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ABSTRACT

Nickel is a very toxic heavy metal which is significant subject of environmental surveillance,
food control and occupational medicine, toxicology and hygiene. Various techniques have
been used for the determination of this heavy metal including inductively-coupled plasma
mass spectrometry (ICP-MS), flame atomic absorption spectrometry (FAAS) and atomic
emission spectrometry (AES). However, these methods are having disadvantages particularly
time consuming in sample preparation. A voltammetric method as an alternative method for
the determination of the nickel in the river water samples of Pengkalan Chepa River is
described. In this study the determination of nickel in the river water samples collected from
Pengkalan Chepa River was performed by using Differential Pulse Cathodic Stripping
Voltammetry (DPCSV) analysis. All samples were collected from Pengkalan Chepa River at
various places including those from surface and the bottom of the river. From the study, the
optimum condition for the supporting electrolyte, Britton-Robinson Buffer (BRB), 0.04 M
was determined to be at pH 4. The optimum voltammetric parameters with initial potential,
E; was -0.70 V, final potential, Er was -1.15 V, scan rate, v was 0.020 V/s, deposition
potential, E,., was -0.70 V, deposition time, tsc was 0 second and equilibrium time, tq was
10 seconds. The calibration curve was constructed, using peak height, I, versus concentration
of nickel standard solution (5 ppm). A linear graph with regression equation, ¥ = 20.131X +
0.743 and correlation coefficient, r was 0.999. Standard deviation (SD) was 1.063, sensitivity
20.131 nA/ppm and limit of detection was 0.158 ppm or 158 ppb. The results from this study

show that nickel was not detected in all samples using our experimental conditions.



INTRODUCTION

1.1. Overview

Development is one of the important agenda in developing country such as Malaysia.
However, development also often associates with adverse effects to the nature including
atmospheric system, aquatic system and also flora and fauna. In Kelantan, Water Quality
Index of Kelantan rivers was indicated at two levels which are at clean and medium level of

polluted from year 2001 until 2006 (JAS, 2007).

In 2001, total clean rivers were 17 rivers while four more were categorized as medium
polluted, while a total of 20 rivers were clean level and one river detected as medium
polluted in 2006. Quality of river waters indicated in a medium level only for several rivers
especially those flow through development and industrial areas, such as Pengkalan Chepa

River (JAS, 2007).

One source of Pengkalan Chepa River pollution originates from municipal seawage. A
previous study showed that all stations sampled from this river content a very high in total
faecal colliform bacteria and solid suspended resulting National Water Quality Index (IKAN)
from Sungai Pengkalan Chepa to be in range of 60 - 80 (JAS, 2003). It is unknown about the
level if heavy metal contamination and therefore it is worth investigating the level of heavy
metal contamination. In this study voltammetry technique will be used to analyze nickel, one

of the selected heavy metals in water from Pengkalan Chepa River.



1.2. Nickel as General

Heavy metals are highly toxic and dangerous pollutants following a wide range of human
activities releasing them to aquatic environments such as rivers, oceans, lakes and also
drinking waters. Nickel is among the toxic heavy metal of significance for environmental
surveillance, food control and occupational medicine, toxicology and hygiene (Stulik &

Kalvoda, 1995).

Nickel is a naturally occurring metal existing in various mineral forms which may be found
throughout the environment including rivers, lakes, oceans, soils, air drinking waters, plants
and animals. It is released into atmosphere from burning fossil fuels, mining and refining
operation and incinerations of municipal waste. It is also found in soil and sewage sludge,

and as well as in cigarettes.

Nickel is compounds that are usually important in modern industry and are used in
electroplating, electroforming and also for production of nickel-cadmium batteries and
electronic equipment. Nickel alloy like stainless steel are used in the production of tools,

machinery, armaments and appliances. They also used in coins and medical prostheses

(Garrett, 2000).

Sources of nicke! contamination include the production and processing of nickel and its by-
products, the recycling nickel-containing products and nickel-containing waste disposal.

From anthropogenic sources, nickel is emitted as oxides, sulfides, silicates, soluble



compounds and to a lesser extent as metallic nickel. Combustion if fossil fuels produces the

greatest contribution of nickel (Osumex 2008).

Nickel has no known biological function and is of medium toxicity to humans. The organic
form of nickel is much more toxic than its inorganic forms (Osumex, 2008). It is highly
irritate to the skin and toxic to the cardiovascular system as well as being carcinogenic. Once
it is in the body, nickel can replace metals in metallo-enzymes and cause disruption of

metabolic pathway. Skin exposure may occur when jewellery which contains nickel is worn.

Generally, we daily ingest nickel averagely about 170 micrograms of nickel per day. This
may come from air that we breathe, water that we have drink and food that we have eat. Most
ingested nickel absorbed goes to our kidneys. Nickel consumed is usually excreted faeces

quickly while those in the bloodstream are eliminated through the urine.

Nickel in air is attached to small particle that can be in the range of 1-86 ng/m’. Nickel in
water is generally as low as 10 parts per billion (ppb). In soils, nickel contain generally about
4-80 part per million (ppm). Nickel which is in the food naturally had a high content in

chocolate and soy bean (Osumex, 2008).

