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ABSTRACT

Electroanalytical procedures with some incorporating flow systems have been
developed for determination of arsenic, phosphorus and nitrogen species, and cWoride,
cadmium, copper, lead and zinc ions. The developed methods provide better analytical
performance such as good sensitivity and precision, low cost of instrumentation and
operation, fast and convenient analyses and high degrees of automation.
A square wave cathodic stripping voltammetric procedure has been developed
for determination of As(III) and As(V). It is based on electro-deposition of As(III) on
a hanging mercury drop electrode (HMDE) as a copper-arsenic intermetallic
compound, which is further reduced to arsine at a more negative potential in-the
stripping step. Deposition was performed in a solution of 1 M HCI with 10 mgL- 1
Cu(II), by applying a constant potential of -0040 V vs Ag/AgCI to the HMDE for 60 s.
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Stripping was carried out by applying a square wave waveform in the potential range
-0.40 to -1.00 V. A voltammogram was obtained with peak potential at -0.78 V giving
peak current linearly proportional to As(III) concentration up to 50 IlgL-1 with a
detection limit (DL) of 0.3 IlgL-1 As(III) and 3.6% relative standard deviation (RSD)
(5 IlgL-1 As(III), n = 11). As(V) was determined after reduction to As(III) by
thiosulfate. It was applied to water, soil, ores leachate and ores digest samples. It was
validated by HG-AAS and soil certified reference material (CRM). Recoveries (83
108%) were obtained for water samples. The method is simple, convenient and low
reagent consumption.
Amperometric detection (Amp) incorporating

flow injection (FI) for

determination of orthophosphate has been developed by in-line formation of 12
molybdophosphate subsequently reduced electrochemically at a glassy carbon
electrode. Standard/sample is injected into a stream of 0.1 M potassium chloride and
then merged with a stream of 0.5 % w/v acidic molybdate solution. The electrical
current due to the electrochemical reduction is proportional to concentration of
phosphate continuously recorded as FI peak. Linear calibration graphs were obtained
in ranges of 10-100 IlgL-1, 0.1-1.0, and 1.0-10.0 mgL- 1 P-P04 with a DL of 3 IlgL-1 P
P04. 0.8% RSD was for both 0.5 mgL- 1 and 5 mgL- 1 P-P04 (n=II). A sample
throughput of 60 h- 1 could be achieved. Validation was made with soil and water
CRMs. It was successfully applied to soil and water samples. FI-Amp is superior to
spectrophotometric one, in not suffering from interferences such as particulates and
colored substances, and ScWieren's effect. It could tolerate to silicate up to 1000 mgL- I .
FI-Amp has been applied to a new extraction procedure, proposed for
extracting of available phosphorus from soils, based on an off-line extraction column.
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The column was fabricated from a 10 mL plastic syringe fitted at the bottom with a
cotton wool and a piece of filter paper to support soil sample. An aliquot (50 mL) of
extracting solution (0.05 M HCI

