
   

 

 

Conclusions and Recommendations 

 

 

     In the treatment of bone defects there are many bone graft procedures performed 

in order to substitute and restore lost tissue. Injectable, in situ polymerizable, 

biodegradable scaffold that can guide bone regeneration while providing structural 

support to the region will alleviate many of the problems encountered with current 

treatment methods. 

     Calcium sulfate compounds are becoming of increasingly great importance in the 

field of biomaterials. Calcium sulfate–based bioceramics have been used 

successfully in traumatology, dentistry and maxilla–facial surgery for over 40 years 

for bone repairing, primarily because of their biocompatibility, bioactivity and 

osteoconductivity. Disadvantages of calcium sulfate are its transient cytotoxic effect 

leading to inflammatory reactions, it is completely resorbed following implantation 

and it has no compressive strength in vivo. In this study these disadvantages were 

tolerated by doping CSD with LS water extract (the amount of the dopant is critical). 

     The FTIR, Raman spectroscopy, DMA, SEM-EDX and GC/MS analysis for bone 

mineral, CSD, LS with different bone composites were carried. The crystallinity of 

bone minerals, crystal size, type B carbonate substitution, the variation in the 

carbonate to phosphate ratio, the acid phosphate content and the dissolving properties 

together with a comparison of the compressive properties among all the composites 

under investigation were also tested.  

     Incorporation of cortical grafts is initiated by osteoclasts rather than osteoblasts. 

The acidic environment is essential for bone resorption. Bone growth and remodeling 

are normal physiological events that occur at a high rate throughout childhood and 



adolescence, and to a much lesser extent during adult years. It is the net result of the 

activity of two types of bone cell which have opposing actions: those that synthesis 

new bone material, mainly, osteoblasts, and cells called osteoclasts, which are 

responsible for resorbing or breaking down existing bone material. 

     The increases in acid phosphate content (maximum value was detected in 

composite (BM+CSD+LS) is considered now as a great advantage of these 

composites thus, acid phosphate stimulates bone remodeling in a way it stimulates 

osteoclast to start bone resorption. 

     The unique balance between matters that stimulate bone resorption and that 

stimulate bone formation makes the composite (BM+CSD+LS) the optimum 

composite for use in bone grafting. Since it is now evident that the presence of 

squaline and Zn ions inhibits bone resorption, stimulate alkaline phosphatase (ALP) 

activity, and stimulate osteoblast for bone formation leading to acceleration of 

osteogenesis of osteoblasts. 

     Zinc ions act to increase bone formation, mineralization and decreases bone 

resorption, it is also the reason of increasing the compressive strength of 

BM+CSD+LS composite by 1.5 fold compared to the (BM+CSD) and (BM+LS) 

composites. 

     Furthermore, the presence of [sinapic acid has stimulatory effects on bone 

formation and inhibitory effects on bone resorption, and butanoic acid has stimulates 

bone sialoprotein BSP gene transcription, (BSP) is thought to function in the initial 

mineralization of bone, and may be crucial for osteoblast differentiation, and bone 

matrix mineralization, Silane showed excellent osteoconductivity and strong enough 

mechanical properties for clinical use and squaline was used as an antidote to reduce 

drug toxicity] in LS water extract and it helped in bone remodling, increasing the 



compressive strength and overcoming of the transit cytotoxic effect of CSD when 

used as a bone substitute material. 

     Incorporation of the amino acids, which occurs through a specific interaction with 

the HA structure, affects the degree of crystallinity of the apatite phase, which 

decreases as the amino acid content increases. The presence of the acidic amino acids 

allows controlling the crystal dimensions and favors osteoblasts proliferation, 

activation of their metabolism and differentiation, which is of high importance for 

potential biomedical applications. 

     The crystallinity, i.e. the HA crystal size and perfection of apatites are of great 

biomedical interest, because smaller, more imperfect crystals, being subject to 

dissolution, may affect the extent of bone loss for example in osteoporosis and other 

metabolic bone disease. Thus, doping (BM+CSD) with LS water extract increases 

the dissolving time which may help if tested in vivo to limit the fast resorbable rate of 

CSD and controlling both the crystallinity and the crystal size of bone apatite. 

     Carbonation of mineral tends to increase in normal bone as the mineral matures. 