 The most common harmful health effect of nickel in humans is an allergic reaction.
Approximately 10-20% of the population is sensitive to nickel (Niguel, 2005). The most

common reaction is skin rash at the site of contact with nickel-containing product. Dermatitis



may develop in an area of the skin that is away from the site of contact. For example, hand

eczema is fairly common among people sensitized to nickel.

Adverse health effects from exposure to nickel include chronic bronchitis, reduced lung
function, cancer of the lung and nasal sinus. This is likely to people who have breathed dust
containing certain nickel compounds, or those working in nickel refineries or nickel
processing plants. Lung and nasal sinus cancers associated with nickel exposure of more than

10 mg/m’ Ni is high.

A variety of methods has been used in determine nickel concentrations in different media.
For studying environmental problems and environmental control, simple and sufficiently
sensitive methods for the determination of the heavy metal like nickel are necessary. For the
determination of trace elements in aquatic systems such as rivers, lakes, oceans, sediments,

waste water and others, voltammetric technique is suitable.

1.3. Voltammetry as General

In voltammetry, time-dependent potential is applied to an electrochemical cell and the
current flowing through the cell is measured as a function of that potential. A plot of current
as a function of applied potential is called voltammogram. It is the electrochemical
equivalent of a spectrum in spectroscopy, providing quantitative and qualitative information

about the species involved in the oxidation or reduction reaction.



The shape of a voltammogram is determined by several factors. The most important of which
of how the current is measured and whether the convection is included as a means of
transport. The voltammogram is characterized by a current to a limiting current at which the
analyte is oxidized or reduced. Since the magnitude of a faradaic current is inversely
proportional to 8, a limiting current implies that the thickness of the diffusion layer remains

constant.

Modern voltammetry makes use of a three electrode potentiostat, auxiliary electrode (AE),
working electrode (WE) and reference electrode (RE) as shown in Figure 1. A time-
dependent potential excitation signal is applied to the working electrode, changing its
potential relative to the fixed potential of the reference electrode. The resulting current

between working and auxiliary electrode is then measured.

intet

Cell
cover

I } | sun
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Figure 1: The typical arrangement for voltammetric electrochemical cell.



The auxiliary electrode is generally a platinum wire and Standard Calome! Reference (SCE)
and Ag/AgCl electrodes are the common reference electrode. The electrode can be solid
which there are several different materials have been used as working electrodes, including
mercury, platinum, gold, silver, and carbon formed by a drop of mercury hanging from a tip
of capillary. The earliest voltammetric techniques, including polarography, used mercury as

the working electrode.

The most common characteristic of all voltammetric techniques is that they involve the
application of a potential (E) to an electrode and the monitoring of the resulting current (7)
flowing through the chemical cell. Thus, all voltammetric techniques can be described as
some function of E, i and £. Voltammetry is considered an active technique because it applies

potential which forces a change in concentration of electroactive species.

One of the most important quantitative voltammetric technique is stripping voltammetry,
which is composed of three related technique; anodic, cathodic and adsorptive stripping
voltammetry. Anodic stripping voltammetry is very sensitive to experimental conditions,

which must be carefully controlled if results are to be accurate and precise. It is using

hanging mercury drop electrode (HMDE).

Even though ASV, CSV and AdSV each have their own unique features, all have two steps
in common. First the analyte species in the sample solution is concentrated onto or into a
working electrode. During the second step, the pre-concentrated analyte is measured or

stripped from the electrode by the application of a potential scan. Any number of potential



waveforms can be used for the stripping step. The most common are differential pulse and

square wave due to the discrimination against charging current.

Voltammetric technique is advantageous as being a versatile technique with excellent
sensitivity and allows a wide linear concentration range for both inorganic and organic
species (1072 to 10" M). it can use a large number of useful solvents and electrolytes,
accommodate a wide range temperatures, has rapid analysis times (seconds), and allows

simultaneous determination of several analyte.

There are also many others analytical advantages of the voltammetric techniques including
their ability to determine kinetic and mechanistic parameters. This allows us to reasonably
estimate the values of unknown parameters. Different potential waveforms can be generated
and small currents measured. One of the most important applications of voltammetry is the

quantitative analysis of trace metal down to ppm levels.

The advantages and disadvantages of advanced electroanalytical techniques versus AAS,
ICP-AES and ICP-MS in environmental analysis have been reviewed elsewhere. A few
methods allow the simultaneous determination of all five metals in water samples, mainly
voltammetric methods (Golimowski & Tykarska, 1994). This means that the AAS, ICP-AES

and ICP-MS are difficult to analysis of an analyte simultaneously.



REVIEW OF LITERATURE

2.1. Overview

The determination of nickel in the environment is important due to its toxic nature as well as
its important role in metallurgy is for the production of various types of ferrous and non-
ferrous alloys. Nickel is widely used in various industries such as electroplating industry,
storage batteries and catalytic hydrogenation of vegetable oils. Its occurrence in various

effluents is a potential source to environment pollution.

