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ABSTRACT

Laser induced breakdown spectroscopy (LIBS) has been applied to determine the
element content in slimming tea product. A Q-switched Nd:YAG laser operating at
1064 nm and generating 93.7 mJ per pulses was employed to excite the pellet sample and
the fluorescence emission was analyzed via spectrum analyzer. The induced spectral lines
were compared with National Institute of Standards and Technology (NIST) database
to identify the element. A commercial slimming tea was used as sample to be investigated
whereas the natural tea leaves were used as control. The LIBS results showed that both
slimming tea and natural tea leaves contain several elements including iron (Fe), sodium
(Na), chromium (Cr), cobalt (Co), calcium (Ca), manganese (Mn), magnesium (Mg),
silicon (Si), sulfur (S), titanium (Ti), nickel (Ni) and cesium (Cs). However, higher
intensity of elements was found in slimming tea spectrum compared to natural tea leaves.
The plasma temperatures calculated using Boltzmann plot were found to be 13588.95 K
and 12319.50 K for slimming tea and tea leaves samples respectively whereas the electron
density for slimming tea and tea leaves samples were 7.46 x 10! c¢cm? and
15.91 x 106 cm®, respectively. The plasma produced by this LIBS system was found to
be in local thermodynamic equilibrium (LTE) condition after evaluating these plasma
parameters. Quantitative analysis performed by using inductively coupled plasma mass
spectroscopy (ICPMS) proved that the concentration of the elements is higher in slimming

tea than in natural tea leaves.



ABSTRAK

Teknik spektroskopi leraian aruhan laser (LIBS) telah digunakan untuk
menganalisis kandungan unsur di dalam produk teh pelangsingan. Sebuah laser
suis-Q Nd:YAG beroperasi pada 1064 nm dan menjana 93.7 mJ per denyut telah
digunakan untuk mengujakan sampel gentel dan pencucuran pendarfluor yang
terhasil dianalisis melalui penganalisis spektrum. Garisan spektrum yang terhasil
dibandingkan dengan data dari Institut Piawaian dan Teknologi Kebangsaan
(NIST) untuk mengenal pasti unsur yang diwakilinya. Teh pelangsingan
komersial digunakan sebagai sampel untuk dianalisis manakala daun teh semula
jadi telah digunakan sebagai piawai. Hasil LIBS menunjukkan bahawa kedua-
dua teh melangsingkan badan dan daun teh semula jadi mengandungi beberapa
unsur logam berat termasuk ferum (Fe), natrium (Na), kromium (Cr), kobalt (Co),
kalsium (Ca), silikon (Si), mangan (Mn), magnesium (Mg), sulfur (S), titanium
(Ti), nikel (Ni) dan cesium (Cs). Walau bagaimanapun, kadar keamatan
spektrum bagi teh pelangsingan badan adalah lebih tinggi berbanding daun teh
semula jadi. Suhu plasma yang telah dihitung dengan menggunakan kaedah plot
Boltzmann ialah 13588.95 K untuk teh pelangsingan badan dan 12319.50 K
untuk daun teh semula jadi manakala ketumpatan elektron untuk teh
pelangsingan badan dan daun teh semula jadi masing-masing ialah
7.46 x 10'® cm™ dan 15.91 x 10' cm™. Plasma yang dihasilkan oleh sistem
LIBS ini didapati berada dalam keadaan keseimbangan termodinamik setempat
(LTE) selepas menilai parameter plasma. Analisis kuantitatif yang dilakukan
menggunakan teknik plasma berganding aruhan spektrometri jisim (ICPMS)
telah membuktikan bahawa kadar kepekatan unsur yang terkandung dalam teh

pelangsingan badan adalah lebih tinggi berbanding daun teh semula jadi.

