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Abstract Ultrasound-assisted emulsification microextrac-
tion was applied to extract the herbicides simazine, atrazine,
prometon, ametryn and prometryn from soil samples. They
then were determined by HPLC with diode-array detection.
Parameters that affect the extraction efficiency, such as the
kind and volume of the extraction solvent, emulsification
time and addition of salt, were optimized. Under the
optimum conditions, the following analytical figures of
merits are found: enrichment factors between 145 and 222,
limits of detection between 0.1 to 0.5 ng g−1, analytical
linearity in the range from 1.0 to 200 ng g−1, correlation
coefficients (r) between 0.9989 and 0.9998, relative
standard deviations from 2.8% to 3.6% (at n=5, intraday)
and 3.7% to 4.3% (interday), and recoveries (at spiking
levels of 5.0 and 50.0 ng g−1) from 82.6% to 92.0%. The
technique is simple, practical, rapid, and environmentally
friendly.

Keywords Ultrasound-assisted emulsification
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Introduction

Triazine herbicides have been extensively used for weed
control in agriculture in the last three decades. Triazines
and their degradation products are very toxic, highly

resistant, and can survive many years in the soil, water
and organisms. Therefore, they are considered one of the
most important classes of chemical pollutants. Moreover,
atrazine has been classified as human carcinogen [1]. So,
sensitive and selective analytical methods are desirable for
the determination of triazine herbicide residues in different
sample matrices.

Different analytical methods, such as gas chromatography-
mass spectrometry (GC–MS) [2–4], high-performance liquid
chromatography (HPLC) [5–7] and capillary electrophoresis
[8], have been developed for the separation and quantifica-
tion of triazine herbicides. To achieve the necessary levels of
sensitivity, an enrichment step is usually needed before the
chromatographic analysis. For the determination of triazine
herbicides, different sample preparation methods have been
developed, including liquid–liquid extraction (LLE) [9],
solid-phase extraction (SPE) [10], solid-phase microextrac-
tion (SPME) [4, 6], supercritical fluid extraction (SFE) [11],
microwave-assisted solvent extraction (MASE) [7], and
molecularly imprinted SPE [12, 13].

Recently, much attention is being paid to the develop-
ment of miniaturized, more efficient and environmentally
friendly extraction techniques that could greatly reduce the
organic solvent consumptions [14]. For this purpose,
several different types of LPME techniques, such as
single-drop microextraction (SDME) [2, 15] and dispersive
liquid–liquid microextraction (DLLME) [3, 5], have been
applied for the extraction of triazine herbicides in different
samples. LPMEs have advantages of simplicity, effective-
ness, low cost, and minimum use of solvents. They can also
overcome some disadvantages often encountered in SPME,
such as sample carry-over, the requirement to condition the
SPME fiber, and additional instrumental modification.
However, several disadvantages also exist in LPMEs. For
example, the instability of liquid drop and long analysis
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time are often encountered in SDME; in DLLME, the main
drawbacks are the difficulty to automation and the
requirement to use an organic dispersive solvent to enhance
the dispersion of the extraction solvent in the aqueous
phase, which usually decreases the partition coefficient of
analytes into the extraction solvent.

More recently, a novel microextraction technique,
named ultrasound-assisted emulsification microextraction
(USAEME), has been developed by Garcia-Jares and co-
workers [16], which is based on the emulsification of a
microvolume of water-immiscible extraction solvent in the
sample aqueous solution by ultrasound radiation. The
application of ultrasonic radiation accelerates the mass-
transfer process of the analytes between the two immisci-
ble phases, which, together with the large surface of
contact between the two phases, leads to an increment in
the extraction efficiency in a minimum amount of time.
The analytes in the sample are extracted into the fine
droplets. The two phases can be readily separated by
centrifugation and the enriched analytes in the sedimented
phase can be determined by either chromatographic or
spectrometric methods. The advantages of the combina-
tion of the micro-extracting systems with ultrasounds
radiation include high efficiency, low cost, low organic
solvent consumption and simplicity of operation.
USAEME has been used for the determination of synthetic
musk fragrances, phthalate esters and lindane [16],
polybrominated diphenyl ethers [17], polycyclic aromatic
hydrocarbons [18], phenolic preservatives [19], poly-
chlorinated biphenyls [20], organochlorine herbicides
[21] and propoxur [22] in water and beverage samples.

In continuation to our previous explorations of novel
sample pretreatment techniques [23–27], now, a USAEME
method coupled with HPLC-diode array detection (DAD)
has been developed for the determination of triazine
herbicides in soil samples. The effects of various experi-
mental parameters, such as the kind and volume of the
extraction solvent, ultrasound emulsification time and salt
addition, were investigated and optimized. The method is
simple, practical, rapid and environmentally friendly.