The (BM+CSD) composite only leads to an increase in type B carbonate substitution 

with also an increase in amorphous phosphate due to the transfer part of CSD to form 

calcium phosphate deposits, in the presence of water, while in LS composites another 

substitution takes place. 

     Doping CSD with the LS water extract limits the degree of type B-carbonate 

substitution. To conclude addition of CSD to bone mineral leads to a decrease in 

crystallinity while adding LS only or doping CSD with LS increases the crystallinity 

of bone mineral apatite compared to (BM+CSD) composite along with increasing in 

the apatite crystal size. Doping CSD with LS leads also to a valuable increase in the 

compressive strength of composite (BM+CSD+LS) compared to (B+CSD) or 



(B+LS) composites which proves another types of bone substitution rather than type 

B carbonate substitution and also increasing the dissolving time.  

If tested in vivo the (BM+CSD+LS) composite would be a very promising 

bone substitute materials, which could be osteogenesis, has a remarkable 

compressive strength, possess anti-inflammatory, antifungal and antibacterial effects 

and can remain for a longer time in the defected bone. 

Sabinene contains anti-inflammatory, antifungal and antibacterial effect to the 

composition of calcium sulfate which alters the physical and morphological 

properties of the composite and improves its compressive strength, the presence of 

synaptic acid, silane, sabinene, and aspartic acid. and ions such as Ca
+2

, Zn
+2

 having 

stimulatory effects on bone formation into calcium sulfate implants which makes the 

composite (BM+CSD+LS) the optimum composite that can be used in bone grafting. 
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Theory of Compression 

      When a system is squeezed it can be referred to as a compression stressor. Two bones being 

pressed tighter together is the greatest example of such a case. For example, your femur articulates 

with the tibia. When a patient  stand, the condyles of those bones compressed against each other. 

This stress is greater when under a load of resistance. If you take a carrot, and bend it, you notice that 

the highest amount of stress occurs on the outer edges of the root as it is being stretched, and bent 

(compressed) at the same time. On the inside, the pressures cancel each other out (Marrieb 2001).  

Therefore when you hear the root snap, it is due to the outside aspects this particular system 

illustration of why this is the case. It must bare all the weight superior too it, and it is placed at an 

angel, which allows us to walk fully upright. 

    Torsion  

      Supination is the process by which you twist your forearm so as to turn your palm superiorly 

(facing upwards). Twisting dumbbell curls take advantage of this motion by beginning with the palm 

turned downwards.  As one turns their wrist, the weight is actually resisting in the opposite direction, 

thus the forearm bones are being twisted in opposite directions at once. This is what is known as 

torsion. When Marshal Faulk stops and spins the opposite direction, he has stressed his tibia(lower 



leg) by exposing it to this force. failing, and not the inner regions (or nowhere near). Weight on your 

bones, normally occurs off center Meaning, the same effect is occurring. Thus, as wolfs law states, 

shape is related to function. Therefore you can deduce that the outside of the bone would contain a 

higher amount of cortical tissue. 

  Tension  

      Any type of “ pulling “ force, qualifies as a form of tension. Two main pulling forces act on 

bones. The first is based on what is called the “ musculotendon unit.This comprises the joining of a 

tendon into a particular bony region. Thus, the musculotendon unit distally for the biceps brachii is 

on the lateral bone of the forearm, that is-the radius. As a muscle contracts its force is transferred via 

this attachment point, and it is during this time where the aspect of insertion is pulled. All forces 

have four unique characteristics. former refers to the amount of force applied,  the latter refers to 

where the force is applied to. Thus, the level at which the biceps  and its line of pull effect the stress 

level on the bone. Though the insertion point cannot be changed, the line of pull can (Hayes 1986). 

Keep that in mind, as it has significant application for those attempting to enhance speed and 

strength. Ligaments also exert a pulling force on the bone. The second main form of tension is 

opposite that of compression. Simply put, it is the stretching aspect that occurs when you bend a 

carrot. The femur provides an excellent. 

Shearing Stress 

When two bones slide past each other, the result, or rather the process is known as shearing. 

For example, if an athlete bounces on a preacher curl, his forearm will slide downwards while the 



humerus remains in place.  In football, when an player clips an opponent, their shin bone will slide 

forward while the thigh remains steady. 

