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Abstract. Ultrasound assisted emulsification microextraction (UAEME) as a new sample preparation 
method was optimized for the determination of permethrin in urine samples. Also, deep eutectic solvent 
was used as the extracting solvent instead of organic solvents in this method. In order to determine the 
optimal values, six main parameters were studied in different levels. Totally, 105 runs were performed 
using the one- variable- at- a-time method followed by high- performance liquid chromatography with 
a UV detector. Under the optimum conditions, the calibration curve for permethrin was linear in 
the concentration range of 5 to 500 µgL-1 for urine samples. The accuracy and reproducibility of the 
introduced method were determined using the relative recovery (RR%) and relative standard deviation 
(RSD%) tests on the fortified urine samples. RR% and RSD% were found to be 96.3–101.7 % and 
3.2–7.6 %, respectively. The limit of quantification and also the limit of detection were obtained 5 and 1 
µg/L, respectively. In the present study, the DES-UA-EME technique was successfully developed for the 
extraction of permethrin from urine samples and subsequent quantification by high- performance liquid 
chromatography.In comparison to the other sample preparation methods, the proposed technique has the 
advantages of shorter extraction time, simplicity, and applicability in laboratories with less equipment.

Keywords: deep eutectic solvents, sample preparation, ultrasound assisted emulsified microextraction, 
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Аннотация. Микроэкстракция эмульгирования с помощью ультразвука в качестве нового 
метода подготовки образцов была оптимизирована для определения перметрина в образцах 
мочи. Кроме того, в этом методе в качестве экстрагирующего растворителя вместо органических 
растворителей использовался глубокий эвтектический растворитель. Для определения 
оптимальных значений были изучены шесть основных параметров на разных уровнях. Всего 
было выполнено 105 прогонов с помощью метода одной переменной, за которыми последовала 
высокоэффективная жидкостная хроматография с УФ-детектором. В оптимальных условиях 
калибровочная кривая для перметрина была линейной в диапазоне концентраций от 5 
до 500 мкг/л-1 для образцов мочи. Точность и воспроизводимость введенного метода были 
определены с использованием тестов относительного восстановления (ОВ%) и относительного 
стандартного отклонения (ОСО%) на обогащенных образцах мочи. ОВ% и ОСО% составили 
96,3–101,7 % и 3,2–7,6 % соответственно. Пределы количественных показателей обнаружения 
5 и 1 мкг/л соответственно. В настоящем исследовании была успешно разработана методика 
микроэкстракции эмульгирования с помощью ультразвука для извлечения перметрина из образцов 
мочи и последующего количественного определения с помощью высокоэффективной жидкостной 
хроматографии. По сравнению с другими методами подготовки образцов предложенный метод 
обладает такими преимуществами, как более короткое время экстракции, простота и возможность 
применения в лабораториях с меньшим количеством оборудования.

Ключевыеслова: глубокий эвтектический растворитель, подготовка образцов, микроэкстракция 
эмульгирования с помощью ультразвука, перметрин, высокоэффективная жидкостная 
хроматография.
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Introduction

Pesticides are a group of chemical substances extensively used to eliminate, keeping away, or 
removing any kind of insect, rodent, fungi, or other types of annoying organisms. Although pesticides 
have a great impact on improving agricultural productivity and increase of food production, the processes 
of production, formulation, storage, transformation, and marketing of crops and also the wide application 
of these substances cause occupational exposures, environmental contamination, and the presence of 
their residuals in food [1]. Small amount of pesticides can also cause the occurrence of symptoms, 
diseases, and irreparable poisonings in humans. Thus, trace monitoring of these compounds is of great 
importance from occupational and environmental perspectives [2].

Permethrin isan insecticide in the pyrethroid family used to eradicate parasites such as head lice, 
ticks and scabies from humans and animals [3]. Permethrin affects the neuronal membrane by blocking 
the movement of sodium ions from outside to inside the neuronal cell membrane thereby disrupting 
the sodium channel current that regulates the polarization of the membrane. This leads to delayed 
repolarization and subsequent paralysis of the nervous system [4]. Human and animal studies have 
shown evidence of a relationship between exposure to this pesticide and genotoxic effects, cellular 
changes, and the occurrence of some disorders in the immune system, liver, kidney, and thyroid [5].