Experimental

Reagents and materials

Simazine, atrazine, prometon, ametryn and prometryn were
purchased from Agricultural Environmental Protection
Institution of Tianjin (Tianjin, China). Chloroform (CHCl3),
tetrachloride ethylene (C2Cl4), carbon tetrachloride (CCl4),
chlorobenzene, were purchased from Beijing Chemical
Reagents Company (Beijing, China). Methanol was from
Sinopharm Chemical Reagent Co. (Beijing, China). Sodium

chloride (NaCl) was from Tianjin Fuchen Chemical
Reagent Factory (Tianjin, China). The water used through-
out the work was double-distilled on a SZ-93 automatic
double-distiller purchased from Shanghai Yarong Biochem-
istry Instrumental Factory (Shanghai, China).

Soil samples which were representative of agricultural
soils in this local area were collected from the plough layer
of the mealie field at Biaobenyuan and Wumazhuang
(Baoding, China). They were dried at room temperature,
pulverized and passed through 250-μm sieve. All the
solvents and soil sample extraction solutions were filtered
through a 0.45-μm membrane to eliminate particulate
matters before analysis.

A mixture stock solution containing simazine, atrazine,
prometon, ametryn and prometryn at 10.0 μg mL−1 was
prepared in methanol. A series of standard solutions were
prepared by mixing an appropriate amount of the stock
solution with double-distilled water in a 10-mL volumetric
flask. All the standard solutions were stored at 4 °C in the
dark.

Instruments

The HPLC system, assembled from modular components
(Waters, http://www.waters.com), consisted of an in-line
degasser, a 600E pump, and a DAD detector. A Millennium
workstation (Waters, http://www.waters.com) was utilized
to control the system and for the acquisition and analysis of
the data. A Centurysil C18 column (4.6 i.d. × 250 mm,
5.0 μm) from Dalian Jiangshen Separation Science Com-
pany (Dalian, China) was used for separations. The mobile
phase was a mixture of methanol-water (60:40 v/v) at a flow
rate of 1 mL min−1. The DAD monitoring wavelengths
were chosen at 222 nm for the six triazine herbicides.

Extractions were performed at 40 kHz of ultrasound
frequency and 80 W of power on a KQ-2200 DE ultrasonic
water bath purchased from Kunshan Ultrasonic Instruments
Co. Ltd. (http://www.ks-csyq.com).
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Fig. 1 Effect of different extraction solvents on the enrichment factor
of the triazines. Extraction conditions: sample volume, 5.0 mL;
ultrasound radiation time, 2 min; extraction solvent volume, 100 μL
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USAEME procedure

Soil samples were air-dried at room temperature, pulverized
and passed through 250-μm sieve. 10.0 g of the soil sample
was accurately weighed and put into a 50 mL centrifuge
tube, to which 10.0 mL double-distilled water was added.
The resultant sample mixture was first vigorously shaken
on a vibrator for 40 min and then filtrated under reduced
pressure. The filtrate was transferred to a 10 ml volumetric
flask, to which, water was added to complete the volume.
For the USAEME, a 5.0 mL aliquot of the above sample
solution was placed in a 10 mL screw cap glass tube with
conical bottom. 100 μL of C6H5Cl was added into the
sample solution. The resulting mixture was then immersed
into an ultrasonic bath at 25±2 °C for 3 min of sonication.
The emulsion was disrupted by centrifugation at 3,500 rpm
for 5 min and the organic phase was sedimented at the
bottom of the centrifuge tube. The sedimented phase was
completely transferred to another test tube with conical
bottom using 100-μL HPLC syringe and then evaporated to
dryness under a mild nitrogen stream. The residue was
dissolved in 20.0 μL methanol and 15.0 μL was injected
into the HPLC system for analysis.

Calculation of enrichment factor and extraction recovery

In order to evaluate the effect of different experimental
parameters such as the type and volume of the extraction
and disperser solvents, salt addition, and the extraction
time on the performance of DLLME, the terms of the
enrichment factor (EF) and the extraction recovery (R)
were introduced and used according to the Eqs. 1 and 2 as
follows [24, 25]:

EF ¼ Cinj

C0
ð1Þ

where EF, Cinj and C0 are the enrichment factor, the
analyte concentration in the injection solution and the
initial analyte concentration in the aqueous samples,
respectively.

R% ¼ 0:02Cinj

C0Vaq
� 100 ð2Þ

where R%, 0.02 and Vaq are the extraction recovery, the
volume of the reconstituted solution (mL) and the volume
of the aqueous sample (mL), respectively.

