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Abstract 

In this work, we successfully developed electromembrane extraction via preparation 
of an electrospun flat membrane based on device. The polyurethane-membrane was 
prepared by electrospinning method and used in EME. Affecting parameters on 
membrane preparation were optimized by Taguchi design. The developed method was 
used for extraction of phthalates as typical molecules and the proposed method was 
used to determine phthalates in water samples. The applied voltage, extraction time, 
distance of electrodes and agitation rate were selected as the main factors in EME and 
optimized using response surface methodology based on a central composite design. 
Under optimum conditions, calibration curves were obtained in the range of 0.5-5000 
ng mL-1 with R2>0.990. The repeatabilities were less than 12% and 14% for intra-day 
and inter-day, respectively. The limits of detection were found to be 0.03 and 0.02 ng 
mL-1 and limits of quantification were obtained 0.09 and 0.06 for bis (2- ethylhexyl 
phthalate), and dimethyl phthalate, respectively.  
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Introduction 
Sample preparation is one of the most important 

steps in analytical procedures. Generally, the most 
frequently extraction techniques are liquid-liquid 
extraction (LLE) and solid phase extraction (SPE). 
These methods are time consuming, tedious and often 
need large volume of toxic solvents. Sample 
pretreatment techniques such as solid-phase micro 
extraction (SPME) and stir bar sorptive extraction 
(SBSE) have gained a lot of attraction [1, 2]. 

In recent years, there have been several studies about 
different methods of membrane extractions that the 
main reason for these increasing interests relies on their 
high separation speed while leaving no mixture of the 
two phases [3]. The other benefits are prevention of the 
emulsion phenomenon, and utilization of only a few 
microliters of organic solvent. Such methods also 
introduce the possibilities of extractions and pre-
concentration of analytes, which would consequently 
increase the speed of extraction of trace amount analyte 
in analysis processing. So far, membrane extraction has 
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been used for various analytes, among them biological 
compounds [4], metals [5], and organic pollutants [6] 
could be mentioned. One of the most recent methods of 
membrane extraction is known as electromembrane 
extraction (EME) that incorporates a supported liquid 
membrane (SLM). During the process, with the 
electrical current analytes migrate from the sample 
solution towards the acceptor solution passing through 
the membrane [7]. This principle provides a high 
selectivity, high pre-concentrations, and self-
automations. This method has gained huge popularity 
among the researchers because of its mentioned unique 
potentials [8-10]. Electromembrane extraction could be 
performed either in a two or three phase mode. In the 
two-phase mode, the organic solvent of the SLM is the 
same solution as the acceptor phase. The electrical field 
is known as the main factor for the mass transfer and 
penetration of the analytes [11, 12]. In the three-phase 
mode, on the other hand, the organic solvent of the SLM 
is selected differently from the acceptor solvent, and 
therefore it makes a three-phase solution along with the 
aqueous sample solution [13].  

At first, it is worth mentioning that kind, shape and 
thickness of the membrane are features which should be 
considered. Generally, the membranes used in EME 
method were commercial porous polypropylene. In 
most cases, hollow fiber membranes  are used in EME 
[14]. While flat membranes were used in the recent 
researches [15-17]. Hollow fiber membranes usually 
have thicknesses about 200-300 micrometers [18] and 
flat membrane are about 100 micrometers [16]. In 
comparison with hollow fiber, flat membrane has a big 
surface area with low Joule heating. This effect can 
select solvents containing low boiling point. According 
to the polymer and desired structure of the membrane, 
some techniques can be used for fabricating the 
membrane. The methods commonly used for prepare 
membranes are including phase inversion [19, 20], 
interfacial polymerization [21], stretching [22, 23], track 
etching [24] and electrospinning [25-30]. Along these 
techniques electrospinning is a new method to fabricate 
porous membrane for various applications. In this way, 
a high potential is applied between the polymer solution 
droplet and the grounded collector. When the 
electrostatic potential becomes sufficiently high and 
overcomes the surface tension of the droplet, a charged 
liquid jet is formed. The unique features of these fibrous 
membranes are controllable aspect ratios (aspect ratio = 
L/d; L-length of the fiber and d-diameter of the fiber) 
and morphology of the nano/microfibers, which is 
achieved by varying the solution viscosity, 
environmental conditions, applied electric potential and 
the flow rate of the solution [31]. 

Moreover, in this study the material, gap distance, 
shape and thickness of the electrodes as a main factor in 
EME process are studied and investigated. The 
electrodes should be chosen from the neutral materials 
such as platinum because of the possibility of having an 
electrolyte reaction at the surface of the electrodes and 
stainless steel to prevent any damage to the electrodes 
during the reactions. The gap distance between the 
electrodes is among the principal factors governing the 
success of the EME method. The power of the electrical 
field (E) is defined as the fraction of the electrical 
potential (V) between two electrodes by the gap 
distance (d) between them. Therefore, by increasing the 
gap distance, the electrical field power would decrease, 
and as a result the flux of the ions passing through the 
membrane would decrease as well. Although there 
would be an increase in the extraction efficiency due to 
the decreasing gap distance between the electrodes, 
there is one fundamental limitation. Placing the 
electrodes in a very short gap distance leads to the 
enhanced migration of ions through the SLM. In such 
cases, the friction between organic solvent and passing 
ions can occur and as a result temperature will increase, 
the organic solvent will be evaporated and the 
membrane may be destroyed. If the membrane destroys, 
electric arc happens and it can even interrupt the electric 
field. In the most investigations, electrodes with wire 
shape were used [8, 14].  

In recent year, the application of EME coupled with 
gas chromatography (GC) and high performance liquid 
chromatography (HPLC) was used to determine  the 
trace amount of different analytes in various matrices 
[32, 33]. The important compounds that have a direct 
effect on human health are phthalates. Phthalates are 
categorized in the family of plasticizers. The phthalates 
have multiple harmful impacts on the human life; 
therefore, utilizations of such plastic materials are 
prohibited by some regulatory agencies. Phthalates 
diffuse across the nutritious materials because there are 
no chemical bonds between their phthalates and plastics. 
Therefore, human consumptions could become polluted 
with phthalates either in a direct or indirect way. Today, 
several methods have been developed to measure the 
amount of phthalates. For example, one of the most 
advanced investigations in the field suggested utilization 
of an ultrasound-assisted dispersive liquid-liquid micro 
extraction [34], and an electrokinetic chromatography 
with polymeric pseudo stationary phase [35]. The 
identification and determination of phthalates require an 
analytical method that could separate this material from 
the other additives to the plastic. Among all gas 
chromatography (GC) is known as an appropriate 
apparatus for this purpose.  
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