Many analytical procedures have been proposed for the nickel determination such as
spectrophotometry, flame atomic absorption spectrometry (AAS) after preconcentration,
inductively coupled plasma (ICP), atomic emission spectrometry (AES) following a
preconcentration step (Ferreira et. al.,1996), potentiometry using nickel selective electrodes

and adsorptive cathodic stripping voltammetry (A. A. Ensafi & K.Zarei, 2000).

Among the techniques, the most popular and powerful technique is voltammetry technique
involve stripping analysis for the heavy metal analysis. Most other techniques are generally
required time consuming preconcentration of extraction steps for the trace and ultratrace
analysis of nickel before the determination step can be performed. On the otherhand,
voltammetry techniques might take less than 1 minute for the sample analysis (J. Wang,

1985)



2.2. Nickel

Nickel is metallic element which is found in several oxidation states, ranging from -1 to +4.
However, the +2 oxidation state is most prevalent form of nickel in biosystems. Solubilized
Ni?* ions in aqueous media at neutral pH are hydrated to the greenish hexahydrated
[Ni(H;06)I**. There are also several polynuclear nickel species which are having no direct

biological significance.

Nickel is human poison by ingestion and inhalation of its finely divided powders and dusts. It
is a confirmed carcinogen in animals causing lung and nasal tumors. Nickel can replace
essential metals in metallo-enzymes and causes disruption of metabolic pathways (Vincoli,
2003). In the study of nickel in river sediment, /., value was determined and was found that

the principal natural source of heavy metals in the environment is from crustal material.

Nickel levels in terrestrial and aquatic organisms can vary over several orders of magnitude.
Typical atmospheric nickel levels for human exposure range from about 5 to 35 ng/m’ at
rural and urban sites. Drinking-water generally contains less than 10 pg/L of nickel, but
occasionally nickel may be released from the plumbing fittings, resulting in concentrations of

up to 500 pg/L of nickel (WHO, 1991).
The atmospheric concentration of nickel in industrialized areas has been estimated to be

range 120-170 ng/m3 while 6-17ng/m® in suburban areas (Nordberg et. al., 1979). Direct

leaching from rocks and sediments can produce significant concentrations of nickel in water.
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Nickel concentration in deep sea water usually range from 0.1 to 0.5 ppb whereas surface
water contains 15-20 ppb. Divalent nickel is the predominate form of nickel in aquatic

sources (Nielson, 1987).

Trace element such as nickel (Ni), cadmium (Cd), copper (Co), zinc (Zn), manganese (Mn)
and aluminum (Al) analysis in freshwater and seawater is one of the most difficult fields in
analytical chemistry. Since 1975, however, seawater and freshwater concentrations of many
trace elements have been shown to be factor of 10 to 100 lower than those previously

accepted (Leyalen & Wegscheider, 1981).

Nickel was found in the United States (U.S.) waters with a frequency of 16% and at an
overall mean concentration of 19 pg/L. The detection limit for nickel in water with total
dissolved solids of 400 pg/I. was 20 pg/L. If the dissolved solids amounted to 200 pg/L, the
detection limit would be 10 pg/L. The Missouri River and Western Gulf basins had the
lowest frequency of nickel detection and among the lowest mean concentrations, at 5 and 3
pg/L, respectively. The highest mean concentration was 130 pg/L, which is in the Cuyahoga
River at Cleveland, Ohio. The mean concentration of the nickel is based only on occurrences

that must be interpreted in light of the frequency of detection (Kopp & Kroner, 1967).
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2.3. Voltammetric Determination of Nickel

The existing polarographic methods for the determination of Ni (and Co) are limited by the
irreversible electrode process (Crow & Rose, 1979). Even the usage of supporting
electrolytes providing a higher reversibility of Ni(Il) reduction due to the formation of
appropriate complex species did not allow to improve the sensitivity of the determination by
differential pulse polarography at the Dropping Mercury Electrode (DME) to more than

about 10 pg/L (Peker, Herlem, & Badoz-Lambling, 1967).

A very recent further example developed in the Chemistry Department Institute, Germany
laboratory is the analytical procedure for the voltammetric determination of Ni in the routine
analysis of waters, biological materials and food. In this study, the peak due to the reduction
of Ni(II) appears depending on the composition of the analyte between - 0.90 V and - 1.00 V
vs. Ag/AgCl. Usually a linear DC-potential ramp is applied. This has the advantage that a
rather fast scan of 20 mV/s can be applied and thus less than 1 min is required to record the
voltammogram. Based on the knowledge and optimization of all significant parameters the
determination limit could be lowered for Ni(II) in natural waters or in aqueous analytes by

more than three orders of magnitude down to 1 ng/L (Iyer, Valenta, & Nurnberg, 1979).
The voltammetric approach has provided due to its inherent properties for the trace analysis

of these toxic metals. Nickel one of the most attractive routes of determination and has turned

out to be generally in terms of reliability, sensitivity and cost requirements one of the most
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