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Calcium (Ca) is a vital element in the human body as it maintains the integrity of the
bone system and acts as regulatory ion. Total calcium (tCa) circulates the human
body in different forms with only ionized calcium (iCa) is the physiology active
fraction. Direct measurement of tCa in human serum remains the most common way
of assessing calcium status in patients. The majority of clinical laboratories do not
have iCa analysers but instead predict iCa from the tCa value measured in the lab.
However, one of the pressing issues is the potential of underdiagnoses of Ca
deficiency due to the false prediction of iCa.

The adsorption properties of ion-imprinted polymers (IIPs) make them ideal for the
selective removal of Calcium ions [Ca(Il)] from human blood serum and the
subsequent determination of iCa level. Ca(II)-IIP was developed from two naturally
formed biopolymers, cellulose and sodium alginate. The polymers were dissolved in
co-solvent and casted into films, Ca(II) ions were added to the polymer matrix using
CaClz bath, the polymer films were cross-linked using Epichlorohydrin (ECH) and
then the template Ca(Il) ions were extracted using EDTA. The final Ca(II)-IIP was
in the form of white, porous film with high selectivity to Ca(Il) ion.

Taguchi method was utilized to determine the optimum adsorption conditions of the
Ca(II)-11P, the resulted optimum conditions were pH 5.9, initial concentration (50
mg/l), dosage (300 mg) and 90 min contact time. The effects of pH, dosage, initial
concentration on the Ca(Il) adsorption process were investigated. The kinetic study
of Ca(Il) adsorption fitted well with the pseudo-first-order while, the adsorption
isotherm is well fitted with Langmuir isotherm model.



The Ca(II)-IIP has a good selectivity towards Ca(Il) in the presence of one or more
competing ions. The removal percentage of Ca(Il) remains high in the presence of
one competing ion but showed a lower removal percentage of Ca(Il) ion in the
presence of multiple competing ions. The developed Ca(Il) exhibits good reusability
which can be recycled for 5 times before its efficiency starts to degrade significantly.

The Ca(I)-I1P was successfully applied for the determination of iCa in human blood
serum. The optimum adsorption conditions (determined by Taguchi analysis) to
achieve the best prediction of iCa level in human blood serum are IIP to serum ratio
(60 mg/mL), dilution times (10) and dilution mixing time (30 min).
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Kalsium (Ca) adalah elemen penting dalam tubuh manusia kerana ia mengekalkan
keutuhan sistem tulang dan bertindak sebagai ion pengawal selia. Kalsium total (tCa)
beredar dalam tubuh manusia dalam pelbagai bentuk dan hanya kalsium terion (iCa)
wujud sebagai pecahan aktif fisiologi. Pengukuran secara langsung tCa dalam serum
manusia merupakan kaedah paling umum bagi menilai status kalsium pesakit.
Sebilangan besar makmal klinikal tidak memiliki penganalisis iCa, sebaliknya akan
meramal iCa berdasarkan nilai tCa yang diukur di dalam makmal. Namun begitu,
antara masalah mendesak yang mungkin timbul ialah diagnosis tersasar tentang
kekurangan Ca akibat ramalan iCa yang salah.

Sifat penjerapan polimer tercetak ion (ion-imprinted polymers, IIP) menjadikannya
sesuai untuk penyingkiran selektif ion Kalsium [Ca(Il)] daripada serum darah
manusia dan menentukan tahap iCa yang seterusnya. Ca(Il)-IIP telah dihasilkan
daripada dua biopolimer yang terbentuk secara semula jadi, iaitu selulosa dan
natrium alginat. Polimer-polimer ini dilarutkan dalam pelarut bersama dan dituang
menjadi filem nipis, dan ion Ca(ll) ditambah ke dalam matriks polimer
menggunakan rendaman CaCl2. Filem polimer yang terhasil diikat silang
menggunakan epiklorohidrin (epichlorohydrin, ECH) dan kemudian, templat ion
Ca(Il) diekstrak menggunakan EDTA. Ca(I)-IIP yang terhasil adalah dalam bentuk
filem putih yang berliang dengan kepilihan ion yang tinggi terhadap ion Ca(II).

Kaedah Taguchi digunakan bagi menentukan syarat penjerapan Ca(Il)-IIP yang
optimum. Syarat optimum yang diperoleh adalah pH 5.9, kepekatan awal (50 mg/L),
dos (300 mg) dan tempoh sentuhan selama 90 minit. Kesan pH, dos, dan kepekatan
awal terhadap proses penjerapan Ca(Il) dikaji. Kajian kinetik penjerapan Ca(Il)
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padan dengan tertib pseudo pertama, sementara isoterma penjerapan padan dengan
model isoterma Langmuir.

Ca(I)-IIP memiliki kepilihan ion yang baik terhadap Ca(Il) dengan kewujudan satu
atau lebih ion bersaing. Peratusan penyingkiran Ca(Il) kekal tinggi dengan
kewujudan satu ion bersaing, namun menunjukkan peratusan penyingkiran ion
Ca(Il) yang lebih rendah dengan kewujudan pelbagai ion bersaing. Ca(Il) yang
dihasilkan menunjukkan sifat kebolehgunaan semula yang baik dan ia boleh diguna
semula sebanyak 5 kali sebelum kecekapannya mula menurun dengan ketara.

