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a b s t r a c t

A rapid and sensitive method using two preconcentration techniques, dispersive liquid–liquid

microextraction (DLLME) followed by reversed electrode polarity stacking mode (REPSM) was

developed for the analysis of five organophosphorus pesticides (OPPs) by micellar electrokinetic

chromatography (MEKC). Parameters that affect the efficiency of the extraction in DLLME and

preconcentration by REPSM, such as the kind and volume of the extraction and disperser solvents,

salt addition, sample matrix and injection time were investigated and optimized. Under the optimum

conditions, the enrichment factors were obtained in the range from 477 to 635. The linearity of the

method for parathion, azinphos and fenitrithion was in the range of 20–1000 ng mL�1, and for

malathion and diazinon in the range of 50–1000 ng mL�1, with correlation coefficients (r2) ranging

from 0.9931 to 0.9992. The limits of detecton (LODs) at a signal-to-noice ratio of 3 ranged from 3 to

15 ng mL�1. The relative recoveries of five OPPs from water samples at spiking levels of 20 and

200 ng mL�1 for parathion, azinphos and fenitrithion, and 50 and 500 ng mL�1 for malathion and

diazinon, were 69.5–103%. The proposed method provided high enrichment factors, good precision

and accuracy with a short analysis time.

& 2012 Elsevier B.V. All rights reserved.
1. Introduction

The use of pesticides provides benefits for increasing agricul-
tural production. Organophosphorus pesticides (OPPs) are among
the most commonly employed pesticides worldwide, because
they are less persistent in the environment than other pesticides.
However, they can also reach the food chain and may therefore
represent a risk to human health. OPPs are very toxic when
absorbed by human organisms because of acetylcholinesterase
de-activation. In addition, OPPs are known to reduce the activity
of neurotransmitters and hence to cause irreversible effects on
the nervous system [1,2]. The incorrect uses of OPPs may result in
the presence of residues of these compounds in agricultural
products such as fruits, fruit juices and vegetables. Moreover,
they can also persist in the environment thus contaminating soils
as well as surface and ground water [3].

Most analytical methods for OPPs analysis are based on gas
chromatography (GC) with flame photometric detector (FPD)
[4–7], nitrogen phosphorus detector (NPD) [8,9] or mass
ll rights reserved.
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spectrometric detector (MS) [10–12] and high performance liquid
chromatography (HPLC) with UV detector [13], diode array
detector (DAD) [14,15] or MS detector [16,17]. Capillary electro-
phoresis (CE) combines the advantages of GC resolution and the
capability of LC for the separation of compounds. Thus, CE has
been accepted as a versatile analytical tool for the determination
of a wide variety of pesticides in different types of samples due to
its high efficiency, high resolution, short analysis time and low
consumption of sample and reagents [18,19]. In principle, the
simple mode of CE, capillary zone electrophoresis (CZE), can
analyze only ionic or charged analytes, since its separation
mechanism is based on the difference in electrophoretic mobi-
lities of analytes. Nowadays, micellar electrokinetic chromato-
graphy (MEKC) has been acknowledged as a very powerful
separation tool for improving separation efficiency not only
neutral analytes but also charged analytes by using a CE instru-
ment without any alteration. In MEKC, an ionic surfactant is used
as a psuedostationary phase (PS) that corresponds to the sta-
tionary phase in conventional chromatography. The separation
mechanism is based on their differential partitioning between
aqueous phase and the micelle phase [20,21].

The most widely used detector in CE is the UV photometric
detector, since many solutes have UV absorption and the UV



Fig. 1. Structures of the studied pesticides.
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detector is easily set up and is cost-efficient. The major limitation
of UV detection in MEKC is its low sensitivity in term of solute
concentration, which is caused by the small sample volume that
can be introduced into the capillary and a short optical pathlength
equal to the capillary diameter. However, it has already been
solved by on-line preconcentration or off-line preconcentration
strategies [21].

On-line preconcentration can be performed easily by injection
of a large volume of sample solution without any modification of
the instrument and the analyte can be focused into the minimum
volume inside the capillary. On-line preconcentration strategies
have been used in MEKC are sample stacking [18–22], sweeping
[23–26] or analyte focusing by micelle collapse (AFMC) [26–28].
In this work, sample stacking namely reversed electrode polarity
stacking mode (REPSM) was chosen because it is very simple for
the preconcentration of neutral analytes when compared with the
other techniques.

