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     The proposed analytical method tries to illustrate a new approach for the extraction of some pesticides from different fruit beverages 

(orange, pineapple, cherry, and mango) using UiO-66 as a capable adsorbent. Further preconcentration for heightening enrichment factors 

of the analytes was accomplished using a dispersive liquid-liquid microextraction. The synthesized adsorbent was carefully characterized 

using nitrogen adsorption/desorption, X-ray diffraction, MAP, Fourier transform infrared spectrophotometry, energy dispersive X-ray, and 

scanning electron microscopy analyses. The performed analyses proved the successful formation of the desired compound. After the 

sorption of the target compounds onto UiO-66 particles by vortexing, the adsorbent was separated by centrifugation. The analyte-loaded 

adsorbent was treated with 1.0 ml of acetonitrile for the aim of desorption. The obtained eluate containing the desorbed pesticides was 

mixed with 38 µl of 1,1,1-trichloroethane and hastily injected into sodium chloride solution. After the centrifugation, an aliquot of the 

sedimented phase was injected into a gas chromatograph equipped with a flame ionization detector. Satisfactory figures of merit obtained 

in this survey consisted of high enrichment factors (215-275), acceptable extraction recoveries (43-55%), low limits of detection (1.10- 

2.35 µg l-1) and quantification (3.66-7.82 µg l-1), low relative standard deviations (≤ 7.8%), and wide linear ranges. Also, the proposed 

method benefits from the high surface area of the adsorbent and the low matrix effect.  

 

Keywords: Dispersive liquid-liquid microextraction, Dispersive micro solid phase extraction, Fruit beverage; Pesticide, Sample 
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INTRODUCTION 
 

      Pesticides’ utilization is an inevitable deed in 

agricultural farms to overcome various types of pests. This 

is beneficial from both economic and medical aspects by 

heightening the crop yield and quality and  also  diminishing 
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the spread of vector-borne diseases like malaria [1]. On the 

contrary, using these chemicals in farmlands harms human 

health through direct skin contact, breathing, and their 

presence in fruit textures [2]. Exposure to pesticides 

threatens people’s health by resulting in various categories 

of illnesses. There are different documented negative health 

consequences such as colon, bladder, ovary, and breast 

cancers [3,4], asthma [5], type 2 diabetes [6], reduced  testis  
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weight and sperm activity [7], cognitive impairments [8], 

leukemia [9], and Parkinson’s disease [10]. On average, 

about 14000 tons of agricultural pesticides are annually  used 

in Iran. Herbicides constituted the largest volume (43%), 

followed by insecticides and acaricides (37%) and 

fungicides (19%) [11]. Thus, controlling the pesticide 

content of fruit-based beverages seems to be of great 

importance.  

      Gas chromatography (GC) [12] and high-performance 

liquid chromatography [13] have been frequently applied to 

detect and quantify the presence and concentration of 

pesticides in juices. Even though these are sensitive analysis 

appliances, direct sample injection into them is hardly ever 

possible. This notion origins from samples’ complex 

matrices and also the low concentration of analytes in the 

samples. This fact results in obtaining high limits of 

detection (LOD) and quantification (LOQ) and also low 

sensitivity. Accordingly, benefiting from sample preparation 

methods comes in handy to cope with these deficiencies 

[14]. It is an interesting field for analysts to look for 

competent extraction and preconcentration methods to 

analyze the target compounds carefully [15]. Some 

analytical approaches such as ultrasound-assisted 

emulsification microextraction [16], stir bar sorptive 

extraction [17], and single drop microextraction [18] have 

been developed for this aim. On the other hand, adsorbent-

based approaches seem to be precious during operation in 

samples with complex matrices due to diminishing the 

matrix effect and removing the barriers of interfering peaks 

during the analysis. As some examples for adsorbent-based 

approaches, zinc sulfide/sulfur/sulfur-doped reduced 

graphene oxide nanocomposite [19], folic acid magnetic 

nanoparticle [20], polypyrrole-based sorbent [21], and 

MnO2 nanowires decorated on graphenized pencil lead fiber 

[22] can be mentioned which were successfully applied for 

the analysis of various pesticides.  

      Solid phase extraction (SPE) was the initial adsorbent-

based approach that is handicapped by obstruction of 

cartridges [23]. Dispersive solid phase extraction (DSPE) 

could triumph over SPE by solving its main drawback and 

also developing the contact surface area among the 

adsorbent and analytes [24]. The introduction of dispersive 

micro solid phase extraction (DμSPE) opened up a new 

horizon in the analysis of  various  analytes  using  less  than  

 

 

500 mg adsorbent which is so valuable and economical 

[25,26]. The disadvantage of DμSPE can be assumed as its 

mL-level desorption solvent utilization which dwindles the 

obtained enrichment factors (EFs). A combination of 

DμSPE and dispersive liquid-liquid microextraction 

(DLLME) can solve this drawback by increasing the EF 

values. The DμSPE-DLLME approach benefits from both 

reduced matrix effect and increased EFs which seems to be 

useful for analysis purposes [27,28].  

