Sample preparation using liquid membrane extraction
techniques
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Abstract
A brief review is given of membrane extraction techniques that are seen as suitable for the extraction of various chemicals in
water samples. Membrane-based extraction methods have now gained popularity as methods of choice in the extraction of
both ionisable and non-ionisable molecules from different samples. The main attractive features for these techniques include
the use of minimal organic solvents, high selectivity and clean-up efficiency, with high enrichment factors. In most cases
the overall cost involved is low due to the simplicity of the techniques which normally involve relatively fewer steps and
handling procedures as compared to many other sample-preparation techniques. The various forms and the configurations of
membrane-based techniques are another attractive feature which allows the possibility of hyphenation with separation instruments such as gas/liquid chromatographs and even capillary electrophoresis.
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Introduction
Sample preparation is among the most important steps in any
analytical process. This is due to the fact that sample preparation
plays an important role in the removal of macromolecules and
other matrix constituents that may adversely interfere with the
detection system. In addition to that, sample-preparation methods bring about a possibility of enrichment of the analytes in
very dilute samples or where low detection limits are required
(Jönsson, 1992; 1993; 1999). Sample-preparation processes
therefore have a direct impact on accuracy, precision and quantification limits and are often a limiting step for many analytical
methods (Majors, 2003). Many sample-preparation techniques
(Tadeo et al., 2004; Mitra and Kebbekus, 1998; Patnaik, 1997)
that have been in use all along include head space analysis,
purge and trap, solid-phase micro-extraction (SPME) (Eisert et
al., 1997; Pawliszyn, 2003), liquid-liquid extraction (LLE) and
solid-phase extraction However, the oldest and most widely used
technique is liquid-liquid extraction. The limitations of this traditional extraction technique (liquid-liquid extraction) include
the lengthy extraction times, automation challenges and use of
large organic solvents which are not environmentally friendly.
Recently, sample preparation employing liquid membranes
has been reported in many applications, a sign that liquid membranes are a preference over many others. The use of membrane
techniques for selective extraction of analyte molecules was
first introduced by Audunsson who used it for the extraction of
amines in urine (Audunsson, 1986) and further developed by
Jönsson and Mathiasson research groups to cover a wider application to both environmental as well as biological samples (Jönsson, 1992; 1993; 1999). Membrane extraction techniques have
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been used for the extraction of molecules in biological matrices
(Jönsson et al., 2003; Pálmarsdóttir et al., 1997; Lindegård et al.,
1992; Basheer and Lee, 2004; Msagati and Nindi, 2001; 2004a;
2004b; 2005a; 2005b; 2006; Drapala et al., 2005).
Liquid membranes have also been used extensively in the
extraction of both organic molecules such as pesticides and herbicides in waters and wastewaters (Chao et al., 2002; Megersa
et al., 2001; Dżygiel and Wieczorek, 2001) and metals in water
and wastewater matrices (Ndungù et al., 1998; Yang and Cussler,
2000; Juang and Huang, 2000; Juang et al., 2000; 2004; Ortiz et
al., 2003; Ho, 2002) as well as other organic pollutants (Berhanu
et al., 2006; Khrolenko et al., 2002; Qin et al., 2002). Membranebased techniques have been coupled to a variety of other analytical
instruments such as ion chromatography (Amara and Kerdjoudj
2007) liquid chromatography (Sandahl et al., 2000; 2002), gas
chromatography (Luthje et al., 2004; Mitra et al, 1996), capillary
electrophoresis (Palmarsdottir et al., 1997) and atomic absorption
spectrophotometers (Juang et al., 2004; Fontas et al., 2005; Van de
Voorde et al., 2004; Arous et al., 2004a; Arous et al., 2004b).
Generally, liquid membrane extraction techniques may
be applied in many different ways, employing different types
of membranes and a variety of set-ups and configurations or
designs. This review discusses the different types of liquid
membrane extraction techniques in their various designs.

Principles of liquid membrane extraction
techniques
In liquid membrane extraction techniques, the analyte molecules
diffuse across the hydrophobic porous membranes impregnated
by organic solvent under a gradient which may be created due to
either concentration differences (ΔC) between the two phases,
the feed (or donor) and the stripping (or acceptor) or differences
in the electrical potential (ΔE).
The process of diffusion in liquid membranes is governed by
Fick’s first law of diffusion (Smith, 2004):
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