Briefly, in REPSM the capillary is conditioned with a micellar
background electrolyte and the analytes which are prepared in a
low conductivity matrix are then injected as long plugs into the
capillary. Then a negative voltage is then placed at the capillary
inlet in order to facilitate stacking of the analytes and remove the
sample matrix. Once the current reached 97–99% of the prede-
termined current at this configuration, the polarity is then
switched to positive which enable the separation and detection
of stacked zones [22].

For off-line preconcentration methods, several sample pre-
paration methods have been developed for the determination of
OPPs, including liquid–liquid extraction (LLE) [29], solid phase
extraction (SPE) [19,29,30], solid-phase microextraction (SPME)
[3,12,13] and liquid-phase microextraction (LPME) [7,31], Since
conventional extraction techniques, such as LLE and SPE, are
laborious and time-consuming and need large volumes of
samples and toxic organic solvents, much attention is being
paid to the development of more efficient environment-friendly
extraction techniques, such as SPME and LPME [32]. However
SPME is also expensive, its fiber is fragile and has limited life-
time and sample carry-over can be a problem [33]. Recently,
LPME has emerged as an attractive alternative for sample
preparation because of its simplicity, low cost, and small volume
of organic solvents consumed. LPME is based on the miniatur-
ization of the traditional LLE method by greatly reducing the
use of organic solvent. Single-drop microextraction (SDME)
belonging to a kind of LPME, is a solvent-minimized sample
pretreatment procedure and also has been used to analyze OPPs
in water samples [31]. However, the disadvantages of SDME
are as follows: fast stirring often breaks up the organic solvent
drop, air bubbles are easily formed, the extraction procedure is
time-consuming and in most cases equilibrium is not easily
attained even after a long time [34]. Efforts to overcome these
limitations led to the development of dispersive liquid–
liquid microextraction (DLLME) with the advantage of short
extraction time, simplicity of operation and small amount of
solvents used [33].

DLLME is based on ternary solvent component system invol-
ving an aqueous phase, a non-polar water immiscible solvent
(extraction solvent) and a polar water miscible solvent (disperser
solvent). In this technique, fine droplets of the extraction solvent
are dispersed into the aqueous phase when an appropriate
mixture of both solvents is rapidly injected into aqueous samples.
The mixture is then gently shaken and a cloudy solution (water/
disperser solvent/extraction solvent) is formed in the tube. After
centrifugation, the fine particles of extraction solvent containing
the target analytes are separated from the aqueous phase and
finally determine by various analytical techniques [35,36].
The performance of DLLME has been demonstrated in the
determination of OPPs by chromatographic methods [4,7,37].
However, until now there are very few literatures reporting about
the applications of the DLLME in combination with CE for the
analysis of pesticides in real samples.

In this work, we propose to develop a new method for the
determination of five organophosphorus pesticides (parathion,
malathion, diazinon, azinphos and fenitrothion) by MEKC-UV
using REPSM and DLLME as on-line and off-line preconcentration
techniques. The effects of some important experimental para-
meters that influence the DLLME and REPSM efficiency were
studied.
2. Experimental

2.1. Reagents, chemicals and materials

Pesticide standards (Fig. 1) were purchased from Dr.Ehrenstorfer
(Germany) including parathion-methyl, malathion, diazinon, azin-
phos-methyl and fenitrothion, all 98–99% purify. Stock solution of
each pesticide at 100 mg L�1 were prepared in methanol and stored
at 4 1C. Standard working solutions at various concentrations were
prepared daily by an appropriate dilution of the stock solutions with
deionized water with a resistivity of 18.2 MO cm from RiOS

TM Type I
Simplicity 185 (Millipore, USA).

All chemicals were of analytical reagent grade. Sodium dodecyl
sulfate (SDS) was purchased from BDH (England). Sodium tetra-
borate decahydrate (borax) was purchased from Fluka (Germany).
Dichloromethane (CH2Cl2), acetone, sodium hydroxide, sodium
chloride, sodium sulfate, potassium chloride, potassium iodide
and boric acid were purchased from Carlo Erba (Italy). Methanol
(HPLC grade), acetonitrile (HPLC grade) and hydrochloric acid
were purchased from Lab-scan Asia (Thailand). All the solvents
were filtered through 0.45 mm filter purchased from Whatman
International (Germany) prior to use.