      Some prior studies have successfully adopted this 

successive extraction procedure for the analysis of various 

analytes. For instance, previously, we have applied MOF-70 

[27] and MIL-68 (Al) [28] as two powerful adsorbents        

for the extraction and subsequently preconcentration of 

plasticizers in plastic-packed real samples. Due to MOF-

70’s highly-adsorptive capabilities, it was also applied for 

the analysis of some pesticides [29]. Wu et al. [30] 

developed a DSPE-DLLME method for the analysis of 

some sulfonylurea herbicides in a soil sample. 

Neonicotinoid insecticides were also analyzed in vegetable 

samples through the same procedure [31]. Moreover, the 

DSPE-DLLME approach was employed for triazoles’ 

analysis in tea samples followed by liquid chromatography-

tandem mass spectrometry [32]. New hybrid crystalline 

synthetic materials named metal organic frameworks 

(MOFs) are composed of two main reagents; a central 

metallic ion and an attached organic ligand. These 

chemicals have some outstanding features such as special 

shape and pore size, high surface area, and adsorptive 

capability. MOFs have benefited many research fields 

including water treatment, hydrogen storage, drug delivery, 

luminescence, and microextraction [33,34]. Some MOFs 

such as Zn-MOF-1 [35], MOF-5 [36], ZIF-8 [37], and 

MOF-199 [38] have been reported to be applied for the 

extraction of pesticides from different matrices.  

      UiO-66 is a porous MOF based on zirconium as the 

central metallic ion and 1,4-benzenedicarboxylic acid (1,4-

BDCA) as the organic ligand. Having a high surface area 

and conjugated π system in the cyclic section of the MOF 

ligand make the structure suitable for being utilized in 

DμSPE processes. The use of UiO-66 as an adsorbent for 

the extraction of the target pesticides from different fruit 

beverages by a combinational DμSPE-DLLME procedure, 

for the first time, is the novelty of this  study. The  proposed  
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procedure for providing the MOF results in high-surface-

area UiO-66 which is a highly-beneficial aspect for 

adsorption-based analytical approaches. Also, using just            

5.0 mg of the MOF for the accomplishment of the 

developed method and low matrix effect of the real samples 

through the use of this method are highly influential novelty 

aspects of this research. GC-flame ionization detection 

(FID) was used to analyze the enriched analytes and survey 

various real samples for their possible contents of 

pesticides.  

 

EXPERIMENTAL  
 

Chemicals and Solutions 
      Chlorpyrifos, oxadiazon, fenpropathrin, clodinafop 

propargyl, haloxyfop-R-methyl, and fenoxaprop-P-ethyl, as 

the target compounds surveyed in this study, were 

purchased from Dr. Ehrenstorfer (Augsburg, Germany). 

ZrOCl2.8H2O, 1,4-BDCA, hydrochloric acid (37%, w/w), 

N,N-dimethylformamide (DMF), and ethanol which were 

used in synthesis and workup sections of the final product 

were purchased from Merck (Darmstadt, Germany). 

Acetonitrile (ACN), sodium chloride, acetone, sodium 

hydroxide, and methanol (analytical grade) were bought 

from Merck. 2-Propanol was provided by Caledon 

(Georgetown, Canada). Sodium sulfate was provided from 

Fluka (Buchs, Switzerland). Deionized water was from 

Ghazi Co. (Tabriz, Iran). The Extraction solvents including 

1,1,1-trichloroethane (1,1,1-TCE), carbon tetrachloride, 1,2-

dibromoethane (1,2-DBE), and 1,1,2-trichloroethane (1,1,2-

TCE) were bought from Janssen (Beerse, Belgium). 

Methanol was used as a solvent for the preparation of          

1000 mg l-1 stock solution of the pesticides and the daily 

utilized standard solutions subjected to the developed 

extraction procedure were prepared using the stock solution 

diluted by deionized water.  

 

Samples 
      Orange, pineapple, cherry, and mango juices as the 

studied real samples in this study were provided from a 

supermarket in Tabriz, Iran. The beverage samples were 

diluted using deionized water at a ratio of 1:4 and then 

subjected to the developed DμSPE-DLLME process.  

