques such as liquid–liquid extraction (LLE)
nd solid-phase extraction (SPE) [7–10]. These extraction tech-
iques are laborious, time-consuming and require large volumes
f organic solvents. Moreover, due to the low concentration of ana-
ytes in the samples, large sample volumes are typically required
o ensure detectability. Solid-phase microextraction (SPME) has
een proposed for the extraction of OPPs from honey samples
11]. Solid-phase microextraction is a fast, simple and solvent-free
xtraction technique [12]. The main drawbacks of this technique
re the fragility and cost of the fibers, in addition to possible sample
arry-over effects between runs [13,14]. In recent years, with the
eveloping interest in miniaturization in analytical chemistry for
olvent and sample savings, some newer miniaturized approaches
o LLE have been reported. Several different types of liquid-
hase microextraction (LPME) have been developed including,
ingle drop microextraction (SDME) [15], dispersive liquid–liquid
icroextraction (DLLME) [16] and ultrasound-assisted emulsifi-

ation microextraction (USAEME) [17,18]. An alternative to the
icroextraction with traditional organic solvents is the coacerva-

ive microextraction technique (CME) [19]. It has been successfully
pplied for extraction of analytes prior to liquid chromatogra-
hy (LC) analysis. The coacervative phenomenon is based on the
ggregation of surfactants monomers under specific physicochem-
cal conditions. It depends on the nature of the amphiphile and
ts concentration. Once the monomers’ aggregation has started
o form micelles, it is observed a diminishing of the micelles’
ater solubility and a sharp increment in the micelle aggre-

ation number leading to two isotropic phases: coacervate and
queous bulk [20–22]. The micelles provide different regions
ith diverse polarities that enhance its potential for solubiliz-

ng solutes in a wide range of polarities. The solutes affinity
aries with the nature of the solubilized species and the surfac-
ant structure. Hydrophobic solutes are solubilized in the inner

icellar core, polar/charged analytes believed to be solubilized
n the polar region through a number of interactions (e.g. elec-
rostatic, �-cation, hydrogen bonds, etc.), and amphiphilic solutes
re incorporated to the micelles through both hydrophobic and
olar interactions, forming mixed aggregates [22]. Thus, the ana-

ytes can be in situ extracted to the coacervate phase and selectively
eparated from the aqueous bulk. Considering the extraction effi-
iency of the CME and the notorious differences between the
oacervate phase volume (≤100 �L) and the aqueous bulk volume
10–20 mL) leads to a convenient alternative as a preconcentra-
ion technique. Additionally, CME is low cost, simple to operate
nd environmentally friendly because uses alternative solvents
uch as surfactants, lowering the organic solvent consumption.
he potential of coacervates as extractants have been explored
rior to several separative and non-separative techniques [20,23].
owever, the use of coacervates prior to GC analysis has not
een widely developed due to the nature of surfactants, which
re characterized by their high viscosity and low volatility. Fur-
hermore, the direct introduction of the coacervate phase could
log the injector or column. Additionally, they can absorbed onto
he stationary phase altering the analyte’s interaction with the
tationary phase of the GC column [24]. To overcome these dis-
dvantages, different approaches have been proposed including
ltrasound-assisted back-extraction, microwave-assisted back-
xtraction, columns with silica gel, florisil or cation exchangers

s absorbents and post-extraction surfactant derivatization step
24–30].

The goal of this work was to develop and validate a
ethodology for the determination of OPPs in honey using coac-

rvative microextraction-ultrasound-assisted back-extraction-gas
A 1217 (2010) 6334–6341 6335

chromatography–mass spectrometry (CME-UABE-GC–MS). It is the
first time that CME is applied for extraction and preconcentration
of OPPs or other analytes from honey or other matrices prior to
GC–MS analysis. Several factors, including surfactant type and con-
centration, equilibration temperature and time, matrix modifiers,
pH, UABE solvent and UABE volume were studied and optimized
over the relative responses of the target OPPs. The analytical per-
formance of the proposed methodology was evaluated in terms
of enrichment factor (EF), limits of detection (LODs), repeatabil-
ity and linear working range. Moreover, the procedure was applied
for the determination of OPPs in honey samples of different regions
of Argentina and its robustness was evaluated in terms of recovery
factors (RF%).

