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In-line Sample Pretreatment for Ionic Solute Analysis 
by Means of Electrodialytic Ion Transfer Device
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Department of Chemistry, Kumamoto University, 2-39-1 Kurokami,Chuo-ku, Kumamoto, 860-8555 Japan.
Introduction and Results: 
Ionic solutes are widely analyzed in daily base for products quality control, and environmental or biological researches. The analysis is performed with automated analytical instruments such as ion chromatography (IC), high performance liquid chromatography (HPLC), mass spectrometry (MS), atomic absorption (AA), inductively coupled plasma (ICP) with optical emission spectrometry (OES) or MS, and so on. Most of cases, samples could not be directly introduced to these instruments. Sample pretreatments are necessary. The purpose of sample pretreatments are removing particulate matters, and large molecules such as protains, and pre-concentration. Presently, these pretreatments are applied to each samples with filtration, centrifuging, column treatment and so on. These are batrch wise and manual methods. 
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Herein, we have developed in-line sample pretreatment method for ionic solute analysis. The developed method was based on electrodialytic ion transfer from sample to acceptor solutions. The ionic solutes in sample solution was drawn by electric field then moved to acceptor solution via ion transfer membrane. Initially, the device structure, kinds of membranes, flow rates, and applied voltages were optimized. The best performance was obtained with a five planar solution layer structure shown in Fig. 1. A sample solution was introduced into the center channel which was placed between acceptor solutions. Sample and acceptor solutions were separated with dialysis membranes. The outermost channels of acceptor solution channels, isolator channels, were separated by ion exchange membranes. The electrodes were placed in isolator channels. The electric field was applied between electrodes with ~35 Vdc typically. Under these optimized conditions, introduced cations and anions in a sample were simultaneously and quantitatively transferred into different acceptor solutions within a few seconds. On the other hand, particulate matters and large molecules were not transferred at all because these could not pass through membrane. Also, non-ionic compounds were transferred only less than 10% by concentration gradients. Obtained acceptor solutions could be directly introduced into an analytical instruments. Fully automated system which included ion chromatography systems were established and successfully applied to real sample such as drinking water, urine, and milk samples.    
Furthermore, this ion transfer device could be applied to in-line preconcentration of ionic solutes. When sample solution was introduced into the device with higher flow rate than acceptor solutions, ionic solutes in sample solution was concentrated in acceptor solution because of quantitative ion transfer. The concentration factor was equal to flow rate ratio up to 60 times. This means that desired concentration factor can be set by solution flow rate ratio between sample and acceptor solutions. Also, this enrichment can be applied to sample in a real time. 
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Ion transfer efficiencies of carboxylic acids were also studied. The most of fraction of these weak acids or bases in solutions are non-ionic form which are not effected by electric fields. However, the studied weak acids were quantitatively transferred under the optimized conditions. The acids were dissociated by removal of ionic forms from sample solutions. The applied voltage required for quantitative ion transfer depended on pKa values. After the optimization of ion transfer conditions, the system was applied to real samples such as wines, salad dressings, and vinegars. The chromatograms obtained with wine sample which was treated with filtration and present method are shown in Fig. 2. These chromatograms were obtained with the separation with ion exclusion column and perchlorate eluents followed by UV absorption detection at 210 nm. The filtrate of wine made huge peak after 5 min and peaks for organic acids were on the tailing part on it. This large peak was caused by coloring matters or organic compounds in a wine. On the other hand, the wine treated with present method had smaller peak caused from organic compounds and peaks of organic acids are on baseline not on a tailing part. The organic compounds were less transferred into acceptor solution. The quantitativity with the present method was improved.
As a summary, the ion transfer device was developed for sample pretreatments of ionic solute analysis. The device was based on electrophoretic ion mobility and membrane transfer. The system was applicable to strong and weak acids and bases. The system could transfer ions quantitatively, selectively, and rapidly. Furthermore, the system could concentrate ions with desired concentration factors. Fully automated system which was from sample pretreatment to analysis was successfully applied to real samples such as environmental and drinking waters and biological fluids. The developed sample pretreatment methods is effective to wide area of ion analysis.            
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Figure 1  Schematic diagram of ion transfer device and ion transfer efficiencies.





Figure 2  Chromatograms obtained with wine treated with present method or filtration.
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