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Chapter 1

Introduction

1.1 Introduction

Innovations and advances in physics are the fundamental keys in the de-

velopment of various tools and techniques in various branches of science and

technology. Medical science is one of the important branches of science whose

development and progress depend heavily on the advancement in physics. The

discovery of X-rays by Wilhelm Roentgen has marked a revolution in diagnostic

imaging and material characterization, whereas the discovery of the phenomena

of radioactivity by Henry Becquerel introduced novel methods for energy produc-

tion and radiation therapy. The invention of the cyclotron by E. O. Lawrence

in 1929 boosted the developments in high energy physics using energetic ion

beams. A remarkable discovery of the neutron by James Chadwick, later the

development of activation analysis by Hevesy, expanded the horizons of physics

and its applications further. The development of high-energy acceleration tech-

niques produced energetic beams of ions, particles such as neutrons and positrons

which were utilized as analytical probes contributed immensely in industry and

academic research [1]. The discovery of semiconductor detectors with high sensi-

tivity and a better resolution was a major breakthrough that revolutionized the

field of qualitative and quantitative analysis of materials. Later, the development

of modern techniques for data analysis improved the ability to analyze trace and
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ultra-trace levels which have applications in environmental contamination sur-

veying, geological prospecting, biomedical investigations, etc.

Elemental analysis involves the qualitative and quantitative determi-

nation of elements in any sample matrix. Depending on the concentration, they

are classified as major, minor, and trace elements of which the typical concentra-

tion 1 to 100 ppm are considered as trace elements. The techniques for analysis

of trace elements have been developed rapidly in response to the increase in the

need for the accurate measurements of significantly less quantity of elements in

diverse types of sample matrices. Even though the concentration is of sub-ppm

levels, their detection is highly decisive in many applications. There are many

specific areas of research and industry where the presence of certain elements at

extremely low concentrations has a significant impact. Trace elements have been

at the focus of attention for decades with considerable emphasis on their role in

biology, biomedical sciences, environmental sciences, geology, archaeology, and

material sciences [2], [3], [4], [5]. In the human body, many elements functions

as essential elements, whereas some others are toxic, carcinogenic and mutagenic

[6]. Several techniques have been developed over the past decades for the qual-

itative and quantitative estimation of elements especially at minute quantities

with high sensitivity and accuracy.

An analytical technique for the determination of constituent elements

in a sample requires that the sample possesses a characteristic measurable prop-

erty, which acts as a fingerprint of the element. The specific property should be

unique to a particular element to distinguish it from others and to quantify each

element. Chemical methods make use of the chemical properties of the elements.

Such methods involve elaborate chemical treatments with various reagents. If the

characteristic property is a photon emitted from a sample, then the energy of the

photon will identify the element and the number of photons per second counted

from the sample gives the quantitative aspects. Atomic spectroscopy relies on

characteristic absorption or emission spectra of elements. Nuclear techniques

involve the detection and measurement of characteristic radiations or particles
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emitted from the nuclei of constituent elements. The common principle behind

the ion beam techniques is the interaction of energetic beams with the elements

in the sample. The projectile loses its energy continuously as it travels through

the medium due to collisions with the nucleus and with electrons. Secondly,

the product of these interactions is emitted from the sample, with probabilities

determined by the respective interaction cross-section, and are finally measured

and collected as spectra carrying information on the chemical composition of the

sample and elemental depth distributions. Despite the advancements in atomic

and nuclear analytical techniques, no method can be considered suitable to tackle

all sample types and to determine all the elements. So, the selection of appro-

priate techniques for a particular analytical problem is a challenging task. It is

important to understand and recognize the capabilities and limitations, and to

gauge the suitability and complementarity for a particular analytic task.

There are different methods for the identification and quantification

of elements at trace levels. This can be generally classified as potentiome-

try, voltammetry, atomic spectrometry, X-ray methods, and nuclear methods.

Atomic Absorption Spectrometry (AAS), Inductively Coupled Plasma Mass

spectroscopy (ICPMS), and High-Performance Liquid Chromatography (HPLC),

are generally considered as destructive techniques that need chemical dissolution

of the samples before analysis. X-ray Fluorescence (XRF), Neutron Activation

Analysis (NAA), Photon Activation Analysis (PAA), Rutherford Backscatter-

ing Spectrometry (RBS), Elastic Recoil Detection Analysis (ERDA), Particle

induced Xray Emission (PIXE), Particle Induced Gamma emission (PIGE), and

Nuclear Reaction Analysis (NRA) are some of the non-destructive techniques.

X-ray spectroscopy and nuclear methods offer very low detection limits and the

least matrix effects. Many of the techniques can be set up simultaneously with

the same infrastructure and many of the methods are used complementarily to

get reliable data.

Trace element analysis has been considered as a hot topic of research

in various disciplines. Many reports are available on the importance of trace
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elemental analysis in environmental samples. The importance of trace elements

in biological systems is reviewed by Elisa et al [7]. A recent study conducted by

Jingzhao Lu reported the impact of trace elemental pollution in soil and water

resources due to mineral mines [8]. Analysis of different sample types like herbal

samples was conducted by using different modalities of XRF [9], [10].

PIXE has been used for determination of major and trace elements in

diverse matrix types namely archaeological samples like ancient coins [9], geo-

chemical samples like minerals and ores [10], water [13], and soil samples [11].

Elemental analysis of biological samples like blood [12], [16], kidney [13] and hair

samples [18] and herbal samples with medicinal properties [19], [20] have been

reported by different authors using the PIXE technique. The multi-elemental

nature, diverse range, and high sensitivity make it a suitable candidate for the

elemental determination of thick samples with complex matrix composition.

Neutron activation has been routinely used for determination of trace

elements with high sensitivity. NAA is used as one of the methods in certification

of standard reference samples [21], [22], [34]. Application of NAA for the trace

elemental characterization of herbal samples have been reported by many authors

[24], [25], [26]. ICPMS method have been widely used as a sensitive technique

in different sample types such as forensic, geological samples [27], [28], biological

samples [29], [30], [31], etc.

A review paper on standardization methods of Ayurvedic medicines

reports the importance of HP-LC, HP-TLC, and GC-MS techniques for quan-

titative analysis of traditional herbal products [32]. Reports on the application

of AAS [33], HPLC [34], NAA [35], and ICPMS [36] for trace elemental analy-

sis of Ayurvedic herbal products is also available. However, limited reports are

available on non-destructive techniques of herbal formulations using atomic or

nuclear techniques [37], [38].
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1.2 Scope of Trace Elemental Analysis

Ethno-pharmacology has been identified as an important area of research

as the number of stakeholders is increasing around the globe. The use of ethnic

systems of medicines is not limited to the treatment of diseases but extends to

tonics, energy boosters rejuvenators, dietary supplements, etc. Herbal formu-

lations have gained widespread acceptability as therapeutic agents for diabetes,

arthritis, liver diseases, cough remedies, memory enhancers etc. Ghosh et al.

provide encouraging evidence for the application of herbal medicines as psy-

chopharmacological drugs in the treatment of depression, anxiety and insomnia

[39], [40].

There are coded systems of herbal formulations as well as numerous

uncoded versions popular in many countries over the decades. Ayurveda, Siddha,

Unani, and Homoeopathy are the most familiar coded formulations prevailing in

India. India is a leader in the manufacturing and export of Ayurvedic medicines,

and the market of raw and finished herbal products is growing day by day. Medic-

inal plants contain many active organic molecules, tannins, resins, and essential

and non-essential elements. Besides the organic compounds, it is very well estab-

lished that many trace elements play a vital role in the normal metabolism of the

human body. It is reported that trace elements play a vital role in the formation

of active constituents and thus imparts medicinal as well as toxic properties.

Each medicinal plant is characterized by a number of trace elements which is re-

sponsible for the production of active constituents that determines its medicinal

property.

Each plant exhibits its own metal uptake and accumulation behaviour,

which is the basis for herb characterization by elemental pattern, that can be

applied for adulteration detection [41]. Even though herbal medicines are consid-

ered natural and safe, they are not free from adverse side-effects. The excess of

trace elements in the human body adversely affects normal metabolism [7]. Ac-

cidental mixing of toxic environmental pollutants while collection, preparation,
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and storage is also a serious concern. No comprehensive data of trace elements

in Ayurvedic formulations are available yet. The absence of a strict regulatory

standard for quality assurance gives way to adulterations. The presence of adul-

terants has been reported largely in herbal formulations available in the market

[1]. It is reported that many herbal products available in the market contain

toxic elements beyond permissible limits.

In the conventional allopathic system of medicine, the chemical com-

pounds present in each medicine are under strict monitoring, and the effects of

excess intake, side effects, and the presence of toxic elemental contents are all

scientifically established and are well declared on the distributor’s manual. But

such a standardized system of quality assurance is absent in the case of alter-

native treatment of medicines which include Homoeopathy, Unani, Siddha, and

Ayurveda. All these therapies involve the utilization of specific parts of plants,

in crude or refined form, collected from different geographical areas growing un-

der different environmental conditions. In order to ensure safety, efficacy, and

quality, there is a growing demand for accurate determination of constituents

in each Ayurvedic preparation. In order to use a medicine for a considerably

long duration, the composition must be free from toxic contents, especially an

intolerable amount of trace elements. In order to ensure this, proper licensing

procedures incorporating quality and safety is necessary. However, most stud-

ies on medicinal plants pertain to constituents such as essential oils, vitamins,

glycosides, and other organic components, while little has been reported about

the elemental composition of different plants and their corresponding Ayurvedic

preparation.

The Ayurvedic Pharmacopoeia of India has set standards for qual-

ity assurance of Ayurvedic formulations based on chemical and physical prop-

erties like alcoholic content analysis, ash test, estimation of certain phenolic

compounds, chromatographic fingerprints, etc. There is a wide variation in the

values of such parameters for crude drugs of plant origin with respect to their

chemical contents. Therefore, such variations have to be taken into account while

6



setting maximum and minimum values of parameters, while setting standards of

compound formulations. The above parameters do not assure complete quality

standards concerning the correct constituents of the drug. All the above meth-

ods are based on chemical principles. The analysis is expensive, time-consuming,

and are difficult to reproduce. Analytical techniques using characteristic X-rays

enables one to quantify many elements with much less effort, with high sensitiv-

ity, sufficient accuracy, and repeatability. Identifying the characteristic x-rays or

gamma rays from an element can give qualitative and quantitative information

of the sample in any complex matrix. These non-destructive methods based on

nuclear analytical techniques offer a novel quality assurance criterion based on

trace elemental analysis.

In essence, the screening of the elemental composition of the medicinal

plants is an essential part of‘ quality control of herbal formulations, which estab-

lishes its purity safety, and efficacy. The possibility of adulteration comes when

there is an increasing demand and a shortage of raw materials. The variation

in the chemical composition starts right from the collection of the samples and

continues during processing and storage. The change in elemental contents of

medicines due to the intentional addition of cheap, much available herb instead

of a costly one, is of great concern. The quality, efficacy, and safety of herbal

medicines can only be ensured by undergoing a systematic study on elemental

profiles. Utilizing the elemental information from different techniques, an ele-

mental fingerprint of the herbal formulation can be generated. Keeping this in

view, a systematic analysis of trace elemental profile of selected Ayurvedic formu-

lations, viz. Triphaladi Churna, Nishakatakadi decoction, Amalakyadi Churna,

and Balachaturbhadrika Churna has been carried out.

Utilizing the elemental information from different techniques, it is pro-

posed to generate a fingerprint of herbal formulations based on trace elemental

profile. The thesis is divided into five chapters. Chapter 1 gives a general intro-

duction of the trace elemental techniques in quality analysis of Ayurvedic formu-

lations. Chapter 2 gives a brief description of various techniques employed for
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elemental analysis. Chapter 3 gives the details of the materials and methodolo-

gies adopted for trace elemental analysis of formulations reported in this thesis.

Observations of the measurements are also tabulated in this chapter. A detailed

analysis of the results is carried out in Chapter 4. A comprehensive analysis of

trace elemental profiles of various formulations and the role of constituent herbs

is described in Chapter 5. Conclusive remarks are also presented in this chapter

with prospects of future work to be carried out in this respect. This study is

expected to provide a reliable data for fingerprinting each Ayurvedic formulation

with the help of PIXE, XRF, and other nuclear and chemical techniques.
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Chapter 2

Tools and Techniques for Trace

Elemental Analysis

2.1 X-ray Fluorescnce (XRF) Spectroscopy

2.1.1 Introduction

XRF is a well-established analytical technique for qualitative and quanti-

tative analysis of samples which enables simultaneous detection of many elements

in solid or liquid state with high-detection sensitivities [1]. XRF is routinely ap-

plied for several interdisciplinary problems in environmental science, material

science, biomedicine, archaeology etc [2], [3], [4], [5]. XRF is based on the prin-

ciple that individual atoms when excited by an external energy source, emit

X-ray photons of characteristic energy or wavelength. By counting the number

of photons of each energy emitted from the sample, the elements present in it

can be identified and quantified. In 1914 Mosely laid the foundations of X-ray

spectrometry by recording the spectra of different elements using a diffraction

crystal spectrometer and a photographic plate. Mosely had formulated a math-

ematical relationship between X-ray frequency and its atomic number. Mosely

used electrons as excitation source whereas Coster and Nishina used primary

X-rays instead of electrons for excitation. The quantitative analysis of materials
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done by Schreiber et al. [6], and later the development of detector technology

led to the development of commercial XRF spectrometers. XRF is useful for the

analysis of trace elements in molecules of solid, liquid, and thin-film samples.

The sensitivity of the XRF depends on the energy of the incident radiation, the

geometry of the instrument used and the efficiency of the detector.

The working principle of XRF analysis is the measurement of energy

or wavelength and intensity of the characteristic X-ray photons emitted from a

sample. Since the characteristic X-rays give the unique signature of the elements

present, identification and quantification of the elements in the analyte sample

can be done using the recorded spectrum. Based on the measurement of the

spectrum of the emitted characteristic X-rays, there are two domains in XRF

spectroscopy, namely wavelength dispersive (WD) and energy dispersive (ED)

spectrometers. In wavelength dispersive X-ray fluorescence analysis (WDXRF), a

wavelength versus intensity spectrum is obtained from a Bragg single-crystal dis-

persion medium which diffracts X-rays depending on their wavelength followed by

counting performed by a proportional or scintillation counter. Energy-dispersive

X-ray fluorescence (EDXRF) the spectrometer consists of a solid-state detector

and associated multichannel analyzer (MCA). The detector acquires the photon

counts and MCA sorts them according to the energy to get energy versus inten-

sity spectrum. WD XRF has better resolution compared to EDXRF. However,

the presence of additional optical components like rotating crystal and collima-

tors reduce efficiency and increase the cost of analysis. Moreover, the ability to

analyze most of the elements in the periodic table, simultaneously makes ED

XRF a better choice than WDXRF.

When a primary X-ray from an X-ray tube or a radioactive source

strikes a sample, the X-ray can either be absorbed by the atom or can be scat-

tered by the material [1]. The process in which an X-ray is absorbed by the atom

by transferring all its energy to an innermost electron is called the ”photoelectric

effect”. During this process, if the primary X-ray had sufficient energy, electrons

are ejected from the inner shell creating vacancies leading to an unstable con-
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Figure 2.1: Energy level diagram showing X-ray transitions and notations

dition for the atom. As the atom returns to its stable state, electrons from the

outer shells are transferred to the inner shells and the excess energy is emitted

as electromagnetic radiations whose magnitude will be equal to the difference

between the levels particular to the element excited. Hence, this acts as a sig-

nature of the element. The process of emission of characteristic X-ray is called

X-ray Fluorescence (XRF). In addition to the radiative process of relaxation, a

competing process of the Auger electron emission can also occur. The probabili-

ties of X-ray emission and Auger emission are Z-dependent with the Auger yield

higher for light elements and the fluorescence yield higher for heavy elements.

