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Synthesis and Characterization of MgO/ZnO Nanocomposite Modified

Carbon Paste Electrode for the Determination of Cadmium and Lead in Milk

ABSTRACT

Magnesium oxide/zinc oxide nanocomposite was synthesized using hydrothermal methods from
Mg(NOs3),.6H,0 and Zn(NO3),.6H,0 precursor salts. The morphology, structure and composition

of the nanocomposite were characterized by employing FTIR, SEM, XRD and Uv-vis spectroscopy.
The SEM image showed a uniform distribution of nanosheet of ZnO and irregular shape of MgO
nanoparticles. Also the XRD and the EDX result showed that the synthesis nanocomposite was
purely MgO/ZnO. An electrochemical property of MgO/ZnO composite modified carbon paste
electrode (CPE) was studied using cyclic voltammetry in the presence of 2 M potassium
ferrocynide +0.1 M KCI. The MgO/ZnO modified CPE highly reversible than the bare CPE and
single system modified CPE. The active surface area of carbon paste electrode was significantly
improved with 1.7 fold by the nanocomposite. The modified CPE optimized condition was found to
be pH 4.5, deposition potential was -0.6 and - 0.9V for Pb and Cd ions, respectively, deposition
time 90s and 400 ppm concentration for both metals. Under the optimized conditions, MgO/ZnO
modified CPE was utilized for the determination of Lead and Cadmium in milk samples
using anodic stripping voltammetry. The sensor exhibited 100 — 800 ppm linear range; the
sensitivity of Cd and Pb was 0.817 and 0.797 respectively and detection limit for both metal ions
was 0.45ug/L for Cd and 0.142pg/L for Pb. Besides, compared with CPE, MgO/ZnO modified
CPE exhibited well-defined and separate peaks for Cd and Pb. The modified CPE electrode was
also applied for the determination of the two metals in milk; the obtained result was less than the
maximum allowed limits. The modified CPE electrode displayed good sensitivity and selectivity for
Pb and Cd detection. Therefore, MgO/ZnO nanocomposite modified CPE could be a potential
candidate for the determination of trace heavy metals and holding great promise for routine

analysis.

Keywords: Anodic stripping voltammetry, Toxic heavy metals, Magnesium oxide, Zinc oxide,
Nanocomposite, Carbon paste electrode, Milk
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1. INTRODUCTION

Cow milk is an important food of animal origin; it has most of the nutrients necessary for a
healthy diet, and is an important food for some consumer groups, such as infants and the
elderly. Heavy metals accumulate in the food chain, so all foodstuffs, especially products of
animal origin, become unsafe as heavy metal pollution increases. It has been reported that the
content of the main elements in milk are fairly constant and undergoes slight changes
depending on lactation phase, quality of nutrition and environmental conditions mainly
chemical pollutants (Dobrzanski et al., 2005). The amount of metals in cow milk is widely
studied, particularly in industrialized and polluted areas of the developed and the developing
countries of the world since animals grazed freely on open fields are considered as bio-
indicators of environmental pollution (LI-Quang et al., 2009). Metal level in uncontaminated
milk is generally low, but by inhalation of polluted air, intake of contaminated feeds and
absorption through the skin, many dangerous elements or compound such as metals and
metalloid, accumulate along the food chain (Binghila et al., 2008). Therefore, the determinate

on of levels of toxic heavy metals in milk is great importance.

The level of toxic heavy metal has been determined using spectroscopic methods, such as
atomic absorption spectrometry (AAS), X-ray fluorescence spectrometry and Graphite Furnace
Atomic Absorption Spectrometry (Chuparina and Aisueva, 2011). Prticularly Cd and Pb were

determined by Graphite Furnace Atomic Absorption Spectrometry with the detection limit of
1x10™ p/g and 0.001p/g, respectively (J6zef Szkoda and Jan Zmudzki, 2005). These methods

however, require complex sample pretreatment processes and are expensive for routine applica
tions, in addition to these other alternative method for analysis of trace heavy metal ions is
electrochemical (Zhengcui et al., 2013). They developed these materials for sensitive and
simple for the rapid evaluation of heavy metal levels which are highly desirable for
environmental monitoring and food safety applications. Compared with an optical instrument,
electrochemical devices are relatively cost effective and miniaturizable. Electrochemical
methods, especially electrochemical stripping analysis (ESA) instruments are portable,
compact and inexpensive compared to spectroscopic equipment, and are thus practical for on-
site measurements for biomedical, environmental and industrial monitoring (Tesarovaa et al.,

2009). The other advantage of using voltammetric technique is that the sample is taken



automatically and analysis is performed immediately without the need to collect a sample
manually risking contamination and metal loss (Brainina et al., 2009) and has extremely low
detection limits and also works in the presence of high salt concentration. ESA are widely
recognized as a powerful tool for the simultaneous determination of multiple types of metal
ion, because of the combination of an effective pre concentration step with advanced
electrochemical measurements of the accumulated analytes (Economou, 2005). The stripping
voltammetry system (SVS) in combination with modified carbon paste electrode is designed
for suitable and continuous monitoring with sufficient sensitivity and avoids the use of toxic
mercury (Mikkelson and Schroder, 2004).

Mercury electrodes have high reproducibility and sensitivity, are therefore, preferred for
stripping analysis (Wu et al., 2008). However, the toxicity of mercury makes it undesirable
for certain sensing applications, particularly those involving food contacts. Considerable
efforts have been made to find suitable alternative electrode materials for stripping analysis.
Recently, bismuth film electrodes (BiFES) have been proposed in view of their low toxicity
and comparable performance to mercury (Ping et al., 2011). However, BiFES have a serious
limitation because of insufficient adhesion of the film on the electrode surface which causes

degradation of the electrode (Hwang et al., 2008).

Chemically modified carbon paste electrodes (MCPES) are cheap, easy to make, and have a
low background current, and so have been originally designed as an alternative to mercury
electrode. Metallic or metal oxide nano particles have been successfully employed to modify
CPEs for stripping analysis (Svancara et al., 2009). However, the inherent disadvantages of
CPEs such as low mechanical stability and reproducibility limit their practical application.
Therefore, new electrode material developments are still needed to meet the growing demands
for on-site monitoring of trace heavy metal ions. Nanostructure materials are candidates
because of their large specific surface area, good biocompatibility, and ease of preparation.
Nanomaterial modified CPEs exhibit many favorable characteristics for electro analysis,
including fast response, high sensitivity, selectivity, low back ground current, low cost,
suitable for use in the field, has wide (broad) potential window and long time stability, their
low ohmic resistance and easy preparation (Lahiff et al., 2010). The CPE can be
modified using metal oxide nanoparticles. Nanostructured metal oxides such as ZnO, Fe3O,,



NiO, SnO,, ZrQy, TiO,, Al,03 MgO and MnO, have also been widely used in the detections
of toxic heavy metals due to their interesting nanomorphological, functionally biocompatible
and catalytic properties. These materials exhibit enhanced electron transfer kinetics and strong
adsorption capability. For example, porous MgO nano flowers have been synthesized was to
fabricate the heavy metal sensitive electrode (Wei et al., 2012). The detection of toxic heavy
metal ion using stripping voltammetry by new nonmaterial with highly selective adsorption
toward a specific metal ion should be a great interest and significance (Wei et al., 2012). MgO
nonmaterial, as a non-toxic and environmentally friendly material, has been widely used as an
absorbent to remove toxic metals ions and organic pollutants from water due to its high

surface reactivity and adsorption capacity toward Pb(I1) and Cd(Il) (Yan et al., 2012).

By combining with squarewave anodic stripping voltammetry the modified electrode exhibits
excellent sensing performance for Pb?* and Cd®* with detection limits of 2.1 pM and 8.1 pM,
respectively (Lin et al., 2015). MgO/ZnO composite nanosheet could be used as good
(Jianwei et al., 2015). Zinc oxide nanoparticles synthesized by hydrothermal method have
been investigated for the removal of Cd(1l) and other heavy metal ions from aqueous solution

with good removal efficiency (Yantasee et al., 2008).

Therefore a novel carbon paste electrode modified with magnesium oxide/ zinc oxide
nanocomposite (ZnO/MgONCPs) is excellent for detection of toxic heavy metal ions. Such a
composite electrode brings new capabilities for electrochemical devices by combining the
unique advantages of nanomaterials with the characteristics of a bulk composite electrode. It
is better to modified CPE by MgO/ZnONCPs for detection of toxic heavy metal ions, due to
ZnO is highly sensitivity and surface area, but low stable and MgO highly stable and
sensitivity, but lower surface area compared ZnO. Under the optimized conditions, this
electrode exhibited good analytical performance determining for cadmium (Cd(l1)) and lead
(Pb(11)) levels. Furthermore, the performance of the proposed electrode for Cd(Il) and Pb(ll)
measurement in milk was examined in detail. This MCPEs, which are used as a working
electrode in SVS experiments. It can be constructed from a homogenized paste consisting of
graphite powder mixed with paraffin oil and MgO/ZnONPs using an agate mortar and pestle
(EIMhammedi et al., 2009).



The aim of this study is to determine the level of the two toxic heavy metals (Pb and Cd)
in cow milk collected from, Haramaya Woreda, around Haramaya University and Haramaya
University dairy farm using MgO/ZnO CPE as working electrode and anodic stripping

voltammetry.

Objectives of the study

General Objective

To prepare, characterize and develop a more sensitive MgO/ZnO nano composite
modified carbon paste electrode for the determination of (Pb and Cd) in cow milk

around Haramaya University.
Specific Objectives

% To Synthesize ZnO, MgO and MgO/ZnO nanocomposite using precipitation and
hydrothermal methods

% To characterize ZnO, MgO and MgO/ZnO nano composite employing XRD, SEM,
FTIR and Uv-vis.

% To construct carbon paste electrode and modified carbon paste electrode of
ZnO, MgO NPs and MgO/ZnO nanocomposite.

%+ To characterize CPE, ZnO and MgO/ZnO CPE using cyclic voltammetry.

%+ Optimize parameters such as pH of the solution, deposition time, deposition potential,

and concentration of Pb and Cd for the determination of these toxic heavy metals

using MgO/ZnO/CPs electrode.

% To determine the concentration of Pb and Cd in cow milk obtained from Haramaya
University dairy farm and around Haramaya University using MgO/ZnO/CPs electro

de and anodic stripping voltammetry.



2. LITERATURE REVIEW

2.1. Environment and Toxic Heavy Metals Pollutions

The word environment is used broadly refer to everything that surrounds us. It is therefore,
includes all living organisms as well as non-living things. The environmental instability or
imbalance and disturbances can be caused either due to human activities such as agricultural,
industrialization, urbanization, mining, and etc (Joseph, 2008). Environment polluted by nano
degradable plastics, pesticide, toxic heavy metals and etc. From these, this paper focuses on
toxicity of heavy metals. The term Heavy Metals refer to any metallic element that has a
relatively high density and is toxic or poisonous at low concentration (Lenntech, 2004).
Heavy Metals are a general collective term, which applies to the group of metals and
metalloids with atomic density greater than 4 g/cm?®, or 5 times or more, greater than water
(Hawks, 1997) and also Heavy Metals are defined as those elements with a specific density at
least five times the specific gravity of water, Heavy Metals include Cadmium (Cd), Copper
(Cu), Lead (Pb), Zinc (Zn), Mercury (Hg), Arsenic (As), Silver (Ag), Chromium (Cr), Iron
(Fe) and Platinum group elements, Copper and Zinc are essential trace elements for living
organisms at low concentration (<10 mg/L). However, they become toxic at high
concentration (>10 mg/L). Most of these metal ion (Cd, Cu, Zn, Hg, As, Ag, Cr and Fe) can
be released from the industries are in simple cationic forms (Volesky, 1995). The
characteristics of heavy metals are described by (Wang 2005).Toxicity that can last for a long
time in nature. Heavy Metals cannot be degraded including bio treatment and are very toxic
even at low concentration (1.0-10.0 mg/L).