2. Experimental

2.1. Reagents

The standards of OPPs were purchased from Chem Ser-
vice Inc. (West Chester, PA, USA) and consisted of: fenitrothion
(98% purity), chlorpyrifos (99.9% purity), parathion (99% purity)
and methidathion (99% purity). The internal standard (IS)
2,2′,4,4′-tetrabromodiphenyl ether (BDE-47) was purchased from
Accustandard (New Haven, CT, USA). The OPPs standards were
stored at −20 ◦C. Stock solutions of OPPs were prepared in methanol
at concentration levels of 5 g L−1. Further dilutions were prepared
weekly in methanol and stored in brown bottles at −20 ◦C.

Methanol, ethanol, hexane, ethyl acetate and isooctane were
purchased from Merck (Darmstadt, Germany). 1-Propanol and
1-butanol were purchased from Sigma–Aldrich (Steinheim, Ger-
many). Triton X-114 and Triton X-100 were purchased from
Sigma–Aldrich and used without further purification. 100 g L−1

aqueous stock solution of each non-ionic surfactant was prepared.
Sodium chloride, hydrochloric acid, potassium chloride, sodium
hydroxide and potassium hydrogen phthalate were all purchased
from Merck. An aqueous stock solution of sodium chloride was
prepared at 6.15 mol L−1. Hydrochloric acid and sodium hydroxide
were prepared with ultrapure water and the final concentration
was 0.1 mol L−1. The buffer solution was prepared with ultra-
pure water and the final concentration was as follows: potassium
phthalate (0.05 mol L−1, pH 2.2). Ultrapure water (18 M� cm) was
obtained from a Milli-Q water purification system (Millipore, Paris,
France). All reagents were of analytical grade or above.

2.2. Equipment and working conditions

A 40 kHz and 600 W US-bath (Test Lab, Buenos Aires, Argentina)
was used for assisting the back-extraction process. The volume of
coacervate phase and UABE phase volume was measured using a
100 �L Hamilton glass syringe (Reno, NV, USA). Injections into the
GC–MS were made using a 5 �L Hamilton glass syringe. GC–MS
analyses were performed on a Varian 3900 GC equipped with an ion
trap mass detector Varian Saturn 2000 (Varian Inc., Walnut Creek,
CA, USA). The system was operated by Saturn GC–MS Work Station
v6.4.1 software. The GC column used was VF-5MS (25 m × 0.25 mm,
0.25 �m film thickness; Varian, Lake Forest, CA, USA). The temper-
ature program was: 80 ◦C – held for 2 min; increased at the rate of
10 ◦C min−1 to 220 ◦C – held for 2 min, rating 20 ◦C min−1 to a final
temperature of 300 ◦C and held for 2 min. Helium (purity 99.999%)
was used as a carrier gas at a flow rate of 1.0 mL min−1. The injector

temperature was set at 250 ◦C and the injections were performed in
the splitless mode. The mass spectrometer was operated in electron
impact ionization mode at −70 eV. The trap, manifold and transfer
line temperatures were set at 220, 120 and 280 ◦C, respectively.
Samples were analyzed in the full scan EI mode. The peak identifi-
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ation was based on the retention time, base peak and confirmation
ons of the OPPs. Quantification was carried out using m/z 277, 314,
91, 145; and m/z 125, 258, 109 and 157 were used as confirma-
ion ions for fenitrothion, chlorpirifos, parathion and methidathion,
espectively.

.3. Sampling and sample preparation

For method optimization, a honey blend was prepared by
ixing 100 g (dry weight) of five honeys of different origins of
rgentina. Honey samples free from any traces of OPPs obtained

rom organic beekeepers were used for blend preparation and uti-
ized for method development and validation. Honey blend was
piked at 50 ng g−1 with each OPP. A 50 g L−1 honey solution was
repared form 50 ng g−1 honey blend and used without further
reatment.

The samples analyzed included honey from agricultural Argen-
inean areas: Santa Fe (Sample 1), La Pampa (Sample 2) and Santa
osa, Mendoza (Samples 3 and 4); and a commercially honey avail-
ble in regular market (Sample 5). Honey samples were stored in
ark flasks at 4 ◦C. All samples were analyzed in triplicate with the
ptimized CME-UABE-GC–MS methodology.

