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Abstract Selectivity of solid-phase extraction (SPE) was
combined with the concentration power of dispersive liquid–
liquid microextraction (DLLME) to obtain a sensitive, low
solvent consumption method for high-performance liquid
chromatography determination of diazinon and chlorpyrifos
in rice. In this method, rice samples were extracted by
ultrasound-assisted extraction followed by SPE. Then, the
SPE eluent was used as a disperser solvent in the next disper-
sive liquid-liquid microextraction step for further purification
and enrichment of diazinon and chlorpyrifos. Under the opti-
mal conditions, the linear range was from 5.0 to 250 μg kg−1

for diazinon and from 2.5 to 250 μg kg−1 for chlorpyrifos.
Limits of detection of diazinon and chlorpyrifos were 1.5
and 0.7 μg kg−1, respectively. Limits of quantitation of diaz-
inon and chlorpyrifos were 5.5 and 3.0 μg kg−1, respectively.
The precisions and recoveries also were investigated by spik-
ing 10 μg kg−1 concentration in rice. The recoveries obtained
were over 90 % with relative standard deviation (RSD%) be-
low 9.0 %. The new approach was utilized to successfully
detect trace amounts of diazinon and chlorpyrifos in different
Iranian rice samples.
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Introduction

Rice is the third most popular cereal product consumed
worldwide. However, in the last few decades, there is a
major concern regarding the possible contamination of
foods/feeds with pesticide residues (European community
Regulation 396/2005). Pesticides in rice are used to con-
trol weeds and pests during cropping stages and for pest
management post harvest. Programs of weed control in
rice are principally established on the basis of the degree
of weed in festation and the conditions of crop seeding
(Ferrero et al. 2008). During the wide use of diazinon and
chlorpyrifos as organophosphorus pesticides (OPPs) in the
Iranian rice, they transfer to the rice to form the OPPs
residues. As these OPPs residues have been proved to
be acutely toxic to humans and organism (Zhao et al.
2007), it is important to carry out the monitoring of these
OPPs residues for the possible risks to human health.
However, the OPPs residues always remain at trace level,
which are too low to be detected for the common gas
chromatography (GC) or high-performance liquid chroma-
tography (HPLC) techniques. In order to ensure the high
quality of rice, analytical methodologies for the detection
and quantitation of pesticide residues should be sensitive
enough to determine residue at very low concentrations.
The complex matrix of agricultural products affects analy-
sis precision. Therefore, it is necessary to apply appropri-
ate sample pretreatment techniques for clean-up and ex-
traction of pesticide residues from rice. Solid-phase extrac-
tion (SPE) (Zhang et al. 2006), matrix solid-phase disper-
sion (MSPD) (Dorea and Sobrinho 2004; Tsochatzis et al.
2010), supercritical fluid extraction (SFE) (Aguilera et al.
2005; Kaihara et al. 2002), and solvent extraction (Lee
et al. 2009; Pengyan et al. 2006b; Valverde et al. 2009)
have been used to achieve this purpose. Although many of
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these techniques are suitable and effective, but some need
lots of time, some are expensive and some require large
amounts of organic solvents. Also, some articles review
different sample pretreatment methods for pesticide residue
analysis in rice and cereals and derivatives (Gonzalez-
Curbelo et al. 2012; Pareja et al. 2011).