Heavy Metals are dangerous because they tend to bio accumulate. Bioaccumulation means an
increase in the concentration of a chemical in a biological organism over time, compared to
the chemicals concentration in the environment. Compound accumulate in living things any
time they are taken up and stored faster than they are broken down (Metabolized) excreted
(Tsoumbarist et al.,1994). The greatest demand for metal sequestration today comes from the
need to immobilize the metals released to the environment or mobilized by and partially lost
through human technological activities. It has been established that dissolved metals



(particularly heavy metals) escaping into the environment pose a serious health hazard. They
accumulate in living tissues throughout the food chain, which has humans at its top,
multiplying the danger. Thus, it is necessary to control emissions of heavy metals into the
environment. Due to increase in the world population and development of industrial
applications, environmental pollution problem became important. Communities produce both

liquid and solid wastes. Heavy metals at higher concentrations they can lead to poisoning.

2.1.1. Lead as Pollutant

Lead is regarded as highly hazardous for plants, animals and particularly for microorganisms.
The main sources of lead pollution in agriculture and plants are lead mines, fuel combustion,
sewage sludge applications and farm yard manure. The maximum acceptable concentration
for lead in food stuffs is around 1 mg/kg. Long-term exposure to lead can result in a buildup
of lead in the body and severe symptoms. These include anemia, pale skin, a decrease
handgrip strength, abdominal pain, nausea, vomiting and paralysis of the wrist joint.
Prolonged exposure may also result in kidney damage. If the nervous system is affected,
usually due to very high exposure, the resulting effects include severe headache, coma,
delirium and death. Continued exposure can lead to decreased fertility and/or increased

chance of miscarriage or birth defects (Dobrzanski et al., 2005).

A major use is the production of anti-knock compounds particularly tetraethyl lead, Pb
(CoHs)4 for addition to petrol. The exhausts from vehicles are a major source of the
environmental contamination by lead. Lead is present in exhaust gases mainly as lead halides
and oxides, but incomplete combustion results in about 10% of alkyl lead compounds also
being present. Other source of lead emissions are copper and nickel smelters, iron and steel
production. Estimates vary as to the importance of vehicle emissions as the sources of the

lead contamination (Dobrzanski et al., 2005).

2.1.2. Cadmium as Pollutant

Cadmium is a toxic metal and can cause serious health problems. Recently attention has been
focused on its availability in water, soil, milk, dietary products, medicinal plants, herbal

drugs, etc. The most common sources for cadmium in soil and plants are phosphate



fertilizers, non-ferrous smelters, lead and zinc mines, sewage sludge application and
combustion of fossil fuels (Mc Bride, 2003). Critical levels for cadmium in soil are between
3-5 mg/kg. This level, in most cases, it cannot cause toxic or excessive accumulation
concentration in plants; the lowest level of the element concentration in plants that can cause
crop yield reduction is between 5-30 mg/kg. Surprisingly, a small amount of cadmium was
detected in the stem, leaves, and seeds of the plant sample collected from polluted areas. This

may be due to the polluted air from the surrounding area (Ogabiela et al., 2010).

The major route of cadmium exposure for the general population is via food. An increase in
soil Cadmium content generally results in an increase of plant uptake of Cadmium although
some soil and plant factors may influence Cadmium accumulation by plants. Crops grown in
Cadmium contaminated areas have been found to contain elevated Cadmium content
compared with normal levels. Therefore, human Cadmium exposure via food in contaminated
areas can be many times above normal intakes and lead to Cadmium toxicity (Ogabiela et al.,
2010).

2.2. Toxic Heavy Metals Accumulation in Food

Heavy metal toxicity is one of the major current environment health problems and is
potentially dangerous because of bio-accumulation through the food chain. Food such as
cereal crops, vegetables and animal products are highly affected in neighboring cities,
industrial plants and busy highways than in agricultural regions (Sathyamoorthy et al., 2016).
Heavy metal poisoning could result, for instance, from drinking water contamination (e.g.
through Lead pipes), high ambient air concentrations near emission sources, or intake via the
food chain. Some of the major contaminations are due to toxic metals presence in the food as
a part of human diet has irrecoverable effects (Samaghail Binghila et al., 2008).

Tablel. Ranking of risks associated with various heavy metals in food.

Relative priority High Medium Low

Environmental risk Pb,CdandHg Cr, Co, Cu, Niand Zn Al and Fe




World Health Organization (WHO) has established levels of metals in foods above optimum
condition should not be consumed. For this reason the levels of trace metals in our food

should be of much importance and concern to us.

2.3. Contamination of Toxic Heavy Metals in Milk

Increase in industrial and agricultural processes have resulted in increased concentration of
toxic heavy metals in the air, water and soil. These metals are taken in by plants and
consequently accumulate in their tissues. Animals that graze on such contaminated plants and
drink from polluted waters also accumulate such metals in their tissues and milk if lactating
(Yahaya et al., 2010). A large amount of these metals taken in by plants and animals
subsequently find their way into the food chain. According to (Sathyamoorthy et al., (2016)
report the concentration of Pb and Cd in fodder samples neighboring cities and nearby busy
roads was 102 to 382 mg/kg and 0.87 mg/kg respectively. It is above the tolerable limit of 30
mg/kg (Pb) and 0.5 mg/kg (Cd). This ever increasing pollution has given rise to concern on
the intake of harmful metals in humans. Metals enter the human body through inhalation,
ingestion or absorption through the skin (Ogabiela et al., 2010). The intake through ingestion
depends on food habit.

The toxicity of metals depends on a number of factors: the particular metal in question, dose
absorbed and the age of the person concerned. For instance, children are directly exposed to
the effect because they absorb several times the percentage ingested compared to adults and
even brief exposure may influence developmental processes (Samara and Richard, 2009).
Lead, cadmium and mercury residue in milk are therefore of great concern because milk is
largely consumed by infants and children. Although some metals are essential nutrients, have
a variety of biochemical functions in all living organisms and important industrial uses, their
potential toxicity to humans and animals is a source of concern. It is, therefore, necessary to
monitor and control their levels in consumed food. The measurement of metal levels is
helpful not only in ascertaining risk to human health but also in the assessment of
environmental quality (Binghila et al., 2008). Many reports indicated heavy metals in milk
and attributed the presence of these heavy metals in milk and dairy products to exposure of

lactating cows to environmental pollution, consumption of contaminated feed stuffs and



water as well as the production process. Cow milk is a good source of both micro and macro
elements in human diet and the location of the cows determine their concentration
(Dobrzanski et al., 2005). The levels of lead and cadmium in milk from cows grazed on open
fields in Kaduna were reported to exceeded the permissible maximum daily intake (0.05
mg/kg body weight) recommended by WHO (Lawal et al., 2006).

2.4. Biochemistry of Toxic Heavy Metals

The poisoning effects of heavy metals are due to their interference with the normal body
biochemistry in the normal metabolic processes. When ingested, in the acid medium of the
stomach, they are converted to their stable oxidation states and combine with the body’s bio-
molecules such as proteins and enzymes to form very stable bio- toxic compounds, which
become difficult to be dissociated, due to their bio-stabilities, during extraction from the body
by medical detoxification therapy. The equations below show their reactions during bond
formation with the sulphydryl groups (-SH) of cysteine and sulphur atoms of methionine (-
SCHg).

SH

.‘-1'\
N — IR p—
SEL =

SCHS S-M-S
SCH= S-S

Where: (A) = Intermolecular bonding; (B) = Intermolecular bonding; P = Protein; E =
Enzyme; M = Heavy Metal

The hydrogen atoms or the metal groups in the above case are replaced by the poisoning
metal and the enzyme is thus inhibited from functioning, where as the protein—metal
compound acts as a substrate and reacts with a metabolic enzyme (Sailu, 2014).

2.4.1. Toxicity Limit Value of Heavy Metals

It is known that not all heavy metals are of the same toxicity value. From the standpoint of
health and sanitation, the maximum allowable levels of toxins in food have already been set

by global health organizations such as FAO and WHO. The amounts of lead and cadmium in
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milk have been determined to be 1000 ppb and 100 ppb, respectively (Risher and DeWoskin

1999). Some of their limit toxicity values are given in the following table.

Table 2. Toxicity Limit value (according to Bis) Indian standards, WHO and EPA

Heavy Bis Indian Standards WHO EPA

Metals  (1S105000:1991)(mg L™) (mg L™ (mg L™
Desirable limit Permissible limits

Zn 5.0 15 5.00

Cd 0.01 No relaxation 0.010

Pb 0.05 No relaxation 0.050

Cu 0.05 1.5 -

Where; EPA is Environmental Protection Agency

2.5. Method of Determining Toxic Heavy Metals in Milk

There are two methods for determination of toxic heavy metals, the spectroscopic methods
and electrochemical methods. Some of the spectroscopic methods are listed in the following
table.



2.5.1. Spectroscopic Methods

Table 3. Methods used for the concentration of toxic heavy metals
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Electro Principles Disadvantages Reference
analytical
methods
Photons are absorbed by the -each method varies in
sample, this absorptions sensitivity depending on the  Tercier, W.
reduces the intensity of the
Spectrophotome . spectrophotometric reagent. and Buffle,
photons reaching at the 2005
try detector - not sensitive enough to
determine low concentration
Measures the absorption of -limited for solutions, less
radiant energy produced by a sensitivity, problems with Yang et al.,
special radiation source 2006
Flame AAS refractory elements,
(lamp), by atoms
. . relatively large sample
in electronic state
quantities required (1-2mL)
Measures the absorption of Expensive, high initial Tercier, W.
radiant energy produced by a capital, low precision, low  and Buffle,
special radiation source sample throughout, requires 2005
Graphite . . .
(lamp), by atoms in high level of operator skill
Furnace AAS  electronic state
Measures the optical Complicated Tercier, W.
emission from excited atoms instrumentation, and Buffle,
CPAES analyte ions are separated not suitable for onsite, 2005
based on their mass to (m/z)
interference arises when
species has the same m/z
X-ray Flour- Uses x-ray as primary Less suitable for analysis of ~ Tercier, W. and

Escence

excitation source

minor and trace elements

Buffle, 2005
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Although a various number of sensitive and reliable analytical techniques such as optical and
atomic flame spectrometry, neutron activation analysis, spark spectroscopy etc have been
used for trace metal analysis (detection), factors such as the high cost of instrumentation,
extensive sample preparation and limited selectivity, difficulty in analyzing low level
concentration reduce the efficiency of these analytical techniques when they are applied to
multi component trace analysis in complex sample matrices (Tercier et al., 2005). In recent

time electrochemical methods emerged for determination of heavy metals.
2.5.2. Electrochemical Methods

Stripping voltammetry technique can be used to make routine analytical determinations at the
sub-ppm level, although this requires a high degree of care with regard to laboratory
technique and sample handling. Analytes that can be determined by stripping voltammetry
can also be determined by other analytical methods at higher concentrations (samples whose
concentration exceeds 1 ppm), although the converse is not necessarily true since stripping

method can detect analytes even at parts per billion (Tercier et al., 2005).