.4. Coacervative microextraction ultrasound-assisted
ack-extraction procedure

Ten milliliters of 50 g L−1 honey blend solution was placed
nto a 15-mL glass-centrifuge tube. One hundred microliters of
.1 mol L−1 hydrochloric acid and 100 �L of Triton X-114 100 g L−1

ere subsequently added and mixed-up by handshaking. The cen-
rifuge tube was thermostatized at 85 ◦C for 5 min. Under these
onditions, the micelles agglomeration was favored and the coac-
rvate phase started to get separated from the sample bulk. The
ube was centrifuged at 3500 rpm (1852.2 × g) for 5 min to accel-
rate the coacervate phase decantation. In order to increase the
oacervate-phase viscosity and extract easily the aqueous super-
atant, the centrifuge tube was placed into an ice bath for 2 min.
he ultrasound-assisted back-extraction was carried out by adding
0 �L of hexane into the resulting coacervate phase and sonicating
he system for 5 min. Again, two phases were formed: the coacer-
ate phase and the hexane. The analytes remained in the hexane
hase, which result on the top of the coacervate phase. A 1 �L of
he hexane phase was injected and analyzed into the GC–MS.

. Results and discussion

The affinity of an analyte for a particular surfactant aggregate
epends on the analyte and micelles nature. The functional groups
f the monomers lead different micro-mediums in the micelle
ith slight physicochemical differences which can be selectively

uned for enhance the affinity for certain analytes. Therefore, the
fficiency of the CME technique can be altered by modifying dif-
erent physicochemical variables that affect the analytes and/or
he micelles characteristic such as pH, surfactant concentration,
quilibration time and temperature, and matrix modifiers. Thus,
o enhance the extraction efficiency of the OPPs from honey, these
ariables needed to be studied and optimized in order to establish
he optimum working conditions. Furthermore, honey matrix has
ifferent components such as sugars, organic acids and insoluble
atter that can modify the structure of the micelles and need to
e considered. These studies were carried out following the proce-
ure described in Section 2.4 modifying one of the variables at the
ime keeping the remaining constant. A 10 mL honey blend solu-
ion containing 50 ng g−1 of OPPs was used to perform the assays
hich were done in triplicate. The relative chromatographic peak
Fig. 1. Surfactant concentration effect on the relative response of target OPPs.
Extraction conditions: 10 mL honey blend solution, 50 ng g−1 each OPPs; equi-
libration temperature and time, 70 ◦C, 10 min; centrifugation time, 5 min;
ultrasound-assisted back-extraction, 100 �L hexane, 5 min.

area was used to evaluate the influence of those variables on the
extraction efficiency of CME-UABE technique.

3.1. Surfactant type and concentration effects

Two non-ionic surfactants were studied to carry out the CME of
the target OPPs: Triton X-100 and Triton X-114. The cloud points of
Triton X-100 and Triton X-114 are about 65 and 24 ◦C, respectively
[25]. The extraction procedure was the one described above. Both
surfactants reached the cloud point and the coacervate phases were
separated from the aqueous bulk; however, Triton X-114 showed
higher relative responses for the analytes than Triton X-100. Triton
X-100 leaded to higher coacervate phase volumes, which difficult
the back-extraction process. It was observed that for the back-
extraction, it was necessary to work with a minimum volume equal
to the coacervate phase to avoid forming a stable emulsion and
achieve a quantitative extraction of the analytes. Therefore, due
to the experimental and analytical convenience, Triton X-114 was
chosen for further studies.

