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SA MPLE PREP
PER SPEC TI V E S

Electromembrane Extraction with
Vials of Conducting Polymer
The principles and experimental conditions for a new prototype electromembrane extraction (EME) device coupled
with liquid chromatography (LC) are outlined and reviewed in this article. EME is a relatively recent microextraction
technique based on electrokinetic migration across an oil membrane. In EME, a target analyte is extracted from an
aqueous sample across a supported liquid membrane (SLM) and further analysis is accomplished by LC.

E

lectromembrane extraction (EME)
emerged as a very new microextraction technique in 2006 (1). The principle is
based on electrokinetic migration across an
oil membrane (supported liquid membrane),
as illustrated in Figure 1. The target analyte is
extracted from aqueous sample, across the
supported liquid membrane (SLM), and into
an acceptor (aqueous solution). An electrical
field (dc) is sustained across the SLM, and
is the driving force for mass transfer. The
target analyte is thus moving in the system
based on electrokinetic migration, and EME
is therefore used for extraction of cationic
(basic) and anionic (acidic) analytes. The SLM
is an organic solvent immiscible with water,
immobilized and held by capillary forces in
the pores of a polymeric membrane.
For extraction of a basic analyte, the
sample is acidified and the acceptor is
either acidic or neutral. In this way, the analyte is protonated; the cathode (negative
electrode) is located in the acceptor, and
the anode is located in the sample. For
extraction of acidic analyte, the direction of
the electrical field is reversed: the sample
is made alkaline, and the acceptor is either
alkaline or neutral. Samples can, for instance,
be biological fluids, such as plasma, serum,
whole blood, urine, or saliva; or different
types of water samples relevant to environmental analysis.
Sample volumes in EME are typically
from 0.1 to 5 mL, while acceptors are

between 0.01 and 0.1 mL (10–100 µL).
Because of this volume difference, EME
can preconcentrate analytes. Furthermore,
EME provides high selectivity. First, the
organic and hydrophobic nature of the
SLM prevents polar sample matrix components from entering the acceptor. Second, the electrical field prevents sample
matrix components of opposite charge
from entering the acceptor. Actually, selectivity in EME can be controlled based on
(a) the direction of the electrical field, (b)
the magnitude of the electrical field, and
(c) the chemical composition of the SLM.
The operational parameters controlling
the selectivity are very different from those
of existing extraction techniques, such as
solid-phase extraction, solid-phase microextraction, and liquid–liquid extraction.
In the future, analytical scientists will take
advantage of these unique features.
In addition to preconcentration and
efficient sample clean-up, EME is fast, the
consumption of organic solvent is a few
microliters per sample, and extracts are
aqueous. The latter is a great advantage in
combination with liquid chromatography
(LC), because the acceptors can be injected
directly without any solvent evaporation or
reconstitution procedures. Extraction times
are typically 5–10 min, and high throughput
is feasible using 96-well technology (2). EME,
therefore, has high-throughput potential.
The extremely low consumption of organic

solvent is a step in the direction of green
chemistry, which will be of major concern for
the next generation of analytical scientists.
Several reviews published recently give
an overview of research on EME (3–6).
Important EME application areas (to date)
include bioanalysis of pharmaceuticals (7),
analysis of food and beverages (8), environmental analysis (9), trace analysis of metals
(10), and peptide analysis (11). Many substances have been extracted successfully,
from small inorganic ions (12) up to peptides
of about 15 amino acids (13), both positively
and negatively charged substances (14), and
substances in the polarity range of -5 < log
P < 5 (3). High flexibility has also been demonstrated in terms of adaptability to different technical configurations. Thus, EME has
been performed in conventional 1–10 mL
glass vials (1), 96-well plates (2), narrow tubing and channels (15), different flow systems
(16), and a variety of microchip systems (17).
Very interestingly, small EME-chip devices
have been developed and combined with
smartphone detection (18). Although this
research is in its infancy, such technologies
may have very high future potential.