 
 
Apparatus 
      A gas chromatograph (Shimadzu 2014, Kyoto, Japan) 

with a splitless/split injection port and an FID detector was 

utilized for the separation of the studied pesticides. During 

the chromatographic run, the temperature of the column 

oven was adjusted at 60 °C for 1 min and heightened to         

300 °C with a slope of 18 °C min-1. At the end of the run, a 

300 °C was applied for 3 min to finalize the separation 

process. The applied column in this study was the Zebron™ 

capillary column (30 m × 0.25 mm i.d, with a film thickness 

of 0.25 μm) (95% dimethyl, 5% diphenyl polysiloxane) 

(Phenomenex, Torrance, CA, USA). 300 °C temperature 

was set for the FID and injection port. 1-min sampling time 

and 1:10 split ratio were set during the splitless/split mode. 

Split injection mode suffers from analyte loss and direct 

injection mode may deal with detector saturation and 

increased width of the analyte peaks which increases the 

LOD and LOQ values. The splitless/split mode with the 

split ratio of 1:10 was used which was the optimum value to 

heighten the peak heights and avoid analyte loss during the 

analysis of the target compounds.  

      The linear velocity of the carrier and flow rate of the 

makeup gasses (helium, 99.999%, Gulf Cryo, United Arab 

Emirates) were adjusted at 30 cm s-1 and 30 ml min-1, 

respectively. A hydrogen generator (OPGU-1500S, 

Shimadzu, Japan) was utilized for providing hydrogen gas 

as the fuel of the FID at the flow rate of 30 ml min-1. A     

300 ml min-1 flow rate was set for the air inlet of the FID. 

Synthesis of the MOF was done using a furnace model 

Naber Industrieofenbau D-2804 Lilienthal/Bremen (Zurich, 

Germany). 10-ml conical glass test tubes were used to fulfill 

the extraction experiments. To weigh the adsorbent a micro-

balance (Sartorius, M2P, AG Gottingen, Germany) was 

used. For vortexing, the samples in order to adsorb the 

pesticides on the MOF particles, an L46 vortex (Labinco, 

Breda, the Netherlands) was utilized. Sample’s pH 

adjustment was done using a pH meter model 654 (Herisau, 

Switzerland). Phase separation was performed using a 

Hettich centrifuge model D-7200 (Kirchlengern, Germany). 

For characterization of the MOF, a Fourier transform 

infrared spectrophotometer (FTIR) (Bruker, Billerica, 

USA), a Siemens D500 diffractometer (Siemens AG, 

Karlsruhe, Germany), a Mira  3 microscope  (Tescan, Czech  
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Republic), and a BELSORP-mini II (BEL, Japan) analyzer 

were utilized.  

 

Synthesis of UiO-66 
      For providing the MOF as the adsorbent of the study, 

the synthesis strategy was obtained from Katz et al. [39] 

with some modifications on the reagents and workup step. 

Initially, 0.54 mmol ZrOCl2.8H2O (176 mg) was stirred in 

10 ml DMF containing 2 ml concentrated HCl for 15 min in 

a glass vial. In another glass vial, 0.70 mmol 1,4-BDCA 

(127 mg) was stirred in 20 ml DMF for 15 min. The content 

of the two vials was mixed and put on stirred for another        

15 min to mix well. The results solution was heated at 80 °C 

in a furnace for 24 h. A white precipitate appeared at the 

bottom of the vial after the accomplishment of the reaction. 

In the workup section, the MOF was dispersed into 20 ml 

DMF and vortexed for 5 min. Then the solution was 

centrifuged at 7000 rpm for 5 min and the supernatant was 

discarded. This was repeated 3 times. The same elution 

procedure was repeated 3 times using ethanol as the eluent. 

Eventually, the resulting UiO-66 was dried at 120 °C in a 

furnace for 24 h. 

 
Extraction Procedure 
      DμSPE. For the accomplishment of the adsorption 

procedure, 5.0 mg of the synthesized UiO-66 was added 

into 5.0 ml aqueous solution of pesticides (200 μg l-1 of 

each) or diluted fruit juice (see section 2.2.) in a 10-ml test 

tube. The solution containing the adsorbates and the 

adsorbent particles was vortexed for 5.0 min in order to 

provide sufficient contact area among the pesticides and 

UiO-66 particles. After vortexing, it was centrifuged at  

6000 rpm for 4.0 min. The supernatant was discarded and 

the pesticide-loaded MOF was eluted using 1 ml ACN 

through vortexing for 5.0 min. Then the solution was 

centrifuged at 6000 rpm for 4.0 min. The ACN phase was 

separated and used as the disperser solvent in the upcoming 

DLLME section for further preconcentration. 

