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Abstract

Genetic modification includes the change in the genetic make-up of a plant in order to meet the
requirements for food security, which is in contrast to organic plants that are grown naturally by
the use of organic fertilizers and natural manure. The purpose of this research was to study the
difference in elemental composition between organic and genetically modified plants. It is believed
that change in genetic make-up results in change in elemental composition of a plant. Hence,
analyzing and comparing the elemental composition between organic and genetically modified
plants can be the key solution to solve the plants related diseases or the environment unfriendliness
imposed by genetically modified plants, which can be due to the excess, deficiency or change in
elemental expression. Many different techniques can be used for elemental analysis but in this
case, laser induced breakdown spectroscopy (LIBS) was used because it is a non-invasive
technique that permits concurrent multi-elemental examination in a single measurement, with little
or no sample preparation needed. For accuracy, inductively coupled mass spectroscopy (ICP-MS)
was used in order to verify and validate LIBS results. Using LIBS technique, one is able to
differentiate the two categories according to the signature of their essential and trace elements and
determine the effects of GMO to the environment and people. In this study, a solid maize sample
was run under LIBS in a dark room to avoid light interference, which resulted in good results as
compared to liquid and powder samples. A portion of the same sample was then digested using a
Perkin-Elmer microwave digester and then ran under ICP-MS. The obtained results indicated that
genetic modification does not add or reduce the expected nutrient elements but it changes the
elemental concentration and intensities. LIBS detected six elements, which are Mn I, Fe I, Fe 11,
Cull, KT and O I'in all organic samples whilst Mn I, Fe I, Fe I, Cu Il, K I, O I plus Ca II, CI, N
IT and Cal were detected in all genetically modified samples. ICP-MS detected all expected
seventeen elements in both sample categories. This research thus proved that both techniques
(LIBS and ICP-MS) are good when they are both used for the same analysis in order to avoid
systematic errors. For future use, it is recommended to run LIBS experiments in the presence of

Argon gas to avoid matrix effect and self-absorption.

Keys words: Laser induced breakdown Spectroscopy, inductively coupled mass spectroscopy

elemental analysis, organic, genetically modified organisms.
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CHAPTER 1: INTRODUCTION AND PROBLEM STATEMENT

1.1 Introduction
Organic plants are those that are planted naturally and grows using natural/ organic fertilizers

(manure) without an alteration in the genetic sequence of the plant (Goded et al., 2019). Genetically
modified plants are plants that are synthesized in the laboratory and their genetic sequence is
engineered and modified by scientists. Genetic modification is a process that is often performed
for the sole purpose to meet the population demand and to get the desired tracts. Plant breeders
selectively choose plants with desirable characteristics by customary breeding strategies that can
take up to 15 years by rehashed sexual crossing over various eras (Nawaz et al., 2018). The aim
can be to increase shelf life, adaptability, good taste, high yield enhanced plants/ fruits ability to
withstand hash environment and even to increase the plant’s nutritional value. Due to their
desirable phenotypic tracts, these crop developments have contributed to securing sufficient food.
In any case, in future, there will be a worldwide food deficiency as a result of the continuation in

climate change and fast increment in population (Satoh and Teshima, 2016).

Figure 1.1: GMO VS Organic plants (Egline J., 2016).

Organic plants have either short or normal life span depending on the type of the plant within
natural nutritional value as indicated in figure 1.1. In most cases, organic foods are believed to be
healthy due to the fact that there are no alterations in the genetic sequence of the plant. Organic

plants are considered to be always fresh, no preservatives. Organic plants depend on nature for
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pest control (birds and insect). Most notably, pesticides, synthetic fertilizers and genetic
modification is prohibited in organic farming. Consuming organic plants/crops does not
accommodate everyone since they are sold at expensive shops like Woolworths. Organic farming
is often considered as environmentally friendly but recent studies has discovered that, there is a
possible accumulation of heavy metal absorbed through animal manure (Bain and Selfa, 2017).
Food from organic farming has been demonstrated as healthy and very beneficial but there is no
study that proves that organic has better nutritional values as compared to the one grown
conventionally. The debate between importation, growing and selling of GMOs has recently been

more political than scientific (Forman and Silverstein, 2012).

Elements like zinc (Zn), Iron (Fe), potassium (K), calcium (Ca) manganese (Mn), copper (Cu),

nitrogen (N) etc. are essential for both plants’ growth and animals, for example:

e Different cellular processes such as chlorophyll biosynthesis, respiration and
photosynthesis require Fe, which also serves as a cofactor for enzymes included in oxygen
or electron transfer (Kobayashi et al., 2019).

e Zinc is one of the eight essential elements in plants and animal that can be counted as both
a metal and an enzyme, but only a small percentage of it. Zinc is responsible for enhancing
plants nutritional quality and crop productivity (Sharma et al., 2013).

e Potassium is the most important and abundant nutrient in plants, it is responsible for plant’s
ability to withstand against abiotic stress (such as salinity, waterlogging and drought) and
biotic stress such as insects and pathogens, but it is particularly known for its role in plant’s
metabolism and growth (Wang et al., 2013).

e Calcium is responsible for plant’s defense mechanism; it enhances the creation of advanced
mechanisms to perceive the aggressor and change that discernment into signals that trigger
a necessary defense reaction which enables the plant’s response to stress (Furio et al.,
2020).

e Magnesium is amongst the most common abundant elements on earth and the plants
highest abundant cation (Mg®"), about 90 to 98%. It is the most important nutrient
responsible for plants growth and most importantly for synthesis of nucleic acid,
photosynthesis and enzyme activation (Tang and Luan, 2017). Tempering with the

production of magnesium in plants inhibits the plants growth and development hence it is
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important to maintain the plant’s magnesium up-take and transport system (Chen et al.,
2018).

e In plant, nitrogen is the fourth abundant element, contributing 78% of earth’s air. It plays
a very imperative role in plants production and yield enhancement. Insufficient amount of
nitrogen in soil (due to low content of inorganic matter in soil) can lead to 100% nitrogen

deficiency which (Jahan et al., 2016).

This is not all elements found in the plants, it is estimated that almost half of the elements on the
periodic table can be found on plants as either micro or macro nutrients (Rizwan et al., 2019). The
deficiency of any of the above-mentioned plants may result in a plant suffering from certain plant

diseases, hence fertilizers are applied on the plant and soil to balance the plants nutritional content.

Fa sufficiency

Fe deficiency

wisashaliba Fa i)

Figure 1.2: Relationships of Fe with plants (Kobayashi et al., 2019).

Figure 1,2 shows what has already been discussed in this work. Genetic engineering can lead to
excess of elements or element deficiency of which both affect the plant and animals that depends
on a particular plant. The right hand side of figure 2 is iron deficiency which is normally due to
lower bioavailability of iron despite high iron content in soil, on the other hand, iron excess leads

to plant loss hence homeostasis is maintained in plants (Mai and Bauer, 2016).

Comparing the elemental composition between organic and genetically modified plants can be an

effective way for analysis and differentiate between genetically modified plants (GMP) and

Page 3 0f 92



Organic plants, which indirectly leads to the difference in their genetic make-up/sequence without
going through biochemical processes like: DNA sequencing which is the bases reading process in

the molecular DNA (Wasfi et al., 2018).

There are many techniques that can be used to analyze and compare the elemental composition
like the atomic Absorption Spectroscopy (AAS), which starts with the digestion of samples in
acids after crushing and solubilizing then spectrophotometry (Kobayashi et al., 2019), inductively
coupled plasma-mass spectroscopy (ICP-MS), which suffers from the ions interfering the spectra
(Ar et al., 2020), X-ray fluorescents. These methods are really accurate but mostly affected by
their time-consuming aspects due to too much preparation processes prior to the actual sample
analysis. However, Laser Induced Breakdown spectroscopy (LIBS) also known as laser-induced
plasma spectroscopy (LIPS), does not need rigorous sample preparation. LIBS is a new
spectrometric method used for qualitative and quantitative elemental analysis of a metal or a
sample (Lin et al., 2019). It is based on focusing a laser beam with excessive power on the sample
surface for plasma production and accumulation of emitting radiation in order to determine the

concentration of elements contained in the sample (Yin et al., 2018a).

This technique has numerous industrial applications like in environmental monitoring, medicine,
imaging, nuclear forensic, engineering and material sciences food sciences, agriculture study of
archeological artifacts to the archaeologist, where it is very meaningful and valuable to study the
origin, raw material and manufacturing techniques of the ancient artifacts. For example, in order
to determine the origin or a particular source for researchers to gain more enlightening information
about the trade, communication and corporate with other sites. Thus, the common aim of the
archeologists is to determine and analyse the chemical properties of the archeological artifacts
(Machado et al., 2019). Recently, techniques like, X-ray fluorescence (XRF), Raman
spectroscopy, Fourier transform infrared (FTIR), thin section petrography, X-ray diffraction
(XRD), energy-dispersive X-ray spectroscopy (EDX), scanning electron microscope (SEM),
proton-induced X-ray emission (PIXE), (ICP-MS), and (LIBS), are most commonly utilized by
the archeologists for chemical analysis and determination (Khedr and Harith, 2013). For LIBS
quantitative breakdown, there is a development and a range of methods for data processing in
practical application of which free calibration is well-known and widely utilized (Zhang et al.,

2019a).
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The laser is released from the source to the sample, as the high energy laser strikes the sample,
plasma is produced which is composed of different elements. These elements are excited from the
plasma at different excitation rate and this allow them to be identified when they de-excite back to

ground state- that is, they fluoresce.

Normally, this process is performed under the vacuum to prevent the interference of the plasma
with oxygen and nitrogen. In the vacuum, Argon gas is used to provide a transparent media for
spectroscopy. As different elements are excited at different excitation rates, they are collected by
the collector (fiber optic) and converted from the optical signal to the digital signal that can be read
by the computer and be displayed on the monitor as the peaks of different wavelength and energy.
The full sample elemental composition is recorded by the LIBS spectrometer, since in a periodic
table, an element can have different emission lines between 200 — 900 nm which is the UV-vis
light region (Harmon et al., 2018). This is due to the fact that different elements absorb light at
different energies. The spectrum displayed on the computer screen allows users to analyze
different elements on a sample, and the sample can be liquid, gas or solid. According to different
description, LIBS utilizes the following system: Focusing the laser on a target, spectrometer and
detector choice. In most cases, the intensity of the analyzed emission lines is largely determined
by the laser energy factor, signal-to-noise ratio and subsequent analysis accuracy (Hahn and
Omenetto, 2010). Ablation time can be extended to enhance the recording of atomic emission lines

and continuum background radiation (Tognoni and Cristoforetti, 2016).

1.1.1 Brief description of ICP-MS

After using LIBS, ICP-MS is another selected technique that was used to verify/validate LIBS
results. ICP-MS is a well-known detection technique for quantification of elements and metals
(Sebestova et al., 2019). ICP-MS is an analytical technique that is particularly used in biological
fluids for the measurement of elements at their trace level (Wilschefski and Baxter, 2019). Even
though some laboratories still utilize some detection techniques like atomic emission and atomic
absorption, in the last decade, there has been some few developments that resulted in a shift toward
ICP-MS. Clinical scientists should be alert to ICP-MS’ analytical aspects as this shift is likely to
continue, and also to non-spectroscopic obstructions, and methodologies that can be utilized to

dispose of these issues (Wilschefski and Baxter, 2019).
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Unlike LIBS, ICP-MS requires sample preparation, which involves the digestion of solid sample
into liquid. To analyze solid samples, electrothermal vaporization or laser-ablation can be used, in
any case both methods are routinely utilized in clinical organic chemistry and research facilities
and are thus exterior the scope of this study (Vanhaecke et al., 2002). ICP-MS involves the
combination of an ICP with a mass spectrometer. It is capable of doing a multi-element analyses,
a long linear dynamic range, good precision, low detection limits, simple spectra, and rapid
isotopic analysis capability (Beauchemin, 2017). ICP-MS is widely applied to analyse a variety of
samples because of the mentioned advantages, including food and water, as well as environmental,
biological and geochemical samples. However, the concentration of the dissolved samples has to
be kept low to minimize clogging which is a problem and results to ICP-MS having a number of
limitations of which matrix effects being one of them. However, all these limitations can be
minimized by appropriate sample preparation and pretreatment which involves calibrations to

allow analyses of samples of any type (Beauchemin, 2017).

1.1.2 Working principles of ICP-MS
liquid (;\..
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Figure 1.3: Schematic overview of sample introduction to ICP-MS (Bulska and Wagner, 2016).

Figure 1.3 is a schematic diagram of ICP-MS, it involve (a) sample (liquid or solid) conversion
into gas or introduction of gaseous sample directly, (b) gas transportation into plasma, (c)
introduced compounds are being atomized, then ionization of the atomized compounds in the hot
plasma confinement, (d) transferring of the ions generated from the hot plasma environment
commissioned at atmospheric pressure to the mass analyzer which operates under extreme
vacuum, involving the extraction of ions via ion optics, (e) ions are then separated according to
their mass to charge ratios (m/z), and (f). The detector then detects the separated ions, and creates
electronic signal (cps) through the conversion of the created ion flux intensity (Bulska and Wagner,

2016).
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1.2 Problem statement
Despite the fact that food is modified to meet our desire, there are some disadvantages. Later claims

of agreement over the security on genetically altered plants (GMP) appear to be a counterfeit and
misinformed propagated construct. There are some conflicting evidences distributed amid the last
three decades, which lead scientific community to reconsider the studies as the debate on this
subject is not ‘over’ yet (Hilbeck et al., 2015). The debate was on the impact of GMP/GMO on the
environmental and there were some questions such as: what are the possible dangers of the GMO
to the environment? (Tsatsakis et al., 2017) and how possibly will the GMO impart unfavorable
effects on other species? For the most part, the impact of subsistence, natural or intensive
cultivation on the environment is clear and the implications of genetically modified crops on the
environment is strongly illustrated (Tsatsakis et al., 2017). The development is modern agricultural
science that allows farmers to produce and grow plants that does exist not naturally triggers the
skepticisms in the use of GMO (Peter et al., 2011). In contrast to GMP, organic plants are believed
to contain the nutrients in their natural and optimum content. It is highly recommended for one to
eat organic plants/food since they are considered healthy, traditionally natural plants can be used
as remedy since they do not possess only phyto-potentials for reproduction and growth but can
also be used to treat several diseases (de la Camara et al., 2013). Organic agriculture fail to meet
popular demands since there are biotic factor that depend on plants for their survival, this is a major

disadvantage of depending on organic plants/food (Shaaya et al., 2016).