In most cases, the innermost K and L shells are involved in XRF detec-

tion. The characteristics X-rays are labelled as K, L, M, or N to denote the shells

from which they originate. The energy level diagram showing the transitions and

corresponding notations is given in Fig. 2.1 Another designation α, β or γ is made

to mark the X-ray that originates from the transition of electrons from higher
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Figure 2.2: Schematic diagram of XRF setup

shells. Hence Kα X-ray is produced from a transition of an electron from the L

to K shell, and a Kβ X-ray is produced from a transition from an electron from

the M to K shell, etc. While exciting the K-shell (1s1/2), electron transition can

occur between any of the two subshells, 2p3/2 or 2p1/2 subshells of L shell, leading

to Kα1 and Kα2 respectively. Similarly, β1 corresponds to the transition from

subshells of M shell and so on. The detection system allows the determination

of the energies of the emission lines and their intensities. Elements in a speci-

men are identified by their spectral line energies or wavelengths for qualitative

analysis, and intensities are related to concentrations of elements providing the

opportunity for quantitative analysis. A schematic diagram of the XRF setup is

given in Fig. 2.2. Generally, the light and medium-mass elements are identified

by their K X-rays (20 < Z < 50) and the heavy elements by L X-rays, as the

detector efficiency, is lesser for K X-rays of heavy elements. The spectral data

is converted into elemental concentrations by advanced software based on fun-
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damental parameter methods or by empirical quantification method. The XRF

method is widely used to measure the elemental composition of materials. Since

this method is fast and non-destructive for the sample, it is the method advisable

for analytical applications and industrial production.

2.1.2 Theory of XRF

When a beam of monochromatic, parallel X-rays of energyE0 and intensity

I0 is incident on a sample of thickness x at an angle of incidence is 900, various

interactions can take place [7]. A detailed description is given below.

Incident Radiation Absorption Effects

The incident beam is attenuated while traveling a pathlength x to reach

the target. Therefore, the net intensity that reaches the sample volume is given

by

I = I0 exp−µρx (2.1)

Here, µ is the mass absorption coefficient of the sample and ρ is the sample

density. A fraction of the radiation that reaches the sample gets absorbed. The

fraction of radiation intensity (dI) absorbed by the sample is given by

dIs = µsρdx (2.2)

When there is more than one element in the sample, The intensity of radiation

absorbed by the element i is given by

dI =
∑
i

Ciµiρidx (2.3)

where Ci is the concentration of element i

The incoming intensity that is absorbed by element i in the volume element

under consideration and thus available to produce Kα is given by
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dI = I0Ciµiρdx exp−µsρx (2.4)

Photoelectric Emission

The Kα fluorescence of element i is determined by the number of absorbed

photons, as given in equation 2.4, and the probabilities associated with three

atomic events: The probability that a K-shell electron will be ejected rather

than an L or M shell electron, the probability of Kα emission in preference to

other K lines, and the probability of Kα radiation rather than an Auger electron.

Absorption Jump Ratio

The first factor, the probability that a K shell electron will be ejected

rather than an L- or M-shell electron, is given by K-shell “absorption jump ratio

JK :

Jk =
rK − 1

rK
(2.5)

Here, rK is the K-shell absorption jump defined as the ratio of the mass

absorption coefficients at the K absorption edge rK = µmax/µmin

Transition Probability

The probability that Kα radiation will be emitted rather than another K

line is called gKα and is given by

gKα =
I(Kα)

[I(Kα) + I(Kαβ)
(2.6)

gKα =

I(Kα)
I(Kβ)

I(Kα)I(Kβ) + 1
(2.7)
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Fluorescence yield

The probability of emission of Kα radiation rather than the production of

an Auger electron, is called the fluorescence yield ωK . Fluorescence yields have

been determined both experimentally and theoretically.

Excitation factor

The product of the three probabilities gives us the excitation factor

Q = JKgKαωK =
rK − 1

rK
gKαωK (2.8)

Fluorescence Radiation Absorption

The fluorescent radiation (Ei) from element i in the volume element is

attenuated while travelling the path length x to the detector. The fraction trans-

mitted is given by e–ms,Eiρx

Since the fluorescence radiation is emitted uniformly in all direction,

the fraction that enters the detector is given by Ω
4π

where Ω is the solid angle

defined by the detector which is approximately equal to πa2/d2. The intensity

of primary fluorescence for ith element is given by

Ii = I0CiJKgKαωK
Ω

4π

µi
µs + µs,Ei

(2.9)

2.1.3 Advantages

XRF is an analytical technique that enables non-destructive analysis of

materials in diverse sample types. The analysis of samples at low cost, with

a wide elemental range is also an important advantage. Portable, handheld

EDXRF instruments allow easy operation and better accessibility. The main-

tenance cost is also significantly lesser as compared to other nuclear analytical

techniques.
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2.2 Particle Induced X-ray Emision (PIXE)

2.2.1 Introduction

In 1970, Johanson et al. presented PIXE as a novel and powerful ana-

lytical method for elemental analysis. It involves the emission of characteristic

X-rays from target atoms by the bombardment of 2-3 MeV proton beams. The

characteristic X-rays acquired by suitable detectors provide a signature of the

element qualitatively and quantitatively. The physical process behind PIXE is

the creation of a vacancy in one of the core levels (K and L) of an element by

the ion beam and its subsequent decay with the emission of characteristic X-ray.

α- particles can also be used as probes in PIXE but the increase in background

and complexity of spectra limit the applicability. PIXE is suitable for elements

with Z>15. PIXE analysis can be done in the air directly, for larger samples

like archaeological objects in external PIXE setup [8]. PIXE analysis of different

sample types are available in the literature [9], [10], [11], [12], [13].

2.2.2 Theory of PIXE

When a charged particle (proton or heavier ion) enters a target material,

it interacts inelastically with the sample atoms, thereby losing a fraction of its

energy in each collision. As the particle moves forward through the medium,

its energy decreases continuously, and the fractional loss depends on the nature

of the medium, incident energy, type of the particle, all together called the

stopping power. Typical stopping powers are available as atomic data sheets

or coded programming. When high-energy protons or alpha particles collide

with the target atoms, the atoms in the material get ionized. This results in

the creation of vacancies in the inner shells, and the atom tries to regain its

stability by filling the vacancy by a transition of electrons from outer shells.

The probability of X-ray emission or the fluorescence yield is close to 1 for the

heavy elements but less for the light elements. The notations of X-rays and

transitions are already described in XRF. The characteristic X-ray produced were
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acquired by a semiconductor detector, generally a Si-Li detector. This method is

identified as a sensitive method for elemental analysis and depth profiling with

much acceptability.

In PIXE, proton beam or helium ions are used as a projectile. In

contrast to an electron beam, protons have certain advantages. In the case of

electrons, momentum transfer is large, resulting in the loss of a larger fraction

of energy wider scatter angle, and lesser penetration depth. In this case, as the

mass is larger, a small fraction of momentum and energy is transferred, leading

to a lesser angle of scattering and higher penetration depth. This increases the

number of fluorescent radiations produced and hence get better counts.

The proton beam in PIXE is produced by accelerators where the neg-

ative charge for acceleration is supplied by a Multi-Cathode SNICS (Source of

Negative ion by Caesium Ion Sputtering) source or by alpha-emitting sources like

Cm-244. A schematic representation of the accelerator is given in Fig. 2.3. The

ion gains energy due to the presence of an electric field within the accelerator

due to the high potential difference between the terminals. The beam coming

from the accelerator passes first through a bending magnet and is stabilized by

passing through a slit. The beam is then directed axially down the beam-line

using electrostatic and magnetic steering elements to the scattering chamber.

The targets are loaded in the target ladder of desired geometry to avoid frequent

opening and evacuation. The beam is incident generally at an angle 450 with

respect to the target face. This ensures the detection of the fluorescent beam

scattered at an angle 90 0 with respect to the incident beam. In order to mon-

itor the incident flux, the transmitted beam is directly fed to the Faraday cup

that will provide information on the total charge collected, thereby act as charge

integrator.

In PIXE, X-ray detectors like lithium drifted silicon, Si (Li) detector

can be used to detect the X-rays produced. Si-Li is a detector with high energy

resolution (about 160 - 180 eV for 5.9 keV photon). It comprises a cylindrical

section of a single crystal of P-type silicon. Lithium is drifted into it under
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Figure 2.3: Schematic diagram of pelletron accelerator

high temperature so that a charge free volume called sensitive region depleted

of charges is formed. The sensitive volume ranges from 4 to 16 mm in diameter,

and 3 to 5-inch thickness, depending on the derived application. The smaller

diameter detectors provide better energy resolution at low energies, and the

thicker detectors have higher detection efficiency at energies approximately above

20 keV. When an X-ray photon reaches the detector, a cloud of electron hole pairs

will be generated. The number of electron-hole pairs created is proportional

to the energy of the detected photon. The detector bias voltage sweeps the

charge to a charge sensitive pre-amplifier. The preamplifier collects this charge to

produce an output pulse whose voltage amplitude is proportional to the original

X-ray photon energy. The Si(Li) detector along with the first stage and feedback

elements of the preamplifier are mounted in cryostats and operated at the liquid

nitrogen temperature (77K) to minimize the electronic noise added to the signal.

The X-rays from the target sample enter the detector through a thin beryllium
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window of typically 8-25.4 pm thickness. The thickness of the window sets the

lower energy limit for photons that can be detected by the detector.

The sensitivity of PIXE depends on various factors. For low Z ele-

ments, the higher X-ray production cross-section increase the sensitivity. For

high Z elements, lower background increases the signal to noise ratio and im-

proves sensitivity. But the efficiency of semiconductor detectors like Si-Li is low

for high X-ray energies above 25 keV. Hence L X-rays, which have lower intensity

are used for the detection of low Z elements. At higher beam energies, sensitivity

is reduced for low Z elements due to background produced by projectile induced

nuclear reactions. But at higher Z better sensitivity is achieved. Johansson et

al. showed the variation of the minimum detectable concentration as a function

of atomic number [14].

2.2.3 Background

A PIXE spectrum usually consists of two major components namely the

peaks due to characteristic x-rays and the background continuum. The identifica-

tion of characteristic X-rays produced by an interaction between a heavy charged

particle and a solid target in elemental analysis of complex matrix, depends heav-

ily on the background [15]. Secondary electron bremsstrahlung, primary proton

bremsstrahlung, and nuclear reaction gamma rays are the three important fac-

tors that contribute to the background. Secondary electron bremsstrahlung is

the major component of the continuous background in PIXE. The intensity of

secondary electron Bremsstrahlung is very strong at low energies but it decreases

rapidly when the photon energy becomes larger than the maximum energy that

can be transferred from a projectile to an electron. Projectile bremsstrahlung

background is produced as a result of the incident beam getting slowed down

in the target, due to Coulomb interaction between the electron and the nuclei.

Classically, the bremsstrahlung intensity emitted by a charged particle is pro-

portional to the square of its deceleration. As the mass of the proton is smaller

by a factor of 1836, the intensity of proton bremsstrahlung will be reduced by a
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factor of 1/(1836)2 . Hence it is negligible, in the energies of interest. In PIXE,

there is a possibility of nuclear reactions to occur in the light elements (Z<20)

resulting emission of gamma rays. The gamma rays interact with the detector

through Compton scattering in the detector. This background depends on the

particular elements present in the specimen and on the cross-sections of the re-

actions induced. This will be important in the analysis of a system containing

multielement composition.

2.2.4 Data analysis Softwares

The determination of X-ray yield from the PIXE spectrum and its correla-

tion to the corresponding elemental concentration forms the basis of quantitative

PIXE analysis. Extraction of X-ray intensities from the PIXE spectrum is the

first step in the quantification procedure which involves the least square fitting

of a model spectrum to the experimental one. There are different software for

the conversion of X-ray intensity to elemental concentrations namely GUPIX

[8], PIXAN [17], GEOPIXE, [18], DATTPIXE [19], SAPIX[20], etc. The main

difference between them arises from the different approaches in the treatment

of background and peak shape. In addition to the fitting routines, most of the

present PIXE software packages calculate elemental concentrations directly from

a PIXE spectrum. One of the most used software is the GUPIX software package

that includes spectrum fitting and quantitative analysis. The digital top hat fil-

ter removes the background and doubly differentiates Gaussian peaks. Using the

complete fundamental parameter database and by appropriate modelling of the

peak line shape, the number of parameters is reduced to one per element. Fil-

tered data are compared to a model spectrum using the nonlinear least squares

fit.
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2.3 Neutron Activation Analysis (NAA)

2.3.1 Introduction

NAA is a physical technique based on nuclear reactions. When a neutron

interacts with a target nucleus through inelastic collision, a compound nucleus is

formed in the excited state. The compound nucleus will de-excite almost instan-

taneously to a more stable configuration through the emission of one or more

characteristic prompt gamma rays. In many cases, this new configuration yields

a radioactive nucleus that decays by emission of β particles with its particular

half-life. The nucleus thus formed due to β emission will be excited, which will

de-excite by the emission of γ rays. These gamma rays act as a delayed γ ray

of the parent nucleus. This γ rays act as the signature of the element in the

sample. A schematic diagram of the process of NAA is shown in Fig. 2.4.
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Figure 2.4: Basic processes underlying in NAA

In 1936, G. Hevesy and H. Levi determined the sub milligram quan-
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tities of Dy in a rare earth sample by bombarding it with neutrons obtained

from radium-beryllium source [21]. This marked the era of activation analy-

sis for the determination of elemental composition in diverse sample types with

high sensitivity and accuracy. The development of highly sensitive detectors like

HPGe improved the detection limits. NAA can enhance the quality assurance

capabilities of products non-destructively compared to ICPMS. It is considered

as a 3-dimensional spectroscopic technique where alternative nuclides, alternate

gamma rays, various decay lines, and multiple counting can be used to eliminate

interferences and enhance analytical parameters.

2.3.2 Theory of NAA

Consider a sample with Nt number of target nuclei is exposed to neutrons

of flux φ. The neutron capture cross section of the target element is given by σ.

The rate at which the nuclei in the sample get activated is given by

[
dNp

dt

]
= Ntσφ− λNp (2.10)

Where Np is the number of product nuclei formed and λ is the decay constant of

the product nucleus. Consider that the sample was irradiated for a duration t1.

During this time, the process of simultaneous excitation and decay occur until

the activity reaches saturation. After time t1 the induced activity will be

A = Ntσφ(1− exp(−λt1)) (2.11)

Here S = 1− exp(−λt1) is called the saturation correction factor. Let t2 and t3

be the cooling and counting times respectively. Considering the decay of nuclei

during the cooling period

A = (Ntσφ){1− exp(−λt1)}{exp(−λt2)} (2.12)
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where D = exp(−λt2) is called the decay correction

A = (NAθ
m

M
σφ){1− exp(−λt1)}{exp(−λt2)} (2.13)

where NA is the Avogado number, θ is the abundance of the isotope of interest,

m is the mass of the element and M is the atomic mass of the element. The count

rate (cps) acquired by a detector of efficiency ε under a photo peak is given by,

cps = (NAθ
m

M
σφεγ){1− exp(−λt1)}{exp(−λt2)}{1− exp(−λt3)}

λt3
(2.14)

where γ is the branching ratio of the γ ray. Then, the quantity of the element

in the target sample can be obtained using the equation,

m =
cpsXM

(NAθσφεγ){1− exp(−λt1)}{exp(−λt2)}{1−exp(−λt3)}
λt3

(2.15)

where, cps represents the counts per second, M is the atomic mass, NA is the

Avogadro number, θ is the abundance , σ is the neutron capture cross-section,

φ is the incident thermal neutron flux, ε geometry dependent efficiency of the

detector for the given gamma-ray energy, γ is the branching ratio of the particular

gamma-ray, λ is the decay constant of the particular residual nucleus, t1, t2 and

t3 are the irradiation time, the cooling time and the counting times respectively.

