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Abstract

Heavy metals represent a class of chemicals that occurs in a minute concentration

in natural biological systems and exerts beneficial or harmful effects on plant, animal
and human life. Thus, the overall work of the present thesis can be summarized as
follows:

Vi.

Various PVC blends were fully characterized. The exchange capacity of PVC
blends towards CI" ions in aqueous media was in the range 0.242+0.016-
0.355%0.190 meqg/g solid sorbent.

. Two selected PVVC blends were applied for complete retention of traces of Bi **, Cd

2* and Hg”* ions from aqueous iodide media. The kinetics of retention of Bi ** and
Cd % ions by the selected PVC blends revealed that the uptake of Bi **, Cd ?* and
Hg** ions followed the first—order rate equation with an overall rate constant k in the
range 0.032 — 0.022 h™. The uptake of the tested metal ions by PVVC—NHCH,CH,
(CH3)sN™.I" blend was better and faster than that of PVC—NHCH,CH, (CHs);
N*.OH" blend. Moreover, the dependence of extraction on the counter ion can be
explained via an "ion exchange extraction” mechanism. The sorption data of Bi 3
Cd #* and Hg*" ions by the used PVC blends fit well with Langmuir, Freundlich and
Dubinin-Radushkevich (D-R)- type sorption isotherm models.

The thermodynamic parameters (AH, AS and AG) of Bi **, Cd ?* and Hg*" retention
by PVC blends were determined from the plots of In Kc versus 1/T for the
investigated ions.

Quantitative sorption and recovery percentages of Bi **, Cd ?* and Hg®* ions from fresh
and industrial wastewater by PVC—NHCH,CH, (CH3)sN".1" blend packed column
were determined.

The ion chromatography employing polyvinyl alcohol with quaternary ammonium
groups (6.1006.520 Mtrosep A Supp 5) as stationary phase packed column was applied
for the analysis of the selected anions F-, CI", Br™, NO;, NOg3/, PO4'3 and SO4'2 in local (31
samples) and imported (10 samples) drinking water marketed in Saudi Arabia. The results
revealed disagreement between the values obtained and the claimed values for the halide
content.

Finally, the performance of the employed ion chromatography method for analysis
of F, CI, Br, NO,, NOs, PO,® and SO, ions was critically determined.
Moreover, the analytical performance of the column used was also determined from
the calculated values of the number (N) and the height equivalent of the theoretical
plates (HETP), the separation factor (Rs) and the asymmetry (As) factors for the
tested anions.



Summary
Heavy metals are introduced into aquatic environment through, dumping wastes,
effluents leading to heavy metal runoff of terrestrial system (industrial and domestic
effluents) and geological weathering. Bismuth, cadmium, mercury and other trace
toxic metal ions have the ability to accumulate in bottom sediments. Due to various
processes of remobilization, these metal ions may be released and moved into the
biological or food chain and concentrate in fish and other edible Organisms, thereby
reaching humans and causing chronic or acute diseases. This class of chemicals occurs
in a minute concentration in natural biological systems and exerts a beneficial or
harmful effects on plant, animal and human life. Thus, the overall work of the present

thesis can be summarized as follows.

1- In Chapter One, we present a detailed survey on the essential background
information's and analytical methodology on the preparation of different solid sorbents
including organic ion exchangers, blend organic ion exchangers involving polyvinyl
chloride. The solid sorbent was applied for the pre-concentration, speciation and
determination of trace and ultra-trace concentrations of complex or labile species of
toxic metal ions in natural water. Special attention is given to the possible use of PVC
blend as inexpensive solid sorbents. The reported literature survey revealed that few
studies on the use of PVC blends for trace metal ion separation are known. Hence,
there is a need for the preparation of new PVC blends for reliable and rapid solid
sorbent for the detection, determination, minimizing, and / or removal of trace metal

ions in various local and imported drinking water samples.