Type of bone graft  

 

Autograft 

 

Autogenous cancellous bone graft is the most effective bone graft material possessing all four 

characteristics. Few mature osteoblasts survive the transplantation but adequate numbers of precursor 

cells do. It is from these precursor cells that the osteogenic potential is derived. Limitations include 

the increased operative time, limited availability and significant morbidity related to blood loss, 

wound complications, local sensory loss and, most importantly, chronic pain donor site pain 

persisting for more than months has been reported in up to 15% of patients having an iliac graft 

harvested. The amount of pain seems to be proportional to the extent of dissection required to obtain 

the graft. 

 

Allograft 

 

     Allograft as an alternative offers the same characteristics as autograft with the exclusion of 

osteogenic cells. It does possess osteoinductive properties but these may not be recognized 

unless the graft is utilized in either a morsellized or demineralized form. Complications 

associated with allograft include fracture, non-union and infection. 

     The advantages of bone allograft recovered from deceased donor sources include its ready 

availability in various shapes and sizes, avoidance of the need to sacrifice host structures and no 



donor-site morbidity. Bone allografts are distributed through regional tissue banks and by most 

major orthopaedic and spinal companies. Still, the grafts are not without controversy, particularly 

regarding their association with the transmission of infectious agents, a concern virtually eliminated 

through tissue-processing and sterilization. However, uncontrolled and unvalidated processing and 

irradiation protocols may alter graft biomechanical and biochemical properties. It is critical to know 

your tissue bank provider to ensure their processing and preservation methods do not negatively alter 

the biomechanical and biochemical properties of the tissues intended for a particular clinical use. 

 

Xenografts 

 

     Xenografts are grafts shared between different species. Currently, there are two available sources 

of xenografts 

used as bone replacement grafts in periodontics: bovine bone and natural coral. Both sources, 

through different processing techniques, provide products which are biocompatible and structurally 

similar to human bone. Recently, porcine bine xenografts have also been described. Xenografts are 

osteoconductive, readily 862 Bone Grafts and Bone Graft Substitutes in Periodontal Therapy 

available and risk free of disease transmission. The latter point has been questioned with the 

discovery of bovine spongiform encephalopathy, particularly in Great Britain. 

 

Isograft 

 



  isograft is material that is taken from one individual and transplanted into another genetically 

identical individual, such as an identical twin. In this case the donor and the recipient must have the 

same genotype. 

 

 

Fourier Transform Infrared (FTIR) Spectroscopy 

 

Fourier transform infrared (FTIR) spectroscopy is an emergent physico-chemical technique, 

which possesses great sensitivity very small alterations in bond lengths and angles in 

macromolecules can be detected by this technique and, therefore, it has emerged as a powerful tool 

to investigate the molecular structural changes in detail. 

      FTIR spectroscopy allows for the rapid, high-throughput, non-destructive analysis of a wide 

range of sample types. One advantage of FTIR spectroscop is that a spectrum from an intact cell can 

be recorded within a few seconds. Also recent technical advances have made imaging systems 

available that are able to provide fast FTIR images of tissue sections, requiring only a few minutes to 

obtain a functional FTIR image of ˜1 mm
2
 area of tissue. Thus, useful chemical information can be 

extracted from IR spectra for different pathologies. FTIR has been recognized as a valuable tool for 

metabolic fingerprinting, owing to its ability to analyse carbohydrates, amino acids, fatty acids, 

lipids, proteins and polysaccharides simultaneously. 

 

Infrared Spectroscopy  

 



Infrared (IR) spectroscopy is one of the most common spectroscopic techniques used by 

organic and inorganic chemists. Simply, it is the absorption measurement of different IR frequencies 

by a sample positioned in the path of a beam. 

The main goal of IR spectroscopic analysis is to determine the chemical functional groups in the 

sample. Different functional groups absorb characteristic frequencies of IR radiation. Using various 

sampling accessories, IR spectrometers can accept a wide range of sample types such as gases, 

liquids, and solids. Thus, IR spectroscopy is an important and popular tool for structural elucidation 

and compound identification. 

 

Theory of infrared spectroscopy 

 

The energy of infrared radiation corresponds to energy differences between different 

vibrational modes in molecules. Infrared spectroscopy is therefore a probe of the vibrational motion 

of the molecules. It is based on the principle that when a sample is exposed to an infrared (IR) beam, 

the functional groups within the sample will absorb the infrared radiation and vibrate in one of a 

number of ways [Figure 1 (a, b)]: either stretching, bending, deformation or combination vibrations.  