2.3.3 Different methodologies in NAA

Depending on whether sample analysis is carried out with or without

chemical separation, the NAA is classified into different types. If elements of

interest can be determined without any chemical treatment, the process is called

instrumental neutron activation (INAA). The advantage of this method is its

non-destructive nature, minimal sample handling, multi-element capability, and

no reagent-blank correction. When the concentration of elements of interest is

below the detection limit of INAA, pre-or post-chemical separation is needed. In

pre-concentration NAA (PNAA), the element of interest is separated before the
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irradiation whereas in Radioisotopic NAA (RNAA), the radioisotope of interest

is separated post-irradiation. Derivative NAA (DNAA) is used when the ele-

ments of interest are poorly determined by conventional NAA or does not have

any characteristic gamma line, the elements are chemically complexed with an

element that is amenable to NAA. When a radioisotope is short-lived, the cycle

of cooling is repeated several times and the cumulative activities improve the

signal to background ratio and discriminate long lived interfering nuclei. This is

called cumulative instrumental neutron activation (CINAA) and is carried out

using automated equipment that can control short irradiation, quick transfer of

sample, and short counting of the sample. For an improved signal to back ground

ratio and detection limit, the process can be repeated several times.

The simplest of these which can be non-destructively used with sim-

pler sample preparation procedures is INAA. As the neutron energy distributions

are quite broad and consist of three principal components thermal, epi-thermal,

and fast, INAA can be divided into three types accordingly. The thermal neu-

tron component consists of low-energy neutrons (0.025 eV- 0.55 eV) in thermal

equilibrium with atoms in the reactor’s moderator. In irradiation positions of

most of the reactors, 90-95% of the neutrons that bombard a sample are thermal

neutrons (energy of the order of 0.025 eV). In general, a one-megawatt reactor

has a peak thermal neutron flux of approximately 1013 ncm−2 s−1. If the energy

of neutron spans from 0.2 to 500 keV it is epithermal NAA (ENAA). In ENAA,

the total activity due to Na, K, Mn, Cl, Al, Br and La are suppressed. Nuclides

of elements with high resonance integral to thermal neutron capture cross-section

ratio, Q0〉10 such as Ag, As, Ba, Br, Cd, Cs, Ga, Gd, In, Mo, Ni, Pd, Pt, Rb, Sb,

Se, Sm, Ta, Sr, and W can be detected effectively with this method. Here the

samples are kept in thick boron or cadmium box and irradiated. Cd/B absorbs

thermal neutrons and filter out the high energy neutrons. The detection limit

is higher than the thermal neutron activation. FNAA can determine the con-

centration of O, N, F, Mg, Si, and P which are otherwise difficult with TNAA.

The fast neutron component of the neutron spectrum (energies above 0.5 MeV)
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consists of the primary fission yielding neutrons which still have much of their

original energy following fission. In a typical reactor irradiation position, about

5% of the total flux consists of fast neutrons. NAA technique that employs nu-

clear reactions induced by fast neutrons is called fast neutron activation analyses

(FNAA). The (n, γ) reactions of thermal neutrons and the (n, xγ) reaction of

fast neutrons are quite complementary to each other.

2.3.4 Standardization methods in NAA

There are different standardization methods adopted for the determina-

tion of elemental concentrations in NAA. In the absolute method of standardiza-

tion, the mass of analyte element is directly determined using nuclear reaction-

based data. Details of this method are discussed in section 2.3. The expression

of mass of the element m in the sample can be obtained by equations 2.15. This

method is not commonly practiced, as the determination of absolute values of σ

and φ is difficult. Both parameters vary significantly with neutron energy. More-

over, the uncertainties associated with the absolute value of epi-thermal (n,γ)

cross-sections, θ, and M contribute to the final result. Hence relative methodol-

ogy is commonly used in NAA.

In this method an elemental standard is co-irradiated with the sample

and the activities from both the sample and the standard are measured in iden-

tical conditions with respect to the detector. This method is simple as it does

not need nuclear and reactor-based input parameters. The number of particles

of element x in the target sample, denoted by Nt,(x,s) is given by the equation,

Nt,(x,s) =

A(x,s)λ

[
exp(λt2)

]
(x,s)

σφθεK

[
1− exp(−λt1)

]
(x,s)

[
1− exp(−λt3)

]
(x,s)

(2.16)

where,

Nt,(x,s) is the number of the target isotope per unit area of the irradiated sample,
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S=

[
1− exp(−λt1)

]
(x,s)

represents the saturation correction of the sample,

D=

[
exp(−λt2)

]
(x,s)

represents the decay correction of the sample,

C=

[
1−exp(−λt3)

]
(x,s)

λt3
represents the counting correction of the sample,

The number of target particles in the referecnce sample Nt,(x,s) is given by

Nt,(x,r) =

A(x,r)λ

[
exp(λt2)

]
(x,r)

σφθεK

[
1− exp(−λt1)

]
(x,r)

[
1− exp(−λt3)

]
(x,r)

(2.17)

Here the term (x,r) represents the values for the same quantities for element x

in the reference sample.

Taking the ratios of the two equation, we get the expression to determine the

number of particles in the unknown sample as,

Nt,(x,s) = Nt,(x,r)

A(x,s)

[
exp(λt2)

]
(x,s)

[
1− exp(−λt1)

]
(x,r)

[
1− exp(−λt3)

]
(x,r)

A(x,r)

[
exp(λt2)

]
(x,r)

[
1− exp(−λt1)

]
(x,s)

[
1− exp(−λt3)

]
(x,s)

(2.18)

Single comparator or k0 method

k0 NAA involves the simultaneous irradiation of sample and neutron flux

monitor and use of composite nuclear constant k0 . Generally, Au is used as

the flux monitor. It obviates the preparation of standards for each element.

Prior knowledge of constituents in the sample is not needed. It includes the

counts under a peak (CPS), sub cadmium to epi-thermal neutron ratio (f)m,

epi-thermal neutron flux shape (α), absolute/relative efficiency of the detector,

and two nuclear constants k0 and Q0. (f)m and α depends on the irradiation

facility.
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k0 is defined as,

k0 =
M ′Θσ0θ

MΘ′σ′0θ
′ (2.19)

M and M’ are the atomic weights of the elements and monitor, Θ is the

isotopic abundance of the target nucleus, σ0 is the thermal neutron activation

cross section for the (n,γ) reaction, θ is the branching ratio of the gamma energy,

Here the primed quantities refer to the comparator sample. k0 method is based

on the Hogdahl convention [22] and the expression for the k0 is given by

k0 =

Np
t

SDCW
Np
t

SDCw

1

k0

(f +Q0(α)′ε′

(f +Q0(α)ε
(2.20)

Here w and W are the mass of the comparator and mass of the sample and t is

the live time of counting.

Q0(α) =
Q0 − 0.429

Eα
γ

+
0.429

(2α + 1)Eα
Cd

(2.21)

k0 factor is available in literature [23]. The final expression of the concentra-

tion of element i with respect to the mono-standard is given by,

mi

m′i
=

[SDC(f +Q0(α))]′i
[SDC(f +Q0(α))]i

PAi

PAi′
εγ
εγi

(k0,Au(i)
′)

(k0,Au(i))
(2.22)

The relative concentration is converted into absolute concentration by using

the mass of the mono-standard.

2.3.5 Advantages and Limitations

NAA is very well suited for the detection of trace elements in diverse

sample types with high sensitivity. This method possesses inherent accuracy as

the elemental concentration obtained can be verified by using multiple gamma

rays of the same element. The detection of more than one isotope for the same

element also improves the reliability of the method. As the gamma rays from the
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excited nuclei are detected, the uncertainty due to matrix effects will be minimal.

Moreover, the use of the relative method gives better results by making the results

independent of variations in neutron flux. Irrespective of the various advantages

of NAA, there are some limitations. Neutron flux of the order of 1013 ncm−2s−1

is needed to get better sensitivity which requires reactor facilities. Neutron self-

shielding at resonance energies reduce the neutron flux due to absorption and

scattering. Gamma-ray spectral interferences and self-attenuation in the sample

material, also influence the quality of the results. The time required to conduct

analysis is also significantly high. This limits the application of NAA at industrial

and commercial levels.

2.4 Photon Activation Analysis (PAA)

2.4.1 Introduction

A photo-nuclear reaction is characterized by giant dipole resonance. When

the wavelength of the photon becomes similar to the diameter of the nucleus, the

photon can be absorbed by the target through electric dipole resonance and there

occurs a collective oscillation of all the protons against all neutrons. Photons

produced by Bremsstrahlung is preferably used for activation in photon activa-

tion analysis. With elements of high atomic number (W, Pb) as bremsstrahlung

converter, photon flux can be efficiently generated with the help of high energy

electronic accelerators. When a high energy electron interacts with matter, en-

ergy is lost as radiation whose magnitude is proportional to Z2. Elements with

higher atomic numbers like W, Pb, etc. produce efficient bremsstrahlung suit-

able for photon activation. The pioneering work in the field of photonuclear

reactions is credited to Chadwick and Goldhaber [24]. They used 2.62 MeV γ

rays from 208Tl as excitation source for photo-disintegration of deuterons. Later

microtrons, synchrotrons and betatrons were used to induce photonuclear reac-

tions.

High energy bremsstrahlung photons from electronic accelerators used

for radiation therapy can induce photo-nuclear reactions. (γ, γ′), (γ, n), (γ, p)
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and (γ, α) are found to be the prominent nuclear reactions possible in this energy

range. Bremsstrahlung photons are produced when electrons are decelerated by

Coulomb repulsion. It is directed in the forward direction with a continuous

energy distribution with a maximum energy equal to the electron acceleration

energy. Bremsstrahlung photons interact with the nucleus and the cross sections

of these reactions are about hundred times larger than that of nuclear reactions

induced by electrons of same energy. These reactions produce radioisotopes

which emit γ radiation and act as signature of that element.

Photonuclear cross section depends on probability of photon absorp-

tion. At energies lower than a few MeV, inelastic(γ, γ′) reactions are possible,

but the cross-section integrals for these isomeric transition reactions are very

small. The cross-sections for (γ, n) reaction is sufficiently larger compared to the

direct process. The most suitable energy range for photon activation is 20 MeV

as it covers the giant resonance of most of the nuclides.
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Figure 2.5: Schematic diagram of Photon Activation
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Radio isotopes like 124 Sb were used as excitation source in the analysis

of samples like beryllium, deuterium, etc. But the photon flux is not sufficient

for practical application where the elements of interest are of ppm levels and the

cross-sections are low. Photon activation has several advantages compared to

neutron activation. Elements such as Be, C, N, O, F, Si, P, Ni, Tl, Pb and Bi

which are difficult to detect by NAA can be quantified with high detection power

in PAA [25]. Excessive matrix activity, inhomogeneous activation due to large

absorption cross-sections, etc. are significantly reduced in PAA. Moreover, the

uncertainty caused by self-shielding due to the resonance behaviour of neutron

spectrum at the epithermal region [26] is eliminated. Compared to NAA, the

penetration power is high for PAA. Photons penetrate deeper into the medium

and hence larger samples can be analyzed without destruction of the sample [27].

Moreover, the limited availability of NAA facilities, as it requires reactor set up in

order to impart high flux of neutrons of the order of 1013ncm−2s−1, poses a severe

constraint for NAA. Considering these aspects, a method of trace elemental

analysis of multi-elemental samples using medical LINAC (Linear Accelerator)

is a promising technique. Canel et al. (2016) and Chaoa et al. (2009) and

Stamatelatos (2016) et al. reported the application of medical LINAC for the

analysis of different sample types [28], [29], [30]. The growing demand for medical

LINACs for treatment purposes provides better accessibility to the photon source

for activation analysis. Application of PAA for the quantitative determination

of elemental composition of herbal samples is also an emerging area of research.

2.4.2 Theory of PAA

In PAA, the nuclides present in the target sample are made radioactive

through exposure to high energy photons. The nuclei undergo radiative decay

and emit characteristic gamma lines. The elemental concentration is calculated

from the reaction yield corresponding to the respective energies using the for-
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mula,

Cm =
mNAεθΘ

A

(1− exp−λt1)(1− exp−λt2) exp(−λt3)

λt2

∫ Emax

Eth

σ(E)φ(E)dE (2.23)

where m is the mass of the sample, NA is the Avogadro number, ε is the

energy-dependent efficiency of the detector, θ is the branching ratio, Θ is the

abundance of the natural isotope, A is the atomic mass of the target isotope,

σ is the spectrum averaged cross-section, φ is the normalized flux of photons, λ

is the decay constant of the particular isotope, t1 is the irradiation time, t2 is

the cooling time, and t3 is the counting time in seconds. For the monitor In,

the number of particles per unit area undergoing exposure is calculated from the

weight of the sample. The ratio method is used to find the number of particles

present in the sample belonging to each element. A schematic diagram of the

photon activation setup is shown in Fig. 2.5

2.5 Inductively Coupled Plasma Mass Spec-

troscopy (ICPMS)

2.5.1 Introduction

ICP-MS is a powerful analytical technique for the determination of trace

and ultra-trace elements in biological materials. It measures the mass-to-charge

ratio of ions, generated by a high-temperature argon plasma. ICPMS offers very

high sensitivity over a wide range of elements. This technique is highly expensive

but offers the best characteristics of all the atomic spectrometry methods in terms

of sensitivity, throughput, and multielement measurement. A schematic diagram

of the setup of ICPMS is shown in Fig. 2.6

2.5.2 Theory of ICPMS

The basic principle behind mass spectrometry is the transport of charged

particles in an electromagnetic field. When a charge of q moves in a crossed

electromagnetic field, Lorentz force, F comes in to play which deviates the path
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Figure 2.6: Schematic diagram of ICPMS spectrometer

of the ion, whose magnitude is given by,

F = qvB (2.24)

The ion follows a circular path whose radius is defined by the formula,

r =

√
2mV

qB2
(2.25)

For a given electromagnetic field, in case of singly charged ion species, the

radius of the trajectory depends only on m/q of the ion. Hence the number of

ions of each species in the plasma can be determined by using a suitable detector

and associated circuitry.

Microwave-assisted sample digestion method utilizing solvents like

HNO3, H2SO4, HCl and HF are used for efficient sample digestion [31]. The

liquid samples are first nebulized in the sample introduction system, creating a
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fine aerosol, that is subsequently transferred to the argon plasma. The high-

temperature plasma atomizes and ionizes the sample, generating ions of the

species. The ions transport is optimized by electrostatic quadrupole and Einzel

lenses and the stream of ions enter the mass analyzer. The mass analyzer sep-

arates ions according to their mass-charge ratio (m/q), and these ions are mea-

sured at the detector.

Most elements form singly charged positive ions; however, some el-

ements may also form a small fraction of double-charged ions. The degree to

which an element is ionized depends on the temperature of the plasma and the

ionization potential of the element. Fortunately, most elements have a first ion-

ization potential much lower than argon and are therefore efficiently ionized in

the plasma. Hence ICP-MS is suitable to measure nearly all elements in the

periodic table. The concentration of elements present in the sample can be de-

termined through calibration of the detector with certified reference materials

consisting of the elements of interest.

2.6 Other Techniques for Trace Elemental

Analysis

Atomic Absorption Spectrometry (AAS)

AAS uses the electronic absorption characteristic of an element. This

technique uses a wavelength of light specifically absorbed by an element. Atoms

absorb UV or visible light and make transitions to higher electronic states. The

energies correspond to the energy needed for electronic transition in the element.

The analyte concentration is determined from the amount of absorbed radiation.

Atoms of different elements absorb characteristic wavelengths of light. For deter-

mination of a particular element, that light which the element absorbs is made

to fall on the sample. The magnitude of absorbed radiation will be directly pro-

portional to the number of atoms in the sample. This method is very popular

as it is cheaper compared to other techniques but, there are many drawbacks
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to this method. The analysis of different elements is not simultaneous in AAS.

Moreover, AAS is a destructive method and is less sensitive compared to ion

beam techniques.

Rutherford Back Scattering Spectrometry (RBS)

It is based on the classical gold foil experiment of Rutherford [32]. RBS

involves the measurement of energy and yield of ions backscattered from the

atoms in a sample. In RBS, the projectiles elastically backscattered from nuclei

of sample atoms are recorded. The measured energy depends on the mass of the

target nucleus and thus on the isotope of the element and also on the depth of

the scattering event beneath the surface. RBS is generally performed with 2-2.5

MeV α particles.