      DLLME. The ACN phase obtained from the previous 

section was mixed with 39 µl 1,1,1-TCE as an extractant 

and injected into 5.0 ml deionized water having 0.5 M 

dissolved NaCl. The occurrence of a cloudy solution 

demonstrated the successful accomplishment of the DLLME 

procedure. This solution  was  centrifuged  at  6000 rpm  for  

 

 

5.0 min. Finally, 10 ± 0.5 μl was sedimented at the bottom 

of the tube and one microliter of it was removed and 

injected into the GC-FID system.  

 

Calculation of EF and Extraction Recovery (ER) 

      EF is the analyte concentration ratio in the extraction 

solvent (Csed) to its aqueous phase’s initial concentration 

(C0). Equation (1) demonstrates this notion. 

 
      

0C
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EF sed                                                                       (1) 

 

Moreover, ER illustrates the conveyed percentage of the 

analyte amount (n0) from the aqueous phase into the 

extraction solvent (nsed). This point is shown in Eq. (2). 
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The term Vaq illustrates the initial aqueous solution volume 

and Vsed shows the volume of the sedimented organic phase. 

 

RESULTS AND DISCUSSION 
 

Characterization of UiO-66 
      To infer the prosperous formation of the desired 

chemical, some characterization analyses were carried out 

including X-ray diffraction (XRD), FTIR, scanning electron 

microscopy (SEM), energy dispersive X-ray (EDX), 

nitrogen adsorption/desorption, and MAP analyses. 

      XRD turns out to be a highly beneficial analysis to 

characterize the structure of an MOF. The resulted special 

XRD pattern of a crystalline chemical compound holds 

unique crystallographic information which helps to diagnose 

its successful synthesis. So, in this study, UiO-66 was 

analyzed by the XRD technique to obtain its pattern. The 

resulted pattern is shown in Fig. 1a. According to the 

obtained pattern, the peaks at 2θ values of 7, 9, 15-22, 26, 

31, 33-41, 43, 50, and 57 are distinct which demonstrate a 

crystalline system. Moreover, the excellent coincidence of 

the obtained pattern and the previously documented ones 

confirms the formation of the desired phase [39-41]. 

      FTIR  analysis   is   another   helpful   approach  for   the 



 

 

 

Development of an Extraction Method/Anal. Bioanal. Chem. Res., Vol. 9, No. 4, 319-330, September 2022. 

 323 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

characterization of a target compound. The resulted 

exclusive spectrum is a sign for component recognition. 

Moreover, the resulted peaks that originate from the existing 

functional groups of the chemical compound helps to 

discern the formation of the desired bonds. For reaching the 

mentioned goals, FTIR analysis was conducted at the range 

of 400-4000 cm-1 which is shown in Fig. 1b. C-H stretching 

bonds are illustrated by the two absorption peaks at around 

2900 cm-1. C=O stretching bond, present in the ligand 

section of the MOF, is obvious from the two peaks at 

1717.54 and 1652.81 cm-1. C=C stretching bond, existing in 

the ligand’s cyclic section, is known from the absorption 

bond at 1584.21 cm-1. -CO2 asymmetric stretching bond, 

illustrating the formation of ligand to metal bond, is 

ascribed by the absorption peak at 1510.91 cm-1. The 

absorption peak at 1399.11 cm-1 is also denoting C-H bond 

of the ligand. Also, C-O stretching bond is inferred from the 

absorption peaks at 1259.24, 1154.43, and 1101.70 cm-1 

which is the sign of metal-ligand attachment. C=C bending 

bond of UiO-66 is also ascribed by the absorption peaks at 

881.88, 810.44, 746.51, and 663.22 cm-1 [42,43]. Also, the 

excellent agreement of the obtained FTIR spectrum and the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

previously reported spectrum is a highlight for the 

successful synthesis of the MOF [40]. 

      SEM analysis gives a valuable high-resolution image of 

the material which is beneficial for the visual diagnosis of a 

chemical compound [44]. The obtained SEM image of UiO-

66 is shown in Fig. 1c. It is obvious from the image that the 

resulted MOF particles are tiny, having around      100 nm 

diameter, and also circular which provide a high surface 

area for adsorption purposes.  

      EDX analysis was also conducted on the prepared UiO-

66 and the outcome is shown in Fig. 1d. This analysis is 

highly-advantageous due to the resulting information about 

the composing elements of a chemical compound and also 

demonstrates its purity. The analysis results show the 

presence of zirconium, carbon, and oxygen in the structure 

of the synthesis product. The presence of no other 

interfering peak demonstrates the purity of the final 

compound. 