It is believed that even though GMOs are designed to meet our demands, there has to be a
difference in the genetic make-up of the GMO as compared to organic. In this case, GMO can
either gain some elements or lose some of the essential elements during the process of
modification. The gained or lost elements can be the contributing factor to environmental
unfriendliness. In the past decades, analytical chemistry has been focusing on elemental analysis
especially on harmful and toxic heavy metals. It is very essential in the fields of food analysis,
drugs and environmental analysis (Yang et al., 2020). Approximately 99% of the human body
mass is composed of Mg (0.1%), C1 (0.2%), Na (0.2%), S (0.3%), K (0.4%), P (1%), C (1.5%), N
(3.2%), H (9.5%), C (18.5%) and O (65%) (Lohman et al., 2005). There are other elements that
are found in human body, apart from the most essential ones and mostly present in trace amounts.

According to the Food and Drug Administration federal agency (FDA), the recommended macro-
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nutrient metals daily intake should be as follows: 1000—1200 mg of calcium per day, 1500 mg of
sodium per day, 4700 mg of potassium per day, 400—420 mg of magnesium per day, 700 mg of
phosphorus per day, and 1800-2300 mg of chloride per day (Soetan et al., 2010), of which, there
should be a daily micronutrient intake of less than 100 ppm of metals such as Al, Ti, Zn, etc. (Song
et al., 2013). According to FDA, failure to balance the intake of these elements can be very toxic

and even lead to some diseases (Song et al., 2013).

Organic and genetically modified plants have been believed to have the same nutritional value for
decades. Yet there are some negative impacts imposed by genetically modified plants on the
environment and on people. Despite the fact that food is modified to meet our desire, there are
more disadvantages as compared to the known advantages. Genetically modified plants can lead
to gene flow, allergies and mutation (Nawaz et al., 2018). The impact of Gene flow in the
environment is the decrease of differentiation between populations as well as diversity increment
between individuals inside a population including genetic diversity structure as one of the gene
flow consequences. (Tsatsakis et al., 2017). Gene flow can also lead to mutation as a result of
uncontrolled cross breeding. These genetically Modified Plants can destroy the environmental
balance through contamination of other organisms or cross contamination (Gurau and Ranchhod,
2016). Countries like Algeria have already launched a regulatory system that prohibits the
importation, production and use of GMOs except for study purposes (Brara et al., 2020). This
research was motivated by the fact that the regulations on GMOs is not universal, Most countries
like Pakistan, United States of America, Australia and other Asian countries are not strict on the

consumption of GMOs as long as there is a proper labelling on the product (Nawaz et al., 2019).

Different techniques can be used to analyse the elemental compositions for both type of plants but
in this case a chosen technique has to be simple, accurate and reliable. The best technique and most
suitable is laser induced breakdown spectroscopy due to the fact that no sample preparation is
needed and in field operations, it can be utilized for quick real-time analysis and by utilizing
ordinary (single-element) or multivariate calibration quantitative analytical results can be obtained
from LIBS (Wong et al., 2017). As an elemental analysis device, LIBS is progressively becoming
more popular due to the fact that it is moderately cheap, fast, non-invasive technique that permits
a concurrent multi-element examination in a single measurement (Markiewicz-Keszycka et al.,

2019). This technique has been proven to be the promising component investigation procedure due
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to its special advantages such as on-line checking and quick in-situ analysis of materials in
different forms (Lin et al., 2019). According to (Harmon et al., 2018), LIBS technology has
properties that make it much more valuable and exceedingly flexible method for the examination
of geological materials within the field. Therefore, analyzing the elemental composition in plants
can be very important in diagnosing and preventing most plant and animal related diseases. At the
end of this project, one will be able to distinguish the pros and cons in the differences between
organic and genetically modified plants in terms of elements contained, healthy and their impact
to the environment. In this project, genetically modified and organic maize was analyzed. This is
because of the fact that maize is a type of plant that is mostly and widely used in the country and

Africa as a whole.

Though LIBS is the technique that this project is mainly focused on, ICP-MS was utilized as a
complementary technique. This technique is based on ion interference and has the ability to analyse
elements in biological fluid, tissues, trace and ultra-trace level (Amais et al., 2020). Both these
techniques are capable of multi-elemental, on-line checking and analysis and the results can be
obtained within 24 hours. The motive behind using both these techniques is to make sure that all

elements are detected and identified regardless of the detection range.

1.3 Aim
The purpose of this research was to study the differences in elemental composition between

organic and genetically modified plants.

1.4 Objectives
The objectives were to:

» Investigate the elemental composition of organic and genetically modified plants using LIBS
and ICP-MS.

» Differentiate the two categories and two techniques according to the signature of their
essential and trace elements.

» Determine the effects of GMOs to the environment and the people.

> Make a recommendation to the farmers.

Page 9 of 92



CHAPTER 2: LITERATURE REVIEW

In recent studies, LIBS is one of the newest techniques utilized for qualitative and quantitative
elemental analysis. This chapter gives more information about LIBS’ advantages and
disadvantages from different studies. In this research, LIBS was used to analyse the elemental
composition in maize grains, since this technique is known for its user friendliness. This chapter
talks about how LIBS was used in other sciences branches like; pharmaceuticals, medicine, energy,
etc. Other articles may agree and disagree on curtain features of the technique under this section.
One will also learn how this technique can be improved just by studying how it has been used in

other experiments and also which other techniques work better than LIBS.

2.1 What is laser induced breakdown spectroscopy (LIBS).

According to (Rehse, 2019), LIBS is an effective and adaptable illuminating instrument for the
quick examination and characterization of a specimen's natural composition. In many cases, it
is frequently used to perform quick elemental analysis on numerous targets of interest (Rehse,
2019). The procedure of LIBS is a new analytical way to study the material composition (Meng et
al., 2017). LIBS is a spectrometry technology that deals with the analysis of components of a
material by measuring high power laser pulse induced by nuclear emission. Focusing of a high
energy laser beam on to the surface of a sample, is the fundamental guideline for the creation of
plasma and collection of emitting radiation (Guo et al., 2012). Jingjun Lin further added, that the
information obtained can be used for qualitative and quantitative analysis of the elemental

composition of the target.

According to Junjuri, LIBS is an emanation based spectroscopic method which utilizes a strongly
pulsed laser source to form the plasma of the given analyte (Junjuri et al., 2019). He added that the
plasma portion represents the sample composition and by spectrally examining the radiation
transmitted from the plasma, one can interpret the elemental data of the sample of interest (LIBS)
is a nuclear excitation (sometimes molecular excitation) technique based on focusing a pulsed laser
light to the sample producing high energy plasma. The produced plasma consists of ion and
electrons that emit radiation when cooling, the radiation is then collected via the optic fiber for

further analysis (Myakalwar et al., 2011).
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2.2 What are the uses of laser induced breakdown spectroscopy?

LIBS is one of the optical spectroscopic methods that are mostly used because of its flexibility
and experimental straightforwardness (Williamson and Kiefer, 2018), it can be used for different
purposes at different places. This section reviews different uses of the LIBS. LIBS feature in wide
applications in a lot of areas, such as environmental monitoring, biomedicine, material science and
industrial engineering etc. The technique is mainly used for qualitative and quantitative analysis
(Zhang et al., 2019a). Samples of any physical form can be distinguished using LIBS at a high
speed e.g. solid, liquid, powder and gas (Lin et al., 2019). In the last decade, analysis of organic
samples has been carried out using LIBS, where elements such has K, Mg, P and Na are referred

to as spectral markers for organic samples (Andersen et al., 2016).

2.2.1 Pharmaceutical use of LIBS
Pharmaceutical industry is a big industry. In this case, LIBS can be used a lot and in different

ways, this subheading is going to look at the different pharmaceutical uses of LIBS. Amongst
LIBS several advantages, high specificity and its capability for sample transfer complements its
application in the pharmaceutical field. Nowadays, in the pharmaceutical industry, the technique
has been exclusively applied as quantitating active pharmaceutical ingredient (API) to analyze
forms of dosage in solids. LIBS was used for analysis of the active agents in the tablet (Nisar et
al., 2019). The analysis is based on API specific elements such as chlorine, bromine, fluorine or
sulfur. In this case, the elements present in a pharmaceutical tablet (calcium-based tablet) were
determined using LIBS and then compared to that of National institute of standards and technology
database (NIST) which is a standard reference data program. The same analytical principle can be
applied to liquid solutions, however, there have not been any reported scheme of using LIBS in

pharmaceutical solutions (Nisar et al., 2019).

Recently, LIBS was chosen as the novel accurate technique to analyse the toxicity in some
antibiotic brands of tablets in Pakistan (Ahmed et al., 2020). For these tablets’ qualitative and
quantitative analysis, LIBS was combined with LA-TOF-MS, which is laser ablation time-of-
Flight technique Mass Spectrometry. (Lewen, 2011) agreed with Ahmed on the use of LIBS in
drug analysis since it is believed that the Chinese emperor died due to the presence of mercury in

drugs, however LIBS made it possible for the quantitative detection of specific elements from trace
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to heavy elements (Lewen, 2011). Further, Myakalwar et al. (2011) used LIBS to classify tablets

into their functional groups based on ratio metric and chemometric approach

For the first time, LIBS technique was introduced to examine the nanoparticle’s penetration depth
used in biocidal treatments of archeological artifacts, due to its unique advantage that it is a
nondestructive technique that does require little or no sample preparation or pretreatment of the
sample and its capability to perform an on-site analysis (Mateo et al., 2019). In order to evaluate
the effectiveness of the nanomaterials for protective purposes, this technique enabled the
researcher to carry out the silver nanoparticles characterization and analyze its depth (Mateo et al.,

2019).

2.2.2 Application of LIBS in energy
In recent years, there has been a tremendous development in the energy fields like batteries and

solar cells due to the introduction of LIBS. The application of LIBS allows the most significant
alteration, spatial and depth determination throughout sampling in order to resolve features at
length scales that corresponds to that of the original materials being studied. Furthermore, in
energy research, LIBS exclusive analyzing ability is often utilized particularly in advanced
manufacturing for quality control (Zorba et al., 2017). In photovoltaic-grade silicon production,
Nanosecond LIBS has been utilized for the most important steps like: Dopant and impurity
mapping in silicon, quantification, detection. Thin-film compounds absorption layers’ analysis has
also been utilizing LIBS in semiconductor solar cells. The technique enabled the appropriate
tailoring of the absorber film bandgap through proper management of the chemical composition

(Zorba et al., 2017).

Nowadays, tungsten is a metal that is often used in tokamaks diverter for plasma focusing because
of its lower sputtering rate and high melting point (Tolias et al., 2020). Tokamaks like FTU and
TEXTOR, tested and used tungsten and molybdenum as limiter materials (Vertkov et al., 2017).
Both of these metals proved to be suitable and feasible to be applied as limiters, at the same time,
molybdenum experimentally appeared to have several times high deposition rate as compared to
that tungsten under the same condition (Vertkov et al., 2017). Cooling due to mediated radiation
losses can be caused by low rate of sputtering through plasma degradation even though the used
materials have successfully proved their suitability for both the diverters and the limiter walls

(Krasheninnikov et al., 2016). Detection and removal of the deposits is very important in
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tokamaks, since the wall weakening due to sputtering caused by the interaction of the plasma and
diverter wall leads to micro-crack formation which further exposes trapped tritium fuel. The
deposited mixed layer thickness can be controlled and mapped used molybdenum which can either
be part of the wall or background material (Bisson et al., 2015). In this case, there will be material
migration which will possibly cause impurities and fuel retaining in the tokamak, therefore, LIBS
is required for its suitable non-invasive detection capability in order to perform surface analysis of
the deposited impurities, multi-layered sample depth analysis and fuel retention in situ

characterization (Miskovicova et al., 2020).

2.2.3 Analysing the archaeology and cultural heritage
To the archaeologist, it is very meaningful and valuable to study the origin, of raw material and

manufacturing techniques of the ancient artifacts like the ecce home painting. Thus, the common
aim of the archeologists is to determine and analyze the chemical properties of the archeological
artifacts (Singh et al., 2018). Recently, techniques like, Raman spectroscopy, fourier transform
infrared (FTIR), thin section petrography, proton-induced x-ray emission (PIXE), ICP-MS, and
LIBS, are most commonly utilized by the archeologists for chemical analysis and determination

(Khedr and Harith, 2013).
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Figure 2.1: The Ecce Homo painting (de Castro and Jurado-Lopez, 2019).

Relevant information about the archeological coins can be reached by elemental analysis, the
harvested information is really vital for the archeologists to study the metals used in the coins and
determined the techniques involved in the minting of the coins (Awasthi et al., 2016). In this case,
using laser based analytical technique is very important. These methods allow one to study the
artifacts internal content without destructing the object. There are numerous published articles that

agrees with the success of LIBS in the study of ancient artifact, e.g. sculptural art objects, cultural
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heritage material ink and pigments, painting, ancient coins, metal artifacts (Bai et al., 2020),
geological samples (Diaz Pace et al., 2011), pottery, glass (Singh et al., 2018) and zoo-archaeology
(Rusak et al., 2011).