Elastic Recoil Detection Analysis (ERDA)

ERDA is a useful multi-element technique suitable for depth profiling

of light elements. The basic principle governing ERDA is identical to RBS. It

involves the bombardment of the target with an ion beam and detection and

analysis of the recoils from the target in the forward direction. A particle filter

of suitable thickness is placed in front of the recoil detector to prevent the ion

beam scattered in the forward direction from being counted. Atoms of different

elements with different masses recoiled from the surface appear at different en-

ergies that depend on the stopping power of the target and the thickness of the

stopper foil.

Particle Induced Gamma Emission (PIGE)

PIGE involves the measurement of prompt γ rays emanating from a nu-

clear reaction induced by the incident ion beam of a few MeV protons from an

accelerator. This technique provides sensitive determination of low Z elements

such as B, Li, F, Na, Al, Mg, and Si. Hence it is complementary to PIXE.
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Chapter 3

Materials and Methods

Samples of Triphala Churna, Amalakyadi Churna, Chaturbhadrika

Churna, and Nishakatakadi Decoction are analyzed using different techniques

like XRF, PIXE, NAA, PAA, and ICPMS. Details of the samples and their

preparation are discussed in this chapter. The detailed description of the exper-

imental setup and measurement are also discussed in the following sections.

3.1 Sample Details

Herbal sample Phyllanthes emblica was selected for study as it is

widely used in many herbal preparations. Four simple herbal formulations

namely, Triphala Churna, Amalakyadi Churna, Chaturbhadrika Churna, and

Nishakatakadi Decoction are selected for the study. Three of the formulations

contain P.emblica as an essential ingredient[6], [7]. As per the Ayurvedic Phar-

macopoeia of India (API), Triphala Churna contains three herbs namely Phyl-

lanthes emblica, Terminalia chebula, Terminalia bellirica. Further, the addi-

tion of the herb Glycyrrhiza glabra is also referred to in the AFI. Amalakyadi

Churna contains four herbs Phyllanthes emblica, Terminalia bellirica, Plumbago

zeylanica, Piper longum, and a mineral ingredient. The non-herbal mineral in-

gredient of Amalakyadi Churna, the rock salt in crystal form is also used in the

study. The ingredients of Chaturbhadrika Churna contain four herbs namely

Aconitum heterophyllum, Pistacia integerrima, Piper longum, and Cyprus ro-
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tundus. Nishakatakadi is a liquid preparation prescribed in reference text Sa-

hasrayoga, one of the authentic documents based on which the API is being

compiled. It contains eight herbs namely Curcuma longa, Strychnos potatorum,

Aerva lanata, Symplocos racemosa, Chrysopogon zizanioides, Phyllanthus em-

blica, Salacia reticulata, Ixora coccinea. Details of herbs and Parts used are given

in Table 3.1. All the samples were collected from local markets in Malappuram

and Calicut district of Kerala. Commercial samples of Triphala Churna is pro-

cured from six different manufacturers and were coded as T1, T2, T3, T4, T5,

T6. Three different batches of T6 were collected and named T6a, T6b, T6c, and

kept in airtight containers. Commercial samples of Nishakatakadi from different

manufacturers were procured from dealers in Calicut and Malappuram districts

and coded as C1, C2, C3, C4, C5, C6, C7, and C8 out of which C1 to C6 were

in decoction form and C7 and C8 were in tablet form.

3.2 Certified Reference Samples

Certified reference samples are generally used as monitor and control sam-

ples. The calibration of the detector with the certified samples of a comparable

matrix in XRF helps to reduce matrix related uncertainties. The analysis of

certified reference samples is an important step to establish quality control of

analytical results. Analysis of reference samples serves as calibration data to

make the results independent of variations in beam flux and detector efficiency

provides an effective way to identify the extent of uncertainty by evaluating how

much the certified value deviated from the observed values. NIST apple leaf

(NIST1515), NISTpeach leaf (NIST1547), NIST tomato leaf (NIST1573a) IAEA

rye flour (IAEA-V-8), milk powder (IAEA153), hay powder (IAEA-V-10), ani-

mal blood (IAEA A-13) [1], [2], [3], [4], [5] procured for calibration and quality

checking of the obtained results. In photon activation analysis, 99.7% In-115 was

used as a monitor sample.

44



Table 3.1: Details of herbs

Code name Botanical name Sanskrit /Common name Part used

Triphaladi churna

AA Phyllanthus emblica Amlaki/Amla Pericarp

AK Terminalia chebula Abhaya/Katukka Pericarp

TT Terminalia bellirica Bibhitaka/Thannikka Pericarp

TI Glycyrrhiza glabra Yashtimadhu/Irattimadhuram root

Nishakatakadi Decoction

H1 Curcuma longa Nisha /Manjal Root tuber

H2 Strychnos potatorum Kataka /Thettambaral Seed

H3 Aerva lanata Bhadrika /Cheroola Root

H4 Symplocos racemosa Lodhra/Pachotti Stem bark

H5 Chrysopogon zizanioides Useera /Ramacham Root

H6 Phyllanthus emblica Amalaka /Nellikka Pericarp

H7 Salacia reticulata Vairi /Ekanayaka Root

H8 Ixora coccinea Paranti / Kattuthechi Root

Amalakyadi Churna

AC Plumbago zeylanica Chitrak/Vellakoduveli Root

AA Phyllanthus emblica Amlaki/Amla Pericarp

AK Terminalia chebula Abhaya/Katukka Pericarp

AP Piper longum Pippali/Tippali Fruit

Chaturbhadrika Churna

CA Aconitum heterophyllum Athivisha/Athividayam Root tuber

CS Pistacia integerrima Sringi/Karkatashringi Leaf gall

AP Piper longum Pippali/Tippali Fruit

CM Cyperus rotundus Musta/Muthanga Root tuber
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3.3 Sample preparation

Sample preparation is an important step in trace elemental analysis to

provide good quality data. The raw samples are to be made in fine powder form

for analysis after removing the impurities. The samples were thoroughly washed

in double-distilled water and were dried at 600 for 24 hr. For fruit samples, seeds

were removed. The samples were oven-dried in a vacuum for 6 hours at1100C.

Freeze drying was also done for selected formulations and their ingredient herbs.

The dried samples were ground into fine powder by stainless steel grinder and

agate mortar and pestle. The samples were further passed through sieve no: 80.

The fine powder of the samples was kept in a desiccator till further analysis.

The sample for the compound formulation of Churna was prepared by taking

equal parts by weight of each sample followed by thorough mixing to maintain

homogeneity. The reference sample for Nishakatakadi decoction was prepared

by taking all herbs in equal proportion and extracting the water-soluble part of

the herbs as per the reference text. The residue remaining was filtered out and

the decoction was freeze-dried to remove the water content and kept in dissector

till further analysis.

3.4 Analysis Using XRF

3.4.1 Sample preparation for XRF

The samples for XRF analysis have been prepared by taking, 400 mg of each

herb, and subsequently pressing into pellets of 20mm diameter and 1mm thick-

ness using a manual hydraulic press. A pressure of 10 tons was applied for all

the samples. Binder material was required since the pellets obtained were hard

and self-sustaining. Three to ten replicate pellets were prepared for each sam-

ple. Pellets of NIST and IAEA standard reference samples were also prepared

following the same procedure for the purpose of calibration. For PIXE analy-

sis, 140 mg of sample was mixed with 60 mg 99.9999 % graphite powder. The

role of graphite powder is to give mechanical strength to the pellet by acting as
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Figure 3.1: XRF Calibration plots for pressed pellets

a binder, improve conductivity, and to reduce the bremsstrahlung background.

The samples were made into pellets of 13 mm in diameter and 1 mm thickness

by applying a pressure of 8 ton in a hydraulic press. Pellets of each herb samples

and the compound formulation has been made for irradiation. The sample for

the compound formulation was prepared by taking equal parts by weight of each

herb followed by thorough mixing for ensuring homogeneity as prescribed in the

reference texts. The decoctions were freeze-dried and ground into fine powder

and pelletized in the same manner as described above.

3.4.2 Calibration of XRF spectrometer

In the present study, XRF measurements were performed using Spec-

tro XEPOS ED XRF spectrometer, at Central Sophisticated Instrumentation

Facility (CSIF) at the University of Calicut. The spectrometer uses polarized

X-rays for atomic excitation with a 50-Watt Pd end-window X-ray tube. The

Bremsstrahlung target consists of Rh and a Co/Pd binary alloy. It produces
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maximum energy of 50 keV which irradiates the sample. The Incident beam is

a combination of polarized and direct beam. The polarized beam is produced

from a crystal of highly annealed pyrolytic graphite, which helps to reduce the

noise signal. A Peltier cooled Silicon Drift Detector (SDD) of active area 20 mm2

and resolution less than 130 eV for MnKα is used to acquire the x-ray photons

produced from each element of the sample. Counts are converted into elemental

concentrations by Turbo Quant II software. The energy and efficiency calibration

of the spectrometer was performed using six reference standards namely, apple

leaf (NIST1515), peach leaf (NIST1547), rye flour (IAEA-V-8), milk powder

(IAEA153), hay powder (IAEA-V-10), animal blood (IAEA A-13).

To calibrate the XRF spectrometer for detection efficiency and the x-

ray energies, NIST-IAEA samples were analyzed. As a representative case, the

measured data and the certified data along with percentage error for NIST 1515

and NIST1547 has been shown in Table 3.2. The uncertainty reported in the

measured data is the sum of errors due to statistics of counting and the standard

deviation of the repeated measurements. Calibration curves were plotted, and

the plots for Mg, K, Zn, and Rb were shown in Fig. 3.1. The figures showed

good linearity with r> 0.994. The variation in the efficiency of the detector with

energy has been plotted for NIST 1515 and shown in Fig. 3.2.
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Figure 3.3: XRF spectra of (a) P. emblica, (b) T. bellerica,
(c) T. chebula and (d) Triphala churna

3.4.3 XRF analysis of Triphala Churna

XRF measurement was performed for pellets of individual herbs in

Triphala Churna and the combination formulation, prepared as per API (REF).

Typical XRF spectra observed for the samples P. emblica, T. bellerica, and T.

chebula are shown in Fig. 3.3 a-c. The fluorescence spectra of the compound

formulation prepared is shown in Fig. 3.3 d. Distinct peaks corresponding to

energies of Kα lines of X-ray were used to identify all the elements except Ba and

Pb. Lα line at 4.47 keV confirmed the presence of Ba. The broad peaks around

20 keV correspond to the contribution of Rayleigh and Compton scattering from

anode material of the X-ray tube.

3.4.4 XRF analysis of Nishakatakadi decoction

The XRF spectra of individual herbs in Nishakatakadi decoction are

shown in Fig. 3.4 and Fig. 3.5 and the K lines of X-rays are marked in the spec-
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Figure 3.4: XRF spectra of (a) C. longa, (b) S. potatorum,
(c) A. lanata, and (d) S. racemosa

trum. The spectra corresponding to the prepared reference sample, REF1, and

REF2 are shown in Fig. 3.6. The spectra of commercial samples of Nishakatakadi

using XRF are shown Fig. 3.7 and Fig. 3.8

3.4.5 XRF analysis of Amalakyadi Churna

The Fig. 3.9 bottom shows the XRF spectra of the compound formulation

Amalakyadi churna, and the K lines of X-rays are marked in the spectrum.

3.4.6 XRF analysis of Balachaturbhadrika Churna

The Fig. 3.9 top shows the XRF spectra of Balachaturbhadrika

Churna.and the K lines of X-rays are marked in the spectrum.
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Figure 3.5: XRF spectra of (e) S. reticulata, (f) P. emblica,
(g) C. zizanioides and (h) I. coccinea
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Figure 3.6: XRF spectra of Nishakatakadi-Powder and Decoction

53



2 4 6 8 10 12 14
10

100

1000

10000

100000

A
l-K

V
-K

C
u-

K

S-
K

C1
C

ou
nt

s (
#) C

l-K
K

-K
C

a-
K

C
a-

K
Ti

-K

M
n-

K
Fe

-K
Fe

-K

Zn
-K

Br
-K

R
b-

K

Sr
-K

2 4 6 8 10 12 14
10

100

1000

10000

100000

C4

C2

C
ou

nt
s (

#)

A
l-K S-

K
C

l-K
K

-K
C

a-
K

C
a-

K

M
n-

K
Fe

-K
Fe

-K

C
u-

K
Zn

-K

Br
-K R

b-
K

Sr
-K

2 4 6 8 10 12 14
10

100

1000

10000

100000

Zn
-K

V
-K

P-
K

Si
-K

 

 

C3

C
ou

nt
s (

#)

X-ray energy (keV)

X-ray energy (keV)X-ray energy (keV)

A
l-K

S-
K

C
l-K

K
-K

C
a-

K
C

a-
K

Ti
-K

M
n-

K
Fe

-K
Fe

-K

C
u-

K
Zn

-K

Br
-K

R
b-

K

Sr
-K

2 4 6 8 10 12 14
10

100

1000

10000

100000

V
-K

 

 

C
ou

nt
s (

#)

X-ray energy (keV)

A
l-K S-

K
C

l-K
K

-K
C

a-
K

C
a-

K
Ti

-K

M
n-

K
Fe

-K
Fe

-K

C
u-

K
Zn

-K

Br
-K

R
b-

K

Sr
-K

Figure 3.7: XRF spectra of commercial samples of Nishakatakadi decoction C1-C4
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Figure 3.8: XRF spectra of commercial samples of Nishakatakadi decoction C5-C8
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Figure 3.9: XRF spectra of Amalakyadi Churna and Balachaturbhadrika Churna

3.5 PIXE

3.5.1 Sample preparation for PIXE

Pellets for PIXE analysis were prepared by using the powdered samples and

graphite powder. 160 mg of powder sample is mixed with 40 mg of 99.999%

graphite powder using mortar and pestle, and pressed into pellets of 13 mm

diameter, by applying a pressure of 8-10 ton in a manual hydraulic press. The

role of graphite powder is to give mechanical strength to the pellet by acting as a

binder, to improve conductivity, and to reduce the bremsstrahlung background.

Pellets of each herb samples, the compound formulation prepared as a reference,

and the commercial samples of the formulation have been made for irradiation.

The freeze-dried decoctions were also ground into a fine powder and pelletized

in the same manner as described above.

PIXE measurements were done at the tandem pelletron accelerator
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in the Ion Beam Laboratory of Institute of Physics, Bhubaneswar, India. This

facility consists of a 3MV tandem pelletron accelerator (National Electrostatic

Corporation, USA, model 9SDH-2) with six beamlines. The ion source includes

an Alphatross source and a SNICSs source. A schematic diagram of the setup is

given in Fig. 3.10.

The proton beam used in this experiment were produced by the SNICS

(Source of Negative ion by Caesium Ion Sputtering) source with TiH2 as cath-

ode material to produce protons. In the SNICS source, Cs atoms were ionized

to forms Cs+ ions and were accelerated to the cathode tip. The Cs ions sput-

tered the cathode material and the sputtered hydrogen atoms were ionized and

accelerated through an aperture to the pre-acceleration section. The selection

of the desired ion species was done by the injector magnet. Einzel lenses and

magnetic steerers collimate the beam and lead it to the accelerator. The negative

ions on entering the accelerator get accelerated towards the positive terminal at

the center of the accelerator tube. The terminal can hold a maximum voltage

of 3MV. Two nylon chains containing steel pellets on each link delivers charge

to the terminal. Electrons are stripped off the beam by introducing nitrogen

gas at the mid terminal. The collision of a negative beam with the nitrogen gas

results in neutral as well as single and multiple positive charged ions. The ac-

celerated beam at the positive terminal sees the ground potential at the far end

of the accelerator and gets further accelerated. The whole accelerating column

is insulated by SF6 gas at 65-70 psi pressure. A switching magnet steers the

desired charged species to the respective beamlines. Magnetic quadrupole lens

and steering magnets focus the beam into the target chamber. The energy of the

proton beam at the target is a function of the voltages at the pre-acceleration

stage, the terminal voltage of the accelerator, and the charge of the ion selected

by the switching magnet. 2 mm proton beam, with a beam current of 20-30

nA was used in the experiment. A fully automated system controls the beam

production and transport to the target which simplified the tuning procedures

Proton beam of approximately 3 MeV with a beam diameter of 2-3
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Figure 3.10: PIXE beam line

Figure 3.11: PIXE scattering chamber

mm falls on the target kept in the octagonal-shaped scattering chamber of 20

inch diameter and 15 inch height. A schematic diagram of the scattering chamber
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is given in Fig. 3.11. To detect X-rays, a Si-Li detector is placed close enough

to the target to provide a large solid angle. A viewing window facilitates visual

indication of beam position and size of the beam spot on the target. The target

was placed at an angle 450 to the beam direction and the X-ray detector was

placed at an angle 450 to the target position. The chamber was maintained at a

pressure of 106 torr) during the measurements using rotary and diffusion pumps.