      Nitrogen adsorption/desorption analysis has its merits 

due to giving data on the adsorbent surface area, average 

pore diameter, and total pore volume. High surface area is     

a promising datum for a favorable adsorption  process.  The  

 
Fig. 1. XRD pattern (a), FTIR spectrum (b), SEM image (c), EDX data (d), BET curve (e), and MAP data (f) of UiO-66. 
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Brunauer-Emmett-Teller (BET) curve is illustrated in        

Fig. 1e. The outcome of the analysis proved a surface area 

of 3853 m2 g-1, total pore volume of 2.4605 cm3 g-1, and 

average pore diameter of 2.5542 nm. The astonishing 

surface area comes in handy for adsorption-based 

procedures. 

      MAP analysis was also conducted on UiO-66 for the 

formation verification of the MOF. UiO-66 consists of 

carbon, hydrogen, oxygen, and zirconium elements. The 

obtained mapping results shown in Fig. 1f demonstrate the 

presence and distribution of carbon as green, oxygen as 

blue, and zirconium as purple dots. Hydrogen is not visible 

in the analysis outcome due to the inherent limitation of the 

technique for hydrogen analysis. The presence of no extra 

color demonstrates the purity of the final product.  

 

Optimization of Parameters in DμSPE 
      The prominent parameter in an adsorptive-based sample 

preparation approach is adsorbent weight. Little use of 

adsorbent proves the efficiency of the method and the 

adsorbent’s high affinity towards the analytes. For 

appraising this, several weights of UiO-66 (0.150, 0.500, 

1.00, 5.00, 10.0, and 15.0 mg) were put through the 

developed DμSPE-DLLME procedure. The results are 

shown in Fig. 2. It is obvious that 5.00 mg is the optimum 

MOF weight in this study. In the weights more than 5.00 mg 

of the adsorbent, the ER values decreased which can be a 

result of the adsorbent particles agglomeration or deficient 

elution of the analytes. Also, the use of lower weights 

reduces the ERs which is the reason for low MOF 

accessibility in solution for the aim of adsorption. Thus, 

5.00 mg UiO-66 was opted to be utilized in the upcoming 

optimization steps. 

      To appraise the consequence of ionic strength alteration 

on ERs of the analytes, the extraction process was done in 

the absence of salt and the presence of Na2SO4 (1.0 M), and 

NaCl (1.0 M). The results are demonstrated in Fig. 3. As 

can be observed, the saltless solution ERs are superior to the 

other mentioned conditions in most cases. This phenomenon 

origins from the fact that salt addition increases the 

viscosity of the solution and subsequently reduces the 

migration of the pesticides onto the extractant surface 

[27,28]. Thus, the experiments were fulfilled through 

saltless conditions.  

 

 

 
Fig. 2. Optimization of UiO-66 weight. 

Extraction conditions: DμSPE procedure: aqueous solution, 
5.0 ml deionized water spiked with 200 μg l-1 of each 
analyte without pH adjustment and salt addition; vortex time 
in adsorption step, 5.0 min; desorption solvent (volume), 
CAN (1.0 ml); vortex time in desorption step, 5 min; and 
centrifugation speed and time, 6000 rpm and 5.0 min, 
respectively. DLLME procedure: aqueous phase, 5.0 ml 
deionized water without pH adjustment and salt addition; 
extraction solvent (volume), 1,1,1-TCE (38 μl); 
centrifugation rate, 6000 rpm; and centrifugation time, 5.0 
min. The error bars show the minimum and maximum of 
three repeated determinations. 
 
 

 
Fig. 3. Influence of ionic strength on ERs of the analytes in  

            DμSPE. 
Extraction conditions: are the same as those used in Fig. 2, 
except 5.0 mg of UiO-66 was used. 
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      The stability of the pesticides and MOF depends on the 

pH value of the solution. So, pH variation is able to affect 

the obtained ERs. The solution pH in this study can play 

two important roles. The first is by affecting the functional 

groups and stability of the studied target compounds. This 

consequence negatively affects the extraction of the analytes 

in the aqueous phase and dwindles their ERs in both DµSEP 

and DLLME sections. The second point which has to be 

confessed is the MOF stability. In intense acidic media, the 

ligand linker of the MOF to the metallic center can be 

unattached resulting in the destruction of the structure of the 

MOF. So, the adsorption will no longer happen on the 

adsorbent. In order to evaluate this notion, the extraction 

procedure proceeded in different pHs including 3.00, 5.00, 

7.00, 9.00, and 11.0. The outcomes (data not shown here) 

showed the preference of the approximately neutral pH 

values (5.00 and 7.00) over the other studied ones. 

Accordingly, the experiments were conducted without pH 

variation due to the fact that the pHs of real samples utilized 

in this work were also in this range. 

      In this study, it is important to properly disperse the 

MOF particles into an aqueous sample solution having the 

analytes. The sufficient dispersion of UiO-66 particles 

heightens ERs of the target compounds in the method. So, 

various vortexing times (3.0, 4.0, 5.0, and 6.0 min) were 

tested to observe their effects on the ER values. The 

outcomes (data not shown here) demonstrated that 5.0 min 

was the sufficient time of dispersion and this was used for 

the rest of the experiments. 

