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A simple method for the extraction and preconcentration of pesticides such as imidacloprid, flusilazole and atrazine from soil and water
using dispersive liquid-liquid microextraction (DLLME) was described. The process was optimized by suitable selection of dispersive and
extraction solvent. The sample was extracted by methanol (dispersive solvent) containing chloroform (extraction solvent) (3:7, v/v).
Important factors such as the volume of extraction solvent, equilibration time, pH, and ionic strength were studied. pH and ionic strength
found to have, significant influence for recovery and enrichment of solute. Extraction recovery value was found to be 98, 81 and 92 %
respectively from water sample. The corresponding enrichment factor was found to be 742.01, 613.28 and 696.57 for imidacloprid,
flusilazole and atrazine, respectively. The process was applied for extraction and recovery of the pesticides from soil and water system. 
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Introduction 

With the advent of chemical technology and synthesis of 
new materials some plant protecting chemicals are designed 
for the development of agricultural products. One among the 
classes is classified in different ways in terms of their origin, 
use or action popularly herbicide, fungicide and insecticide 
are collectively called as pesticides. Although the use of 
pesticide can be considered as one of the prime factors for 
green revolution their persistence in the environment poses a 
threat to the ecological balance. The interaction of pesticides 
with environmental parameters in addition may results in the 
alteration of their physicochemical properties. The 
pesticides as such or theirs residues and degradation 
products1,2 may generate the toxicity with high residence 
times in different compartment of the ecosystem such as soil, 
water and organisms. Migration of pesticides into ground 
water via soil layers has serious consequences on the 
ecological balance.3-6 

The identification and trace level determination of 
pesticide and residue becomes a challenging task to the 
analytical chemists. The enrichment of pesticides via 
separation and removal demands a high sensitive, selective 
and precise technique with wide range of applications. 

The common chromatographic techniques such as 
HPLC,7-15 GC,16-19 capillary electrophoresis (CE)20-22 and 
thin layer chromatography are applied for the determination 
of pesticide from different sample such as water, soil, food 
and vegetables. Among the well known enrichment 
techniques liquid-liquid extraction (LLE)23-25 and solid 
phase extraction (SPE)13,26,27 have some disadvantages viz. 
use of large volume of toxic organic solvent and generation 

of secondary pollutants respectively. Dispersive liquid-
liquid extraction as an extension of liquid-liquid extraction 
utilizes extraction and dispersive solvent which are 
introduced in the aqueous solute sample. A very small 
volume of solvent requirement, quick equilibration time and 
high extraction efficiency makes the process very useful. 
The large contact surface area of immiscible phase assists 
the transfer of solute yielding high extraction efficiency 
while very small volume (μL) of  extraction solvent ensures 
high enrichment factor.28-37 

In the present communication the dispersive liquid-liquid 
extraction of imidacloprid, flusilazole and atrazine as the 
representative of insecticide, fungicide and herbicide 
respectively is described. The process was optimized for 
different operational variables such as nature and volume of 
dispersive and extraction solvent, time of equilibration, pH 
and ionic strength of the solution. The effect of different 
salts on the extraction efficiency and enrichment of the 
solute from water was determined. The applicability of 
process was judged from the extraction of solute from soil 
and water sample. Almost quantitative extraction (>80 %) 
and high enrichment factor (>630) offers the process quite 
applicable for trace analysis from complex matrices. 

Experimental 

Reagents and materials 

Imidacloprid, flusilazole and atrazine were obtained from 
Sigma Aldrich (St Louis, MO, USA). HPLC grade solvents 
such as carbon tetrachloride, dichloromethane, chloroform, 
tetrachloroethane, acetone, methanol, and acetonitrile were 
purchased from Merck, India. All the other reagents used in 
the experiment were of the highest grade commercially 
available. Doubly distilled water was used throughout the 
experiment. All the experiments were performed at room 
temperature. 
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Instrumentation 

A Shimadzu model UV-2401 PC UV-Vis recording 
spectrophotometer with quartz cells was used for recording 
absorption spectra. All spectral measurements were 
performed using the blank solution as reference. A Rotofix 
centrifuge was used to accelerate the phase separation 
process. Measurement of solution pH was done by Systronic 
digital pH meter. A Cecil (CE 4201) HPLC coupled with 
UV-Vis detector was used for analysis of the solutes. 

Extraction procedure 

For the DLLME, 5.0 ml of aqueous sample was placed in 
a 10 ml screw cap glass test tube with conical bottom. In a 
typical experiment 0.3 ml of methanol (as disperser solvent) 
containing 0.7 ml chloroform (as extraction solvent) were 
rapidly injected into the sample solution and the mixture 
was gently shaken. A cloudy solution was formed when the 
solute in the water sample was extracted into fine droplets. 
The mixture was centrifuged for 5 min at 4000 rpm and 
CHCl3 was sedimented in the bottom of the conical test tube. 
The upper phase was withdrawn by a micropipette. The 
sediment phase was diluted to 6 ml using MeOH and the 
solute was analysed.  