Since the thick target samples are electrically conductive, the charge integrator

was coupled directly to the target holder to monitor the beam current. The

samples were loaded on an octagonal shaped aluminium target ladder which

can hold 48 samples at a time. This avoids the need for frequent opening and

re-evacuation of the scattering chamber. The target holder was mounted on a

sample manipulator attached through the top port of the chamber. The position

of the beam on the target could be changed manually from outside without

breaking the vacuum by rotating the sample manipulator in the desired direction.

The characteristic X-ray spectra were recorded using 30 mm2 Can-

berra Si-Li detector with 8 µm thick Be window and energy resolution 165 eV

FWHM at 5.9 keV, coupled to FAST COMPTEC model multichannel analyzer.

Three aluminium windows of 25 µm thickness were used as X-ray absorbers in

the detector to reduce background. For each sample, the total charge collected

and the average beam current were noted. The acquired spectra were analyzed

using GUPIX software package [8]. GUPIX is an interactive software that uti-

lizes the most updated databases for cross-sections, stopping powers, attenuation

coefficients. Here, the elemental concentrations have been extracted from peak

intensities via standardization technique involving fundamental parameters, pre-

determined instrument constants, and input parameters such as solid angle and

charge collected. This avoids the need for an internal standard for the samples

for determining absolute concentrations. The energy-dependent efficiency of the

detector was determined using the X-rays from a standard source of Am-241.
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Figure 3.12: PIXE spectrum of reference sample of Triphaladi Churna

3.5.2 PIXE analysis of Triphaladi Churna

For PIXE analysis, individual samples in Triphaladi Churna and the

prepared reference sample were irradiated with the proton beam at IOP

Bhubaneswar. The spectra of the samples were obtained and plotted in Fig.

3.12. The spectrum obtained in the PIXE experiment is the sum of contribu-

tions of different elements in the target irradiated. It consists of K X-rays from

light elements, K and L X-rays from medium Z elements, and L X-rays from

high Z elements. The Gaussian peaks are superimposed on a continuous back-

ground originating from secondary Bremstahlung and Compton scattering of γ

rays. To compute the intensities of each characteristic X-ray computer-assisted

programming approach is adopted. The PIXE spectrum shows that the peaks

corresponding to Fe-Kα and Fe-Kβ are the highest intensity peaks. The low en-

ergy peaks, for K and Ca are less intense and the background is more in this

region compared to the high energy side.
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Figure 3.13: PIXE spectrum of herbs in Nishakatakadi H1 to H4

3.5.3 PIXE analysis of Nishakatakadi decoction

Pellet samples of individual herbs in Nishakatakadi, reference samples, and

the commercial preparations were mounted on the sample ladder and irradiated

with proton beam at 1.478 MV terminal voltage. Typical PIXE spectrum for

individual herbs in Nishakatakadi irradiated with a proton beam from tandem

pelletron accelerator is shown in Fig. 3.13 and Fig. 3.14. The spectrum of

reference samples prepared is shown in Fig. 3.15. For all elements except Pb

and Ba, K lines of X-rays have been used and for Pb and Ba Lα lines have been

used. Trace elemental concentration of the individual herbs and the compound

formulation were tabulated.

3.5.4 PIXE analysis of Amalakyadi Churna

The PIXE spectrum of Amalakyadi Churna is given in Fig. 3.16 and the

peaks are marked. The PIXE spectrum of mineral ingredient, rock salt is given

in Fig. 3.17. The spectrum is significantly different from the herbal samples.
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Figure 3.14: PIXE spectrum of herbs in Nishakatakadi H5 to H8
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Figure 3.15: PIXE spectrum of reference sample of Nishakatakadi
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Figure 3.16: PIXE spectrum of herbs in Amalakyadi churna

Peaks corresponding to trace elements like K, Ca are absent in this spectrum.

3.6 NAA

3.6.1 Sample preparation for NAA

Samples for NAA were prepared by packing, samples, standard and blank

together and keeping in polypropylene rabbits. Samples of known quantities

were taken in polythene cover, tightly folded and made compact, further sealed

in another polythene bag to avoid any spillage of sample. Samples of the certified

reference standard, NIST 1515 apple leaf or NIST Tomato leaf was also packed

in the same manner as described above. Sample blanks were prepared in the

same manner without the sample for blank correction. The samples, standard,

and blank have been inserted in the polypropylene rabbits and kept for neutron

irradiation.

NAA has been done at the KAMINI ( Kalpakkam Mini ) reactor at
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Figure 3.17: PIXE spectrum rock salt

Indira Gandhi Centre for Atomic Research (IGCAR) Kalpakkam. KAMINI is a

30 kW tank-type research reactor in which the fuel, 233U is situated in a pool of

light water. A 20 % 233U with Al clad constitutes the core of the reactor which

is cooled by natural convection. Zircalloy canned BeO reflector is arranged on

all sides of the reactor core to minimize fuel and improve neutron economy.

For reactor power control and shut down, two control rods made of cadmium

sandwiched in aluminium is used. A gravity drop mechanism is employed for

rapid shut down of the reactor. A pneumatically operated fast sample transfer

system is provided for shooting and retrieving the samples. The samples are

put in polypropylene rabbits of 20 mm diameter and 30 mm height and shot to

reach the irradiation location adjacent to the core reflector boundary. Thermal

neutrons flux of 1012ncm−2s−1 m−2 is available at the PFTS position.

The samples packed in the rabbits were irradiated at the PFTS po-

sition of the reactor at 20 KW power for 5 hrs for long half-life elements and

5 minutes for short half-life elements. The short irradiated sample was counted
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Figure 3.18: Schematic diagram of gamma spectroscopy setup

immediately to get short-lived nuclei. The long irradiated samples were kept

overnight in the fume hood to reduce the activity to acceptable levels. The ac-

tivities induced in the samples, standard and blank were analyzed by detecting

the gamma rays using a coaxial HPGe detector of 30 % efficiency by keeping

the sample at a fixed distance from the detector. A schematic diagram of the

gamma spectroscopy setup is shown in Fig. 3.18. Counting times were opti-

mized depending on the half-lives of the expected elements. The detector was

pre-calibrated using standard 152Eu source and gamma spectrum is given in Fig.

3.19 the energy-dependent efficiency is plotted in Fig. 3.20. The efficiency of the

detector is shown in Table 3.3. The counting and cooling times were optimized

depending on the half-life of each element. The details of the identified elements

are shown in Table 3.4. Here the relative method is used for determination

elemental concentration in the herbal samples.
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Figure 3.19: The gamma spectrum of 152Eu source

Figure 3.20: The energy dependent efficiency plot of HPGe detector using 152Eu source
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Figure 3.21: NAA spectrum of Triphaladi Churna

3.6.2 NAA of Triphaladi Churna

The typical gamma spectrum of Tripahladi Churna by thermal neutron

activation is shown in Fig. 3.21. Twelve elements, viz., Br, Fe, Rb, Na, Zn, Co,

K, La, Mn, W, Sm and Cl were identified by NAA in different herbs and the

corresponding peaks are marked.

Table 3.3: The energy dependent efficiency of HPGe detector using 152Eu source

Energy (keV) Counts/ second Efficiency

121.78 10.35 0.827±0.03
244.67 1.93 0.586±0.04
344.30 5.28 0.453±0.02
778.90 1.27 0.223±0.02
1112.07 1.00 0.167 ±0.02
1408.08 1.25 0.137±0.01
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Table 3.4: Details of the identified nuclides

Element Reaction t 1
2

Abundance σ(n, γ) Eγ Iγ

(s) (%) (mb) (keV) (%)

Na 23Na(n,γ) 24Na 5.39*105 100 0.525 1368.6 99.99
0.525 2754 99.86

Cl 37Cl(n,γ)38Cl 2.24*103 24.24 0.433 2167 44
0.433 1643 33

K 39K(n,γ)40K 3.9*1016 93.26 38 1460 10.66
K 41K(n,γ)42K 4.45*104 6.7 1.46 1524 18
Ca 46Ca(n,γ)47Ca 3.91*105 0.004 0.74 1297 67

0.74 489 5.9
Mn 46Mn(n,γ) 56 Mn 9.23*103 100 13.36 846.8 98.9

1810.7 26.9
Fe 58Fe(n,γ)59Fe 3.8*106 0.28 1.32 1099 56.5
Co 59Co(n,γ)60Co 1.67*108 100 37.18 1332.5 99.98
Rb 85Rb(n,γ)86Rb 1.6*106 72.17 0.49 1077 8.64
Ni 64Ni(n,γ)65Ni 9.07*103 0.92 1640 1481.84 23.59
Cu 63Cu(n,γ)64Cu 4.57*104 69.15 500 1345.77 0.48
Zn 64Zn(n,γ)65Zn 2.1*107 49.2 0.73 1115 50.04

68Zn(n,γ)69mZn 4.95*104 18.45 1.07 438 94.85
Br 81Br(n,γ)82Br 1.2*105 49.31 2360 776.52 83.6

554 71.7
Ba 138Ba(n,γ)138Ba 9.9*105 71.69 4040 123.8 89.9
La 139La(n,γ)140La 1.45*105 99.9 9.2 329 20.3

487 45.5
816 23.28
1596 95.4

Eu 153Eu(n,γ)154Eu 2.7 *108 52.19 312 123 40.4
1274 34.8
723 20.06

W 186W(n,γ)187W 8.64*104 28.43 38.1 618.4 7.6
479.53 26.6
685.8 33.2

Sm 152Sm(n,γ)153Sm 1.67*105 26.75 206 103.18 29.25
Au 197Au(n,γ)198Au 2.32*105 100 98.65 411.8 95.6
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3.6.3 NAA of Nishakatakadi decoction

The typical gamma spectrum of S.potatorum and P.emblica under thermal

neutron activation is shown in Fig. 3.22, and 3.23. Twelve elements, viz., Br, Fe,

Rb, Na, Zn, Co, K, La, Mn, W, Sm and Cl were identified by NAA in different

herbs and the corresponding peaks were marked in the spectrum. Activity of Na

is very high due to its high thermal neutron cross sections which is evident from

the sharp peak at 1369 keV. This highly increases the dead time of the detector.

Once the activity of Na is subsided, the spectra are acquired with dead times less

than 3%. Gamma spectrum of Nishakatakadi decoction under thermal neutron

activation is shown in Fig. 3.24

3.7 Photon Activation Analysis Using Medical

LINAC

3.7.1 Sample preparation for PAA

The sample for photon activation was by pressing 15 g of the dried sample

using a hydraulic press with a pressure of 9 tons. A compact cylindrical pellet

of 20 mm diameter and 50 mm thickness was obtained. The sample was covered

with Al foil to avoid any spillage. 115In foil of known weight was used for

monitoring the photon flux.

The photon activation analysis has been done using a medical linear

accelerator (LINAC). A 20 MeV electron beam with a beam current of 35µA

from Varian CLINAC-iX, medical LINAC, falling on a thick Pb target produces

the high-intensity bremsstrahlung photons with endpoint energy of 20 MeV.

The sample was attached to the bottom of the Pb bremsstrahlung target, along

with the flux monitor to get the maximum bremsstrahlung flux. Irradiation was

done for 20 minutes with this configuration for achieving a measurable level of

induced activity. Gamma spectrum from the irradiated samples was acquired

using Kromeck-CZT (Cadmium Zinc Telluride semiconductor detector) gamma
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Figure 3.22: Gamma spectrum of S. potatorum under thermal neutron irradiation

spectrometer, having a crystal size of 1cm x 1cm x 1cm and resolution of 32

keV at 661 keV. Counting was performed for different intervals after sufficient

cooling, to get good statistics for both short and long-lived nuclides. Separate

counting of the monitor was done, to minimize the random coincidence effects.

The energy and efficiency calibration of the CZT detector was done using stan-

dard calibration sources of known activity viz. 22Na, 137Cs, 133Ba and 60Co and

the details are given in Table 3.5.

The gamma spectra of standard sources were shown in Fig. 3.25. The

energy-dependent efficiency was calculated and the plot was shown in Fig. 3.26.
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Table 3.5: Details of the Standard Sources

Source Source Strength(Bq) Half Life(s) Total Activity(A)
133Ba 118400 3.32*108 40249
60Co 148000 9.48*108 101367
22Na 74000 8.20*107 931
137Cs 118400 9.48*108 13678

Table 3.6: Calibration details of CZT detector

Line No. Gamma Line(keV) Iγ counts
133Ba 80.9979 0.329 30000

276.3989 0.0716 10992
302.8508 0.1834 19968
356.0129 0.6205 41993
383.8485 0.0894 7484

137Cs 661.657 0.851 260000
22Na 1274 0.9994 900
60Co 1173.228 0.9985 11000

1332.496 0.9998 7300
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Figure 3.23: Gamma spectrum of P. emblica under thermal neutron irradiation

The curve was fitted by the least square curve fitting with appropriate function

for the interpolation of efficiency. The TENDL-2017 recommended cross-sections

were used for the analysis, for both the sample as well as the monitor [33]. Half-

life, gamma energy, intensity, and abundance data were taken from the IAEA

chart of nuclides [34]. The details of the observed reaction channels, gamma

energies, half-life, efficiency, cross-section, decay constant, and Q values are given

in Table 3.7. Proper normalization has been done for energy averaged flux for

different isotopes having different Q values.
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Figure 3.24: Gamma spectrum of Nishakatakadi decoction under thermal neutron irradiation

3.7.2 Photon Activation Analysis of P. emblica

Compact cylindrical sample of the herb P.emblica has been irradiated

in Bremsstrahlung photons produced from 20 KV electronic accelerator. The

typical gamma spectrum of the irradiated sample is shown in Fig. 3.27. The

elemental identification was done from the centroid of the observed peaks. Ac-

cordingly, elements like Fe, Sr, Zn Mn, Cl, Br, and Rb were identified. For Rb,

two peaks were identified at energies 248 keV and 464 keV resulting from the

reaction 85Rb(γ, n)84mRb. The spectrum showed an intense peak at 511 keV also,

which can be attributed to pair annihilation. This is an indication of the pre-

dominance of C, N, and O in the sample matrix which produces (γ, n) reaction

products that are pure β+ emitters instead of nuclide specific gamma rays.
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Figure 3.27: Gamma spectrum of P. emblica under photon irradiation

Table 3.7: Details of the observed reaction channels

Reaction channel Q value Eγ (I%) Half-life Efficiency Abundance

(MeV) (keV) (s) (%)
54Fe(γ, n)53Fe 13.38 377.9 (42) 510.6 0.0151 5.845

86Sr(γ, n)85mSr 11.11 231 (83.9) 4.05*103 0.02738 9.86
64Zn(γ, n)63Zn 11.86 669.6 (8.2) 2.31*103 0.00665 49
85Rb(γ, n)84mRb 10.48 248 (63) 1.22*103 0.02257 72.17
55Mn(γ, n)54Mn 10.23 834.8 (100) 2.70*107 0.00479 100
35Cl(γ, n)34mCl 12.64 146.4 (38.3) 1.92*103 0.04415 75.76
81Br(γ, n)80Br 10.16 616.3 (6.7) 1.06*103 0.00746 49.31

3.8 ICPMS

3.8.1 Sample preparation for ICPMS

The wet digestion method was adopted in sample preparation for ICPMS.