Voltammetry is a wide spread electrochemical technique that is based on the measurement of
the current response to an applied potential. Electrochemical methods, especially
electrochemical stripping analysis (ESA), are widely recognized as a powerful tool for the
simultaneous determination of multiple types of metal ion, because of the combination of an
effective pre concentration step with advanced electrochemical measurements of the
accumulated analytes (Economou , 2005). Stripping voltammetric techniques are the most

important voltammetric techniques and are reviewed in the following sections.
2.5.2.1. Mercury electrodes

The performance of ASV is strongly influenced by the material of the working electrode.
Traditionally, hanging mercury drop electrodes (HMDE) have been used, mainly because
clean surfaces can be easily regenerated with a new mercury drop. Moreover, the potential
window where mercury stays electro-inactive is very large, so that very electronegative
metals can be detected. Despite being long known as an electrode, it is still used and

upgraded. For example, Adam et al. (2005) have detected Cd** and Zn** with a phytochelatin
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modified HMDE using ASV. However, HMDE present several drawbacks: metallic ions such
as Hg, Au and Ag cannot be measured and the use of mercury electrodes is now severely rest
ricted due to obvious toxicity considerations. Mercury thin film electrodes (MFESs) could be
an alternative as less mercury is necessary. Nevertheless, the development of mercury

free analytical systems is becoming inevitable.
2.5.2.2. Bismuth film electrodes

In 2011, bismuth-film electrodes (BFEs) were introduced as an alternative to mercury film
electrodes (MFEs) (Wang et al., 2011) BFEs are prepared by plating thin bismuth films on
suitable electrode materials. The main advantages of the BFEs are that they are
environmentally friendly, since the toxicity of bismuth and bismuth ions is negligible, and
their analytical properties are comparable to those of MFEs. Bismuth can be placed on the
same substrate as mercury: glassy carbon, screen-printed carbon ink and gold have been
successfully used. BFEs offers a better separation between inter metallic compounds than
MFEs, e.g., Cd** and Pb*" even if a large excess of Cu** are present. By co-deposition of
bismuth and target metals on the glassy carbon or carbon fiber substrate, bismuth-film
electrodes could be obtained for stripping voltammetric measurements of Cd**, Pb**, TI*,
and Zn** at mg/L level (Lin Cui et al., 2015). The main disadvantage of BFEs compared to
MFEs is their lower potential window, particularly a more negative anodic limit due to the
fact that bismuth is more easily oxidized than mercury. However, the cathodic limit potential
is almost the same as MFEs. The pH of the sample solution strongly affects the useful
potential window of BFEs. As expected, the most cathodic potential limit was achieved in
basic media whereas the most anodic potential limit was achieved in very acidic media. The
other drawback of BFEs has a serious limitation because of insufficient adhesion of the film

to the electrode surface which causes degradation of the electrode.
2.5.2.3. Carbon paste electrode

Carbon materials are mercury free current conducting electrode materials, possessing some
attractive features, has higher complication capacity than metals and has the ability to form
strong covalent bonds with some surface modifiers. These properties make the carbon

electrodes currently very widely used in electro analysis (Stozhko et al., 2008). Carbon
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electrodes are used for various sensing and detection applications due to their broad potential
window, low background current and low cost (Farghaly, 2004). The carbon surface is
electrochemically inert over a wide range of potential and can absorb various compounds by
nonspecific physical sorption and specific chemisorptions. One of the disadvantages of
carbon electrodes is that electron transfer rate is slower comparing to metal electrodes. The
electron transfer reactivity is strongly affected by the origin and history of the carbon surface

(Chen et al., 2009). Due to this factor it is better to modified carbon paste electrode.
2.5.2.4. Modified carbon paste electrode

Chemically modified carbon paste electrodes (MCPESs) are cheap, easy to make, and have a
low background current, and so have been originally designed as an alternative to mercury
electrode. Metallic or metal oxide nano particles have been successfully employed to modify
CPEs for stripping analysis (Svancara et al., 2009). However, the inherent disadvantages of
CPEs such as low mechanical stability and reproducibility limit their practical application.
Moreover, the use of nonconductive binders such as paraffin oil may weaken the
electrochemical performance of CPEs (Lee et al 2007). Therefore, new electrode material
developments are still needed to meet the growing demands for on-site monitoring of trace

heavy metal ions.

The use of conductive solid materials as binders in CPEs to replace traditional binder systems
shows promise to improve performance. Mineral oil, ionic liquid and molecular wires have
been used to prepare CPEs with improved conductivity, high mechanical stability, and fast
electron transfer rates, but mineral oil is the main source of heavy metals due to this not used
for detection of heavy metals. Nanostructured materials are also candidates because of their
large specific surface area, good biocompatibility, and ease of preparation. Nanomaterial,
special inorganic Nanomaterials modified CPEs exhibit many favorable characteristics for
electro analysis, including fast response, high sensitivity and selectivity (Lahiff et al., 2010).
Inorganic nanomaterials are benefiting from the basic advantages of regular structure,
chemical and thermal stability, high surface reaction activity and catalytic efficiency, large
surface-to-volume ratio and strong adsorption ability. Inorganic nanomaterials are often used

for electrode modification, In particular, metals, metal oxide, carbon and silica based nano
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materials are the most commonly used inorganic nanomaterials in electrochemical detection

of heavy metal ions (Lin et al., 2015).
2.5.3.4.1. Metallic Nanoparticles

Early electro analytical methods frequently employed the hanging mercury drop and mercury
film based electrodes Metallic nanostructure materials exhibit unique electrical, optical and
catalytic properties. For the time being, by functionalizing metallic nanoparticles with small
chemical and bio-molecules, various detection methods with high specificity have been
designed for toxic heavy metal sensing to detect the toxic heavy metals, because of their wide
cathodic potential range, high sensitivity and repeatability (Lin Cui et al., 2015). Recently, a
nanocomposite of reduced grapheme oxide bismuth nanoparticles has been synthesized for
sensitive detection of multiple heavy metals, in which the detection limits of 2.8, 0.55, 17 and
26 ng/ L are obtained for Cd?* Pb**, Zn*" and Cu®", respectively (Sahoo et al., 2013). Similar
to bismuth, antimony nanoparticles have also been proven to be highly sensitive and reliable
for trace analysis of heavy metals in conjunction with (ASV). Forexample,(Sahoo et al.,2003)
prepared an antimony nanoparticles modified boron doped diamond electrode for
simultaneous determination of Pb?* and Cd** over the range of 50-500 mgL™. In addition,
nanosized noble, bimetallic and transition metal particles modified electrodes have emerged
for electrochemical analysis of heavy metals. By layer-by-layer assembly, multi-layer of Au
nanoparticles (AuNPs) and bimetallic Au—Pt nanoparticles with low detection limit of 0.008
mg L for Hg®* (Lin et al., 2015).

2.5.2.4.2. Metal oxides

Nanostructured materials are also candidates because of their large specific surface area, good
biocompatibility, and ease of preparation. Nanomaterial metal oxides such as ZnO, Fe30q,
NiO, SnO,, ZrQy, TiO,, MgO and MnO, have also been widely used in the detection of heavy
metals due to their interesting nano-morphological, functional biocompatible, non toxic and
catalytic properties. These materials exhibit enhanced electron transfer kinetics and strong
adsorption capability. For example, porous MgO nanoflower has been synthesized to

fabricate heavy metal sensitive electrode. By combining with square wave anodic stripping
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voltammetry (SWASV), the modified electrode exhibits excellent sensing performance for
Pb** and Cd** with detection limits of 2.1 pM and 81 pM, respectively (Cui et al., 2015).

Yantasee et al., (2008) synthesized Fe3O, nanoparticles to modify carbon electrodes for
detection of Pb?* in urine and simultaneous detection of Cu®*, Pb?*, Cd** and Ag" in natural
water. By combining the high absorptivity of FesO, microspheres toward As®* and the
advantages of ionicliquid, Gao et al., (2013) reported a disposable plat form for electrochemi
cal detection of As®" at 8x10™pg/L level in drinking water under nearly neutral condition.

Zinc oxide nanoparticles can be synthesized by hydrothermal method have investigated the
removal of Cd(ll) and other heavy metal ions from aqueous solution by good removal
efficiency of Cd(Il) metal ions. The adsorption equilibrium isotherms were best described by
Langmuir isotherm model (regression coefficients, R?> > 0.99). Langmuir maximum
adsorption capacity was found to be 387 mg/g for Cd(ll) at 303 K. The adsorption capacity
was decreased with increasing of temperature because the adsorption process was exothermic
(Yantasee et al., 2008). MgO/ZnO composite nanosheets were synthesized by a simple
thermal evaporation method could be used as good materials for immobilization of enzyme

for the fabrication of efficient H,O; biosensor (Jianwei et al., 2015).
2.5.2.4.3. Nanocomposite

Nanocomposite is composites in which at least one of the phases shows dimensions in the
nano meter range. Nanocomposite materials have emerged as suitable alternatives to
overcome limitations of micro composites and monolithics, while posing preparation challen

ges related to the control of elemental composition and stoichiometry in the nanocluster
phase (Pedro et al., 2009). Nanocomposite is materials that incorporate nanosized particles
into a matrix of standard material. The result of the addition of nanoparticles is a drastic
improvement in properties that can include mechanical strength, toughness and electrical or
thermal conductivity. Nanoparticles have an extremely high surface to volume ratio which
dramatically changes their properties when compared with their bulk sized equivalents. It
also changes the way in which the nanoparticles bond with the bulk material. The result is
show that the composite can be many times improved with respect to the component parts

(Pedro et al., 2009). Nanocomposite can be classified as ceramic matrix, metal matrix and
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polymer matrix nanocomposite. In recent time a lot of nanocomposites materials can be

synthesis and used from this some of them are listed in table 4.
2.6. Methods of Nanocomposite Synthesis

Nanocomposite can be synthesis by co-precipitation methods, sol-gel methods and
hydrothermal methods.

2.6.1. Co-precipitation Method

The co-precipitation method is used for the synthesis of metal oxides nanoparticles, mixed
metal or metal ceramics nano-composites, produces precipitate that are separated from
solution. Inorganic salts are used as precursors, dissolved in water and other solvents to
obtain homogenous solution of ions, and then these salts start precipitating as hydroxides or
oxalates when the critical concentration of species is attained followed by nucleation and
growth phases (Stankic et al., 2016). The size and shape of particles is greatly influenced by
solution pH, temperature and concentration of salt. After precipitation, filtration and washing
is done followed by calcination to convert hydroxide into oxides with a definite crystalline
structure. Different types of metal nanocomposite materials synthesized using this approach
is listed in Table 4. The precipitating medium usually employed includes NaOH, NH3 or
NH4OH, Na,CO3; etc (Ambreen Lateefl and Rabia Nazir, 2017). The use of surfactants is
also a common practice to avoid agglomeration which also tampers the particle size of the
composites obtained by this technique. The method offers the advantage of being low cost,
simple, water based reaction, flexibility, mild reaction conditions and size control (Stankic et
al., 2016).

2.6.2. Sol-Gel Method

Sol-gel method gained attention as a promising method for the synthesis of nanomaterials
owing to their mild reaction conditions and building up the materials from molecular
precursors leading to variation in materials and properties. The resulting product of sol-gel
method is either films or colloidal powder. The sol-gel method has capability of producing

micro and nanostructures. The size, shape and structure of final product are greatly
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influenced by the reaction parameters (Ambreen Lateefl and Rabia Nazir, 2017). The process
involves the simple wet chemical reaction based on hydrolysis and condensation leading to
formation of sol which through the process of aging results in formation of an integrated
network as gel.

The sol-gel method is also very attractive for the synthesis of nanostructures containing more
than one component, since the slow reaction kinetics allows good structural engineering of
the final product. Another advantage is that the reactions are conducted at low temperatures
or at room temperature. The sol-gel process involves inorganic precursors that undergo
various chemical reactions, resulting in the formation of a three-dimensional molecular
network. One of the most common routes is via hydrolysis and condensation of metal
alkoxides to form larger metal oxide molecules that polymerize to form the coating. The sol—
gel procedure allows coating of substrates with complex shapes on the nanometer to
micrometer scale, which some commonly used coating procedures cannot achieve. The
substrates include colloidal particles, organic/inorganic crystals, or even fibers and nanotubes
(Chen et al., 2010). The range of materials prepared using this technique is outlined in Table
4.