Recently, a new liquid-liquid microextraction method
termed dispersive liquid-liquid microextraction (DLLME)
was reported by Rezaee et al. (Rezaee et al. 2006). DLLME
has been applied for the analysis of a variety of trace organic
pollutants and metal ions in environmental samples (Bidari
et al. 2007; Farajzadeh et al. 2007; Rezaee et al. 2009, 2010;
Shokoufi et al. 2007; Yamini et al. 2010). The objective of the
sample preparation is often not only to isolate the target
analytes from the samples and concentrate the analytes, but also
simultaneously to reduce or even eliminate the interferences
originally present in the sample and to facilitate their determi-
nations at low levels. The main disadvantage of the DLLME is
that it is not a selective extraction method. On the other hand,
the interferences from matrix co-extractives are often present,
especially for the determination of trace analytes in a complex
matrix sample. This is the main reason that the most reported
applications of DLLME have been focused on simple water
samples. Therefore, the exploration of the potential applications
of the DLLME technique in more complex matrix samples is
desirable. SPE is widely used as a sample clean-up and con-
centration technique in sample preparations. Assadi and co-
workers have reported the combination of SPE with DLLME
for the selective determination of chlorophenols in aqueous
samples with various matrices (Fattahi et al. 2007). In 2011,
combination of SPE with DLLME was used for determination
of organophosphorus pesticides in different water samples
(Henriques Alves et al. 2011).

The application of SPE-DLLME to solid samples had re-
ceived minor attention. However, for solid samples such as
rice SPE-DLLME cannot be used. The main disadvantage of
the SPE-DLLME in rice sample is that it is not a suitable
extraction technique and also fails because phases do not sep-
arate even after centrifugation (because of dirty extracts).
Therefore, in the analysis of this sample a first step is neces-
sary before SPE-DLLME. (Fontana et al. 2010; Liu et al.
2009). Ultrasound-assisted extraction (UAE) is considered a
good alternative for organic compound extraction from differ-
ent matrices which provides a more efficient contact between
the solid and solvent. One of the advantages of such a combi-
nation is that it can be used for complex matrix samples at low
levels concentrations. Therefore, the combination of UAS and
SPE and DLLME as a novel sample pretreatment method
leads to high enrichment factor and can be used successfully
in solid matrices for trace analysis. The objective of our study
was the development of a sensitive and cost-effective method
for the simultaneous determination of diazinon and chlorpyr-
ifos in rice. The developed method was subsequently applied

for the assessment of pesticide levels in rice samples from
local markets in Mazandaran, Iran.

Experimental

Chemicals and Reagents

Organophosphorus pesticides, diazinon and chlorpyrifos,
were purchased from Polyscience (Niles, USA). 0.0100 g of
each analyte (OPPs) was dissolved in 10.0 mL methanol to
prepare a standard solution of 1000 mg L−1. A fresh standard
solution of OPPs (10.0 and 1.0 mg L−1) was prepared in meth-
anol on the first day of every week and stored at 4 °C. Carbon
tetrachloride, chloroform, chlorobenzene, carbon tetrachloro-
ethylene, acetone, acetonitrile, methanol, ethanol, and sodium
chloride were obtained from Merck (Darmstadt, Germany).
The water used was purified on a Nanopure ultra pure water
purification system (Nanopure, USA). Since the province of
Mazandaran is the major rice producer in Iran, it was consid-
ered as the source of real samples, and a number of three packs
of Mazandaran rice were purchased from a local market in
Iran.

HPLC System

An Agilent 1200 series HPLC system including a quaternary
pump and a UV detector were used for separation and deter-
mination of the analytes. The separation was performed on
Zorbax Eclipse XDB-C18 (250 mm × 4.6 mm ID, 5 μm) col-
umn. Water and acetonitrile (35:65) were used as mobile
phase in isocratic elution mode. The chromatographic data
were collected and recorded using ChemStation software.
The direct sample introduction was carried out using a
Rheodyne manual injector (Rohnert Park, CA, USA) with a
20 μL loop. Column temperature was kept constant at 25 °C
using a thermostatted column compartment. The flow rate was
1.5 mL min−1 and detection was performed at 235 nm. The
total running time of the chromatographic system was 13 min
(Katsumata et al. 2008; Soodi et al. 2012).