Vi



CHAPTER

TABLE OF CONTENTS

TITLE

DECLARATION
DEDICATION
ACKNOWLEDGEMENT
ABSTRACT

ABSTRAK

TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS
LIST OF ABBREVIATIONS
LIST OF APPENDICES

INTRODUCTION

1.1 Introduction

1.2 Background of Study

1.2 Statement of the Problem
1.3 Significant of the Research
1.4 Objectives of the Research
1.5 Scope of the Research

PAGE

i
il

v

vi

Vil

Xi
Xiv
xvi

xvii

W W W N

vii



LITERATURE REVIEW

2.1 Introduction

2.2 Laser Induced Breakdown Spectroscopy
(LIBS)
2.2.1 Principles of LIBS
2.2.2 Basic Components of LIBS
2.2.3 Advantages of LIBS
2.2.4 Disadvantages of LIBS
2.2.5 Applications of LIBS

2.3 Slimming Tea Product

RESEARCH METHODOLOGY
3.1 Introduction
3.2 Experiment Procedures
3.3 Collection of Samples
3.4  Preparation of Samples
3.5  Analysis of Samples
3.5.1 Laser Calibration
3.5.2 LIBS Setup
3.5.2.1 Laser
3.5.2.2 Optics
3.5.2.3 Spectrometer
3.5.2.2 Computer
3.6  Inductively Coupled Plasma Mass
Spectroscopy (ICPMS)

16
16
16
17
18
19
19
20
21
22
23
24
26

viii



4 RESULTS AND DISCUSSIONS

4.1 Introduction

4.2 Laser Calibration

43 Laser Induced Breakdown
Spectroscopy (LIBS) Spectrum

4.4  Calibration Curve

4.5  Limits of Detection (LOD)

4.6  Plasma Characterization
4.6.1 Plasma Temperature
4.6.2 Electron Density

4.7  Inductively Coupled Plasma Mass
Spectroscopy (ICPMS)

5 CONCLUSIONS

5.1 Introduction

5.2 Conclusions

53 Recommendations

REFERENCES

Appendices A-B

28
28
28

29
36
38
38
39
43
46

48
48
48
50

51
55-58

iX



LIST OF TABLES

TABLE NO. TITLE PAGE
2.1 Summary of LIBS applications in plant studies 13
3.1 Laser details 22
3.2 Maya 2000Pro Spectrometer details 25
4.1 Selected peaks and spectroscopic data 39
4.2 Selected peaks and calculated data for Boltzmann 39
plotting
4.3 Plasma temperature for different Fe concentration 41
4.4 Electron density and the parameters 45

4.5 Concentration of elements in ppb 46



FIGURE NO.

2.1

2.2

23

24

3.1

3.2

33

3.4

3.5

3.6

3.7

3.8

LIST OF FIGURES

TITLE

LIBS physical process (Miziolek et al., 2006)

LIBS setup diagram

Remote LIBS system and a diver with FOC

Spectrometer schematic

Experimental procedures

Tea leaves and slimming tea product

Steps of sample preparation

A solid powder form of sample

Calibration setup

LIBS setup in real field

Schematic diagram of experimental setup

Laser systems

xi

PAGE

17

18

18

19

20

20

21

21



3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

4.1

4.2

4.3

44

4.5

4.6

4.7

Fiber optic cable (FOC) with collecting lens

Collecting lens

Ocean Optics Maya 2000Pro spectrometer

SpectraSuite software

OriginPro8.5 software

Before and after baseline removal by

OriginPro8.5

ELAN 6100 ICPMS

Digestion acid (left) and standard for various

elements (right)

Laser calibration

Tea leaves and slimming tea spectra

Fe Calibration spectra

Slimming tea spectrum

Tea leaves spectrum

404.07 nm spectral line

Calibration curve of Fe

xii

22

23

24

25

25

26

27

27

28

29

29

30

31

36

36



4.8

4.9

4.10

4.11

4.12

4.13

Boltzmann plot from Fe emission line for slimming

tea sample

Boltzmann plot from Fe emission line for tea leaves

sample

Boltzmann plot of Fe element with different

concentration

Plasma temperature variation

Lorentzian fit for slimming tea

Lorentzian fit for tea leaves

xiii

40

40

41

42

43

44



Ak

Cd
cm
Co
Cr
Cu
Cs
Ex
eV
Fe

8k

kN

mA
Mg
mJ
um

mm

LIST OF SYMBOLS

transition probability
speed of light
carbon

cadmium

centimeter

cobalt

chromium

copper

cesium

upper level energy
electron volt

iron

gram

upper level statistical weight
Plank constant
intensity

joule

Boltzmann’s constant(8.617 x 10-5 eV K-1)

kilo Newton
meter
milliampere
Manganese
millijoule
micrometer
millimeter

mangancse

Xiv



nm

N.
MT)
ppm

Si

Ti

millisecond

sodium

nickel

number density of emitting species
nanometer

electron density

total density

part per millions

slope of the calibration curve
second

standard deviation of the background
Sulfur

Silicon

temperature

Titanium

partition function

volt

wavelength

XV



xvi

LIST OF ABBREVIATIONS

AAS - Atomic Absorption Spectroscopy
AES - Atomic Emission Spectroscopy
FDA - Food and Drug Administration
FOC - Fiber Optic Cable