Coupling the Electrical Field
Through Vials of Conducting Polymer
To date EME uses metallic electrodes to
couple the electrical field, one serving as
cathode and another as anode. Platinum
wires have been preferred given their
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FIGURE 1: Principle of electromembrane extraction.
TABLE I: Experimental conditions for electromembrane extraction and liquid chromatography
Electromembrane extraction
EC-5, G&T Septech (Ski, Norway)
Will be available from Extraction
Technologies Norway (www.etn-eme.com)

EME cartridge
Filter membrane

Polypropylene, 100-µm thickness, Membrana, Germany
700 µL 10 mM HCl containing 5 µg/mL of
pethidine, haloperidol, nortriptyline, methadone, loperamide

Sample
SLM

11 µL of 2-nitrophenyl octyl ether (NPOE)

Acceptor

700 µL 10 mM HCl

Agitation

1050 rpm

Voltage

100 V

Time

15 min

Liquid chromatography
Instrument

Agilent 1200 Series HPLC

Column

Phenomenex, Gemini C18, 150 x 2 mm, 5 µm

Mobile phase

Gradient; 5→95% acetonitrile in 20 mM HCOOH

Flow rate

0.4 mL/min

Injection

100 µL

Detection

UV, 235 nm

TABLE II: Performance data
Experimental Data*
Recovery (%)

Precision
(% RSD)

Predicted Data†
Maximum recovery (%)

75

15

95±13

Haloperidol

78

5

88±7

Nortriptyline

83

6

92±8

Methadone

89

10

103±24

Loperamide

79

9

93±13

Pethidine

* Data

obtained with experimental conditions reported in Table I.
† Data predicted from factorial design optimization

electrochemical stability and inertness.
However, there are several disadvantages
of using platinum wires, including:
• The expense.
• The small surface area.
• Platinum wires have to be reused.
• Platinum wires have to be cleaned
between each sample, to avoid carry-over.
• Platinum can be mechanically damaged
during operation.
• Platinum may complicate development
of automated systems.
Currently, a Norwegian company is
developing a prototype EME device
aimed for commercialization. Figure 2
illustrates this device, based on standard
2-mL vials made from a conducting polymer. The electrical field couples using the
vials as electrodes; this replaces the platinum wires. One vial is used for housing the
sample, and another vial holds the acceptor. The two vials are connected by a leaktight interface, holding a porous polypropylene filter membrane. The latter serves
as a support for the SLM. Loading the
SLM is performed by pipetting the exact
amount of organic solvent onto the filter
membrane. In 5–10 s, the organic solvent
enters the entire pore volume of the filter
membrane, and is immobilized there by
capillary forces. An external power supply
delivers the electrical field, contacting the
surface of the two vials as illustrated in Figure 2. With a 10-position holder, up to 10
cartridges operate simultaneously.
In this work, we tested the prototype
device for the first time using the five basic
drug substances pethidine, nortriptyline,
methadone, haloperidol, and loperamide
as model analytes. We studied the impact
of the main operational parameters, and
optimized extraction conditions based
on factorial design. In addition, we tested
extraction performance under optimal
conditions. The data are the first ones
reported with commercial equipment for
EME, and the first using conducting vials
for coupling the electrical field.

Experimental Conditions
The experimental conditions for EME and
LC are summarized in Table I. We used
a model EC-5 cartridge with 2-mL vials
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for our experiments. The experimental
procedure comprised the following steps:
1. First, 700-µL sample and 700-µL acceptor were pipetted into separate vials.
2. Next, 11 µL of 2-nitrophenyl octyl
ether (NPOE) was pipetted onto the
filter membrane.
3. The EME cartridge was assembled by
connecting the sample and acceptor
vials to the interface.
4. The cartridge was placed on the agitator, and power cables were connected
to the vials.
5. Agitation and voltage were applied simultaneously to facilitate extraction.
6. After extraction, the cartridge was unassembled, and 100-µL acceptor was collected for LC.

Distribution to the Electrical Field
To understand the electrical properties
of the prototype device, we performed
a computer simulation of the electrical
field distribution, and compared this
with a similar exercise on a traditional

(a)
(b)

FIGURE 2: Photo of (a) prototype cartridge and (b) 10-position holder.

EME system with platinum electrodes.
We used the finite element method in
Comsol Multiphysics 5.4 (COMSOL Inc.,
USA), and simulations are illustrated in
Figure 3. The prototype device is shown
in Figure 3b; the blue embodiment
is the sample vial (grounded, zero V
symbolized with blue) and the red one is
the acceptor vial (+100 V, symbolized with

red). Figure 3d shows a magnification of
the SLM region. From this simulation,
we found that more than 99.9 % of the
voltage drop was across the 100-µm SLM.
Figure 3a is a simulation of the original
EME setup, where the electrical field
was coupled with platinum electrodes,
SLM was immobilized in the pores in
the wall of a hollow fiber, and acceptor
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(a)