UAE-SPE-DLLME Procedure

One gram of the milled rice were weighted in a 25 mL
centrifuge tube and 5.0 mL of acetonitrile was added.
Ultrasound assisted extraction was carried out for 20 min
using a 40 kHz and 0.138 kW ultrasonic water bath with
temperature control (Tecno-Gaz SpA, Italy). Samples were
centrifuged for 4 min at 5000 rpm. The extracts were filtered
on a filter paper (Whatman No 44) and then the supernatant
solution was collected and brought up to 10 mL with deion-
ized water. The final extractant (10 mL) was passed through
a C18 sorbent (3 mL syringe barrel, waters, USA),
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previously activated with 2 mL acetone followed by 2 mL
water. After sample loading at flow rate of about 6.7 mL
min−1 with the aid of a vacuum pump (Rotavac, Heidolph,
Germany), the sorbent was dried. Pesticides were eluted
with 1.5 mL acetonitrile and the eluent was collected into
the test tube. The elution solvent was used as disperser sol-
vent in the subsequent DLLME procedures. Five-milliliter
aqueous solution was placed in a 10 mL screw cap glass
test tube with conical bottomed. 1.5 mL acetonitrile (dispers-
er solvent) containing 55.0 μL chlorobenzene (extraction
solvent) was injected into the aqueous solution, using a
5.0 mL syringe (gas tight, Hamilton, Reno, NV, USA). A
cloudy solution, resulting from the dispersion of the fine
chlorobenzene droplets in the aqueous solution was formed
in the test tube. In this step, pesticides extracted into fine
chlorobenzene droplets in a few seconds. The mixture was
then centrifuged for 3 min at 5000 rpm. After this procedure,
the dispersed fine chlorobenzene droplets were sedimented
at the bottom of the conical test tube (about 25 μL). The
sedimented phase was completely transferred to another test
tube with conical bottom using 50 μL HPLC syringe. After
evaporation of the solvent in a water bath, the residue was
dissolved in 30 μL HPLC grade methanol and it was
injected into the separation system.

Results and Discussion

SPE-DLLME combined with HPLC-UV was developed for
determination of diazinon and chlorpyrifos in rice samples. In
order to obtain a high recovery and enrichment factor, effects
of different parameters were optimized. Optimization of the
variables was performed using one variable at a time method.
Compared with the conventional SPE procedure, the SPE-

DLLME-HPLC method provided higher purification ability
and selectivity and higher enrichment factor.

Ultrasound-Assisted Extraction

In order to enhance recovery and shorten extraction time, we
used an ultrasonic-assisted extraction. The optimization of the
ultrasound-assisted extraction of pesticides from milled rice
was developed with free of pesticide-samples. For this pur-
pose, extraction of spiked samples (100.0μg kg−1 fortification
level) was carried out with different extraction solvents such
as acetonitrile, methanol, and acetone. Different amounts of
samples (between 1.0 and 5.0 g) were sonicated with the sol-
vents between 5 and 30 min. Results showed that the best
recoveries were achieved using acetonitrile as an extracting
solvent. Among the different mixtures tested, the extraction
of 1.0 g of the milled rice for 20 min with 5 mL of acetonitrile
was enough to provide a good extraction of pesticides.
Different amounts of water were used for dilution the extracts.
Extractants were collected and brought to 10, 15, 20, and
30 mL with deionized water and the best recoveries were
obtained using 10 mL solution. This final test portion of
10 mL was passed through the C18 cartridges using the SPE
procedure.
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Fig. 1 Effect of type of extraction solvent on the extraction efficiency.
Extraction conditions: disperser solvent (methanol) volume, 1.5 mL; ex-
traction solvent volumes, 200.0 μL CHCl3, 55.0 C6H5Cl, 57.0 CCl4, 52.0
C2Cl4; flow rate, 6.7 mL min−1 (three replicates)
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Fig. 2 Effect of the extraction solvent (C6H5Cl) volume on the extraction
efficiency. Extraction conditions: disperser solvent (acetonitrile) volume,
1.5 mL; extraction solvent (C6H5Cl) volumes, 35.0, 55.0, 75.0, 95.0, and
115.0 μL; flow rate, 6.7 mL min−1 (three replicates)
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Fig. 3 Effect of type of disperser or eluent solvent on the extraction
efficiency. Extraction conditions: disperser solvent (acetone,
acetonitrile, ethanol, and methanol) volume, 1.5 mL; extraction solvent
(C6H5Cl) volume, 55.0 μL; flow rate, 6.7 mL min−1 (three replicates)
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Effect of Type and Volume of the Extraction Solvent