Critical parameter for extraction 

In order to judge the feasibility and find out the extent of 
extraction two critical parameters viz. enrichment parameter 
and recovery parameter are of prime importance. The 
enrichment parameter (EP) may be defined as the ratio of 
analyte concentration in the sediment phase (Csed) to the 
initial concentration of the analyte (C0) as,  

 

     (1) 

 

The recovery parameter (RP) is defined as the fraction of 
solute transferred to the sediment phase, and is expressed in 
percentage as, 

 

          (2) 

  

where,  

 

Vsed and V0 are the volume of sediment phase and 
aqueous phase, respectively.  

Wsed and W0 are the amount of solute in sediment and 
aqueous phase respectively.  

On combining equation (1) and (2) EP and RP can be 
correlated as,  

 

 
 

   (3) 

Results and Discussion 

Dispersive liquid-liquid extraction (DLLE) as an 
extension and improvement of conventional liquid-liquid 
utilizes a pair of solvents viz dispersive (DS) and extraction 
solvent (ES). Solute initially dissolved in aqueous phase if 
put in such a pair will tend to distribute between DS and ES 
in an equilibrium fashion depending on the nature as well as 
solubility criteria of the solute in the chosen pair of solvents. 
The mutual miscibility and density difference of DS and ES 
makes the phase separation effective .The factors that 
govern the extraction (both the extent and efficiency) are the 
nature and volume of DS and ES, time of equilibration, pH 
and ionic strength of the solution. Thus, optimization of the 
operational variables constitutes the first step of DLLE. 

Influence of type and volume of dispersive solvent 

The dispersive solvent is essentially be miscible with both 
the aqueous and extraction solvent. Further, it must disperse 
ES as very fine droplets in aqueous phase. In the present 
study acetone (DS1), methanol (DS2), and acetonitrile 
(DS3) were chosen as the DS. A typical experiment was 
performed using 0.3 vol. of each DS containing 0.7 vol. of a 
definite ES. Five replicate tests were performed for each 
combination of DS-ES to improve the precision of the 
operation. 

 

 

 

 

 

 

 

Figure 1. Effect of extraction solvent on the extraction recovery of 
imidacloprid. 

 

The result indicates that CH3CN (DS3) acts as the 
effective DS (Fig. 1) for imidacloprid. As the volume of DS 
is found to influence the formation of cloudy solution 
(aqueous-DS-ES) the optimization of the volume of DS is 
essential to maximize the degree of dispersion and 
extraction efficiency. The volume of DS was varied from 
0.1 ml to 0.3 ml for a fixed volume 0.7 ml of ES. 

In the typical study the extraction behavior of 
imidacloprid is illustrated for CH3CN as DS and C2H4Cl4 as 
ES.  
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It is found that for a fixed volume of ES, percent recovery 
increases with increasing volume of DS which then 
decreases with further volume of DS. The optimum volume 
of CH3CN was chosen as 0.3 ml. At low volume DS cannot 
disperse ES properly and inhibits formation of the cloudy 
solution which results incomplete or poor extraction. On the 
other hand the solubility of imidacloprid in water increases 
as volume of DS increases. Similar trend is observed by 
changing either the ES or DS and for each combination a 
fixed optimum volume is needed to maximize the extraction. 
Again, different solutes show similar but distinct behavior. 

 

 

 

 

 

 

 

Figure 2. Effect of the volume of acetonitrile (DS) on the 
extraction recovery of imidacloprid 

Influence of type and volume of extraction solvent 

In order to achieve the transfer of solute to ES the solute 
must have higher solubility in ES compared to that in water. 
The hydrophobicity and higher density, low solubility in 
water and the formation of the stable ternary phase system 
are the important parameters for selection of ES. Owing to 
the high density chlorinated solvents such as CCl4 (ES1), 
CH2CL2 (ES2), CHCl3, (ES3) and C2H4Cl4 (ES4) are found 
to be the potential ES. In order to study the effect of the ES 
volume on the efficiency of the solute transfer the volume of 
the ES was varied (0.1-0.7 ml) for a fixed volume (0.3 ml) 
of a definite DS. It is inferred that high density solvents are 
effective due to quick settling at the bottom of the test tube. 
It is found that extraction increases with increase of volume 
of the extraction solvent for a fixed volume of the dispersive 
solvent. 

 

 

 

 

 

 

Figure 3. Effect of the volume of tetrachloroethane (ES) on the 
extraction recovery of imidacloprid 

Figure. 3. demonstrates a typical situation for C2H4Cl4 as 
ES for extraction of imidacloprid using acetone (DS1), 
methanol (DS2) and acetonitrile (DS3) as dispersive solvent. 

However, the volume requirement of ES and extraction 
efficiency vary with change of the DS. Similar situation 
arises for a fixed DS and varying ES (Figure .2). 

Effect of pH 

The important parameters governing extraction with 
variation of solution pH are (a) solubility and (b) stability of 
the solute due to ionization. It is found (Figure .4) that with 
increase in pH the extraction of imidacloprid increases, 
reaches a maximum and decreases subsequently. The pH 
corresponding to maximum recovery is taken as the 
optimum pH for extraction. 