2.2. Dispersive liquid–liquid microextraction procedure

For the DLLME, a 10.00 mL of water sample was placed in a
15 mL screw-cap centrifuge tube. Two milliliter of acetonitrile
(as disperser solvent) containing 300 mL of CH2Cl2 (as extraction
solvent) was rapidly injected into the sample solution. Then, the
mixture was shaken by hand for 1 min. A cloudy solution that
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consisted of very fine droplets of CH2Cl2 dispersed into aqueous
sample was formed, and the analytes were extracted into the fine
droplets. After centrifugation at 3500 rpm for 5 min, the CH2Cl2

phase was sedimented at the bottom of the centrifuge tube. The
sedimented phase was transferred into another tube and then
evaporated to dryness with nitrogen stream. The residue was
dissolved with 250 mL of 15 mM borate buffer and finally ana-
lysed by the REPSM–MEKC as described in Section 2.3.

2.3. Electrophoresis procedure

All CE experiments were performed on a Beckman P/ACE MDQ
capillary electrophoresis system (Beckman Coulter, Singapore),
equipped with a diode array detector (DAD). Uncoated fused-
silica capillaries with 75 mm i.d. were purchased from Beckman
Coulter (Singapore). The effective length was 30 cm and the total
length was 40 cm.

Before first use, fused-silica capillary was washed (20 psi) for
5 min with 0.1 M HCl, 3 min with water, 5 min with 0.1 M NaOH,
3 min with water and 5 min with running buffer (separation
electrolyte). The capillary conditioning was done every time prior
to use with 0.1 M NaOH for 5 min at 20 psi, followed with water
for 5 min, and finally with running buffer for 5 min. To achieve a
good reproducibility, the capillary was flushed between runs with
0.1 M NaOH for 5 min at 20 psi, then with water for 3 min, and
finally with the running buffer for 5 min.

For REPSM–MEKC procedure, the capillary was first filled with
the separation electrolyte. Then the large plug of sample was
hydrodynamically injected for 90 s at 0.5 psi. A high voltage
(�17 kV) was then applied and the electrical current was mon-
itored to control the removal sample matrix from the capillary.
When the current became 97–99% of the value obtained with
running buffer, the voltage was turned off and the polarity was
reversed to run the separation (þ17 kV). The separation was
carried out at 25 1C and at þ17 kV with diode array dection at
200 nm, using 15 mM borate buffer at pH 9.5 containing 40 mM
SDS and 10% methanol as running buffer.
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Fig. 2. Effect of different disperser solvents on the extraction recovery of the

organophosphorus pesticides. Extraction conditions: sample volume, 10.0 mL;

extraction solvent, 200 mL CH2Cl2; disperser solvent volume, 1.5 mL.
3. Results and discussion

3.1. Optimization of DLLME procedure

In order to obtain the optimum extraction conditions, enrich-
ment factor (EF) and extraction recovery (ER) were used to
evaluate the extraction efficiency under different experimental
parameters. The enrichment factor and the extraction recovery
were deduced according to Eqs. (1) and (2) as follows [33]:

EF¼
Csed

C0
ð1Þ

where EF, Csed and C0 are the enrichment factor, the analyte
concentration in the sediment, and the initial analyte concentra-
tion in the sample, respectively.

EF¼
CsedVsed

C0Vaq
� 100 ð2Þ

where ER (%), Vsed and Vaq are the extraction recovery, the volume
of the sediment phase, and the volume of the aqueous phase,
respectively.

There are different factors that affect the extraction process
including type of extraction and disperser solvents, volume of
extraction and disperser solvents, and extraction time. In DLLME,
extraction time has little effect on the extraction efficiency. The
reason for this is that the extraction solvent can be dispersed after
the formation of the cloudy solution, the transfer migration of the
analytes from aqueous phase to extraction phase can be very fast,
and equilibrium state can be subsequently achieved very quickly
[35]. Therefore, in this study, the extraction time was kept
constant at 5 min. In this experiment, 10.0 mL of water spiked
with 20 ng mL�1 each of OPPs was used to study the extraction
performance of DLLME under different experimental conditions.