In order to achieve the proper formation of the cloudy solu-
tion, the suitable disperser and extraction solvents must be
selected. The main characteristic that an extraction solvent
suitable for DLLME must have is low water solubility and
high extraction capability of the analytes. In addition, they
need to have higher density than water to facilitate the collec-
tion of the extract at the conical bottom of a test tube. Bearing
this in mind, carbon tetrachloride (CCl4), carbon tetrachloro-
ethylene (C2Cl4), chlorobenzene (C6H5Cl), and chloroform
(CHCl3) were examined as extraction solvents. A series of
sample solutions were tested using 1.5 mL methanol, contain-
ing different volumes of the extraction solvents to achieve
about 25 μL volume of the sedimented phase. Thereby,
200.0, 55.0, 52.0, and 57.0 μL of CHCl3, C6H5Cl, C2Cl4,
and CCl4 were used, respectively. The results (Fig. 1) indicate
that the C6H5Cl has the highest extraction efficiency in com-
parison with the other tested solvents. It is probably because of
higher solubility of pesticides in C6H5Cl in comparison with

the other tested solvents. Therefore, C6H5Cl was selected as
the main extraction solvent.

To examine the effect of extraction solvent volume, differ-
ent amounts of C6H5Cl (35.0, 55.0, 75.0, 95.0, and 115.0 μL)
were evaluated. By increasing the volume of C6H5Cl from
35.0 to 55.0 μL, the extraction efficiency of pesticides in-
creases, while there were decrease for both analytes after-
wards (Fig. 2). The dilution effect is responsible for these
drops. Therefore, 55.0 μL of C6H5Cl was selected as the op-
timum volume of the extraction solvent.

Effect of Type and Volume of Disperser Solvent

The elution solvent in the SPE step is used as the disperser
solvent in DLLME. The disperser solvent should be miscible
with both extraction solvent and aqueous phase. For this pur-
pose, different solvents such as acetonitrile, acetone, ethanol,
and methanol were examined. A series of sample solutions
were tested using 1.5 mL of each disperser solvent, containing
55.0 μL volume of C6H5Cl (as extraction solvent). The results
(Fig. 3) indicated that acetonitrile has the highest extraction
efficiency in comparison with the other tested solvents. Thus,
acetonitrile was chosen as the disperser or eluent solvent for
subsequent experiments.

The variation of acetonitrile volume (as disperser solvent)
causes changes in the volume of the settled phase. To avoid
this problem and also achieving a constant volume of the
settled phase, the volume of acetonitrile and C6H5Cl were
changed simultaneously. The experimental conditions were
fixed and included the use of different acetonitrile volumes
(0.5, 1.0, 1.5, and 2.0 mL), each of which contained 37.0,
48.0, 55.0, and 66.0 μL of C6H5Cl, respectively. At this step,
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Fig. 5 Effect of flow rate on the extraction efficiency. Extraction
conditions: disperser solvent (acetonitrile) volume, 1.5 mL; extraction
solvent (C6H5Cl) volume 55.0 μL (three replicates)

Table 1 Quantitative results of UAE-SPE-DLLME and HPLC-UV
method for diazinon and chlorpyrifos

Analytes LODa

(μg kg−1 )
LOQb

(μg kg−1)
Linear range
(μg kg−1)

r2c

Diazinon 1.5 5.5 5.0–250 0.9984

Chlorpyrifos 0.7 3.0 2.5–250 0.9993

a LOD, limit of detection for S/N = 3
b LOQ, limit of quantitation for S/N = 10
c Coefficient of determination

Table 2 Intra-day precision (%) at three concentration levels of
diazinon and chlorpyrifos

Intra-day precision (%), n = 5

Concentration of diazinon
(μg kg−1)

Concentration of chlorpyrifos
(μg kg−1)