Characterization of submersed artifacts and cultural heritage due to accidents is very important in
the field of archeology. Chemical analysis is very essential for the analyses of materials found
submerged due to accidents and can be vital the determine to origin especially by analyzing the
raw materials (Lopez-Claros et al., 2018). Recently, archeologists have pointed out LIBS as the
potential technique in their field due to its combined features such as, real time analysis, no sample
preparation, unlimited range of material capability and multi-elemental analysis. The feature
qualifies it for under water analysis. In 2020, Bhatt and his colleagues carried out an investigation
on the use of LIBS in liquid analysis (Bhatt et al., 2020). The experiment had its drawbacks due to
the explosive increase and gas bubble formation due to the continuous heat generated as the laser
is focused on to the liquid during the interaction of laser and water. This results in the formation
of'a short-lived plasma forming a weak signal in a single pulse LIBS analysis (Maurya et al., 2020).
In the past few years, double pulse methodology was implemented to improve the technique
(Somekawa et al., 2020). In this new technique, gas bubbles are created by the first pulse of laser,
then followed by the sample ablation by the second laser pulse that further causes excitation to the
plasma in the bubble. This improved technique has been utilized for qualitative and quantitative
analyses of underwater solid sediments (Fabre, 2020). Recently, it has been proven that LIBS is
capable of carrying a wide range of underwater analysis of metallic like bronze and iron and non-

metallic materials wood and rocks (Guirado et al., 2012).

LIBS can still be used to accurately identify, the elemental composition, appearance, colors and
pigments present in the paints. Despite all the advantages, the technique does not provide a clear
analysis on pigments that contain the same elements, for example, Fe-based elements in red iron
oxide (Fe203) and yellow ochre (FeO(OH)), the emission of iron from both pigments results in the
similar LIBS spectra. As a logical choice to overcome this, LIBS have to be coupled with diffuse
reflectance spectroscopy. In this diffuse reflectance technique, the surface of the paint is
illuminated by a broadband beam of white light, the light will then be absorbed, transmitted and
then scattered throughout the composite paint material. Diffuse reflection will then only occur due

to back scattering caused by an unabsorbed paint fraction. To provide the correct spectra reliable
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for materials, even a low-resolution spectrometer and a source of a broadband light can be utilized

to implement the reflectance setup (Siozos et al., 2017).

According to history, a variety of metallic alloys with different compositions, uses and properties
has appeared in different metal ages (Tn in the mid Bronze Age), followed by Tn—Pd alloys in the
Final Bronze Age and Fe in the Iron Age. Since the evolution of used metal alloy with time, the
classification of the metallic constituents and the period of manufacturing can be easily achieved
through quantitative analysis of the sample’s elemental composition. For example, in the Early
Bronze Age, the bronze-based alloys had huge amount of arsenic content as compared to the
present days (Snoeck et al., 2020). For the past Metal Ages, archeologists used LIBS for the
characterization of archeological metal objects. The technique has enabled the cataloging and
analysis of approximately 37 objects of different shapes and sizes. The archeological criteria used
for dating strongly correlates with the archeological bronze Chrono cultural sorting based on the

cluster analysis and sample arsenic content (Snoeck et al., 2020).

2.2.4 Geologic and soil analysis
Since LIBS emerged in the 80s, Los Alamos National Lab had a major contribution on the LIBS

technique before its first application in the early 90s (Ytsma and Dyar, 2018). The first LIBS
application was on sulfide minerals for the Yucca Mountain repository performance and licensing.
In this experiment, powder rock pellets were used as standards for iron ore quantitative elemental

analysis and to establish univariate calibration, they used Fe as internal standard (Fabre, 2020).

400 mg L' of lead (Pb) in the soil is considered the safe level according to the united states
environmental protection Agency (USEPA), whilst in correspondence, 32-100 mg L' is
considered as safe lead level in Europe (Rehan et al., 2018). For Pb quantification, numerous
techniques like, XRF, AAS, and ICP-MS were utilized to analyze the level of lead in the soil
(Orellana et al., 2013). The crucial technique for these analyses is LIBS since the above-mentioned
techniques require rigorous sample preparation and generally led the waste of chemicals, in this
case, sample preparation has to be minimized or avoided. Lead contaminated soil is very lethal to
both humans and animals and can lead to blindness, central nervous system disorders, convulsions
and ataxia (Contessi et al., 2020). In Pakistan, optimized LIBS system is widely used to detect and
assess soil contaminated with lead from the oil drilling areas. The method of applying standard

calibration curve and the other method based on analyzing the strongest peak of interest are the
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two mechanisms that are usually performed for quantitative analysis of lead content in soil sample

(Fabre, 2020).

The human settlement, Ny-Aalesund, Svalbard, located at the far north of the world, had a coal
mine, which was under operation from the year 1916 to 1963 (Kim et al., 2017). The soil in
Aalesund may still be affected by heavy metals from the coal mine waste. To understand the Arctic
anthropogenic pollution, it is vital to determine heavy metals in aerosols. Soil LIBS and aerosols
LIBS are two techniques performed in this case to determine heavy metals contaminating the Ny-
Aalesund, Svalbard soil and aerosols. The effect of local sources on soils in Ny-Aalesund is
determined using elemental spatial distribution. A comparison was then between the distribution,
soil samples from Korea abandoned mine and urban areas, furthermore, aerosol LIBS determined

elements from arctic aerosols that will then be compared to the ones in arctic soils (Kim et al.,

2017).

2.2.5 Forensics
In forensic field, broken glass or glass fragments can strengthen the forensic investigation by

providing strong evidence that can either favor the defendant or the prosecutor proposition in a
specific set of case circumstances (El-Deftar et al., 2014). Recently, LIBS has been widely utilized
in forensics to detect trace elements in glass sample for its atomic emission ability on solid samples
especially for forensic purposes (El-Deftar et al., 2014). Also, LIBS was used to determine ten
glass fragments to obtain their elemental composition from seven automobile glass samples
(Rinke-Kneapler and Sigman, 2014). Normally, spectral mask, rank correlation and linear

coefficients methods are incorporated with LIBS for discrimination potential of the technique.

Figure 2.2: Protocol sampling and analysis of stub (Dofia-Fernandez et al., 2018).
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Figure 2.2 shows a forensic scientist detecting the gunshot residue from the suspect. In cases that
involve firearms, cartridge cases, bullets, projectile fragments residues from firearm discharge are
collected in most cases during investigation of a crime scene. To provide valuable investigative
evidence related to gunshot residues (GSR), forensics expert take the collected evidence to their
laboratories for analysis in order to determine the firing distance, to differentiate between an
accidental shooting, suicide or homicide in order to capture the potential shooter (Stoney and
Stoney, 2015). One of the problems faced by scientists during evidence collection is that, after
primer percussion, there can be a random projection of gunshot residual in any direction (French
and Morgan, 2015). Samples are widely collected from clothing, hands and faces, regarding
individual suspects. Random sample collection, which is usually called blind sampling is
performed by forensic scientists when dealing with scenarios like; multiple suspects, vehicles and
rooms as long as the area is considered to be appropriate (Blakey et al., 2018). A great volume of
evidence is harvested using this technique, materials can be wasted and time is consumed amid the

analysis, the rational significance is for the investigation and judicial processes to be delayed.

iForenLIBS is a LIBS based equipment that was developed by Indra systems to solve the above-
mentioned problem. The aim of this LIBS based equipment is to regulate samples collection at
numerous crime scenes (Noll, 2012). This technique allows forensics to do a direct identification
and quantification of elements in any physical form (liquid, solid or gas) because of its low limit
of detection ability, samples can be analyzed directly at any surface with little or no sample
preparation needed (Chen et al., 2020b). Because of its advantages, this technology has been
proposed in recent decades as a reliable technique recommended for the analysis of trace elements
in environmental and forensic applications, detection of explosives, metallurgy, plastic analysis,
etc. (Lucena et al., 2011). Furthermore, metallic nanoparticles has been featured in this technique
to enhance detection limits, influenced by the medium and material-elements interaction in the

process of ablation (Dell'Aglio et al., 2018).

Syvilay et al. (2019) designed an experiment using standard reference glass material (NIST 1831)
to compare the difference in experimental accuracy between LIBS inter-day and intra-day
variation, which is the measurements run the same day and those run on a different day or at a later

stage (Syvilay et al., 2019). This was done to verify the claim that inter-day variation produces a
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more reliable spectrum. Understanding the difference in the two variations has a vital consequence

for forensic practitioners (Gupta et al., 2017).

In this experiment, a glass was used since it is easily found in scenes like; burglaries, hit-and-run
and not difficult to recover from a crime scene. It is very vital for forensic scientists to be very
accurate and precise when measuring glass’s physical characteristics like elemental characteristics
and refractive index and understanding what could be the limits of other analyzing techniques
(Sanchez-Aké et al., 2018). On a study that was done by Orellana et al, NIST SRM 610 AND
1831 was used and showed that consistent results could be produced when LIBS experiment is
carried out the same day (Orellana et al., 2013). There was a percentage relative standard deviation
(%RSD) variation of 0.8% to 15.0% ratio for each peak from the experiment that was carried out
hourly from the same sample on the same day (Bridge et al., 2006). A set of 11 emission line
ratios was measured in another experiment to measure the percentage relative standard deviation
(%RSD), a standard NIST SRM 610 was utilized for the period of 3 days to measure the same
peak ratios of glass sample and the following results were obtained: %RSD of 6.5+1.4% same day,
%RSD of 24.5+£29.2% for 3 days. The results prove that, conducting the LIBS experiment on the

same day is more advantageous (El-Deftar et al., 2014).
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Figure 2.3: Glass discrimination and multivariant analysis (El-Deftar et al., 2014).

Figure 2.3 describes that glass elemental finger printing by utilizing laser induced breakdown
spectroscopy (LIBS) has been identified as valuable for coordinating and distinguishing glass as

proof to support criminal and lawful procedures (El-Deftar et al., 2014).
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2.2.6 Butter adulteration analysis using LIBS
Blending of butter with a much cheaper margarine is now a well-practiced technique for butter

adulteration (Deelstra et al., 2014). Butter adulteration has been examined in a few studies; in any
case, there's still a need for a fast, easy and non-destructive detection technique. For the detection
of the presence of vegetable fats in butter, gas chromatography has been used especially to analyze
the composition of fatty acids in oil sample of which at present it requires triglycerides analysis
first (Temiz et al., 2018). Although gas chromatography was regarded as an accredited technique,
it was still time-consuming, vigorous chemical were needed to be used and that requires well-
trained personnel, that eventually make the technique expensive. In this case, the applicability and
the effectiveness of LIBS was tested in the detection of butter adulteration with margarine. LIBS
produced two spectra with different elemental composition indicating that butter and margarine
are different and for the confirmation the results were further evaluated using chemometric

methods (Temiz et al., 2018).

2.2.7 Determination of ash content of coal using LIBS
There are many standard chemical approaches that can be used for the coal compositional analysis;

however, there is a new proposed technique for accurate and fast detection of chlorine substances
in coal. The current studies show that this technique is very simple as compared to others (Zhang
et al., 2019b), nowadays power plants need the technique that involves fast response of which the
ones used does not meet the requirements anymore (Legnaioli et al., 2019). On the other hand,
exceptionally few methods can ensure the on-line coal analysis, energy before it would be burned
to generate electricity. For analyzing coal moving on a conveyor belt, before burning ,the only

technique capable of fast and precise analysis is LIBS (Legnaioli et al., 2019).

2.3 Advantages of using LIBS

As an elemental analysis device, LIBS is progressively becoming more popular due to the fact that
it is moderately cheap, fast, non-destructive technique that permits a concurrent multi-element
examination in a single measurement (Hussain Shah et al., 2020). This technique has been proven
to be the promising component investigation procedure due to its special advantages such as on-
line checking and quick in-situ analysis of materials in different forms (Lin et al., 2019). According
to Harmon et al., (2018), LIBS technology has properties that make it much more valuable and
exceedingly flexible method for the examination of geological materials within the field. For in-

situ and real time analysis, LIBS is the best, by both stand-off or close-in approaches it can also
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be used for elemental identification or abundance quantification (Zhang and Yang, 2020). Raman
and XRF spectroscopy, no sample preparation is needed in order to use LIBS (Harmon et al.,

2018).

LIBS highly depend on calibration accuracy for quantitative analysis and some widely used
conventional LIBS methods such as; internal standardization, classical calibration, multipoint
calibration (MPC) and multivariate calibration (Yuan et al., 2019). Even though there are a number
of accurate techniques, these techniques can be very sophisticated and requires various solutions
to dissolve the sample (sample preparation) prior actual experimentation. Due to these measures,
a precious sample can be physically destroyed in the process (Awasthi et al., 2016). LIBS can
perform some measurements at a range of approximately 130 m, making this technique capable of

characterizing objects remotely (Kubitza et al., 2020).

2.4 Challenges of using LIBS

Exploring ways to improve the quality of plasma emission, there has been some challenges in the
process of extending LIBS efficiency as the field of application extends and widens with an
increase in studies aiming to improve the technique (Goueguel et al., 2010). This technique is
considered as the breakthrough because of its countless advantages like analyzing samples of any
phase, which is not always the case especially when it comes to analyzing liquid and powder
samples. Using the technique in powder samples requires one to go for pretreatment processes that
leads to matrix interference effect and this complicates spectral analysis and the impurities
compromises detection sensitivity and emission intensity and self-absorption of certain emission

peaks.
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CHAPTER 3: MATERIALS AND METHODS

This chapter is the most important part of this research, the two techniques (LIBS and ICP-MS)
are described in details and how the actual practical work was carried out. All instruments used
are properties of the North-West University but from different Departments, of which; the Polymix
(PX-MCF 90 D), Titan Microwave digester Perkin Elmer and ICP-MS were from the Center of
Applied Radiation Science and Technology (CARST) whilst LIBS was from the Chemistry

Department, under the Material Science Research labs.

