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ABSTRACT

Analyzing heavy metals in polluted water using conventional method by
chemical technique is difficult because sample preparation involves a lot of
chemical. As an alternative to overcome the drawback, laser induced breakdown
spectroscopy is introduced. The aims of this project is to analyze heavy metals
commonly found in sea water using a g-switched Nd:YAG laser. The laser was
focused using two lenses, concave lens was used to diverge the beam and then bring
to merge by camera lens with wide angle of 28 mm focal length. An optical
breakdown occurred associated with plasma formation at the focal point. Heavy
metal sample comprised of solid form and powder. The powder sample was
deposited on glass slide by PVD technique. The heavy metal sample was located at
the focal point in the air and exposed by laser in repetitive mode with frequency of
10 Hz. The plume plasma formation on the metal sample was visualized using CCD
camera. The spectrum produced after laser-metal interactions were recorded via
spectrum analyzer. The line spectra were manifested on the screen and analyzed by
comparing to data base. Each line represents the element contained in the tested
metal. The highest signal indicates the major element contains from the tested heavy
metal. Finally, the analyzed heavy metals were summarized in a histogram for

comparison purposes.
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ABSTRAK

Menganalisis logam berat dalam air tercemar dengan menggunakan kaedah
konvensional dengan teknik kimia adalah sukar kerana perlu menyediakan sampel
dan melibatkan pelbagai bahan kimia. Sebagai alternatif untuk mengatasi masalah
ini, laser mengaruhkan runtuhan spektroskopi diperkenalkan. Matlamat projek ini
adalah untuk menganalisis logam berat biasanya dijumpai dalam air laut
menggunakan g-suis laser Nd: YAG. Laser ditumpukan menggunakan dua kanta,
satu kanta cekung bergabung dan lensa kamera yang mempunyai sudut lebar dan
panjang focus 28mm. Satu runtuhan optik berlaku diikuti dengan pembentukan
plasma pada titik fokus. Sampel logam berat terdiri daripada bahan pepejal dan
serbuk. Sampel serbuk telah dienapkan di atas slaid kaca melalui teknik PVD.
Sampel logam berat yang diletakkan dalam titik fokus di udara dan didedahkan
dengan laser dalam mod berulang-ulang dengan frekuensi 10 Hz. Pembentukan
gumpalan plasma atas sampel logam dirakam menggunakan kamera CCD. Spektrum
yang dihasilkan selepas interaksi laser-logam telah dirakamkan melalui penganalisis
spektrum. Garis spektrum telah dimanifestasikan pada skrin dan dianalisis dengan
membandingkan dari pangkalan data. Setiap garis mewakili elemen yang terkandung
dalam logam yang diuji. Isyarat tertinggi menandakan elemen utama yg dikandungi
oleh logam berat yang diuji. Akhirnya logam berat yang dianalisis disenaraikan
dalam histogram untuk tujuan perbandingan.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Due to rapid industrial growth, environmental pollution is increasing over the
years, especially the contamination of soil and ground water with heavy metals such
as aluminum, chromium, arsenic, lead, copper, nickel, beryllium, antimony, zinc,
magnesium, cobalt etc. These heavy metals, even at low concentrations, are still
toxic. These metals can get into human body by inhalation, ingestion, or skin
absorption. It also can enter into human body when eating a crop that had been
irrigated with untreated waste water, chemicals, industrial waste and effluents. If the
heavy metals ions in the human body’s tissues accumulate faster than the
detoxification, the toxins will gradually build up.

According to the US Environmental Protection Agency (US EPA) reports, the
exposure of excessive concentrations of the toxicity heavy metals such cadmium and
mercury has produced bad health effects in public (Msaky and Calvert, 1990;
Fergusson, 1990). These metals also have bad effect on ecosystem if there is no

regular and proper detection, analysis, disposal and dispersal. It causes the



dramatically rise in last 10 years on the exposure of these metals to human body
(Fergusson, 1990; Islam et.al, 2007).