Results and discussion

Water was used as the extraction solvent for the extraction
of the triazines from soil, which was adapted from Ref. [4].
For the optimization of USAEME, 5.0 mL of double-
distilled water spiked with 50.0 ng g−1 each of the five
triazine herbicides was used to study the extraction
performance under different experimental conditions. All
the experiments were performed in triplicate and the means
of the results were used for optimization. The influence of
the main variables that potentially affect the efficiency of
the USAEME, was evaluated.

Selection of extraction solvent

The selection of an appropriate extraction solvent is critical
to the UASEME process since its physicochemical proper-
ties not only affect the emulsification phenomenon but also
the extraction efficiency. The extraction solvent should
meet the following requirements: it should have a higher
density than water, a low solubility in water, high extraction
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Fig. 2 Effect of the volume of the extraction solvent on the
enrichment factor of the triazines. Extraction conditions: extraction
solvent, C6H5Cl; sample volume, 5.0 mL; ultrasound radiation time,
2 min
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Fig. 3 Effect of ultrasound extraction time on the enrichment factor
of the triazines. Extraction conditions: sample volume, 5.0 mL;
extraction solvent, 100 μL C6H5Cl
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capability for the target analytes, and form a stable
emulsion system with the help of ultrasound radiation.
Based on these considerations, CCl4, CHCl3, C2Cl4 and
C6H5Cl were selected as potential extraction solvents for
the study. Figure 1 shows the effect of the extraction
solvents on the enrichment factor. As can be seen in Fig. 1,
among the four solvents investigated, C6H5Cl gives the
highest extraction efficiency. Therefore C6H5Cl was select-
ed as the extraction solvent.

Effect of extraction solvent volume

In order to study the effect of the volume of the extraction
solvent on the performance of the presented USAEME
procedure, the volume of C6H5Cl was varied in the range
from 50 to 200 μL. When the volume of the extraction
solvent was increased, the enrichment factor were increased

until 100 μL. At higher volumes than 100 μL, the
enrichment factor almost remained constant or slightly
decreased (Fig. 2). From the obtained results, 100 μL of
C6H5Cl was chosen for further studies.

Effect of sample solution pH

The pH of sample solution is another important factor that
affects the extraction performance. The effect of sample pH
in the range of 5.0–12.0 on the extraction of the triazine
herbicides was investigated. The results indicated that the
extraction efficiency remained almost constant at pH 6.0–
9.0 and was higher than that at pH<6.0 and pH>9.0.
Maybe this was because the triazines were easily degraded
in either strong acidic or alkali conditions. The pH of the
aqueous sample solution was about 6.3, so its pH was not
adjusted.

Triazines LR (ngg−1) r RSD (%) EF LOD (ngg−1)

Intraday (n=5) Interday (n=15)

simazine 1-200 0.9989 3.6 4.0 145 0.5

atrazine 1-200 0.9991 3.3 3.9 152 0.1

prometon 1-200 0.9993 2.8 3.7 170 0.1

ametryn 1-200 0.9998 3.5 4.3 213 0.1

prometryn 1-200 0.9996 3.2 4.1 222 0.1

Table 1 Analytical perfor-
mance data for the triazines by
the UASEME technique

LR linear range

Table 2 Recoveries obtained in the determination of triazines in spiked soil samples

Triazines Spiked (ngg−1) Wumazhuang (n=5) Biaobenyuan (n=5)

Measured (ngg−1) Ra (%) RSD (%) Measured (ngg-1) Ra (%) RSD (%)

simazine 0 ndb ndb

5 4.50 90.0 5.3 4.32 86.4 5.5

50 43.1 86.2 4.6 42.9 85.8 4.5

atrazine 0 3.1 ndb

5 7.5 88.0 4.8 4.30 86.0 4.7

50 44.6 83.0 5.3 42.5 85.0 5.1

prometon 0 ndb ndb

5 4.6 92.0 4.6 4.37 87.4 4.5

50 44.2 88.4 4.5 42.0 84.0 4.1

ametryn 0 ndb ndb

5 4.13 82.6 5.8 4.25 85.0 4.8

50 42.2 84.4 5.5 42.8 85.6 5.2

prometryn 0 ndb ndb

5 4.30 86.0 5.5 4.38 87.6 5.3

50 44.2 88.4 5.2 43.0 86.0 5.8

a R: recovery of the method
b nd: not detected
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Effect of extraction temperature

Temperature could affect both mass-transfer and emulsifica-
tion process, thus influencing the extraction efficiency. The
effect of extraction temperature was studied over the temper-
atures ranging from 20 °C to 40 °C. In the whole temperature
range from 20 °C to 40 °C, the emulsification was all easily
achieved and maintained well in the whole extraction time.
The results indicated that the sample solution temperature had
no significant effect on the extraction recoveries of the
triazines. This may be due to that the contact surface between
the organic solvent and the aqueous phase is very large and
mass transfer is not a limiting factor for the USAEME.
Therefore, the extractions were carried out at room tempera-
ture (25±2 °C) for the convenience.