Considering the extensive use of pesticides, development of fast and reliable technique for trace 
residue analysis of these compounds in various media such as biological, food, fruit, and vegetable 
samples is of great importance [6]. Among the instrumental methods, high- performance liquid 
chromatography (HPLC) instrument is an appropriate option for analyzing trace amount of pesticides 
in different samples, such as water, urine, and fruits [7].

Sample preparation is considered an important step in the process of analysis. The main 
goals of sample preparation are elimination of interfering agents, preconcentration of the desired 
analyte, and transforming the analyte (if required) to a more appropriate extraction solvent. In 
addition, using smaller sample volume, improvement of selectivity in the extraction process, 
automation, reducing the consumption of organic solvents and laboratoryequipment have been 
proposed recently [8].

In the past, two methods of liquid- liquid extraction [9] and solid- phase extraction [10], were 
often used for extraction and pre- concentration of analytes from the sample matrices. Recently, 
novel procedures, in which, low amount of organic solvents are used, have been developed. For 
example, in the liquid phase microextraction (LPME) method, the extraction of analyte from a 
sample containing the liquid phase is performed using small amount of water- insoluble solvent [11]. 
The LPME technique is divided into three main categories including single- drop microextraction 
(SDME), hollow fiber liquid- phase microextraction (HF-LPME), and dispersive liquid- liquid 
microextraction (DLLME) [12].

In 2006, DLLME method was introduced by Rezaei et al. The DLLME method is applicable for 
a variety of samples such as soil, urine, and food. In this procedure the extraction process is based on 
the tendency of the analyte to the aquatic sample phase and the organic phase of the extractor solvent 
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[13]. Considering the advantages of the relatively novel DLLME method over the previous methods, its 
attraction has been retained for the analytical toxicologists, and, in comparison with the other sample 
preparation techniques, it has a significant share of studies. However, DLLME suffers from some 
limitations. The first and most important drawback is the application of an extra organic solvent as a 
disperser solvent, which causes entrance of the added solvent into the environment. Also, the required 
time of preparation is extended due to the numerous steps during the sample preparation process. 
Although by manual injection of the extractor solvent into the sample, the tiny droplets and cloudy 
phase are rapidly created, the contact surface between the aqueous phase of the sample solution and 
the organic phase of the extractor solvent is not in its maximum range [14].

In addition to the benefits that the DLLME method poses, the ultrasound- assisted emulsified 
microextraction (UA-EME) technique has other advantages such as the ease of forming small 
emulsions, creating the maximum contact surface between the aqueous phase of the sample and the 
organic phase of the extractor solvent. Moreover, ultrasound application liminated is perser solvent 
consuming and avoids increasing the sample and wastewater volumes [15].

The only limitation of this technique is using organic solvents as the extractor solvent. The organic 
halogenated solvents, especially chlorinated solvents (e. g. carbon tetrachloride, etc.), which are 
usually used as the extractor solvent, have some disadvantages such as toxicity, incompatibility with 
the environment, and high price [16]. In order to eliminate this limitation, which can be considered 
as the last remaining limitation for solvent- based microextraction methods, development of a novel 
extraction method using environment friendly extraction solvent is essential.

DES is produced by combining two natural substances, between which the hydrogen bond forms 
during synthesize process. The substance with free electron pairs is known as hydrogen bonding donor 
(HBD) and the substance with empty orbit is known as hydrogen bond acceptor (HBA).One or both 
raw materials may be solid, however the resulting product of such combination has a liquid form and 
much lower melting point comparing to the initial substances [17]. In comparison to the other solvents, 
the DESs have advantages such as more compatibility to the environment as well as biodegradability, 
nontoxicity, and also it is more inexpensive. Moreover, the physicochemical properties of the DESs, 
such as density, viscosity, conductivity, surface tension, and etc., can be engineered and changed as 
needed [18]. Thus, with the assessment of the feasibility of applying DESs instead of organic solvents 
in sample preparation methods, it would be possible to reach a novel method.