10 25 50 10 25 50

7.1 6.2 4.3 5.4 3.7 2.5
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Fig. 4 Effect of the disperser solvent (acetonitrile) volume on the extrac-
tion efficiency. Extraction conditions: disperser solvent (acetonitrile) vol-
umes, 0.5, 1.0, 1.5, and 2.0 mL; extraction solvent (C6H5Cl) volumes,
37.0, 48.0, 55.0, and 66.0 μL; flow rate, 6.7 mL min−1 (three replicates)
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the volume of settled phase was relatively constant (25 μL). It
was obvious from Fig. 4, that 1.5 mL of acetonitrile has the
highest extraction efficiency than that of the others. Therefore,
1.5 mL was selected as the optimum volume of acetonitrile.

Effect of the Flow Rate of the Sample Solution

Flow rate of sample loading is a very important parameter in
this kind of study. This is because the flow rate not only affects
the retention of analytes on the sorbent but also controls the
time of analysis. The flow rate influence of the sample solu-
tions from the solid-phase cartridge on the pesticides recovery
was investigated in the range of 0.65–8.6 mL min−1. It was
found that in the range of 0.65–6.7 mL min−1, the pesticides
recovery by the cartridge was not affected considerably by the
sample solution flow rate (Fig. 5). According to the results,
6.7 mL min−1 was used as the best sample flow rate.

Effect of Salt Addition

The influence of ionic strength was evaluated at 0–8 % (w/v)
NaCl levels while other parameters were kept constant. The
experimental results show that salt addition had no significant
effect on the extraction efficiency of the analytes. This is
probably due to the opposite effects of the addition of salt.
One is to increase the volume of the sedimented phase and

dilution effect, this reduces the extraction efficiency; another
is the salting out effect, that increases the extraction efficiency.
It is to be noted that by increasing the salt concentration, the
volume of the sedimented phase increased, due to the decrease
in the solubility of the extraction solvent. Therefore, all the
following experiments were carried out without addition of
salt.

Analytical Performance

The figures of merit of the proposed method are shown in
Table 1. The optimum experimental conditions were used to
assess the applicability of the proposed method for quantita-
tive determination of the target analytes by HPLC-UV. A se-
ries of experiments were designed for obtaining linear ranges,
precision, detection limits, and other characteristics of the
method. The calibration curves showed a satisfactory linearity
within the concentration range: 5.0–250.0 μg kg−1 for diazi-
non and 2.5.0–250.0 μg kg−1 for chlorpyrifos and the coeffi-
cient of determination (r2) 0.9984 for diazinon and 0.9993 for
chlorpyrifos. The intra-day precisions, obtained by
performing five replicates at the three concentration levels
(10, 25, and 50 μg kg−1) of the analytes were shown in
Table 2. Based on signal-to-noise ratio (S/N) of 3, the limit
of detections (LODs) was 1.5 μg kg−1 for diazinon and 0.7 μg
kg−1 for chlorpyrifos. Based on signal-to-noise ratio (S/N) of

Table 3 Comparison of the proposed method with other extraction methods for determination of the target analytes in rice samples

Methods R.S.D. % Dynamic linear
range (μg kg −1)

Limit of
detection
(μg kg−1)

Extraction
time
(min)

Ref.

SPE-GC-MS <10.4 25–250 2.7–6.5 2 Pengyan et al. 2006a

Supercritical fluid extraction-GC-atomic
emission detector

4.3–6.5 – 10 60 Skopec et al. 1993

Solvent extraction-GC-ECD 5.75–6.66 - 50 5 Uddin et al. 2011

Accelerated solvent extraction-GC-ECD <7 100–500 24 20 Cho et al. 2007

QuEChERS-GC-MS/MS 3–7 3.0–150 – 6 Grande-Martínez et al. 2016

QuEChERS-GC-MS/MS (wheat and oat) – – – 62.5 Herrmann and Poulsen 2015

UAE-SPE-DLLME-HPLC-UV 5.4–7.1 2.5–250 0.7–1.5 21 (total extraction time) This work