These absorptions/vibrations can then be correlated directly to biochemical species and the resultant 

infrared absorption spectrum can be described as an infrared ‘fingerprint’ characteristic of any 

chemical or biochemical substance. Most disease diagnoses researchers have concentrated on the 

mid-IR part of the spectrum (from 4000–600 cm
-1

).  

 

 An important issue to be mentioned here is that not all types of vibrations can be detected by 

IR spectroscopy. Since the technique involves the interaction of electromagnetic radiation with the 



molecules only those vibrational transitions which are accompanied by a change in the dipole 

moment can be detected. This means that diatomic molecules such as do not exhibit infrared 

absorption and the vibration states of such molecules cannot be examined through IR spectroscopy. 

This is because the dipole moment is a measure of the separation of the centers of total positive 

charge and the total negative charge of the molecule. Diatomic molecules can only undergo 

symmetric vibrations, which will not change the dipole moment. For similar reasons, certain types of 

vibrations in particular molecules are IR-active, while others are IR-inactive. For example, in carbon 

dioxide, a symmetric stretching vibration of the oxygen-carbon bonds is IR-inactive, while 

asymmetric stretching or bending vibrations are IR-active. The principle behind this technique is to 

irradiate the sample by a sharp pulse of IR radiation that contains all the relevant frequencies and 

then to detect the response as a function of time. A Fourier transform of this detected signal yields 

the conventional absorption spectrum. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1: (a) Symmetric and asymmetric stretching vibration 

(b) Different types of bending vibrations 

 

 

 

 

 

 

   Raman Spectroscopy 

 

The scattering of light may be thought of as the redirection of light that takes place when an 

electromagnetic (EM) wave (i.e. an incident light ray) encounters an obstacle or nonhomogeneity, in 

our case the scattering material (solid, liquid or gas). As the EM wave interacts with the matter, the 

electron orbits within the constituent molecules are perturbed periodically with the same frequency 

(Vo) as the electric field of the incident wave. The oscillation or perturbation of the electron cloud 

results in a periodic separation of charge within the molecules, this is called an induced dipole 

moment. The oscillating induced dipole moment is manifest as a source of EM radiation, thereby 

resulting in scattered light. The majority of light scattered is emitted at the identical frequency (Vo) 

of the incident light, a process referred to as elastic scattering. However, as explained below, 

additional light is scattered at different frequencies, a process referred to as inelastic scattering. 

Raman scattering is one such example of inelastic scattering. In summary, the above comments 

describe the process of light scattering as a complex interaction between the incident EM wave and 

the material’s molecular/atomic structure.  



Raman Spectroscopy is a nondestructive way of analyzing the molecular structure of the 

mineral components of bone at the microscopic level. Raman can characterize both the organic and 

inorganic component of bone by examining the vibrational spectra of the chemical bonds. It provides 

quantitative information on the changes in the mineral and matrix composition as well as the nature 

and quantities of mineral constituents. These advantages of Raman Spectroscopy have led to it 

gaining in importance as a method to study the compositional changes of bone due to aging, diseases 

and mechanical deformation. 
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By contrast, Raman spectroscopy measures the exchange of energy with electromagnetic 

radiation of a particular wavelength. This exchange of energy results in a measurable Raman shift in 

the  

wavelength of the incident laser light, this shift is complementary to IR absorption and one can also 

construct a Raman 'fingerprint' of the same sample. Thus Raman and IR spectra provide 

complementary information. A variety of artificial materials has been used over the centuries to fill 

bone defects. Synthetic bone grafts at most possess only two of the four characteristics of an ideal 

bone graft material (osteointegration, osteoconduction). Ideally synthetic bone graft substitutes 

should be biocompatible, show minimal fibrotic reaction, undergo remodelling and support new 

bone formation. From a mechanical point of view synthetic bone graft substitutes should have a 

similar strength to that of the cortical/cancellous bone being replaced. This needs to be matched with 

a similar modulus of elasticity to that of bone in an attempt to prevent stress shielding as well as 

maintaining adequate toughness to prevent fatigue fracture under cyclic loading. Synthetic materials 

that demonstrate some of these properties are composed of either calcium, silicon or aluminum. 



 

 

 

 

 

 

 

 

Raman Results 
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DMA Results 

1) BM+CSD 

Time 
min. 