2- Chapter Two includes:
I. The general methods and apparatus used for the preparation and characterization of

various PVC blends.



ii. The effect of various parameters that control the sorption profile of Bi**, Cd*" and
Hg** from water samples containing iodide ions employing two selected PVC blends as
low cost sorbents.

iii. Chromatographic separation of Bi**, Cd** and Hg®* ions employing PVC blend
packed column.

iv. Application of selected PVC blend packed column in lon chromatography for
separation of some selected anions e.g. CI', NO3’, and SO, and some selected cations

e.g. Li*, Ca*" and Sr** also Mg”* ions in various pH and aqueous media.

v. Application of ion chromatography for analysis of some selected anions such as CI"
Br’, NO,, NO3, PO,® and SO,?in local (31 samples) and imported (10 samples)

bottled water marketed in Saudi Arabia.

3- Chapter Three includes the results and discussion. This chapter covers the following:
I. Full characterization of various PVC blends employing IR, elemental analysis and

mole fraction calculations;

ii. Calculation of ion exchange capacity of the prepared PVC blends. Total ion
exchange capacity of the prepared PVC blends towards chloride ions in agqueous media
were found in the range 0.242+0.016 - 0.355+0.190 meq/g solid sorbent followed the

sequence:

PIOA>P11B>P10B>P9>P12A>P12B>P11 A

iii. Application of two selected PVC blends for complete retention of traces of Bi**,
Cd** and Hg”" ions from aqueous media contains iodide ions. The kinetics of retention
of Bi** and Cd** ions by the selected PVC blends were subjected to Weeber-Morris,
Lagergren and Reichenburg kinetic models. The results revealed that the uptake of Bi®*
and Cd** ions by the used PVVC blends followed the first-order rate equation with an
overall rate constant k in the range 0.032 - 0.022 h™ Results also revealed that the
uptake of the tested metal ions by PVC—NHCH,CH, (CHs)sN".1" blend is better and



faster than the blend PVC—NHCH,CH, (CHs); N*.OH". This behavior is most likely
attributed to the ability of iodide ions in the blend to be replaced by [Bils] (), [Cdl,]*
(ag.) OF [Hgl4]2'(aq_) more than the hydroxyl groups. The dependence of extraction on the
counter ion can be explained via an "ion exchange extraction" mechanism. The
sorption data have also subjected to Langmuir, Freundlich and Dubinin-Radushkevich
(D-R)- type sorption isotherms and the results revealed that the uptake of the tested
trace metal ions by[Bils] aq), [CAls]" (aq) OF [HGls)" gy fit well with the employed
sorption models. Thus, "a dual-mode of sorption mechanism” involving both
absorptions related to "ion exchange™ and an added component for “surface adsorption”

may be simultaneously present;

iv. Thermodynamic characteristics of Bi**, Cd*" and Hg®" ions retention by the selected
PVC blends have been investigated and the corresponding AH, AS and AG parameters
for each extraction step were determined;

v. The sorption and recovery percentages of [Bils] (aq), [Cdl4]2'(aq,) or [Hgl4]2'(aq,) ions
from fresh and industrial wastewater by PVC—NHCH,CH, (CH3)sN".I" blend packed

column were quantitatively achieved.

vi. The application of ion chromatography employing polyvinyl alcohol with
quaternary ammonium groups (6.1006.520 Mtrosep A Supp 5) as stationary phase
packed column for the analysis of the selected anions CI", Br°, NO,, NOs/, PO, and
SO, in local (31 samples) and imported (10 samples) drinking water marketed in
Saudi Arabia was achieved. The results revealed disagreement between the values
obtained and the claimed values for the halide content and finally

vii. The performance of the employed ion chromatography method for the analysis of
F, CI, Br, NO,, NOs, PO, and SO, anions was critically determined. Moreover,
the analytical performance of the column used was also determined from the calculated
values of number (N) and height equivalent of the theoretical plates (HETP), the

separation factor (R;) and the asymmetry (As) factors for the tested anions.
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