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Aquatic Analysis of Bromate Ion and Perfluorinated Surfactants on the Basis of Photometric Detection for Environmentally Friendly Analysis
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Introduction:
Increasing consumption of energy and resources contributes to the environmental and biological damage, which led us to the protection of ecosystems. Concept of Green Chemistry has widely been accepted to realize it. In the research field of analytical chemistry, environmentally friendly analysis is desirable to meet the protections with less consumption of energy and less-hazardous substances. The direction on development of analytical method is now called "green analytical chemistry" [1]. While high performance analysis is needed including low calibration range and limit of detection, universal detection system, such as spectrophotometry, fluorimetry, and amperometry, would firstly be chosen on designing and development of analytical methods considering the less consumption of energy and resources. To avoid hazardous substances, analysis would be done in aquatic media.  
Two example studies concerning aquatic analysis with universal detection system are introduced in this presentation. One topic is the determination of bromate ion in tap water. Capillary zone electrophoresis (CZE) with direct photometric detection was utilized for the analysis, and concentration by electrokinetic injection was examined to achieve the limit of detection as low as the control level [2]. Another one is the determination of perfluorinated surfactants in environmental water samples. Perfluorinated surfactants were collected on an activated charcoal cartridge and were decomposed to fluoride ion. The fluoride ion formed was eluted and then determined by fluorimetric flow injection analysis (FIA) [3]. 
Results: 
It is pointed out that bromate ion may be generated from bromide ion in tap water on chlorination process, and thus concentration of bromate ion is regulated at 10 g/L (8x10−8 M). In the determination of bromate ion, capillary zone electrophoresis was used in this study, and bromate ion was photometrically detected at 193 nm. Choice of separation buffer is a key to separate bromate ion and to detect it sensitively. Thus, 10 mM phosphate buffer (pH 3.2) was chosen based on its low UV-absorption to give less-noisy baseline and on suppression of electroosmotic flow. In-capillary concentration of bromate ion was examined by electrokinetic injection. Sodium sulfate at 10 mM was added in the separation buffer to improve the introduction of anionic species into the capillary. Analytes were concentrated at injection voltage of −10 kV for 50 s. Limit of detection by the proposed method was 9x10−10 M, and bromate ion spiked in tap water sample was detected at its concentration of 8x10−8 M (control level). Coexisting ions such as Cl− and NO3− at sub-mM level did not interfere with the determination of bromate ion.
Perfluorinated surfactants are difficult to be decomposed, and its diffusion in aquatic environment is of serious problem. In this study, perfluorinated surfactants in aqueous sample solution were collected on an activated charcoal cartridge. The cartridge was then dried thoroughly by flowing N2 gas. Then the surfactants collected were decomposed with biphenyl reagent to form fluoride ion, and the fluoride ion was recovered with purified water. Fluorimetric FIA using quercetin-Zr as a fluorimetric reagent was used for the determination of fluoride ion. Blank signal was suppressed by washing the activated charcoal cartridge with acetone. The recoveries of fluorinated surfactants were 92-102%. When 600 mL sample solution was treated and the surfactants were recovered with 3 mL purified water, the limit of detection was 0.3 g/L.  
As are seen in the two examples, highly sensitive and high performance analysis can be established in aquatic conditions with conventional detection by integrating chemical systems. The integrated analysis in aquatic medium would promote the green analytical chemistry.  
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