HPLC - High Performance Liquid Chromatography
ICP - Inductively Coupled Plasma

ICPMS - Inductively Coupled Plasma Mass Spectroscopy
LIBS - Laser Induced Breakdown Spectroscopy
LOD - Limits of Detection
LTE - Local Thermodynamic Equilibrium
MPC - Maximum Permissible Concentration

Nd:YAG - Neodymium-Doped Yttrium Aluminum Garnet

NIST - National Institute of Standards and Technology



APPENDIX

LIST OF APPENDICES

TITLE

Intensity of tea leaves and slimming tea

product.

Spectroscopic data for each wavelength.

PAGE

55

57

xvii



CHAPTER 1

INTRODUCTION

1.1 Introduction

In this chapter researches regarding laser induced breakdown spectroscopy
(LIBS) and slimming tea product will be reviewed. It also includes problem

statement of the research together with objective and scope of the research.

1.2 Background of the Problem

The identification of elements in natural supplement is of vital importance to
evaluate its nutritional status (Menet et. al., 2004). Slimming tea comes in various
brands and types with different variety of ingredients. Slimming tea differs from
normal tea although its base ingredients are tea leaves which comes from the
camellia sinensis plant. Many brands of slimming tea are available with varying
strengths and benefits because most slimming teas contain some combination of
stimulants, bulk fibers, diuretics and laxatives which comes from additional
ingredients include herbs such as cassia, senna, peppermint, ginseng and fennel. By
the identification of the contents of the nutritive elements in the slimming tea, one
can estimate any nutritive deficiency or surplus which may have potential side

effects on potential user.



Many researches have been done to determine some element content
especially heavy metals in tea to investigate whether it exceeded the maximum
permissible concentration (MPC). For example, Ahmad et al. (2012) revealed the
presence of mineral metals (Zn, Fe, Mn and Cu) and toxic metals (Ni, Pb and Cd) in
tea products available in Pakistan. In Nigeria, bioaccumulation of heavy metals (Zn,
Cd, Cu and Pb) in tea products was investigated by Achudume and Owoeye (2010).
Contamination tea can indirectly affecting weight loss because its based ingredient is

Camellia sinensis.

1.3 Problem Statement

There are many research focusing on tea leaves but less research on slimming
tea products due to less attention on detection and composition analysis in health
field. Slimming tea products are widely available in Malaysia and consumers can
easily buy them at the nearby store or through online shopping. Consumers are eager
to have slim body even there are certain products that did not give any compositional
information. Many of them think that all slimming tea products contain herbs that
will stimulate body weight but unfortunately not all products contain the same herbs
and probably there are just regular teas. Thus, it was important to discriminate
slimming tea with natural tea leaves. The most common practice to analyze plant is
by using chemical technique, either ICP, AAS, HPLC and other but in the recent
years laser induced breakdown spectroscopy (LIBS) have also been used in plant
studies. In this study, we proposed analysis slimming tea by using laser induced

breakdown technique.



1.4 Significant of the Research

It is important to determine the content in slimming tea product to help in
making the manufacturers and consumers aware of the danger and harmful element it
may contain. The knowledge of the elements in the slimming tea is also important to
determine safety level, whether the concentration each of the element is under the

permissible limit.

1.5  Objectives of the Research

The main objective of the project is to analyze the content of slimming tea. In

order to achieve this goal the following works are accomplished;

I. To detect the constituents of original natural tea leaves and slimming
tea product

ii. To calibrate the heavy metal in the tea leave matrix

iii. To calculate the characterization of plasma in tea leave and slimming
tea product

iv. To determine the concentration of selected elements in natural tea

leaves and slimming tea product

1.6 Scope of the Research

Tea leave from Cameron highland was used as a control or reference. Several
sample of slimming teas were purchase from retail shops and super market. All the
teas are processed into powder to form pellet. The teas are analyzed using LIBS
technique. A Q-switched neodymium-doped yttrium aluminum garnet (Nd:YAG)
laser was employed to form plasma, and Maya spectrometer was used to analyze the

fluorescence of plasma intensity.
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