As it is well known, surfactant concentration above the critical
micellar concentration is required to achieve the cloud point of the
system and thus, get a coacervate phase to extract the analytes [22].
High surfactant concentrations would lead into an increment of the
extraction efficiency of the technique. However, excessively high
surfactant concentration would deteriorate the EF of the technique
due to an increment in the resulting coacervate phase. Therefore, it
was found necessary to study the surfactant concentration in order
to achieve the maximum extraction efficiency without deteriorat-
ing the EF of the technique. The surfactant concentration study was
carried out within the range 0.50–3.00 g L−1 Triton X-114, which is
above its critical micellar concentration (CMC: 0.13 g L−1). As can
be observed from Fig. 1, the greater relative response for the target
OPPs was achieved for the concentration range: 0.75–1.50 g L−1.
Excessive surfactant concentration decreased the EF and made
the back-extraction process unpractical. Smaller concentrations
than 0.75 g L−1 lead to low relative responses since the surfactant
was not enough to quantitatively extract the analytes. Therefore,
1.0 g L−1 Triton X-114 was selected as optimum for OPPs-related
CME technique.
3.2. pH and buffers effects

To the knowledge of the authors, CME was not previously
applied for OPPs extraction in any matrix; therefore there was



A.R. Fontana et al. / J. Chromatogr. A 1217 (2010) 6334–6341 6337

F
1
e
u

n
t
a
o
c
a
e
t
p
t
t
O
m
m
f
t
i
p
o
t
t
r
i
b
T
f
s
a
s
n
s
C
p
g
h
a
h

3

C
d
g

Fig. 3. Equilibration temperature effect on the relative response of target
ig. 2. pH effect on the relative response of target OPPs. Extraction conditions:
0 mL honey blend solution, 50 ng g−1 each OPPs; 100 �L 100 g L−1 Triton X-114;
quilibration temperature and time, 70 ◦C, 10 min; centrifugation time, 5 min;
ltrasound-assisted back-extraction, 100 �L hexane, 5 min.

o evidence on the effect of pH on CME extraction efficiency for
he studied analytes. It is well known that honey matrix contains

number of natural buffers including amino acids (0.05–0.1%),
rganic acids (ca. 0.57%, such as acetic, butyric, citric, formic, glu-
onic, lactic, malic, pyroglutamic and succinic) and lactone, which
re sensible to pH changes. It was previously reported that the pres-
nce of organic acids can affect the extraction efficiency of the CME
echnique, even though for those analytes that cannot exchange
rotons [25]. Regarding the analytes, they have an intermediate
o high polarity (log Ko/w ca. 2.4); but they cannot exchange pro-
ons with the medium [31]. Therefore, it was expected that the
PPs were extracted by adsorption on the palisade layer of the
icellar surface by interactions with the hydrophilic head groups of
onomers [19,22]. Taking into account these considerations, it was

ound interesting to study the pH effect on the relative response of
he microextraction technique within the range of 2–12 adjusting
t with hydrochloric acid and sodium hydroxide, respectively. The
H of the sample blend was 4.5. The extraction procedure was the
ne described above. Within the studied pH it was observed that
he appearance of the supernatant bulk after CME was changing as
he pH was modified. The results are presented in Fig. 2. The best
elative responses for all OPPs were observed at pH 2. At this pH,
t was also observed a notorious reduction of the chromatograms’
ase line compared with the extractions carried out at higher pH.
his fact led to an increment of the sensitivity of the technique
avoring the LODs of each analyte. The results suggest that at pH 2,
maller amounts of concomitant were extracted by reducing their
ffinity by the micelles, while the OPPs remained invariant. Thus, a
electivity effect favored the extraction efficiency of the CME tech-
ique for the studied OPPs. Additionally to these results, it was
tudied the effect of the use of an organic acid for buffering the
ME system. Thus, potassium phthalate buffer (pH 2.2) was com-
ared with hydrochloric acid (pH 2.0). The results revealed that the
reater relative responses were observed when 100 �L 0.1 mol L−1

ydrochloric acid was used to adjust the pH. Therefore, the pH of
ll sample solutions was adjusted to 2 by adding 100 �L 0.1 mol L−1

ydrochloric acid.