 

 

 

 

 

 

 

Figure 4. Effect of pH on the extraction recovery of imidacloprid  

 

The extraction extent and pattern of the solute has distinct 
character in respect to variation of solution pH for a fixed 
combination of ES-DS. Figure 4. describes the pH effect of 
imidacloprid for C2H4Cl4 as ES with CH3CN as DS. The 
optimum pH was found to be 6, 10 and 5, for imidacloprid, 
flusilazole and atrazine, respectively. 

Effect of the extraction time 

In order to have the present operation effective the solute 
transfer from aqueous to the extraction phase must be fast 
and thermodynamically feasible. The DLLE can be thought 
of as a two steps process viz, 

(a) transfer of solute from aqueous to ES in an 
equilibrium fashion and  

(b) formation of solute rich sediment phase. 

It is expected that as the surface area between the aqueous 
and extraction solvent (in presence of DS at the cloudy 
state) is appreciably high the extraction is quite rapid and 
the equilibrium is reached within a very short time. Thus, 
aqueous-DS cloud formation and sedimentation of solute 
rich phase improves the efficiency of the said process. With 
CH3CN as the DS, extraction profile of imidacloprid is 
presented in Figure 5. 

It is found that with increase in centrifugation time the 
recovery percent increases and reaches a flat plateau after a 
certain time, considered as the equilibrium time, which may 
vary with the change of ES. 
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Figure 5. Effect of centrifugation time on the extraction recovery 
of imidacloprid 

The effect of ionic strength 

The ionic strength of the solution has some important 
influence governing the extraction efficiency. The ionic 
strength of the solution was varied by adding different salts 
of varying concentration. With salt addition the aqueous 
phase solubility of the extraction solvent and the solute will 
change affecting the extractability. It is found that the 
volume of the sediment phase and the extraction extent 
depend on the nature of the added electrolyte. Presence of 
chloride, sulfate, and carbonate typically decreases aqueous 
solubility of both the ES and the solute due to salting out 
effect. Thus, volume of sediment phase and the solubility of 
the solute in ES increase resulting EP decrease and RP 
increase. The extent of EP and RP vary with the nature of 
ES in presence of salt. The lower the lyotropic number of 
the salt, pronounced is the effect. In a typical study NaCl, 
KCl, KNO3, (NH4)2SO4, were examined. The carbonate salt 
was avoided due to the possibility of solution pH change. In 
all the cases electrolyte concentration was kept at 1x10-3 M. 
It is found that recovery percent increases in the order,: 
(NH4)2SO4 > KNO3 > KCl > NaCl. However, the volume of 
the sediment phase does not change appreciably with 
variation of electrolyte. 

Table 1. Characteristic features for DLLE. 

Compounds Parameters 
Imida-
cloprid 

Flusi-
lazole 

Atra-
zine 

Limit of detection, LOD,  
μg L–1 

0.1 0.08 0.05 

Limit of quantification, LOQ, 
μg L –1 

0.3 0.24 0.15 

Linear range, LR, μg L–1 0.1-100 0.1-100 0.1-100 
Correlation coefficient (r) 0.9924 0.9981 0.9944 
Intra-day precision*, RSD % 2.1 2.9 2.7 
Inter-day precision*, RSD % 3.8 4.2 4.0 
Recovery Prameter, RP % 98 80.59 91.81 
Enrichment Parameter, EP  742 610.18 695.13 

*Five replication  

The concentration of (NH4)2SO4 was next varied from 10-2 
to10-4 M. It is found that volume of sediment phase 
increased from 25 to 28.5 μl and RP increased from 80.49 to 
98.56 % corresponding to salt concentration of 10-3 M. In all 
subsequent experiment the salt concentration was kept at 10-

3 M. 

Efficiency of the method 

At the optimized condition the analytical characteristics of 
the method, such as limit of detection (LOD), limit of 
quantification (LOQ), linear range (LR), correlation 
coefficient (r), repeatability (intra-day precision), 
reproducibility (inter-day precision), recovery parameter, 
(RP) and enrichment parameter (EP) are shown in Table 1. 

The feasibility of the process was evaluated from the free 
energy change of the process. 

Application of the method 

The DLLE described so far was applied for the recovery 
of the studied pesticides from soil and water samples. Each 
sample was analysed 5 times and the results are presented as 
the mean.  

Table 2. Recovery of imidacloprid, flusilazole and atrazine from 
soil and water. 

Compounds 
 

Sample Conc., μg L–1 
(mean ± SD#) 

Recovery, % 
(mean ± SD#) 

soil 11.7 ± 0.02 96.8 ± 0.05 Imidacloprid 
water 4.1 ± 0.02 97.8 ± 0.04 
soil 20.1 ± 0.01 78.2 ± 0.05 Flusilazole 
water 1.5 ± 0.02 79.7 ± 0.04 
soil 27.8 ± 0.02 90.5 ± 0.04 Atrazine 
water 3.1 ± 0.01 90.9 ± 0.03 

# standard deviation 
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