(b)

very similar to the traditional EME in terms
of electrical field distribution.
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FIGURE 3: Results from Comsol Multiphysics showing voltage distribution in (a) the conventional device and (b) the new prototype, and close-ups showing the potential voltage
drop in the membranes of (c) the conventional device, and (d) the new prototype.
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FIGURE 4: Average recovery as function of extraction time and voltage.
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FIGURE 5: Average recovery as function of agitation rate and sample and acceptor
volumes.

was located in the lumen of said hollow
fiber (1). Also in this system, about 99.9
% of the voltage drop was across the
SLM (Figure 3c). The organic SLM has a
resistivity that is approximately five orders

of magnitude larger than that of the
aqueous sample and acceptor, and hence
it totally dominates the resistance of both
these systems. From the simulations, we
concluded that the prototype device was

In a large set of extraction experiments, we
conducted a comprehensive optimization
of operational parameters based on
factorial design. We identified (a) extraction
time, (b) voltage, (c) agitation rate, (d)
sample and acceptor volume, and (e) SLM
volume as the key operational parameters.
The average extraction recovery for the five
model analytes was affected by extraction
time as shown in Figure 4. Extraction
time was tested between 0 and 30 min.
Recovery increased rapidly with extraction
time during the first 10 min, and then more
gradually up to 23.7 min (Figure 4) where
the system entered steady-state conditions.
Voltage affected recovery as illustrated in
Figure 4. At zero volt the model analytes
were not extracted at all. This was consistent
with theory; with pH 2.0 in the sample, the
model analytes were 100% protonated
(positively charged) and they were unable
to partition into the SLM. However, as
the voltage was turned on and gradually
increased, the protonated substances
penetrated the sample–SLM interface, and
extraction recovery increased rapidly with
increasing voltage up to approximately 80
V. Above 80 V, recovery increased slightly
up to 157.6 V. Clearly, the electrical field
served as driving force for extraction in the
prototype device.
Figure 5 illustrates the optimization of
agitation rate and sample and acceptor
volume. Agitation rate was tested in the
range from 0 to 1800 rpm. With no agitation (0 rpm), the model analytes were not
extracted at all. Under these conditions,
the physical contact between the three liquid phases was insufficient. On the other
hand, when agitation was applied, this
induced convection in the sample and
extraction was promoted. As seen in Figure 5, recoveries increased with increasing agitation rate up to 1503 rpm. Above
this level, recoveries decreased slightly
because of issues of mechanical stability.
We tested sample and acceptor volumes between 250 and 1500 µL, with a 1:1
ratio in all experiments. As seen from Fig-
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ure 5, recovery increased with increasing volume up to 905 µL, followed by a
small decrease. With small volumes, the
physical contact between the three liquid phases was limited, and this affected
extraction efficiency negatively. On the
other hand, when volumes exceed
approximately 900 µL, convection in
the sample solution was somewhat suppressed because of the high filling level.
Finally, we optimized the SLM volume.
The optimal value was 12.8 µL, and we
observed only minor variations of recoveries as a function of SLM volume in the
range 7–22 µL. We preferred not to use
more than 11–13 µL NPOE, because
this volume corresponded to the
maximum of solvent immobilized by the
filter membrane.
The optimization data reported in
Figure 4 and 5 all follow the theoretical
models developed for EME (19,20), and
are similar to previous experimental data
reported with existing EME configurations
(3). Thus, although the coupling of the
electrical field is fundamentally different
from that in all previous EME setups, the
prototype system behaved similar to systems reported in the literature. Therefore,
the scientific anchor of traditional EME
apparently also applies to the prototype
device, and applications and experiences
from previous EME publications probably
can be transferred more or less directly to
the commercial device.

device should perform at levels similar
to that of laboratory-built systems.
From the factorial design optimization,
we estimated expected recoveries for
the system operated under optimal
conditions (Table II). In such a case,
the EME system should provide
exhaustive extraction of the selected
model analytes.

Conclusions
We have tested the first prototype
commercial device for EME. In this device,
coupling the electrical potential is through
sample and acceptor vials of conducting
polymer. This is a totally new idea, and
replaces the use of metallic electrodes
in EME. We found the prototype device
to perform similarly efficient systems
reported in the literature, and for the
model analytes we tested, we reached
exhaustive or near-exhaustive conditions.
We also observed that the prototype
device responded similar to existing
systems upon optimization of operational
parameters. Therefore, we expect previous
applications and experiences can be
transferred to the prototype device. With
this device, we expect more activity, and
scientists can generate new EME data in a
standard format. This may be a major step
forward in the work to establish the future
“killer applications” of EME.
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