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PLEOBSERE A T 5 7= FIA BRFICBET 5
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RYHDNHD,
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Development of macro and micro flow-based techniques
for food, environmental and clinical analyses

Development of macro and micro flow-based techniques based
on electrochemical detection for food, environmental and clinical
analyses are summarized. Flow-based techniques including flow
injection  analysis, sequential injection analysis, liquid
chromatography, and microchip capillary electrophoresis have
attracted considerable interest in recent years. Electrochemical
detectors are particularly suited to such systems because of their
simplicity, high sensitivity and their linear response over a wide
concentration range. The combination of autoanalyzer with an
electroanalytical detector would therefore appear highly favorable.
This article assesses the status of electroanalysis in the food,
environmental and clinical analysis. Modern trends in
electroanalysis, which offer unique possibilities for assays of
determination and monitoring processes, are described.

1. Macro flow-based technique coupled with
electrochemical detection

Recently, highly boron-doped diamond thin films (BDD) have
been realized as outstanding electrode material for variety of
electrochemical applications with the unique properties such as
wide potential window, very low background current, chemical and
physical stability. These attributes make conductive diamond
electrodes well suited for current-based electrochemical
measurements. The flow injection system with amperometric
detector using the as-deposited boron-doped diamond thin films as
the working electrode was used for quantitative analysis of thiol-
containing compounds such as drugs [1-6], antibiotics [7], iodide
[8], malachite green [9] and B-agonists [10]. The aim of the use of
FIA-EC was to improve the speed, the sensitivity, the
reproducibility, and the detection limits. Furthermore, to increase
the selectivity and efficiently eliminate interference, flow-based
technique such as HPLC system coupled with BDD electrode was
applied to determine the series of important compounds. The
results discussed demonstrated that the use of BDD electrode and
modified BDD clearly provided an effective methodology for the
determination of cysteines [11], tetracyclines [12-13], sulfonamides
[14] with high sensitivity, reproducibility and low detection limit.
The results exhibit that the use of flow-based system with BDD
electrodes can be applied to various fields including food, clinical
and environmental analysis. Besides BDD electrodes, other
modified electrode such as carbon nanotube-modified glassy
carbon electrode was used well for the analysis of contaminated
sudans in food after separation by HPLC [15].

To be selective, sequential injection system (SIA) with gas
diffusion unit using BDD electrode as the working electrode was
used to detect sulfite in wines [16]. We also found that SIA
coupled with amperometry using Bi-modified screen-printed
carbon electrode can increase the sensitivity and lower the
detection limit for the determination of trace heavy metals in water
[17-18].

2. Micro flow-based technique coupled with
electrochemical detection

An automated microfluidic analysis system that efficiently
manipulates sample and reagent solutions in the microliter range
per analytical cycle has been investigated. The microchip capillary
electrophoresis with electrochemical detection was developed for
the separation and detection of contaminated hydrazine compounds
[19], phenols [20], explosives [21], in environment and heavy
metals in food [22]. Moreover, the influence of polymer structure
on electroosmotic flow and separation efficiency for microchip
system was described [23]. These findings should be a step
towards developing an automated and portable analytical system
for on-field analysis.

Conclusions

Flow-based techniques have been successfully implemented to
electrochemical detection. They have been designed for automated
analyte detection in a macro and micro format. Together with
various kinds of electrodes, these systems can be employed to
quantify target analytes in food, environmental and clinical
applications.
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Flow injection chemiluminescent methods for the environmental water analysis

Due to the increasing number of pollutants in
environmental water, a wide variety of analytical techniques
applicable in environmental monitoring have been developed.
The chemiluminescent (CL) method, which is rapid, reliable,
cost-effective and smart, becomes a powerful tool for water
analysis. Various FIA-CL systems from the reaction of H,0,
with  KIO4-K,CO;[1-3], cobalt(Il)-ethanolamine complex
immobilized on resin [4,5] or nitrite [6-8], sulphite with
Na,C0;-NaHCO5-Cu?'[9] or ClO;-Rh6G-SDBS[10], humic
acid with acidic cerium [11], benzenediols with acidic
potassium permanganate [12] have been proposed and applied
to determine H,O,, nitrite, sulphite, benzenetriol or humic acid
in water. Combing with the on-line flow-injection cloud-point
extraction, benzo[a]pyrene was detected with a high sensitivity
[13]. An FIA-CL method to analyze total inorganic carbon and
total organic carbon in waters by H,O,—luminol-uranine CL
reaction was developed [14]. The method provided the
determination of carbonate with a low detection limit (S/N = 3)
of carbonate at 1.2 x 10" mol L. Combined with the wet
oxidation of potassium persulfate, the method was applied to
the simultaneously determination of total inorganic carbon and
total organic carbon in waters.