Temperatuer 
C 

Strain 
% 

Stress 
Mpa 

Static force 
N 

0.007592 20.15037 -21.5777 6.46E-05 0.001001 

0.039167 20.1505 -21.5779 6.47E-05 0.001002 

0.0725 20.15029 -21.6457 0.000258 0.004002 

0.105833 20.14856 -21.886 0.002055 0.031835 

0.139167 20.14712 -21.9212 0.004206 0.065169 

0.1725 20.14568 -21.9459 0.006357 0.098502 

0.205833 20.14374 -21.9601 0.008508 0.131835 

0.239167 20.14346 -21.9694 0.01066 0.165169 

0.2725 20.14608 -21.9768 0.012811 0.198502 

0.305833 20.14638 -21.9843 0.014962 0.231835 

0.339167 20.14666 -21.9907 0.017114 0.265168 

0.3725 20.14923 -21.9961 0.019265 0.298502 

0.405833 20.15356 -22.001 0.021416 0.331835 

0.439167 20.15446 -22.0058 0.023568 0.365168 

0.4725 20.15636 -22.0106 0.025719 0.398502 

0.505833 20.15756 -22.0155 0.02787 0.431835 

0.539167 20.16024 -22.0203 0.030021 0.465168 

0.5725 20.16819 -22.0245 0.032173 0.498502 

0.605833 20.1714 -22.0283 0.034324 0.531835 

0.639167 20.17002 -22.0316 0.036475 0.565168 

0.6725 20.16856 -22.0345 0.038627 0.598502 

0.705833 20.16614 -22.0371 0.040778 0.631834 

BM+CSD 

 



2) B

M+CSD+

LS 

0.739167 20.16267 -22.0396 0.042929 0.665168 

0.7725 20.15827 -22.0421 0.04508 0.698501 

0.805833 20.15396 -22.0446 0.047232 0.731834 

0.839167 20.15063 -22.047 0.049383 0.765168 

0.8725 20.14864 -22.0492 0.051534 0.798501 

0.905992 20.14525 -22.0513 0.053686 0.831834 

0.939333 20.14004 -22.0536 0.055837 0.865167 

0.972667 20.13852 -22.0558 0.057988 0.898501 

1.006 20.13941 -22.058 0.060139 0.931834 

1.039333 20.14095 -22.0601 0.062291 0.965168 

1.072666 20.14294 -22.062 0.064442 0.998501 

1.106 20.14522 -22.064 0.066593 1.031834 

1.139334 20.148 -22.0658 0.068745 1.065167 

1.172666 20.15117 -22.0678 0.070896 1.098501 

1.206 20.15619 -22.0697 0.073047 1.131834 

1.239334 20.15912 -22.0715 0.075198 1.165168 

1.272667 20.15932 -22.0732 0.07735 1.198501 

1.306 20.15814 -22.0748 0.079501 1.231834 

1.339334 20.15754 -22.0765 0.081652 1.265167 

1.372667 20.1567 -22.0783 0.083804 1.298501 

1.406 20.15517 -22.0802 0.085955 1.331834 

Time 
min. 

