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ABSTRACT

Hydrodynamic sequential injection (HSI) systems with manual and automatic
operation were designed and developed for application to environmental analysis. A
new flow concept, HSI, sample and reagents were introduced sequentially into the
system by means of hydrodynamic force while the carrier flow was halted. Simple
and cost-effective devices could be employed for fabricating the systems.

A manual HSI system was developed by assembling with simple and low cost
devices such as hypodermic needle and hypodermic three-way valves. The system
was employed for iron determination based on 1,10-phenanthroline method and
applied to water sample analysis. The optimized concentrations of reagents were
found to be 0.5%w/v 1,10-phenanthroline and 1.0%w/v ascorbic acid, respectively. A
calibration graph was linear over the range of 0.50 — 20 mg Fe(I) 1" with the

detection limit (36) of 0.07 mg I"'. A sample throughput of 15 h™' was established.
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The results from investigation of iron in natural water samples were found to be in
good agreement with the results obtained by batch spectrophotometric and ICP-OES
methods.

The HSI system was further developed to be a semi-automatic system for the
speciation of iron in soil samples. Flow direction of solution was controlled via
solenoid valves with programming on a home-made controller. The optimized
concentrations of reagents from the previous work were also employed in this system.
A calibration graph was linear over the range of 0.50 — 20 mg Fe(Il) I with the
detection limit (36) of 0.11 mg I"'. A sample throughput of 25 h™' was established.
Using the proposed systems, iron contents in soil samples were found to be in good
agreement with that obtained by a batch spectrophotometric method.

A similar semi-automatic system was also employed for determination of
manganese in soil samples based on the complexation of Mn(II) with formaldoxime in
basic solution (pH > 10) to produce a colored product which could be monitored
spectrophotometrically at 450 nm. The system was optimized for reagents
concentrations and found to be 0.60 mol I formaldoxime and 0.035 mol I
hydroxylamine, in pH 10.2 of ammonium buffer. A linear calibration graph over the
range of 0.5 — 30 mg 1" of Mn(II) with the detection limit (35) of 0.2 mg I was
established. A sample throughput of 45 h™' was achieved. The contents of
exchangeable manganese in soil samples determined by the developed method were
found to be in good agreement with those obtained by a batch spectrophotometric
method.

The HSI system was further developed to be a fully automatic system with a

spectrophotometric detector and applied to the determination of nitrite and nitrate in
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water samples. The method is based on Griess reaction to produce a colored product,
which is detected spectrophotometrically at 540 nm. Solenoid pumps and solenoid
valves were controlled by a computer in order to program the flows of solutions.
Reagent concentrations of 0.15 mol "' sulfanilamide, 0.010 mol I' N-1-
Naphthylethylene diamine dihydrochloride (NED) and 0.40 mol I"' HCI were found to
be optimum. Calibration graphs for nitrite and nitrate were linear over the ranges of
0.030 — 1.8 pg NO, ml™ and 0.04 — 2.5 ug NO; ml”, respectively. The detection
limits (30) were found to be 12 ug NO, 1" and 25 pg NO5 17, respectively. A
sample throughput of 21 h™' was achieved. The proposed system was successfully
applied to the analysis of water samples.

A similar system was built for the determination of phosphate and silicate in
waste water samples based on the molybdenum blue method which detected a color
product spectrophotometrically at 710 nm. Stopped-flow technique was applied in
order to increase the reaction time. Linear ranges of calibration graphs of phosphate
and total concentration of phosphate plus silicate were established up to 10 mg I and
12 mg 1", respectively, with a detection limit (36) of 80 pg P 1" and 90 pg Si 1.
Frequency of the operation was 20 h™. Contents of phosphate and silicate found in
water samples by the developed method were in good agreement with those obtained

by a batch spectrophotometric method.
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