.3. Equilibration temperature and time effects
Equilibration temperature and time play important roles in the
ME performance. For non-ionic surfactants the temperature effect
epends mainly on the analytes nature. Non-polar compounds with
reater affinity for the micellar core show an increment in their
OPPs. Extraction conditions: 10 mL honey blend solution, 50 ng g−1 each OPPs;
100 �L 0.1 mol L−1 hydrochloric acid; 100 �L 100 g L−1 Triton X-114; equilibra-
tion time,10 min; centrifugation time, 5 min; ultrasound-assisted back-extraction,
100 �L hexane, 5 min.

solubility by increasing temperature. Polar analytes solubilized in
the palisade layer generally exhibit a behavior that depend on their
structure and the type of sample matrix [22]. Equilibration temper-
ature and time govern the micelles dehydration, which is desirable
to achieve smaller coacervate-phase volumes, and also to accelerate
the phase-separation process. By increasing the equilibration tem-
perature or time the micelles dehydration phenomenon is favored,
and thus smaller coacervate-phase volumes are finally achieved
[21]. Additionally, by increasing the extraction temperature above
the cloud-point temperature, the aqueous solubility of the micelles
diminishes [22]. Therefore, the EF and percent recovery of the CME
technique increase as the equilibration temperature is progres-
sively increased. Furthermore, small coacervate-phase volumes are
desired since they favored the ultrasound-assisted back-extraction
process and enhanced the EF of the technique. Considering all these
aspects, the temperature study was carried out within the temper-
ature range of 20–95 ◦C keeping the equilibration time constant at
10 min (Fig. 3). The extraction procedure was the one described
above. An increment in the relative response of the analytical sig-
nal was observed for the temperature range: 20–80 ◦C. After 80 ◦C
the relative response of the OPPs remained invariant. Therefore,
85 ◦C was chosen for further studies as the working equilibration
temperature. To determine the influence of the extraction time, it
was varied within the range of 1–15 min keeping the equilibration
temperature constant at 85 ◦C. It was observed that by increasing
the equilibration time, the relative response increases, reaching the
maximum value at 5 min; after which, remained invariant. There-
fore, 5 min equilibration time was chosen as working conditions for
further studies.

3.4. Matrix modifiers effect

Fructose and other sugars are considered as micellar structure-
makers because exert their influence through modification of the
bulk water structure and decreasing the CMC [22]. In presence of
carbohydrates, water–water interaction is replaced by water–sugar
interaction. Thus, the chances of micelles formation to protect the
monomers tend to diminish. As a consequence micelle formation is
favored and CMC is lowered [22,32]. Honey has a ca. 75% of sugars

(fructose, glucose and sucrose) and those components can affect
the structure of the micelles; and therefore the OPPs affinity for
the micelles. In order to determine the honey matrix effect on the
relative responses of OPPs, two different experiments were car-
ried out. A 10 mL honey blend solution and a 10 mL water sample
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Fig. 4. Ionic strength effect on the relative response of target OPPs. Extraction
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onditions: 10 mL honey blend solution, 50 ng g−1 each OPPs; 100 �L 0.1 mol L−1

ydrochloric acid; equilibration temperature and time, 85 ◦C, 5 min; centrifugation
ime, 5 min; ultrasound-assisted back-extraction, 100 �L hexane, 5 min.

piked with 50 ng g−1of OPPs were extracted as described above.
t was observed that the relative responses obtained for OPPs in
oney were ca. 36% higher than in water. Therefore, it is possible to
onclude that the sugar content is a natural matrix modifier of the
icroextraction technique that enhances the extraction efficiency

f it.
It is well known that the ionic strength of the aqueous medium

an affect the phase-separation process of micellar systems based
n non-ionic surfactant [22]. The addition of small amounts of inert
alts can facilitate the phase-separation process since it alters the
ensity of the bulk aqueous phase by increasing the micellar size
nd the aggregation number [21]. Furthermore, the cloud-point
emperature of the system is diminished by increasing the ionic
trength. However, the addition of small electrolytes concentra-
ion results in a decrement of the solubility of analytes located in
he palisade region of the micelles [22,33,34]. The ionic strength
f honey blend solution was determined by electrical conductiv-
ty and was 0.004 mol L−1. The salting out study was carried out by
dding different volumes of NaCl 6.15 mol L−1 (Fig. 4). The best rel-
tive response for all OPPs was observed when no NaCl was added
o the extraction solution. As the ionic strength of the medium was
ncreased, their relative response decreased up to ca. 50%, after

hich it remained constant. It could be due to the presence of
lectrolytes change the physical properties of the palisade layer
n which the OPPs are preferentially extracted [33,34]. Therefore,
o additionally NaCl 6.15 mol L−1was added for further studies.