Temperatuer 
C 

Strain 
% 

Stress 
Mpa 

Static force 
N 

0.007 20.71 -22.54286 9.73E-05 0.001002 

0.038 20.69 -24.16371 9.72E-05 0.001002 

0.071 20.68 -25.20937 9.73E-05 0.001002 

0.104 20.67 -26.44135 0.000219 0.002252 

0.138 20.66 -32.12523 0.002605 0.026835 

0.171 20.66 -32.16816 0.005842 0.060168 

0.204 20.65 -32.17386 0.009078 0.093502 

0.238 20.65 -32.17825 0.012314 0.126835 

0.271 20.65 -32.18214 0.01555 0.160168 

0.304 20.64 -32.18625 0.018786 0.193502 

0.338 20.64 -32.19076 0.022023 0.226835 

0.371 20.65 -32.19547 0.025259 0.260168 

0.404 20.66 -32.2013 0.028495 0.293502 

0.438 20.69 -32.20776 0.031731 0.326835 

0.471 20.72 -32.21497 0.034967 0.360168 

0.504 20.74 -32.22246 0.038204 0.393501 

0.538 20.76 -32.23045 0.04144 0.426835 

0.571 20.77 -32.23824 0.044676 0.460168 

0.604 20.77 -32.24588 0.047912 0.493502 

0.638 20.77 -32.25368 0.051148 0.526835 

0.671 20.78 -32.26134 0.054385 0.560168 

0.704 20.77 -32.26906 0.057621 0.593501 

0.738 20.77 -32.27641 0.060857 0.626834 

0.771 20.79 -32.28322 0.064093 0.660168 

0.804 20.8 -32.28896 0.067329 0.693501 

0.838 20.8 -32.29432 0.070566 0.726835 

0.871 20.8 -32.29968 0.073802 0.760168 

0.904 20.8 -32.30462 0.077038 0.793501 

0.938 20.81 -32.30926 0.080274 0.826834 

0.971 20.82 -32.3138 0.08351 0.860168 

1.004 20.82 -32.31882 0.086747 0.893501 

1.038 20.83 -32.32383 0.089983 0.926834 

1.071 20.84 -32.32887 0.093219 0.960168 

1.105 20.84 -32.3338 0.096455 0.993501 

1.138 20.84 -32.33815 0.099691 1.026834 

1.171 20.83 -32.34221 0.102928 1.060168 

1.205 20.82 -32.34607 0.106164 1.093501 



3) B

M+ LS 

1.238 20.82 -32.34952 0.1094 1.126834 

1.271 20.81 -32.3531 0.112636 1.160168 

1.305 20.8 -32.35681 0.115872 1.193501 

1.338 20.79 -32.36021 0.119109 1.226834 

1.371 20.79 -32.36336 0.122345 1.260167 

1.405 20.78 -32.36643 0.125581 1.293501 

1.438 20.77 -32.36963 0.128817 1.326834 

1.471 20.75 -32.3727 0.132053 1.360167 

Time 
min. 

Temperatuer 
C 

Strain 
% 

Stress 
Mpa 

Static force 
N 

0.001125 19.74298 -5E-05 6.76E-05 0.001003 

0.025333 19.74344 -6.5E-05 6.76E-05 0.001003 

0.058667 19.7418 -0.00011 6.76E-05 0.001003 

0.092 19.73861 -3.3E-05 6.76E-05 0.001003 

0.125333 19.7346 6.02E-05 6.76E-05 0.001003 

0.158667 19.72938 2.55E-05 6.76E-05 0.001003 

0.192 19.72538 1.59E-05 6.76E-05 0.001003 

0.225333 19.72316 4.25E-05 6.76E-05 0.001003 

0.258667 19.72009 -1.4E-05 6.76E-05 0.001003 

0.292 19.71708 8.46E-06 6.76E-05 0.001003 

0.325333 19.71464 2.25E-05 6.76E-05 0.001003 

0.358667 19.7133 -2.7E-05 6.76E-05 0.001003 

0.392 19.71048 -0.00011 6.76E-05 0.001003 

0.425333 19.70852 2.18E-05 6.76E-05 0.001003 

0.458667 19.70856 -4.8E-06 6.76E-05 0.001003 

0.492 19.70866 -4.2E-05 6.76E-05 0.001003 

0.525408 19.7059 9.2E-06 6.76E-05 0.001003 

0.558833 19.70055 -9.3E-06 6.76E-05 0.001003 

0.592167 19.69716 2.47E-05 6.76E-05 0.001003 

0.6255 19.69353 -8.5E-06 6.76E-05 0.001003 

0.658833 19.69031 -1.9E-06 6.76E-05 0.001003 

0.692167 19.68753 -1.7E-05 6.76E-05 0.001003 

0.7255 19.68548 -6.6E-05 6.76E-05 0.001003 

0.758833 19.68459 -4.3E-05 6.76E-05 0.001003 

0.792167 19.68182 -8.5E-06 6.76E-05 0.001003 

0.8255 19.68081 -4.4E-05 6.76E-05 0.001003 

0.858833 19.67899 -4.6E-05 6.76E-05 0.001003 

0.892167 19.67702 -2E-05 6.76E-05 0.001003 

0.9255 19.67353 1.59E-05 6.76E-05 0.001003 

0.958833 19.67074 7.5E-05 6.76E-05 0.001003 

0.992167 19.66924 3.21E-05 6.76E-05 0.001003 

1.0255 19.67063 -2.7E-05 6.76E-05 0.001003 

1.058833 19.67319 -0.00011 6.76E-05 0.001003 

1.092167 19.67598 -0.0002 6.76E-05 0.001003 

1.1255 19.6772 -0.00014 6.76E-05 0.001003 

1.158834 19.67749 -0.00013 6.76E-05 0.001003 

1.192167 19.67996 -0.00017 6.76E-05 0.001003 

1.2255 19.68227 -0.00017 6.76E-05 0.001003 

1.258833 19.68246 -0.00014 6.76E-05 0.001003 

1.292167 19.68247 -0.00021 6.76E-05 0.001003 



 