2.6.3. Hydrothermal Method

The hydrothermal method involves the heterogeneous chemical reaction in a solvent
(aqueous or non-aqueous) occurring above room temperature and at pressure more than latm
in a closed system (Akhtar et al., 2008). To modify the size and properties the use of
surfactants, capping agents, mineralizers is a common practice. The new trend is to use this
technique in combination with microwave, sol-gel that can not only vary the physiochemical
and structural properties of the materials but in addition to that can result in formation of
single phased materials with enhanced stability (Ambreen Lateefl and Rabia Nazir, 2017).
Further just by altering the temperature, time and pressure of the reaction particle size, in
Figure 4. The hydrothermal growth technique is promising for low cost and for scaling up the
synthesis of nanostructures. This technique is not only useful to grow single material but can

also be useful to synthesize nanohybrid or nanocomposite materials (Guo et al., 2011).



Table 4. Metal oxide nanocomposite (MONC) prepared from different approaches.
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synthesize MONC Reaction condition  Particle size  References
methods in (nm)
Co- MgO-Al,O3 Centrifuged at 100  4-30 Nazari M. and
precipitation rpm Halladj R., 2014
Zn0O-Sn0; pH 6, 105 °C 30 Ambreen and Rabia,
2017
MgO-CuO 120 °C 20 Y
Zn0O-Fe304 pH 7, centrifuge 40 Y
NiO. CeO. 120 °C 14-25 Stankic et al., 2016.
ZnO
Ag- AC pH 8, N, atm 55 y
ZnO- AC 70 °C,pH 8 50-200 "
Sol-gel TiO,- Al,O3 - 5-9 Ambreen Lateef and
method Rabia Nazir, 2017.
TiOz-Fe;04 100-1200 °C 4-10 Kundu et al., 1998.
Al,O3-SIiC - - Yang et al., 2005.
WO;-TiO, Annealed at 550°C - Yang et al., 2005.
Hydrothermal ZnO-kaolinate Calinated 600 °C 14.6- 48.2 Stankic et al., 2016
Method Al,O3-TiO, pH 8, 500 °C 3.25 Ambreen and Rabia,
2017
CdS-TiO, 160 °C 4-6 Kundu et al., 1998.
Co- MgO 150 °C - Karimi et al., 2011

Ag- Graphene

Huang et al., 2012.

2.7. Preparation of Carbon Paste and Modified Carbon Paste Electrode

The CPE was prepared by thoroughly mixing 0.30 g of the graphite powder and 200 pL of

paraffin oil using an agate mortar and pestle for 20 min until a visually uniform consistency.
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The ILCP was prepared same way but using the IL. In case of the ILPCP, 100 pL of paraffin
oil and 100uL of 1-methyl-3-octyl imidazolium bis(trifluoromethylsufonyl) imide were added
simultaneously. The resulting CPs was then transferred into separate glass vials, compacted
and let to stand overnight. To prepare electrodes, small portion of a paste was taken out with
polyethylene splinter and packed 3 mm deep in a Teflon tube with internal copper wire
electrical contact. The CP working electrodes made this way were always gently polished
over a white photocopy paper in order to generate fresh surfaces and rinsed with water prior

to each experiment (Tesfaye et al., 2016).

Similar to the CPE modified CPE was prepared by using bismuth oxide nanoparticles and
ionic liquid modified carbon paste electrode (BONPs-IL-CPE). The 0.49 g graphite powder,
0.49 g n-octylpyridinum hexafluorophosphate (OPFP) and 0.02 g BONPs were hand-mixed
in a mortar and pestle for 30 min. A portion of the resulting paste was packed firmly into the
electrode cavity (1.8 mm diameter) of a glass sleeve with a spatula. The electrode was heated
in an oven to temperature higher than the melting point of OPFP. The electrode contact was

established via a copper wire introduced into the back of the sample (Ping et al., 2012).

2.8. Determination of Toxic Heavy Metals using Carbon Paste Electrode

Carbon materials are mercury free current conducting electrode materials, possessing some
attractive features, has higher complication capacity than metals and has the ability to form
strong covalent bonds with some surface modifiers. These properties make the carbon
electrodes currently very widely used in electro analysis (Sotho et al., 2008). Carbon
electrodes are used for various sensing and detection applications due to their broad potential
window, low background current and low cost. The carbon surface is electrochemically inerts
over a wide range of potential and can absorb various compounds by nonspecific physical sop
tion and specific chemisorptions, due to this unique properties used for determination of toxic
heavy metals (Fergal, 2004). One of the disadvantages of carbon electrodes is that electron
transfer rate is slower comparing to metal electrodes. The electron transfer reactivity is
strongly affected by the origin and history of the carbon surface (Chen et al., 2006).
According to different report toxic heavy metals was determined by carbon paste and

modified carbon paste electrode, from this some of them are listed in table 5.
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In this paper a novel carbon composite electrode modified with magnesium oxide/zinc oxide
nanocomposite (MgO/ZnONCs) and paraffin oil. Such a composite electrode brings new
capabilities for electrochemical devices by combining the unique advantages of nanomaterial

s with the characteristics of a bulk composite electrode. Under the optimized conditions, this
electrode exhibited good analytical performance determining cadmium ion (Cd (1)) and lead
ion (Pb (11)) levels.

Table 5. Toxic heavy metals detected using CPE and MCPE

Electrode Metals detected References

CPE Pb, Cd, Zn and Cu Fikadu, 2016.
Ni/Zn/Fe,04/CPE Hg and Cd Abbas et al., 2015.
Graphene- Pb Sylwia Smarzewska and
oxide/CPE Witold Ciesielski, 2015.
ILC/SiO,/CPE Cu Saghiri et al., 2016.
Cr/CPE Zn, Cd, Pband Cu Koudelkova et al., 2016.

2.9. Stripping Analysis

Stripping voltammetric (SV) methods are the most efficient electrochemical voltammetric
techniques for trace metal analysis and have been receiving considerable attention and
currently available. Over the last decade SV has evolved into a very versatile and powerful
analytical technique and it is a very sensitive electrochemical technique for measuring trace
metals (Wang, 2005). The unusually high sensitivity and selectivity are based on the fact that
the analytes is accumulated before it is determined and that both accumulation and determinat
ion are electrochemical whose progress can be controlled.Since the metals are pre concentrate
d onto the electrode by factors of 100 to 1000, detection limits are lowered by 2-3 orders of
magnitude compared to solution-phase voltammetric measurements (Wang, 2005). With
minimal sample preparation, this method is routinely capable of identifying and quantifying

trace components from 10 to 10™ mol/L and in some cases even 10™? mol/L with excellent
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sensitivity and selectivity. This means that stripping methods are among the most sensitive
instrumental analysis methods of all; they are also superior to other trace analysis techniques
as regards the correctness of the measured values obtained(Wang, 2005).

2.9.1. Principles of Stripping Techniques

Voltammetry is an electrochemical technique in which the current measured and displayed as
potential peak and the resulting current is proportional to the concentration of the analyte.
Stripping analysis involves two step techniques, the deposition step and the stripping step.
The first step involves the electrolytic deposition or accumulation of a small portion of the
metal ions in solution onto the electrode surface of an inert electrode at a constant potential to
preconcentrate metals. This preconcentration step can involve either an anodic or cathodic
process (Wang, 2005). Accumulation always takes place at constant potential of the metal to
be determined and is called accumulation potential at a working electrode and based on an
oxidation or reduction process. The particular dissolved metals are reduced and deposited as a
layer on the working electrode that is subsequently oxidized. During deposition (pre
concentration), the metallic ions in a solution is concentrated by the electrode in their metallic
form. The electrode is scanned linearly toward positive potentials (in ASV) so that the metals,
one at a time, are stripped from the electrode and re-oxidized at a potential characteristic of
each metal (Jia et al., 2007).

The accumulation time depends on the concentration of the analyte in the sample solution and
must be chosen in a way that the measuring signal remains linear throughout as large a
concentration range as possible. The time at which the graph is started to be plotted is called
quiescent time (quiet time). During this period the potential is still applied but the stirring is
stopped for 90 sec prior to analysis (Jia et al., 2007). The resulting analytical signal is the
current generated during the anodic “stripping” step and the plot of current versus potential is
called a voltammogram. The resulting current- voltage peaks can be compared with those in a
calibration curve of standard solutions of known quantities of metal ions. In all these
procedures; the analyte of interest is accumulated on a working electrode by controlled
potential electrolysis, while the solution is stirred. After a short rest period (10 seconds), this
preconcentration step is followed by the second step called the stripping step which involves
the removal of the accumulated analyte (dissolution of the deposit) species from the working
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electrode and is the real determination step. This step consists of the application of a voltage
scan to the electrode that causes an electrolytic dissolution or stripping of the species on the
working electrode (Jia et al., 2007). During this stage, the analyte is oxidized and the current
is measured in which the oxidation of elemental species is registered as peaks in the current
signal at the potential at which species is being oxidized. This means that the deposited
analyte is removed ("stripped”) from the electrode by a potential scan and the resulting
current peaks are used to determine the concentration of each analytic species in the sample.
Thus, a detectable current is produced at the electrode surface following the oxidation or

reduction of the analyte at a characteristic potential.

The position of a peak potential (Ep) is a characteristic of the given substance and thus it can
be used for qualitative identification, whereas the peak current (ip) is proportional to the
concentration of the corresponding analyte in the test solution. By careful interpretation of the
resulted peak shape from current—potential voltammogram recorded during the stripping step,
important and desired analytical information is readily obtained. This analytical quantitative
information can be obtained from the height or area of the stripping voltammetric peak. Since
stripping curves/peaks for various analytes occur at characteristic potentials, hence several
species can often be determined simultaneously. The following reactions takes place on the

working and counter electrodes during deposition and stripping steps.

During deposition: Working electrode (cathode) reduction reaction is:  M?*" + 2e” — M°
where: M?* represents a divalent metal cation
Pb** +2¢" — Pb°
Cd** +2¢ —Cd°
Counter electrode (anode) oxidation reaction is: 2H,0 +2e~ — 4H" + O,
During Stripping
Working Electrode (anode), Oxidation reaction is;: M° — M*" + 2¢”
P’ — Pb* +2¢°
Cd® — Cd** +2¢

Counter Electrode (cathode), reduction reaction is: H* + 2" — H,

Generally, stripping voltammetry analysis needs the followings four basic conditions.
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Cleaning: - the potential is held at oxidize state greater than that of the analyte for a period of
time to remove it from the electrode.

Potential held at a lower potential: - the potential of the system is held sufficiently low
enough to reduce the analyte and deposit on the electrode.

Deposited material spread evenly on electrode: - if solid inert electrode is used this step not
needed but must while using carbon paste electrode in the case of this study.

Working electrode is raised to a higher potential and stripping (oxidation) of the analyte.

The stripping may either be linear sweep stripping voltammetry (LSSV), Differential-
pulse stripping voltammetry, Barker Square Wave Stripping Voltammetry and Osteryoung
Square Wave Stripping Voltammetry. For time being the first two stripping technique are

seen in detailed.

2.9.2. Differential Pulse Voltammetry

Differential-pulse stripping voltammetry is especially suitable because of its high speed and

multi-element character. In this voltammetry, current is measured as a function of potential
under conditions that encourage polarisation of the working electrode. For this purpose
electrodes have a surface area in the range between a few square millimeters and a few square
micrometers. Detection techniques of trace metals generally have high costs to be used in
routine analysis (Silveira et al., 2013). However, differential pulse anodic stripping voltamme
try (DPASV), has low operating costs and few structural requirements, besides having a

scanning of “ppt” (parts per trillion).

