Thesis Title Development of Flow-based Systems for the Determinations of
Selenium, Aluminium, Zinc, Albumin, and Creatinine

Author Miss Yaowalak Khanhuathon

Degree Doctor of Philosophy (Chemistry)

Thesis Advisory Committee

Professor Dr. Kate Grudpan Advisor

Professor Dr. Tadao Sakai Co-advisor

Professor Dr. Norio Teshima Co-advisor
Abstract

In this work, flow-based systems were developed for the determinations of
selenium, aluminium, zinc, albumin and creatinine.

A precise, accurate and reliable flow-batch method was developed using a
sequential injection-monosegmented flow system incorporating a simple heating unit
prior to spectrophotometric determination of Se(IV) using o-phenylenediamine
reagent. The reaction zones of Se(IV) and o-phenylenediamine were mixed and
heated in a heating chamber at 62 °C for 5 minutes to produce the adequate piaselenol
complexes for detection at maximum absorption wavelength of 335 nm. In-line single
standard calibration and standard addition were developed by employing a

monosegmented flow technique.
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The developed system was successfully applied to raw selenium-enriched
yeast samples. The results agreed well with those obtained from inductively coupled
plasma- mass spectrophotometry (ICP-MS).

The proposed system has high potential to be developed further to be an
automated process analytical method for the enrichment process of selenium enriched
yeast.

A cost-effective sequential injection system incorporating a mixing unit which
is adapted from microcentrifuge tube to accomplish effective mixing of solution zones
prior to dispense to a spectrophotometer after air segment elimination. The system
was used for aluminium determination by using Eriochrome Cyanine R (ECR) in the
presence of DTAB as a sensitive and selective reagent. In-line single standard
calibration and standard addition were developed employing a monosegmented flow
technique. The proposed method was successfully applied to determination of labile
AP in water and total AP in some beverage samples. The results were found to be
in good agreement with those obtained by inductively coupled plasma - atomic
emission  spectrophotometric  (ICP-AES)  method.  Sequential  injection-
monosegmented flow analysis with spectrophotometric method offers high degrees of
automation, less contamination, low consumption of reagent and sample, and low
waste production when compared to batch-wise standard addition method.

A precise, reliable, and automatic system for on-line sample dilution and in-
line standard addition was developed for urinary protein (as bovine serum
albumin)/creatinine ratio in urine sample assay. Monosegmentation with sequential
injection Lab-at-valve (SI-LAV) by using fiber optic spectrophotometer provides a

simple way for on-line sample dilution and also in-line standard addition for routine
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task on albumin and creatinine ratio determination in hospitals. Employing Eosin Y in
acidic media, albumin can be assayed by following the product of orange red color
complex (Amax 535 nm).

In the Jaffé reaction by using alkaline picrate, creatinine can be determined by
observing the increase in absorbance (Amax 500 nm). The developed method was
applied for the determination of microalbumin and creatinine contents or the urinary
protein (as bovine serum albumin)/creatinine ratio in urine samples. Application was
demonstrated for real urine samples. This system provides the benefits in terms of less
reagent and sample consumption, cost-effectiveness, less waste production, and

suitability for routine task of dilution urine samples.

Macro-lab on chip made of acrylic with simple fabrication by drilling for
channels (1 mm diameter) was employed as a platform for chemical analysis. Solution
feeding can be made via syringe or solenoid pump/valve. Detection can be made by
naked eye or a fiber optic spectrophotometer. This simple lab on chip platform was
applied for the determination of zinc using Eriochrome Black T (EBT) as a reagent.

Calibrations in ranges of 10-100 and 1-8 mgL* of zinc were obtained.
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