      To optimize the influential parameters concisely, the 

type and volume of desorption solvent were also assessed. It 

elutes the previously adsorbed analytes from the MOF 

surface by vortexing the MOF particles in it. The desorption 

solvent in the present study has another mission and that is 

acting as a disperser solvent in the DLLME procedure. So, 

this solvent has to be miscible in both organic and aqueous 

phases for the dispersion of the extraction solvent into the 

aqueous phase. Accordingly, some organic solvents 

consisting of acetone, ACN, methanol, and 2-propanol       

(1 ml of each) were tested. The analyses results are 

illustrated in Fig. 4. As illustrated in this figure, ACN is the 

best eluent among the surveyed solvents. So, ACN volume 

was evaluated using 0.50, 1.0, 1.5, and 2.0 ml of it. The 

results  (data  not  shown  here) established  that  the  proper  

 

 
Fig. 4. Selection of desorption/disperser solvent type. 

Extraction conditions: are the same as those used in Fig. 3, 

except no salt was used in DμSPE step. 

 

 

solvent volume is 1.0 ml. Higher than 1.0 ml volumes 

diminished the aqueous solution polarity in the DLLME 

step and also lower than 1.0 ml volume was not capable of 

desorbing the pesticides from the MOF surface and 

subsequently, the ER values were reduced in both cases. 

Therefore, 1.0 ml ACN was opted to resume the 

experiments. 

      Prior to the accomplishment of the DLLME section, a 

vortexing process is essential to properly elute the adsorbed 

pesticides from the surface of UiO-66. So, 3.0, 4.0, 5.0, and 

6.0 min vortexing were conducted for the mentioned errand. 

The survey results (data not shown here) demonstrated the 

merit of 5.0 min vortexing to achieve high ERs. Thus,       

5.0 min was applied for vortexing the ACN phase 

containing the pesticide-loaded MOF particles.  

 

Optimization of Parameters in DLLME 
      The adoption of a suitable extraction solvent is a 

cardinal parameter of the DLLME step of the proposed 

method. A proper extractant should have these attributes;      

1) creating a cloudy solution during the injection of its 

mixture with the desorption solvent into the aqueous 

solution, 2) having a higher or lower density in comparison 

to water, 3) extracting the target compounds as much as 

possible, and 4) having little solubility in the aqueous phase.     

      According to the mentioned facts, some organic solvents 
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including 1,1,2-TCE, 1,1,1-TCE, carbon tetrachloride, and 

1,2-DBE were chosen to be tested. 38, 38, 35, and 30 µl of 

the mentioned solvents were utilized, respectively, to obtain 

10 ± 0.5 µl of the sedimented phase. The results of 

extractant type optimization are demonstrated in Fig. 5. The 

relative superiority of 1,1,1-TCE in the extraction of the 

most analytes is obvious from this figure. In the next step, 

the volume of 1,1,1-TCE was tested using 38, 43, and 48 µl 

of it. The outcomes of the survey (data not shown here) 

illustrated the priority of 38 µL among the tested volumes. 

This phenomenon origins from the fact that increasing the 

extractant volume heightens the sedimented phase volume 

and this results in dilution of the target compounds in the 

analyzed organic phase. So, 38 µl of 1,1,1-TCE was utilized 

as the extractant in this survey.  

      Altering the ionic strength of the aqueous solution used 

in the DLLME step affects the obtained ERs either by 

decreasing solubility of the pesticides in the aqueous phase 

(observing salting out effect which increases ERs of the 

analytes) or by decreasing the ER values through 

heightening viscosity of the aqueous solution. This notion 

was evaluated by testing 0.50 M content of NaCl or Na2SO4, 

separately, in DLLME aqueous solutions and comparing it 

to that of saltless solution. The analyses outcomes are 

revealed in Fig. 6. It is clear that ERs of the analytes in the 

solution containing 0.50 M NaCl are higher than the other 

solutions. So, the concentration of NaCl was investigated 

using 0.50, 1.0, and 1.5 M. The superiority of 0.50 M 

solution over the other studied ones was established by the 

obtained data (data not shown here). The notion means that 

increasing the salt concentration heightens the solution 

viscosity and dwindles the migration of the analytes into the 

extraction solvent. So, 0.50 M NaCl solution was applied as 

the DLLME aqueous phase. 

 
Method Validation 
      The competence of the introduced method is critical to 

be known from different analytical aspects including linear 

range (LR), ER, EF, relative standard deviation (RSD), 

LOD, LOQ, and coefficient of determination (r2). The data 

obtained for the mentioned factors are listed in Table 1. 