Alcohols can also have significant influence on the micelles
haracteristics and polar concomitant of the matrix. Regarding the
ffect of the alcohols on the micelles, they can be adsorbed on
he micelle–water interfacial region favoring the dehydration of
he micelle and decreasing the cloud-point temperature [35,36].
dditionally, these interactions can change the polar character of

he micelles and thus, modify the analytes affinity for it [22]. On
he other hand, alcohols can also interact with the hydroxilated
ompounds of the matrix, including sugars, by hydrogen bonding
37]. Therefore, alcohols could affect the concomitants affinity for
he micelles and thus, the selectivity of extraction technique. In
rder to study the influence of the alcoholic matrix modifier on the
xtraction technique, four different alcohols, including methanol,
thanol, 1-propanol and 1-butanol were evaluated. The alcoholic

atrix modifier study was carried out by adding 100 �L of each

lcohol to the extraction system. The extraction procedure was the
ne described above. As can be seen from Fig. 5, the addition of
lcohol deteriorates the analytical signal for the OPPs. Among the
Fig. 5. Alcohol type effect on the relative responses of target OPPs. Extraction con-
ditions as described in Fig. 4.

studied alcohols, methanol, ethanol and 1-propanol showed lower
relatives responses than 1-butanol. Short-chain alcohols have a ten-
dency to interact with the polar-palisade branch of the monomers
turning them into a less polar area [36]. Short-chain alcohols could
fit better in between the micelle palisades; while longer chain alco-
hols would be conditioned by steric effects. Thus, larger number
of short-chain alcohol molecules would fit in between the pal-
isade diminishing the polar character of it [36]. Therefore, it is to
be expected that the extraction efficiency of polar analytes, such
OPPs, for the micelles diminish, too. Additionally, short-chain alco-
hols have more polar character and higher water solubility than the
longer one, which might favor the solubility of OPPs into the aque-
ous phase worsen their affinity for the micelles. This phenomenon
would deteriorate the extraction efficiency of the microextrac-
tion technique for polar compounds. Taking into consideration
the effect of 1-butanol compared with the other alcohols, it was
found interesting to study the addition of different volumes to the
extraction system. It was observed that by increasing the 1-butanol
volume from 50 to 500 �L, the resulting coacervate phase volume
diminish and also the relative responses of OPPs. It is in agreement
with the results about the reduction of CMC using increasing con-
centrations of long chain alcohols achieved by Alauddin et al. [35].
The increment of 1-butanol volume disfavored the micellation phe-
nomenon and phase separation of the system; therefore there was
a shortage of micelles available to extract the analytes leading to a
decrement of the extraction efficiency of the technique. Based on
the results, it is possible to conclude that none of the studied alco-
hols favored the extraction efficiency of the studied OPPs. As it was
mentioned above, alcohols can also interact with sugars through
their hydroxyl groups. Therefore, these alcohol–sugar interactions
might be interfering with sugar–micelles interaction, contributing
to the deterioration of the extraction efficiency of the CME tech-
nique for OPPs. In view of the above results, non-alcohol or salts
was added in further studies.

3.5. Ultrasound-assisted back-extraction

Due to the high viscosity and low volatility of the surfactant-
rich phase, it cannot be injected directly into the GC. Therefore,

after CME procedure and before the injection, a supplemental stage
was required in order to avoid clogging the injector and deteriorate
the column. Ultrasound-assisted back-extraction was selected as a
suitable approach for coupling CME to GC–MS.
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Fig. 6. (a) Back-extraction solvent effect on the relative response of target OPPs. (b)
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Table 1
CME-UABE-GC–MS analytical performance for OPPs determination.

Analyte RSD%a,b r2 LODsa (ng g−1) Linear rangea (ng g−1)

Fenitrothion 2.9 0.9996 0.06 1.0–1000
Chlorpirifos 5.8 0.9992 0.03 0.3–1000
Parathion 7.2 0.9997 0.09 1.0–1000
Methidathion 9.5 0.9994 0.47 1.0–1000

SPE-GC–MS and SPME-LC–MS [9–11]. It was observed that the LODs
of CME-UABE-GC–MS were lower than the other methodologies
exane volume effect on the relative response of target OPPs. Extraction conditions
s described in Fig. 4.