3.1.1. Selection of extraction and disperser solvents

The selection of an appropriate extraction solvent is a major
parameter for DLLME process. The extraction solvent should meet
the following requirement: it should have a higher density than
water, a low solubility in water, high extraction capacity for
the target analytes and form a stable two-phase system in the
presence of a disperser solvent when injected to an aqueous
solution. Generally, the solvents with density higher than water
are mainly halogenated hydrocarbons [35]. In this study, dichlor-
omethane (CH2Cl2) was selected as the extraction solvent because
it was commonly used in conventional LLE technique. In another
study [38] showed that carbon tetrachloride (CCl4) or chloroform
(CHCl3) had more extraction efficiency than CH2Cl2. However,
carbon tetrachloride and chloroform were not investigated in our
study because only dichloromethane is allowed to be used in our
country.

On the other hand, the selection of a disperser solvent is
limited to solvents such as acetone, methanol and acetonitrile,
which are miscible with both water and the extraction solvents
and could form a cloudy state when injected with the organic
extractant into water [35]. With CH2Cl2 as the extraction solvent,
the use of acetone or acetonitrile as disperser solvent could
produce a two-phase system. The effect of these solvents on
extraction recovery is given in Fig. 2. As a result, acetonitrile gave
the best extraction recovery. Consequently, acetonitrile was
selected for subsequent studies.

3.1.2. Effect of extraction solvent volume

In order to study the effect of the extraction solvent volume on
the performance of the presented DLLME procedure, the volume
of CH2Cl2 was varied in the range 200–400 mL with a constant
volume of acetonitrile 1.5 mL (disperser solvent). With less than
200 mL of CH2Cl2, no two-phase system was observed. Fig. 3
illustrates the effect of volume of the extraction solvent (CH2Cl2)
on the extraction recovery. It was observed that the extraction
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Fig. 3. Effect of the volume of the extraction solvent (CH2Cl2) on the extraction
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recovery was increased with increased volume of CH2Cl2 from
200 to 300 mL; after that it decreased by increasing the volume of
CH2Cl2. Thereby, 300 mL of CH2Cl2 was chosen as the optimal
volume for extraction solvent.

3.1.3. Effect of disperser solvent volume

The influence of the volume of the disperser solvent (acetoni-
trile) was investigated by changing its volume to 0.5, 1.0, 1.5,
2.0 and 2.5 mL, respectively. The results (Fig. 4) indicated that the
extraction efficiency increased first and then decreased by
increasing the volume of acetonitrile for all OPPs. The reason
could be that at a low volume of acetonitrile, a cloudy state could
not be well formed, thus giving a low recovery. Whereas, at a
larger volume of acetonitrile, the solubility of the pesticides in
water was increased, leading to a decreased extraction efficiency
because of a decrease in distribution coefficient [32,38]. Based on
the experimental results in Fig. 5, 2.0 mL of acetonitrile was
chosen.

3.1.4. Effect of salt addition

The salting-out effect is an important parameter in microex-
traction such as SPME and LPME. Generally, the addition of salt
results in increasing ionic strength, decreases the solubility of
analytes in the aqueous solution and enhances their partitioning
into the organic phase, which is favorable for reaching high
recovery [34–35]. In order to examine salt influence of DLLME
of the OPPs, the extraction was performed in the presence of
different salts. Sodium chloride, commonly salt used to study the
effect of ionic strength, sodium sulfate, potassium chloride and
potassium iodide were studied. In Fig. 5, the results showed that
potassium iodide was the suitable salt because it gave highest
extraction efficiency and it showed the best baseline when
injected into REPSM–MEKC system (data not shown). Potassium
iodide was used in further experiments.

The amount of salt is also a major parameter affecting ionic
strength. To evaluate the effect of the quantity of salt, the
extraction efficiency was studied with the different concentra-
tions (0–3%, w/v) of potassium iodide. Fig. 6 depicts the depen-
dence of extraction recovery upon the content of KI, respectively.
It can be seen that the extraction efficiency increased with the
increasing of KI concentration up to 1.5% and remained almost
constant at higher concentration. It could be explained that
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extraction efficiency increased due to salting out, whereby water
molecules form hydration spheres around the ionic salt molecules
that reduce the concentration of water available to dissolve the
analyte molecules, thereby driving the additional analytes into
the organic droplets [39]. Based on this result, 1.5% of potassium
iodide was added to the aqueous samples for further studies.

3.2. Optimization of MEKC separation

In order to separate five pesticides (parathion-methyl,
malathion, diazinon, azinphos-methyl and fenitrothion), analyti-
cal parameters including buffer concentration, SDS concentration,
pH of buffer and methanol content were optimized by direct
hydrodynamic injection (5 s at 0.5 psi) of a mixture of the five
pesticides dissolved in water (10 mg L�1 each).