Genetically modified samples, which are: MON 810, MON 89 and CRN3505 were bought and
shipped from Monsanto USA by Prof Johnnie Van Den Berg (NWU Potchefstroom campus).
Organic plants seeds: Stowell evergreen and Golden Bantam, from organic seeds, Rosemary Hills,
Pretorial east. The methods used in the chapter were carefully created and amended specifically

for this project under strict supervision of Ms ND Mokhine (co-supervisor).

3.1 Sample collection
In this project maize used was imported from Monsanto USA since it was not easy to get them in

South Africa, the ones sold here are not labeled in details, especially for research purpose.

3.1.1 Genetically modified maize
e MONS8I10: This is a recombinant trait introduced into various number of maize, which contains

a derived gene called Bacillus thuringiensis (Bt), which is modified to express
truncated cryl Ab gene that encodes for d-endotoxin, an insecticidal protein that manages the
Ostrinia nubilalis which are some of the lepidopteran pest insects (Hubert et al., 2008). This
gene trait allows the plant to combat against moths during maize grain storage period (Ricroch

et al., 2010). The sample (Mon810) specifications are displayed in table 3.1 below.

Table 3.1: Mon810 specifications (ISAAA, 2020).

Developer: Monsanto (both fully and partly owned companies)

Method of trait introduction Microparticle bombardment of tissue or plant cells

GM traits Lepidopteran insect resistance, antibiotic resistance

and glyphosate herbicide tolerance

Commercial trait Insect resistance
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MONS9: this is a transgenic trait introgressed into numerous maize plants, it consists of
bacillus thuringiensis subsp. Kumamotoensis is a gene modified to express Cry2Ab and
CrylA.105 protein comprising of CrylAb, CrylAc and CrylF proteins, delta that encodes
endotoxin. It is responsible for lepidopteran insects’ resistance particularly by selectively
destroying their mesenteron lining (ISAAA, 2020). Table 3.2 indicated the sample (Mon89)

specifications.

Table 3.2: MONS9 specifications (ISAAA, 2020).

Developer: Monsanto Company (both fully and partly owned
companies)

Method of trait introduction mediated plant transformation- Agrobacterium
tumefaciens

GM traits Lepidopteran insect resistance

Commercial trait Insect resistance

CRN3505: this is a newly Monsanto produced dual trait structure version of Bacillus
thuringiensis that combines two transgenes Cryl A.105 and Cry2Ab which are responsible for
toxin-production, this process is known as pyramiding which is a way of replacing a single

ineffectual transgene. This results in high yield and drought tolerance (Schnurr, 2019).

3.1.2 Organic maize

Golden Bantam: Since the beginning of the 20" century, yellow corn has been favored by the
home gardeners hence it is known as old standard yellow corn. Golden Bantam corn has a great
sweet flavor taste that is fantastic for fresh eating or freezing. Very sweet adaptable, and
reliable for an open pollinated heirloom corn. It can grow from 150 cm to 180 cm tall and
produces 14-18 cm ears, full of golden yellow kernels each in 77 to 80 days (Heirloom, 2012).
Stowell ever green: It is the most delicious white sweet corn, named, the "King of All White
Sweet Corn Varieties". For more than 162 years, it has been popularly known by market
growers and home gardeners (Heirloom, 2012). A special variety for late season, the
maturation of Stowell evergreen is very slow and can occur over a very long period of time,
usually elongates harvest and produces 1-2 ears per stalk, sweet white kernels, 0.2 m long with

16 to 20 rows of plump. It is considered one of the best heirloom variety for table food due to
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the fact that, it keeps longer than most which makes freezing and canning possible for 80-100
days (Heirloom, 2012).

3.2 Equipment

Figure 3.2.1 is a Polymix (PX-MCF 90D), this equipment is used for sample grinding. It can be

using for samples like; maize and even soil. This instrument is very easy to operate, no instruction

or guidance is needed.

Figure 3.2.1: Polymix (PX-MCF 90 D).

Figure 3.2.2 is LIBS; this is where all the sample ablation takes place. This instrument uses high
energy laser to excite the elements within the sample in order to study the elemental composition

of a particular sample.

Figure 3.2.2: Laser induced breakdown spectroscopy (LIBS).
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Figure 3.2.3 shows the Titan microwave digester-Perkin Elmer. All the sample digestions were
carried out by this instrument. It has the ability to run multiple samples at ones.

Figure 3.2.3: Titan microwave digester - Perkin Elmer

Figure 3.2.4 is the ICP-MS, this instrument is used for elemental analysis and identification. At
CARST, the instrument is operated under a direct supervision from Ms ND Mokhine since it is
complicated and requires a trained expect to operate.

Figure 3.2.4: Inductively coupled plasma mass spectrometry (ICP-MS).

Figure 3.3.1, 3.3.2 and 3.3.2 and all CARST equipment whilst on figure 3.3.3 is the LIBS from
chemistry department.
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3.3 Methodology
Although LIBS require little or no sample preparation, all samples: MON810, MONS80, CRN3505,

Stowell evergreen and Golden Bantam were ground in small portions using Polymix (PX-MCF
90 D) at 6000 rpm (maximum revolutions) and 230 V. Samples were ground in their raw form in
order to create single phase powder sample to reduce interference and easy to run via LIBS. The
sieve and the grinding blades were cleaned after every sample to avoid contamination. The powder

samples were then put in different plastics and labelled.

3.3.1 LIBS experiment

This LIBS experimental setup is shown in Fig. 3.3.3 It consists:

e Laser source (NT342 series) is the widely tunable system range of 192 — 2600 nm and
produces high pulse energy (up to 50 mJ) that permits one to study extensively a range of
materials up to 18 micrometres, it is customized to possibly enable the studies of infrared
radiation vibrations between molecules.

e Focusing lens: 30 mm length plano-convex for bending the laser to the focal point.

e Fiber optics (for light collection): silica-clad and silica-core fibers optimized for
wavelength ranges: VIS-NIR (450-2200 nm), SR (190-1100 nm) or UV-VIS (300-1100
nm). 2 m standard length of fiber assembly and diameters ranging from 4 pum to 1500 pm
(MacArthur et al., 2014).

e Spectrometer: Ocean HDX spectrometer utilizes strong optical bench plan, optimized
components that are accurately designed to increase optical resolution, maximize
throughput, decrease light strays and keep the internal thermal temperature constant for
integrated, research and industrial applications (MacArthur et al., 2014).

e Sample stage: This is a handmade stage, which is an adjustable stand with a watch glass
clamped on it. This was self-designed to allow rotation and vertical adjustment during

ablation.

Before running the sample, a dark spectrum was taken whilst the light path was blocked and the
reference spectrum was taken with the light path open and using the blank sample. Both the dark
and reference spectrum were then saved on the folder created on desktop. On the data acquisition
console, the integration time was set to 100 milliseconds so that the detector can have a longer

photon monitoring time. Scan average was set to 8 for a better signal-to-noise ratio (S:N). Box

Page 25 of 92



width was set to 4, this value was set higher in order to acquire smoother data and greater signal-

to-noise-ratio. Strobe/lamp enable and electric dark correction options were both unchecked.

3.3.2 Data acquisition
This experiment was carried out at night to avoid light and reduced light interference. The ground

sample was ablated by an exciting laser pulse from the NT342 series laser with 474 nm laser
wavelength. The pulse energy was exactly 10 mJ and a laser pulse duration of 3.6 ns, and the rate
of repetition was tuned to 10 Hz. The sample was compressed and horizontally mounted on a
flexible xyz rotating sample stage so that the laser can always heat a fresh region of the sample
during ablation and analysis. The laser pulse was focused to the surface of the sample by a 30 mm
length plano-convex, the ablation causes the sample to be excited, exposing different elements on
the sample surface. The emitted signal from the excited plasma was collected through a fiber optic
coupled into spectrometer through an optic fiber cable. A built-in charge-coupled device (CCD)
camera in the spectrometer recorded the spectra. Several pulses from the ablation laser were then
allowed to accumulate on the detector for the generation of a single spectral signal. Each sample

was measured three times, excluding the outliers.
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Figure 3.3.1: Schematic diagram for laser induced breakdown spectroscopy.

3.4 ICP-MS experiment

3.4.1 Sample preparation
For ICP-MS, the ground sample has to be digested into 3 replicates of liquid as follows:
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3.4.1.1 Reagents used:
e 8ml of 70% high-purity nitric acid (HNO3)
e 2ml of 30% hydrogen peroxide

0.250 g of the powder sample was accurately weighed and transferred into the digestion vessels.
The reagents were then added slowly into the digestion vessels and rinsed so that they get to the
bottom of the vessel. The mixture was gently swirled and allowed to set for approximately 10
minutes and the vessels were then sealed and tightly closed. The vessels were then taken to the
PerkinElmer Titan MPS system for digestion. The sample digestion took about 30-45 minutes,
after digestion, the vessels were allowed to cool enough before being touched to avoid sample loss
and forming. After cooling, the sample was then transferred into the sample tube and finally taken

to ICP-MS and LIBS for analysis.

Figure 3.4.1, figure 3.4.2 and figure 3.4.3 are the maize samples in different for forms as mentioned

previously.

Figure 3.4.1: Solid samples
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Figure 3.4.2: Powder samples

Figure 3.4.3: Liquid samples
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CHAPTER 4: RESULTS AND DISCUSSIONS
This chapter describes the results of LIBS and ICP-MS analysis of GMO and organic seeds. It is

divided into results for organic seeds, results for GMO seed then discussions and conclusions.

There are seventeen elements in an organic corn, which can be categorized into four groups,
elements from air and water, elements from fertilizer and manure, secondary elements and less
frequently applied elements (elements that are not often used in fertilizers). In this research, it is
believed that manipulating the concentration of elements plays a major role in the alteration of the
genetic makeup of the corn. The table 4.1 shows 4 categories in which elements are grouped as
they are expected to appear on the identified results.

In this section, equations (1), (2) and (3) were used to calculate mean, standard deviation and

standard error.

Sum of concentrations

For mean: X = Equation (1)

Number of concentrations

where X 1s mean

.— )2
For standard deviation: o0 = /Z(?;;Tx) Equation (2)

where: N = number of elements, X = mean value, x; = value of a single element and

o = standard deviation

For standard error: SE = Equation (3)

z
Vn

Page 29 of 92



Table 4.1: All elements found in organic (natural) grain of corn.

From air and water From fertilizer and Secondary elements Less frequently
manure applied elements
Carbon Nitrogen Sulphur Chlorine (Cl)
Hydrogen Phosphorus Calcium Iron (Fe)
Oxygen Potassium Magnesium Manganese (Mn)
Zinc (Zn)
Copper (Cu)
Boron (B)
Silicon (Si)
Aluminium (Al)

4.1 Organic samples

Identified elements and their concentration means and illustrated in figure 4.1a and 4.1b. Figure
4.1a is the plot of concentration means of different elements including their error bars. it shows
how much nitrogen was present as compared to other elements. The amount of nitrogen scales was
too high that other elements are barely visible on the graph. This high amount of nitrogen does not
agree with the standard NPK ratio, which is approximately 2:1:2 (Farahani et al., 2017). Figure
4.1b shows the identified elements plotted without nitrogen. In this graph we can clearly see that
potassium (K) and phosphorus (P) does not agree with the standard ratio and it also indicate clearly
how other element’s concentrations differed. In this case, and regardless of the mean
concentration, the degree of uncertainty (error) was very small, this indicates the elemental
consistence in all three trials. In this case, two elements, hydrogen and oxygen were not measured.
The two elements that were not measured, are indicated on table 4.1 as elements from air and
water, which makes sense in this case since the experiment takes place in the absence of water. All
three expected elements under fertilizer and manure (nitrogen, potassium and phosphorus) were
measured with nitrogen having a very high concentration as compared to all other elements
detected. Calcium (Ca), sulphur (S) and magnesium (Mg) were all detected from the category of

secondary elements.

Page 30 of 92



Lastly, all elements from the less frequently applied elements were detected.

The earth’s atmosphere is 78% nitrogen (N) and can also be found in water and air (Aczel, 2019).
In this case, the higher level of nitrogen (N) indicates that a nitrogen rich compost or manure was
used, which is the primary source of nutrients in organic plants. Furthermore, a high level of
nitrogen (N) can be toxic to the soil and the plants themselves, the plants will have a dark green
colour and a stunted growth (Osorio et al., 2016). There is no limited amount of nitrogen (N) in
plants and soil since the concentration is often adjusted depending on the amount of nitrogen
needed on that particular plant. Calcium (Ca), iron (Fe), aluminium (Al), manganese (Mn), zinc
(Zn), copper (Cu) and boron (B) have very low concentration. Ca*? uptake is inhibited by a high
content of K*, which affects the membrane integrity and plant’s growth. Fe*? deficiency affects the

absorption of Mn, Cu and Zn and delays the plant’s growth.

4.1.1 ICP-MS data: Golden bantam
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Figure 4.1a: The graph of concentration means with nitrogen.
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Figure 4.1b: The plot of detected concentration means without nitrogen.

4.1.2 LIBS data: Golden bantam

The software used to identify the elements (SPECLINE version 2.1, supplied by PLASUS) can
identify more than 100 elements in one peak. In this case, only the element with higher wavelength
(between 200 and 900) were selected per peak.