Table 4 Determination of
diazinon (Dia) and chlorpyrifos
(Chlor) in rice samples

Sample Concentration of
Dia and Chlor
(μg kg−1)

± SD , n = 3

Added of Dia and
Chlor (μg kg−1)

Found Dia and Chlor

(μg kg−1) ± SD, n = 3

Relative
recovery (%)

Dia Chlor Dia Chlor Dia Chlor Dia Chlor

Tarome Hashemi rice n.d. n.d. 10.0 10.0 9.3 ± 0.7 9.5 ± 0.4 93 95

Neda rice n.d. 2.5 ± 0.2 10.0 10.0 9.2 ± 0.7 11.5 ± 0.8 92 90

Khazar rice n.d. n.d. 10.0 10.0 9.1 ± 0.8 9.2 ± 0.5 91 92

n.d .not detected
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10, the limit of quantitations (LOQs) was 5.5 μg kg−1 for
diazinon and 3.0 μg kg−1 for chlorpyrifos. It is remarkable
that the studied pesticides can be determined at very low con-
centrations (5μg kg−1) by the proposedmethod, clearly below
the minimum MRL stated by the EU legislation (10 μg kg−1).

Table 3 compare the proposedmethodwith other extraction
methods for the determination of the target analytes in rice
samples. The quantitative results of the proposed method are
better than of solid-phase extraction (SPE) (Pengyan et al.
2006a), supercritical fluid extraction (SFE) (Skopec et al.
1993), solvent extraction (Uddin et al. 2011), and accelerated
solvent extraction (Cho et al. 2007) methods. The quantitative
results of the proposed method are better with quick, easy,
cheap, effective, rugged, and safe method (QuEChERS)
(Grande-Martinez et al. 2016) without using very sensitive
detector MS/MS. The comparison of extraction time of the
proposed method with supercritical fluid extraction (Skopec
et al. 1993) and QuEChERS (Herrmann and Poulsen 2015)
for the extraction of the target analytes indicates that this novel
method needs less time compared with them. In comparison
with QuEChERS method (Grande-Martinez et al. 2016) for
the determination of the target analytes in rice, the evaporation
of the final extraction phase (25 μL) in the proposedmethod is
easier compare with QuEChERS method which the final ex-
traction phase is 3 mL. This procedure may cause the loss of
the analytes and is time-consuming. Finally, the proposed
method has great potential to determine the selected analytes
at trace levels in rice samples.

To evaluate applicability of the proposed method in rice
samples, three different rice samples (Tarome Hashemi,
Neda, and Khazar rice) were extracted (three replicate) using
the UAE-SPE-DLLME. In Tarome Hashemi and Khazar rice
samples, diazinon and chlorpyrifos were not detected.
However, in Neda rice 2.5 μg kg−1 of chlorpyrifos was detect-
ed and diazinon was not detected. In order to assess matrix
effect, the rice samples were spiked with the standards of the
pesticides at the concentration of 10.0 μg kg−1, and three
replicate experiments with the whole analysis process were

performed and the results are given in Table 4. As can be seen,
the relative recoveries ranged from 90 to 95 %, which indicat-
ed that the method was reliable and could be used for the
determination of trace pesticides in rice samples. Figure 6
shows the typical chromatograms of the extracted pesticides
from Neda rice sample before and after spiking with 10.0 μg
kg−1 of pesticides. As illustrated, the chromatograms confirm
the presence of chlorpyrifos in Neda rice samples.

Conclusion

UAE-SPE-DLLME provides an efficient and selective meth-
odology for the determination of diazinon and chlorpyrifos in
rice samples. The method was successfully applied to deter-
mination these pesticides in rice samples; satisfied recoveries
and reproducibility of the method were obtained. To our
knowledge, the proposed method is the first application of a
UAE-SPE-DLLME procedure to the simultaneous determina-
tion of diazinon and chlorpyrifos in rice samples. The satis-
factory results obtained prove that this method could be a
suitable alternative to previously reported methods.
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