GC/MS 

Results 

 

 

MIN AREA 

5.221 240195.1 

5.241 54254.8 

5.411 634461.4 

5.571 6498138 

5.737 240525.3 

5.802 2820786 

6.067 24835.83 

6.183 10421051 

6.258 80510.48 

6.278 210809.5 

6.353 3749667 

6.563 1.39E+08 

6.809 2886337 

6.989 508017.7 

7.23 986960.4 

8.507 818046.7 

8.602 745642.6 

8.803 466815.8 

8.838 17056.61 

8.908 512753.6 

9.168 12608.95 

9.223 16497926 

9.399 350810.8 

9.895 277775.5 

10.391 3884.693 

10.496 359882.6 

10.771 276078.3 

11.257 740020.4 

11.648 275712.7 

12.024 245724.2 

12.059 7872.208 

12.184 207235.9 

12.214 27559.62 

12.264 193044.2 

12.87 799490.4 

13.011 664294 

1.3255 19.6801 -0.00019 6.76E-05 0.001003 

1.358833 19.67903 -0.00013 6.76E-05 0.001003 

1.392166 19.67908 -0.00016 6.76E-05 0.001003 

1.4255 19.67612 -0.00018 6.76E-05 0.001003 

1.458833 19.67572 -9.7E-05 6.76E-05 0.001003 



13.111 634063.9 

13.211 294526.2 

13.331 1830.264 

13.391 271913.5 

13.482 1598024 

13.832 1115402 

14.068 586121.6 

14.188 823371.6 

14.238 174859.4 

14.283 173265.1 

14.548 838528.1 

14.679 2334.263 

14.804 371555.1 

15.059 3569.079 

15.12 477195 

16.733 14858676 

16.783 72989.31 

16.878 816448.5 

16.958 3999.226 

17.023 1506196 

17.113 350881.2 

17.444 405572.1 

17.589 192709.2 

17.815 1203115 

18.015 162798.6 

18.246 423090.4 

18.426 290642 

18.596 68633272 

18.696 610811.2 

19.152 781678.3 

19.393 2419135 

19.428 1389997 

19.548 3952960 

19.573 1358998 

19.703 2553963 

19.758 7846413 

19.784 1322700 

19.839 2450180 

19.949 1696298 

20.044 6399948 

20.114 229395 

20.189 4142143 

20.375 1229518 

20.42 170566.9 

20.48 277052.8 

20.5 1389957 

20.62 3915173 

20.68 356996.5 

20.765 4448912 



20.861 244416.8 

20.901 1021595 

21.011 1062148 

21.432 176539.9 

21.467 203278.9 

21.542 493490.8 

21.582 16734.71 

22.454 1246245 

 

SEM-EDX Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Wt% At% 

  CK 45.87 61.81 

  NK 02.75 03.18 

  OK 21.59 21.84 

 NaK 00.44 00.31 

 MgK 01.03 00.68 

 AlK 00.09 00.05 

 SiK 00.09 00.05 

  PK 00.94 00.49 

 MoL 00.00 00.00 

  SK 06.60 03.33 

 ClK 00.99 00.45 

 ArK 00.00 00.00 

  KK 18.49 07.65 

  IL 00.15 00.02 

 CoK 00.06 00.02 

 CuK 00.21 00.05 

 ZnK 00.00 00.00 

 AuL 00.30 00.02 

 HgL 00.42 00.03 

Matrix Correction ZAF 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Wt% At% 

  BK 01.82 03.22 

  CK 40.94 65.01 

  OK 05.83 06.96 

 NaK 00.15 00.12 

 MgK 01.32 01.04 

 AlK 00.10 00.07 

  PK 02.38 01.47 

  SK 08.08 04.81 

 AgL 01.67 00.29 

 CdL 01.31 00.22 

  KK 28.59 13.95 

 CaK 03.72 01.77 

 MnK 00.35 00.12 

 FeK 00.40 00.14 

 CuK 02.03 00.61 

 ZnK 00.39 00.11 

 AuL 00.91 00.09 

Matrix Correction ZAF 



 