2.9.3. Anodic Stripping Voltammetry

Anodic stripping voltammetry (ASV) is an extremely sensitive technique available for
determination of trace metals and has the advantage of simultaneous determination of metals.
Anodic stripping voltammetry (ASV) is used primarily for the determination of heavy metals
(Jia et al., 2007). In order to differentiate this method from other methods in which the
determination does not take place by oxidation, but by reduction of the accumulated product,
the term anodic stripping voltammetry (ASV) is used. In this case, the metals are
preconcentrated by electro deposition onto the electrode surface. The preconcentration is

done by cathodic deposition at a controlled time and potential. The metal ions reach the
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electrode surface by diffusion and convection, where they are reduced and concentrated. The
convective transport is achieved by electrode rotation or solution stirring. The duration of the
deposition step is selected according to the concentration level of the metal ion. Following
the preselected time of deposition, the forced convection is stopped and the potential is
scanned anodically (Jia et al., 2007), either linearly or in a more sensitive potential-time
(pulse) waveform that discriminates against the charging background current. During the
anodic scan, the metals are re oxidized, stripped out from the electrode surface in an order
that is a function of each metal standard potential. The voltammetric peak reflects the time
dependant concentration gradient of the metal at the working electrode during the potential
scan. Peak potential serves to identify the metals in the sample. The peak current depends
upon various parameters of the deposition and stripping steps as well as on the characteristics
of the metal ion and the electrode geometry and it is proportional to the concentration of the

metal ions in the sample.

2.9.3. Electrodes in Anodic Stripping Voltammetry

The choice of electrode in voltammetry is of outmost importance. The selection for the
electrodes depends on their electrochemical inertness over a broad potential window, high
overvoltage towards hydrogen and oxygen evolution, low residual current, low ohmic
resistance and the possibility of a sufficiently simple surface regeneration. In anodic stripping
voltammetry, a convectional three-electrode cell arrangement working electrode, reference
electrode and counter electrode coupled to a computer desk top controlled by a soft ware is
commonly used for anodic stripping voltammetric measurements (Farghaly, 2004). The
working electrode, which makes contact with the analyte, must apply the desired potential in
a controlled way and facilitate the transfer of charge to and from the analyte. It performs
stripping, reduces the metal ions and deposits them on its surface of electrode in metallic
form (Stozhko et al., 2008). During deposition, the working electrode acts as a cathode and
reduces the metal ions to metal atoms. During stripping, a second electrode called the counter
or auxiliary electrode becomes cathode and is used for the transfer of electric current to the
test electrode and completes the other half of the electrochemical cell by hydrogen ions
reduction to hydrogen gas and it must balance the charge added or removed by the working
electrode. It is used to make connection to the electrolyte for the purpose of applying a
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current to the working electrode. It does not take part in the reaction since they must be made
of some inert material that prevent them dissolving in the electrolyte like mercury, graphite,
gold or platinum. The third electrode is called the reference electrode which is a half-cell with
a known reduction potential against which the potential is measured and is used to regulate
the applied potential. Its only role is to act as reference in measuring and controlling the
potential of the working electrode. The reference electrode must be stored in 0.1M KCI or
NaCl when not in use to keep the tips wet so that its life time is extended. During this, the
electrode was not entirely immersed in the solution or the pins kept dry since they may
corrode or contaminated. These electrodes, the working, reference, and counter electrodes
make up the modern three-electrode system in ASV as shown in the following Figure 1
(Stozhko et al., 2008).

Voltage Supply
-+

Counter
HFlectrode

Workings __|
Electrode

Reference
Flectrode

Figure 1. Three electrode systems used to carry out anodic stripping voltammetric
experiments.



27

3. MATERIALS AND METHODS

3.1. Experimental Site

X-ray diffraction (XRD) and FT-IR analysis was conducted at Addis Ababa University and

Scanning electron microscop (SEM) analysis was conducted at Leather Developemental
Institute, Addis Ababa, Ethiopia. The synthesis of ZnO nanoparticles, MgO/ZnO nano
composite and all other electrochemical characterization experiment were performed at

Haramaya University, Chemistry Department Research Lab.
3.2. Instruments and Apparatus

The instruments used in this study were, pH meter (MP 220), furnace, XRD
(BRUKER Advanced X Ray Powder Diffraction, AXS GmbH, Karisruh, West Germany).
Scanning electron microscopy (SEM) (Mode-JEOL IT300) operated at 3kv with a special GC
electrode. Bas100B Electrochemical Bioanalizer for all electrochemical measurements. A
cell (10 mL), with three electrode configurations was used throughout the experiments with a
modified GCE as working electrode, a platinum wire as auxiliary/ counter electrode, and an
Ag/AgCI (satd. 3 M KCI) electrode as reference electrode. The area of the working electrode
is 0.07 cm? in all experiments. All the cell potentials were measured with respect to an
Ag/AgCI [3 M KCI (sat)] reference electrode.

3.3. Reagents and Chemicals

Glacial acetic acid and 99.5%, from Blulux, India, Ethanol 99%, Sodium hydroxide (NaOH)
40 g/mol and 98% purity, from LOBAL chemie), Hydrochloric acid (HCI) and 99 % purity
Blulux, India, K3Fe(CN)gs and 99% purity from CDH, New Delhi, graphite 99%, paraffin oil
extra pure, from Switzerland, cow milk, potassium chloride 99 %, sodium acetate 98 %, Zinc
nitrate and 98% purity, from Blulux Laboratories Ltd, India, Mg(NO3),.6H,O and 99%
purity, from BDH chemicals Ltd Poole England, Pb(NO3), and 99%, from BDH, England,
Cd(NO3)2.4H,0 and 99% purity, from E. Merck, Darmstadt. All chemicals are analytical
grade and were used without further purification. All solutions were made up with deionized

water.
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3.4. Experimental Procedures

3.4.1. Synthesis of ZnO Nanoparticle

ZnO nanoparticle was prepared by a precipitation method (Lanje et al., 2013; Nehal et
al., 2015). Two solutions were prepared: Solution A (0.1 mol of [Zn(NO3),.6H,0]) was
prepared by dissolving 29.747 g of Zinc nitrate hex hydrate [Zn(NOg3),.6H,0] in 200 mL
distilled and deionized water; and solution B (0.12 mol Na,COg3) was prepared by dissolving
12.719 g of sodium carbonate in 240 mL distilled water. After that, the precursor was
prepared by adding solution A to solution B drop wise under vigorous stirring for 2 h. The
precipitate resulting from the reaction between the two solutions was allowed to settle down
for 24 h, filtered with 0.2 um membrane filter (Whatman) and washed three times each with
deionized water and ethanol. The precipitate was dried at 100 °C for 6 h to form precursor of
ZnO. The precursor obtained, after drying, was calcined in air at 300 °C for 2 h in furnace to

get the ZnO nanoparticle. The product was labeled as ZnO NPs.
3.4.2. Synthesis of MgO Nanocomposite

To prepare MgO nanoparticle, 18.5 g of Magnesium Nitrate and 10 g of Sodium Hydroxide
were dissolved in 250 mL distilled water in two breakers separately. It was stirred for half an
hour using magnetic stirrer. Then the sodium hydroxide solution was added in to magnesium
nitrate solution drop by drop with burette at room temperature. After 30 minutes milky white
color precipitate was formed. Subsequently, the sample was filtered and washed with
deionized water and ethanol three times and dried in an oven at 100 °C for 8 h, collected
white color magnesium oxide nanoparticles after drying. The precursor obtained, after drying,
was calcined in air at 500 °C for 2 h in furnace to get the MgO nanoparticle. The product was
labeled as MgO NPs.

3.4.2. Synthesis of MgO/ZnO Nanocomposite

MgO/ZnO nanocomposite (16:1) ratio was prepared by mixing, 32g of Mg (NO3), .6H,0 and
100 mLof 2M NaOH solution by dissolving 5g NaOH in deionized water in separate beakers
and stirred vigorously for sufficient time (Jianwei et al., 2015; SowriBab et al., 2015). In the



29

next step, NaOH solution was slowly added to the Mg (NOg), .6H,0O aqueous solution droply
along the walls of the beaker for 30 min. While stirred and temperature of the solution was
maintained at 60 °C. To this solution one gram of the as prepared ZnO was added and stirring
was continued for two more hours and age for four hours. Subsequently, the samples were
filtered and washed with deionized water and ethanol three times and dried in an oven at 100
°C for 8 h. The dried samples were annealed in furnace at 600 °C and allowed to stay for one

hour at each temperature.
3.4.3. Characterization of the as Synthesized Nanoparticles
3.4.3.1. X-ray power Diffraction and SEM

The particle size of ZnO and MgO nano particles and MgO/ZnO nano composite was
analyzed using XRD, wavelength of the incident radiation (A = 0.15405 nm). Morphology of
the as-synthesized nano particles was analyzed using Scanning Electron Microscope (SEM)
instrument using V= 0.1-20 KeV.

3.4.4. CPE and Modified CPE Electrode Preparation

An established method (Ping et al., 2011) was used to prepare the carbon paste electrode.
Graphite powder 5gm and 1.38 mL of paraffin oil (4:1 w/w ratio) were mixed togethers in a

mortar and pestle to get the paste.  The paste was mixed until a homogeneous paste was
obtained for 30 minutes. The prepared homogenized paste was taken and kept in glass tube
(inner diameter of 3 mm and length of 7 cm) and then a copper wire was inserted to provide
electrical contact. The surface of the electrode was renewed or a new electrode surface was
obtained by removing 2 mm (from the surface) of electrode material and adding freshly made
graphite paste to obtain a smooth and fresh electrode surface. Before use, the surface of the

electrode was polished with paper card and used immediately.

The modified carbon paste electrode was prepared by hand-mixing of 2.01 g graphite
powder, 0.66 g paraffin oil and 0.39 g MgO/ZnO NCPs in a mortar and pestle for 30 min. A
portion of the resulting paste was packed firmly into the electrode cavity (3 mm diameter) of

a glass sleeve with a spatula. Electrode contact was established via a copper wire introduced
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into the back of the sample. For comparison, 2.01g of graphite powder, 0.66g of paraffin oil
and 0.39 g MgO and ZnONPs, was prepared in a similar way. The working electrodes were

polished using wet filter paper, then washed with distilled water and dried.

3.4.5. Cyclic Voltammetric characterization of KsFe(CN)g on GC ,CPE and MCPE

The voltammetric behavior of 2 mM KsFe (CN)g in 0.1M KCI on Glassy Carbon Electrode,
CPE, ZnO NPs, MgO NPs and MgO/ZnO nano composite modified CPE was investigated
using Cyclic voltammetric. Moreover, the various electrochemical parameters were recorded
from the voltammetric different scan rates (10-100 mV/s). The effects of scan rate on peak
potential on bare and modified carbon paste electrode were examined by increasing the scan
rate from 10 t0100 mV/s.

3.4.6. Standard Solution Preparation

In the process of preparing and determining standard solutions, deionized water was used
throughout the experiments. All the equipments used were first kept for 2 days in 6 M HNOg3,
after which they were cleaned with distilled water and 1 g/L or 1000 ppm of standard metal
solutions of Pb(Il) and Cd(Il) were prepared as stock solution from the nitrates of the
corresponding metals Pb(NOgs), and Cd(NO3).4H,0, respectively. Two 100 mL volumetric
flasks cleaned, labeled and half filled with deionised distilled water were made ready. Then
0.1599 g Pb(NOg3), and 0.274 g Cd(NOs),.4H,O were accurately measured using analytical
balance and added to prepared 100 ml volumetric flasks. 1 mL concentrated HNO3 was added
to each of the two volumetric flasks for dissolving the metals sample. After the salts
dissolved, the volumetric flasks were filled up to the mark with deionized water (Wenshu et

al., 2016). Then a series of Cd and Pb solution was prepared using proper dilution factors.
3.4.7. Optimization of pH

The pH value of a sample solution is one of the most important variables controlling the
adsorption of the metal ions on the electrode. For selecting the solution pH, the stripping
sensitivity of each element and the buffer capability was in consideration. The influence of

the pH on the anodic stripping peak currents of Pb and Cd was studied while measuring the
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pH in the voltammetric cell in the range of 2 to 8 in a solution containing 0.1 M sodium
acetate buffer prepared by dissolving 4.1 g of CH3COONa and 2.875 mL of CH3COOH in
500 mL of deionized water, then the pH was adjusted using 0.1M HCI and 0.1M NaOH
solution in acidic and basic medium, respectively, and the anodic peak current was measured

for selection of maximum peak current (Yoseph Bereket, 2009).
3.4.8. Optimization of the Deposition Time

The dependence of the different anodic stripping peak current of the metal ions on the
accumulation time in the standard solution was examined at constant concentration, pH, scan
rate and deposition potential of the metal ions in the range of 60 to 150 seconds (Rodrigues
et al., 2014).