Different water-immiscible solvents (hexane, isooctane and
thyl acetate) were studied in order to evaluate their back-
xtraction efficiencies for extracting the target analytes from
oacervate phase. The study was carried out by adding 100 �L of the
tudied solvents to the coacervate phase and sonicating the result-
ng mix for 10 min. The results revealed that the relative responses
f OPPs in hexane are higher than isooctane and ethyl acetate
Fig. 6a). Thereby, hexane was selected as the back-extracting sol-
ent for further studies.

The volume of back-extraction solvent was studied within a vol-
me range of 60–400 �L with a view to recover the target OPPs from
he coacervate phase yielding the highest EF with the minimum sol-
ent consumption. Fig. 6b shows that the greater relative response
or the target OPPs were obtained when 60 �L hexane were used.

hen hexane volumes smaller than 60 �L were used, a stable emul-
ion with the coacervate phase was formed. Larger volumes than
0 �L result in a gradual decrement of the relative response of the
nalytes due to subsequent dilution. Therefore, 60 �L of hexane was
elected to develop further studies.

The sonication time was studied within the range of 1–15 min.
t was observed that the relative responses of the OPPs increased
s the time increase, reaching a maximum at 4 min. No significant
ifferences were observed when longer time periods were assayed.

imilar results were reported in previous works [25,26]. Thus, 5 min
ere chosen as the ultrasound-assisted back-extraction working

ime for further studies.
Extraction conditions as described in Section 2.4.
a 95% confidence interval; n = 5.
b OPPs concentration 1 ng g−1, dry weight.

3.6. Analytical performance

The calibration curves were made under optimized conditions
with a honey blend solution spiked at different concentration of
target OPPs. The analytical figures of merits were summarized
in Table 1. The EF of the proposed methodology was calculated
as previous works [25,38] and was 167. The LOD of the analytes
for the preconcentration of 0.5 g honey sample spiked at 1 ng g−1,
calculated as S/N = 3, were 0.06, 0.03, 0.09 and 0.47 ng g−1 for fen-
itrothion, chlorpirifos, parathion and methidathion, respectively.
The precision was evaluated over five replicates resulting values
of RSDs ≤ 9.5%. The calibration curves showed a satisfactory linear-
ity within the concentration range: 0.3–1000 ng g−1 for chlorpirifos
and 1.0–1000 ng g−1 for fenitrothion, parathion and methidathion,
respectively, and the coefficient of correlation (r2) exceeded 0.9992
for all analytes. Validation of the analytical methodology was
performed by standard addition method at two concentration lev-
els (2 and 20 ng g−1) over the real honey samples. Recoveries
and repeatabilities values of the fortified samples at the differ-
ent concentrations were evaluated. This study led to a satisfactory
robustness achieving recoveries ≥90% with RSDs < 2.9, 6.7, 7.3 and
10.1 for fenitrothion, chlorpirifos, parathion and methidathion,
respectively (Table 2).

3.7. Application of the method to real samples

CME-UABE-GC–MS was applied for the determination of OPPs
in honey of five regions of Argentina. The sample results and the
recovery study were performed in triplicate (Table 2). Although
different types of honey samples were analyzed, only the pres-
ence of methidathion in Sample 4 and Sample 5 was detected.
The concentrations were 1.2 and 2.3 ng g−1, respectively, and were
lower than MRLs of EU regulations. The OPPs concentration in the
other analyzed samples was below the detection limit of the pro-
posed methodology. In order to evaluate the matrix influence on
the analyte signals, the slope of the calibration graph based on
the matrix-matched standards was compared with the slope of
the pure solvent based calibration graph. The sensitivity decreased
from pure solvent calibration to matrix-matched calibration curves.
This effect shows the need to perform quantification by external
calibration using matrix-matched standards. In this sense, a matrix
of honey, as representative as possible, was obtained as described
in Section 2.3.

3.8. Comparison of CME-UABE-GC–MS with other analytical
methodologies

The analytical performance of CME-UABE-GC–MS for OPPs
determination in honey samples was compared with other pre-
viously reported analytical methodologies such as LLE-GC–MS,
previously used for OPPs determination in honey (3.4–6.5 ng g−1,
0.1–1.4 ng g−1 and 300–500 �g kg−1 for LLE-GC–MS, SPE-GC–MS
and SPME-LC–MS, respectively). The mean RSDs values were com-
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Table 2
Recovery study of the four OPPs in different honey samples.