In the figures below (figure 4.3, 4.3 and 4.4) and tables (table 4, 5 and 6), only 5 elements were
plotted in which oxygen was the only element from air and water category that was detected in all
three trials. From the fertilizer and manure category, only potassium was detected but in very small
quantity. No element was detected from the secondary elements. From the less frequently applied
elements category, we had iron (Fe), manganese (Mn) and copper (Cu) of which Fe and Mn
appeared to be the dominant elements. Since iron (Fe) was the dominant detected element with
higher activity identified at more than one peak, this indicated that the type of soil is laterite soil.
Laterite soil is a red-like type of soil rich in iron oxide, this type of soil is found in the coastal areas

of KwaZulu Natal and Pretoria (Sithole et al., 2017).
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Figure 4.2: Emission spectra of sample Golden Bantam 1* trial.
Table 2.2: Golden Bantam 1* trial peak information.
Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper Lower-upper numbers
1 Mn I 278.27 1600 2.11-6.57 5D)4s a6D - 7S) s4f 4% -5
wO6F
2 Fel 354.56 412 6.35-2.85 6D)4d e7F - 5D) sp 4-4
z7F
3 Cull 386.42 191 14.96 - 18.17 5p °F - 6d °F 3-3
4 Fell 531.62 2173 10.42 - 12.75 5D)4d e6G - 4)4f 672 -6
22[6]]
5 Fell 657.61 750 13.00- 11.11 5D)5d 6D -4P)sp 6P | 2%2- 1'%
6 Cull 766.47 1535 14.96 - 16.58 5p?F-6s°D 3-2
7 K1 769.90 340 0.00 - 1.61 4s2S - 4p *P° Va-Ya
8 Ol1 777.19 468 9.15-10.74 3s 558°-3p 5P 2-3
9 Fell 822.69 62 9.94 -11.45 5D)5s e4D - 4G) sp 172-2%
v4F
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Figure 4.3: Emission spectra of sample Golden Bantam 2" trial.
Table 4.3: Golden Bantam 2" trial peak information.
Peak | Element | Wave length | Intensit Energy Transition Quantum
(nm) y Lower -upper Lower-upper numbers
1 Mn I 278.27 1600 2.11-6.57 5D)4s a6D - 7S) s4f 4% - 5%
wOF
2 Mn I 354.10 28 4.26 -7.75 3H)4s a4H - 3G)4p 4, - 3%
v4F
3 Cull 386.41 191 14.96 - 18.17 5p °F - 6d °F 3-3
4 Fe Il 531.62 2173 10.42 - 12.75 5D)4d e6G - 4)4f 6% - 6"
22[6]]
5 Fell 657.62 750 13.00 - 11.11 5D)5d 6D -4P)sp 6P | 2)2- 1'%
6 Cull 766.47 1535 14.96 - 16.58 5p°F - 6s°D 3-2
7 K1 769.90 340 0.00 - 1.61 4s2S - 4p *P° Va-Ya
8 O1 777.19 201 9.15-10.74 3s5S°-3p 5P 2-1
9 Fell 822.69 825 9.70-11.21 5D)5s e6D - 5G) 5p 4F | 32 - 4%
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Figure 4.4: Emission spectra of sample Golden Bantam 3 trial.
Table 4.4: Golden Bantam 3™ trial peak information.
Peak | Element | Wave length Inten Energy Transition Quantum
(nm) sity Lower -upper Lower-upper numbers
1 Mn I 278.27 1600 | 2.11-6.57 5D)4s a6D - 7S) s4f 4%, - 5%
wOF
2 Mn I 354.90 28 4.26 -7.75 3H)4s a4H - 3G)4p 42 -3
v4F
3 Cull 386.41 191 14.96 - 18.17 5p°F - 6d °F 3-3
4 Fell 531.62 2173 | 10.42-12.75 5D)4d e6G - 4)4f 672 -6
*2[61]
5 Fell 657.62 750 13.00 - 11.11 5D)5d 6D - 4P) sp 6P | 22 - 1'%
6 Cull 766.47 1535 | 14.96 - 16.58 5p3F - 6s°D 3-2
7 K1 769.90 340 0.00 - 1.61 4s2S - 4p *P° Ya-Ya
8 Ol 777.19 201 9.15-10.74 3s 55°-3p 5P 2-1
9 Fell 822.69 825 9.70 - 11.21 5D)5s e6D - 5G) 5p 3-4%

4F
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4.1.3 Statistical analysis
There was a higher degree of error measured in O I than others due to the fact the measured
intensity was slightly higher in the first trial and zero error was observed in those elements that

were equally measured in all trial runs as indicated by figure 4.5.
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Figure 4.5: The graph of intensity means with standard errors.

4.1.4 ICP-MS data: Stowells evergreen

Figure 4.6a is the graph of elements that were averaged from all three trials. This graph was plotted
just to indicate how the concentration of nitrogen overshadows other elements. It displays all
expected elements that were previously categorized under table 4.1. In Figure 4.6b, the elements
were plotted without nitrogen to show that these elements were not as little as they appeared in
Figure 4.6b. In this plot, potassium was the one that had a higher concentration. The ratio between
potassium and phosphorus is approximately 1:4, which is common in other fertilizers, it shows
that even elements with a lower concentration mean can have a higher error, which is indicated on
chlorine. Potassium had the highest mean concentration but its error was even smaller than that of
sulphur. From the category of elements from air and water, only carbon was measured.
Furthermore, all elements were measured from the category of fertilizer and manure, nitrogen with
the highest concentration as compared to all other measured elements in the sample. A high
concentration of nitrogen was basically due to atmospheric nitrogen and nitric acid (HNO3) used

as a reagent for sample digestion known as background signals (Wilschefski and Baxter, 2019).
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All three elements from the secondary macronutrients were measured and detected in small
quantity as they were supposed to be (Shergill-Bonner, 2017). The importance of these secondary
macronutrients has been explained under section 4.1. In the category of less frequently applied
elements, all eight elements were measured with Al, Mn, Zn Cu and B having extremely lower
concentrations. The significance of these less frequently applied micronutrients was equal to those
of macronutrients (N, P and K) but in small amount (Dhaliwal et al., 2019). Shortage of these less
frequently applied micronutrients can always be supplemented by the NPK fertilizer, manure or

organic compost, depending on the nutrient deficiency in soil or the farmers’ desired traits.
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Figure 4.6a: The plot of mean concentration with nitrogen.
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Figure 4.6b: The plot of mean concentration without nitrogen.
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4.1.5 LIBS data: Stowells ever-green.

In figures below (Figure 4.7, 4.8 and 4.9) and tables (table 4.5, 4.6 and 3.7), the sample was run
into three trials in order to get precise and accurate results. 9 elements were detected from the first
trial, 11 elements from the second trial and 10 elements from the third trial. In all trials, it was
evident that Fe and Mn were the dominant elements. This technique is different from the ICP-MS
due to the fact that LIBS detected the excited elements. In this case, Fe was excited first and more
rapidly as compared to the other elements. Only potassium from the category of manure and
fertilizer was detected, from air and water, high intensity of oxygen was observed more than
magnesium. Oxygen plays a major role in respiration and photosynthesis (Shi et al., 2012). None
of the secondary elements was identified. Finally, we have Fe, Mn and Cu from the less frequently
applied elements. Iron, being dominant, can only mean that corn was supplemented with Fe since
it plays a key role or it is due to its geographical location as previously mentioned. In this case,
potassium was available in small content. Since we had 9 to 11 elements detected on this sample,

it means that the plant may suffer from deficiency of those nutrient elements missing.
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Figure 4.7: Emission spectra of sample stowells ever-green 1% trial.
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Table 4.5: Stowells 1% trial peak information.

Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper Lower-upper numbers
1 Mn II 247.94 3207 13.16 —8.16 4G)4d eSH -4G)4pz5H | 7-7
2 Mn I 278.27 1600 2.11-6.57 5D)4s a6D - 7S) s4t woF | 42 - 5%
3 Fel 354.56 412 6.35-2.85 6D)4d e7F - 5D) sp z7F 4-4
4 Cull 386.43 191 14.96 — 18.17 5p’F - 6d °F 3-3
5 Fell 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4122[6]] 6Y2 - 6Y
6 Fell 657.63 750 13.00-11.11 5D)5d 6D - 4P) sp 6P 2 -1
7 Cull 766.47 1535 14.96 - 16.58 Sp?*F -6s°D 3-2
8 Fe Il 709.19 31 6.70 - 4.96 4F)4d e3G -5D)spx5D [4-3
9 KI 769.90 340 0.00 - 1.61 4s2S - 4p ?P° Ya- 2
10 Ol 777.19 468 9.15-10.74 35 5S°-3p 5P 2-3
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Figure 4.8: Emission spectra of sample Stowells ever-green 2™ trial.
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Table 4.6: Stowells 2™ trial peak information.

Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper Lower-upper numbers

1 Mn 11 229.21 374 11.74 - 17.15 3D)4s c4D - 3G)4p | 32-4%
x4F

2 Fe Il 247.55 2571 10.60 -5.59 | 5D)4d e4G-5D)4p | 3'%2-2%
74F

3 Mn I 278.27 1600 2.11-6.57 5D)4s a6D - 7S) 4> -5
s4f woF

4 Fel 354.56 412 6.35-2.85 6D)4d e7F -5D)sp | 4-4
Z7F

5 Fe III 387.42 234 24.00 - 27.20 6S)5d 5D - 4F)5p 4-5
5F

6 Fe Il 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4f 672 -6
22[6]]

7 Fe Il 657.62 750 13.00-11.11 SD)5d 6D -4P)sp | 2V-1%
6P

8 Ol 747.64 2399 14.12-15.78 | 3s"*P-3p"*D 2-3

9 Cull 766.47 1535 14.96 - 16.58 S5p3F - 6s°D 3-2

10 Ol 777.19 468 9.15-10.74 35 558°-3p 5P 2-3

11 Ol 822.18 2047 12.54 - 14.05 3s'*D -3p'°D 3-3

T T
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- 10 Ines found

Line identification:

- hit interval: +/- 0.1 nm

8 OB+04L - 10 lines identified

6.0E+04¢

278.27 [ 1600]

4.0E+04¢

Intensity [Counts]

-~ Min 1

2.0E+04¢

z
™
el
Ll
o
=
z
Y

- e [11 387.42 [234]

- gl 531.62[2173]

- Fell 657.62 [750]

- el B22.69 [62]

200

300

400

500 600

Wavelength [nm]

700

Figure 4.9: Emission spectra of sample Stowells ever-green 3™ trial.
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Table 4.7: Stowells 3™ trial peak information.

Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper Lower-upper numbers

1 Mn I 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f 4% - 5%

wo6F

2 Mn I 354.10 28 4.26-17.75 3H)4s a4H - 3G)4p v4F | 42 - 3%

3 Fe III 387.42 234 24.00 - 27.20 6S)5d 5D - 4F)5p 5F 4-5

4 Fell 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4£22[6]] | 6%2- 6%

5 Fell 657.62 750 13.00 - 11.11 5D)5d 6D - 4P) sp 6P 2% - 1%

6 Ol 747.64 2399 14.12 - 15.78 3s"3P - 3p" 3D 2-3

7 Cull 766.47 1535 14.96 - 16.58 S5p3F-6s°D 3-2

8 K1 769.90 340 0.00 - 1.61 4s2S - 4p 2P° Yoo

9 Ol 777.19 468 9.15-10.74 35 55°-3p 5P 2-3

10 Fell 822.69 62 9.94-11.45 5D)5s e4D - 4G) sp v4F | 142 - 2%

4.1.6 Statistical analysis

Figure 4.10 shows that there was a huge uncertainty or error for Mn II, O I, Fe I and K 1. This was

due to inconsistence of the instrument since some elements were not detected or detected at very

‘iliﬁ &
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Figure 4.10: The plot of intensity means of different elements.
4.2 Genetically modified samples

In Figure 4.11, the concentration of nitrogen was too high that other elements were barely
appearing on the graph, which is why Figure 4.11b was plotted. Plotting the average concentration
without nitrogen helped us study the concentration ratios between other elements and it also
showed that those elements were not as closer to zero as they appeared in the presence of nitrogen.
In figure 4.11b, it is clear that not all elements with higher concentration had a huge error as
compared to those plotted in the presence of nitrogen. This is an indication of inconsistence of the
instrument since same samples were measured in three replicates. Two elements that were not
measured are indicated under table 4.1 as elements from air and water, which makes sense in this
case, since the experiment took place in the absence of water. Secondly, these three elements (H.C
and O) are found in fertilizers.

For the secondary elements, we had sulphur with the higher concentration followed by magnesium.
Both these secondary elements are essential in plants but in small amounts as indicated by the
results, the deficiency of these elements may result into plant’s health problems. There were a bit
higher level of chlorine and iron from the last category of the less applied elements. The indicated
amount was barely enough for plants since less than 5000 ppb is required in plants (Nibali, 2005).
Lastly, 4 elements were present in very small amount like Mn, Cu, Al, and Zn, which plays a major
role in plant’s defence mechanism like the production of phenolic compounds by manganese and
zinc. These elements helps in the plant’s ability to trigger defence mechanism through its
accumulation in the plant which is toxic to pests (Cabot et al., 2019). This agrees with the earlier
mentioned statement that CRN 3505 is a dual trait version of Bacillus thuringiensis that combines
two transgenes Cryl1A.105 and Cry2Ab, which are responsible for toxin-production, this process
is known as pyramiding, which is a way of replacing a single ineffectual transgene. This results in

high yield and drought tolerance.
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4.2.1 ICP-MS data: CRN 3505
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Figure 4.11a: The plot of concentration means with nitrogen.
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Figure 4.11b: The plot of concentration means without nitrogen.

