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ABSTRACT

Cost-effective sequential injection monosegmented flow analysis (SI-MSFA)
with anodic stripping voltammetric detection has been developed for the
determination of some trace metal ions using three different kinds of working
electrodes. A flow through thin layer electrochemical cell was used for preplated
mercury film electrode (MFE) and in-situ plated bismuth film electrode (BiFE). A
low-cost small scale voltammetric cell for HMDE was fabricated from a disposable
pipet tip and a microcentrifuge tube. The on-line single standard calibration or on-
line standard addition graphs for the determination of Zn(II), Cd(II), Pb(IT) and Cu(II)
were prepared by MSFA of a homogeneous solution zone containing analyte
standard/sample in an acetate buffer electrolyte. The developed systems were

validated by a certified reference material of trace metals in natural water (SRM 1640
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NIST) and successfully applied for analysis of water samples collected from a
draining pond of zinc mining. The results are comparable with that of inductively
coupled plasma-optical emission spectrometry (ICP-OES).

A sequential injection system incorporating on-line UV digestion for
breakdown of organic matters prior to voltammetric determination of Zn(II), Cd(Il),
Pb(II) and Cu(Il) by ASV with HMDE small scale voltammetric cell was developed.
A home-made UV digestion unit was fabricated employing a small size and low
wattage UV lamps and flow reactor made from PTFE tubing coiled around the UV
lamp. An on-line single standard calibration or a standard addition procedure was
made by employing a monosegmented flow technique. Performance of the proposed
system was tested for on-line digestion of model water samples to release metal ions
from organic complexes such as strong organic ligand (EDTA) or intermediate organic
ligands (humic acids). The wet acid digestion method (USEPA 3010a) was used as
standard digestion method for comparison. The developed system was applied to
determine zinc, cadmium, lead and copper at part per billion (ppb) levels in ground
water samples. This led to on-line speciation of bound and unbound metal ion
contents.

Size exclusion chromatography (SEC) coupled to UV/VIS and ICP-MS was
developed for on-line size-based metal ion speciation. The size distribution and
metal ion concentrations in HA fractions of purified humic acid interacted with
Eu(Ill), Th(IV), U(VI), Cd(II), Pb(IT) and Cu(Il) after aging over 9 months period
were investigated. Polystyrene sulfonates (PSS) were used as standards for size
calibration. A solution of 5x10° M NaCl in 1x10 M Tris buffer pH 9 was used as an

eluent for separation of humic acid and metal-humic fractions. And 0.01 M oxalic



vil

acid solution was used for cleaning out the retained metal ions. Metal ion affinity to
HA increases in the order of Cd(ID)<Pb(I)<Cu(Il)<U(VI)<Eu(IIl)<Th(IV). With
extending the aging time up to 9 months, the fraction of all metal ions in the HA
fraction increases significantly. The size and speciation information for some samples
provided by the SEC-UV-ICPMS system is comparable to the results obtained from
another size-based speciation technique, namely, the asymmetric flow-field flow

fractionation (AsFIFFF).
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