3.4.9. Optimization of the Deposition Potential

According to (Marcos et al., 2014), the influence of the variation of the accumulation
potential on the peak current was studied and examined over the range of -0.7 to -0.4 VV for

Pb and Cd in a standard solution.
3.4.10. Milk Sample Extraction

Cow milk was obtained from Haramaya University dairy farm and around Haramaya Town.
The treatment was performed using an established method (Tokusoglu et al., 2004). From the
collected milk 6 mL of representative milk was added into 10 mL tubes and Centrifugated at
3000 rpm for 10 min and then the lipid phases were precipitated. The upper phase including
lipids was removed. The lower layer containing the minerals was transferred into another
tube, and 100 pL of concentrated hydrochloric acid (HCl) and 100 pL of glacial acetic acid
were added. Then the mixture was centrifuged at 3000 rpm for 20 min. The supernatant was
collected and filtered at a pore size of 0.22 um. Before transferring to electrochemical cells,

the pH of the obtained extract solutions was adjusted to 4.5 by using 0.1 M NaOH solution.
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3.4.11. Anodic Stripping Measurement

The voltammetric detection procedure consisted of pre concentration (accumulation),
cathodic electrolysis (deposition) and stripping (detection) steps. During pre concentration
step, the electrode was immersed in a cell containing 10 mL of metal ion solution for about 2
minutes and stirred at 300 rpm. The electrode was then removed, rinsed with deionized
distilled water and again immersed into the voltammetric cell containing metal solution to be
analyzed. A negative potential (—0.9 V) was applied to the electrode at the deposition time.
The stripping voltammetry was performed in the same cell by anodic stripping potential
toward positive direction. After each measurement the electrode surface was renewed using
polushing (Cao et al., 2007).

3.4.12. Method Detection Limit (MDL) and Validity Test

Seven replicate blank samples were analyzed following the same procedures that have been
utilized for the milk sample. Each of the blank samples was analyzed for its Cd and Pb
concentration. The standard deviations of five blanks were used for MDL.

MDL = 3x6/S
Because of the absent of certified reference material for the milk sample in the laboratory, the
analysis was carried out, validity of the methods employed for the investigation was assured
by spiking the samples with standard solution of known concentration of the Cd & Pb to be
analyzed (Meseret et al., 2013). To check the efficiency of the procedure, appropriate volume
of 1000 mg/L of Cd and Pb was spiked into the milk sample using volumetric flask and
analyzed for their respective spiked of Cd and Pb by the same procedure of milk preparation
and detection using ASV.
The percentage recovery of the sample was calculated using the following equation:

amount of analyte recoverd
amount of analyte add

R% = x100
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4. RESULTS AND DISCUSSION
4.1. Uv-vis Absorption Spectra Analysis

The Uvl/vis absorption spectra of the as- synthesized nanoparticles ZnO, MgO and MgO/ZnO
nanocomposite were shown in Figure 2. Maximum aborption band was appeared at 375 nm,
305 nm and 311 nm for ZnO, MgO and MgO/ZnO respectively. The band gap energy of as
synthesis nanoparticles was found in table 6. Band gap energy (Eg) of the as synthesized
nanoparticles was calculated using the equation depicted below (EI-Kemary et al., 2010).

1240 eV

E
J A

Where, Eg is band gap energy in electron volts and A is maximum wavelength (nm)
corresponding to absorption edge or from direct replotted spectra of (()th)ll2 vs hv
(commonly known as Tauc plot) where a adsorption coefficient and v light frequency
(Megersa Feyissa, 2014). The band gap energy (Eg) of the ZnO, MgO and MgO/ZnO were

1/2

obtained by extrapolating to zero a linear fit to a plot of (ahv)™“ against hv (often referred to

as a Tauc plot) and the band gap energies are 2.77, 3.0 and 2.74 eV respectively.

Table 6. Maximum absorbance wavelengths and band gaps of the synthesized nanoparticles

Samples Absorbance Maximum Band gap (EQ) (eV)
wavelength (nm)

ZnoO 1.62 375 2.77

MgO 0.67 305 3.0

MgO/ZnO 0.54 311 2.87

The energy of the band gap could be thus estimated to be 2.87 eV for MgO/ZnO. It is
reported that the composite of MgO and ZnO increases in the stability of the nanoclusters
(Lakshmi et al., 2012). The energy band gap of the MgO/ZnO was in between ZnO and
MgO, this is due to additive effect of nanoparticles of interband absorption moves to higher
energy (i.e. suffers "a blue shift").
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Figure 2. UV-Vis absorbtion spectra of ZnO, MgO nanoparticles and MgO/ZnO
nanocomposite.

4.2. XRD Analysis

As a primary characterization tool for obtaining critical features such as crystal structure,
crystallite size, and strain, x-ray diffraction patterns have been widely used in nanoparticle
research. The x-ray diffraction pattern of ZnO, MgO and MgO/ZnO nanocomposite are
shown in Figures 3. The results show distinct peaks with their corresponding 26 and B values
(given in units’ degree and radians, respectively) which accounts for the crystalline nature of
all the as-synthesized nanoparticles. The particle size (D) of the powders was calculated by
Scherer’s Formula;

D= K2 _ 0904
£ cosé pcosé

Where, K = 0.90 is the Scherrer’s constant, A is the x-ray wavelength, 0 is the Bragg’s
diffraction angle, 20 is the angle between the incident and diffracted x-ray, and B is the peak
width of the diffraction line at half of the maximum intensity. The average crystallite sizes of
the as synthesized nanoparticles were calculated and listed in Table 7. From the table values
the particle size of MgO/ZnO NCPs was smaller than MgO and ZnO. This indicates that the
surface area of MgO/ZnO is higher than the rest, so the as synthesized nanocomposite was

found to be highly sensitive towards heavy metals detection.
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Table 7. Crystal size and energy band gap of the as synthesized nanoparticles

Sample 20 (degree) B (radians) D (hm)
ZnO NPs 36.34 0.013 13
MgO NPs 43.22 0.0068 26
MgO/ZnO NPs 43.08 0.0158 11.3

The result is presented in Fig 3 a & b, the typical diffraction pattern and miller indices
occurred at 31.8° (100), 34.4° (002), 36.3° (101), 47.5° (012), 56.6° (110), 62.9° (013) and
67.9° (112) for ZnO. In the other condition the typical diffraction pattern and miller indices
of MgO at 38.28° (011), 43.22° (200), 48.28° (110) and 62.58° (202). Figure 3c shows that,
clearly evidencing that the structure is composed of two crystalline phases, the strong
diffraction peaks can be indexed as cubic MgO and the weak peaks occurred in the pattern
should be related to the hexagonal like structured of ZnO. So that, the MgO/ZnO NCPs was
composed of cubic and hexagonal structure with 11.3nm average particle size. This result is

in agreement with (Jian et al., 2017).
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Figure 3. XRD pattern of MgO, ZnO nanoparticles and MgO/ZnO nanocomposite.



36

4.3. SEM and EDX Analysis

The SEM images of the as synthesized nanocomposite with selected magnification (x1000)
are shown in Figure 4. The SEM image of ZnO nanostructures present a large number of
nanosheet composed of hexagonal structure shown in (Figure 4b). In the case of MgO
nanoparticles (Figure 4a) appears as inter-connected irregular and cubic structured. The
binary MgO/ZnO nanocomposite SEM image (Figure 4c) shows that the uniform distribution
of ZnO within the MgO/ZnO nanocomposite indicates the incorporation of ZnO into the
irregular structure of MgO nanoparticles. The MgO/ZnO nanocomposite displays inter mixed
features of nanosheet and irregular like structures due to irregular and nanosheet of MgO and
ZnO nanoparticles. The energy dispersive x-ray spectroscopic analysis was for elemental
composition present in the as synthesized nanopowders, performed coupled to a scanning
electron microscope. It shows that (Figure 2a and 2b in appendix) the EDX data of MgO and
ZnO NPs the elements magnesium and oxygen, and zinc and oxygen was observed with the
atomic percent of metal to oxygen ratio of relatively one to one that confirms with the as-
synthesized powder chemical composition. In other word (Figure 5¢) shows the EDX spectra
of MgO/ZnO nanocomposite, the signal of Zn, Mg and O elements clearly observed with the
atomic ratio of 3, 40 and 53 %, respectively, in addition to this the atomic ratio of Mg to Zn is
about (16:1). The impurities carbon and sodium was may be due to the precursor of Na,CO3
and NaOH used during synthesis of nanoparticles or metal oxide absorb CO; from air. This is
similar result with (Haixia Chen et al., 2010). The atomic percentages of each element for the
selected synthesized nano were behind the image of each figure 4.
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Figure 4. SEM images and EDX spectrum of a) MgO, b) ZnO and ¢) MgO/ZnO NCPs

4.4. FTIR Analysis

The FTIR spectra of MgO, ZnO and MgO/ZnO nanoparticles are shown in Figure 5. The
broad band spectra around ~3445 and 3442 cm™ (Figure 5) in the case of MgO, ZnO and
MgO/ZnO corresponds to stretching mode of —OH group which may be due to the vibration
mode of -OH group of adsorbed water molecule. These data are similar to the results
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observed by others (Vennila et al., 2016). The absorption peaks in the region around ~1384
and 1563 cm™* were also observed. Those absorption bands was due to vibrations of
carbonates (absorbed CO; on the metallic cations). The presence of CO, molecules on ZnO,
MgO nanoparticles were observed by infrared (IR) spectroscopy. The results revealed that the
CO; impurities are formed by reactions involving the Na,COj3 precursors. The CO, is formed
by thermal decomposition of zinc carbonate, which is a reaction product described below.
ZnCO3 — ZnO + COx.
These observations are in agreement with the model assumption that zinc carbonate is a
source of CO, impurities; these data are similar to the results observed by others (Win, 2007).
The absorption peak at ~ 835 and 534 cm™corresponds to Mg -O vibrations; these data results
are agreed with the others (Vennila et al., 2016). The band located around ~880 and 476 cm™
can be attributed to the Zn-O stretching mode.
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Figure 5. FTIR Spectra of MgO, ZnO NPs and MgO/ZnO NCPs
These data are alike to the results observed by other similar reports (Viswanatha et al., 2012).

The FT-IR result agreed with that of the EDX result, so the products are pure MgO/ZnO

nanocomposite.
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4.5. Electrochemical Characterization

4.5.1. Cyclic Voltammograms of KsFe (CN) ¢ on CPE, ZnO, MgO and MgO/ZnO
nanocomposite modified CPE

Potassium ferrocynide was used as a redox probe for the calibration of Ag/AgCl (3M KCI)
reference electrode. Cyclic voltammograms of 2 mM KsFe (CN)g) solution in 0.1M KCI on
GCE electrode at different scan rates (10 to 100 mV/s) is shown in Fig 3 and electrochemical
parameters are summarized in appendix Table 1. The data reveals 0.219 V as the redox
potential of KzFe (CN) ¢ Which was comparable to its literature value 0.256V. There was a
slight variation about 0.037 V difference. Therefore in this thesis work all the measured
potentials was adjusted to this value and unless otherwise stated all the potentials indicated in
this work are reference to Ag/AgCI (3M KClI).