The aim of this study was the development of DES-UAEME method as a rapid, easy, inexpensive, 
effective, safe, and environment friendly sample preparation procedure for determination of trace 
permethrin in urine samples, in which, the substitution of chlorinated organic solvents (COSs) with 
DESs is considered to eliminate the drawbacks of previous sample preparation methods.

Methods
Chemicals

Permethrin standard was obtained from Sigma- Aldrich (Germany). The analytical grade of organic 
solvents, including chlorobenzene, carbon tetrachloride, chloroform, methanol, and acetonitrile, were 
purchased from Merck (Germany). Also, chemical substances of choline chloride, Urea, sodium 
chloride, tetrahydrofuran (THF) with the purity of higher than 99 %, and buffer solutions at different 
pH were bought from Merck (Germany).
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Instruments

In order to analyze the samples, a high- performance liquid chromatography system, equipped with 
a K-1001 pump and a K-2006 ultraviolet detector (Knauer, Germany), was used. The chromatography 
conditions were a C18 column (L=150 mm, ID=4.6 mm), a mobile phase of methanol (70 %), and 
water (30 %), pump flow- rate of 1.0 ml/min, column temperature of 25 °C, and ultraviolet wavelength 
290 nm, respectively. The other equipment and tools used in this study include a double ionized water 
distillation machine (PURITE, USA), micro sampler (Socorex, Germany), digital scale (Sartorius, 
Germany), ultrasonic bath (Sono, Switzerland), magnetic stirrer (Chiltern, USA), digital thermometer 
(TP3001, China), pH meter (Metrohm, Switzerland), centrifuge (Hettich zentrifugen Rotofix 32, 
China).

Preparation of stock and standard solutions

The stock solution with the concentration of 1000 mg/L was prepared in acetonitrile and kept in 
the refrigerator at 4 °C. The standard solutions with different concentrations were prepared daily by 
diluting the stock solution with deionized water.

Synthesis of DES

In order to synthesis DES, choline chloride as the HBA, and urea as the HBD were combined in 
the specified molar ratios at 50 °C for 5 min, to obtain three hydrophobic DES with different structures. 
Considering the addition of urea molar ratio in preparation of DES, the viscosity of the DES solution 
can be decreased. In this way, the solution with the ratio of 1:1 has the highest viscosity and the 
solution with the ratio of 1:4 has the lowest viscosity, so that the solution with the ratio of 1:1 has a very 
high viscosity, Therefore, the ratios of 1:2 (DES1), 1:3 (DES2), and 1:4 (DES3) were selected for the 
investigation.

Ultrasound- assisted emulsification microextraction

a) 300 µL of the extraction solvent (DES1) was injected through a syringe into a 15 mL sample 
tube containing 10 mL of sample. b) Then, 300 µL of THF as an emulsifier agent was injected into the 
solution and at this stage a cloudy solution, which prove the formation of insoluble self- aggregation 
in nano and molecular dimensions was formed. The cloudy solution was subjected to ultrasonication 
to guarantee well distribution of extraction solvent droplets in aqueous phase. c) In the next step, the 
solution was centrifuged and two separated phases were obtained. The phase containing the analyte 
was separated using a syringe and poured into a new tube and was dried under a nitrogen stream. 
d) Finally, the residual substance was dissolved in acetonitrile and was injected to HPLC-UV for 
quantification.

Optimization procedure

In order to determine the optimal values and levels of the effective factors in the extraction of 
permethrin via UA-EME method, six effective parameters including the type of extraction solvent, 
extraction solvent volume, the amount of added salt, sample pH, time of exposure with ultrasonic 
(sonication time), and centrifugation time were selected. The design of experiments was performed 
using the one- variable- at- a-time method, and each parameter was tested in different levels and three 
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replicates to select the optimal values. In each step of optimization, all the effective variables are 
kept constant except the desired parameter which is changed in different levels of the experimental 
range to determine its optimal value. The experiment steps were done with three replicates and the 
average values were reported as results. Totally, 105 steps were performed for optimization of the 
effective factors in the extraction of permethrin from standard samples. Table 1 shows the variables 
with corresponding levels in the optimization steps.