The powdered sample was digested in a Milestone Ethos UP microwave digester.
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Supra pure HNO3 (Carlo Erba), ultra-pure H2O2 (Fisher Scientific) were used for

sample digestion. ICP multi-element standards from Sigma Aldrich were used

for the calibration of ICPMS. Pre-digestion was done at room temperature. For

this, 10 mg of the sample was taken in a digestion vessel and 7 ml of concentrated

HNO3 and 3 ml of H2O2 were added to it. After 30 minutes of pre-digestion,

the vessel was closed and kept inside the microwave digester at 483K. After

complete digestion, clear sample solutions were allowed to cool and then filtered

using Whatman 42 filter paper. The samples were transferred to a standard flask

and diluted to 50 ml with high purity milli-Q water. For elemental calibration,

standard stock solutions of As, Cd, Co, Cr, Cu, Hg, I, Mn, Ni, Pb, Pd, Ti, V, Zn,

and Zr were prepared from the ICPMS standards and the standard mix solution

was prepared from them. The mix solution was diluted to get six multi-element

standards of different concentrations used for instrument calibration. Diluent

2% HNO3 was taken as the blank solution.

The ICPMS analysis of the individual herbs was done for trace ele-

ments with Agilent 7800 mass spectrometer. The details of the instrument setup

are given in Table 3.8. The calibration curves for each element showed good lin-

earity over the entire range of concentrations, with an r value higher than 0.999.

The content calculation was done using the equation,

C =
(S −B)V

Wx1000
(3.1)

where C is the concentration in mgkg−1, S is the sample concentration, B is

sample blank concentration, V is the made-up volume and W is the weight of

the sample.

3.8.2 ICPMS analysis of Triphala churna

In ICPMS, a known quantity of samples of Triphala Churna and its con-

stituent herbs were digested into liquid form and diluted with Millipore water.

The samples are introduced through the nebulizer, to form a fine aerosol for

analysis.
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Table 3.8: Optimal operating conditions of ICP-MS

Instrument parameter Conditions Instrument parameter Conditions

RF Power 1500 V Extraction2 -165 V
RF matching 1.80 V Omega bias -80V
Sample depth 8.0mm Omega lens 7.3V
Nebulizer gas 1.10l/min Cell entrance -40 V

Nebulizer pump 0.10rps Cell exit -60 V
S/C temp 20C Deflect -1.2V

Nebulizer gas 1.10 l/min Plate bias -55V
Extraction 1 0 V He-gas flow rate 3.4 ml/min

3.8.3 ICPMS analysis of Nishakatakadi decoction

Analysis of constituent herbs in Nishakatakadi decoction was done using

ICPMS. A known quantity of the powdered sample, about 100 mg each, were

taken for digestion. The digested samples were diluted further and used for

analysis. All the eight constituent herbs of Nishakatakadi decoction were taken

for sample analysis by ICPMS.

3.8.4 ICPMS analysis of Amalakyadi Churna

ICPMS analysis was done for Amalakyadi Churna and its ingredient herbs.

As Amalakyadi Churna contains P. emblica and T. chebula as common ingredi-

ents as Triphala Churna, the result was taken for those samples.

3.8.5 ICPMS analysis of Balachaturbhadrika Churna

For samples analysis, the liquid samples of constituent herbs in Bal-

achaturbhadrika Churna are made into aerosol and fed through the inlet tube.

All the four herbs in Chaturbhadrika formulation were analyzed in this method.
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Chapter 4

Results and Discussion

Detailed analysis of the elemental profiles for the formulations of Triphal-

adi Churna, Nishakatakaadi decoction, Amalakyadi Churna, and Chaturbhadrika

Churna, along with the constituent herbs and selected commercial formula-

tions has been carried out using various techniques. Triphaladi Churna and

Nishakatakadi decoction have been done using XRF, PIXE, NAA, and ICPMS

where as Amalakyadi Churna and Chaturbhadrika Churna are done by XRF,

ICPMS and PIXE. As a sample case, the analysis of P. emblica has been done

by PAA.

4.1 Analysis of Triphala Churna

Analysis of Triphala Churna is done using XRF and PIXE, NAA and

ICPMS for the individual herbs, and the compound formulations. The concen-

tration of major and trace elements obtained from XRF are shown in Table 4.1.

All the concentrations in the tables are expressed in mgkg −1 units and uncer-

tainty reported in each result includes the statistical error and systematic error.

K and Ca were found to be the major elements in all the samples. The con-

centration of minor elements like Al, Cl, Mg, P, and S and trace elements like,

Cr, Cu, Br, Fe, Mn, Nb, Ni, Sr, Rb, Ti, Y, Zn, and Zr are also tabulated. It

was observed that, the elemental concentration of different herbs varies widely

with respect to each other. For example, P. emblica has a high contribution of
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Fe (289 ± 17 mgkg−1) whereas T. chebula has the least contribution (11.6 ±

0.2 mgkg−1). Mn has a contribution of 71 ± 2 mgkg−1 in P. emblica, 19.04 ±

0.7 mgkg−1 in T. bellirica and the least contribution of 2.6 ± 0.8 mgkg−1 in T.

chebula. Sr is present with the highest concentration of 44.6 ± 0.80 mgkg−1 in

P. emblica and with the lowest concentration of 0.9 ± 0.6 mgkg−1 in T. chebula

and so on. The relative quantity of each trace element will be the characteristic

representation of the herb.

Analysis of the elemental profile of Triphala Churna shows that a good

contribution of trace elements comes from P. emblica. Mn and Fe are the trace

elements with the highest contribution in P. emblica. Mn concentration varies

from 3 to 71 in different herbs contributing to the formulation. Concentration

of Zn varies between 8 to 15 mgkg−1. P. emblica contains only 4 mgkg−1 of Rb

whereas T. bellirica and T. chebula contain around 20-27 mgkg−1 of Rb. The

major contribution of Mn and Fe comes from P. emblica. The contribution of

Rb is less significant in P. emblica. Cu and Ni concentrations are of less than 5

mgkg−1 in all the samples.

To generate the characteristic elemental profile of the Triphala Churna,

data for the XRF analysis of the compound formulation, are prepared in equal

weight of the constituent herbs, as per the prescription of API. The obtained

elemental profile is compared with the sum of relative fractions of the respective

herb for each element and is also tabulated in Table 4.1.
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It can be seen that the variation in the concentration of any element is

less than the measurement uncertainties. This is strong support for the reliability

of the measurements. Hence it can be assumed that the elemental profile of

any compound herbal formulation can be prepared on the basis of its relative

herbal contribution from individual constituent herbs. The difference between

the deduced values and the measure values is less than 3 % for all elements

except Cu and Sr in Triphala Churna. This indicates that the pellets prepared

for analysis are more or less homogeneous. The elemental profile of Triphaladi

Churna and the herb, G. glabra are also tabulated in Table 4.1.

The elemental profiles of Triphaladi Churna obtained using PIXE is

tabulated in Table 4.2. The results or PIXE is comparable to XRF for most of

the elements. PIXE analysis of Triphala Churna was able to identify elements

like, Cr, Ni, and Ba, which were not obtained using XRF due to lesser sensitivity

of these elements at low concentrations. The concentration of Cr was found to

be the highest in T. bellirica. Fe, Mn, Zn were found to be the prominent trace

elements in P. emblica. Concentration of Rb was found to be the highest in T.

chebula and that of Br was the highest in T. bellirica. It was observed that the

concentrations of low Z elements like Ca and Fe were found to be underestimated

in PIXE. This may be due to the absorption of characteristic X-rays by the Al

filter at the detector. The concentration of Ba was found to be 89 ± 14.86

mgkg−1 in T. chebula. The presence of Cr was not detected in P. emblica.

Highest concentration of Cr was found in T. bellerica and lowest in T. chebula

. The presence of Cr was not detected in the prepared formulation of Triphala

Churna using PIXE.

The elemental profile of the samples obtained using NAA analysis is

given in Table 4.3. In addition to the common elements determined by XRF,

the concentration of elements like Co, La, Na, Sc, Sm and W were also quan-

tified in NAA. The concentration of Co, La, Sm, and W are below 1 mgkg−1.

Na detection was not possible by XRF whereas a significantly high counts are

obtained for Na in NAA. This is primarily due to the high thermal neutron cross
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section of Na. Na was found to be of highest concentration in G. glabra and the

lowest in P.emblica. Na concentration was found to be slightly overestimated in

the prepared formulation of Triphala Churna as observed from Table 4.3. The

elemental concentration of Triphala Churna using ICPMS are given in Table 4.4.

It was observed that, Ti and Mn were found in highest concentration in P. em-

blica. The presence of Cu and Ca was observed in T. bellirica only. Presence of

Co was detected only in P. emblica and T. bellerica where as presence of Zn was

observed in all the herbs with a highest concentration in T. chebula

Table 4.2: Elemental concentration of Triphaladi Churna in mgkg−1 using PIXE

Elements Herbs Formulations

P. emblica T. chebula T. bellirica G. glabra Triphaladi Triphala

Ba NA 89±14.86 NA NA NA NA

Br 4.1±0.12 6.4±0.69 11±0.83 NA 7.6±0.77 6.9±0.74

Ca 67.7±5.3 153±7.5 50.5±10.7 226±8 55.9 ±4.8 61.5±5.2

Cu 15.2±0.44 13.7±0.42 14.3±0.41 15.6±0.44 6±0.4 12.7±0.41

Fe 211±0.63 144±0.38 15±0.3 NA 116±0.34 107±0.32

Mn 60.8±2.4 23.8±2.67 6.3±1.0 18.1±3.2 28±3.2 10.9

Ni 6.6±0.35 6.2±0.40 6.4±0.36 4.6±0.37 4.5±0.35 4.7±0.35

Rb 3.8±1.2 32.5±1.77 26.7±1.6 NA 25.2±1.55 23.7±1.5

Sr 42.4±1.65 24.3±1.65 10.6±1.24 280.1±4.8 67.3±1.32 16.9±1.36

Zn 9±0.34 8.3±0.1 9.10±0.29 6.0±0.36 5.2±0.31 4.8±0.31

Cr NA 2.9±0.18 17.8±3.5 8.8 ±2.6 5.4±.0.25 NA

2

As ICPMS shows good sensitivity even at sub-ppm levels, the trace

elements like Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Br, Cd, Zr, As, Hg, Pb are quan-

tified using ICPMS. The results of ICPMS analysis for Triphala Churna and its

constituent herbs are shown in Table 4.4. Zr was detected in T. bellirica with a

concentration of 1.24 ± 0.04 mgkg−1. A significantly high concentration Sr was

2NA-Not Analyzed or Detected
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observed in G. glabra in the ICPMS and PIXE. This leads to a higher concen-

tration of Sr in Triphaladi formulation compared to Triphala formulation. The

ICPMS results also indicate that toxic heavy elements like Hg, Cd, Pb and As

are below the feasible limit of daily intake.

To evaluate the current status of the herbal formulations available in

the market, analysis has also been carried out for a set of commercially available

samples of Triphala Churna. In the present analysis, nine different samples of

Triphala Churna, out of which three were the samples of different batches of the

same manufacturer, have been analyzed using XRF. The data is shown in Table

4.5. It was observed that, the measured elemental profile of the prepared com-

pound formulation as obatined from and the deducted profile had a remarkable

similarity. Detailed analysis shows that the variation in elemental profiles with

respect to the reference prepared may be due the excess or deficiency of certain

herbs. The excess of Rb in T1 may be due to an increased proportion of T.

bellirica or T. chebula. In commercial sample T5, Mn concentration is compared

to the reference. This may be due to a decrease in the proportion of P. emblica

which contain Mn at a significant amount. The highest concentration of Zn indi-

cates an increase in the contribution of T. bellirica in T5. Excess concentration

of Br in T4 indicates a higher percentage of T. chebula.

Table 4.3: NAA analysis of Triphaladi churna in mgkg−1

Elements
Herbs (dry mass)

Triphaladi
P. emblica T. chebula T. bellirica G. glabra

Ba NA 2.84 ± 0.7 NA NA NA

Br 3.48±0.45 11.15±0.41 16.04±1.88 2.38±0.11 10.98±0.28

Ca NA NA 5527±240 NA NA

Cl 73.2±12 NA NA NA NA

Co 0.63±0.11 NA 0.12±0.33 NA NA

Cu NA NA 13.7±7.3 NA NA

K 16148±159 19073±357 15658±240 14352±632 NA
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La NA 0.664±0.011 NA 0.2±0.006 0.15±0.004

Mn 37.2±4 11.1±1.88 3.982±3 13.81±3 12.5±1

Na 19.7±2 30.35±3 40.07±3 46.11±4 45.68±4

Rb NA 24.37±7 27.69±8 NA NA

Sc NA NA 0.02±0.001 NA 0.015±0.001

Sm NA 0.101±0.006 NA 0.052±0.006 0.024±0.004

W 0.017±0.004 NA 0.111±0.008 NA 0.04±0.002

Zn 7.7±2.2 63.46± 13 17.64±5.9 5.22±19 NA

Table 4.4: Elemenetal concentration of Triphala Churna in mgkg−1 using ICPMS

Elements
Herbs (Dry mass) %Uncertainity

P. emblica T. chebula T. bellirica

Br 3.02 3.55 6.24 14

Cd 0.02 0.01 0.002 10

Co 0.15 0.55 0.05 07

Cr 1.32 NA 0.14 04

Cu 1.72 4.26 4.82 2

Hg 0.04 0.06 0.03 8

Mn 67.1 21.3 3.07 5

Ni 0.27 1.35 0.49 5

Pb 0.52 0.13 0.11 10

Pd 0.2 0.05 0.02 3

Rb 2.55 44.77 36.24 3

Sr 9.40 28.05 6.45 9

Ti 19.5 12.3 0.07 5

V 0.52 0.35 0.03 6

Zn 10.3 14.2 9.4 10

Zr 1.62 1.24 NA 1
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Table 4.5: Elemental concentration of commercial samples of Triphala Churna in mgkg−1

Elements T1 T2 T3 T4 T5 T6

Mg 1161±86 1080.67±54 1101±32 1053±10 1005±43 1110±22
Al 366±17 320.60±36 305±9 446±22 387±93 336±24
Si 1163±44 1001.27±28 947±83 1965±63 1851±83 1000±50
P 570±15 328.00±17 348.0±27 489±14 705±33 365±14
S 1537±21 1327.00±82 1387.6±95 1468±15 1388±12 1353±213
Cl 3010±20 1996±57 2539±88 2386±52 2303±73 2131±22
K 14530±184 10760±74 12033±180 11580±40 12110±86 11246±104
Ca 7052±20 6437±20 6136±6 6122±22 4727±35 6614±39
Cr 2.4±0.37 113±24 745±17 1.7±0.5 3±1 116±2
Mn 24.4±0.6 44.8±0.3 37.1±10 34.5±1.4 4.7±0.3 46±0.7
Fe 704±27 789±14 685.87±15 996±13 324±18 829±15
Ni 3±0.08 7.95±0.7 6.04±2 2.56±0.17 2.87±0.5 7.86±0.6
Cu 4.6±0.75 5.78±0.5 5.58±0.7 17.29±0.84 3.83±0.3 5.55±0.8
Zn 3.9±0.09 3.02±0.67 2.69±0.5 32.71±0.57 0.51±0.3 2.55±0.09
Br 7.95±0.15 7.43±0.02 7.84±0.7 11.47±0.49 7.08±0.1 7.94±0.19
Rb 39.78±0.61 20.95±0.8 23.52±4.8 25.75±.78 32.77±0.2 22.40±0.64
Sr 11.89±0.5 9.5±0.3 13±1.2 7.4±0.74 9.5±0.2 11.8±0.4

4.2 Analysis of Nishakatakadi decoction

Analysis of Nishakatakadi decoction was done for the formulation as well

as the individual constituent herbs using XRF, PIXE, NAA, and ICPMS. Analy-

sis of commercial samples was also done using XRF and PIXE. The concentration

of major, minor, and trace elements in the individual herbs obtained using XRF

is tabulated in Table 4.7. Wide variation has been observed in the elemental

concentrations in different herbs. K and Ca were found to be the important

major elements in all the samples. Al, Cl, Mg, P, and S were also found at vary-

ing concentrations. Essential trace elements like Cu, Cr, Fe, Mn, and Zn were

observed in all the herbs constituting the formulation, but at varying concentra-

tions. Nishakatakadi is a formulation administered for the treatment of diabetes

mellitus. It is reported that Ca, Cr, Cu, K, Mn, and Zn plays a pivotal role in

the secretion of insulin and are involved in the potentiation of insulin in glucose

metabolism [39, 40, 41, 42, 43, 44]. It was observed that the highest and lowest

concentration of Cu were present in C. zizanioides and S. reticulata with 16.0 ±
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Table 4.6: Variation in same commercial sample of differerent batches by XRF (mgkg−1)

Elements T7-a T7-b T7-c

Mg 1161±31 1039±33 1202±18
Al 518±47 393±19 437±23
Si 1965±42 1931± 1508±36
P 562±52 358.7±12.6 438±50
S 1429 ±32 1380±18 1476±49
Cl 2810±42 2126±39 2561±78
K 12587±86 12306±106 12376±217
Ca 5517±29 5790±67 6133±60
Cr 6.37±0.44 6.7±1.66 5.53±1.17
Mn 27.97±0.63 28.8±0.8 25.51±1.05
Fe 1582±30 820±14 1027±28
Ni 2.83±0.08 3.99±0.3 3.32±0.5
Cu 5.20±0.31 4.4±0.4 4.78±0.41
Zn 5.55±0.76 4.8±1.2 3.00±1.30
Br 8.6±0.1 7.2±0.6 6.9±0.2
Rb 29.5±0.2 24.71±0.17 23.98±0.88
Sr 9.59±0.12 7.79±0.10 7.75±0.57

1.8 mgkg−1 and 2.3 ± 0.20 mgkg−1 respectively. Except for S. reticulata, all the

samples were found to contain Zn at a moderate concentration with the highest

value of 78 ± 15 mgkg−1 in I. coccinea. S. reticulata was found to contain the

least concentration of Zn with 1.20 ± 0.20 mgkg−1. S. reticulata contributed the

highest percentage of Ca with a concentration of 21500 ± 370 mgkg−1, whereas

the same was found to be lowest in C. longa (1900 ± 20 mgkg−1). C. zizanioides

and I. coccinea were found to be rich in Fe with 4000 ± 110 and 5000 ± 160

mgkg−1 respectively. For Mn, the highest concentration was observed in S. race-

mosa (260 ± 7 mgkg−1), while the least concentration of 9.8 ± 0.2 in A. lanata.