Figure (6a-d) shows the cyclic voltammogram of CPE and MCPE in 0.1M KCI at scan rate
of 50 mV/s. Electrochemical potential window for bare CPE was from -1.4 to +1.5V
likewise ZnO, MgO and ZnO/MgO nocomposite modified CPE. From fig (7a) shows the
cyclic voltammetry curves of CPE, fig (4a-d) in the appendix indicate by plotting I, vs \Vas
graph and calculating the slope, the apparent diffusion coefficient of K3 Fe (CN) s was
determined to be 7.6x10° cm”s . The linearity of anodic peak current vs square root of scan
rate revealed that the diffusion of ions was controlled. The surface area of the
CPE was determined by using Randles Sevcik equation:

Ip = 2.69x10°n*?ADY? V2 C (1)
Where i, is peak current in ampere (A), A is area of CPE in cm?, D is the diffusion coefficient
in cm?/s, V is sweep rate in /s and C is the concentration of KsFe (CN)6 in mol/cm?®. From
this the active surface area of the CPE was found to be 0.109 cm? The result is higher than
the work of (Gulcemal et al., 2017), (0.0259 (+ 0.0013) cm? and little difference with the
work of (Harsha et al., 2017), 0.154 cm?. From the above result to justify the prepared CPE
was 1.6 fold of the area of GCE (0.07cm?), so that the prepared CPE was used for the

determination of toxic heavy metals.
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Figure 6. Potential windows of CPE a), MgO/CPE b), ZnO/CPE c) and MgO/ZnOCPE d) on
CVsin 0.1 M KCI with Scan rate 50 mV/s

Electrochemical properties of CPE and MCPE was investigated using 2 mM KsFe (CN)g in

0.1M KCI as supporting electrolyte. Figure 7 shows cyclic voltammogram curves of ZnO,

MgO, MgO/znO modified carbon paste electrode and CPE at different scan rate. On

unmodified CPE (fig 7a) the peak current for potassium ferrocynide was lower in comparison

to MCPE (fig 7e). ZnO/MgO binary system showed a better response for peak current as a

result of synergetic effect increase surface area from the respective metal oxide nanoparticles

On the other hand, the voltammetric response indicates a well manifested the oxidation and

reduction peaks for KsFe(CN)s. Moreover, the various electrochemical parameters recorded

from the VVoltammetric at different scan rates (10 to 100 mV/s) are summarized in Table 8.
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As the scan rate increases the anodic and cathodic peaks potentials approximately/nearly cons
tant and also the difference in anodic and cathodic peaks potentials falls in the range 81-115,
93-217, 90-167 and 77-145 mV for CPE, ZnO, MgO and MgO/ZnOCPE, respectively, this
values was better than 302 mV, the work of (Fatima et al., 2017). As we seen from table 8 -
11, this process is reversible because the ratio of peak current found to be nearly 1. In other
word the reversible process can be checked by heterogeneous electron transfer rate constant
(ks). The ksvalues calculated from Laviron equation:

Epa = EO,+ RT + RT Inv (2)
Ql-—a)nF (@A—a)nF

Where R=gas constant (8.314 J mol™ K™), T = the room temperature (298.15 K), and F=the

Faraday’s constant (96484 C mol™), « = electrontransfer coefficient, n = number of electrons
transferred in the redox reaction and v = scan rate (v /s). The an value can be calculated for
each electrode by using the slope of Epavs.Inv plot, the electron transfer rate constant can be

calculated as follow:

ks _on Fv (3)
RF

According to the above calculation all the electrode processes was reversible, because the
value of the heterogeneous electron transfer rate constant (ks) of CPE, ZnO, MgO and
MgO/ZnO CPE was 1.39, 1.63, 2.08 and 2.8 respectively. This value is > 0.02 s under the

range of reversible reaction (Amani-Beni and Nezamzadeh-Ejhieh, 2017).

It is noted that the current corresponding to modified carbon paste electrode is higher than the
bare CPE. Specially, the MgO/ZnO MCPE is excellent enhanced peak current, which is about
two time’s higher value when compared to bare CPE. This is mainly attributed to the higher
active surface area of MgO/ZnO nanocomposite present on the surface of modified CPE,
which implied that the electron transfer rate at MgO/ZnOCPE was significantly improved.
The active surface area of ZnO, MgO and MgO/ZnOCPE was calculated from equation (1),
the obtained value is 0.14, 0.162 and 0.186 cm? respectively. This is similar result in the
case of ZrO,/CPE (0.151cm?) and ZrO2- GRP/CPE (0.225cm?) (Harsha et al., 2017). The
current response obtained for the modified electrode approves the effect of modifier in the

electrode structure.
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Figure 7. Cyclic voltammogram of 2 m M KsFe (CN)6 + 0.1 M KCl on a) CPE, b) ZnO, c)
MgO and d) MgO/ZnO CPE at different scan rates 10, 20, 40, 50, 60, 80, 100 mVs™
Table 8.The effect of scan rate on peak current using CPE in 2 mM KsFe(CN)g
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Scan rate (MV/s)  iap(HA) Epa (MV)  igp (MA) Epa (MV)  igpficp AE, (mV)
10 8.762 249 -10.3 168 0.85 81

25 12.999 262 -14.2 175 0.92 87

50 17.98 265 -18.07 167 0.995 98

75 18.91 269 -20.21 164 0.94 104

100 22.9 271 -23.02 154 0.995 115

Table 9.The effect of scan rate on peak current using ZnOCPE in 2 mM KsFe(CN)g

Scanrate mV/s  ipaa) Epamv) lpcua) Epcmv)  lpallpe AEp(mV)
10 13.99 260 -15.71 168 0.89 93

20 20.79 267 -21.09 165 0.98 102

40 25.75 273 -26.05 150 0.99 123

50 29.86 286 -29.20 147 1.02 139

60 3491 292 -30.92 139 1.13 153

80 42.69 316 -35.93 121 1.18 195

100 48.76 329 -39.03 112 1.23 217

Table 101.The effect of scan rate on peak current using MgOCPE in 2 mM KsFe(CN)g
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Scanratem  ipaua) Epaemv)  Tpe ua) Epcmv)  Tpalipc AEp(mV)
VI/s

10 10.78 262 -15.64 172 0.69 90

20 16.91 269 -19.95 164 0.85 105

40 24.05 272 -25.47 158 0.94 114

50 27.19 278 -27.79 155 0.98 123

60 29.99 284 -29.72 149 1.00 135

80 35.53 298 -33.59 142 1.05 156

100 40.58 305 -36.96 138 1.10 167
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Table 11.The effect of scan rate on peak current using MgO/ZnOCPE in 2 mM KsFe(CN)g

Scanrate mV/s  ipaua) Epa (mv) Tpc (uA) Epc (mv) Ipallpc AEp(mV)
10 11.83 244 -15.68 167 0.75 77

20 18.31 247 -20.34 165 0.90 82

40 27.31 257 -27.16 163 1.00 94

50 30.08 260 -29.98 162 1.01 98

60 35.01 267 -32.76 156 1.07 112

80 41.13 275 -36.50 145 1.12 130

100 43.13 282 -39.04 137 1.13 145

4.6. Optimization of Experimental Parameters

In order to gain high sensitive electrochemical performance with CPE and modified ZnO,
MgO and MgO/ZnO CPE to heavy metal ions, the effect of experimental parameters (pH,
deposition time, concentration, and deposition potential) were discussed. Since buffer solutio
n has the ability to fix pH value and ionic strength, therefore, it was widely employed as supp
orting electrolyte in the practical analysis. Figure 8d (i) shows the stripping voltammograms i
n 0.1 Msolutions of sodium acetate and acetic acid (NaAc-HAc) buffer, pH 4.5 to towards Cd
(11) and Pb(11) on the MgO/ZnOCPE electrode. The back ground current responses of the
CPE, ZnO, and MgO and ZnO/MgO modified carbon paste electrode (fig8i curves) and
(fig 9i curves), CPE modified with the MgO/zZnO (fig 8 and 9, curves), shows a larger
response compare to others. This may due to improved surface area of the electrode

outstanding to the presence of MgO and ZnO nanoparticles,
4.6.1. Effect of pH value of supporting electrolyte

Effect of pH value on the stripping peak currents was studied in 0.1 M acetate buffer with the
pH range between 2 and 8 in the ASV and at 400 ppm metal ions. The result is shown in fig
8 and 9. The pH value influences the stripping peak currents and the maximum ASV peak wa
s observed at the pH 4.5. The lower pH value result in a reduction peak current which was
possible owed to the protonation of the hydrophilic groups reducing the absorption of metal
ions (Huang et al., 2014). The peak current at the higher pH value above 5.0 was decreased,
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which is possible due to the hydrolysis of Cd (1I) and Pb (1I). So, pH 4.5 was chosen as the

optimal pH value for the analysis.
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Figure 8. ASV of Pb ion at pH (2, 4.5, 6 and 8) with CPE and MCPE (a — d), and plot of peak
current vs pH i & ii at constant deposition time 90 sec, concentration 400 ppm and

at scan rate of 50 mV/s
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Figure 9.ASV of Cd ion at pH (2, 4.5, 6 and 8) with CPE and MCPE (a — d), and plot of peak
current vs pH i & ii at constant deposition time 90 sec, concentration 400 ppm and

at scan rate of 50 mV/s
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4.6.2. Effect of Deposition Time

The deposition time effect on the anodic stripping peak current (l,,) was studied in the range
of 60-160 s at pH of 4.5 and concentration of 400 ppm for both Cd (1) and Pb (I1) ion.
It was found that, increasing the time required for deposition of cadmium and lead ions adsor
bed on the electrode interface causes to increase discernibly the observed peak current at
constant applied potential and scan rate of 50 mV vs. Ag/AgCI (fig 10). Asit can be seen
clearly in (fig 10 ia & ib), after elapsing 90s the observed peak current is independent from th
e deposition time representing a restricted amount of the adsorbed Cd (I1) and Pb (Il) ion on
the CPE and MCPE surface. Inevery case, the same behavior was observed, as the
immersion time of the MCPEs in the solution containing the metal ions increases; the value
of the anodic peak current also increases until reaching a limit value. According to article
Alvarez et al., (2016) the limit value is the result of the equilibrium between the Me(ll) ion
that are adsorbed on the modifier and the Me? ions of the solution. It was noticed that
the peak current reaches a limiting value depends on the modifier of the CPE and follows this
descending order (fig ia&ib): MgO/ZnOCPE > MgOCPE > ZnOCPE > CPE; this order is
consistent with the order corresponding to the active surface area of electrode mentioned in
section (4.5.1). These results suggest that the larger surface area of the nanocomposite the
greater the adsorption of Pb and Cd ion in agreement with XRD result. For this reason the
deposition time of Pb and Cd metal ions was 90 seconds and all the subsequent experiments
were performed within this deposition time besides, MgO/ZnO/CPE was selected for further

experiments work.
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Figure 101. Anodic peak current verses time for Cd ia) and Pb ib) at different deposition time
and current vs E for Cd,a) and Pb, b) at 0.1M acetate buffer pH 4.5, concentration
400 ppm and scan rate of 50mV/s.

4.6.3. Effect of Deposition Potential

The deposition potential of the analyte on the electrode's surface was evaluated by varying the
potential from -0.9 to -0.4 V for Pb and -1 to -0.6V for Cd. Deposition potential is one of the
essential experimental parameters which needs to be optimized before conducting the
stripping voltammetric detection of an analyte such as Pb(ll) and Cd(ll) ions. Because as
much as a proper potential to facilitate the reduction and deposition of the metal ions onto the

surface of the electrode is not applied, the sensitivity of the electrode is greatly altered. Inorder
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to reach the optimal stripping performance of the MgO/ZnOCPE the influence of deposition
potential on the stripping signal for cadmium and lead is shown in fig 11(a & b) and a plot of
peak current versus deposition potential is displated in figll (ia & ib). The more negative
the deposition potential, the more easily Cd (Il) and Pb(Il) were reduced, thereby causing
increase peak current. When the deposition potential become more negative, the reproducibility
of stripping currents for Cd(I1) and Pb(ll) ions became poor, because hydrogen evolution was

beginning to be significant in the medium at such negative potentials. Furthermore,the
metals deposited on the electrodes surface might be damaged by the hydrogen bubble and lead

to decrease in current signals at very negative potentials (Zhuo et al., 2017). Therefore, in
order to obtain the high sensitivities, the deposition potential of -0.9 and -0.6 V was chosen
for Cd(I1) and Pb(1l) ions respectively and these potentials were used for the detection of the

two metals.