Ca(Il)-I1P berjaya digunakan bagi menentukan kandungan iCa dalam serum darah
manusia. Syarat penjerapan optimum (ditentukan melalui analisis Taguchi) untuk
memperoleh ramalan terbaik tahap iCa dalam serum darah manusia adalah nisbah
ITP kepada serum (60 mg/mL), pengulangan pencairan (10) dan tempoh pengadunan
pencairan (30 minit).
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CHAPTER 1

INTRODUCTION

1.1 Background of Research

Calcium is the fifth most abundant element in Earth’s crust and critical prevalent
cation present in the human body. Calcium has a vital role in the mineralization and
maintenance of the skeletal system of the human body. It also plays an essential role
in blood coagulation, nerve signal transmission, the excitability of cardiac muscle
and the preservation of cell membrane integrity and permeability [1]. Calcium exists
in the human extracellular fluid (including serum or plasma) in soluble form as 0.1
wt.% of the body’s total calcium mass [2]. Serum or plasma calcium exists in the
human body in three fractions: ionized calcium (iCa), complexed or reacted calcium,
and protein-bound calcium. Around 40 % of the total circulating calcium in human
blood is bound to protein (mainly albumin), 10 % is complexed with difterent ions
with the residual 50 % circulates as free or ionized calcium [2].

Different type of illness causes the concentration of iCa to be disrupted, and the body
will be no longer able to supply and maintain the desired levels of calcium for the
intracellular functions. The disruption of calcium levels in the body is the leading
cause of hypercalcemia or hypocalcaemia to develop [3]. Hence, in most large
hospitals, calcium is monitored daily for inpatients with calcium disorder related
illness. iCa is commonly tested for patients with low total calcium (tCa) [4].

It is increasingly evidenced that iCa represents the physiologically active fraction of
calcium that significantly affects the body's health. The direct measurement of iCa
provides a more accurate picture of the calcium level in the human body. Nowadays,
tCa can be measured using different modern methods such as spectrophotometry,
atomic absorption spectrophotometry [5], and inductively coupled plasma mass
spectrometry [6]. In contrast, iCa is mainly measured by potentiometry with ion-
selective electrodes (ISEs) in some clinical laboratory [7]. Other methods that
depend on mathematical formulas based on statistical data to adjust tCa from
albumin is commonly used in clinical laboratories [8].

The development of portable ISE clinical analysers marks the next milestone in the
measurement of iCa in clinical laboratories. These analysers utilize disposable
cartridges that contain impregnated iCa biosensors for use with whole heparinized
blood [9]. Despite further advancement in the ISEs, cost remains a disadvantage
derived from frequent equipment maintenance, electrode replacement, and
associated downtime [10]; thus, the clinical application of this technique is still
limited due to the relatively higher maintenance cost of analysis, high probability of
errors from the likely COz2 losses during sample handling and the subsequent impact
on pH and iCa measurement accuracy. Meanwhile, albumin adjusted formulas



remain the commonly used methods in the majority of the clinical laboratory to
estimate iCa quickly but less accurately.

1.2 Problem Statement

Measurement of tCa in human blood serum is a routine test for assessing calcium
status in patients. Many laboratories do not have iCa analysers but instead utilize
published formulas to predict iCa from the tCa value measured in the lab. One of the
pressing issues is the potential of underdiagnoses the calcium deficiency due to the
false prediction of iCa.

In a recent study, ion imprinting polymer (IIP) was reported as a suitable candidate
for the removal of Ca(II) ions from aqueous water samples [11]. It showed adequate
adsorption capacity, high selectivity to Ca(Il) ion. Unfortunately, the study has not
provided full adsorption study to determine the effect of some critical factors such
as pH, initial concentration and dosage on the removal of the Ca(Il) ions.

Given above, IIP was proposed as an alternative approach for the removal of calcium
ions (iCa fraction) from human blood serum for the subsequent determination of iCa
level. The present work proposes the synthesis and characterization of IIP in the form
of porous film for the initial removal of Ca(Il) from aqueous solution and then apply
it to human blood serum for the determination of iCa level.

Finally, Taguchi design of experiments (DoE) was utilized in the current study for
designing and optimizing all adsorption and application experiments.

1.3 Objectives of the Current Research

The general objective of the current research is to prepare calcium ion-imprinted
polymer [Ca(ID)IIP] for the determination of iCa level in human blood serum. The
following specific objectives are derived to achieve the general aim of the study:

1. To prepare and characterize Ca(Il)-IIP for the selective removal of

Ca(Il) ion from Ca(Il) aqueous solutions.

il. To utilize Taguchi DoE for the optimization of the IIP synthesis,
adsorption and application processes.

1. To carry out adsorption, kinetic, isotherm, reusability and selectivity
studies on the Ca(II)-1IP.

iv. To apply Ca(II)-IIP in the removal of Ca(Il) ions from an actual
sample (human blood serum) and study the predictivity of iCa level
using Ca(II)-IIP.
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