Page 43 0f 92



4.2.2 LIBS data: CRN 3505

In figures (figure 4.12, 4.13 and 4.14) and tables (table 4.9, 4.10 and 4.11) below, only 7 elements
were plotted in which oxygen and carbon were the only elements from the air and water category
but carbon was not observed from the first trial, which is why it is important to run three trials.
From the fertilizer and manure category, we had, nitrogen and potassium but in small quantities.
Thirdly, a small quantity of calcium was detected from the secondary elements. Calcium
deficiency is normally triggered if magnesium or potassium level is too high. From the less
frequently applied elements category, we had iron (Fe) and manganese (Mn), which were
appearing to be the dominant elements. The deficiency of any of these two elements is often
mistaken for one another, like stunt and inhibition of plants growth. In terms of the plant’s specific

features, manganese and copper played the key role.
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Figure 4.12: Emission spectra of sample CRN 3505 1* trial.
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Table 4.8: CRN 3505 1% trial peak information.

Peak | Element | Wave length | Intensity Energy Transition Quantum
Lower -upper | Lower-upper numbers

1 Mn I 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f 4% -5
wo6F

2 N2+ 353.83 700 0-3.16 X2Sig+u - B*Sig+u 3-4

3 Fe Il 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4£22[6]] | 62 - 6%

4 NII 589.2 2042 26.26 - 28.37 | 3s'3P - 7f2[3%] 2-3

5 Fell 657.62 750 13.00-11.11 | 5D)5d 6D - 4P) sp 6P 2%-1%

6 Fell 709.19 31 6.70 - 4.96 4F)4d e3G - 5D) sp 4-3
x5D

7 Cull 766.47 1535 1496 -16.58 | 5p3F -6s°D 3-2

8 K1 769.90 340 - 1.61 4s %S - 4p *P° V2-Ya

9 Ol 777.19 468 9.15-10.74 3s5S8°-3p 5P 2-3

10 Fel 795.58 58 6.59-5.03 4F)4d 5P - 5D) spx5F |3 -4

11 Fel 822.04 1775 5.83-4.32 4F)5s eSF - 4F)4p z5G | 5-6

12 Mn I 845.48 2 7.00 - 8.47 e4D - 4F) sp 4F 3% -4

13 Fel 869.95 437 6.38 -4.96 6D)4d fSF - 5D) spx5D | 4 -3

Page 45 of 92




L.OE+05

8.0E+04

Intensity [Counts]

2.0E+04+

6.0E+04+

4.0E+04+

T T
CRN 3505 samples 2.psl:
Line search in spectrum
[ - 15 lines found
Line identification:
- hit integval: +/- 0.1 nm
- 15 lines identified

229.21 [374]
247.94 [3207]
278.27 [1600]

-~ Tvin |

- hin 11

- M [T1

- el 35549 [4188]

g Il 531.62 [2173]

- e ll 657.62 [750]

09,19 [31]

- el

e | 795.58 [58]
9.78 [16

1 845.55 2]
M [ 845.48 [2]

-
™I Ba

200 300

400

500 600

700

300

Wavelength [nm]
Figure 4.13: Emission spectra of sample CRN 3505 2™ trial.
Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper | Lower-upper numbers

1 Mn III 229.21 374 11.74-17.15 | 3D)4sc4D -3G)4p |3%-4"%
x4F

2 Mn I 247.94 3207 13.16 - 8.16 4G)4d eSH -4G)4p | 7-7
z5H

3 Mn | 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f | 42 -5"%
wo6F

4 Fel 355.49 4188 6.32-2.83 6D)4d e7G -5D)sp | 6-5
z7F

5 Fe Il 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4f 67 - 6"
*2[6]]

6 Fell 657.62 750 13.00-11.11 | 5D)5d 6D -4P)sp |2%-1%
6P

7 Fell 709.19 31 6.70 - 4.96 4F)4d e3G-5D)sp |4-3
x5D

8 Ol 747.64 2399 14.12-15.78 | 3s"*P -3p"°*D 2-3

9 Cull 766.47 1535 14.96 - 16.58 | 5p3F - 6s°D 3-2

Cal 777.19 468 9.15-10.74 35 55°-3p 5P 2-3
11 Ol 777.54 201 9.15-10.74 3s55°-3p 5P 2-1
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12 Fel 795.58 58 6.59-5.03 4F)4d f5P-5D)sp |5-6
x5F
13 Mn | 845.48 2 7.00 - 8.47 e4D - 4F) sp 4F 3%-4Y
CI 845.55 2 9.33-10.80 1s2p? 3P - 6p °P 1-0
NII 869.78 1622 26.00 -27.43 | 4d *F° - 51 %3] 3-4
Table 4.9: CRN 3505 2" trial peak information.
(IJ_'RN 3505 sample S‘plsl: :_i | :‘_\_: |
Lproy g
Line identification: ~ _
- Bt nterval +)- 0.1 nm o w
8.0E+04l - 15 lines idenfified Y ; B
O 64 = = 0 ——&=
g Bl E = L oiE
== T CE P
P N PRy e
2EH04f 2T p5-inl
L) vE »
T oy
0F, i | i i | | J
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Figure 4.14: Emission spectra of sample CRN 3505 3™ trial.
Table 4.10: CRN 3505 3™ trial peak information.
Peak | Element | Wave length | Intensity | Energy Transition Quantum
(nm) Lower -upper | Lower-upper numbers
1 Mn 111 229.21 374 11.74—-17.15 | 3D)4s c4D —3G)4p 3-4"%
x4F
2 Mn 11 247.94 3207 13.16 - 8.16 4G)4d eSH - 4G)4p 717
z5SH

Page 47 of 92



3 Mn I 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f 4% - 5%
woF
4 Fel 355.49 4188 6.32-2.83 6D)4d e7G — 5D) sp 6-5
Z7F
5 Fe Il 531.62 2173 1042 -12.75 5D)4d e6G —4)4122[6]] | 6'2- 6Y2
6 Fe Il 657.62 750 13.00—-11.11 | 5D)5d 6D —4P) sp 6P 2% - 1%
7 Fe Il 709.19 31 6.70 —4.96 4F)4d e3G - 5D) sp 4-3
x5D
8 O1 747.64 2399 14.12 -15.78 | 3s” 3P - 3p” D 2-3
9 Cull 766.47 1535 1496 —-16.58 | 5p3*F—6s°D 3-2
Cal 777.19 468 9.15-10.74 3s 5S°-3p 5P 2-3
11 Ol 777.54 201 9.15-10.74 3s 5S°-3p 5P 2-1
12 Fel 795.58 58 6.59-5.03 4F)4d fSP - 5D) spx5F | 5-6
13 Mn 845.48 2 7.00 - 8.47 e4D — 4F) sp 4F 3% - 4%
CIl 845.55 2 9.33-10.80 1s2p? 3P — 6p *P 1-0
NII 869.78 1622 26.00 —27.43 | 4d 3F° - 5 ?[3Y%] 3-4

4.2.3 Statistical analysis

There was high error in elements like Mn II, Fe I and O I due to the fact that there were not

measured is some trials and zero error was observed in those elements that were equally measured

in all trial runs as indicated in figure 4.15.
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Figure 4.15: Bar-chart of mean intensity of elements found in GMO CRN3505 maize.

4.2.4 ICP-Ms data: Mon 89
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Figure 4.16a: The plot of concentration means with nitrogen.
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Figure 4.16b: The plot of concentration means without nitrogen.

Figures 4.16a and 4.16b illustrates that although the concentration of nitrogen had reduced by a
factor of 10000 ppb but it was still very high. It was important to plot the figures with and without
nitrogen in order to clearly observe how other elements has increased or decreased. In Figure
4.16b, the error was visible as compared to Figure 4.16a as one would conclude that the degree of
uncertainity was zero. Figure 4.16b was very important because, for the first time, the observed
concentration level of chlorine is approximately equal to potassium. These was evident that there
was difference in elemental content for different samples and this marked the significance of the
change in the elemental content. Like in previous samples, Figure 4.16a showed 15 expected
elements and only two elements, hydrogen and oxygen are not measured. Two elements that were
not measured are indicated under table 4.1 as elements from air and water, which make sense in
this case since the experiment took place in the absence of water. Secondly, we had higher
concentration of nitrogen, but in this case, nitrogen was not as higher as in other samples. Nitrogen
is responsible for leaf growth (Kelly, 2018); Potassium is responsible for the overall plant’s
performance and phosphorus is responsible for the growth of roots (Yin et al., 2018b). These three
elements are found in the fertilizers and manure category. For the secondary elements, we have
sulphur, magnesium and chlorine. Both these secondary elements are essential in plants but in

small amount as indicated by the results. In the category for less applied micronutrients, we had
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Mn, Zn, Cu and B in very small amount, this was expected since these elements are required in

small content.

4.2.5 LIBS data: Mon 89

Figure 4.17, 4.18 and 4.19 and table 4.11, 4.12 and 4.13 shows that Eight lines were identified in
all three trials, there was only 5 elements detected with iron (Fe) being the dominant element in all
trials. We had oxygen from the category of air and water, no hydrogen (H) and carbon (C) was
detected. Plants need carbon and hydrogen for productive growth, the deficiency symptoms of
these elements can not be determined (Behboudian et al., 2017). We had potassium from the
category of manure and fertilizer, no nitrogen (N) and phosphorus (P) was detected. No elements
from the category of secondary elements (Sulphor (S), alcium (Ca) and magnesium (Mg) was
identified. Finally, we had Mn, Fe and Cu from the category of less frequently applied elements.
The elements from the less frequently applied category were the dominant micronutrients in this
case and there were supposed to be detected in small content under normal circumstances. Some
elements were not identified only because of the working princles of the technique, meaning they

were not neccesarily deficient.
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Figure 4.17: Emission spectra of sample Mon 89 1% trial.
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Table 4.11: Mon 89 1% trial peak information.

Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper Lower-upper numbers
1 Mn [ 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f | 42-5%
w6F
2 Fel 355.49 4188 6.32-2.83 6D)4d e7G-5D)sp | 6-5
z7F
3 Fell 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4f 6% - 6"
*2[6]]
4 Fell 657.62 750 13.00-11.11 | 5D)5d 6D - 4P) sp 6P | 2} - 17
5 Fel 709.19 31 6.70 - 4.96 | 4F)4d e3G - 5D) sp 4-3
x5D
6 Cull 766.47 1535 1496 -16.58 | 5p?F - 6s°D 3-2
7 K1 769.9- 340 0.00 - 1.61 4s2S - 4p 2P° V2-Ya
8 Ol 777.19 468 9.15-10.74 3s 55°-3p 5P 2-3
T T :__‘I T E T T
Mon 89 sample 2.psk: a =
Line search 1 spectrum v :
LOE05;- § Tines found " pa
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_ - St ierval +- 0.1 am - z
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Figure 4.18: Emission spectra of sample Mon 89 2" trial.
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Table 4.12: Mon 89 2™ trial peak information.

Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper Lower-upper numbers
1 Mn | 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f 42 -5
wO6F
2 Fel 355.69 913 6.34 - 2.85 6D)4d f5F - 5D) sp 5-4
Z7F
3 Fe Il 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4f 672 -6%
*2[6]]
4 Fe Il 657.62 750 13.00 - 11.11 5D)5d 6D - 4P) sp 6P | 2Y2- 1Y%
5 Fel 709.1 31 6.70 - 4.96 4F)4d e3G - 5D) sp 4-3
x5D
6 Cull 766.47 1535 14.96 - 16.58 S5p3F-6s°D 3-2
7 KI 769.90 340 0.00 - 1.61 4s S - 4p *P° Va-Ya
8 Ol1 777.19 468 9.15-10.74 35 5S°-3p 5P 2-3
IMon 89 sample I3.psl: ;_L | | — | | |
Line identification: - ]
- hit interval: +/- 0.1 nm 2 =
— 8.0E+04} - 8 lines identified | J i i
2. 6.0E+04} = T 2 _ |
) = g -
5 4orrod ~ = = 3 1
= = > 2 =
= I -
‘ —
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Figure 4.19: Emission spectra of sample Mon 89 3 trial.

Table 4.13: Mon 89 3™ trial peak information.
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Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper Lower-upper numbers

1 Mn I 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f | 42- 5%
wOoF

2 Fel 355.49 4188 6.32-2.83 6D)4d e7G-5D)sp |6-5
z7F

3 Fe Il 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4f 672 -6
22[6]]

4 Fe Il 657.62 750 13.00-11.11 | 5D)5d 6D - 4P) sp 6P | 2}2- 17

5 Fel 709.19 31 6.70 - 4.96 | 4F)4d e3G - 5D) sp 4-3
x5D

6 Cull 766.47 1535 1496 -16.58 | 5p°F-6s°D 3-2

7 KI 769.90 340 0.00 - 1.61 4s2S - 4p *P° Ya-a

8 Ol 777.19 468 9.15-10.74 3s 55°-3p 5P 2-3

4.2.6 Statistical analysis

In Figure 4.20, all elements had zero degree of uncertainity (error) except for Fe I, which had more

error. Fe I had higher error due to the fact that it was not measured equally in all trials.
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Figure 4.20: Bar-chart of mean intensity of elements found in GMO MON&89 maize
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4.2.7 ICP-MS data: Mon 810

In the above Figures 4.21a and 4.21b, it is shown that there was an increase in chlorine and a
decrease in carbon concentration. These are very important figures, as they allowed us to trace the
change in elemental content from sample to sample. In this figure, nitrogen and potassium had a
larger error as compared to iron (Fe), silicon (Si), etc. Figure 4.21b shows that 15 out of 17
elements were detected. Only carbon was detected from the first category ( air and water).
Secondly, all elements from the second category ( fertilizer and manure) were detected with
nitrogen (N) having the highest concentration. We have all three elements identified from the
secondary elements ( S, Ca and Mg).