An exceptionally high concentration of Si was observed in root sample of C.

zizanioides (39000 ± 5900 mgkg−1) and stem bark of S. racemosa (20000 ± 150

mgkg−1). Ti concentration was also significantly high in C. zizanioides and S.

racemosa. Br concentration was found to vary from 2 to 25 mgkg-1 in different

samples. Ba, Cr, Cs, Cu, and Pb were found to be highest in C. zizanioides.

Toxic heavy metal pollutants like Cd and Hg were not detected in these herbs.
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The elemental concentration of the compound powder formulation and

the decoction formulation are tabulated in Table 4.7. It has been observed that

the sum of the fraction of the concentration of any particular element determined

from each herb is consistent with the concentration obtained for the prepared

powder formulation for the corresponding elements given. This ensures the ho-

mogeneity of the pellets prepared for compound formulation in powder form. In

the reference decoction, Al, Ba, Ca, Cs, Fe, La, Si, and Ti showed a significant

reduction in concentration compared to powder formulation as indicated by the

ratio of the concentration of the two reference samples. This may be due to the

formation of insoluble compounds which get filtered during the preparation. Br,

Cl, Co, Cr, Cu, K, Mn, P, and Pb showed an increase in the extracted decoction.

Hence, water-soluble compounds of elements may show higher concentration and

insoluble ones may show a lesser concentration in the decoction. The estimation

of filtration loss is important while determining the daily intake of elements in

processed formulations like decoction and fermented liquid extracts. The method

of decoction preparation is supposed to reduce the unwanted accumulation of

certain non-essential elements while ensuring the availability of essential trace

elements like Cu, Cr, Fe, Mn, Mg, Rb, Zn, of specific interest, in the drug. The

correlation between the trace elemental concentration and the therapeutic effect

of the combined formulation in the treatment of diabetes mellitus is yet to be

revealed.
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Elemental profile of the herbal samples of Nishakatakadi, obtained

from the PIXE analysis is given in Table 4.8. Elemental concentration of Ba, Br,

Ca, Cr, Cu, Fe, Mn, Mo, Ni, Rb, Sr, and Zn were obtained. As the sensitivity

of PIXE is lesser for low Z elements, analysis of low Z elements is not done

here. The Table 4.8 shows that the concentration of Ca varies between 47 to

515 mgkg−1 in different herbs. Even though K and Ca are generally considered

as the major elements in herbal samples, the concentration of both the elements

is under estimated in the PIXE results. The presence of trace quantities of Ni

was observed in all the herbs with an average concentration less than 6 mgkg−1.

Mo was found in P. emblica at 5 mgkg−1 with an uncertainty of 26 %. The

presence of Pb was identified in the PIXE spectrum. But, reliable results for

the concentration of Pb is not obtained due to the presence of large uncertainty.

PIXE results show that, Ni concentration is almost similar in all the herbs of

Nishakatakadi except S. recemosa. The concentration of Ba shows wide variation

in the constituent herbs of Nishakatakadi.

The trace elemental profiles of the compound formulations and its con-

stituent herbs, obtained from NAA, are presented in Table 4.9. It was observed

that, Na had a significant contribution in all the herbs even though its presence

was not detected in XRF. Na concentration was found to vary between 11 to 620

mgkg−1 in different herbs. Co and Sc were found to be less than 1 mgkg−1 in all

the samples whereas La concentration varies between 0.2 to 5 mgkg−1. The high

thermal neutron captures cross-section, suitable gamma energies, and convenient

half-lives enable the detection of these elements at very low concentrations. The

analysis of reference samples shows that K is a major element both in the powder

and in the decoction. The process of extraction to form decoction increases the

concentration of K from 10600 mgkg−1 to 19000 mgkg−1. The presence of Fe

was decreased considerably after extraction which is attributed to the filtration

loss as previously discussed.

In order to have a better knowledge of trace elemental content expected

in Nishakatakadi decoction, ICPMS studies for individual herbs were done and
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the results are tabulated in Table 4.9 . Cu, Cr, Mn, Rb, Sr and Zn are the

elements identified using ICPMS. In addition, heavy trace elements like, Hg,

Cd, Pb, As, Bi were detected in the constituent herbs of Nishakatakadi. The

accurate determination of the concentration of these elements was difficult in

X-ray methods, due to poor efficiency of X-ray detector and the low intensity

of observable X-ray. The analysed sample of P. emblica was found to contain

1.178 mg of Hg per kg. The lowest concentration of Hg was observed to be

0.18 mgkg−1 in P. emblica and a comparable concentration of 0.187 mgkg−1 was

observed in I. coccinea. The presence of Cd was not detected in ICPMS results

for S. potatorum and P. emblica. Cd concentration was found to the highest in

S. recemosa with a concentration of 0.646 with an uncertainty of 10 % . The

concentration of As was also found to be the highest in S. recemosa. However,

the large uncertainty in the determination of As (26 %) makes the observation

less reliable. The WHO recommended concentration of trace elements in these

herbs fall well above the observed values for Hg, Cd, and As. The presence of

Pb was found to vary from 231 µgkg−1 to 3571 µgkg−1 with an uncertainty of

10 %

As a representative case of primary analysis of marketed samples, the

analysis of elemental concentrations in some commercially available formulations

of Nishakatakadi is carried out. The result is presented in Table 4.11. A good

correlation between commercial samples C1, C2, C3, C4, C5, C7, and prepared

decoction sample, is observed with a Pearson correlation coefficient r >.92 at a

significance level of 0.01. The samples C6 and C8 showed poor correlation as

evident from the correlation coefficient which indicated a significant deviation of

the sample from the prepared decoction.
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4.3 Analysis of Amalakyadi Churna

Elemental profiling of Ayurvedic formulation Amalakyadi Churna and its

constituent herbs using XRF, PIXE, and ICPMS have been performed. The

elemental concentration obtained from XRF is tabulated in Table 4.12. The

XRF results show that the concentration of major elements like, Cl and Ca has

a concentration of the order of 3000 mgkg−1 and K has a concentration of the

order of 15000 mgkg−1 . Concentration of Rb and Sr in P. zeylanica was found to

be 45.7 ± 1.1mgkg −1 and 12.60 ± 1.8 mgkg−1 respectively. Br concentration of

P. zeylanica was found to be low when compared to P. longum. The presence of

elements Fe, Cu, K and Zn act as a signature of P. zeylanica in the formulaton.

The Table 4.13 shows the concentration of elements for the constituent

herbs and the compound formulation using PIXE. The analysis shows that P.

zeylanica contains a relatively higher concentration of Sr and Zn. The concen-

tration of Mn was found to be the same in both P. longum and P. emblica (≈

20 mgkg−1 ) whereas, the lowest contribution comes from T. chebula (≈ mgkg−1

). The concentration of Ni was found to the highest in P. zeylanica whereas,

only a slight variation in the concentration of Ni for P. longum, P. emblica and

T. chebula. PIXE result shows a significant concentration of Zn in P. zeylanica

with 34.3 ± 1.38 mgkg−1. The analysis of rock salt was done using PIXE. The

presence of Br (56 ± 7 mgkg−1) Cu (6 ± 0.24 mgkg−1) and Fe (59 ± 4 mgkg−1)

was observed in the PIXE analysis.

The elemental profile for Amalakyadi Churna obtained from ICPMS

is tabulated in Table 4.14. The table shows that, the major contribution of

Br in the formulation is due to T. chebula. Cu concentration was found to be

highest in P. zeylanica. T. chebula and P. longum contain an almost similar

concentration of Rb, ( 26.7 ± 2.58 and 27.3 ± 2.80 mgkg−1) which is far less

than the concentration of Rb in the formulation (13.9 ± 2.2 mgkg−1 ).
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Table 4.13: Elemental concentration of herbs in Amalakyadi Churna in mgkg−1 using PIXE

Elements P. longum P. zeylanica P. emblica T. chebula Formulation

Br NA NA 7.2 ± 1.25 11 ± 1.38 14.1 ± 1.46
Ca 90.8 ± 9.94 94.4 ±10.96 67.7 ± 9.48 50.5 ± 8.94 72.5 ± 1.7
Cr NA 26.5 ± 6.02 NA NA NA
Cu 17.6 ± 0.99 73.1 ± 2.07 15.2 ± 0.88 14.3 ± 0.80 20.6 ± 0.68
Fe 121.3 ± 1.56 135.5 ± 3.46 115.2 ± 1.49 137.3 ± 1.75 109.6 ± 0.17
Mn 15.1 ± 2.2 14.7 ± 3.77 20.8 ± 4.94 6.3± 2.9 13.9 ± 3.4
Ni 5.4 ± 0.68 9.1 ± 0.91 6.6 ± 0.67 6.4 ± 0.70 5.1 2 ± 0.5
Pb NA 5.3 ± 1.57 NA NA NA
Rb 27.3 ± 2.80 14 ± 2.10 NA 26.7 ± 2.58 13.9± 2.2
Sr 10.5 ± 1.97 30.6 ± 2.96 17.4 ± 2.52 10.6 ± 1.97 14.2 ± 2.18
Zn 8.4 ± 0.69 34.3 ± 1.38 9 ± 0.67 4.6 ± 0.53 10 ± 1.08

6

Table 4.14: Elemental concentration in Amalakyadi Churna in mgkg−1 using ICPMS

Elements
Herbs

Formulation
P. longum P. zeylanica P. emblica T. chebula

Br NA NA 3.02 3.55 NA

Cd NA NA 0.02 0.01 NA

Cr 2.083 0.952 9.10 0.49 NA

Cu 11.823 1.978 5.36 6.46 24.4468

Hg 0.103 0.0891 1.178 0.24 NA

Mn 11.098 17.453 56.38 1.89 6.265

Mo 0.1023 NA NA NA NA

Ni 0.736 0.868 2.277 1.04 2.117

Pb 0.278 0.1404 2.277 1.04 NA

Rb 30.115 17.798 16.27 36.25 15.394

Sr 3.886 55.067 9.66 6.45 8.415

V 0.183 0.52 0.52 NA 0.35

Zn 11.975 53.278 8.63 6.8 23.69

Zr NA NA 1.62 1.24 NA

7

7NA-Not Analyzed or Detected
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4.4 Analysis of Balachaturbhadrika Churna

Elemental profiles of Balachaturbhadrika Churna and its constituent herbs

have been shown in Table 4.15 and 4.16. It was observed that the major element

K was present with highest concentration in P. integerrima (12700 ± 269). P.

longum was also found to contain comparable concentration of K (10700). A.

heterophyllum and C. rotundus were found to contain comparable concentra-

tions of K of the order of 6900 and 6600 . The XRF results show that, the

Chaturbhadrika formulation contains Cu and Sr of comparable concentrations

(7.97 ± 0.42 mgkg−1 and 7.68 ± 0.43 mgkg−1) respectively. Presence of Mn, Rb

and Zn were observed with concentrations of 15.99 ± 0.30 mgk−1, 21.88 ± 1.10

mgkg−1 and 19.36 ± 1.15 mgkg−1 respectively. In C. rotundus, the concentration

of Zn was found to be significantly high (64 mgkg−1). ICPMS result shows the

concentration of toxic heavy metals Cd, Hg, and Pb accumulated in the herbs

are within the permissible limit of intake.

Table 4.16: Trace elements in Balachaturbhadrika Churna in mgkg−1 using ICPMS

Elements
Herbs (dry mass)

C. rotundus P. longum P. integerrima A. heterophyllum

Ba 4.453 4.590 1.885 4.58

Cd 0.032 NA 0.004 0.0588

Co 0.062 0.025 0.118 0.062

Cr 2.027 2.083 0.074 0.296

Cu 8.805 11.823 4.119 6.382

Hg 0.22 0.103 0.089 0.082

Mn 8.42 11.10 3.10 12.8

Mo NA 0.102 NA NA

Ni 0.872 0.736 2.015 4.926

Pb 0.473 0.278 0.117 0.145

Pd 0.008 NA NA NA
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Rb 11.288 30.115 30.033 8.536

Se 0.044 NA 0.022 NA

Sr 3.665 3.886 2.028 10.7270

V 0.416 NA NA 0.082

Zn 78.198 11.976 4.842 16.822

8

4.5 Photon Activation Analysis of P. emblica

Analysis of compound herbal formulations and their ingredient herbs have

been done using different methods like XRF, PIXE, NAA, and ICPMS, and the

elemental fingerprints are generated. Out of the four selected formulations, P.

emblica was a common herb in three of the formulations. Hence, P. emblica

was taken as a representative sample, and taken for further analysis, using PAA.

The concentration of various elements in P. emblica determined using PAA is

tabulated in Table 4.17. The concentration of Fe was found to be 450 ± 17

mgkg−1. PAA is expected to give a complementary result to other techniques

like NAA and PIXE. It was observed that, there is a significant variation in the

results of some elements in PAA. This may be due to the lesser cross-section for

(γ, n) reactions for these elements, or variation in the detection characteristics

of different methods.

Table 4.17: Elemental concentration obtained using PAA for P. emblica

Elements Concentration (mgkg−1)

Fe 450 ± 17
Sr 50.6 ± 7.9
Zn 9.35 ± 3.70
Rb 12.56 ± 2.6
Cl 71.67 ± 14
Mn 0.27 ± 0.03
Br 67.17 ± 5.9

8NA-Not Analyzed or Detected
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Trace elemental analysis can be a better tool for standardization of

herbal formulations as it can provide information of several parameters in each

formulation by which classification of herbal formulations can be done. The

elemental profiles of reference samples of powder formulations were comparable

to the deduced elemental profile from the individual herbs. The identification of

elements characteristic to a particular herb can indicate the presence or absence

of that herb in the combined formulation, which can set be set as a referral

standard for quality assurance.
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Chapter 5

Comprehensive Analysis of

Different Techniques

Elemental analysis of herbal formulations namely Triphaladi Churna,

Nishakatakadi decoction, Amalakyadi Churna, and Balachaturbhadrika Churna

has been carried out using different techniques like XRF, PIXE, NAA, ICPMS,

and PAA. The reliability of the results of each technique depends on the specific

method of analysis. There are also practical difficulties in carrying out analysis

of certain elements in any particular method adopted. A combination of ele-

mental profiles obtained by different methods thus generates a reliable elemental

fingerprint, especially at trace levels. A comprehensive analysis of the results

discussed in the previous chapter is included in this chapter.