Recently, some ultralweak CL systems from the
decomposition of unstable compounds have been developed
and applied in FIA. 1) Using potassium peroxomonosulfate as
oxidant in chemiluminescence, many fluorescent organic
organic compounds can been analyzed [15,16]. The method has
also been developed for the determination of
low-molecular-mass aliphatic monocarboxylic acids, such as

formic, acetic, propionic, butyric, and valeric acid were found

to influence the CL emissionn[17,18]. 2) On-line preparation of
peroxymonocarbonate was founded innovatively by the flow
analysis method. An ultraweak CL was observed during mixing
the bicarbonate and hydrogen peroxide solution in organic
cosolvent. An appropriate amount of fluorescent organic
compounds, such as dichlorofluorescein, was added to the
HCO, solution, a strong CL was recorded. A possible CL
mechanism, based on studies of the spectrum of fluorescence,
CL and UV-visible spectra, electron spin trapping technique
and mass spectra was studied [19-21]. 3) A microfluidic device
for the determination and speciation of some trace elements in
environmental water samples with CL detection has been
developed. Two successful uses of a microfluidic device in an
analysis of chromium and arsenate in water samples have
described [22,23].
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Applications of flow analysis in water quality monitoring and the study of nutrient biogeochemistry

Research activities have focussed on the measurement of total and dissolved nutrients in waste, fresh, estuarine and marine waters, with
special emphasis on phosphorus, because of its role as a limiting nutrient [1-12]. This has involved the development of portable FIA
systems suitable for chemical mapping of phosphate [13, 14], ammonia [15] and total alkalinity [16]. Of particular interest has been the
development of generic techniques to overcome detection problems associated with the schlieren effect in estuarine waters [17-19].
Flow injection techniques have also been more widely developed for other water and air quality parameters such as dissolved oxygen
and organic carbon, hydrogen peroxide and carbon dioxide [3, 20-26]. A number of membrane and FFF separation techniques interfaced
with FIA have also been described [27-31].

FIA has been successfully applied in the study of phosphorus speciation and transport in streams and wastewater systems [32-38]. A
new and growing area of interest in nutrient biogeochemistry is the characterization, behaviour and bioavailability of organic
phosphorus species in terrestrial and aquatic environments. This work has involved the use of both soluble and immobilized
phosphohydrolytic enzymes, chromatographic separation and selective photo-oxidation in elucidation the nature and mobility of
dissolved organic phosphorus [1, 39-54].

Several reviews and book chapters on nutrient measurement and speciation have been published [34, 37, 41, 42, 54-66], as well as a
variety of edited books and journals on flow injection, environmental monitoring and the aquatic chemistry of phosphorus [57, 67-69].
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Flow-based Analysis with Cost-effective
Instrumentations and Electrochemical Detection

His research involved the development of cost-effective or
low-cost devices / instrument components and flow-based
methods employing cheap reagents, as well as analytical

methods based on flow based electrochemical detection.

1. Cost-effective flow-based systems

A simple flow injection amperometry employing a gravity
driven solution propulsion device based on a Mariotte bottle
[1] was proposed for determination of iodate in iodized salt. A
cost-effective light scattering detector was developed [2] and
applied for sulfate determination. New flow concepts such as
Lab-at-valve [3,4], hydrodynamic sequential injection [5],
Lab-on-valve monosegmented titration [6] and a new stopped
flow injection [7,8] have been introduced. A simple sample
injection based on 3-way solenoid valves [9] and a data
acquisition/recording system [7,9] were developed. Flow
injection systems with simple, cheap and may be unstable
reagents such as permanganate [10], murexide [11], aspirin

[12] and Guava leaf [13] were proposed.

2. Flow-based electrochemical methods

Electroanalytical methods are particularly interested to
incorporate to flow based systems, including voltammetry
[14-16], amperometry [1,7,17,18], conductometry [10,19,20]

and potentiometry [3,9].

3. Applications

The applications of flow-based systems to local problems have

been aimed, but these should be interested at international
level as well. Fields of application included environmental
[2,3,11,14-17], agricultural [5,7,8], clinical and medical [21],
pharmaceutical [4,10,12,13] and food [1,6,18-20] analyses.
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