Finally, all elements from the less applied elements were identified but in small quantities. The
concentration of nitrogen had decreased from 14000 ppb (Golden bantam) to 7500 ppb as
compared to this sample samples. In this research, There was a decrease in carbon and an increase
in chlorine concentration as compared to the first two organic samples (Golden Bantam and
Stowells). These changes are what is believed to be the change in elemental composition since the
sample is geneticall modified. nitrogen has always been too high, this can be due to the fact that
nitrogen fertilizer was used on the plant or nitrogen was detected from the atmosphere. Hence, the
content of available N, P and K does not agree with the standard NPK ratio (3:2:1) in fertilizers
(Shiling et al.).These elements, Mn, Cu, Al, and Zn played a major role in plant’s defence
mechanism just like the production of phenolic compounds by manganese and zinc, with the ability
to trigger defence mechanism through its accumulation in the plant, which is toxic to pests (Cabot

etal., 2019).
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Figure 4.21a: The plot of mean concentration with nitrogen.
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Figure 4.21b: The plot of mean concentration without nitrogen.
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4.2.7 LIBS data: Mon 810
Figure 4.12 shows that 7 elements detected and figure 4.13 and 4.14 detected 9 elements from the

sample; Mon 810. From the detected samples, only oxygen (O) from the first category (air and

water), nitrogen (N) from the second category (fertilizer and manure), calcium (Ca) from the third

category (secondary elements) and finally, 3 elements (Mn, Fe and Cu) from the last category (less

applied elements). manganese was identified as the first elements in all samples. Nitrogen was (N)

detected only in the first trial, this element is mostly supplemented through fertilizers and manure

(Gojon, 2017). Iron (Fe), which was the dominant elements, indicated that the type of soil is laterite

soil.
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Figure 4.22: Emission spectra of sample Mon 810 1% trial.
Table 4.14: Mon 810 1* trial peak information.
Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper Lower-upper numbers
1 Mn I 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f | 42 -5%
w6F
2 N2+ 353.83 700 0-3.16 XSigtu - B*Sigtu | 3-4
3 Fe Il 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4f 6% - 6%

*2[6]]
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4 Fe Il 657.62 750 13.00- 11.11 5D)5d 6D -4P)sp | 2%-1%
6P
5 Cull 766.47 1535 14.96 - 16.58 | 5p3F - 6s°D 3-2
6 Cal 769.51 149 6.05 - 4.44 4s16d 'D -3d4p'D | 2-2
7 Ol 777.19 468 9.15-10.74 3s 5S°-3p 5P 2-3
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Figure 4.23: Emission spectra of sample Mon 810 2" trial.
Table 4.15: Mon 810 2™ trial peak information.
Peak | Element | Wave length | Intensity Energy Transition Quantum
(nm) Lower -upper Lower-upper numbers
1 Mn I 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f 4% - 5%
wO6F
2 Fel 354.21 1259 6.36 -2.87 6D)4d e7G - 5D) sp 4-3
Z7F
3 Fe Il 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4f 67 -6%
22[6]]
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4 Fe Il 588.97 1200 25.05-27.15 4F)5s 5F - 4F)5p 5G 3-4

5 Fe Il 657.38 73 10.93 - 12.82 5D)4d 4P - 3)4t22[3]] | 1%2-2%

6 Fel 709.19 31 6.70 - 4.96 4F)4d e3G - 5D) sp 4-3
x5D

7 Cull 766.47 1535 14.96 - 16.58 5p3F - 6s°D 3-2

8 Cal 769.51 149 6.05-4.44 4s16d 'D - 3d4p 'D 2-2

9 Ol 777.19 468 9.15-10.74 3s55°-3p 5P 2-3
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Figure 4.24: Emission spectra of sample Mon 810 3rd trial.
Table 4.16: Mon 810 3rd trial peak information.
Peak | Element | Wave Intensity Energy Transition Quantum
length (nm) Lower -upper Lower-upper numbers

1 Mn I 278.27 1600 2.11-6.57 5D)4s a6D -7S) s4f | 42-5"%
wo6F

2 Fel 354.21 1259 6.36 - 2.87 6D)4d e7G-5D)sp [4-3
Z7F

3 Fell 531.62 2173 10.42 -12.75 5D)4d e6G - 4)4f 6% - 6"
*2[6]]
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4 Fe Il 588.97 1200 25.05-27.15 |4F)5s5F-4F)5p5G |3-4

5 Fe Il 657.38 73 1093 -12.82 | 5D)4d 4P - 3)4f 1% - 2%
*2[3]]

6 Fel 709.19 31 6.70 - 4.96 4F)4d e3G - 5D) sp 4-3
x5D

7 Cull 766.47 1535 1496 - 16.58 | 5p3F - 6s°D 3-2

8 Cal 769.51 149 6.05-4.44 4s16d 'D - 3d4p 'D 2-2

9 Ol 777.19 468 9.15-10.74 35 558°-3p 5P 2-3

4.2.9 Statistical analysis

In figure 4.25, there is high error on N** and Fe I due to the fact that they were not measured in

some trials and zero error was observed in those elements that were equally measured in all trial

runs.
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Figure 4.25: Bar-chart of mean intensity of elements found in GMO MON&810 maize.
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4.3. Discussion

4.3.1 ICP-MS results
In this research project, LIBS and ICP-MS are the two techniques that were used to study the

difference in elemental composition between organic and genetically modified plants. Due to some
complications in finding genetically modified plants in South Africa, five different types of corn
grains were used in which, Mon 89, Mon 810 and CRN 3505 are GMO samples whilst Stowells
and Golden Bantam are organic maize samples. The grains were grinded into powder using
Polymix (PX-MCF 90 D), the idea was for the sample to have a uniform phase during the analysis.
The grinded powder was digested into liquid using Titan microwave digester (full steps are
described under methodology, Chapter 3). The created sample solution was then used for LIBS
and ICP-MS.

All expected elements were identified even those with very small concentration. Oxygen and
hydrogen were not measured in all samples, this is because ICP-MS is limited to part per-billion
(ppb) (Wilschefski and Baxter, 2019). For all samples (organic and GMOs), the concentration of
nitrogen (N) has always been very high, which can be toxic to the soil and the plants itself, the
plants will have a dark green colour and stunt growth (Osorio et al., 2016). There is no limited
amount of nitrogen (N) in plants and soil since the concentration I often adjusted depending on the
amount of nitrogen needed on that particular plant. In this project, another possibility of high
nitrogen level is due to nitrogen background and nitric acid (HNO3) used as a reagent. Calcium
(Ca), iron (Fe), aluminum (Al), manganese (Mn), zinc (Zn), Copper (Cu) and boron (B) has very
low concentration. Iron is responsible for chlorophyll synthesis and chloroplast structure
maintenance, copper is essential for plant’s growth and development (Shabbir et al., 2020). The
deficiency of any of these elements is often mistaken for one another, like stunt and inhibition of
plants growth. Corn needs potassium (K) for water and nutrient transport, starch synthesis,

photosynthesis, enzyme activation and crop quality control (Prajapati, 2012).

Manganese is responsible for plant’s defense mechanism like the production of phenolic
compounds whilst copper plays role in lignin synthesis as an enzyme co-factor (Tang et al., 2020a).
Ca™ uptake is inhibited by high content of K*, which affects the membrane integrity and plant’s
growth. Fe™? deficiency affects the absorption of Mn, Cu and Zn and delays the plant’s growth.
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Boron is understandably in very low content since it is responsible for the development of flowers

which is unnecessary in this case (Urban and Restrepo-Diaz, 2017).
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Figure 4.26: The graph of all sample concentration means without nitrogen using ICP-MS.

Figure 38 shows how the elemental concentrations differs in all five samples (from organic to
GMOs). Golden Bantam, Stowells and CRN 3505 has higher concentration of carbon, potassium,
phosphorus and sulphur than MON 89 and MON 810, while MON 89 and MON 810 has higher
concentration of chlorine. From all the samples, Mn, Zn, Cu and B has very smaller concentration.
From elemental display in figure 4.26, Golden Bantam and Stowels are expected to share similar
traits, MON 89 and MON 810 are expected to share some few similar traits whilst CRN 3505 have
combined traits (from organic and GMOs). Meanwhile, the difference in elemental composition
can only be due to the measured concentrations. Different micronutrients in plants are required at
different concentrations, manipulating the elemental content eventually alter the plant’s genetic

traits.

4.3.2. LIBS results
Laser induced breakdown spectroscopy (LIBS) is known for its ability to perform multi-elemental

analysis with a little or no sample preparation (Zhang et al., 2020b). There are six elements, Mn I,

Fe I, Fe II, Cull, K I and O I that are found in all organic samples, but with different intensities,
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For GMOs we have the previously mentioned elements plus Ca II, C I, N II and Ca I. This sums
to ten out of 17 expected elements. The difference between these two technques is due to their
working principles. LIBS does not detect all the elements in a sample since it is focused on sample
surface (Wang et al., 2018) and sample exicitation states. The elements will always appear in ionic
form, because the ablated laser atomises and excites the sample in order for the characteristic light
to be emitted then captured via optic fiber (Frangois et al., 2020). Using LIBS, we are able to
determine the element’s excitation energies, transition states and quantum numbers. This allows
us to understand how much energy is required to change an electron from one energy state to
another.

There is no tracable relationsip between sample type (organic or GMO) and transition energies
since the specific element have the same quantum number and the same transtion state for any
sample type. Under peak information; we have energy level (principal quantum numbers), orbital
type, specific orbital and spin quantum number. These transition states reveals information about
electron configuration. Orbital quantum number describes the orbital shape, size and location and

can be calculated using the equation 1 that is indicated below:
Z=n%l+0D......... Equation (4.1).

2
quantum numbers we can calculate the energy of an electron within the atom using the following
formula (equation 2):

Spin quantum number is the the fraction (1) that we seen in the quantum numbers. Knowing the

EO .
E, = AR ...Equation (4.2).
n=2
t =3
n=2
> °
Atom \"A Mgy
gmits Absorbs
ENETEX f_n |'P_'.'.

Figure 4.27: Neil Bohr's Model (Bohr, 1925)

Using the above model, the quantum number in this study give us more information about how

closer to the surface the electrons are and the amount of energy needed for excitation. There is a
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huge noisy hump (spectral contamination) in all LIBS results obtained, this is due to the presence
of matrix effect, which is an overlap of spectral features ( when multiple elements are excited at
the same time) (Chen et al., 2020a). The matrix effect is dependent on the composition of the
material, the physical ( graine size, thermal conductivity and surface roughness) and chemical (
element concentration and type of element) properties of the sample. Therefore, this results to high

intensity spectral line suffering from self-absoption (Zhang et al., 2020a).

At first, the liquid sample was run under LIBS. LIBS require little or no sample preparation, in
this case, prepared sample was utilised because it was believed to be uniform but no peaks were
identified. According to (Gaubeur et al., 2015), it is not easy to run liquid sample due to the fact
that most plasma energy is lost in the process to cavitation and vaporization of liquid during laser
ablation, no excitation is reached. Secondly, the powder sample was used. Peaks were identified
on powder sample, but with lower intensity. To increase the intensity, the experiment was carried
out at night to avoid light interference, there was an unexpected difficulty which was due to the
geometry of the setup. The laser kept on blowing the sample off and scatter the sample, there was
no enough time for laser — matter (sample) interaction on sample surface. To fix this, the solid
sample (grain of maize) was used. Using a grain of maize, no sample preparation was involved
and the results were a bit improved as compared to those of liquid and powder. To get a better
peak intensity, boxcar, scans and integration time were increased. The acquired data does not show
which element belong to which peak., For peak-element identification, the Software SPECLINE,
from Spectra-Suite (by Ocean Optics) was further used. SPECLINE can identify more than 100
elements per peak, in this case, only elements with high intensity (in the range 30 — 4500) were
selected and the ones with lower intensity were removed. Spectra-suite gives a graph that shows,
wavelength, intensity and elements. Furthermore, it allows one to study more about excitation

energies, excitation states, quantum numbers and angular momentum.

4.3.3 Summary
In this project, ICP-MS was used to validate LIBS results. Because of the working prinple of these

techniques, ICP-MS can be used more as a competitive techinique than a verifying one. This
project aimed to study the difference in elemental composition between the organic and genetically

modified plants. The research purpose was driven by the hypothesis that genetic modification leads
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to the change in elemental composition. To achieve this, two techniques (LIBS and ICP-MS) had
to be used. LIBS is a non-destructive elemental analysis technique based on laser ablation and
elemental excitation (Zhang et al., 2020b) whilst ICP-MS is elemental quantification technque
based on high temperature ionisation (Yu et al., 2020). This research was focused to achieve four

objectives which are written in chapter 1.