5.1 Comparison Between Different Techniques

Out of the five methods adopted for analysis, XRF, PIXE, NAA, and

PAA are considered as non-destructive techniques. Even though the underlying

process in both PIXE and XRF are same, there is certain pros and cons for

both the techniques. In XRF, the identification of Na to U is typically possible,

the quantity of the element in the sample selected limits the application. In

general, the sensitivity of XRF is lower than that of PIXE for medium Z elements.
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Hence PIXE will be comparatively better in this regard. The contribution from

bremsstrahlung target of the X-ray source like Rh and Pd comes at energies

greater than 20 keV, and characteristic peaks at this region are immersed in

the background especially for Cd and In. PIXE can produce reliable results

for elements with Z values ranging from 13 to 40. Beyond that, the energies

of K X-rays fall in a region where the efficiency of conventional X-ray detector

Si-Li detector is low. Hence L lines are used for elements of atomic number

greater than 40 in both XRF and PIXE. The intensity of L lines is rather low

which results in decreased counts for these elements and hence, increases the

uncertainty in the results. Elements like Ba and Pb were detected by their Lα

lines and hence the X-ray results are less reliable for these elements in the case of

both XRF and PIXE. PIXE spectra showed a marked decrease in the counts for

elements like K and Ca. This can be attributed to the absorption of the major

part of these X-rays by the Al filter at the detector, which absorbs the low energy

X-rays and thus reduces the counts at the detector considerably. In the present

detector, Al foil of total thickness 0.75 µ was used as an X-ray filter. Hence the

results of K, Ca, and other low Z elements are not reliable quantitatively. Hence

the concentration of these elements obtained from XRF is more dependable than

PIXE. The concentration of Fe in XRF can also have interferences due to the

target material Co which broadens the peaks of Fe. Hence for Fe, the PIXE

results are more reliable. The detection limit of PIXE is higher than XRF. For

the elements with very low concentrations of sub-ppm levels, like Cr, Co and Ni,

XRF results give larger uncertainty due to less sensitivity at low concentrations.

Hence results of PIXE can be considered as the better choice for quantification

of Co, Cr, and Ni.

Activation methods are far more sensitive method than the X-ray tech-

niques as the identification of gamma rays are done which reduce the matrix ef-

fects. Possibility of detection of multiple daughter nuclei of same parent elements

and multiple gamma lines of different energies, as in case of Br, and Na, activa-

tion methods can give results which are reproducible with high accuracy. The

104



feasibility of NAA depends on various factors like the abundance of the naturally

occurring isotope, energy, and intensity of the gamma rays, the efficiency of the

detector to detect specific gamma lines, and the half-life of the radioisotope. For

Fe, the naturally occurring isotope, Fe-56 goes to a stable state and does not

produce any gamma lines by thermal neutrons and the detectable gamma lines

that come from Fe-58 are less abundant (0.28 %). Hence, the determination of

Fe is less preferable in NAA when the expected concentration of Fe is low. In

the case of detection of Ca, NAA will not produce gamma-emitting daughter

isotopes. The only isotope of Ca, which has a convenient half-life and energy

for detection, Ca-47 has an abundance of 0.004% only. Hence, the determina-

tion of Ca is also prone to uncertainties. The detection of Mn-56 (846keV) in

presence of Mg-27(844) results in gamma-ray interferences due to closer energies

and half-lives. Detection of Sr-88 is not possible due to the much lower intensity

of gamma line produced by (n, γ) reactions of Sr-88. The other isotope with a

convenient half-life and gamma energy, Sr-87 results in a stable daughter nucleus

after thermal neutron capture. Even though uncertainties hinder the reproduc-

tion of elemental concentration of the above-mentioned cases, NAA offers higher

accuracy for elements like Rb, Zn, Cl, Br, and Au. Most of the rare earth ele-

ments like La, Sm, Pr, Sc, Sm, and Eu, have high thermal neutron cross sections

and gamma lines suitable for NAA is available. Hence NAA can be very well

used for the determination of these elements with high accuracy, even though

these elements are present at ultra-trace levels only in herbal samples.

Photon activation Analysis is reliable for elements for which the (n, γ)

produce any measurable gamma lines. PAA is very well suitable for the quan-

tification of elements like Cr, Fe, Rb, Mn, and Ti. But the lower cross-sections

for gamma-induced reactions result in lower counts and higher uncertainty. For

ICPMS, the detection of elements is almost independent of the atomic number,

and all the elements can be detected with equal sensitivity. Very low concentra-

tion of the order of 10−9 mgkg−1 can be determined by ICPMS. This method

is thus suitable for the detection of toxic heavy metal pollutants like As, Cd,
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Pb, and Hg. In the selected herbal samples and the formulations, the concen-

tration obtained for these heavy metals is low, indicating that there is no heavy

metal contamination in the prepared samples. However, ICPMS is a destruc-

tive method and the sample cannot be retrieved back after analysis. The cost

of analysis act as a constraint for the detection of major and minor elements.

Moreover, ICPMS involves multiple analytic procedures for sample preparation.

Hence the results are prone to contamination and manual errors.

Moreover, the nature of the sample can also cause deviations in the

results. For example, in case of C. zizanioides, the preparation of fine powder

is a tough task in stainless steel grinders or agate mortar. The inhomogeneity

in composition largely affects the results of PIXE and XRF as the beam spot

probing the sample is very small. Dry digestion methods, like the ashing of

the samples, can be a suitable alternative to reduce the disparity of the result.

Ashing of the samples can improve the counts obtained for elements by removing

the organic matrix and hence reducing the matrix effect interferences especially

in PIXE and NAA. But it introduces wastage of volatile trace elements like Br,

As, and Hg.

5.2 Comprehensive Analysis of Triphaladi

Churna

The analysis of compound formulation together with constituent herbs

helps to identify a better profile of Triphaladi Churna. The major elements

obtained in the constituent herbs of Triphaladi Churna are, Ca, K, Mg, and S.

Al, Cl, and P are the minor elements obtained. The concentrations of Br, Cr, Cu,

Fe, Mn, Ni, Rb, Sr, Zn, La, Sm, Sc and W - the trace elements are obtained by

employing different techniques. The compound formulation contains significant

amounts of Ca, Rb, and Sr whereas the concentration of Br, Cu, Ni, and Zn is

comparatively low. The addition of an herb G. glabra to Triphala Churna makes

significant changes in the elemental concentration. Sr and Fe concentration had

notable differences in the Triphala formulation compared to Triphaladi, as the
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added herb G. glabra contains a significant concentration of Sr. In the similar

manner, the presence or absence of elements in the prepared formulation can

indicate the deficiency or excess of that herb in the formulation. Therefore, it

is possible to identify elements in each herbal formulation whose concentration

can be indicated by the constitution of the herb. It is also possible to identify

elements characteristic of each herb, like Sr in G. glabra. Analysis of commercial

formulation of Triphala Churna indicated that the commercial formulations are

largely comparable to the prepared reference formulation. There observed an

increase in the concentration of Al and Fe in the case of commercial samples

when compared to the laboratory prepared samples. This can be due to the

accidental incorporation of trace elements from the utensils and storage facilities

while preparing in bulk quantities. In the commercial samples, Si and Fe showed

significant enhancement in the concentration. One possible reason may be the

fact that the present sample is prepared in laboratory conditions and ground

using agate mortar and pestle whereas commercial samples are prepared using

stainless steel equipment.

It was also observed that the elemental concentration data of the same

commercial product in the three different batches were comparable with each

other. It establishes that the same manufacturer, following the same method of

preparation and procedure at different manufacturing periods, can produce com-

pound formulation of a significantly uniform trace elemental profile. However,

the concentration of trace elements detected depends on the washing process

also. It was observed that, the concentration of many trace elements reduced

considerably in P. emblica when the procedure of washing was done on dried

fruit in contrast to the washing prior to drying.

5.3 Comprehensive Analysis of Nishakatakadi

Decoction

The analysis of Nishkatakadi decoction has been done and the concentra-

tions of Al, As, Ba, Br, Ca, Cd, Cl, Co, Cr, Cs, Cu, Fe, Hg, K, La, Mg, Mn, Na,
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P, Pb, Rb, S, Sc, Si, Sm, Sr, Ti, V, W, and Zn are determined employing dif-

ferent techniques. The elemental concentration of prepared powder formulation

shows that the sum of the fraction of the concentration of any particular element

determined from each herb is consistent with the concentration obtained for the

prepared formulation, for the corresponding elements. This ensures the homo-

geneity of the pellets prepared for compound formulation in powder form. But

in the decoction reference, Al, Ba, Ca, Cs, Fe, La, Si, and Ti showed a significant

reduction in concentration compared to powder formulation, as indicated by the

ratio of the concentration of the two reference samples. This may be due to the

formation of insoluble compounds which get filtered during the preparation. Br,

Cl, Co, Cr, Cu, K, Mn, P, and Pb showed an increase in the extracted decoction.

Hence, water-soluble compounds of elements may show higher concentration and

insoluble ones may show a lesser concentration in the decoction. The estimation

of filtration loss is important while determining the daily intake of elements in

processed formulations like decoction and fermented liquid extracts. The method

of decoction preparation is supposed to reduce the unwanted accumulation of

certain non-essential elements while ensuring the availability of essential trace

elements like Cu, Cr, Fe, Mn, Mg, Rb, and Zn, which are of specific interest in

the drug. The presence of Cr in the reference formulation is a strong indicator

of the inclusion of S. recemosa whereas the presence of Mn is an indicator of the

contribution of S. recemosa. The formulation containes high concentration of Rb

which may act as the signature of I. coccinea.

No major deviations in the elemental profiles of commercial samples

were seen in the XRF analysis. In a closer analysis, the following observations

are made. In the case of C4, there observed an unusual increase in the concen-

tration of Br which is beyond the limit of excess or deficiency of any constituent

herb, hence this may indicate the presence of adulterer herb that contains a

considerably higher concentration of Br. In the case of commercial sample C8,

the higher concentration of Ca and Sr indicates the excess contribution of S.

reticulata, and the excess concentration of P is an indication of an excess of the
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presence of C. longa in the sample. The deficiency of Mn and Rb indicates the

deficiency in the proportion of S. racemosa. Deficiency of K is an indication of

deficiency of A. lanata whereas deficiency of Cu is an indication of deficiency of

C. zizanioides. A lower concentration of Br, Fe, S and Zn in many of the com-

mercial samples is an indication of deficiency of sufficient quantity of I. coccinea.

A lower concentration Cu is an indication of deficiency in the contribution of C.

zizanioides. Similarly, excess of C. longa is seen in C2, C4, and C6 as evident

from the higher concentration of Cl and K. In most of the samples, the lower

concentration of Ca and Al indicates the deficiency of S. reticulata. A large

disparity in the concentration of some elements in the commercial sample is an

indication of adulteration. It may be noted that adulteration of herbs in herbal

preparations will be more probable due to the limited availability of an herb or

due to the physical similarity with another cheaper herb. In order to confirm the

above fact, the samples are to be analyzed with higher statistical accuracy with

a larger replica of samples.

5.4 Comprehensive Analysis of Amalakyadi

Churna

The comparison of results obtained from XRF, PIXE and ICPMS shows

that the presence of P. zeylanica decides the presence of the elements Fe, Cu, K

and Zn in the formulation. The inhomogeneity in the sample due to difficulty

to form fine powder greatly affects the concentration of elements in the herbs

and the formulation. Cr concentration in P. zeylanica is overestimated by PIXE

as the ICPMS results and the formulations do not contain a significant amount

of Cr. Hence, the concentration of Rb alone cannot be considered as a decisive

factor of the presence of T. chebula or P.longum. However, the presence of Rb,

along with a higher concentration of Mn can indicate the inclusion of P. longum

over T. chebula as the concentration of Mn has a significant difference in the two

herbs. A higher concentration of Sr in the formulation can indicate the excess

concentration of P. zeylanica, as the Sr concentration in P. zeylanica is about
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3 times more than that in P. longum and T. chebula. Analyzing the results of

both PIXE and ICPMS, the concentration of Sr, along with Cu, Cr, and Zn can

be considered as the representative trace elements in Amalakydi Churna for the

estimation of the presence P. zeylanica.

5.5 Comprehensive Analysis of Balachaturb-

hadrika Churna

The results of the Balachaturbhadrika Churna shows that there is a sig-

nificant correlation between the XRF and ICPMS for Cu, Mn, and Rb for all

herbs. P. integerrima contributes to most of the elemental concentration of Al,

Ba, Cr, Fe, Mn, Rb, and Ti in the formulation. Major contribution of Zn in the

formulation comes from C . rotundus and that of Sr comes from A. heterophyl-

lum. ICPMS results also supports this observation. Zn being a strong indicator

of C. rotundus, a high concentration of Zn in the formulation can indicate an

excess contribution of C. rotundus in the formulation. Similarly, Ti, Mn, Rb,

and Al may be the indicator of P. integerrima. Ca, Cl, and Mg may be the

indicator of P. longum. P is also an indicator of C. rotundus. Ni and Sr are

the indicators of A. heterophyllum in the Balachaturbhadrika Churna. It is also

observed that the concentrations of heavy metals like Cd, Hg, and Pb are within

the permissible limits, in Balachaturbhadrika Churna.

Even though the presence of trace elements depends upon the particular herb

and the particular plant part, variations in elemental concentrations are possible

due to geological and climatic factors and an exact value of concentration may

not be realistic. It was also observed that variations in elemental concentration

can occur during different sample processing steps like, washing, grinding, etc.

These variations are to be taken in to account while generating a comprehensive

elemental fingerprint data. Further, setting a permissible range of concentration

for each element in each formulation is a factor t be accounted
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5.6 Conclusion

XRF, PIXE, NAA, PAA, and ICPMS have been used for the preparation

of an elemental profile of Ayurvedic herbal formulations, Triphaladi Churna,

Nishakatakadi decoction, Amalakyadi Churna and Balachaturbhadrika Churna.

The concentrations of Al, Ba, Br, Ca, Cl, Co, Cr, Cs, Cu, Fe, K, La, Mg, Mn,

Na, P, Pb, Rb, S, Sc, Si, Sm, Sr, Ti, W, and Zn were determined. The ranges of

elemental concentrations in different herbs have been found to vary widely with

respect to one another. This facilitates the preparation of elemental fingerprint

reference data for various coded formulations in systems like Ayurveda, Siddha,

Unani, etc. As each method used has specific advantages towards the identifi-

cation of selected elements, a fingerprint generated for compound formulation

employing different techniques improves the reliability. The deviation in the el-

emental concentration of any formulation with respect to reference fingerprint

data will be an indicator of the absence, deficiency or excess of any particular

herb, in a particular formulation. It may be due to adulteration or the un-

availability of the particular herb. In general, most of the commercial samples

collected from authorized dealers were found to be comparable. In Nishakatakadi

decoction, most of the selected commercial samples showed a significant correla-

tion, as indicated by the correlation coefficients. Some of the samples show slight

variation in the concentration of certain elements. However, this is a pioneering

attempt to prepare a standard data set for fingerprinting of herbal formulations

in terms of elemental profile, this data is of representative nature. In order to use

it as a standard reference for fingerprint profile, samples are to be analyzed with

required statistical accuracy, with a larger replica of samples. The geographical

variation of elemental concentration in herbs is also to be accounted for.

5.7 Future Works

The prepared data set being a primary result, a large amount of data with

higher statistical accuracy has to be generated using various techniques. Hence,
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this work needs extensive follow up. In order to account for the geographical

variation of trace elements, analysis of samples collected from distinct geographic

regions are to be conducted. Seasonal variation of trace elements is also to be

incorporated. It is also expected to generate a maximum and minimum tolerance

limit for each element in any particular herb and the compound formulation.
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