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Abstract

The work carried out in this thesis can be summarized as follows :
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i. Developing of two simple, sensitive and selective methods for the determination of
malathion pesticide in soil and water samples. The two methods were based upon the SW-
CASV and DP-CASV of malathion in aqueous media of pH 2 after accumulation of its
copper (1) complex at HMDE and measuring the corresponding reduction peak current at
-0.42 V wversus Ag/AgCIl reference electrode. The developed methods were applied
successfully for the analysis of trace and ultra trace concentration of malathion in water,
pesticidal formulations, vegetables and soil sample. The developed methods were compared
successfully with the standard GC-MS. The most probable reduction mechanism was safely

assigned with the aid of cyclic voltammetry (CV) .

ii. Studying the redox behavior of selenium (IV) — Thoron-1 chelate in aqueous media of
various pH at HMDE by DP-CASV and CV in an attempt to develop a highly sensitive and
selective stripping voltammetric method for the chemical speciation of selenium (IV &VI)
species. The method was based upon accumulation of selenium (I1V)- Thoron —I complex at
HMDE and measuring the current of the cathodic peak using DP-CASV. Selenium (VI)
species were determined by the method after reduction to selenium (IV) with HCI to
teravalent. The method was applied for the chemical speciation of selenium (1V &VI) species.
The method was also applied satisfactorily for the analysis of total inorganic selenium (IV&
V1) species in pharmaceutical preparation, certified reference material, water , milk and
vegetables. The developed method was validated by comparison with the data obtained by
ICP-MS .

iii. Investigating the retention profile and kinetic characteristics of cadmium (I1) uptake from
the aqueous iodide media onto PQ*.CI" immobilized PUFs solid sorbent. The reagent PQ*
.CI" treated PUFs was successfully packed in column for complete retention and recovery of
cadmium as [Cdl4]'2aq at reasonable flow rate. The performance of the PQ" .CI" -PUFs packed
columns in terms of HETP, N, critical capacity and the breakthrough capacity towards

cadmium (Il) was evaluated .

SUMMARY
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Recent years have seen an upsurge of interest in improving the sensitivity and
selectivity of pesticide residues and trace metal analysis .The direct determination of
trace or ultra trace metal ions usually requires an efficient pre concentration step in
order to bring the concentration of the analyte within the dynamic measuring range of
the detection and / or determination. Therefore, the overall work carried out in this

thesis can be summarized as follows:

1. Chapter one includes a literature survey on the source, occurrence, toxicity and
analysis of some organic and inorganic pollutants e.g. pesticides and heavy metal
ions. The survey covers the different methods of pre-concentration of trace metals
ions such as liquid — solid separation. Special attention has been focused on the
application of the solid PUFs sorbent as universal matrix for trace metal collection.
Moreover, the survey includes the electrochemical methods in particular differential
pulse adsorptive cathodic (DP-CASV), square wave (SW-CASV) and cyclic
voltammetry (CV) .

2.Chapter two covers the redox behavior of malathion pesticide in aqueous solutions
at wide range of pH using SW-CSV , DP-CSV and CV at HMDE, Pt and Au working
electrodes. The dependence of the CV response of the developed cathodic peak

potential (Ep,c), peak current (ip,c) and the current function (ip, ¢ / v /2

) on the scan
rate (v) at the HMDE vs. Ag/AgCI electrode suggested the occurrence of electrode
coupled chemical reaction of the type EC mechanism. The values of the electron
transfer coefficient (o) calculated from the linear plots of Ep,c vs. log v at confirmed
the irreversible nature of the observed cathodic peaks. The plots (ip,c) versus
malathion pesticide concentration employing DP-CSV and SW-CSV were linear over
a wide range of concentrations. The lower limits of detection (LOD), quantification
(LOQ) and the standard deviation of the developed linear dynamic range of the
developed methods were determined. The methods were validated by the analysis of
the pesticide in water, pesticidal formulations, vegetables and soil and the data were

compared successfully with the standard GC-MS technique.

3. Chapter three includes:
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I. The redox, behavior of thoron -1 and its selenium (1V) chelates in aqueous solution
at different pH was critically investigated. The nature and mechanism of the electrode
reactions were assigned at the HMDE. The dependence of the CV response of the
cathodic peaks on v was typical of an irreversible electrode coupled chemical reaction
of EC type. The value of o calculated from the linear plots of Ep,c vs. In v at pH 2

indicated that, the observed electrode is irreversible.

i.The plot of the iy, . of the DP-CASV vs. selenium (IV) concentrations was linear
over a wide range of concentrations. The LOD, LOQ , and the linear dynamic range
of the developed methods were determined. Selenium (V1) species were also
determined after reduction to selenium (IV) with HCI (5.0-6.0 mol L™). The method
was applied for the chemical speciation of Se (IV &VI) species and for analysis of
total inorganic selenium species in pharmaceutical preparation, certified reference
material, water, milk and vegetables. The method was validated by comparison with
the ICP-MS data.

4- Chapter four covers :

i- The retention profile of cadmium (1) from the aqueous iodide media onto procaine
hydrochloride (PQ*.CI") treated PUFs solid sorbent was critically investigated. The cadmium
uptake onto the unloaded- and PQ*.CI" impregnated PUFs was fast and followed first-
order rate equation The values of AH, AS and AG of the retention step indicated the
exothermic and spontaneous nature of the chemisorption process of the cadmium
species [Cdl,]* 2 onto the active sites of the PUFs cubes. The sorption data followed
Langmuir, Freundlich and D-R type sorption isotherms and dual-retention mechanism
of cadmium (Il) by the PUFs involving “weak-base anion exchange” and an added

component for “surface adsorption” seems a more likely sorption model.

ii. The retained cadmium species [Cdl4]'2aq on the protonated untreated PUFs or as
[PQ]*Z.[CdI4]'2aq ternary complex associate on the immobilized PUFs was
quantitatively recovered using nitric acid (1.0 mol L™) and subsequently determined
by ICP-OES and / or ICP-MS.

iii- The performance of the PQ™ .CI" -PUFs packed columns was evaluated.
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