The results obtained from the two techniques, showed that, different samples (organic and GMO)
have different elements since GMO 1is believed to have altered genetic make (elemental
composition). Same elements were determined but in different concentrations, this means that
genetic modification alters the plants elemental concentration without necessarily eliminating

other essential elements.
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Chapter 5: Conclusion

In this research, two techniques (which are LIBS and ICP-MS) were used to analyse and
differentiate the elemental composition between organic and genetically modified maize. Since
genetic modification is believed to result in elemental alteration, this dissertation is mainly focused
on studying the elemental compositions of these two maize categories, differentiate them
according to their trace elements and also differentiate the two techniques based on their working
principles. In this case, Mon89, Mon810 and CRN 3505 are the genetically modified maize
samples that were analyzed whilst Stowells evergreen and Golden Bantams are the organic maize
samples analyzed. From the analyzed results, all expected seventeen elements were detected from
both organic and GMP by ICP-MS, including those with a very low concentration. The difference
in elemental compositions between the two categories was due to the difference in element
concentrations, meaning genetic modification manipulated the plant’s elemental concentrations of
the same elements. LIBS was able to detect six elements, Mn I, Fe I, Fe I, Cu II, K I and O I that
are found in all organic samples, but with different intensities for GMO, the previously mentioned
elements plus Ca II, C I, N II and Ca I, this summed up to ten elements. The absence of other
elements on LIBS was due to its working limitation, which is the surface analysis. LIBS provides
the results in ionic form and this is due to the fact that LIBS technique is based on excitation and
de-excitation of elements through laser ablation. For future studies, LIBS results enable you to
study the transition energy, excitation energy quantum states and quantum numbers of different

elements especial for fields like material sciences, nuclear physics and quantum physics.

Since this study was focused on the nutrient elements (micro and macro-nutrients), no harmful
elements were detected on both samples, meaning there will not be any negative impact on humans
and the environment. The two techniques were reliable and each carried different advantage over
the other. LIBS is best for in-situ analysis, which allows you to get the results on the same day. No
sample preparation is needed for LIBS, though the laser ablation takes place at the surface of the
sample. LIBS works best on solid samples and this was accurately proven in this research since
the practical was tested for all sample form (liquid, powder and solid). ICP-MS requires a rigorous
sample preparation, treatment and analysis, which can take hours to get accurate and reliable
results. For future use, since there were no possible harmful elements detected, farmers can use
genetically modified maize plants since it carried numerous benefits as compared to organic plants.

Labelling the GMO package is very important since they contain modified elemental
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concentrations. LIBS technique suffers from matrix effect and self-absorption that sometimes
weakens the absorption peak, this caused by laser ablation then radiates outwards energy (Tang et
al., 2020b), therefore, this technique can be carried out in the presence of argon gas to improve the
detection sensitivity and eliminate self-absorption. The practical can also produce best results
when performed in the dark to avoid light interference. For commercial uses, there is a new LIBS
equipment that is small, portable and can be carried especially for forensic and environmental
analysis. It is highly recommended for future researchers to run the same experiment following the

above recommendations and compare the results.
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Appendix

Organic samples

ICP-MS: Golden bantam
Table 3: ICP-MS, Golden Bantam sam;

ple concentration (ppb).

Analyte 1 trial 2 trial | 3" trial Std Mean Std deviation | Std error
Hydrogen - - - - 0 0
Carbon 33.51 38.27 38.70 36.83 2.88 1.66
Oxygen - - - - 0 0
Nitrogen 12372.61 13871.81 | 14012.67 13419.03 908.96 524.79
Potassium 164.52 182.32 180.55 175.79 9.80 5.66
Phosphorus 45.57 49.64 50.38 48.53 2.59 1.50
Sulphur 57.54 62.19 62.89 60.87 291 1.68
Calcium 4.14 4.42 4.28 4.28 0.14 0.08
Magnesium 16.09 17.70 17.77 17.19 0.95 0.55
Chlorine 53.18 56.97 56.91 55.68 2.17 1.25
[ron 8.86 9.99 9.83 9.56 0.61 0.35
Silicon 18.49 19.30 19.40 19.06 0.50 0.29
Aluminium 5.57 6.62 6.36 6.18 0.54 0.31
Manganese 0.93 1.05 1.03 1.00 0.06 0.04
Zinc 1.61 1.89 1.80 1.77 0.15 0.08
Copper 0.43 0.47 0.46 0.45 0.02 0.01
Boron 0.63 0.66 0.67 0.66 0.02 0.01
LIBS data: Golden bantam
Statistical analysis
Table 4: Calculated mean, standard deviation and error.

Element | 1% trial 2" trial 34 trial | Mean | Std dev | Std error

Mn | 1600 1600 1600 1600 |0 0

Fell 2173 2173 2173 2173 0 0

Ol 468 201 201 290 154.15 89

Cull 1535 1535 1535 1535 0

Kl 340 340 340 340 0
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ICP-MS data: Stowells evergreen

Table 5: ICP-MS, Stowells evergreen sample concentration (ppb).

Analyte 1 trial 2™ trial 3" trial Mean Std dev Std error
Hydrogen - - - - 0 0.
Carbon 40.934 41.459 37.531 39.97 2.13 1.23
Oxygen - - - - 0 0
Nitrogen 11756.655 | 14219.787 | 11844.325 12606.90 | 1397.47 806.83
Potassium 167.764 165.743 166.668 166.73 1.01 0.58
Phosphorus 44.551 43.863 45.018 44.48 0.58 0.34
Sulphur 44421 36.328 41.852 40.87 4.14 2.39
Calcium 3.616 2.834 3.859 344 0.54 0.31
Magnesium 15.661 14.695 15.131 15.16 0.48 0.28
Chlorine 62.923 16.082 60.304 46.44 26.32 15.20
Iron 5.944 5.648 5.966 5.85 0.18 0.10
Silicon 17.027 13.958 16.983 15.99 1.76 1.02
Aluminium 2.905 2.781 2.735 2.81 0.09 0.05
Manganese 0.820 0.808 0.823 0.82 0.01 0.00
Zinc 1.233 1.113 1.598 1.31 0.25 0.15
Copper 0.362 0.341 0.372 0.36 0.02 0.01
Boron 0.524 0.428 0,648 0.48 0.07 0.04
LIBS data: Stowells ever-green
Statistical analysis

Table 6: LIBS, Stowells ever-green sample Intensity (counts).

Element | 1% trial 2" trial 3 trial | Mean | Std dev | Std error

Mn | 1600 1600 1600 1600 0 0

Mn Il 3207 374 0 1193.67 | 1753.60 1012.44

Fe l 412 412 0 274.67 | 237.87 137.33

Fell 2173 2173 2173 2173 0 0

Fe III 0 234 234 156 135.10 78.00

Ol 468 2399 2399 1755 1114.86 643.67

Cull 1535 1535 1535 1535 0 0

K1 340 0 340 226.67 | 196.30 113.33
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Genetically modified samples
ICP-Ms data: CRN 3505
Table 7: ICP-Ms, CRN 3505 sample concentration (ppb).

Analyte 1 trial 2" trial 374 trial Mean Std deviation | Std error
Hydrogen - - - 0 0 0
Carbon 16.06 17.08 15.77 16.30 0.68 0.40
Oxygen - - - 0 0.00 0.00
Nitrogen 11251.69 | 13077.13 12060.72 | 12129.85 | 914.68 528.09
Potassium 137.40 154.03 143.28 144.90 8.43 4.87
Phosphorus | 39.27 44.58 40.36 41.40 2.81 1.62
Sulphur 41.99 50.55 50.28 47.61 4.87 2.81
Calcium 4.56 4.82 4.57 4.65 0.15 0.09
Magnesium | 14.68 16.31 15.55 15.51 0.82 0.47
Chlorine 71.63 79.67 75.45 75.58 4.03 2.32
Iron 30.71 34.78 31.29 32.26 2.20 1.27
Silicon 21.71 22.77 22.14 22.40 0.53 0.31
Aluminium | 10.65 12.77 11.76 11.73 1.06 0.61
Manganese | 1.02 1.18 1.06 1.08 0.08 0.05
Zinc 1.58 1.71 1.60 1.63 0.07 0.04
Copper 0.35 0.38 0.36 0.36 0.02 0.01
Boron 0.65 0.65 0.65 0.65 0.00 0.00

LIBS data: CRN 3505
Statistical analysis

Table 8: Calculated mean, standard deviation and error.

Element | 1% trial 2" trial 3rd trial | Mean | Std dev | Std error
Mn I 1600 1600 1600 1600 0 0
Mn II 0 3207 3207 1069 1851.56 1069
Mn III 0 374 374 124.67 | 215.93 124.67
Fel 1775 4188 4188 5075.5 | 1393.15 804.33
Fe Il 2173 2173 2173 2173 0 0

Ol 468 2399 2399 1755 1114.86 | 643.67
Cull 1535 1535 1535 1535 0 0

Cal 0 468 468 312 270.20 156
CI 0 2 2 1.33 1.15 0.67
NII 2042 1622 1622 1762 242.49 140
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ICP-Ms data: Mon 89
Table 9: ICP-MS, Mon 89 sample concentration (ppb).

Analyte 1 trial 2" trial | 3" trial Mean Std dev Std error
Hydrogen - - - 0 0 0
Carbon 13.96 12.06 11.90 12.64 1.15 0.66
Oxygen - - - 0 0 0
Nitrogen 8845.64 8847.95 | 8773.98 8822.52 42.06 24.28
Potassium 104.49 87.92 88.67 93.69 9.36 5.40
Phosphorus | 26.91 22.93 22.86 24.23 2.32 1.34
Sulphur 42.73 33.06 32.47 36.09 5.76 3.33
Calcium 3.44 3.16 3.19 3.26 0.15 0.09
Magnesium | 10.78 9.67 9.55 10.00 0.68 0.39
Chlorine 101.42 89.12 88.24 92.93 7.37 4.25
Iron 6.95 5.85 5.93 6.24 0.61 0.35
Silicon 18.58 17.49 17.38 17.82 0.66 0.38
Aluminium 7.41 6.01 6.05 6.49 0.80 0.46
Manganese 0.48 0.40 0.39 0.42 0.05 0.03
Zinc 0.35 0.24 0.24 0.28 0.06 0.04
Copper 0.28 0.26 0.26 0.27 0.01 0.01
Boron 0.52 0.51 0.51 0.51 0.01 0.00

LIBS data: Mon 89
Statistical analysis

Table 10: Calculated mean, standard deviation and error.

Element | 1% trial 2" trial 37 trial | Mean | Stddev | Std error
Mn | 1600 1600 1600 1600 0 0

Fe | 4188 913 4188 3096.33 | 1890.82 | 1091.67
Fe Il 2173 2173 2173 2173 0 0

Cu Il 1535 1535 1535 1535 0 0

K 1 340 340 340 340 0 0

0] 468 468 468 468 0 0
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ICP-Ms data: Mon 810

Table 11: ICP-MS, Mon 810 sample concentration (ppb).

Analyte 1 trial 2" trial 3" trial Mean Std deviation | Std error
Hydrogen - - - 0 0 0
Carbon 12.98 11.45 13.71 12.71 1.15 0.67
Oxygen - - - 0 0 0
Nitrogen 8016.37 6144.09 8296.42 7485.63 1170.21 675.62
Potassium 105.23 88.84 103.54 99.20 9.01 5.20
Phosphorus 28.97 25.60 28.84 27.80 1.91 1.10
Sulphur 36.24 29.87 36.52 34.21 3.76 2.17
Calcium 3.32 3.14 3.33 3.26 0.11 0.06
Magnesium 10.75 9.21 10.50 10.15 0.83 0.48
Chlorine 76.46 67.42 75.40 73.09 4.94 2.85
Iron 10.72 8.74 10.47 9.98 1.08 0.62
Silicon 18.67 17.49 18.72 18.29 0.70 0.40
Aluminium 7.01 5.47 6.83 6.44 0.84 0.49
Manganese 0.64 0.52 0.61 0.59 0.06 0.04
Zinc 0.79 0.64 0.78 0.74 0.08 0.05
Copper 0.31 0.28 0.30 0.30 0.02 0.01
Boron 0.54 0.54 0.54 0.54 0 0.00
LIBS data: Mon 810
Statistical analysis
Table 12: Calculated mean, standard deviation and error.
Element | 1% trial 2" trial 34 trial | Mean | Std dev | Std error
Mn I 1600 1600 1600 1600 0 0
N2+ 700 0 0 233.33 | 404.15 233.33
Fe l 0 1259 1259 839.33 | 726.88 419.67
Fe Il 2173 2173 2173 2173 0 0
Cull 1535 1535 1535 1535 0 0
Ca | 149 149 149 149 |0 0
Ol 468 468 468 468 0 0
Calculations
For mean: 7 = Sum of concentrations Equation 3

where X is mean

Number of concentrations
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)2
For standard deviation: ¢ = ’—Z(;‘_ f )

where: N = number of elements, X = mean value, x; = value of a single element and

o = standard deviation

For standard error: SE = —

where: SE = Standard error of sample, ¢ = standard deviation and n = number of elements

g

Vn

Equation 4

Equation 5

Equations 1, 2 and 3 were used to calculate mean, standard deviation and standard error.

All samples concentrations means comparison

Table 13: All samples concentration means.

Analyte Golden Bantam Stowells CRN 3505 | MON 810 | MON 89
Hydrogen 0 0 0 0 0
Carbon 36.827 39.97 16.30 12.71 12.64
Oxygen 0 0 0 0 0
Nitrogen 13419.03 12606.90 12129.85 7485.63 8822.52
Potassium 175.794 166.73 144.90 99.20 93.69
Phosphorus | 48.529 44.48 41.40 27.80 24.23
Sulphur 60.870 40.87 47.61 34.21 36.09
Calcium 4.281 3.44 4.65 3.26 3.26
Magnesium | 17.187 15.16 15.51 10.15 10.00
Chlorine 55.683 46.44 75.58 73.09 92.93
Iron 9.559 5.85 32.26 9.98 6.24
Silicon 19.062 15.99 22.40 18.29 17.82
Aluminium 6.184 2.81 11.73 6.44 6.49
Manganese 1.004 0.82 1.08 0.59 0.42
Zinc 1.769 1.31 1.63 0.74 0.28
Copper 0.451 0.36 0.36 0.30 0.27
Boron 0.655 0.48 0.65 0.54 0.51
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