Linearity values of the method towards the analytes 

obtained from the calibration curves were adequate             

(r2 ≥ 0.991) for the wide LRs of the studied  pesticides.  The            

 
 

 
Fig. 5. Selection of extraction solvent type in DLLME. 

Extraction conditions: are the same as those used in Fig. 4, 
except 1.0 ml ACN was used as the desorption/disperser 
solvent. 
 
 

 
Fig. 6. Influence of ionic strength on ERs of the analytes in  

            DLLME. 
Extraction conditions: are the same as those used in Fig. 5, 
except 38 μl 1,1,1-TCE was used as the extraction solvent. 

 
 
RSDs computed by performing the method on standard 
solutions at a concentration of 50 μg l-1 of each target 
compound were in the ranges of 5.0-6.5% for intra- (n = 6) 
and 5.7-7.8% for inter-day (n = 3) precisions. The ER 
values were in the range of 43-55%. Moreover, the LOD 
and LOQ values on the basis of  signal-to-noise  ratios  of  3 
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and 10, respectively, were in the ranges of 1.10-2.35 and 

3.66-7.82 μg l-1, respectively. The EFs also were obtained to 

be in the range of 215-275. 

 
Analysis of Real Samples 
      In order to evaluate the matrix effect, deionized water 

and the real  samples  including  cherry,  mango,  pineapple, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and orange juices were spiked with 40 and 70 μg l-1 of each 

target compound and subjected to the developed 

microextraction procedure. The resulting relative recovery 

values were satisfactory demonstrating negligible matrix 

effect of the surveyed real samples. The relative recovery 

data are presented in Table 2. Figure 7 illustrates the 

resulting chromatograms for a standard solution  containing 

 Table 1. The Obtained Figures of Merit for the Proposed Analytical Method 
 

Analyte LODa LOQb LRc r2 d 
RSD  
(%)e 

EF ± SDf ER ± SDg 

     Intra-day      Inter-day   
Chlorpyrifos 1.68 5.60 5.60-1000 0.994 5.5 6.5 240 ± 25 48 ± 5 

Haloxyfop-R-methyl 1.30 4.33 4.33-1000 0.995 5.3 6.2 225 ± 15 45 ± 3 

Oxadiazon 1.10 3.66 3.66-1000 0.995 5.0 5.7 250 ± 15 50 ± 3 

Clodinafop propargyl 2.15 7.16 7.16-1000 0.991 6.5 7.5 215 ± 10 43 ± 2 

Fenpropathrin 1.25 4.16 4.16-1000 0.993 6.3 7.8 265 ± 15 53 ± 3 

Fenoxaprop-P-ethyl 2.35 7.82 7.82-1000 0.991 5.0 6.5 275 ± 20 55 ± 4 
 aLimit of  detection (S/N = 3) (µg l-1).  bLimit  of  quantification (S/N = 10) (µg l-1). cLinear range (µg l-1). dCoefficient of  
 determination. eRelative standard  deviation  at a  concentration of  50 μg l-1 of  each  analyte  for  intra- (n = 6) and inter- 
 day (n = 4) precisions. fEnrichment factor ± standard deviation (n = 3). gExtraction recovery ± standard deviation (n = 3). 
 
 
 Table 2. Study of  Matrix Effect in the Juice Samples Spiked at Different Concentrations. All Samples were Diluted with  
               Deionized Water at a Ratio of 1:4 
 

Analyte                            Mean relative recovery ± standard deviation (n = 3) 

 Orange juice Pineapple juice Mango juice Cherry juice 

All samples were spiked with each analyte at a concentration of 40 µg l-1 

Chlorpyrifos 110 ± 3 106 ± 4 92 ± 1 103 ± 5 

Haloxyfop-R-methyl 90 ± 2 114 ± 5 90 ± 3 108 ± 4 

Oxadiazon 86 ± 4 107 ± 4 84 ± 2 97 ± 4 

Clodinafop propargyl 84 ± 3 100 ± 4 107 ± 4 110 ± 3 

Fenpropathrin 95 ± 4 105 ± 3 98 ± 4 96 ± 3 

Fenoxaprop-P-ethyl 88 ± 3 116 ± 2 114 ± 3 114 ± 2 

All samples were spiked with each analyte at a concentration of 70 µg l-1 
Chlorpyrifos 112 ± 2 100 ± 4 95 ± 4 100 ± 3 

Haloxyfop-R-methyl 94 ± 2 110 ± 3 88 ± 4 110 ± 3 

Oxadiazon 85 ± 3 103 ± 3 90 ± 3 101 ± 4 

Clodinafop propargyl 83 ± 2 97 ± 4 110 ± 2 112 ± 4 

Fenpropathrin 96 ± 3 105 ± 3 105 ± 2 101 ± 4 

Fenoxaprop-P-ethyl 93 ± 5 113 ± 2 114 ± 4 116 ± 2 
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200 mg l-1 of each pesticide, extracted aqueous solution at a 

concentration of 200 µg l-1 of each analyte by the developed 

method, and the pineapple sample after being extracted. The 

sample chromatogram illustrates that the beverage is free 

from the studied pesticides. Also, the other surveyed real 

samples showed no presence of the target compounds.  