+ 0.0125 M H2S04) was fed through the sample by

gravity and the eluate was then analyzed for phosphorus by the FI-Amp. The results
obtained were correlated well with those obtained by the conventional steady state
standard extraction, but with slightly higher in extraction efficiency.
Another application of the FI-Amp involved the study on sequential leaching
of phosphorus from soil with a newly developed -fully automated flow through micro
column fractionation system, with a three step extraction scheme using extractants of
1.0 M NH4CI, 0.1 M NaOH and 0.5 M HCI and another with a two step extraction
scheme using extractants of 1.0 M NaOH and 1.0 M HCI, according to the scheme for
fractionation of phosphorus associated with different geological phases. The
developed system was successfully applied for fractionation of phosphorus in soil
samples, validating by the analysis of CRM.
For incorporating with FI-Amp, development of in-line UV digestion system
was made by converting dissolved organic phosphorus (DOP) to dissolved reactive
phosphorus (DRP). This provides the possibility to determine DRP and DOP in
natural waters.
Conductometric detection incorporating FI (FIC) with gas diffusion unit was
peveloped for determination of ammonium. Different designs of conductometric flow
cell and signal amplification unit were investigated in order to improve sensitivity of
the system. A standard/sample solution is injected into the 2.0 M sodium hydroxide
donor stream, which will convert ammonium to ammonia. The gas diffused through a
teflon membrane to dissolve into an acceptor stream (water) leading to increase in
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conductance of the solution as recorded as a FI peak. With a system operating at a
room temperature, a linear calibration graph plotting between peak height vs
ammonium concentration was obtained in a range up to 1.2 mgL- 1 N-NH4 with DL of
0.05 mgL- 1 N-N~, 5.2 % RSD (0.5 mgL- 1 N-NH4, n=ll) and a sample throughput of
60 h- I . The proposed method was successfully applied to soil extract and surface
water samples with validating by spectrophotometric standard method. The FIC
consumes only small amounts of cheap chemicals. There was no interference from
particulates and colored species. FIC was also applied to a new extraction procedure
for available ammonium from soil employing plastic syringe as a column, based on an
off-line extraction column. Extracting solution (2 M KCI) was fed through the sample
by gravity and the eluate was analyzed for ammonium. The proposed extraction
procedure used simple apparatus, and provided better extraction efficiency than the
standard extraction procedure.
The FIC system was further developed for the determination of Kjeldahl
nitrogen (or proteins). By digesting the sample employing to the Kjeldahl standard
method and the digest is diluted and directly injected into a 4 M NaOH donor stream.
Linear calibration graphs were obtained for 10-100 and 1.0-10.0 mgL- 1 N-N~, with
DLs of 1.0 and 0.2 mgL- 1 N-N~, and RSDs of 0.3 % and 1.7% (n=l1, 50 and 5
mgL-I N-N~) respectively. It was applied to real samples of milk, chicken meat and
rubber. Validation was made with the standard Kjeldahl distillation/titration methods.
Advantages include high sample throughput (35 h- I ) and much less amounts of
chemicals consumption comparing to the standard method (275 mg vs 17.5 g of
NaOH per analysis for milk and chicken meat and 275 (mg vs 24 g of NaOH per
analysis for rubber).
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A simple home-made chloride ion selective electrode based on Ag/Agel wire
as a sensor, incorporating FI using three 3-way solenoid valves as an electric control
injection device was developed for determination of water soluble chloride in
admixtures and aggregates for cement. A sample solution or an extract is injected into
a water carrier stream merging with 0.1 M KN03 stream and passes through a flow
cell where the solution will be in contact with the sensor, producing a potential
change recorded as a peak. A calibration graph was linear for 10--100 mgL- 1 with DL
of 2 mgL-I and 1.0, 1.2 and 0.6% RSDs (n = 7; 20, 60 and 90 mgL-Icholride,
respectively). Sample throughput of 60 h- I was achieved with the consumption of 1
mL each of electrolyte solution and water carrier. The developed method was
validated by the British Standard methods.
An anodic

stripping voltammetric method has been developed for

determination of cadmium, lead, copper and zinc ions in acetic acid extract of glazed
ceramic surfaces. An aliquot of 4% (v/v) acetic acid solution was kept in a ceramic
ware for 24 h in the dark, then 10.00 mL of the extracted solution was placed in a
voltammetric cell. The solution was purged with oxygen free nitrogen gas for 3 min
before deposition of the metals was carried out by applying a constant potential of
-1.20 V versus Ag/Agel to the HMDE for 45 s. A square wave waveform was
scanned from -1.20 to 0.15 V and a voltammogram was recorded. DLs of 0.25, 0.07,
']..7 and 0.5 JlgL- 1 for cadmium, lead, copper and zinc, respectively, were obtained
with RSDs of 2.8-3.6%. (n =11, 100 JlgL- 1 each of all the metals) and with recoveries
of 105-113%. The method was successfully applied to ceramic wares produced in
Lampang province of Thailand. The proposed procedure is simpler, more convenient
and more sensitive than the FAAS standard methods.
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