Keeping in view the above mentioned harmful effects of these metals, there is
a need for rapid and precise determination of these metals in the environment. The
interest for the development of new analytical techniques has increased in the recent
years to assess and monitor the extent of environmental contamination in water
resources, soil, and waste disposal sites. The available methods are too expensive and
time-consuming because of the sample preparation and also required special
chemical and reagent, so they are not cost effective (Rai et.al, 2001; Uhl et.al, 2001;
Russell et.al, 2005).

Laser Induced Breakdown Spectroscopy (LIBS) is a simple technique that
uses optical contact to the surface of the sample, therefore it is can be use as a simple
and fast method to detect and qualify the contaminants in various samples. It is a new
technique for element determination in environmental samples, metallic and non-
metallic solid, liquid, gases, aerosol and biological samples (Rusak et.al, 1998;
Samek et.al, 2001; Fichet et.al, 2001; Ying et.al, 2003; Russell et.al, 2005). Some
elements can be measured using this technique simultaneously event at parts per

million concentration level (Russell et.al, 2005).

In this LIBS technique, pulsed laser are applied to ablate the samples, as a
result, it vaporized and ionized the sample in hot plasma and then it will be detected
by the optical access and analyzed by the spectrometer. These elements are then
identified by their spectral signatures. Till date, most of the work on quantitative and
qualitative analysis using LIBS technique has been focused to solid samples and
much less work has been carried out on liquid samples (Fichet et.al, 2001).



The main reason for less work on applications of this technique for analysis
of liquid samples is that it is not easy to generate plasma. It could embrace many
problems with laser-plasma generation mechanism in liquids, as compared with laser
produced plasmas from solid samples. This is because of the density of liquid are
lower than solid, and there will be shock waves associated together with the
vaporization of the liquid sample and create aerosol above the liquid surface. The
existence of the aerosols will disturb the laser that targeted to the sample and also
will disturb the plasma emitted which is will detect by the spectrometer. These
aerosols may disturb the incident laser radiations and plasma emitted light returning
to the spectrometer. The laser pulse will induce bubbles inside the liquid which are
not transparent to the laser induced plasma and it will affect the result (Fichet et.al,
2001).

Recent developments towards improving analytical capability of this
technique have led to more applications of LIBS. However, still more efforts are
required to improve the precision and the sensitivity of this technique (Lazic et.al,
2005). Some improvement in methodology is needed for its wide applications in
terms of its efficiency and limits of detection.

In this research, LIBS’s analytical capability is tried on solid samples.
Spectrum pattern of heavy metals Al, Sb, Cd, Cu, In, Ni, Pb, Ag, Sn and Zn have
been collected during this work. The LIBS spectra for each sample is then analyzed
and characterized. Later, the results were compared with NIST data base. This work
is as preliminary study to identify the spectrum signature and properties of a few
heavy metal that have potential in inducing toxicity and danger to human and

environment.



1.2 Problem Statement

In order to develop a new LIBS system, many other information and tasks
need to be gathered and accomplished. One of crucial parts in the early stage in
development process of the system is to prepare a standard identification and
comparison purposes. Thus this project was conducted to analyze the spectra of
some heavy metals that commonly found in the polluted water.

1.3 Research Objective

The main objective of this research is to study the spectroscopic properties of
some heavy metals commonly found from water pollution. In order to achieve this

goal, the following works are performed,;

i.  Identification of heavy metal samples.

ii.  Fabrication of thin film sample by vapor deposition.
iii.  Generation of laser induced breakdown on heavy metal sample.
iv.  Detection of fluorescence emission spectrum.

v.  Analysis and characterization of heavy metal spectrum.



1.4  Research Scope

In this project, a Q-switched Nd:Y AG laser was used as a source of energy. A
short focal length lens is placed along the beam path so that the plasma spark created
on the focal point. The characterization of the laser beam will be carried out by using
fiber optic that connected to USB 2000 spectrometer. The selected of heavy metal
are include aluminium, antimony, cadmium, copper, indium, nickel, lead, silver, tin

and zinc.
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