50

" 2 Pb « MgO/ZnO CPE 70¢ S
600} ‘ | ./ \.
—04
< —05 60¢-
400} — 06| =
ot —_07 -
500
200_ '08
0.9
o ol MgO/ZnO CPE
| |
1.0 0.5 0.0 0.5 09 08 0.7 06 05 -04
E/V
1000F b cd MgO/ZnO CPE 1000+ . ib Cd
- H—mb___.
0.6
500k —-0.7 800F
< 08( 3
""\: __09 “‘\g‘- 3
T = B 600)
ol e . " | MgO/ZnO CPE|
u ]
4004
S50 o5 10 09 08 07 086
E/V E/V

Figure 11. Anodic peak current verses different deposition potential at pH 4.5 acetate buffer,
concentration 400 ppm, deposition time 90 sec and scan rate of 50 mV/s

4.6.4. Effect of Concentration

The performance of the CPE and MCPE as electrochemical sensor for the determination of
Pb and Cd were evaluated by preparing a serious of Pb(Il) and Cd(ll) standard concentrations
of 1, 100, 200, 300, 400, 600, 800 and 1000 ppm using anodic stripping voltammetry. The
peak current of Pb(ll) and Cd(ll) increased with concentration up to 400ppm. Beyond
400 ppm, the peak current obtained was broad and reproducibility was poor but the peak was
sharp up to 400 ppm for both metals fig 12 and 13. This fig shows the ASV responses of the
CPE, ZnO, MgO and MgO/ZnO/CPE toward Cd(ll) and Pb(ll) at different concentrations.

The corresponding calibration curve from 100 to 800ppm was:-
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ipa = 0.767x + 354.311 (R = 0.989), ipa = 0.785x + 298.472 (R = 0.992), ipa =0.787x + 434.472
(R=10.996) and ip, = 0.817x + 435.533 (R = 0.998) for Cd(lI) and

ipa= 0.721x +267.64 (R = 0.995), ipa = 0.486x + 312.16 (R = 0.996) ipa = 0.781x + 236.21 and
Ipa = 0.7971x + 389.399 (R = 0.999) for Pb(ll), with the order of CPE, ZnOCPE, MgOCPE,
MgO/ZnOCPE, respe. Confirmation from the obtained results that the prepared elctrode is the
most sensitive to selected Pb(I1) and Cd(Il) ions with good correlation co-efficient as we
compeer with the singlet CPE and bare CPE shown on appendix fig 5. Therefore, for further
and subsequent experiments, the concentration of the metal ions with 400 ppm was chosen.

4.6.5. Sensitivity and Limits of Detection

In order to evaluate the sensitivity of MgO/ZnOCPE electrochemical sensor, voltammograms
were in the presence of different concentration of Cd®* and Pb** was recorded. The result was
as shown in fig 12 &13, anodic peak current increased with increasing of Cd?* and Pb?*
concentration. The sensitivity, expressed as the slope of the linearly as concentration
increases sensitivity also increases and the limit of detection (LOD) (based on a signal-to-
noise ratio of 3 (S/N = 3) were found to be 0.45ug/L and 0.142ug/L for Cd(11) and Pb(Il) ions
respectively. This was compared with previously reported results, which was displayed in the
Table 9. From the results it was confirmed that the electrochemically synthesized MgO/ZnO
nanocomposite electrochemical sensor is highly sensitive to the detection of Cd** and Pb*".

This is due to contribution of large surface area and higher current density.
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Table 12. The comparison this work with previously reported results
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Modified electrode Techniqgue  LOD (ug/L) Linear Range Reference
(Mo/L)

Cd Pb
Porous antimony film CPE ~ ASV - 0.5 - Ezzahraetal., 2017
Antimony(l1l) Salt CPE SWASV 5 5 - Svancara et al., 2010
SnO; quantum dots CPE CVv 499 - 4990 - 44910 Mahmoud et al., 2016
Graphene/polyaniline/poly ~ ASV 4.3 - 10 -500 Y
styrene nanoporous CPE
Cr-CPE SWASV 3 3 10 - 800 Koudelkova et al., 2017
RGO/BIi/CPE DPASV 2.8 0.55 20-120 Zhuo et al., 2017
SbNP/MWCNT/CPE SWASV 0.77 0.65 10 -60 "
MgO/znO CPE ASV 045 0.142 100 - 800 This work

4.6.6. Reproducibility and Stability of Modified Electrode

The storage stability and reproducibility of MgO/ZnOCPE were investigated by a series of

repetitive experiment. After 3 weeks storage in dry state at ambient conditions, 99.5% of the

initial current signal was retained, indicating that the prepared electrode had acceptable long-

term stability. Secondly the repeatability MgO/ZnOCPEs was examined by performing three

times at the same standard solutions 400 ppm Pb and Cd ions, the relative standard deviation

(RSD), was 2.7%. For 5 successive measurements of metal ions (400ppm) with the same

electrode shown in fig (14), RSD was 1.98%, which showing that the reproducibility was

good. The long term stability and reproducibility of the MgO/ZnOCPEs make them attractive

in the field of analytical applications.
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Figure 14. Anodic peak current versus potential of MgO/ZnO/CPE at 400 ppm detected by

one electrode

4.6.7. Real Sample Analysis

In order to illustrate the application of ZnO/MgO/CPE sensor for the detection of Pb and Cd
in real samples, milk obtained from Haramaya University dairy farm and from local farmars
around Haramaya University was chosen. The determination of these two metal ions at the
MgO/ZnO/CPE was performed by standard addition method. A typical analysis from these
tests is shown in fig 15, the anodic stripping response of the prepared sample is shown with
three consecutive standard additions of 400 ppm Cd(Il) and Pb(ll). The feasibility of the
developed electrode for the determination of heavy metal ions in extracted milk sample was
further examined by the recovery test. The results are summarized in Table 13. MgO/ZnO/
CPE possessed reasonable sensitivity and produced satisfactory recovery results with an
average recovery of 100.0013% for Cd(ll) and 100.0041% for Pb(Il). The amount of both
metals ions present in milk sample of Haramaya University dairy farm was 2.6 pg/L and 1.5
Mg/L and sample that obtained around Haramaya University was 7.93 pg/L and 3.7 pg/L was
less than the maximum allowed limits (0.02 and 0.01 mg/L for Pb and Cd) respectively
(FAO/WHO, 1995). AIll of these results indicated that the fabricated modified
MgO/ZnO/CPE sensor has a potential to be employed for the detection of trace heavy metal

ions in environmental and food samples.
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Tablel13.Recovery test for the determination of Cd(lI1) and Pb(I1) in extracted milk samples

Pb(I1) Cd(n
Sample name  Added(ppm) Found (ppm) Recovery%  Added(ppm) Found (ppm) Recovery%
Milk around - 0.00793 - - 0.0037 -
HU
HU dairy - 0.0026 - - 0.0015 -
farm
Milk around 400 400.00793 = 100.002 400 400.0037 +  100.0009
HU 0.0005 0.00125
HU dairy 400 400.0026 + 100.0006 400 400.0015+ 100.0004
farm 0.0008 0.00067
800,
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Figure 15. ASV of the extracted milk sample prepared after consecutive standard additions

of 400 ppm Cd(l1) and Pb(I1) with 50 m V/s
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4.6.8. Simultaneous Determination of Cd(l1) and Pb(lI)

As can be s seen from Figure 15, the voltammetric peak for the stripping of Cd(I1) and Pb(ll)
using MgO/ZnOCE as a working electrode appears at different potentials with a separation
of 290-630 mV between the stripping peaks, such a separation is large enough, and the
simultaneous detection of Pb and Cd using MgO/ZnOCPE is feasible. There for the concent
ration of Cd(Il) and Pb(Il) ions can be simultaneously determined.

Pb
600}
3400-
200} cd
(1] 8
1.0 0.5 0.0 0.5
E/V

Figure 16. Simultaneous ASV response of Pb and Cd ions in milk sample by MgO/ZnOCE
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5. SUMMARY, CONCLUSION AND RECOMMANDETION

5.1. Summary

In this work, MgO/ZnO nanocomposite has been successfully synthesized by hydrothermal
method. The structural, functional and optical properties as well as morphological images of
the synthesized products were characterized using the spectroscopic results of FT-IR, UV-
Vis, XRD and SEM. From result of XRD the as synthesis nanocomposite was hexagonal
nanosheet structure of ZnO and irregular structure of MgO with the average particle size of
11.3 nm. The SEM-EDX results also confirm the presence of both structures exhibited by the
XRD. The electrochemical behaviors of MgO, ZnO and MgO/ZnO nanocomposite modified
CPE was investigated using CV, the result showed binary modified CPE was more reversible,
high surface area, low background current and excellent electrochemical properties. Besides,
MgO/ZnO modified CPE was used for the determination of Cd and Pb under optimized

condition in standard solution and in milk sample.

5.2 Conclusion

The amount of Pb and Cd ion present in the milk sample of Haramaya University dairy farm
was 2.6 pug/L and 1.5 pg/L, where as sample that obtained around Haramaya University was
7.93 pg/L and 3.7 pg/L. This result was much lower than the guideline values in milk given
by the WHO. Under optimized conditions the developed composite electrode exhibited a
wide linear response range from 100 to 8000 ppm for both metal ions, and detection limit of
0.45 and 0.142 ug/L, stability 99.5%, average recovery above 100% for Cd(Il) and Pb(ll)
respectively. In addition, the proposed electrode was applied to detect simultaneously trace
metal ions in milk samples with satisfactory result of potential difference of 340 mV.
Besides, stability, reproducibility and recovery of the MgO/ZnO/CPE were better than the
single system modified CPE. Therefore MgO/ZnO/CPE can be applied for determination of

Pb and Cd and holds great promise for wide application in environmental and food analysis.
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5.3. Recommendations

Based on the findings of the present study, the following points are recommended.

Synthesis MgO/ZnO/NCPs with different ratio is required to determine the best composition
of the metal oxides and graphite and paraffin for toxic heavy metal electrochemical sensor
application.

It will be important to investigation the effect of binder such as ionic liquids for the prepare
carbon paste and modified CPE to produce a more sensitive, selective and higher active
surface area electrode

In a future work, it is advised to use MgO/ZnO/CPE for other substances detection obtained

from soil or industrial waste water.
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Appendices Table 1. The effect of scan rate on peak current using GCE in 2 mM K3Fe(CN)g

Scan rate (MV/s) iap(MA)  Epa (MV) e (MA)  Epc (MV)  iaplicp AEp(MV)  (EpatEpc)/2

10 6.17 253 -9.83 185 0.62767 68 0.219
25 11.02 255 -14.03 178 0.78546 7 0.2165
50 18.99 257 -19.65 179 0.96641 78 0.218
75 19.89 265 -20.93 175 0.95031 90 0.22

100 23.3 269 -24.19 170 0.96320 99 0.2195
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Appendicis figure 1. Different magnification image of SEM of MgO, ZnO and MgO/ZnO
NCPs
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Appendices figure 2. The EDX data of MgO a) and ZnONPs (b).
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Appendices figure 3 . Cyclic voltammograms of GCE, 2 mM of KzFe (CN)s + 0.1 M KCl at
different scan rates 10, 25, 50, 75 and 100 mVs™ and plot of peak
current vs square root of scan rate for CPE.
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Appendicis figure 4. Ep, vs Inv graph of CPE, ZnOCPE , MgOCPE & MgO/ZnO/CPE
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Appendicis figure 5. Plot of peak current versus concentration for Cd and Pb on different
MCPE obtained from ASV at 0.1M acetate buffer pH 4.5, deposition time 90

Sec and scan rate of 50mV/s