Sample Pesticide Level found 2 ng g−1 spiked 20 ng g−1 spiked

Founda Recoveryb Founda Recoveryb

Honey 1 Fenitrothion nd 1.9 ± 0.1 95 19.7 ± 1.4 98
Chlorpirifos nd 2.0 ± 0.3 100 20.1 ± 2.9 101
Parathion nd 1.8 ± 0.3 90 19.1 ± 3.4 95
Methidathion nd 1.8 ± 0.4 90 20.4 ± 4.8 102

Honey 2 Fenitrothion nd 2.0 ± 0.1 100 19.3 ± 1.4 96
Chlorpirifos nd 2.1 ± 0.3 105 20.4 ± 2.9 102
Parathion nd 1.9 ± 0.3 95 21.5 ± 3.8 107
Methidathion nd 2.0 ± 0.5 100 21.2 ± 5.0 106

Honey 3 Fenitrothion nd 1.8 ± 0.1 90 19.3 ± 1.4 96
Chlorpirifos nd 1.9 ± 0.2 95 20.4 ± 2.9 102
Parathion nd 1.9 ± 0.3 95 21.1 ± 3.8 105
Methidathion nd 2.0 ± 0.5 100 21.3 ± 5.0 106

Honey 4 Fenitrothion nd 1.8 ± 0.1 90 18.4 ± 1.3 92
Chlorpirifos nd 1.8 ± 0.3 90 19.6 ± 2.8 98
Parathion nd 1.8 ± 0.3 90 18.2 ± 3.2 91
Methidathion 1.2 ± 0.6 1.9 ± 0.4 95 20.4 ± 4.8 102

Honey 5 Fenitrothion nd 2.0 ± 0.1 100 21.2 ± 1.5 106
Chlorpirifos nd 2.0 ± 0.3 100 20.8 ± 3.0 104
Parathion nd 1.8 ± 0.3 90 19.4 ± 3.4 97
Methidathion 2.3 ± 0.5 1.8 ± 0.4 90 18.6 ± 4.4 93
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xtraction conditions as described in Section 2.4.
d: not detectable.
a Results expressed as x̄ ± t × SD/

√
n; n = 3; 95% confidence interval; ng g−1 dry w

b [(Found − Base)/Added] × 100.

arables (3.2–8.6, 6.3–7.0 and 3.1–9.9, respectively). CME employs
imple and inexpensive equipment so it is applicable for most of
he analytical laboratories. Moreover, the extraction equilibrium is
stablished within a few minutes in comparison to other method-
logies such as SPME (ca. 150 min versus ca. 18 min, respectively).
urthermore, LLE and SPE require large volumes of organic sol-
ents. CME-UABE use alternative solvents such as surfactants and
nly require 60 �L of hexane on the overall extraction procedure to
chieve a satisfactory performance. CME-UABE-GC–MS is a sensi-
ive, rapid, versatile and reproducible technique. Additionally, it is
low organic solvent consuming extraction technique, which turns

t into a low cost and environmentally friendly technique.

. Conclusions

CME is a sensitive and fast microextraction technique which was
atisfactorily applied for the determination of OPPs at concentra-
ion lower than MRLs of EU regulations. Under optimized working
onditions, detection limit in the order of low nanogram per gram
ith an acceptable precision were obtained. The back-extracted

nalytes were introduced to GC–MS successfully without declin-
ng the separation efficiency of the capillary column. The proposed

ethodology represents a large time-saving and requires lower
olumes of organic solvents in comparison to methodologies pre-
iously reported. Furthermore, the developed CME-UABE provides
ood linearity, precision and quantitative recoveries. The proposed
ME-UABE-GC–MS methodology has been applied for the extrac-
ion, preconcentration and determination of OPPs in real honey
amples with satisfactory robustness. The proposed CME-UABE-
C–MS analysis is well suited as a potential methodology in routine
nalysis to determine trace levels of OPPs in honey due to their
implicity, ruggedness and cost effectiveness.
cknowledgements
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