 

Comparing the Introduced Method with some 
Previous Methods 
      In order to weigh up the introduced method and 

compare it with some previous related works, a comparison 

was accomplished among the derived data from this method 

and the others. The summary of this comparison is listed in 

Table 3. From this table, it is understood that the LRs of the 

method are wider than most of the other developed methods. 

Also, the RSDs are lower than most of the compared 

methods. The EFs are higher than the data reported for the 

previously presented methods. LODs and LOQs are also 

lower than the compared methods, excluding the methods 

that mass spectrometry was applied for detecting. 

 
CONCLUSIONS 
 

      This research aimed to apply a zirconium-based MOF 

called UiO-66 as an adsorbent in a DµSPE procedure 

coupled to the DLLME process in order to extract  and  then 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7. Typical  GC-FID  chromatograms  of:  (A)  standard  
            solution (200 mg l-1 of each pesticide  in  methanol),  
           (B) aqueous  standard solution at a concentration of  
           200 μg l-1 of each pesticide, and (C) pineapple juice  
           after performing  the  developed  method  on  them,  

           except chromatogram A  in  which  direct  injection  
           without     preconcentration      was     done.   Peaks  
           identification:   (1)  chlorpyrifos,  (2)  haloxyfop-R- 
            methyl, (3) oxadiazon, (4) clodinafop propargyl, (5)  
             fenpropathrin, and (6) fenoxaprop-P-ethyl. 
 

 
preconcentrate some pesticides from fruit beverages prior to 
their analysis by GC-FID. Comprehensive characterization 
analyses   were    performed   on   the   synthesized   product 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Comparison of the Introduced Method with some other Methods Used for Analysis of the Pesticides 

 

Method Sample LODa LOQb LRc r2 d 
RSD 

 (%)e 
EFf ERg Ref. 

SDLLME-HPLC-UVh Water 1.50-4.35 - 10-300 0.999 3.1-4.2 171-173 78-82 [45] 

HF-LPMF-GC-MSi Water 0.4 1.0 1-5000 0.998 9.0 174 - [46] 

SPE-GC-NPDj Fruit juices 2.89 - 70-1190 0.999 7.3 - - [47] 

HS-SPME-GC-MSk Wine 0.1 0.4 0.5-150 0.995 13.5 - - [48] 

DµSPE-DLLME-GC-

FIDl 

Fruit 

beverages 
1.10-2.35 3.66-7.82 7.82-1000 0.991-0.995 5.0-6.5 215-275 43-55 

Present 

method 
aLimit of detection (µg l-1). bLimit of  quantification (µg l-1). cLinear  Range (µg l-1). dCoefficient of  determination.  eRelative  

standard  deviation.  fEnrichment  factor.  gExtraction  recovery.  hSequential   dispersive  liquid-liquid   microextraction-high  

performance  liquid  chromatography-ultraviolet  detector. iHollow fiber-liquid  phase microextraction-gas  chromatography- 

mass  spectrometry.  jSolid phase  extraction-gas  chromatography-nitrogen  phosphorus  detection.  kHeadspace-solid  phase  

microextraction-gas chromatography-mass spectrometry. lDispersive micro  solid   phase  extraction-dispersive  liquid-liquid  

microextraction-gas chromatography-flame ionization detection. 
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including EDX, XRD, FTIR, MAP, SEM, and nitrogen 

adsorption/desorption analyses. Little amount application of 

UiO-66 (5.0 mg), low volume utilization of desorption 

solvent (1.0 ml ACN), and µL-level use of extraction 

solvent (39 µl 1,1,1-TCE) were the highlights of the 

proposed method. Also, the two-step microextraction 

method reduced the matrix effect, LODs and LOQs, and 

also increased EF values. The high surface area of the MOF 

(3853 m2 g-1) was a beneficial potential for performing the 

adsorption process in μg l-1 concentrations. The method 

showed satisfactory results such as acceptable ERs (43-

55%), high EFs (215-275), low LODs (1.10-2.35 μg l-1) and 

LOQs (3.66-7.82 μg l-1), and wide LRs (7.82-1000 μg l-1). 
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