3.2.1. Effect of the buffer and SDS concentration

Buffer concentration has significant effect on the separation
performance because it can influence the Joule heating, the
electroosmotic flow (EOF) and the current produced in the
capillary. Borate buffer, the most commonly used buffer system
in CE at high pH, was chosen as the running buffer in this work. In
order to obtain the best separation of five OPPs, the influence of
borate concentration on the separation was tested by changing
the concentrations from 5 to 20 mM. The results demonstrated
that with increased concentration of borate, the migration time
was increased, and the complete separation was obtained at
concentration higher than 10 mM. On the other hand, high borate
concentration resulted to increase Joule heating which could
cause an increased baseline noise [38]. As a result, 15 mM borate
was selected for subsequent investigations.

The effect of SDS concentration was studied by varying from
30 to 60 mM. The result indicated that migration time increased
with increased SDS concentration because of the probability of
partitioning into the micelle increased at higher SDS concentra-
tion [20]. Giving as overall consideration of both resolution and
analysis time, 40 mM SDS was selected for further studies.

3.2.2. Effect of the buffer pH

The acidity of the running buffer affects the EOF in untreated
fused silica capillary, and therefore, will influence the migration
time and separation efficiency of analytes [38]. In this study, the
running buffers of 15 mM borate containing 40 mM SDS and 10%
methanol at different pH values (8.5–10) were examined. It was
found that the migration time of analytes was increased when pH
was increased, and the complete separation could be achieved at
pH higher than 9.5. Therefore, pH 9.5 was chosen for further
studies.

3.2.3. Effect of organic modifier

The addition of organic solvents, such as methanol, to the
running buffer could improve resolution because they could cause
a difference in affinity between micelles and analytes which
decreasing of the aqueous phase polarity. This fact facilitated
the dissolution of neutral compounds in aqueous phase and their
separation could be increased [40]. In this work, the effect of
methanol content was investigated by changing from 0 to 20%
(v/v). When the methanol content was increased, the resolutions
between the analytes were improved but with increased migra-
tion time. Consequently, 10% of methanol was selected for
the experiment due to the best result of both resolution and
analysis time.

Based on the above optimizations, the optimum separation
electrolyte was the mixture of 15 mM borate buffer at pH
9.5 containing 40 mM SDS and 10% methanol.
3.3. Optimization of REPSM procedure

The poor sensitivity normally obtained by CE-UV can be
improved by on-line preconcentration strategies called stacking
techniques. The use of these techniques allows the introduction of
larger sample volumes into the capillary. The criterion of these
techniques is the sample should be dissolved in an appropriate
matrix (normally with lower conductivity than that of the
separation electrolyte). With the purpose of increasing the sensi-
tivity of the determination of these pesticides, the REPSM tech-
nique was used in this study. In this case, both the injection time
and the sample matrix were optimized. In order to obtain a
sample matrix with low conductivity and to provide a sensitivity
increase as large as possible, different solvents i.e., water and
various concentrations of borate buffer (separation buffer without
SDS and methanol) were investigated. The highest sensitivity was
achieved by dissolving the analytes in 15 mM borate solution at
pH 9.5. By using this solution, the sample could be injected in the
capillary up to 90 s at 0.5 psi. In this case, the reversal time (the
time need to eliminate the matrix of the sample by applying
voltage at negative polarity) was 1.0 min. The larger injection
times resulted in peak distortion and overlap and also need larger
reversal times. Fig. 7A and B show the electropherograms of the
separation of five pesticides under the optimum separation
(MEKC) and REPSM–MEKC conditions, respectively. It can be seen
that the complete separation of five OPPs was achieved within
14 min with good resolutions and providing an approximately 20-
fold preconcentration after using REPSM.
3.4. Analytical characteristics and method validations

The analytical performance features and the validation for the
proposed method including linearity, limits of detection (LODs,
S/N¼3), repeatability (intra-day precision), and reproducibility
(inter-day precision) were determined. The results are summar-
ized in Table 1. The linearity was observed in the range 20–
1500 ng mL�1 with the correlation coefficient (r2) ranging from
0.9931 to 0.9992. The LODs ranged between 3 and 15 ng mL�1.
Precisions of the proposed DLLME–REPSM–MEKC method was
evaluated in terms of intra-day and inter-day, by extracting the



Table 1
Analytical performance for OPPs obtained from DLLME–REPSM–MEKC.