Effect of ultrasound extraction time

Extraction time is usually an important factor in the most of
extraction procedures. Ultrasound extraction time is one of the
main factors in USAEME as in most extraction procedures. It
affects both emulsification and mass transfer process, and thus
influences the extraction recovery of the analytes. The
sonication extraction time was defined as the time interval
between the addition of the extraction solvent (C6H5Cl) to the
sample to start the sonication and the end of the sonication
stage. The effect of the sonication extraction time was
studied over 1 to 9 min. The results (Fig. 3) indicated that the
enrichment factors are increased by increasing the extraction
time before 3 min, and after that, remained almost constant
or gradually decreased. Therefore, 3 min of the sonication
time was chosen for the experiments.

Effect of salt addition

To evaluate the possibility of salting out effect, the
enrichment factor was studied over the NaCl concentration
range from 0 to 13% (w/v) while the other parameters were
kept constant. The results indicated that there was a
decrease in enrichment factor with the increase of the salt
concentration. Although the addition of salt could decrease
the solubility of analytes in the aqueous phase and promote
the transfer of the analytes towards the organic phase,

however, it could also increase the viscosity of the solution.
The viscosity of sample solution plays an important role in
the USAEME since ultrasounds could be absorbed by the
viscous resistance of the solution and dispersed as calorific
energy. As a consequence, the organic phase was not able
to be dispersed in so fine droplets and therefore, the
efficiency of emulsion formation could be drastically
reduced and the extraction efficiency decreased with the
addition of NaCl. Hence, NaCl was not added in all the
subsequent experiments.

As a result, under the optimum conditions, the enrich-
ment factors were in the range between 145 and 222.

Evaluation of the method

Linearity, repeatability and limits of detection (LODs)

For the establishment of the calibration curve, the soil
samples, which were free of the analytes, were spiked
with each of simazine, atrazine, prometon, ametryn and
prometryn at six concentration levels of 1.0, 5.0, 10.0,
20.0, 50.0, 100.0 and 200.0 ng g−1, respectively. For each
level, five replicate extractions were performed. Linearity
was observed in the range from 1.0 to 200.0 ng g−1 with
the correlation coefficients (r) ranging from 0.9989 to
0.9998. The repeatability study was evaluated in terms of
intraday and interday precisions, by extracting and
analyzing the spiked soil samples at the concentration of
each herbicide at 10 ng g−1 in the same day and on the
three consecutive days. The resultant intraday and interday
repeatabilities expressed as relative standard deviations
(RSDs) varied from 2.8% to 3.6% and 3.7% to 4.3%. The
LODs for soil samples, based on a signal-to-noise ratio (S/
N) of 3, was 0.5 ng g−1 for simazine, and 0.1 ng g−1 for
atrazine, prometon, ametryn and prometryn, respectively.
The above calibration data are listed in Table 1. These
results show that the proposed method has a high
sensitivity and repeatability.

Soil samples analysis and recoveries of the method

To evaluate the applicability of the proposed method, the
extraction and determination of the five triazines in
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different soil samples were performed. As a result, no
residues of the target triazines were found in the Biaobe-
nyuan soil sample. For Wumazhuang soil sample, atrazine
was found to be at 3.1 ng g−1.

To test the accuracy of the method, these soil samples
were spiked with the standards of the target analytes at the
concentrations of 5.0 and 50.0 ng g−1, respectively. For
each concentration level, five replicate experiments for a
whole analysis process as described in the experimental
section were made. The recoveries of the method were
expressed as the mean percentage between the amounts
found and the ones added. The results are given in Table 2.
The recoveries for the triazines in soil samples were in the
range from 82.6% to 92.0%. Figure 4A and B showed the
typical chromatograms of the extracted triazines from
Wumazhuang soil sample before and after being spiked at
5 ng g−1 each of the five triazines.

Conclusions

In this paper, a novel ultrasound-assisted emulsification
microextraction technique coupled with HPLC-DAD detec-
tion has been developed for the determination of triazines in
soil samples. Compared with other conventional sample
preparation methods, such as LLE and SPE, the analytical
technique offers advantages such as simplicity, ease of
operation, relatively short analysis time, and lower con-
sumption of organic solvent. The results indicate that the
method can provide a good repeatability, high enrichment
factor and good recovery with a short analysis time, and
can be used as an alternative of choice for the simple and
efficient extraction and preconcentration of the compounds
in soil samples.
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