Resultsanddiscussion
Selection of the extraction solvent

In the UA-EME process, the extraction solvent must have certain properties such as insolubility 
in water, and the ability to extract the desired compound as well as the appropriate chromatographic 
behavior. In order to develop the application of DES in the mentioned method, three solvents, DES1, 
DES2, and DES3 which their compositions were described in the previous section were tested in 
addition to three mentioned organic solvents including chlorobenzene (C6H5Cl), carbon tetrachloride 
(CCl4), and chloroform (CHCI3).Therefore, 6 parallel levels were examined.

Based on the obtained results, during the application of chlorobenzene and chloroform as the 
extraction solvent, after the formation of the cloudy phase and in the step of separating the extraction 
solvent through the centrifuge, the whole volume of the added extraction solvent has not separated 
which could be due to their small amount of solubility in water. This issue reduced the extraction 
ability of these solvents in comparison to the other solvents. Overall, among the six studied extraction 
solvents, DES1 and carbon tetrachloride showed the highest relative recovery (RR), however, due to 
the advantages of DES compared to the organic solvents, DES1 was selected as the optimum extraction 
solvent for the next steps (Fig. 1a).

Selecting the volume of extraction solvent

In this step, to investigate the effect of extraction solvent volume on the analyte extraction 
recovery, the experiments were performed using various volumes in 6 parallel levels ranged from 
100 to 600 µL of DES1. The lower range of extractant solvents volume was considered to be 
100 µL, equivalent to HPLC injection volume. On the other side, due to the dilution effect, applying 
a high volume of extraction solvent cause a decrease in the enrichment factor. To prevent this, the 
upper level of the extracting solvent was considered to be 600 µL. The maximum recovery was 

Table 1. The variables and levels in the optimization steps

Variables Levels

Typeofextractionsolvent Chlorobenzene Carbon 
tetrachloride Chloroform DES1 DES2 DES3

Extractionsolventvolume(µL) 100 200 300 400 500 600
Theamountofaddedsalt(W/V%) 0 5 10 15 20 25
SamplepH 3 5 7 9 11 -
Sonicationtime(min) 5 10 15 20 25 30
Centrifugationtime(min) 2 4 6 8 10 12
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Fig. 1 Steps to optimize the factors affecting extraction: a selection of the extraction solvent type; b selecting 
the volume of extraction solvent;c the effect of salt addition; d effect of sample pH; e effect of sonication time; 
f Effect of centrifugation time

obtained when 300 µL of DES1 was employed as extracting solvent. In the higher solvent values, 
the recovery rate remained constant, therefore, a volume of 300 µL was selected as optimum value 
(Fig. 1b).

The effect of salt addition

Due to the fact that ionic compounds have the highest solubility in water, the addition of salt 
to the solvent facilitates the analyte removal from the aqueous sample. This variable is called ionic 
power. In order to study the effect of adding salt, six different values of sodium chloride in the range 
of 0–25 W/V% were applied.

The obtained results showed that, by the increase of salt concentration, the extraction rate 
diminishes, and the highest analyte extraction rate was obtained when no salt was added to the sample. 
It is because of the increase in sample viscosity that caused a reduction in the analyte penetration 
coefficient. Therefore, 0 % was selected as the optimum value and the next steps of the optimization 
were carried out without the salt addition (Fig. 1c).

The effect of sample pH

Through the adjustment of pH, the analyte molecules could be directed towards the ionization 
or molecular forms. In order to easier extraction of the analyte from aqueous samples (water- based 
samples such as biological samples), it must be directed towards molecularization. With the addition of 
an appropriate amount of hydrochloric acid or sodium hydroxide to the sample, permethrin extraction 
rate was studied. For this purpose, the pH of the sample was examined at 5 levels in the range of 3–11. 
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The highest extraction rate was achieved in around pH=7. Thus, the pH value of 6 was chosen for the 
next steps (Fig. 1d).