Pesticide Linearity (ng mL�1) r2 LOD (ng mL�1) Intra-day (n¼5), %RSD Inter-day (n¼5�3 day), %RSD

Time Peak area Time Peak area

Parathion 20–1000 0.9931 5 0.8 3.6 1.3 6.9

Azinphos 20–1000 0.9942 5 0.8 2.8 1.3 3.4

Malathion 50–1000 0.9977 15 0.7 2.3 1.1 5.1

Fenitrothion 20–1000 0.9992 3 0.9 2.1 1.4 4.1

Diazinon 50–1000 0.9982 10 0.8 2.9 1.4 6.2

Table 2
Enrichment factors obtained from off-line and on-line preconcentration method.

Pesticide Enrichment factors

DLLME REPSM–MEKC DLLME–REPSM–MEKC

Parathion 33.1 14.4 477

Azinphos 31.0 15.7 488

Malathion 34.7 18.3 635

Fenitrothion 26.0 18.7 485

Diazinon 29.8 19.3 576

Table 3
Recoveries obtained from the determination of OPPs in spiked water samples.

Pesticide Spiked

(mg mL�1)

Tap water Surface water

Found

(mg mL�1)

Relative

recovery (%)

Found

(mg mL�1)

Relative

recovery (%)

Parathion 0 ND – ND –

0.02 0.017 86.7 0.017 82.8

0.20 0.192 96.1 0.151 75.7

Azinphos 0 ND – ND –

0.02 0.016 77.8 0.017 84.8

0.20 0.180 90.2 0.174 87.1

Malathion 0 ND – ND –

0.05 0.048 96.4 0.051 103

0.50 0.434 86.7 0.486 97.3

Fenitrothion 0 ND – ND –

0.02 0.015 74.8 0.014 69.5

0.20 0.186 92.8 0.177 88.5

Diazinon 0 ND – ND –

0.05 0.042 83.0 0.037 74.6

0.50 0.426 85.2 0.419 83.8

ND: not detected.
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Fig. 8. Electropherograms for unspiked (A) and spiked (B) water samples by

DLLME–REPSM–MEKC. Separation conditions and peak identifications are the

same as in Fig. 7. Extraction conditions: sample volume, 10.0 mL; extraction

solvent, 300 mL CH2Cl2; disperser solvent, 2.0 mL acetonitrile; salt addition,

1.5% KI.
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OPPs standard at the concentration of each pesticide at 50 ng mL�1

in the same day and on the three consecutive days. The results
(Table 1) show an acceptable precision in all cases with intra-day
RSD values below 3.6% and inter-day values within 6.9%.

Moreover, the comparison of the enrichment factors for DLLME,
REPSM–MEKC and the combination technique of DLLME with
REPSM–MEKC were investigated. As a result, in Table 2 and Fig. 7C,
compared with the sensitivity obtained from MEKC (Fig. 7A), the
DLLME–REPSM–MEKC method provided more than 477-fold sensi-
tivity enhancement with acceptable resolution and good reproduci-
bility. The above results demonstrated that the proposed DLLME–
REPSM–MEKC method markedly improved the detection sensitivity
compared with conventional MEKC and also REPSM–MEKC.

3.5. Evaluation of method performance

To evaluate the accuracy and applibility of the proposed
method, the extraction and determination of the five OPPs in
water samples were performed. To check the interferences due to
the matrix, these water samples were spiked with the standard
solution of target analytes at various concentrations with three
replicate experiments. The results are given in Table 3. It was
found that the relative recoveries for the OPPs in water samples
were in the range 69.5–103%. Fig. 8 shows the electropherograms
of the extract OPPs from tap water sample before and after
spiking with five OPPs standard. It could be seen that no any
matrices interfered the separation.
4. Conclusion

In this work, a new method has been developed for the
analysis of five organophosphorus pesticides by combining
DLLME, an off-line prconcentration with an on-line preconcentra-
tion procedure of REPSM–MEKC method. The results demon-
strated that the proposed method has high enrichment factors,
good precision and accuracy with a short analysis time. Moreover,
DLLME method can offer advantages of speed, simplicity and low
consumption of organic solvent when compared with the other
extraction methods.
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