Effect of sonication time

In the sonication step, the test tube containing the sample and extraction solvent was placed in 
the ultrasonic bath to achieve maximum contact between the extraction solvent and sample solution. 
The effect of sonication time on the extraction efficiency was investigated in the 6 levels ranged 5–30 
minutes. After 10 minutes, the extraction efficiency was constant. Therefore, 10 minutes was selected 
as the optimal sonication time for the next steps of the experiment (Fig. 1e).

Effect of centrifugation time

The centrifugation time in the UA-EME method is an important step to separate the extraction 
solvent from the sample. During this step, the cloudy phase of the sample disappears and two separate 
and clear phases are created. The effect of centrifuge time and speed on the extraction efficiency was 
investigated at 6 levels of the time ranges from 2–12 minutes using speed of 2500–4000 rpm. After 
8 mins, the extraction efficiency was constant and the maximum extraction efficiency was obtained 
at the speed of 4000 rpm. Thus, the time of 8 minutes and the speed of 4000 rpm were chosen as the 
optimum values for the next steps (Fig. 1f ).

Analytical performance

In order to draw the calibration curve, blank urine samples of unexposed individuals were diluted 
at a ratio of 1:2 in deionized water and then spiked with certain concentrations. Then, the prepared 
samples were extracted via the developed preparation method. The sketched calibration curve was 
linear in the concentration range of 5 to 500 µg/L (n=5) and desirable linearity (R2= 0.999) was 
achieved. The limit of quantification (LOQ), based on the lowest detected analyte concentration with 
85–115 % accuracy and precision ≤10 % in five consecutive injections, and also the limit of detection 
(LOD, signal/noise= 3) were obtained 5 and 1 µg/L, respectively. The analytical figures achieved for 
the developed technique confirmed the proper efficiency, linearity, and reproducibility of this process 
for the quantification of permethrin in urine samples.

Application assay

In order to assess the applicability and efficiency of the developed DES-USAEME method for 
the real urine samples, the spiked urine samples of unexposed persons with standard permethrin 
concentrations of 5, 50, and 150 µg/L were prepared. According to the developed method and setting 
the effective parameters based on the optimized condition, the samples were analyzed day to day (6 
consecutive days) and in one day (n=6) and the relative recovery (RR%) values were calculated at the 
mentioned standard concentrations. The RR% values in the intra- day (repeatability) and inter- day 
(reproducibility) situations were in the range of 97.5 to 101.7 and 96.3 to 99.5 percent, respectively.

Also, in order to assess the reproducibility and repeatability, the RSD% values were calculated 
using the concentrations ranges of 5, 50, and 150 µg/L. The obtained results for RSD% were in the 
range of 3.2 to 7.6 percent which confirms the acceptable precision of the developed method. The 
results of relative recovery (RR %) and relative standard deviation (RSD%) have reported in Table 2. 
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Overall, the results achieved in the recovery and precision confirm that the proposed method has 
concentrated and purified the desired analyte from the complex matrix of the real urine sample with 
high accuracy and precision and confirms the validity of the method.

Conclusions

In the present study, the DES-UA-EME technique was successfully developed for the 
extraction of permethrin from urine samples and subsequent quantification by high- performance 
liquid chromatography. Different variables affecting the extraction process of this compound were 
investigated and optimized. Employing a solvent with lower toxicity and volume is an important 
advantage for a sample preparation method as this developed method possessed and enjoyed such 
advantages. The obtained results illustrated that, in addition to having better performance and 
lower volume requirement, the deep eutectic solvent could replace toxic organic solvents in sample 
preparation methods. Using ultrasonic, the formation of tiny extraction solvent droplets in the 
sample was remarkably increased; Therefore the contact area (surface) between the analyte and 
solvent was increased which resulted in a high extraction efficiency and a decrease in extraction 
time. In comparison to the other sample preparation methods, the proposed technique has the 
advantages of shorter extraction time, simplicity, and applicability in laboratories with less 
equipment.
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